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parameters amongst other things affect the weld metal properties in the welded joint.
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Béhler Welding

Preface

BOHLER WELDING - Your Partner for Welding

“Our customers' problems are our problems too”
is the basic principle at BOHLER WELDING.

More than 80 years of experience gathered by the company in over 100 different countries
has proved beyond doubt that, in practice, the quality of the welding is decisive. When
extreme temperatures, maximum strength requirements, exceptional resistance to
corrosion or the highest possible working speed become the critical factors, adaptable
know-how is essential.

We pay close attention to all the issues relevant for successful welding - materials,
application, welding additives - and cooperate with customers in developing the solution
most favourable for them.

Nothing is too much trouble for us in our pursuit of optimal welding results for our
customers. Even in the Antarctic or the deserts of Africa, we provide our customers with
product information, training courses and welding demonstrations.

When it comes to welding, only the best can satisfy us. That is why we collaborate in
product development with universities and research institutes which have the necessary
equipment and personnel for performing the simulations and measurements we require
(for example with scanning electron microscopes or high-speed cameras).

At BOHLER WELDING it's results that count.
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Béhler Welding

Alphabetical Product List

BOHLER Type of filler metal Page
FOX 2.5 Ni SMAW electrode, low-alloyed, cryogenic application 2-85
2.5 Ni-IG GTAW rod, low-alloyed, cryogenic application 2-91
2.5 Ni-IG GMAW solid wire, low-alloyed, cryogenic application 2-98
FOX 20 MVW SMAW electrode, high-alloyed, creep resistant 2-122
20 MVW-IG GTAW rod, high-alloyed, creep resistant 2-138
20 MVW-UP/BB 24 SAW wire/flux-combination
high-alloyed, creep resistant 2-166
3 NiCrMo 2.5-UP/BB 24 SAW wire/flux-combination, low-alloyed, high strength  2-100
3 NiMo 1-UP/BB 24  SAW wire/flux-combination, low-alloyed, high strength ~ 2-99
FOX A7 SMAW electrode,
high-alloyed, special applications 2-270
FOX A7-A SMAW electrode, high-alloyed, special applications 2-271
A7 CN-IG GTAW rod, high-alloyed, special applications 2-280
A7-1G GMAW solid wire 2-283
A7-MC Metal cored wire, high-alloyed, special application 2-286
A7-FD GMAW flux cored wire, high-alloyed, Special applications 2-288
A7 PW-FD GMAW flux cored wire, high-alloyed, Special applications ~ 2-289
A7 CN-UP/BB 203 SAW wire/flux-combination
high-alloyed, special applications 2-294
FOX AM 400 SMAW electrode, high-alloyed, highly corrosion resistant 2-202
AM 400-1G GTAW rod, high-alloyed, highly corrosion resistant 2-216
AM 400-1G GMAW solid wire, high-alloyed, highly corrosion resistant 2-234
FOX ASN 5 SMAW electrode, high-alloyed, highly corrosion resistant 2-200
FOX ASN 5-A SMAW electrode, high-alloyed, highly corrosion resistant 2-201
ASN 5-1G GTAW rod, high-alloyed, highly corrosion resistant 2-215
ASN 5-1G (Si) GMAMW solid wire, high-alloyed,
highly corrosion resistant 2-233
ASN 5-UP/BB 203 SAW wire/flux-combination
high-alloyed, highly corrosion resistant 2-264
ASN 5 SY-UP/BB 202 SAW wire/flux-combination
high-alloyed, highly corrosion resistant 2-263
BB 24 SAW flux, fluoride-basic type 2-345
BB 24 SC SAW flux, fluoride-basic type 2-346
BB 25 SAW flux, fluoride-basic type 2-347
BB 33 M SAW flux, aluminate-rutile-type 2-348
BB 202 SAW flux, fluoride-basic type 2-350
BB 203 SAW flux, fluoride-basic type 2-351
BB 430 SAW flux, fluoride-basic type 2-352
BB 444 SAW flux, fluoride-basic type 2-353
BB 910 SAW flux, fluoride-basic type 2-354
BF 16 SAW flux, manganese-silicate-type 2-349
FOX BVD 85 SMAW electrode for vertical-down welding,
basic, pipe welding 2-58
FOX BVD 90 SMAW electrode for vertical-down welding,
basic, pipe welding 2-59
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Béhler Welding

BOHLER Type of filler metal Page

FOX BVD 100 SMAW electrode for vertical-down welding,
basic coating, pipe welding, 2-60

FOX BVD 110 SMAW electrode for vertical-down welding,
basic coating, pipe welding 2-61

FOX BVD 120 SMAW electrode for vertical-down welding,
basic coating, pipe welding 2-62
BW Vil Rod for gas welding, mild steel 2-44
BW Xl Rod for gas welding, mild steel 2-45
FOX C9 MV SMAW electrode, high-alloyed, creep resistant 2-119
C 9 MV-IG GTAW rod, high-alloyed, creep resistant 2-135
C 9 MV-IG GMAW solid wire, high-alloyed, creep resistant 2-147
C 9 MV-MC GMAW metal cored wire, high-alloyed, creep resistant 2-149
C9 MV Ti-FD GMAW flux cored wire, high-alloyed, creep resistant 2-153
C 9 MV-UP/BB 910 SAW wire/flux-combination, high-alloyed, creep resistant 2-164
FOX C9 MVW SMAW electrode, high-alloyed, creep resistant 2-120
C 9 MVW-IG GTAW rod, high-alloyed, creep resistant 2-136
CAT 430 L Cb-IG GMAW solid wire, chemical resistant 2-222
CAT 439 L Ti-IG GMAW solid wire, chemical resistant 2-223

FOX CEL SMAW electrode for vertical-down welding,
cellulosic coated, pipe welding 2-50

FOX CEL+ SMAW electrode for vertical-down welding,
cellulosic coated, pipe welding 2-51

FOX CEL 70-P SMAW electrode for vertical-down welding
cellulosic coated, pipe welding 2-52

FOX CEL 75 SMAW electrode for vertical-down welding
cellulosic coated, pipe welding 2-53

FOX CEL 80-P SMAW electrode for vertical-down welding
cellulosic coated, pipe welding 2-55

FOX CEL 85 SMAW electrode for vertical-down welding,
cellulosic coated, pipe welding 2-56

FOX CEL 90 SMAW electrode for vertical-down welding,
cellulosic coated, pipe welding 2-57

FOX CEL Mo SMAW electrode for vertical-down welding,
cellulosic coated, pipe welding 2-54
FOX CM 2 Kb SMAW electrode, low-alloyed, high temperature 2-114
CM 2-1G GTAW rod, low-alloyed, high temperature 2-130
CM 2-1G GMAW solid wire, low-alloyed, high temperature 2-145
CM 2 Ti-FD GMAMW flux cored wire, low-alloyed, high temperature  2-152
CM 2-UP/BB 24 SAW wire/flux-combination, low-alloyed, high temperature 2-160
FOX CM 5 Kb SMAW electrode, low-alloyed, high temperature 2-117
CM 5-1G GTAW rod, high-alloyed, high temperature 2-133
CM 5-1G GMAW solid wire, high-alloyed, high temperature 2-146
CM 5-UP/BB 24 SAW wire/flux-combination, high-alloyed, high temperature ~ 2-163
FOX CM 9 Kb SMAW electrode, high-alloyed, high temperature 2-118
CM 9-IG GTAW rod, high-alloyed, high temperature 2-134
FOX CN 13/4 SMAW electrode, high-alloyed, stainless 2-178
FOX CN 13/4 SUPRA SMAW electrode, high-alloyed, stainless 2-179
CN 13/4-1G GTAW rod, high-alloyed, stainless 2-209
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BOHLER Type of filler metal Page
CN 13/4-1G GMAW solid wire, high-alloyed, stainless 2-224
CN 13/4-MC Metal cored wire, high-alloyed, stainless 2-238
CN 13/4-MC (F) Metal cored wire, high-alloyed, stainless 2-239
CN 13/4-UP/BB 203  SAW wire/flux-combination, high-alloyed, stainless 2-257
FOX CN 16/13 SMAW electrode, high-alloyed, creep resistant 2-123
CN 16/13-1G GTAW rod, high-alloyed, creep resistant 2-139
FOX CN 16/6 M-HD SMAW electrode, high-alloyed, stainless 2-183
FOX CN 17/4 PH SMAW electrode, high-alloyed, stainless 2-184
FOX CN 18/11 SMAW electrode, high-alloyed, creep resistant 2-124
CN 18/11-1G GTAW rod, high-alloyed, creep resistant 2-140
CN 18/11-IG GMAW solid wire, high-alloyed, creep resistant 2-148
CN 18/11-UP/BB 202 SAW wire/flux-combination,
high-alloyed, creep resistant 2-167
FOX CN 199 M SMAW electrode, high-alloyed, special applications 2-272
CN 19/9 M-IG GTAW rod, high-alloyed, special applications 2-281
CN 19/9 M-IG GMAMW solid wire, high-alloyed,
special applications 2-284
FOX CN 20/25 M SMAW electrode, high-alloyed, highly corrosion resistant 2-204
FOX CN 20/25 M-A SMAW electrode, high-alloyed, highly corrosion resistant 2-205
CN 20/25 M-IG GTAW rod, high-alloyed, highly corrosion resistant 2-218
CN 20/25 M-IG (Si) GMAW solid wire, high-alloyed,
highly corrosion resistant 2-235
FOX CN 21/33 Mn SMAW electrode, high-alloyed, heat resistant 2-304
CN 21/33 Mn-IG GTAW rod, high-alloyed, heat resistant 2-308
CN 21/33 Mn-IG GMAW solid wire, high-alloyed, heat resistant 2-312
FOX CN 22/9 N SMAW electrode, high-alloyed, highly corrosion resistant 2-207
FOX CN 22/9 N-B SMAW electrode, high-alloyed, highly corrosion resistant 2-206
CN 22/9 N-FD GMAMW flux cored wire, high-alloyed,
highly corrosion resistant 2-255
CN 22/9 N-IG GTAW rod, high-alloyed, highly corrosion resistant 2-219
CN 22/9 N-IG GMAW solid wire, high-alloyed,
highly corrosion resistant 2-236
CN 22/9 N-UP/BB 202 SAW wire/flux-combination,
high-alloyed, highly corrosion resistant 2-265
CN 22/9 PW-FD GMAW flux cored wire, high-alloyed,
highly corrosion resistant 2-256
FOX CN 23/12-A SMAW electrode, high-alloyed, special applications 2-273
CN 23/12-MC Metal cored wire, high-alloyed, special application 2-287
CN 23/12-FD GMAMW flux cored wire, high-alloyed,
special applications 2-290
CN 23/12 PW-FD GMAW flux cored wire, high-alloyed,
special applications 2-291
CN 23/12-IG GTAW rod, high-alloyed, special applications 2-282
CN 23/12-1G GMAMW solid wire, high-alloyed,
special applications 2-285
CN 23/12-UP/BB 202 SAW wire/flux-combination
high-alloyed, special applications 2-295
FOX CN 23/12 Mo-A SMAW electrode, high-alloyed, special applications 2-274
CN 23/12 Mo-FD GMAMW flux cored wire, high-alloyed,
special applications 2-292
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BOHLER Type of filler metal Page
CN 23/12 Mo PW-FD GMAW flux cored wire, high-alloyed,

special applications 2-293

FOX CN 24/13 SMAW electrode, high-alloyed, special applications 2-275

FOX CN 24/13 Nb SMAW electrode, high-alloyed, special applications 2-276

FOX CN25/9CuT SMAW electrode, highly corrosion resistant 2-208

CN 25/9 Cu T-IG GTAW rod, highly corrosion resistant 2-220

CN 25/9 Cu T-IG GMAW solid wire, highly corrosion resistant 2-237

FOX CN 29/9 SMAW electrode, high-alloyed, special applications 2-277

FOX CN 29/9-A SMAW electrode, high-alloyed, special applications 2-278

FOX CuNi 30 Fe SMAW electrode, high-alloyed, copper-nickel 2-339

CuNi 30 Fe-IG GTAW rod, high-alloyed, copper-nickel 2-340

DCMS Gas welding rod, low-alloyed, high temperature 2-169

FOX DCMS Kb SMAW electrode, low-alloyed, high temperature 2-111

FOX DCMS Ti SMAW electrode, low-alloyed, high temperature 2-110

DCMS Ti-FD GMAW flux cored wire, low-alloyed, high temperature 2-151

DCMS-IG GTAW rod, low-alloyed, high temperature 2-128

DCMS-IG GMAW solid wire, low-alloyed, high temperature 2-143

FOX DCMV SMAW electrode, low-alloyed, high temperature 2-112

DMO Gas welding rod, low-alloyed, high temperature 2-168

FOX DMO Kb SMAW electrode, low-alloyed, high temperature 2-109

FOX DMOTi SMAW electrode, low-alloyed, high temperature 2-108

DMO Ti-FD GMAW flux cored wire, low-alloyed, high temperature 2-150

DMO-IG GTAW rod, low-alloyed, high strength 2-87

DMO-IG GTAW rod, low-alloyed, high temperature 2-127

DMO-IG GMAW solid wire, low-alloyed, high temperature 2-142

FOX DMV 83 Kb SMAW electrode, low-alloyed, high temperature 2-113

DMV 83-IG GTAW rod, low-alloyed, high temperature 2-129

DMV 83-IG GMAW solid wire, low-alloyed, high temperature 2-144

FOX E 308 H SMAMW electrode, high-alloyed, creep resistant 2-125

E 308 H-FD GMAMW flux cored wire, high-alloyed, creep resistant 2-154

E 308 H PW-FD GMAMW flux cored wire, high-alloyed, creep resistant 2-155

FOX E317 L SMAW electrode, high-alloyed, highly corrosion resistant 2-199

E 317 L-FD GMAW flux cored wire, high-alloyed, highly corrosion resistant ~ 2-253

E 317 L PW-FD GMAW flux cored wire, high-alloyed, highly corrosion resistant ~ 2-254

FOX E 347 H SMAW electrode, high-alloyed, creep resistant 2-126
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FOX EAS 2 SMAW electrode, high-alloyed, chemical resistant 2-185
FOX EAS 2-A SMAW electrode, high-alloyed, chemical resistant 2-186
FOX EAS 2 (LF) SMAW electrode, high-alloyed, chemical resistant 2-187
EAS 2-MC Metal cored wire, high-alloyed, chemical resistant 2-240
EAS 2-FD GMAW flux cored wire, high-alloyed, chemical resistant 2-242
EAS 2 PW-FD GMAW flux cored wire, high-alloyed, chemical resistant 2-243

EAS 2 PW-FD (LF)

GMAW flux cored wire, high-alloyed, chemical resistant

2-244

EAS 2-1G GTAW rod, high-alloyed, chemical resistant 2-210
EAS 2-1G (Si) GMAW solid wire, high-alloyed, chemical resistant 2-229
EAS 2-UP/BB 202 SAW wire/flux-combination
high-alloyed, chemical resistant 2-259
FOX EAS 2-VD SMAW electrode, high-alloyed, chemical resistant 2-188
FOX EAS 2 Si SMAW electrode, high-alloyed, highly corrosion resistant 2-198
FOX EAS4 M SMAW electrode, high-alloyed, chemical resistant 2-191
FOX EAS 4 M (LF) SMAW electrode, high-alloyed, chemical resistant 2-192
FOX EAS 4 M-A SMAW electrode, high-alloyed, chemical resistant 2-193
EAS 4 M-MC Metal cored wire, high-alloyed, chemical resistant 2-241
EAS 4 M-FD GMAW flux cored wire, high-alloyed, chemical resistant 2-248
EAS 4 PW-FD GMAMW flux cored wire, high-alloyed, chemical resistant 2-249
EAS 4 PW-FD (LF) GMAMW flux cored wire, high-alloyed, chemical resistant 2-250
EAS 4 M-IG GTAW rod, high-alloyed, chemical resistant 2-212
EAS 4 M-IG (Si) GMAW solid wire, high-alloyed, chemical resistant 2-231
FOX EAS 4 M-TS SMAW electrode, high-alloyed, chemical resistant 2-195
EAS 4 M-UP/BB 202  SAW wire/flux-combination
high-alloyed, chemical resistant 2-261
FOX EAS 4 M-VD SMAW electrode, high-alloyed, chemical resistant 2-194
EASN 2 Si-IG GTAW rod, high-alloyed, highly corrosion resistant 2-214
FOX EASN 25M SMAW electrode, highly corrosion resistant 2-203
EASN 25M-I1G GTAW rod, highly corrosion resistant 2-217
EMK 6 GTAW rod, unlegiert 2-25
EMK 6 GMAW solid wire, mild steel 2-28
EMK 7 GMAW solid wire, mild steel 2-29
EMK 8 GMAW solid wire, mild steel 2-30
EML 5 GTAW rod, mild steel 2-26
EMS 2 CrMo/BB 24 SAW wire/flux-combination, low-alloyed, high temperature 2-158
EMS 2 CrMo/BB 25 SAW wire/flux-combination, low-alloyed, high temperature 2-159
EMS 2 Mo/BB 24 SAW wire/flux-combination, low-alloyed, high temperature 2-156
EMS 2 Mo/BB 25 SAW wire/flux-combination, low-alloyed, high temperature 2-157
EMS 2/BB 24 SAW wire/flux-combination, mild steel 2-35
EMS 2/BB 25 SAW wire/flux-combination, mild steel 2-36
EMS 2/BB 33 M SAW wire/flux-combination, mild steel 2-37
EMS 2/BF 16 SAW wire/flux-combination, mild steel 2-38
EMS 3/BB 24 SAW wire/flux-combination, mild steel 2-39
EMS 3/BB 25 SAW wire/flux-combination, mild steel 2-40
EMS 3/BB 33 M SAW wire/flux-combination, mild steel 2-41
EMS 3/BF 16 SAW wire/flux-combination, mild steel 2-42
ER 308 H-IG GTAW rod, high-alloyed, creep resistant 2-141
ER 70 S-2 GTAW rod, mild steel 2-27
ER Ti 2-IG GTAW rod, Titanium 2-341
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FOX ETI SMAW electrode, mild steel, rutile-coated 2-15
FOX EV 47 SMAW electrode, mild steel, basic-coated 2-19
FOX EV 50 SMAW electrode, mild steel, basic-coated 2-20
FOX EV 50-A SMAW electrode, mild steel, basic-coated 2-21
FOX EV 50-W SMAW electrode, mild steel, basic-coated 2-22
FOX EV 55 SMAW electrode, mild steel, basic-coated 2-23
FOX EV 60 SMAW electrode, low-alloyed, high strength 2-77
FOX EV 60 PIPE SMAW electrode for vertical-up welding,
basic coating, pipe welding 2-64
FOX EV 70 PIPE SMAW electrode for vertical-up welding,
basic coating, pipe welding 2-65
FOX EV 63 SMAW electrode, low-alloyed, high strength 2-76
FOX EV 65 SMAW electrode, low-alloyed, high strength 2-78
FOX EV 70 SMAW electrode, low-alloyed, high strength 2-79
FOX EV 70 Mo SMAW electrode, low-alloyed, high strength 2-80
FOX EV 75 SMAW electrode, low-alloyed, high strength 2-81
FOX EV 85 SMAW electrode, low-alloyed, high strength 2-84
FOX EV 85-M SMAW electrode, high strength 2-86
FOX EV 100 SMAW electrode, high strength 2-86
FOX EV PIPE SMAW electrode for vertical-up welding,
basic coating, pipe welding 2-63
FOX FA SMAW electrode, high-alloyed, heat resistant 2-299
FA-IG GTAW rod, high-alloyed, heat resistant 2-305
FA-1IG GMAW solid wire, high-alloyed, heat resistant 2-309
FOX FF SMAW electrode, high-alloyed, heat resistant 2-300
FOX FF-A SMAW electrode, high-alloyed, heat resistant 2-301
FOX FFB SMAW electrode, high-alloyed, heat resistant 2-302
FOX FFB-A SMAW electrode, high-alloyed, heat resistant 2-303
FFB-IG GTAW rod, high-alloyed, heat resistant 2-307
FFB-IG GMAW solid wire, high-alloyed, heat resistant 2-311
FF-IG GTAW rod, high-alloyed, heat resistant 2-306
FF-IG GMAW solid wire, high-alloyed, heat resistant 2-310
FOX HL 180 Ti SMAW electrode, mild steel, rutile coated, high efficiency 2-18
HL 51-FD GMAW flux cored wire, mild steel, metal-cored 2-33
HL 53-FD GMAW flux cored wire, mild steel, metal-cored 2-34
FOX KE SMAW electrode, mild steel, rutile cellulose coated 2-12
KW 5 Nb-IG GMAW solid wire, high-alloyed, stainless 2-221
FOX KW 10 SMAW electrode, high-alloyed, stainless 2-180
KW 10-1G GMAW solid wire, high-alloyed, stainless 2-225
KWA-IG GMAW solid wire, high-alloyed, stainless 2-226
FOX MSU SMAW electrode, mild steel, rutile-cellulosic-coated 2-10
Ni 1-IG GTAW rod, pipe welding 2-88
Ni 2-UP/BB 24 SAW wire/flux-combination, low-alloyed, cryogenic application 2-101
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FOX NIBAS 617 SMAW electrode, nickel base 2-321
NIBAS 617-1G GTAW rod, nickel base 2-325
NIBAS 617-1G GMAW solid wire, nickel base 2-329
NIBAS 617-UP/BB 444 SAW wire/flux-combination, nickel base 2-336
FOX NIBAS 625 SMAW electrode, nickel base 2-317
NIBAS 625-1G GTAW rod, nickel base 2-322
NIBAS 625-1G GMAW solid wire, nickel base 2-326
NIBAS 625 PW-FD GMAW flux cored wire, nickel base 2-332
NIBAS 625-UP/BB 444 SAW wire/flux-combination, nickel base 2-334
FOX NIBAS 70/15 SMAW electrode, nickel base 2-318
FOX NIBAS 70/20 SMAW electrode, nickel base 2-319
NIBAS 70/20-1G GTAW rod, nickel base 2-323
NIBAS 70/20-1G GMAW solid wire, nickel base 2-327
NIBAS 70/20-FD GMAMW flux cored wire, nickel base 2-330
NIBAS 70/20 Mn-FD  GMAW flux cored wire, nickel base 2-331
NIBAS 70/20-UP/BB 444 SAW wire/flux-combination, nickel base 2-333
FOX NIBAS C 24 SMAW stick electrode, nickel base 2-320
NIBAS C 24-1G GTAW rod, nickel base 2-324
NIBAS C 24-1G GMAW solid wire, nickel base 2-328
NIBAS C 24-UP/BB 444 SAW wire/flux-combination, nickel base 2-335
FOX NiCr 625 SMAW electrode, nickel base 2-317
NiCr 625-1G GTAW rod, nickel base 2-322
NiCr 625-1G GMAW solid wire, nickel base 2-326
FOX NiCr 70/15 SMAW electrode, nickel base 2-318
FOX NiCr 70 Nb SMAW electrode, nickel base 2-319
NiCr 70 Nb-IG GTAW rod, nickel base 2-323
NiCr 70 Nb-IG GMAW solid wire, nickel base 2-327
NiCrMo 2.5-1G GMAW solid wire, low-alloyed, high strength 2-95
NiCrMo 2.5-1G GTAW rod, low-alloyed, high strength 2-90
NiCu 1-IG GMAW solid wire, low-alloyed, weather resistant 2-92
FOX NiCuCr SMAW electrode, low-alloyed, weather resistant 2-76
FOX NiMo 100 SMAW electrode, low alloyed, high strenght 2-82
NiMo 1-IG GMAW solid wire for automatic welding, pipe welding 2-68
NiMo 1-IG GMAW solid wire, low-alloyed, high strength 2-94
NiMo 1-1G GTAW rod, low-alloyed, high strength 2-90
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FOX NUT SMAW electrode, gouging electrode 2-24
FOX OHV SMAW electrode, unlegiert, rutil cellulose umhdllt 2-11
FOX P23 SMAW electrode, low-alloyed, high temperature 2-115
P 23-IG GTAW rod, low-alloyed, high temperature 2-131
P 23-UP/BB 430 SAW wire/flux-combination, low-alloyed, high temperature 2-161
FOX P 24 SMAW electrode, low-alloyed, high temperature 2-116
P 24-1G GTAW rod, low-alloyed, high temperature 2-132
P 24-UP/BB 430 SAW wire/flux-combination, low-alloyed, high temperature 2-162
FOX P92 SMAW electrode, high-alloyed, creep resistant 2-121
P92-1G GTAW rod, high-alloyed, creep resistant 2-137
P92-UP/BB 910 SAW wire/flux-combination,
high-alloyed, creep resistant 2-165
FOX RDA SMAW electrode, high-alloyed, special applications 2-279
FOX SAS 2 SMAW electrode, high-alloyed, chemical resistant 2-189
FOX SAS 2-A SMAW electrode, high-alloyed, chemical resistant 2-190
SAS 2-IG GTAW rod, high-alloyed, chemical resistant 2-211
SAS 2-1G (Si) GMAMW solid wire, high-alloyed,
chemical resistant 2-230
SAS 2-FD GMAMW flux cored wire, high-alloyed, chemical resistant  2-245
SAS 2 PW-FD GMAW flux cored wire, high-alloyed, chemical resistant ~ 2-246
SAS 2 PW-FD (LF) GMAW flux cored wire, high-alloyed, chemical resistant ~ 2-247
SAS 2-UP/BB 202 SAW wire/flux-combination
high-alloyed, chemical resistant 2-260
FOX SAS 4 SMAW electrode, high-alloyed, chemical resistant 2-196
FOX SAS 4-A SMAW electrode, high-alloyed, chemical resistant 2-197
SAS 4-I1G GTAW rod, high-alloyed, chemical resistant 2-213
SAS 4-IG (Si) GMAW solid wire, high-alloyed, chemical resistant 2-232
SAS 4-FD GMAW flux cored wire, high-alloyed, chemical resistant ~ 2-251
SAS 4 PW-FD GMAW flux cored wire, high-alloyed, chemical resistant ~ 2-252
SAS 4-UP/BB 202 SAW wire/flux-combination,
high-alloyed, chemical resistant 2-262
SG3-P GMAW solid wire for automatic welding, pipe welding 2-66
SG 8-P GMAW solid wire, pipe welding 2-67
SG 8-P GMAW solid wire, high strength 2-93
FOX SKWA SMAW electrode, high-alloyed, stainless 2-181
SKWA-IG GMAW solid wire, high-alloyed, stainless 2-227
FOX SKWAM SMAW electrode, high-alloyed, stainless 2-182
SKWAM-IG GMAW solid wire, high-alloyed, stainless 2-228
SKWAM-UP/BB 203  SAW wire/flux-combination, high-alloyed, stainless 2-258
FOX SPE SMAW electrode, mild steel, rutile-basic-coated 2-16
FOX SPEM SMAW electrode, mild steel, rutile-basic-coated 2-17
FOX SUM SMAW electrode, mild steel, rutile-basic-coated 2-13
FOX SUs SMAW electrode, mild steel, rutile-basic-coated 2-14
Ti 52-FD GMAW flux cored wire, mild steel, rutile typ 2-31
Ti 52 W-FD GMAW flux cored wire, mild steel, rutile typ 2-32
Ti 70 Pipe-FD GMAW flux cored wire for automatic pipe welding, rutile typ 2-69
X 70-1G GMAW solid wire, low-alloyed, high strength 2-96
X 90-1G GMAW solid wire, low-alloyed, high strength 2-97
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Comparison Table EN-Classification

and BOHLER products

EN-Classification  Bohler EN-Classification  Bohler
34B42 FOX CN 13/4 SUPRA | E 423 Mo C 25 FOX CEL Mo
34B62 FOX CN 13/4 E425B12H5 FOX EV 50-W
3B22 E424B12H5 FOX EV PIPE
7B22 E425B 42 H5 FOX EV 50
8165NLB22 E 46 3 1Ni C 25 FOX CEL 80-P
8165NLR32 E 46 4 Z (NiCrCu) B42 __FOX NiCuCr
88MnB22 E464 1NiC25 FOX CEL 85
189 MnMo R 32 E 46 5 1Ni B 45 FOX BVD 85

3LR12 E 46 5B 12 H5 FOX EV 55
3LR15 E 46 6 1Ni B 42 FOX EV 60
3LR32 E 46 8 2Ni B 42 H5 FOX 2.5 Ni
31B22 E503 1Ni C 25 FOX CEL 90
3NbB22 E 504 B 42 H5 FOX EV 63
3NbR32 E 50 4 1Ni B12 H5 FOX EV 60 PIPE
9B42H5 E 553 MnMo B T 42 H10__FOX EV 70
99HR42H5 E 55 4 Z(Mn2NiMo) B12 H5_FOX EV 70 PIPE
99LB22 E 555 Z2Ni B 45 FOX BVD 90
99LB22 E556 INIMoB42H5  FOX EV 65
99LR15 FOX EV 70
99LR32 E 62 4 Mn1NiMo B 42 H5_FOX NiMo 100
99NbB22 E 625 Z2Ni B 45 FOX BVD 100
E 62 6 Mn2NiCrMo B42 H5_FOX EV 75
99NbR32 E 69 3 Mn2NiMo B 45 FOX BVD 110
0103R32 FOX BVD 120
0255CuNLB22 E 69 6 Mn2NiCrMo B42 H5_FOX EV 85
0255 CuNLR32 ECrMol B4 2H FOX DCMS Kb
12B22 E CrMo1 R FOX DCMS Ti
12R32 E CrMo2 B 4 2 H5 FOX CM 2 Kb
931LB22 E CrMo5 B 4 2 H5 FOX CM 5 Kb
93LR32 E CrMo9 B 4 2 H5 FOX CM 9 Kb
412B22 E CrMo91 B 4 2 H5 FOXC9M
312NbB22 E CrMoWV12B42H5 _ FOX 20 MVW
3122 R32 EMoB42H5 FOX DMO Kb
312LR32 EMoR12 FOXDMO Ti
94NLB22 E MoV B 42 H5 FOX DMV 83 Kb
20B22 ENi6117 FOX NIBAS 617
20R32 E Ni 60 59 FOX NIBAS C 24
4B22 EZ16 13NbB 4 2 H5 FOX CN 16/13
99R12 EZ16 6 MoB62H5 FOX CN 16/6 M-HD
99R32 EZ174CuB43H5 FOX CN 17/4 PH
80 RC 11 FOX MSU, FOX OHV | E Z17 Mo B 2 FOX SKWAI
FOX KE EZ1914S5iB22 FOX EAS 2 Si
8 0 RR 12 FOX SUM E B42 FOX CN 21/33 Mn
8 0 RR 54 FOX HL 160 Ti E 4LB22 FOX AM 400
8 0 RR 74 FOX HL 180 Ti E 2NLB22 FOX EASN 25 M
82 RB 12 FOX SPE E ZCrMoV1 B 4 2 H5 FOX DCMV
FOX SPEM
83 C 21 FOX CEL
8 2 C 21 FOX CEL+
8 4 B 42 H5 FOXEV 47
0RR 12 FOX SUS, FOX ETI
3B 12 H10 FOX EV 50-
3C25 FOX CEL 75
3C25 FOX CEL 70-P
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EN-Classification = Bohler EN-Classification Bodhler
E ZCrMoWV911 B4 2 H5 FOX C 9 MVW G Z21 33 MnNb CN 21/33 Mn-IG
E ZCrMoWVND 9 05 2 B42H5_FOX P 92 G 722178 4 NL AM 400-IG
E ZCrMoVNb B 21 B42 H5_FOX P 24 (o] BW VII
E ZCrWV21.5 B42 H5 FOX P 23 [oX]I] BW XII
ENi 6182 FOX NIBAS 70/15 o1V DMO
FOX NiCr 70/15 OV (mod.) DCMS
E Ni 60 82 FOX NIBAS 70/20 S134/SAFB2DC CN 13/4-UP/BB 203
NIBAS 70/20-FD S17/SAFB2 SKWA-UP/BB 202
FOX NiCr 70 Nb S17 Mo H SKWAM-UP/BB 203
E Ni 66 25 FOX NIBAS 625 SZ18 16 5 NL/ SA FB2 ASN 5-UP/BB 203
NIBAS 625 PW-FD n/SA A 7CN-UP/BB 203
FOX NiCr 625 H/SA FB 2 CN 1
G134 N 13/4-1G L/SAFB2DC ___EAS
G17 KWA-IG b/SAFB2 S
G188 Mn A7-IG 229 3NL/SAFB2DC __Cl
G 23LSi EAS 4 M-IG (Si) S380MS S2 E
G 2 3 NbSi SAS 4-1G (Si) S 380 MS S3 E
G199 CN 18/11-1G S386 2 E
G199LSI EAS 2-1G (Si) 4 3 E
G 19 9 NbSI SAS 2-1G (Si) S 424 2 E
G20103 CN 19/9 M-IG S 424 FB S3 E
G2212H FF-IG S 46 0 AR S2 E
G229 3 NL 2/9 N-IG S 46 3 FB S2Mo E
G2312L CN 23/12-1G S 46 4 FB S2Mo E
G 2594 NL CN 25/9 CuT-IG S 46 6 FB S2Ni2
G 25 20 Mn FFB- S50 0 AR S3 E M
G254 FA-IG S 50 4 FB S3Ni1Mo 3 NiMo 1-UP/BB24
G3Nil SG 8-P 69 6 FB S3Ni2.5CrMo___3 NiCrMo 2.5-UP/BB 24
G3Sid EMK 6 S CrMo1 /SAFB 1 EMS 2 CrMo/BB 24
GO NiCu 1-IG S CrMo1 /SAFB 1 EMS 2 CrMo/BB 25
G4Sid EMK 7, EMK 8 CrMo2 / SAFB 1 CM 2-UP/BB 24
G 42 4M GO iCu 1-IG S CrMo5 /SAFB 1 CM 5-UP/BB 24
G4Sii EMK 7, EMK 8 S CrMo91 / SAFB 2 C 9 MV-UP/BB 910
G 46 6 C G2 Ni2 2.5 Ni-IG oWVNb 9 0.5 15/SAFB2 P 92-UP/BB 910
G 46 8 M G2 Ni2 2.5 Ni-IG WV 2 1.5 P 23-UP
G424CG3Si1 SG 3-P 02VND P
G465MG3Si1 SG 3-P 3L/SAFB2DC EAS 4 M-UP/BB 202
G55 C'IVIH3NT'|'IVI'0 T NiVo 1-1G 3 Nb/SAFB 2 DC 4-UP/BB 202
IG5 i [CNiMo 1-1G L/SAFB2DC 3/12-UP/BB 202
G 695 M Mn3Crl i1CrMo X 70-1G 77 AC H5 33 M
G 69 4 C Mn3CrNi2.5CrMo__NiCrMo 2.5-1G 55 AC 430
G 69 6 M Mn3CrNi2.5CrMo_NiCrMo 2.5-1G 65 AC H10 24 SC
G 89 6 M Mn4Ni2CrMo___X 90-IG 65 DC H5 BB 24
G CrMo1 DCMS-IG 68 AC H5 BB 25
G CrMo2 Si 2-1G 2 BB 444
G CrMo5 Si CM 5-IG 255DC BB 910
G CrMo91 C 9 MV-IG S 2DC BB 202
G MoSi DMO-IG SAFB 2 DC BB 203
G MoV Si DMV 83-I1G SCrMoWV12/SA FB 2 20 MVW-UP/BB 24
G 13 W 10-IG SF MS 1 78 AC BF 16
GZI3NbL W 5 Nb-IG S Ni 60 82 NIBAS 70/20-1G
G Z17 Mo SKWAM-IG NiCr 70 Nb-IG
GZi7Ti SKWA-IG NIBAS 70/20-UP
G Z18 L Nb CAT 430 L Cb-IG SNi6617 NIBAS 617-1G
GZI8TiL CAT 439 L Ti-IG NIBAS 617-UP
G Z18 16 5 NL ASN 5-1G (Si) SNi 6059 NIBAS C24-IG
G Z20 25 5 Cu NL CN 20/25 M-IG (Si) NIBAS C24-UP
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EN-Classification = Bohler EN-Classification = Bodhler
S Ti 0120 ER Ti 2-IG T422PC1H5 Ti 52-FD
i - Ti
i =G T425Z MM 2 H5 H
NIBAS 625-UP T462P M1H10 Ti
13 4 MM 2 CN 13/4 MC T464PM1HI0 Ti
1 M 2 CN 13/4 MC (F) T464MM2H5
n MM 1 A7-MC T554MnINiIPM1H5 T
nRC3 A7-FD TZ199HPC1
nRM3 A7-FD TZ199HP M1 E
nPC2 A7 PW-FD TZ199HRC3 E
nPM2 A7 PW-FD TZ199HRM3 E
9123L MM 1 4 M-MC T ZCrMo2 P M 1 CM2T
9123LPCH 4 PW-FD T ZCrMo9VNb P M 1 C 9 MV Ti-FD
9123LPM1 4 PW-FD Typ Ni 6082 NIBAS 70/20 Mn-FD
9123LRC3 4 M-FD W13 4 CN 13/4-1G
91231 RM3 4 M-FD W18 8 Mn A7 CN-IG
19123NbPC 1 4 PW-FD W19123L EAS 4 M-IG
19123 Nb P M1 4 PW-FD W 19 12 3 Nb SAS 4-1G
19123NbRC3 4-F| W199H CN 18/11-IG
19123 NbRM3 -F ER 308 H-IG
Z19134LRM3 E 317L-FD W199L EAS 2-1G
Z19134LRC3 E 317L-FD W 19 9 Nb SAS 2-IG
Z19134LP M1 E 317L PW-FD W20103 CN 19/9 M-IG
Z19134LPC1 E 317L PW-FD W2212H FF-IG
99 L MM 1 EAS 2 MC W2293NL CN 22/9 N-IG
99LPC1 W2312L CN 23/12-IG
99LPMA1 W25 4 FA-IG
991 RC3 W 259 4 NL CN 25/9 CuT-IG
199 L RM3 W 25 20 Mn FEB-
199 NbPC 1 SAS 2 PW-FD W 25222 NL EASN 25 M-IG
99NbPMI1 SAS 2 PW-FD W3 Sii EMK 6
99NbP M1 SAS 2 PW-FD (LF) | W2 Mo 0-1G
99NbRC3 SAS 2-FD W2 EML5
99NbRM3 SAS 2-F W 46 8 W2Ni2 2.5 Ni-IG
293NLPC1 CN 22/9 PW-FD W 46 5 W3Ni1 Ni1-IG
293 NLP M1 CN 22/9 PW-FD W CrMot1 DCMS-IG
293NLRC3 CN 22/9 N-Fi W CrMo2 CM 2-IG
293NLRM3 CN 22/9 N-FD W CrMo5 S CM 5-1G
2312 LMM 1 CN 23/12 W CrMo9 S CM 9-1
231221 PC1 CN 23/12 Mo PW-FD | W CrMo91 C 9 MV-IG
231221 PM1 CN 23/12 Mo PW-FD [ W CrMoWV12 20 MVW-IG
231221 RC3 CN 23/12 Mo-FD W Mn2Ni2.5CrMo
3122 RM3 CN 23/12 Mo-FD
312 LP M1 CN 23/12 PW-FD WMoS 1 DMO-IG
312LPC1 CN 23/12 PW-FD W MoV Si DMV 83-1G
312LR M3 CN 23/12-FD W 716 13 Nb CN 16/13-IG
312 RC3 CN 23/12-FD W Z1816 5 NL ASN 5-1G
CrMo1 P M 1 DCMS Ti-FD W Z19 13 SiNL EASN 2 Si-IG
MoL P M 1 DMO Ti-FD W 720255 Cu NL CN 20/25 M-IG
TS 69T15-1G-9C1MV C 9 MV-MC W Z21 33 Nb CN 21/33 Mn-IG
W 72217 8 4 NL AM 400-1
W ZCrMoVW 911 C 9 MVW-IG
W ZCrMoWVNb 9052 P 92-IG
W ZCrWV2 1.5 P 23-1G
W ZCrMo2VTi/Nb P 24-1G
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Comparison Table AWS-Classification and
BOHLER product

AWS-Classification Bohler AWS-Classification Bohler
E10018-G FOX BVD 100 E6013 FOX KE
FOX EV 75 FOX SUM
E11018-G FOX BVD 110 FOX SUS
FOX EV 85 FOX ETI
209-15 FOX CN 22/9 N-B E6013 (mod.) FOX SPE
209-17 FOX CN 22/9 N FOX SPEM
595-15 FOX CN 25/9CuT E7010-A1 FOX CEL Mo
7-15 (mod.) FOXA7 E7010-P1 FOX CEL 75
FOXA7-A FOX CEL 70-P
A7-FD E7016 FOX EV 50-A
A7 PW-FD E7016-1H4R FOX EV 50-W
FOX EAS 2 E7016-1H4R FOX EV PIPE
FOX EAS 2-A FOX EV 47
FOX EAS 2-VD E7018-1H4R FOX EV 50
- FOX CN 18711 FOX EV 55
9Nb-15 FOX CN 24/13 Nb E7018-A1 FOX DMO Kb
8H-16 FOX E 308 H E7024 FOX HL 180 Ti
8L-15 FOX EAS 2 (LF) E8010-P1 FOX CEL 85
oL-15 24/13 FOX CEL 80-P
oL-17 23/12-A E8013-G FOX DCMS Ti
E309LMo-17 23/12 Mo-A_| E8016-GH4R FOX EV 60 PIPE
E309-15 -B2H4R FOX DCMS Kb
E309-17 A -B6H4R FOX CM 5 Kb
E310-15 (mod.) B -B8 FOX CM 9 Kb
E310- B-A -C1H4R FOX 2.5 Ni
2 29/9 -C3H4R FOX EV 60
2- 29/9-A 8-D1H4R (mod.) FOX EV 65
6L-15 EAS 4 5-P2 FOX BVD 85
6L-16 S 4 M-TS 8-GH4R FOX EV 63
6L-17 FOX EAS 4 M-A FOX EV 65
FOX EAS 4 M-VD E8018-W2H4R FOX NiCuCr
7L17 FOXE 317 L E9015-B9 FOX C 9 MV
7L-15 (mod.) FOXASN 5 E9015-B9 (mod.) FOX C 9 MVW
7L-17 (mod.) FOX ASN 5-A FOX P 92
8-15 FOX SAS 4 E9016-GH4R FOX EV 70 PIPE
817 FOX SAS 4-A E9018-B3H4R FOX CM 2 Kb
E347-15 FOX SAS 2 E9018-D1H4R (mod.) FOX EV 70
FOX E 347 H FOX EV 70 Mo
FOX SAS 2-A E9018-G FOX BVD 90
SAS 2 PW-FD (LF) FOX DCMV
- ) FOX CN 20/25 FOX DMV 83 Kb
E 385-17 (mod.) FOX CN 20/25 M-A FOX EV 70 Mo
E 410 NiMo-15 FOX CN 13/4 S FOX P 23
E 410 NiMo-15 FOX CN 13/4 FOX P 24
E 410-15 (mod.) FOX KW 10 FOX CEL 90
E 430-15 FOX SKWA FOX EV 70
E 6010 FOX CEL FOX NiMo 100
FOX CEL+ FOX EV 75
E 6013 FOX MSU
FOX OHV
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AWS-Classification Bohler AWS-Classification Bohler
E10018-MH4R (mod.) EG P 23-UP
1018-GH4R P 24-UP
2018-G E630-15 (mod.) FOX CN 17/4 PH
C-B9 E70C-6MH4 HL 53-FD
07 (mod.) E70C-6MH4 HL 51-FD
8L E71T-1MJH8 Ti 52-FD
9 E71T-1MJH8 Ti 52 W-FD
6L E71T-1CJH8
ONiMo (mod.) E81T1-Al DMO Ti-FD
ONiMo (mod.) CN 13/4-MG (F) E81T1-B2 DCMS Ti-FD
uNi FOX CuNi 30 Fe E91T1-B3 CM 2 Ti-FD
ENiCrFe-3 FOX NIBAS 70/15 E91T1-B9 C 9 MV Ti-FD
FOX NiCr 70/15 E91T1-K2MH4 Ti 70 Pipe-FD
ENiCrFe-3 (mod.) FOX NIBAS 70/20 ERCuN CuNi 30 Fe-IG
FOX NiCr 70 Nb |ERNTC,T'3_| -
ENiICrCoMof FOX NIBAS 617 iCr 70 Nb-IG.
ENiCrMo-3 FOX NIBAS 625 IBAS 70/20-| UP
FOX NiCr 625 [EENICICoMo-1 1] NIBAS
CrMo-13 FOX NIBAS C 24 | IBAS 617- UP
Cr-3T0-4 IBAS 70/20-FD | =20t o mm—
Cr-3T0-4 (mod.) IBAS 70/20 Mn-FD NIBAS 625-UP
6-8-2-25 (mod.) FOX CN 16/6 M-HD
209T0- CN 22/9 N-FD W_ICNEA Co76-1G 1
9T0-4 CN 22/9 N-FD NIBAS C 276-UP
9T1- CN 22/9 PW-FD ERTi2 ER Ti 2-1G
9 CN 22/9 PW-FD 21— |
H E 308 H-FI NIBAS C 24-UP
H E 308 H-FD | ER110S-G NiCrMo 2.5-IG
H E 308 H PW-FD X 70-1G
H E 308 H PW-FD oW cam— |
L EAS 2-FD ER120S-G X 90-IG
LT -FD 6 I € T |
L] PW-FD EEZ0T 1 CNOIONIG
LT 2 PW-FD CN 22/9 N-UP/BB 202
FOX CN 199 M EB2532 1 CN25/0 CuTlG
CN 23/12 Mo-FD ER307 (mod.) A7 CN-IG
CN 23/12 Mo-FD AT-G
CN 23/12 Mo PW-FD A7 CN-UP/BB 203
CN 23/12 Mo PW-FD _| ER308LSi EAS 2-1G (Si)
CN 23/12-FD ER308H ER 308 H-IG
CN 23/12-FD ER308L EAS 2-IG
CN 23/12 PW-FD EAS 2-UP/BB 202
CN 23/12 PW-FD CCNIopMIG 1
EAS 4 M-FD ma 115 E—
EAS 4 M-FD EEsmr———1 =
4 PW-FD | CN 23/12-UP/BB 202
4 PW-FD 10 L =10
7L-FD ER316LSi S 4 M-IG (Si)
7L PW-FD ER316L 4M-IG
4 PW-FD 4 M-UP/BB 202
4 PW-FD ER317L SN 5 SY-UP/BB 203 SY
4-F ER317L (mod.) ASN 5-1G (Si)
S 4-FD ASN 5-1G
AS 2 PW-FD ASN 5-UP/BB 203
AS 2 PW-FD ER318 SAS 4-IG
SAS 2-F| SAS 4-UP/BB 202
0- SAS 2-F| ER318 (mod.) S 4-1G (Si)
iMo (mod.) CN 13/4 MC ER347Si (Si)
ER347 P
ER70S-2

XVl



www.boehler-welding.com

Selection Guide

AWS-Classification Bohler AWS-Classification Bohler

ER385 (mod.) CN 20/25 M-IG F7AZ-EM12K EMS 2/BB 33 M
CN 20/25 M-IG (Si) | F8A4-EA2-A2 EMS 2 Mo/BB 24

ER409Nb KW 5 Nb-IG EMS 2 Mo/BB 25

[ERZI0NIMG (mod) 1 G F8A8-ENi2-Ni2 Ni 2-UP/BB 24
CN 13/4-UP/BB 203 | F8P2-EB2-B2 EMS 2 CrMo/BB 24

ER430 (mod.) KWA-IG EMS 2 CrMo/BB 25
SKWA-IG F9A4- mod.)-F3 3 NiMo 1-UP/BB24
CAT 430 L Cb-IG F8pP2- 3 CM 2-UP/BB 24
CAT 439 L T-IG F8PZ-EB6-B6 CM 5-UP/BB 24
EML 5 FOPZ-EB9-B9 C 9 MV-UP/BB 910
SG 3-P F11A4-EM4 (mod.)-M4 3 NiCrMo 2.5-UP/BB 24
E 1| R45-G BW VII
EMK R60-G DMO
EMK 8 BW XII

- - ] | R65-G DCMS
) - 1

ER80S-B8 CM 9-1G

[EBB0S-G 1 CDMO-IC 1
NiCu 1-IG

[ ]CDCMS-TG ]

L ][ DMV E3-[G 1

L 1CSG 8P 1

EESTSG ] [(NIVo T-1G ]
— 1 3 1
P 231G
P 24-1G
iMo 1-1
1 [CN 25, 1
EMS 3
EMS 2
EMS 3
EMS 2
EMS 3
EMS 3
EMS 2
EMS 2
EMS 2
F55A6-ENi2-Ni2 Ni 2-UP/BB 24
F55P3-EB2-B2 EMS 2 CrMo/BB 24
EMS 2 CrMo/BB 25
F55P3-EB3-B3 CM 2-UP/BB 24
2A4-EF3 (mod.)-F3 3 NiMo 1-UP/BB24
5PZ-EB6-B6 CM 5-UP/BB 24
2PZ-EB9-B9 CoM
9A4-EM4 (mod.)-M4 3 NiCi .5-UP/BB 24
10K EMS
EMS
EMS
EMS
EMS
E IS
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General Information

1. General Information

Objectives

Between publication of the last updated version of this manual and the
present re-organised and updated version, a whole series of standards,
which were previously only applicable nationally, have been replaced by EN
ISO standards. This section provides a summary of the new standards now
taken into account in the product information and refers to the national stan-
dards affected.

This section also contains information regarding the various forms of supply
in which you may purchase the different filler metals and notes about storing
them properly.

Contents

1.1 STANDARD CLASSIFICATION SYSTEMS ..............cu.... 2
1.2FORMS OF SUPPLY . ...ttt 7
1.3 STORAGEAND RE-DRYING ..........coiiiiiiiieaann. 11
1.4 CERTIFICATES OF COMPLIANCE AND TEST REPORTS .. ...... 13
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General Information

.1. Standard Classification Systems

Classification System acc. to European Standard

European Standards for Filler Metals - Overview

EN ISO Norm | Official Title of Filler Metal Standard

EN ISO 636 Rods, wires and deposits for tungsten inert gas welding of non-alloy
and fine-grain steels

EN 756 Solid wires, solid wire-flux and tubular cored electrode-flux combinations
for submerged arc welding of non alloy and fine grain steels

EN 757 Covered electrodes for manual metal arc welding
of high strength steels

EN 760 Fluxes for submerged arc welding

EN 1600 Covered electrodes for manual metal arc welding of stainless and
heat resisting steels

EN ISO 2560 | Covered electrodes for manual metal arc welding of non-alloy and
fine grain steels

EN1SO 3580 | Covered electrodes for manual metal arc welding
of creep-resisting steels

EN 12536 Rods for gas welding of non alloy and creep resisting steels

EN ISO 14172 | Covered electrodes for manual metal arc welding of nickel
and nickel alloys

EN ISO 14341 | Wire electrodes and deposits for gas shielded metal arc welding
of non alloy and fine grain steels

EN ISO 14343 | Wire electrodes, strip electrodes, wires and rods for fusion welding
of stainless and heat resisting steels

EN 14640 Solid wires and rods for fusion welding of
copper and copper alloys

EN ISO 16834 | Wire electrodes, wires, rods and deposits for gas shielded arc
welding of high strength steels

EN ISO 17632 | Tubular cored electrodes for gas shielded and non-gas shielded
metal arc welding of non-alloy and fine grain steels

EN ISO 17633 | Tubular cored electrodes and rods for gas shielded and non-gas
shielded metal arc welding of stainless and heat-resisting steels

EN ISO 17634 | Tubular cored electrodes for gas shielded metal arc welding
of creep-resisting steels

EN ISO 18274 | Wire and strip electrodes, wires and rods for fusion welding
of nickel and nickel alloys

EN ISO 21952 | Wire electrodes, wires, rods and deposits for gas-shielded arc welding
of creep-resisting steel

EN 1SO 24034 | Solid wires and rods for fusion welding of titanium and titanium alloys

EN ISO 24598 | Solid wire electrodes, tubular cored electrodes and electrode/flux combinations

for submerged arc welding of creep-resisting steels

The listed European Standards became or will become transformed into national standards.
From this the content of a European Standard are equal to a national standard.
Note: ,tubular cored electrodes* are equal to the generally used term ,flux cored wires*
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Standard Classification Systems

Classification system for EN/ISO 2560 and EN 757, partially for EN ISO 3580
and EN 1600 for example FOX EV 70 Mo

short related EN ISO
key description standards

welding process, type of product

designator characterising the welding process 2560, 757, 3580
or the type of product 1600

mechanical properties, alloying type

key number indicating the mechanical properties
of the all-weld metal 2560, 757

key number indicating the lowest temperature with

an defined average impact work 2560, 757

designator for the alloying type of the weld deposit 2560, 757, 3580
1600

coating and heat treatment

descriptor showing the type of coating 2560, 757, 3580
1600

designator indicating a heat treatment of

the weld deposit 757

supplemental designations

designator indicating deposition rate and 2560, 757, 3580

type of current to be used 1600

key number for the welding positions 2560, 757, 3580
1600

diffusible hydrogen designator indicating the maximum
diffusible hydrogen level obtained with the product 2560, 757, 3580




General

Information

www.boehler-welding.com

short keys/designators used for classification in EN-standards

designator characterising the welding process or the type of product

desig- related
nator description EN ISO standards
E manual metal arc welding 2560, 757, 3580, 1600
G gas shielded metal arc welding with solid wires 14341, 21952, 14343
16834
W tungsten inert gas welding 636, 21952, 14343
T gas shielded metal arc welding with flux cored wires 758, 17634,
17633
S submerged arc welding 756, 21952, 14343
6] gas welding 12536
P plasma welding 14343
key number indicating the mechanical properties of the all-weld metal
short
key ReL [N/mm?] Rm [N/mm?] As [%] related EN ISO standards
35 355 440-570 22
38 380 470-600 20
42 420 500-640 20 14341, 2560, 756,
46 460 530-680 20 17632, 636
50 500 560-720 18
55 550 610-780 18
62 620 690-890 18
69 690 760-960 17 757, 16834
79 790 880-1080 16
89 890 980-1180 15
key figures for strength properties
desig- yield strength of all-weld  tensile strength of | related
nator metal [N/mm?] all-weld metal [N/mm?]| EN ISO standards
2T 275 370 756
3T 355 470
4T 420 520 756, 17632
5T 500 600
short keys for impact work classification of deposit
short temperature [°C] with average impact work >47 J | related
key (one specimen can have lower values, minimum >32 J) | EN ISO standards
y4 no requirements 14341, 2560, 756,
A +20 757, 636
0 0 16834
2 -20
3 -30
4 -40
5 -50
6 -60
7 -70 756, 757
8 -80
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short key indicating a heat treatment of the weld deposit

short key description related EN ISO standards
T mech. properties after annealing
560-600°C / 1h / furnace / 300°C / air 757, 16834
mechanical properties in as-welded condition all

short key for deposition rate and type of current

short key deposition rate [%]  type of current related EN ISO standards
1 =105 alternating current or direct current | 2560, 757, 3580

2 =105 direct current 1600

3 >105<125 alternating current or direct current

4 >105<125 direct current

5 >125 <160 alternating current or direct current | 2560, 757

6 >125 <160 direct current

7 > 160 alternating current or direct current

8 > 160 direct current

keys for describing possible welding positions

short key description

1 all welding positions

2 all welding positions except vertical down

3 butt weld in flat position, fillet weld in flat- and
horizontal welding position

4 butt weld in flat position, fillet weld in flat position

5 vertical down position and positions described

under key 3

related EN ISO standards
2560, 757, 17632
3580, 1600, 17634
17633

keys for hydrogen content of the deposited weld-metal

short maximum hydrogen content related

key [mlI/100 g deposit]* EN ISO standards

H5 5 2560, 757, 17632, 760
H10 10 3580, 17634

H15 15 2560, 17632, 760

*valid for @ 4 mm, 90% max. amperage, alternating current for recov

ery-keys 1,3,5,7

keys for shielding gases

short key type of shielding gas related EN ISO standards
M shielding gas EN439-M2, yet without helium 14341, 17632, 17634
C shielding gas EN439-C1, carbondioxide 17633, 16834

N no shielding gas 16834
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designator for coating types
designator type of coating
A

acid coated
C cellulosic coated
R rutile coated
RR thick rutile coated
RC rutile-cellulosic- coated
RA rutile-acid- coated
RB rutile-basic- coated
B basic coated

related EN ISO standards
2560, 757, 3580
1600

designators for sub-arc welding flux types

designator type of sub-arc welding flux related EN ISO standards
MS mangenese-silicate 756, 760
Cs calcium-silicate

ZS zirkonium-silicate

RS rutile-silicate

AR aluminium-rutile

AB aluminium-basic

AS aluminium-silicate

AF aluminium-fluoride-basic

FB fluoride-basic

z other types

keys for types of fillings in flux-cored wires

short  type and

key properties

R rutile, slow freezing slag,
shielding gas necessary

related
EN ISO standards
17632, 17634, 17633

rutile, fast freezing slag, shielding gas necessary

17632

T

basic, shielding gas necessary

17632, 17634, 17633

metal powder, shielding gas necessary

rutile or basic/fluoride, shielding gas not necessary

basic/fluoride, slow freezing slag,
shielding gas not necessary

< s<|Z

basic/fluoride, fast freezing slag,
shielding gas not necessary

other types

17632, 17633

other types

17634, 17633

without shielding gas

> |C|N®

description of all keys defining the chemical composition is not part of this handbook.
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1.2. Forms of Supply

Forms of Supply for Stick Electrodes

Non-alloy and low-alloy stick electrodes:

Cellulose and basic-coated

vertical-down

electrodes:

High-alloy stick electrodes:

4 boxes per master carton

www.boehler-welding.com

In hermetically sealed TINS approx. 9.5 kg
net weight.2 tins per master carton.

With the exception of a few products, Bohler
high-alloy stick electrodes are supplied in
hermetically-sealed TINS with net contents
of approx. 3.5 to 5 kg.

3 tins per master carton.

The advantages of this packaging, which is impermeable to water vapour, are:

without

re-drying.

The electrode coating remains absolutely dry.
The electrodes can always be welded with the best possible usability properties

There is absolutely no starting porosity.
The ability to store and transport the electrodes is not dependent on climate.
The tin itself is made of tinplate and is ecologically disposable.

Vacuum-packed Bohler stick electrodes, which are available at additional cost

in all alloy variants on request, offer similar advantages.

Forms of Supply for TIG and Gas Welding Rods
Non-alloy and low-alloy welding rods are supplied in 25 kg packs.
High-alloy welding rods in 20 kg packs (4 x 5 kg units per pack)

Forms of Supply for GMAW Wires
Wire basket spool

/<

@2

TN

N /’\

a1

ENISO 544 outside Inside external kg
diameter d, diameter d, width b wire
B 300 300 180 103 15/16/18
wire net weight per spool for: non-alloy/low-alloy solid wires 18 kg
high-alloy solid wires and flux-cored wires 15 kg
non-alloy/low-alloy flux-cored wires 16 kg
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Plastic spool

di

ENISO 544 | outside spindle external | tapped hole kg
dia- hole width dia- distance wire
meter meter from center
di ds b ds e

S 100 100 16,5 45 - - 1,0

S 200 200 50,5 55 10 445 5

S 300 300 51,5 103 10 44,5 15

ECO-DRUM OKO-MULTI
N
=
3
520 530 |

ideal bulk pack for 250 kg of non-, low- for 250 kg of non-, low- and high-alloyed
and high-alloy welding wires in robotic welding wires in robotic quality; ECO-
quality; outstanding for welding robots MULTI's are reuseable and will reduce
and other mechanised stations waste disposal expense and/or storage

space as empty units can be packed

Drum heads in two different design can be ordered seperately
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Bulk spool (steel)
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i
! |
; ;
L
| "
e
|
I
di —
BOHLER |outside inside spindle width kg
dia- dia- hole dia- wire
meter di | meterd. | meter ds |outside by | inside b
GS760 |70 430 41 310 270 300
returnable
Coils
PEIEN
BOHLER outside inside width kg
dia- dia- b wire
meter d, meter d,
B 390 280 70 26
| 430 310 100 30
S 390 300 70 23
Paper Drum 580 - hight: 890 250




Wire basket

/<

\
),

T

General Information

N
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BOHLER outside inside external kg
dia- dia- width wire
meter d, meter d, b

K 415-100* 415 300 100 25

K 435-70 435 300 70 25

* K 415 is the standard spool for stainless steel sub-arc wires

Forms of Supply for Flux Cored Wires

D-basket spool

il

BOHLER outside inside external kg
dia- dia- width wire
meter d, meter d, b

BS 300 300 50,5 103 15

Forms of Supply for SAW fluxes

Bag with 25 kg
Tins with 30 kg

(BF 16, BB 24, BB 24 SC, BB 25, BB 33 M)

(BB 202, BB 203, BB 910)

Individual Forms of Supply

Please enquire if you have specific delivery requests for wire electrodes or other

filler metals.
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Storage and Re-drying

1.3. Storage and Re-drying

Storage of Stick Electrodes

On principle coated stick electrodes should be stored in their original packaging until used. If
possible the packs of electrodes should be taken out of storage in the sequence in which they
were received in the warehouse.

The stick electrodes must be stored in dry rooms to protect them against damage caused by
moisture. As a result the electrode warehouse should be protected against the elements and
easily ventilated. Ceiling, floor and walls must be dry and there should be no uncovered water
in the room. The room must be fitted out with pallets or shelves since storage directly on the
floor or against the walls is not recommended.

Opened packs of electrodes should also be stored in dry and, if necessary, heated rooms so
that there is no likelihood of the temperature dropping below the dew point.

Re-drying of Stick electrodes
Where electrodes have become damp it is recommended that re-drying is carried out imme-
diately prior to welding in accordance with the temperature details specified in the following
tables. Welding straight from the dryer is recommended in all cases so as to comply with the
lowest possible water contents.

stick electrodes for ... type of coating re-drying re-drying re-drying
recommended temperature in °C time in hours
non and low alloy A, AR, C, RC, no - -
steels R, RR, RB
B yes 300 - 350 2-10

high strength fine grained steels| B yes 300 - 350 2-10
creep resistant steels R no - --

RB, B yes 300 - 350 2-10
corrosion resistant and R yes 120 — 200 2-10
scaling resistant steels RB, B no -
soft-martensitic steels B yes 300 - 350 2-10
duplex-steels RB yes 250 — 300 2-10
nickel alloys all if necessary 120 — 300 2-10

Re-drying temperature and re-drying time can be found at the labels of our products.

The foIIowmg procedure is worthwhile for re-drying electrodes:
+ The electrodes should be placed into a pre-heated oven (approx. 80-100°C) with
no more than three layers on top of each other.

+ The recommended temperature should be maintained for approx. 2 hours after the electro-
des have heated up. In the case of re-drying temperatures above 250°C the temperature
should be increased slowly (approx. 150°C/hour) to the recommended temperature.

+ Atotal drying time of 10 hours (= sum total of the times for the individual re-drying
processes) should not be exceeded. This maximum time must also be observed if
re-drying takes place in several cycles.

+ The temperature should be decreased to 70 to 90°C before removing the
electrodes from the furnace.

Electrodes that have been in direct contact with water, grease or oil should not be used for
welding fabrication. In this case even re-drying does not provide an adequate solution with the
result that they should only be used for low-quality work.

Coated stick electrodes that are supplied in tins require no re-drying if they are placed
directly into the dryer and are used straight from there.
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It may still be worthwhile to re-dry in individual cases even in the case of stick electrodes for
which there is no re-drying recommendation given in the table above. This may be appropriate
in the case of incorrect storage or as a result of other conditions leading to high water
contents. The high water content can usually be recognised from the welding behaviour which
exhibits increased spattering or pore formation. In these cases the stick electrodes may be
re-dried for approx. one hour at 100-120°C unless specified otherwise by the manufacturer.
This recommendation does not apply to cellulose-coated stick electrodes which may not be
re-dried at all.

The temperature for temporary storage in an oven following re-drying should be 120-200°C
(maximum 30 days total holding time), for storage in dryers 100-200°C (10 days maximum
total holding time).

Storage of Flux-cored Wires

The danger of moisture absorption is not the same for flux-cored wires as for stick electrodes.
The flux core is largely shielded from the ambient atmosphere by the outer metal.
Nevertheless, the ,low-hydrogen” character of a flux-cored wire may be impaired by extreme
contact with damp air. This may happen for example if they are stored overnight without pro-
tection in an atmosphere with high humidity.

Flux-cored wires should be stored in warehouses with controlled temperature and humidity
conditions. We recommend dry, if necessary, heated rooms so that there is no likelihood of
the temperature dropping below the dew point. The aim is not more than 60 % relative humi-
dity and at least 15°C.

If stored at below 10°C there is a danger that condensation will form on the surface of the wire
when the package is opened in a heated room. This can lead to pore and gas impressions on
the weld at the beginning of welding.

Welding should only be performed using acclimatised wires.

The coil with the remaining wire should be removed from the unit when welding is finished and
replaced in its original packaging taking care to re-seal the compound aluminium foil as
effectively as possible. A tin such as those used for the delivery of BOHLER flux powders for
high-alloy steels may also be used for temporary storage.

Re-drying of Flux-cored Wires
Re-drying is usually possible in principle and should be carried out over 24 hours at approx.
150°C.

Storage and Re-drying of Sub-arc Welding Fluxes

It is recommended that flux powders are stored under the driest possible conditions and at
temperatures which are as even as possible to keep water absorption to a minimum during
storage. Powders stored in this manner may generally be kept for up to three years. Powder
from containers damaged during transport must be used or re-packed immediately.
Fluoride-basic flux powders should be re-dried prior to use to ensure crack-free welding. It is
possible to dispense with re-drying for flux powders that are taken directly from sealed, air-
tight, undamaged sheet metal containers (BB 202, BB 203, BB 910).

flux production type of flux re-drying re-dryin re-drying
recommended |temperature in °C| time in hours
FB es ca. 350 2-10
agglomerated AR Ves ca. 300 2-10
fused MS yes ca. 150 2 - 500

The drying temperatures and times given in the previous table should be considered as
general reference values. Re-drying may take place several times within the sum total of
hours specified. After re-drying, flux powder that is not used immediately must be stored
temporarily at increased temperature or in sealed airtight containers. The temporary storage
temperature should be around 150°C and storage itself should not exceed 30 days.

The ovens used for re-drying should not permit localised overheating of the powder and must

be adequately ventilated. In the case of stationary drying the layer of powder should not
exceed 50 mm.
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Certificates of Compliance and Test Reports

1.4. Cerfificates of Compliance
and Test Reports

General Notes

Works certificates or acceptance test certificates to EN 10204 can be issued for every
delivery on request. It is also possible to receive test reports in accordance with AWS A5.01.
Basically speaking all types of certificates should be requested on placing the order.

It is imperative that the scope of testing is specified in the case of acceptance test certificates
EN 10204-3.1 und test reports. Subsequent issuing of a 3.1 certificate or a test report with a
scope of testing which deviates from schedules F and H always entails increased costs for
administration and expenditure. It is no longer possible to issue certificates at a later date if a
series has already come out of production and has been processed in its entirety.

Works Certificates acc. EN 10204-2.2

These certificates are product-related, i.e. a separate certificate is issued for each series or
batch number. This certificate records all the values arising during the current in-process
inspection that are relevant to the certificate. This means that for all low, medium and
high-alloy stick electrodes and flux cored wires the respective actual values from the current
quality test are inserted for the chemical analysis whilst for non-alloy electrodes and flux cored
wires to some extent only statistical values based on non-specific testing are shown.

The heat analyses of the associated batches are specified for all solid wires and rods.

With the exception of the submerged-arc wires and flux powder, mechanical property data are
shown on the works certificates for all products. The values specified are guaranteed
tolerance limits (minimum and/or maximum depending on the standard requirement) and
correspond to the minimum properties guaranteed for the product in this manual.

Acceptance Test Certificates acc. EN 10204-3.1 and 3.2

Acceptance test certificates 3.1 or 3.2 will also be issued on request. In order to do this tests
must be performed on the delivery or on the production unit with which the delivery is asso-
ciated. Since this is a certificate concerning a delivery-related test according to information
supplied by the purchaser, it is imperative that the scope of testing should be made clear at
the time of ordering or even at the enquiry stage. The costs arising will be charged according
to expenditure.

Test Reports acc. AWS A5.01

A test report should be requested if a certificate of the product’s conformity with the AWS is
required for a customer’s project. The test report includes as standard a confirmation of
conformity for compliance with the applicable AWS standard or the reference to this AWS
standard contained in ASME II, Part C.

The test report will correspond to "Schedule F" of AWS A5.01 if no further elements are
specified by the customer. This test report is comparable with a works certificate "2.2" as
regards content.

The scope of testing required must be disclosed at the point of ordering for all other
schedules. In this case costs will be charged according to expenditure.
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Product Information

2.1. General remarks

The product information on the following pages has been kept standard for all filler metals
produced by BOHLER Welding. Unlike previous versions of this manual, all the data for a
product is summarised on one page. The intention is to make it easier for you, the reader, to
have a complete overview of a product.

Again, to make it easier to navigate, the header section of each page of data contains a refe-
rence to the sub-section, product form and/or a colour coding. Numbering in the footer
section refers only to the section itself. Details of the version are intended to facilitate
archiving if individual pages of the manual are to be used as reference in other documents.

Each of the following eight sections is sub-divided in the following order according to product
forms where available: Covered Electrodes, TIG rods, solid wires, flux cored wires, sub-
arc wire/flux combinations and gas welding rods.

Each product is identified by its trade name and a product group.

The product description contains some alterations compared with the most recent editions of
the manual. Amongst other things the classification according to standard was consistently
switched over to valid editions of the EN or AWS standard. To make the changeover easier,
national standards such as DIN, NF and BS are still shown but are provided with a note
referring to substitution by the EN.

The changeover was also carried out consistently with regard to the information about parent
metals. If you encounter problems with the new material designations, Section 1 provides a
brief overview of the systematic way in which materials are classified according to EN 10027
and ECISS IC10.

The section ,,Description® on each page of data briefly characterises the filler metal. It
describes the type of coating or alloy, the area of application, the welding behaviour, areas of
use and any information about temperature control and/or post-weld heat treatment.

The ,, Typical Composition* specifies the chemical composition of the pure weld metal for
Covered Electrodes, flux-cored electrodes and sub-arc wire/flux combinations, and the che-
mical composition of the wire, rod or welding flux for the other types of filler metals.

The information provided in ,Mechanical Properties“ always refers to the pure weld metal
and test conditions in accordance EN 1597-1. The information regarding minimum values or
ranges for the chemical composition and mechanical property values of the weld metal were
primarily specified allowing for the requirements of the standard and may be considerably
higher in individual cases. By comparison the guideline values specified are based on
evaluations by our permanent statistical quality control department and are of an informative
nature. In both cases the data supplied was state of the art at the time of going to press.

The ,,Operating Data“ represent an addition compared with previous editions of the manual.
The symbol code used for the welding position and current polarisation is matched to the
labels of the product packaging. In addition you will also find information about stamping or
embossing of products and notes about re-drying.

Details about same-alloy and similar-alloy products are also an additional feature that is

designed to make it easier if you want to change the welding procedure whilst the base metal
remains the same.
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Symbols and Abbreviations

W.-No. = EN/DIN Material Number

EN = European Standard (resp. the derived national standard)
AWS = American Welding Society

DIN = German Industry Standard

Welding Positions
PA

PO PE (w)  (1G, 1F) downhand/flat position
— PB (h) (2F) horizontal position
- PC (q) (2G) horizontal vertical position
PG PD (hu) (4F) horizontal overhead position
PE (0) (4G) overhead position
e PF (s) (3G, 3F, 5G up) vertical position up
PG (f) (3G, 3F, 5G down) vertical position down
dotted arrow ————— —» = limited weldability in this
welding position
bold arrow ———— = especially designed for

welding in this position
Type of Current and Polarity

=+ =direct current (positive polarity)
== = direct current (negative polarity)

v = alternating current
Combinations are possible, e.g.
'- = direct current (positive or negative polarity) or alternating current

Mechanical Property Values

yield strength Re N/mm? = independent from the base material the term yield strength
covers the upper or lower elastic limit (Rex, Re) or the proof
stress in the case of non-proportional elongation (Reoz).

impact work ISO-V KV J = the test results shown in this handbook are measured using
test specimen with 1SO-V-notch.

Approvals and Certifying Organisations
American Bureau of Shipping

BV = Bureau Veritas

CE = EC-Declaration of conformity (C€ )
CRS = Croatian Register of Shipping
CwB = Canadian Welding Bureau

DB = German Railways

DNV = Det Norske Veritas

GdF = Gaz de France

GL = German Lloyd
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Approvals and Certifying Organisations

KTA 1408.1 = TSA Germany-approval — KTA-Standard 1408.1 (Germany)
LR = Lloyd’s Register
LTSS = Lithuanian Technical Supervision Service
NAKS = Nationalnaja Assoziazija Kontrol i Svarka
OBB = Austrian Railways
PDO = Petroleum Development Oman
PRS = Polish Register of Shipping
R.ILNA = Registro ltaliano Navale
MR = Maritime Register of Shipping, Russia
SEPROZ = Approval Society, Ukraine
Statoil = Statoil, Norway
TUV-D = Technical Supervisory Association, Germany
TUV-A = Technical Supervisory Association, Austria
VNIIGAZ = Scientific & Research Institute of Natural Gases & Gas Technologies
VNIIST = Engineering Research Company — Russia
vuz = Vyskumny Ustav Zvaracsky
WIWEB = Federal Office of Defence, Technology and Procurement
Remark:

details for approvals regarding base materials, classifications, welding positions, etc. can be found
in the approval certificates — please contact the service departments for detailed information.

Shielding gases acc. to EN ISO 14175

short designation components in vol.-%
oxidising inert de-oxidising | slow reaction
group no. CO: O: Ar He H. N
| 1 100
2 100
) bal. | 0,5 <He <95
M1 1 05=<C0:2<5 bal.* 05<H2<5
2 05=C0:2<5 bal.*
3 0,5<02<3 | bal®
4 05<C0O2<5| 05<02<3 |bal?®
M2 0 5<C0:2<15 bal.
1 156<C02<25 bal.*
2 3<02<10 | bal®
3 05=<C02<5| 3<02<10 | bal®
4 5=<C02=15 05<02<3 | bal®
5 5<C02<15 | 3=<02<10 | bal®
6 15<C02<25| 05=<02<3 | bal.®
7 15<C02<25| 83<02<10 | bal.®
M3 1 25 <CO2<50 bal.*
2 10<02<15 | bal®
3 25<C02<50| 2<02<10 | bal®
4 5<C0:2<25 | 10=s02<15 | bal.*
5 25<C02<50 | 10<02<15 | bal®
1 100
2 bal. 0,5 =02<30
1 bal.* 0,5<H2<15
2 bal.* 15 <Hz2 <50
N 1 100
2 bal.* 05<N2<5
3 bal. 5<N2<50
4 bal.* 05<H2<10 | 06=N2<5
5 <H2<50 bal.
[¢) 1 100
Z Mixture gases with comﬂonents which are not listet in this table or mixture gases
with a composition which is not in the stated range °
* For this classification you can substitude Argon particulate or complete by Helium
® Two mixture gases with the same Z designation should not be exchanged against each other

Remark: This handbook references standardised shielding gases just in these cases where best welding result
can be expected. If the shielding gas class shows too wide ranges the handbook recommends the optimum
gas composition. The standardised shielding gas can be applicable but will produce different welding behaviour
and/or other mechanical property values. o4
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2.2. Filler Metals
for Mild steels

¢ Obijectives
This section provides detailed product information for filler metals that may
be used to weld mild steels.
Due to their tensile strength and yield strength mild steels (particularly
general-purpose constructional steels) are used primarily in the as-delivered
condition (rolled, forged or normalised) for welded, riveted and screwed
structures in structural engineering, civil and underground engineering,
bridge building, hydro power engineering, tank construction and mechanical
engineering.
In each case the choice of filler metal must be appropriate for the material
involved and must allow for welding engineering aspects where the rule
applicable is that the minimum mechanical and technological values of the
parent metal must also be achieved in the weld metal. In addition to
choosing according to welding engineering conditions such as the weld
position, edge preparation, work in the workshop or on site, it is also
necessary to allow for the metallurgical features of the material, material
thickness, shrinkage conditions and susceptibility to cracks.

¢ Contents
OVERVIEW ..ottt 6
SMAW COVERED ELECTRODES .......coiveiiieiiiieieiseeeie e 10
GTAW RODS ......oouiiiiiicie ettt 25
GMAW SOLID WIRES ..ottt 28
GMAW FLUX-CORED AND METAL-CORED WIRES ........cccooveveiiiieinne. 31
SAW WIRE/FLUX-COMBINATIONS ......cooveiiiireiiieieiieeieieseieieseeie s 35
GAS WELDING RODS......coouiiiieiiiieieiieieie st sss s 43
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Mild Steel Filler Metals

@ Overview — Standard Classifications

Bohler EN/EN ISO AWS

SMAW covered electrodes

FOX MSU 2560-A: E 380 RC 11 A5.1-04: E6013

FOX OHV 2560-A: E 38 0 RC 11 A5.1-04: E6013

FOX KE 2560-A: E 380 RC 11 A5.1-04: E6013

FOX SUM 2560-A: E380RR 12 A5.1-04: E6013

FOX SUS 2560-A: E 420 RR 12 A5.1-04: E6013

FOX ETI 2560-A: E 420RR 12 A5.1-04: E6013

FOX SPE 2560-A: E 382 RB 12 A5.1-04: E6013 (mod.)
FOX SPEM 2560-A: E 382RB 12 A5.1-04: E6013 (mod.)
FOX HL 180 Ti 2560-A: E 380 RR 74 A5.1-04: E7024

FOX EV 47 2560-A: E384B42H5 A5.1-04: E7016-1H4R
FOX EV 50 2560-A: E425B42H5 A5.1-04: E7018-1H4R
FOX EV 50-A 2560-A: E 423 B 12 H10 A5.1-04: E7016

FOX EV 50-W 2560-A: E425B12H5 A5.1-04: E7016-1H4R
FOX EV 55 2560-A: E465B 12 H5 A5.1-04: E7018-1H4R
FOX NUT - -

GTAW rods

EMK 6 636-A: W 42 5 W3Sit A5.18-05: ER70S-6
EML 5 636-A: W 46 5 W2Si A5.18-05: ER70S-3

ER 70S-2 - A5.18-05: ER70S-2

GMAW solid wires

EMK 6 14341-A: G 42 4 M G3Si1 A5.18-05: ER70S-6
G 42 4 C G3sit

EMK 7 14341-A: G 46 4 M G4Si1 A5.18-05: ER70S-6
G 46 4 C G4sSit

EMK 8 14341-A: G 46 4 M G4Si1 A5.18-05: ER70S-6
G 46 4 C G4sSit

GMAW flux cored wires and metal cored wire

Ti 52-FD 17632-A: T46 4 P M 1 H10 A5.20-05: E71T-1MJH8
Ti 52 W-FD 17632-A: T46 4 P M 1 H10 A5.20-05: E71T-1CJH8

T423PC1H5 E71T-1MJH8
HL 51-FD 17632-A: T46 4 MM 1 H5 A5.18-05: E70C-6MH4
HL 53-FD 17632-A: T425Z MM 2 H5 A5.18-05: E70C-GMH4
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Bohler | ¢ si Mn Ti
SMAW covered electrodes

FOX MSU 0.06 0.4 05

FOX OHV 0.06 0.4 0.45

FOX KE 0.06 0.3 0.5

FOX SUM 0.07 0.3 0.5

FOX SUS 0.07 0.5 0.6

FOX ETI 0.07 0.4 0.5

FOX SPE 0.08 0.2 0.45

FOX SPEM 0.08 0.3 0.6

FOX HL 180 Ti 0.07 0.5 0.8

FOX EV 47 0.06 0.5 0.7

FOX EV 50 0.07 0.5 1.1

FOX EV 50-A 0.05 0.6 1.0

FOX EV 50-W 0.07 0.5 1.1

FOX EV 55 0.07 0.35 1.4

FOX NUT - - -

GTAW rods

EMK 6 0.08 0.9 1.45

EML 5 0.1 0.6 1.2

ER 70S-2 0.05 0.5 1.2 + Al Zr
GMAW solid wires

EMK 6 0.08 0.9 1.45

EMK 7 0.10 0.9 1.75

EMK 8 0.1 1.0 1.8

GMAW flux cored wires and metal cored wire

Ti 52-FD 0.06 0.5 1.2 +
Ti 52 W-FD 0.05 0.5 1.3 +
HL 51-FD 0.07 0.7 1.5

HL 53-FD 0.06 0.5 1.2 Ni 0.9
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Bohler EN /ENISO AWS

SAW wire/flux-combinations

EMS 2 756: S2 A5.17-97: EM12K

EMS 2/BB 24 756: S 38 6 FB S2 A5.17-97: F7A8-EM12K
F48A6-EM12K

EMS 2/BB 25 756: S 42 4 FB S2 A5.17-97: F7A4-EM12K
F48A4-EM12K

EMS 2/BB 33 M 756: S 46 0 AR S2 A5.17-97: F7AZ-EM12K
F48A0-EM12K

EMS 2/BF 16 756: S 38 0 MS S2 A5.17-97: F7A2-EM12K
F48A3-EM12K

EMS 3 756: S3 A5.17-97: EH10K

EMS 3/BB 24 756: S 42 4 FB S3 A5.17-97: F7A4-EH10K
F48A4-EH10K

EMS 3/BB 25 756: S 42 3 FB S3 A5.17-97: F7A3-EH10K
F48A2-EH10K

EMS 3/BB 33 M 756: S 50 0 AR S3 A5.17-97: F7AZ-EH10K
F48A0-EH10K

EMS 3/BF 16 756: S 38 0 MS S3 A5.17-97: F6A0-EH10K
F43A 3-EH10K

Gas welding rods

BW VI 12536: O | A5.2-07: R45-G

BW XII 12536: O Ill A5.2-07: R60-G
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Bohler [ si Mn Ti Ni
SAW wire/flux-combinations

EMS 2 0.11 0.12 1.1

EMS 2/BB 24 0.07 0.25 1.2

EMS 2/BB 25 0.07 0.4 1.45

EMS 2/BB 33 M 0.08 0.7 1.3

EMS 2/BF 16 0.04 0.5 1.3

EMS 3 0.12 0.1 15

EMS 3/BB 24 0.08 0.25 15

EMS 3/BB 25 0.06 0.35 1.7

EMS 3/BB 33 M 0.08 0.75 1.7

EMS 3/BF 16 0.04 0.45 1.7

Gas welding rods

BW VIl 0.08 0.1 0.6

BW Xl 0.10 0.15 1.1 0.45
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN IS0 290082010 4313 A BOHLER FOX MSU
ﬁwg 2‘21,\2404 Egg}g SMAW rutile-cellulosic electrode,

mild steel

Description
Rutile-cellulosic electrode with good weldability in all positions including vertical-down.
Viscous puddle, good gap bridging ability, easy handling.
For industry and trade, assembly and shop welding.
Typical Composition of All-weld Metal
C Si Mn
Wt-% 0.06 0.4 0.5

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): 430 (=380)

Tensile strength Rn N/mm? (MPa): 490 (470 - 600)

Elongation A (Lo= 5do) %: 26 (= 20)

Impact work ISO-V KV J +20 °C: 75 (= 55)
+0°C: 60 (= 47)
-10 °C: 58

(*) u untreated, as-welded

Operating Data

— re-drying: not necessary o mm Lmm ampsA

I l 25 250 70 - 100

! Electrode identification: 3.2 350 90 - 130
FOX MSU 6013 E 38 0 RC 4.0 350 140 - 180

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S275JR, S235J0G3 - S355J0G3, P235GH, P265GH, P255NH, P235T1, P355T1,
P235T2-P355T2, P235G1TH, P255G1TH 1210 - L360NB L290MB S235JRST - $235J0S1,
S235JRS2 - $235J0S2

ASTM A36 a. A53 Cr. all; A106 Gr. A, B, C A 135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr.45; A936 Gr. 50; API 5 L Gr. B, X42 - X52

Approvals and Certificates

TUV-D (1104.), DB (10.014.01), OBB, ABS (2,2Y), BV (2Y), DNV (2), GL (2V), LR (2m, 2Ym),
RMR (2Y), SEPROZ, CE
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN 1SO 2560-A:2010: E 38 0 RC 11 e

EN ISO 2560-B:2010: E 43 13 A BOHLER FOX OHV
AWS A5.1-04: E6013 " . .

AWS A5.1M-04: E4313 SMAW rutile-cellulosic electrode, mild steel
Description

Rutile-cellulosic electrode with good weldability in all positions including vertical-down. Most
popular E6013 type.

For small transformators, very good operating characteristics, flexible coating, good for tack
welding. Versatile applications in structural welding, vehicle construction, boiler and tank
welding, and in shipbuilding, also suitable for galvanised components.

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.06 0.4 0.45

Mechanical Properties of All-weld Metal

¢) u

Yield strength R: N/mm? (MPa): 460 (=380)

Tensile strength Rm N/mm? (MPa): 520 (470 - 600)

Elongation A (Lo = 5do) %: 25 (= 20

Impact work ISO-V KV J +20 °C: 75 (= 55)
+0°C: 60 (= 47)
-10°C: 47

(*) u untreated, as-welded

Operating Data

— re-drying: not necessary o mm Lmm ampsA [_
t 1 2.0 250  45- 80 ==
— Electrode identification: 2.5 250/350 60-100 | Ny
FOX OHV 6013 E 38 0 RC 3.2 350 90-130 —
4.0 350/450 110-170
5.0 450 170 - 240

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S§275JR, S235J0G3 - S355J0G3, P235GH, P265GH, P255NH, P235T1, P355T1,
P235T2-P355T2, P235G1TH, P255G1TH, L210 - L360NB, L290MB, S235JRS1 - §235J0S1,
S235JRS2 - §235J0S2

ASTM A36 a. A53 Gr. all; A106 Gr. A, B, C A 135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr.45; A936 Gr. 50; API 5 L Gr. B, X42 - X52

Approvals and Certificates

TUV-D (5687.), DB (10.014.12), OBB, TUV-A (22), ABS (2), DNV (2), LR (2), LTSS,
SEPROZ, CE
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN ISO 2560-A:2010:  E 38 0 RC 11 A

EN ISO 2560-B:2010: E4313A BOHLER FOX KE
ﬁwg 2‘21,\2404 Egg}g SMAW rutile-cellulosic electrode, mild steel
Description

Rutile-cellulosic electrode engineered for easy operating in all positions including vertical-down.
Excellent welding properties an A.C., good striking and restriking characteristics, sound
penetration, flat beads; popular for general steel construction.

Typical Composition of All-weld Metal
C Si Mn
Wt-% 0.06 0.3 0.5

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 430 (=380)
Tensile strength Rm N/mm? (MPa): 490 (470 - 600)
Elongation A (Lo = 5do) %: 26 (= 20)
Impact work ISO-V KV J +20 °C: 75 (= 60)
+0°C: 65 (= 47)
-10 °C: 50
(*) u untreated, as-welded
Operating Data
p— re-drying: not necessary o mm Lmm ampsA —
t 1 2.0 250  45- 80 ==
— Electrode identification: 25 250/350 60-100 | Ny
FOX KE 6013 E 38 0 RC 3.2 350 90 - 130
4.0 350/450 110-170

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S275JR, S235J0G3 - S355J0G3, P235GH, P265GH, P255NH, P235T1, P355T1,
P235T2-P355T2, P235G1TH, P255G1TH, L210 - L360NB, L290MB, S235JRS1 - S235J0S1,
S235JRS2 - §235J0S2

ASTM A36 a. A53 Gr. all; A106 Gr. A, B, C A 135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr.45; A936 Gr. 50; API 5 L Gr. B, X42 - X52

Approvals and Certificates
LR (2m), SEPROZ, OBB
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN ISO 2560-A:2010: ~ E 38 0 RR 12 A

EN ISO 2560-B:2010: E4313A BOHLER FOX SUM
ﬁwg 2‘21,\2404 Egg}g SMAMW rutile electrode, mild steel
Description

Rutile electrode with extraordinarily good weldability in all positions except vertical-down.
Excellent welding properties on A.C., good striking and restriking characteristics.

Soft arc, minimum spattering, very easy slag removal, famous for fine rippled and smooth weld
surfaces.

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.07 0.3 0.5

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 430

(= 380)
Tensile strength Rm N/mm? (MPa): 500 (470 - 600)
Elongation A (Lo = 5do) %: 26 (= 20)
Impact work ISO-V KV J +20 °C: 75 (= 60)
+0°C: 60 (= 47)
-10 °C: (= 32)
(*) u untreated, as-welded
Operating Data
= re-drying: not necessary o mm Lmm ampsA
T 25 350 60 - 100
. Electrode identification: 3.2 350 90 - 130
— FOX SUM 6013 E 38 0 RR 4.0 350 110 - 170

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S275JR, S235J0G3 - S355J0G3, P235GH, P265GH, P255NH, P235T1, P355T1,
P235T2-P355T2, P235G1TH, P255G1TH 1210 - LSGONB L290MB S235JRST - $235J0S1,
S235JRS2 - $235J0S2

ASTM A36 a. A53 Gr. all; A106 Gr. A, B, C A 135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr.45; A936 Gr. 50; API 5 L Gr. B, X42 - X52

Approvals and Certificates
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN ISO 2560-A:2010: E 420RR 12 e

EN ISO 2560-B:2010: E4313A BOHLER FOX SUS
ﬁwg 2‘21,\2404 Egg}g SMAMW rutile electrode, mild steel
Description

Rutile electrode with excellent weldability in all positions except vertical-down, even under the
most unfavourable conditions.

Distinguished by excellent restriking characteristics, minimum spattering and excellent welding
properties on A.C. The weld seam is characterised by fine rippled and smooth beads, the slag
is self-detaching.

Typical Composition of All-weld Metal
C Si Mn
Wt-% 0.07 0.5 0.6

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/'mm? (MPa): 430

(= 420)
Tensile strength Rm N/mm? (MPa): 510 (500 - 640)
Elongation A (Lo = 5do) %: 27 (= 20)
Impact work ISO-V KV J +20 °C: 75 (= 60)
+0°C: 55 (= 47)
-10°C: 45

(*) u untreated, as-welded

Operating Data

[—= ] re-drying: not necessary o mm Lmm ampsA —
. 300 60- 80 | X
. aY

0
Electrode identification: .5 350 80 - 100
I FOX SUS 6013 E 42 0 RR 2 350/450 120 - 150
0
0

—_—

450 160 - 200
450 220 - 250

aRNN

Base Materials
steels up to a yield strength of 420 N/mm? (60 ksi)

S275JR, S235J0G3 - S355J0G3, P235GH, P265GH, P255NH, P295GH, P235T1, P355T1,
P235T2-P355T2, P235G1TH, P255G1TH, L210 - L360NB, L290MB, S235JRS1 - §235J0S1,
S235JRS2 - S235J0S2

ASTM A36 a. A53 Cr. all; A106 Gr. A, B, C A 135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr.45; A936 Gr. 50; API 5 L Gr. B, X42 - X56

Approvals and Certificates
TUV-D (1657.), DB (10.014.69), OBB, ABS (2), BV (2Y), DNV (2), GL (2), LR (X), SEPROZ,
CE



www.boehler-welding.com

Mild Steel Filler Metals — SMAW Covered Electrodes

EN ISO 2560-A:2010: E420RR 12 e

EN ISO 2560-B:2010:  E 43 13 A BOHLER FOX ETI
ﬁwg 221,3404 Egg}g SMAW rutile electrode, mild steel
Description

Rutile electrode offering top weldability in all positions except vertical-down. Extremely smooth
beads, self-detaching slag, minimum spattering and excellent welding properties on A.C.
Excellent restriking characteristics and easy handling. Good deposition lengths attainable.
Versatile applications in trade and industry.

Typical Composition of All-weld Metals

C Si Mn
Wt-% 0.07 0.4 0.5

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 460

(= 420)

Tensile strength Rm N/mm? (MPa): 520 (500 - 640)
Elongation A (Lo = 5do) %: 26 (= 20)
Impact work ISO-V KV J +20 °C: 65 (= 50)
+0°C: 50 (= 47)

(*) u untreated, as-welded

Operating Data

— | re-drying: not necessary o mm Lmm ampsA

T 15 250  40- 60
. Electrode identification: 2.0 250 45- 80
FOX ETI 6013 E 42 0 RR 2.5 250/350 60-110

3.2 350/450 90 - 140

4.0 450 110 - 190

5.0 450 170 - 240

Base Materials
steels up to a yield strength of 420 N/mm? (60 ksi)

S$275JR, S235J0G3 - S355J0G3, P235GH, P265GH, P255NH, P295GH, P235T1, P355T1,
P235T2-P355T2, P235G1TH, P255G1TH, L210 - L360NB, L290MB, S235JRS1 - §235J0S1,
S235JRS2 - §235J0S2

ASTM A36 a. A53 Cr. all; A106 Gr. A, B, C; A 135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X56

Approvals and Certificates
TUV-D (1097.), TUV-A (450), ABS (2), BV (2), DNV (2), GL (2), LR (2m), LTSS, SEPROZ, CE
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN | -A:2010:  E RB A

EWS§§ 586082010, Eig %A 92 BOHLER FOX SPE
.1-04: 1 . .

AWS Ag.1 ,\2_04: Egg@%mgd.g SMAW electrode, mild steel,

rutile-basic-coated

Description

Rutile-basic coated electrode especially recommended for out-of-position work except vertical-
down. Excellently suited for welding root passes. Produces first class X-ray quality welds.
Excellent welding properties on A.C.

Preferably used in structural and tank welding as well as in tube&pipe construction. High
mechanical properties, thus suitable for many different base metals.

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.08 0.2 0.45

Mechanical Properties of All-weld Metal

() u

Yield strength R. N/mm? (MPa): 420 (= 380)

Tensile strength Rn N/mm? (MPa): 500 (470 - 600)

Elongation A (Lo = 5do) %: 28 (= 20)

Impact work ISO-V KV J +20 °C: 90 (= 70)
+0°C: 75 (= 60)
-10 °C: 70 (= 50)
-20 °C: 60 (= 47)

(*) u untreated, as-welded

Operating Data

S}
o3
3

— re-drying: not necessary Lmm ampsA —
250 45- 75 | ==
. 250/350 60 - 100
350 90 - 140 v

450 110 - 190
450 170 - 250

p—

Electrode identification:
— FOX SPE E 38 2 RB

grwpN
ocohwo

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S275JR, S235J2G3 - S355J2G3, P235GH, P265GH, P255NH, P235T1-P355T1, P235T2-
P355T2, P235G1TH, P255G1TH, L210 - L360NB, L290MB - L360MB, S235JRS1 - S235J281,
S235JRS2 - S235J282

ASTM A36 a. A53 Gr. all; A106 Gr. A, B, C; A135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X52

Approvals and Certificates
TUV-D (0731.), DB (10.014.03), OBB, TUV-A (74), LTSS, SEPROZ, CE
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN 130 250082010 E 4508 AU BOHLER FOX SPEM

ﬁwg 221,3404 Egg}g gmgg; SMAW rutile-basic electrode, mild steel
Description

Rutile-basic electrode especially suited for out-of-position welding except vertical-down.
Preferably used for pipeline, boiler and tank welding. Especially suited for X-ray quality root
pass and out-of-position welds. Exceeds the FOX SPE electrode in mechanical strength thanks
to the elevated Mn-content of the weld deposit.

Typical Composition of All-weld Metal
C Si Mn
Wt-% 0.08 0.3 0.6

Mechanical Properties of All-weld Metal

*

u
Yield strength R. N/mm? (MPa): 450 (=380)
Tensile strength Rm N/mm? (MPa): 540 (470 - 600)
Elongation A (Lo = 5do) %: 27 (= 20)
Impact work ISO-V KV J +20 °C: 70 (= 55)
-20 °C: (= 47)

(*) u untreated, as-welded

Operating Data

[— | re-drying: not necessary 2 mm Lmm ampsA ——
T 25  250/350 70- 90
— Electrode identification: 3.2 350 110 - 140
FOX SPEM E 38 2 RB 4.0 350  140-190
5.0 450 200 - 250

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S275JR, S235J2G3 - S355J2G3, P235GH, P265GH, P255NH, P295GH, P355T1, P235T2-
P355T2, P235G1TH, P255G1TH, L210 - L360NB, L210MB - L360MB, L385M, S235JRS1 -
S$235J2S1, S235JRS2 - $235J2S52, S255N - S355N

ASTM A36 a. A53 Gr. all; A106 Gr. A, B, C; A135 Gr. A, B; A283 Gr. A, B, C, D; A366; A285
Gr. A, B, C; A500 Gr. A, B, C; A570 Gr. 30, 33, 36, 40, 45; A607 Gr. 45; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X52

Approvals and Certificates

TUV-D (0732.), DB (10.014.06), OBB, TUV-A (528), ABS (2), DNV (2), GL (2Y), LR (X),
BV (3Y), CE
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN 89 2o00a20ne: E%8f0™ BOHLER FOX HL 180 Ti

ﬁwg 221,340 4: Ezggi SMAMW rutile electrode, mild steel,
high efficiency
Description

Rutile iron powder electrode yielding approx. 180 % metal recovery. Self-detaching slag,
smooth welds free of undercuts.

Excellent striking characteristics. Highly economical for multi-layer welding of heavy cross
sections.

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.07 0.5 0.8

Mechanical Properties of All-weld Metal

*

u

Yield strength R. N/mm? (MPa): 440 (= 400)
Tensile strength Rn N/mm? (MPa): 510 (490 - 600)
Elongation A (Lo = 5do) %: 27 (= 22)
Impact work ISO-V KV J +20 °C: 85 (= 60)
+0°C: 65 (= 47)
-10°C: 50
(*) u untreated, as-welded
Operating Data
re-drying: not necessary o mm Lmm ampsA
3.2 450 120 - 180
— Electrode identification: 4.0 450 160 - 230
FOX HL 180 Ti 7024 E 38 0 RR 5.0 450 200 - 330

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S§235JR, S275JR, S235J0G3, S275J0G3, S355J0G3, P235GH, P265GH, S255N, P295GH,
S§235JRS1 - §235J0S1, S235JRS2 - S235J0S2

ASTM A36 Gr. all; A283 Gr. A, B, C, D; A285 Gr. A, B, C; A366; A570 Gr. 30, 33, 36, 40, 45;
A607 Gr. 45; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A935 Gr. 45; A936 Gr. 50

Approvals and Certificates
TUV-A (17), ABS (2), DNV (2), GL (2V), LR (2m), RINA (2), SEPROZ, OBB, RMR (2)
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN 150 sse0ss00.  Easreraurs BOHLER FOX EV 47

AWS A5.1-04: E7016-1H4R i i
AWS AB.1M-04: E4916-1H4R SMAW basic electrode, mild steel
Description

Basic electrode for high-quality welds. Good weldability in all positions except vertical-down.
Metal recovery about 110 %. Very low hydrogen content (according AWS condition
HD < 4 ml/100 g weld metal).

Weld metal extremely ductile, crack resistant and ageing resistant thus especially suited for
rigid weldments with heavy seam cross sections.

Typical Composition of All-weld Metal
C Si Mn
Wit-% 0.06 0.5 0.7

Mechanical Properties of All-weld Metal

*

u s
Yield strength Re N/'mm? (MPa): 460 (= 400) 400 (= 360)
Tensile strength Rn N/mm? (MPa): 530 (490 - 600) 500 (450 - 580)
Elongation A (Lo = 5do) %: 27 (= 22) 29 (=22)
Impact work ISO-V KV J +20 °C: 190 (= 110) 200 (= 110)
-20 °C: 110 150
-40 °C: 920 (= 47) 100
- 45 °C: (= 27)
(*) u untreated, as-welded
s stress relieved 600 °C/2 h/furnace down to 300 °C/air
Operating Data
— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 250/350 80-110 |=-4=
— Electrode identification: 3.2 350/450 100 - 140
FOX EV 47 7016-1 E384 B 4.0 450 130 - 180
5.0 450 180 - 230

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S235JR-E295, S235J2G3 - S355J2G3, C22, P235T1-P275T1, P235T2, P275T2, L210 -
L320, L290MB - L320MB, P235G1TH, P255G1TH, P235GH, P265GH, P295GH, S235JRS1 -
$235J4S, S355G1S - S355G3S, S255N - S355N, P255NH-P355NH, S255NL - S355NL,
GE200-GE240

ASTM A 27 a. A36 Gr. all; A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D; A285
Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A570 Gr. 30, 33,
36, 40, 45; A 572 Gr. 42, 50; A606 Cr. all; A607 Gr. 45; A656 Gr. 50, 60; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X52

Approvals and Certificates

TUV-D (1098.), DB (10.014.09), OBB, TUV-A (72), ABS (3H5), BV (3HHH), DNV (3H10),
GL (3H5), LR (3m H5), RMR (2), RINA (3YH5, 3H5), LTSS, VUZ, SEPROZ, CE
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN 150 sss0s00.  Esssiaurs  BOHLER FOX EV 50

AWS A5.1-04: E7018-1H4R i i
AWS AB.1M-04: E4918-1H4R SMAW basic electrode, mild steel
Description

Basic electrode engineered for high-quality welds. Excellent strength and toughness properties
down to -50 °C. Metal recovery approx. 110 %. Good weldability in all position except for verti-
cal-down. Very low hydrogen content (according AWS condition HD < 4 ml/100 g weld metal).
Suitable for welding steels with low purity and high carbon content. Welding in steel construc-
tion, boiler and tank manufacture, vehicle construction, shipbuilding, and machine construction
as well as for buffer layers on build ups on high carbon steels. Especially suitable for off-shore
construction, CTOD tested at -10 °C. It can be used in sour gas applications (HIC-Test acc.
NACE TM-02-84). Test values for SSC-test are available too.

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.07 0.5 11

Mechanical Properties of All-weld Metal

*

u s
Yield strength R: N/mm? (MPa): 490 (= 420) 430
Tensile strength Rm N/mm? (MPa): 560 (500 - 640) 520
Elongation A (Lo = 5do) %: 27 (= 22) 29
Impact work ISO-V KV J +20 °C: 190 (=120) 220

-20°C: 160 190

- 50 °C: 100 (= 47) 140

(*) u untreated, as-welded
s stress relieved 600 °C/2 h/furnace down to 300 °C/air

Operating Data

[—] re-drying if necessary: 2 mm Lmm ampsA
T 300 - 350 °C, min. 2 h 2.0 250 50- 70 | =+

— Electrode identification: 25 250/350 80-110

FOX EV 50 7018-1 E425 B 3.2 350/450 100 - 140

4.0 450  130-180

5.0 450 180 -230

6.0 450 240 -290

Base Materials

steels up to a yield strength of 420 N/mm? (60 ksi)

S235JR-E335, S235J2G3 - S355J2G3, C22, P235T1-P355T1, P235T2, P355T2,

L210 - L36ONB L290MB - L320MB, P235G1TH, P255G1TH, P235GH, P265GH, P295GH,
S235JRS1 - S235J4S, S355G1S - 8355G38, S255N - S355N, P255NH-P355NH,

S255NL - S355NL, GE200-GE260, GE30

ASTMA27a A36 Gr. all; A214; A 242 Gr 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D; A285
Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55: A570 Gr. 30, 33,
36, 40, 45; A 572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50, 60; A668 Gr. A, B: A907
Gr. 30, 33, 36, 40; AB41: A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X56

Approvals and Certificates
TUV-D (0426.), DB (10.014.02), OBB, TUV-A (82) ABS (3H5, 4Y), BV gSYHHH

DNV (3YH10), GL (4Y40H15), LR (3, 3YH5), (8YHH), RINA (4YH5/4H5 LTSS vuz,
SEPROZ, PDO, CRS (3YHS5), CE, NAK

2-20



www.boehler-welding.com

Mild Steel Filler Metals — SMAW Covered Electrodes

Suszeame  £8555HS BOHLER FOX EV 50-A

AWS A5.1-04: E7016 : f
AWS AB.1M-04: E4916 SMAW basic electrode, mild steel
Description

Basic double electrode with excellent weldability in all positions except vertical-down.
Especially suited for out-of-position welding thanks to the well controlled arc.

Excellent root penetration. Good suitability for welding on AC Minimum spatter loss. Very easy
slag removal with uniform beads. Well suited for small transformers. Low hydrogen content in
the weld deposit (HD < 10 ml/100 g deposit).

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.05 0.6 1.0

Mechanical Properties of All-weld Metal

(* u s

Yi)eld strength R: N/mm? (MPa): 440 (= 420) 400

Tensile strength Rm N/mm? (MPa): 550 (500 - 640) 520

Elongation A (Lo = 5do) %: 28 (= 20) 2

Impact work ISO-V KV J +20 °C: 180 (= 100) 180
-30 °C: (= 47)

(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air

Operating Data

= re-drying if necessary: o mm Lmm ampsA —
T 300 - 350 °C, min. 2 h 25 350 60- 90 |R=—
— Electrode identification: 3.2 350/450 100-150 | "\
FOX EV 50-A7016 E423 B 4.0 450 140 - 190
5.0 450 190 - 250

Base Materials
steels up to a yield strength of 420 N/mm? (60 ksi)

S$235J2G3 - S355J2G3, S235JR-E295, C22, P235T1-P355T1, P235T2-P355T2,

L210 - L360NB, L290MB - L360MB, P235G1TH, P255G1TH, P235GH, P265GH, S255N,
P295GH, S235JRS1 - S235J3S, S355G1S - S355G3S, S255N - S355N, P255NH-P355NH,
GE200-GE260

ASTM A27 a. A36 Gr. all; A214; A242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D; A285
Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A570 Gr. 30, 33,
36, 40, 45; A 572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50, 60; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X56

Approvals and Certificates
TUV-D (10574.), DB (10.014.17), OBB, CE
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Mild Steel Filler Metals — SMAW Covered Electrodes

Sz Epssa, BOHLER
5.1-04: 7016-1 _
AWS A5.1M-04: E4916-1H4R FOX EV 50-W

SMAW basic electrode, mild steel

Description

Basic electrode for high-quality joint welds. Especially suited for root pass welding. Excellent
weldability in all positions except vertical-down. Smooth and slag-free welds. Crack resistant
deposits of high toughness at ambient and subzero temperatures. Very low hydrogen contents
in the weld deposit (according AWS condition HD < 4 ml/100 g weld metal).

Especially suited for welding on AC. For root pass welding, DC negative polarity is
recommended.

Typical Composition of All-weld Metal
C Si Mn
Wit-% 0.07 0.5 1.1

Mechanical Properties of All-weld Metal

*

u S
Yield strength R. N/mm? (MPa): 460 (= 420) 400
Tensile strength Rm N/mm? (MPa): 560 (510 - 640) 520
Elongation A (Lo = 5do) %: 28 (= 25) 28
Impact work ISO-V KV J +20 °C: 200 (= 110) 200
-20°C: 150 160
- 40 °C: 120 130
- 50 °C: (= 47)

(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air

Operating Data

[— | re-drying if necessary: 2 mm Lmm ampsA =+
T 300 - 350 °C, min. 2 h 2.0 300  40- 60 |
— Electrode identification: 25 350 55- 85 | N
FOX EV 50-W 7016-1 E425 B 3.2 350 80 - 140
4.0 350 110-180 |_ |
5.0 450 180-230 |== ‘
Polarity negative for root pass

Base Materials
steels up to a yield strength of 420 N/mm? (60 ksi)

S235JR-E335, S235J2G3 - S355J2G3, C22, P235T1-P355T1, P235T2, P355T2,
L210 - L360NB, L290MB, P235G1TH, P255G1TH, P235GH, P265GH, P295GH,

S235JRS1 - S235J4S, S355G1S - S355G3S, S255N - S355N, P255NH-P355NH,
S255NL - S355NL, GE200-GE260, GE300

ASTM A27 a. A36 Gr. all; A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D; A285
Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A570 Gr. 30, 33,
36, 40, 45; A 572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50, 60; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; AB41; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50; APl 5 L Gr. B, X42 - X56
Approvals and Certificates

TOV-D (4180.), GL (3YHS), LTSS, PDO, SEPROZ
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Mild Steel Filler Metals — SMAW Covered Electrodes

EN 150 sss0s 00 Esssiaurs BOHLER FOX EV 55

AWS A5.1-04: E7018-1H4R i i
AWS AB.1M-04: E4918-1H4R SMAW basic electrode, mild steel
Description

Basic electrode for high-quality joint welds with high strength and toughness properties. Low-
temperature ductility down to -50 °C. Very low hydrogen content in the weld deposit (according
AWS condition HD < 4 ml/100 g weld metal). Excellent weldability in all positions except
vertical-down. Suitable for welding in steel construction, boiler, tank, container and vehicle
construction, shipbuilding and mechanical engineering. Also suited for buffer layers on build
ups on high-carbon steels. It can be used in sour gas applications (HIC-Test acc. NACE
TM-02-84). Test values for SSC-test are available too.

Typical Composition of All-weld Metal
C Si Mn
Wit-% 0.07 0.35 1.4

Mechanical Properties of All-weld Metal

* u S
Yield strength R. N/mm? (MPa): 500 (= 460) 470
tensile strength Rm N/mm? (MPa): 550 (530 - 680) 530
Elongation A (Lo = 5do) %: 30 (= 22) 30
Impact work ISO-V KV J +20 °C: 220 (= 130) 200
-20 °C: 170
- 50 °C: 90 (= 47)

(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air

Operating Data

— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 250  80-110 =<4
— Electrode identification: 3.2 350 100 - 140

FOX EV557018-1E465B 4.0 450 130 - 180

Base Materials
steels up to a yield strength of 460 N/mm? (78 ksi)

S$235J2G3 - S355J2G3, S235JR - S355J0, P235T1-P355T1, P235T2 -P355T2,
L210 - L415NB, L290MB, P235G1TH, P255G1TH, P235GH, P265GH, P295GH,
S235JRS1 - S235J48S, S355G1S - S355G3S, S255N - S460N, P255NH-P355NH,
S255NL - S460NL, S255NL1, GE200-GE300

ASTM A27 a. A36 Gr. all; A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D; A285
Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A570 Gr. 30, 33,
36, 40, 45; A 572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50, 60; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X60

Approvals and Certificates
TUV-D (3654.), TUV-A (232), RMR (3 YHH), LTSS, SEPROZ
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Mild Steel Filler Metals — SMAW Covered Electrodes

BOHLER FOX NUT

SMAW covered electrode, mild steel,
gouging electrode

Description
Special electrode for gouging of various base Materials without oxygen. High gouging speed in

all positions useable.
Suitable for edge bevelling, cutting grooves, removal of unsound material and cracks prior to

repair welding.

Operating Data

— re-drying: not necessary o mm Lmm ampsA —
t 1 Electrode identification: 3.2 350 180-240 |=—=
— FOX NUT 4.0 350 250-320 | My

Approvals and Certificates
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Mild Steel Filler Metals — GTAW Rods

EN SO 636-A:2008: W 42 5 W3Si1 °

EN ISO 636-B:2008: W 49A 5U W6 BOHLER EMK 6
AWS A5.18-05: ER70S-6 :

AWS A5.18M-05:  ER48S-6 GTAW rod, mild steel
W.No: 1.5125

Description

GTAW rod with high silicon content. The welding rod is suited for joints in boiler and vessel
fabrication as well as in structural steel engineering.

It can be used in sour gas applications (HIC-Test acc. NACE TM-02-84). Test values for SSC-
test are available too.

Typical Composition of Welding Rod
C Si Mn
Wt-% 0.08 0.9 1.45

Mechanical Properties of All-weld Metal

*

u S
Yield strength R. N/mm? (MPa): 430 (= 420) 400
Tensile strength Rm N/mm? (MPa): 540 (500 - 640) 510
Elongation A (Lo = 5do) %: 27 (= 20) 28
Impact work ISO-V KV J +20 °C: 160 (= 100) 180

- 40 °C: 70 110
-50 °C: (= 47)

s stress relieved, 620 °C/2 h — shielding gas 100 % Argon

Operating Data

— shielding gases: Argon o mm
T l rod marking: 1.6 L]
— front: —— W3Si1 2.0

back: ER70S-6 2.4

Base Materials
steels up to a yield strength of 420 N/mm? (60 ksi)

S$235J2G3-S355J2G3, E360, P235T1-P355T1, P235G1TH, L210, L290MB, P255G1TH,
P235GH, P265GH, P295GH, P310GH, P255NH, S235JRS1-S235J4S, S355G1S-S355G3S,
S255N-S385N, P255NH-P385NH, GE200-GE260

ASTM A27 a. A36 Gr. all; A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D; A285
Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A570 Gr. 30, 33,
36, 40, 45; A 572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50, 60; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X56

Approvals and Certificates
TUOV-D (09717.), TOV-A (521), LTSS, SEPROZ, CE
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Mild Steel Filler Metals — GTAW Rods

ENI -A:2008: W 46 5 W2Si o
EN |§§ ggg-szgggg: \éngg/f SUWa BOHLER EML 5
AWg qugﬁ-sds: ERZgg:g GTAW rod, mild steel

Description

GTAW rod for high integrity welds. The low Si-content renders this filler metal particularly also
for joint welds that are subjected to enamelling or galvanising.
Especially suited for root pass welding (approved at -50 °C)

BOHLER EML 5 can be used in sour gas applications (HIC-Test acc. NACE TM-02-84) as well.
Typical Composition of Welding Rod

C Si Mn
Wt-% 0.1 0.6 1.2

Mechanical Properties of All-weld Metal

() u S

Yield strength R. N/mm? (MPa): 500 (=460) 490

Tensile strength Rn N/mm? (MPa): 600 (530 - 680) 570

Elongation A (Lo = 5do) %: 26 (= 23) 30

Impact work ISO-V KV J +20 °C: 220 (=130) 200
-20°C: 200 210
- 50 °C: (= 47)

(*) u untreated, as-welded — shielding gas 100 % Argon
s stress relieved, 620 °C/5 h — shielding gas 100 % Argon

Operating Data

[—] shielding gases: 100 % Argon o mm ]

t 1 rod marking: | 1.6 —_—
. front: —— W2Si 2.0
— back: ER70S-3 2.4
3.0

Base Materials
steels up to a yield strength of 460 N/mm? (67 ksi)

S$235J2G3 - S355J2G3, E360, P235T1-P355T1, P235G1TH, L210, L290MB, P255G1TH,
P235GH, P265GH, P295GH, P310GH, P255NH, S235JRS1 - S235J4S,
S355G1S - S355G3S, S255N - S385N, P255NH-P385NH, GE200-GE260

ASTM A27 a. A36 Gr. all; A214; A242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D; A285
Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A570 Gr. 30, 33,
36, 40, 45; A 572 Gr. 42, 50; A606 Cr. all; A607 Gr. 45; A656 Gr. 50, 60; A668 Gr. A, B; A907
Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50; API 5 L Gr. B, X42 - X60

Approvals and Certificates
TUV-D (1096.), DB (42.014.02), OBB, TUV-A (373), Statoil, CE

2-26



www.boehler-welding.com

Mild Steel Filler Metals — GTAW Rods

AWS A5.18-05:  ER70S-2 BOHLER ER 70 S-2

AWS A5.18M-05:  ER48S-2
GTAW rod, mild steel

Description

Bohler ER 70S-2 is a copper GTAW rod containing Al, Ti and Zr as strong deoxidents in addi-
tion to Mn and Si and is often referred to as triple deoxidised.

This has advantages when rimming or semi-killed mild steels are welded or where joint
preparations are rusty or contaminated.

Bohler ER 70S-2 is primarily used for single pass welding. For applications involving single and
multipass GTAW and/or low temperature toughness requirements down to -50 °C we recom-
mend our GTAW rod Béhler EML 5 (AWS ER 70S-3).

Typical Composition of Welding Rod
c Si Mn Ti zr Al
Wt-% 0.05 0.5 1.2 + + +

Mechanical Properties of All-weld Metal

() u

Yield strength Re N/'mm? (MPa): =420
Tensile strength Rn N/mm? (MPa): =520
Elongation A (Lo = 5do) %: =23
Impact work ISO-V KV J +20 °C: =80

°C:

- : =27
(*) u untreated, as-welded — shielding gas 100 % Argon

Operating Data

— shielding gases: 100 % Argon o mm ]
T 1 rod marking: 1.6 —_—
) front: 2.0

back: - ER70S-2 2.4

Base Materials
especially for rod pass welding of steels up to a yield strength of 420 N/mm? (60 ksi)

S$235J2G3, E360, P235T1, P235G1TH, L210, P255G1TH, P235GH, P265GH, P295GH,
P310GH, P255NH, S235JRS1 - S235J4S, S255N, P255NH, GE200-GE260

ASTM A27 a. A36 Gr. all; A 210 Gr. 1; A214; A34 Gr.1; A 36, A 113; A 139

Approvals and Certificates
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Mild Steel Filler Metals — GMAW Solid Wires

EN ISO 14341-A:2008:  G3Si1 (Draht) ~
ENISO 14341-A2008: G424 M GasSit BOHLER EMK 6
42 4 C G3Si1 L

EN ISO 14341-B:2008: G 49A 4U M G6 GMAW solid wire, mild steel
G 49A 4U C G6

AWS A5.18-05: ER70S-6

AWS A5.18M-05: ER48S-6

W.No: 1.5125

Description

Copper solid wire suited for universal GMAW application in structural steel engineering, and
provides excellent feeding characteristics.

Thanks to the good mechanical properties this filler wire is optimally suited for welding thick-
walled components. .

The non copper coated version of the solid wire BOHLER EMK 6 TOP is designed for low
spatter formation and excellent feeding properties for extremely high wire feed rates. These
types are especially suited for robotic welding.

Typical Composition of Solid Wire

C Si Mn
Wt-% 0.08 0.9 1.45

Mechanical Properties of All-weld Metal

*

u u2 S
Yield strength R N/mm? (MPa): 440 (=420) 440 (=420) 380 (=360)
Tensile strength Rm N/mm? (MPa): 530 (500 - 640) 540 (500 - 640) 490 (470 -590)
Elongation A (Lo = 5do) %: 30 (= 24) 29 (= 22) 30 (= 22)
Impact work ISO-V KV J +20°C: 160 (= 90) 120 (= 70) 160 (= 90)
-40°C: 80 (= 47) 50 (= 47) (= 47)

(*) u untreated, as-welded — shielding gas Ar + 15 - 25 % CO:
u2 untreated, as-welded — shielding gas 100 % CO:
s stress relieved, 620 °C/2 h — shielding gas Ar + 15 - 25 % CO:

Operating Data

— shielding gases: o mm
]‘ l Argon + 15 - 25 % CO: 0.8 =+
— 100 % CO: 1.0

1.2

1.6

Base Materials
steels up to a yield strength of 420 N/mm? (60 ksi)

S$235J2G3 - S355J2G3, E360, P235T1-P355T1, P235G1TH, L210, L290MB, P255G1TH,
P235GH, P265GH, P295GH, P310GH, P255NH, S235JRS1 - S235J4S, S355G1S -
S355G3S, S255N - S385N, P255NH-P385NH, GE200-GE260

ASTM A27 a. A36 Gr. all; A106 Gr. A, B A214; A242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B,
C, D; A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556
Gr. B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50

Approvals and Certificates

TUV-D (3036.), DB (42.014.11), OBB, TUV-A (83), ABS (3SA, 3YSA), CWB (X),
DNV (Il YMS), GL (3YS), LR (3S, 3YS H15), LTSS, SEPROZ, CE
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Mild Steel Filler Metals — GMAW Solid Wires

EN ISO 14341-A:2008: G4Si1 (for wire) e

EN ISO 14341-A'2008: G 46 4 M G4Si1 BOHLER EMK 7
G 46 4 C G4Si IR

EN ISO 14341-B:2008: G 55A 4U M G6 GMAW solid wire, mild steel
G 55A 4U C G6

AWS A5.18-05: ER70S-6

AWS A5.18M-05: ER48S-6

W.No: 15130

Description

Copper solid wire used for GMAW of structural components with increased strength
requirements.

BOHLER EMK 7 is designed for semi-automatic and robotic welding and provides excellent
feeding characteristics.

Typical Composition of Solid Wire

C Si Mn
Wt-% 0.10 0.9 1.75

Mechanical Properties of All-weld Metal

*

¢) u s

Yield strength R: N/mm? (MPa): 480 (= 460) 470 (= 460) 420

Tensile strength Rn N/mm? (MPa): 590 (530 - 680) 580 (530 - 680) 540

Elongation A (Lo = 5do) %: 26 ( 9 (= 22) 28

Impact work ISO-V KV J +20°C: 120 ( (= 70) 130
- 40 °C: (= 47, 65

(*) u untreated, as-welded — shielding gas Ar + 15 - 25 % CO:

u1 untreated, as-welded — shielding gas 100 % CO:

s stress relieved, 600 °C/2 h — shielding gas Ar + 15 - 25 % CO:-

Operating Data
p— shielding gases:
T 1 Argon + 15 - 25 % CO: 1.
. 100 % CO: 1.

Base Materials
steels up to a yield strength of 460 N/mm? (67 ksi)

S235J2G3 - S355J2G3, E360, P235T1-P355T1, P235G1TH, P255G1TH, P235GH, P265GH,
P295GH, P310GH, P255NH, S235JRS1 - S235J4S, S355G1S - S355G3S, S255N - S460N,
P255NH-P460NH, GE200-GE260

ASTM A27 a. A36 Gr. all; A106 Gr. A, B A214; A242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B,
C, D; A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556
Gr. B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50

S}
3
3

E

N o

Approvals and Certificates
TUOV-D (3037.), DB (42.014.12 - 20.014.13), OBB, CE
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EN ISO 14341-A:2008:
EN ISO 14341-A:2008:

EN ISO 14341-B:2008:
AWS A5.18-05:

AWS A5.18M-05:
W.No:

Description

www.boehler-welding.com

Mild Steel Filler Metals — GMAW solid wires

G4Si1 (for wire

ARG BOHLER EMK 8
Sas S GMAW solid wire, mild steel
G 55A 4U C G6

ER705-6

ER485-6

1.5130

Copper solid wire used for GMAW of structural components with increased strength require-
ments and is optimally suited for welding thick-walled components.

BOHLER EMK 8 is designed for semi-automatic and robotic welding and provides excellent
feeding characteristics. The non copper coated version of the solid wire BOHLER EMK 8 TOP
is designed for low spatter formation and excellent feeding properties for extremely high wire
feed rates. These types are especially suited for robotic welding.

Typical Composition of Solid Wire

C
Wt-% 0.11

Si Mn
1.0 1.8

Mechanical Properties of All-weld Metal

* u ul s
Yield strength R. N/mm? (MPa): 470 (= 460) 470 (= 460) 410
Tensile strength Rn N/mm? (MPa): 600 (530 -680) 580 (530 -680) 540
Elongation A (Lo = 5do) %: 26 (= 22) (= 22) 28
Impact work ISO-V KV J +20°C: 120 (= 80) 110 (= 70) 130
-40°C: 50 (= 47 50 (= 47) 70

(= 47)
(*) u untreated, as-welded — shielding gas Ar + 15 - 25 % CO:

u1 untreated, as-welded — shielding gas 100 % CO:
s stress relieved, 600 °C/2 h — shielding gas Ar + 15 - 25 % CO:

Operating Data

— shielding gases: o mm
T l Argon + 15 - 25 % CO: 0.8 =<4
— 100 % CO: 1.0

1.2

Base Materials

steels up to a yield strength of 460 N/mm? (67 ksi)

S$235J2G3 - S355J2G3, E360, P235T1-P355T1, P235G1TH, P255G1TH, P235GH, P265GH,
P295GH, P310GH, P255NH, S235JRS1 - S235J4S, S355G1S - S355G3S, S255N - S460N,
P255NH-P460NH, GE200-GE260

ASTM A27 a. A36 Gr. all; A106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B,
C, D; A285 Cr. A, B, C; A299 Gr. A, B; A328; A366; A515 Cr. 60, 65, 70; A516 Gr. 55; A556
Gr. B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Cr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50

Approvals and Certificates

TUV-D (3038.), DB (42.014.05), OBB, ABS (3SA, 3YSA), DNV (Il YMS), GL (3YS),
LR (3S, 3YS H15), SEPROZ, CE, NAKS
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Mild Steel Filler Metals — GMAW Flux-cored Wires

N IS0 7B NE0 SR C 1 s BOHLER Ti 52-FD

EN ISO 17632-B:2008: T554T1-1MA-UH10

T492T1-1CA-UH5 GMAW rutile flux cored wire, mild steel

AWS A5.20-05: E71T-1MJH8
AWS A5.20M-05: E491T-1MJH8
Description

All position rutile flux cored wire with fast freezing slag system. User friendly welding characte-
ristics in all positions with one wire dia. 1.2 mm and same parameter setting. Excellent mecha-
nical properties, easy slag removal, low spatter loss, smooth, finely rippled bead surface, high
X-ray safety.

The product performs to the highest productivity with significant savings in time and economi-
cal aspects when used for positional welding.

Typical Composition of All-weld Metal

C Si Mn Ti
Wit-% 0.06 0.5 1.2 +

Mechanical Properties of All-weld Metal

) u ut

Yield strength Re N/mm? (MPa): 500 (=460) 500 (= 420)

Tensile strength Rm N/mm? (MPa): 580 (550 -640) 570 (500 - 640)

Elongation A (Lo=5do) %: 26 (=22 25 (=22)

Impact work ISO-VKVJ +20°C: 180  (=130) 160 (= 120)
-20°C: 130 (=54) 110 (=54)
-40°C: 90 (=47)

™*) u  untreated, as-welded — shielding gas Ar + 15-25 % CO:z

ul untreated, as-welded — shielding gas 100 % CO:z
Operating Data

— re-drying:
t l possible 150 °C /24 h o mm =<4
— shielding gases: 1.0

Argon + 15 - 25 % CO: 1.2

100 % CO: 1.6

Welding with standard GMAW-facilities possible.

Base Materials
steels up to a yield strength of 460 N/mm? (67 ksi)

S$235J2G3 - S355J2G3, GE200, GE240, GE260, S235JRS1 - S235J2S, AH, DH, EH, S255N
- 8355N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210 - L360NB,
P235G1TH, P255G1TH

ASTM A27 a. A36 Cr. all; A106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B,
C, D; A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556
Gr. B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 G907 Gr. 30, 33, 36, 40; Gr. all;
A607 Cr. 45; AB56 Gr. 50, 60; A668 Gr. A, B; AA841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X56

Approvals and Certificates
TUV-D (11164.), DB (42.014.35), ABS, GL, LR, DNV, BV, CRS, CE

2-31



www.boehler-welding.com

Mild Steel Filler Metals — GMAW Flux-cored Wires

EN ISO 17632-A:2008: ¥igg$l&ﬂ:ﬂ;0 BOHLER Ti 52 W_FD

EN ISO 17632-B:2008: T554T1-1MAP-UH10

T493T1-1CAP-UH5 Flux rutile cored wire, mild steel

AWS A5.20-05: E71T-1MJH8
E71T-1CJH8
AWS A5.20M-05: E491T-1MJH8

E491T-1CJH8

Description

Rutile flux cored wire with fast freezing slag. Excellent welding characteristics in all positions.
Very good mechanical properties, easy slag removability, low spatter level, smooth and well
shaped beads with x-ray-quality. Higher welding current (230 A) is applicable in out-of-position
welding, which results in cost reduction due to higher productivity and less time for postweld
cleaning. Particularly suited for welding prime coated plates in shipbuilding, steel- and bridge
constructions.

Typical Composition of All-weld Metal

C Si Mn Ti
Wt-% 0.05 0.5 1.3 +
Mechanical Properties of All-weld Metal
* u ul s
Yield strength Re N/mm? (MPa): 520 (= 460) 480 (= 420) (= 460)
Tensile strength Rm N/mm? (MPa): 580  (550-640) 540  (530-630)  (550-640)
Elongation A (Lo=5do) %: 24 (= 22) 25 (= 24) (= 22)
Impact work ISO-VKV J ~ +20°C: 140 (= 130) 130 (= 100) (= 120)
-30 °C: 80 (= 47)
-40°C: 95 (= 54)
™) u  untreated, as-welded — shielding gas Ar + 15-25 % CO:z

utl  untreated, as-welded — shielding gas 100 % CO:z
s stress relieved 580 °C/2 h/furnace down to 300 °C/air

Operating Data

— re-drying: o mm
T 1 possible 150 °C /24 h 1.0 =+
— shielding gases: 1.2

Argon +15-25 % CO2 1.6

100 % CO2

welding with standard GMAW-facilities possible.

Base Materials
Steels up to a yield strength of 460 N/mm? (67 ksi)

S235 - S$355J4G3, GE200, GE240, GE260, S235JRS1 - S235J4S, AH, DH, EH, S255N -
S355N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210 - L360NB,
X 42-X 60, P235G1TH, P255G1TH
ASTM A27 u. A36 Gr. all; A106 Gr. A, B A214; A 242 Gr.1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B,
C, D; A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556
Gr. B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 G907 Gr. 30, 33, 36, 40; Gr. all;
ﬁg(lﬁ lES;( 45;XA656 Gr. 50, 60; A668 Gr. A, B; AA841; A851 Gr. 1, 2; A935 Gr.45; A936 Gr. 50;
5L X42-X60

Approvals and Certificates
TUV-D (09969.), DB (42.014.03), OBB, GL
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Mild Steel Filler Metals — GMAW Flux-cored Wires

EN150 1765 82005 Tssatisimauns  BOHLER HL 51-FD

AWS A5.18-05: E70C-6MH4 . .
AWS A5.18M-05: E48C-6MH4 GMAW metal cored wire, mild steel
Description

Metal cored high-efficiency wire for semi-automatic and fully automatic joint welding of unal-
loyed and fine-grained constructional steels and service temperatures from -40 °C to +450 °C.
Very high metal recovery between 93 and 97 % and deposition rate up to 9 kg/hr. Steady spray
arc-like droplet transfer with minimal spatter formation. Good penetration, high resistance to
porosity, good wetting behaviour as well as low hydrogen contents (< 5 ml/100 g deposit) are
further quality features of this flux cored wire.

Minimum oxide residues permit the welding of multi passes without the need for inter-run
cleaning. Ideal for horizontal and flat fillet welds. Compared to solid wires 20 % higher produc-
tivity can be achieved.

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.07 0.7 15

Mechanical Properties of All-weld Metal

") u S
Yield strength R. N/mm? (MPa): 490 (= 460) 470
Tensile strength R N/mm? (MPa): 610 (550 -650) 580
Elongation A (Lo = 5d5) %: 27 (= 24) >24
Impact work ISO-V KV J +20 °C: 130 (= 100) 120

- 40 °C: 90 (= 47) 55

(*) u untreated, as-welded — shielding gas Ar + 15 - 25 % CO:
s stress relieved, 580°C/2 h — shielding gas Ar +15-20 % CO2z

Operating Data

— re-drying: not necessary o mm
T shielding gases: 1 2 -+
—_— Argon + 15 - 25 % CO: 1.6
Welding with standard GMAW-facilities possible.

Base Materials
steels up to a yield strength of 460 N/mm? (67 ksi)

S235J2G3 - S355J2G3, GE200, GE240, GE260, S235JRS1 - S235J4S, AH, DH, EH, S255N
- S380N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210 - L360NB,
P235G1TH, P255G1TH

ASTM A27 a. A36 Cr. all; A106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B,
C, D; A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556
Gr. B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr.
50, 60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X60

Approvals and Certificates
TUV-D (11163.), DB, ABS, BV, DNV, GL, CE, LR
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Mild Steel Filler Metals — GMAW Flux-cored Wires

EN ISO 17632-A:2008: T 425ZM M 2 H5 o
EN ISO 17632-B:2008: T495T15-0MAP-G-UH5 BO H L E R H L 53'FD
ﬁwg ﬁglg,&sog) EZgSgMHﬁ GMAW metal cored wire, mild steel

Description

Metal cored high efficiency wire for fully automatic and semi-automatic joint welding of unalloy-
ed and fine-grained constructional steels. The special filling composition permits very high
metal recovery between 93 and 97 % and deposition rates of up to 8 kg/hr. Smooth spray trans-
fer, minimum spattering, a very good bead profile and excellent wetting behaviour are the cha-
racteristics of HL 53-FD. Another advantage is minimum oxide formation, which allows multi-pass
welding without deslagging. The hydrogen content of the weld deposit is <5 ml/100 g deposit.
HL 53-FD is suitable for fillet welds and butt welds of standard constructional steels as well as
for fine-grained steels in structural steel engineering. The service temperature range is -50 /
+450 °C.

Typical Composition of All-weld Metal

C Si Mn Ni
Wit-% 0.06 0.5 1.2 0.9

Mechanical Properties of All-weld Metal

*

u s
Yield strength R. N/mm? (MPa): =420 470
Tensile strength Rn N/mm? (MPa): 520-620 530
Elongation A (Lo = 5do) %: = 22 27
Impact work ISO-V Av J +20°C: =100 190

-50 °C: (= 47)

(*) u untreated, as welded — shielding gas Ar +15-20 % CO:z
s stress relieved, 600°C/2 h — shielding gas Ar +15-20 % CO:z

Operating Data

— Rebaking: not necessary o mm
T shielding gas: 1.2 =+
— Argon +15-25 % CO2z 1.6

Welding with standard welding facilities.

Base Materials

Steels with yield strength of 420 N/mm? (60 ksi)

S235 - S$355J2G3, GE200, GE240, GE260, S235JRS1 - S235J4S, AH, DH, EH, S255N -
S380N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210 - L360NB,
X42-X60, P235G1TH, P255G1TH

ASTM A27 u. A36 Cr. all; A106 Gr. A, B A214; A242 Gr.1-5; A266 Gr. 1, 2, 4, A283 Gr. A, B,
C, D; A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556
Gr. B2A; A570 Gr. 30, 33, 36, 40, 45 572 Gr. 42, 50; A606 Gr. all A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr.45; A936 Gr. 50;
API 5L X42-X60

Approvals and Certificates
TUV-D (09968.), CE
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Mild Steel Filler Metals — SAW Wire/Flux-Combinations

AW solid wire:

A ad e 52 BOHLER EMS 2/ BB 24
AWS A5.17-97:  EM12K

Sub-arc flux:
EN 760:1996: SAFB 165 DC H5

Wire/flux-combination:
EN 756:2004: S 386 FB S2
AWS A5.17-97:  F7A8-EM12K (F6P8-EM12K)
AWS A5.17M-97: F48A6-EM12K (F43P6-EM12K)

Description

Universally applicable for constructional steels and fine grained steels, e.g. in shipbuilding,
structural steel work, and pressure vessel fabrication. The flux reacts metallurgically Mn-neu-
tral. The sub-arc wire/flux combination produces very good low temperature impact properties
down to -60 °C. Excellent slag detachability, smooth beads, good wetting and low hydrogen
contents (HD <5 ml/100 g) are further important features. The combination is ideally suited for
multi-pass welding of thick plates. .

For information regarding the sub-arc welding flux BOHLER BB 24 see our detailed data sheet.

SAW wire/flux-combination, mild steel

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.11 0.12 1.1
All-weld metal % 0.07 0.25 1.2

Mechanical Properties of All-weld Metal

) u

Yield strength R N/mm? (MPa): 440 (= 400)

Tensile strength Rm N/mm? (MPa): 520 (= 500)

Elongation A (Lo = 5do) %: 33 (= 26)

Impact work ISO-V KV J +20 °C: 185 (= 160)
+0°C: 180 (= 140)
-20°C: 170 (= 100)
- 60 °C: 140 (= 47)

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o
300-350°C,2h-10h

3
3

H o
o

—

wpn
owo

Base Materials

steels up to a yield strength of 400 N/mm? (56 ksi)
S235JR - S335JR, S235J2G3 - S335J2G3, P235T1 - P335T1, P235T2 - P355T2, P235GH,
P265GH, S255N, P295GH, P310GH, S235JRS1 - S235J4S, S255N - S380N

ASTM A36 Gr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4, A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45, A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Cr. 50,
60; AB68 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X52

Approvals and Certificates

TOV-D (7808.). o
Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.03), OBB, TUV-A (391), SEPROZ, CE
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Mild Steel Filler Metals — SAW Wire/Flux-Combinations

SAW solid wire:
EN 7562004  S2 BOHLER EMS 2/ BB 25
AWS A5.17-97:  EM12K
Sub-arc flux:
EN 760:1996: SAFB 168 DC H5
Wire/flux-combination:
EN 756:2004: S 424 FB S2
AWS A5.17-97:  F7A4-EM12K
AWS A5.17M-97: F48A4-EM12K

Description

Universally applicable for constructional steels and fine grained steels, e.g. in shipbuilding,
structural steel work, and pressure vessel fabrication. The flux is active and shows some pick-
up of silicon and manganese. The sub-arc wire/flux combination produces higher strength
values with very good low temperature impact properties down to -40 °C.

For information regarding the sub-arc welding flux BOHLER BB 25 see our detailed data sheet.

SAW wire/flux-combination, mild steel

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.11 0.12 1.1
All-weld metal % 0.07 0.40 1.45

Mechanical Properties of All-weld Metal

*

u

Yield strength R. N/mm? (MPa): 450 (= 420)
Tensile strength Rm N/mm? (MPa): 530 (=500)
Elongation A (Lo = 5do) %: 28 (= 22)
Impact work ISO-V KV J +20 °C: 180

+0°C: 130

-20°C: 100

-40 °C: 90 (= 47)

(*) u untreated, as-welded

Operating Data
re-drying of sub-arc flux: ]
300-350°C,2h-10h
=

Base Materials

steels up to a yield strength of 420 N/mm? (60 ksi)

$235J2G3-S355J2G3, GE200, GE240, GE260, S235JRS1-S235J4S, AH, DH, EH, S255N-
S380N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210-L360NB,
P235G1TH, P255G1TH

ASTM A36 Cr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X56

3
3

W
owo
How
o

Approvals and Certificates

TUV-A (621). Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.03),
OBB, TUV-A (391), SEPROZ, CE
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Mild Steel Filler Metals — SAW Wire/Flux-Combinations

A Tse004: 52 BOHLER EMS 2/BB 33 M
Sub_/;\r/xsﬂlﬁf.17-97: EM12K SAW wire/flux-combination, mild steel

EN 760:1996: SA AR 177 AC H5
Wire/flux-combination:

EN 756:2004: S 46 0 AR S2

AWS A5.17-97:  F7AZ-EM12K

AWS A5.17M-97: F48A0-EM12K

Description

Universally applicable for high-speed welding of constructional steels and fine grained steels,
e.g. in shipbuilding, structural steel work, and pressure vessel fabrication.

The sub-arc wire/flux combination produces good impact properties at 0 °C and higher strength
properties. Good wetting characteristics with fine rippled bead appearance at high travel speed.
Fﬁr information regarding the sub-arc welding flux BOHLER BB 33 M see our detailed data
sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.11 0.12 1.1
All-weld metal % 0.08 0.70 13

Mechanical Properties of All-weld Metal

*

u

Yield strength R. N/mm? (MPa): 540 (= 460)

Tensile strength Rn N/mm? (MPa): 620 (= 520)

Elongation A (Lo= 5do) %: 29 (= 22)

Impact work ISO-V KV J +20 °C: 70 (= 60)
+0°C: 50 (= 47)
-20°C: 40

(*) u untreated, as-welded
Operating Data

re-drying of sub-arc flux: ]
275-325°C,2h-4h

3&25
W
onN

Il
I+

Base Materials
steels up to a yield strength of 460 N/mm? (67 ksi)

S$235J0G3-S355J0G3, GE200, GE240, GE260, S235JRS1-S235J0S, AH, DH, EH, S255N-
S380N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210-L360NB,
P235G0TH, P255GOTH

ASTM A36 Cr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42-X60

Approvals and Certificates

TUV-D (5685.), TUV-A (617) ) ;
Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.03), OBB, TUV-A (391), SEPROZ,
CE

2-37



www.boehler-welding.com

Mild Steel Filler Metals — SAW Wire/Flux-Combinations

SAW solid wire:
EN 7562004  S2 BOHLER EMS 2/ BF 16
Sub-g\r,xsﬂlﬁgﬂ 97 EMIK SAW wire/flux-combination, mild steel
EN 760:1996: SFMS 178 ACM
Wire/flux-combination:
EN 756:2004: S380MS S2
AWS A5.17-97:  F7A2-EM12K
AWS A5.17M-97: F48A3-EM12K

Description

BOHLER BF 16 is a fused acid Si and Mn alloying flux with high current carrying capacity on
both AC and DC. In combination with the wire BOHLER EMS 2 it gives fine performance in
universal applications for mild steel constructural work of thinner walled components.

For information regarding the sub-arc welding flux BOHLER BF 16 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.1 0.12 1.1
All-weld metal % 0.04 0.50 13

Mechanical Properties of All-weld Metal

* u

Yield strength R: N/mm? (MPa): 400 (=380)

Tensile strength Rm N/mm? (MPa): 500 (= 470)

Elongation A (Lo = 5do) %: 29 (= 22)

Impact work ISO-V KV J +20 °C: 90 (= 70)
+0°C: 60 (= 47)
-20°C: 40 (= 27)

(*) u untreated, as-welded

Operating Data
re-drying of sub-arc flux: o mm
250-350°C,1h-10h 2.0 3.2 _i
—_ 25 4.0
3.0

Base Materials
steels up to a yield strength of 380 N/mm? (50 ksi)

S235JR-S335JR, S235J0G3-S335J0G3, P235T1-P335T1, P235T2- P355T2, P235GH,
P265GH, S255N, P295GH, P310GH, S235JRS1-S235J0S, S255N-S380N

ASTM A36 Gr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Cr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X52

Approvals and Certificates

TUV-A (6) . .
Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.03), OBB, TUV-A (391), SEPROZ,
CE
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Mild Steel Filler Metals — SAW Wire/Flux-Combinations

SAW solid wire:
EN 7562004 S3 BOHLER EMS 3/ BB 24
AWS A5.17-97:  EH10K
Sub-arc flux:
EN 760:1996: SAFB165DC H5
Wire/flux-combination:
EN 756:2004: S 424 FB S3
AWS A5.17-97:  F7A4-EH10K (F7P8-EH10K)
AWS A5.17M-97: F48A4-EH10K (F48P6-EH10K)

Description

Universally applicable, e.g. in shipbuilding, structural steel work, and pressure vessel fabrication.
The flux reacts metallurgically Mn-neutral.

The sub-arc wire/flux combination produces higher strength values with very good low tempe-
rature impact properties. Excellent slag detachability, smooth beads, good wetting and low
hydrogen contents (= 5 ml/100 g) are further important features. The combination is ideally
suited for multi-pass welding of thick plates.

The deposit produces very good low temperature impact properties down to -40 °C.

For information regarding the sub-arc welding flux BOHLER BB 24 see our detailed data sheet.

SAW wire/flux-combination, mild steel

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.12 0.1 15
All-weld metal % 0.08 0.25 15

Mechanical Properties of All-weld Metal
@) u

Yield strength R. N/mm? (MPa): (= 420)
Tensile strength Rm N/mm? (MPa): (=510)
Elongation A (Lo = 5do) %: (= 24)
Impact work ISO-V KV J +20°C: (=130)
+0°C: (=100)
-20°C: (= 70)
-40°C: (= 47)
(*) u untreated, as-welded
Operating Data
re-drying of sub-arc flux: o mm
300-350°C,2h-10h 4.0 ='|_'
—

Base Materials

steels up to a yield strength of 420 N/mm? (60 ksi)

S235J2G3 - S355J2G3, GE200, GE240, GE260, S235JRS1 - S235J4S, AH, DH, EH, S255N
- S380N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210 - L360NB,
P235G1TH, P255G1TH

ASTM A36 Gr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45; A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gir. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X56

Approvals and Certificates

TUV-D (7811.). Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.04), OBB, TUV-A
(391), SEPROZ, CE
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Mild Steel Filler Metals — SAW Wire/Flux-Combinations

A Ts6004: 83 BOHLER EMS 3/ BB 25
Sub_/;\r/xsﬂlﬁf.17-97: EH10K SAW wire/flux-combination, mild steel

EN 760:1996: SAFB 168 DC H5
Wire/flux-combination:

EN 756:2004: S 423 FB S3

AWS A5.17-97:  F7A3-EH10K

AWS A5.17M-97: F48A2-EH10K

Description

Universally applicable, e.g. in shipbuilding, structural steel work, and pressure vessel fabrication.
The flux reacts metallurgically active and shows some pick-up of silicon and manganese.

The sub-arc wire/flux combination produces higher strength values with very good low tempe-
rature impact properties down to -30 °C. .

For information regarding the sub-arc welding flux BOHLER BB 25 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.12 0.1 1.5
All-weld metal % 0.06 0.35 1.7

Mechanical Properties of All-weld Metal

) u
Yield strength R: N/mm? (MPa): 520 (= 420)
Tensile strength Rm N/mm? (MPa): 600 (=530)
Elongation A (Lo = 5do) %: 23 (= 20)
Impact work ISO-V KV J +20 °C: 140

-20°C: 70

-30°C: 50 (= 47)

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: 2 mm
300-350°C,2h-10h 4.0 =i
—

Base Materials
steels up to a yield strength of 420 N/mm? (60 ksi)

S$235J2G3-S355J2G3, GE200, GE240, GE260, S235JRS1-S235J3S, AH, DH, EH, S255N-
S380N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210-L360NB,
P235G1TH, P255G1TH

ASTM A36 Gr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45, A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Cr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X56

Approvals and Certificates

Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.04), OBB, TUV-A (391), SEPROZ,
CE
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Mild Steel Filler Metals — SAW Wire/Flux-Combinations

SAW solid wire:
EN 7562004 S3 BOHLER EMS 3/BB 33 M
AWS A5.17-97:  EH10K
Sub-arc flux:
EN 760:1996: SA AR 177 AC H5
Wire/flux-combination:
EN 756:2004: S 500 AR S3
AWS A5.17-97:  F7AZ-EH10K
AWS A5.17M-97: F48A0-EH10K

Description

Universally applicable for high-speed welding of constructional steels and fine grained steels,
e.g. in shipbuilding, structural steel work, and pressure vessel fabrication.

The sub-arc wire/flux combination produces good impact properties at 0 °C and higher strength
properties. Good wetting characteristics with fine rippled bead appearance at high travel speed.
For information regarding the sub-arc welding flux BOHLER BB 33 M see our detailed data
sheet.

SAW wire/flux-combination, mild steel

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.12 0.1 1.5
All-weld metal % 0.08 0.75 1.7

Mechanical Properties of All-weld Metal

*

u

Yield strength R N/mm? (MPa): 550 (= 500)
Tensile strength Rm N/mm? (MPa): 650 (= 560)
Elongation A (Lo = 5do) %: 20 (= 18)
Impact work ISO-V KV J +20 °C: 60
+0°C: (= 47)

(*) u untreated, as-welded
Operating Data

re-drying of sub-arc flux: o mm

275-325°C,2h-4h 4.0

—

Base Materials
steels up to a yield strength of 500 N/mm? (72 ksi)

S$235J0G3 - S355J0G3, GE200, GE240, GE260, S235JRS1 - S235J0S, AH, DH, EH, S255N
- S380N, P235GH, P265GH, S255N, P295GH, S235G2T, S255GT, S355GT, L210 - L360NB,
P235G0TH, P255G0TH

ASTM A36 Cr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Cr. 1, 2, 4; A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Cr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45, A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42-X60

Approvals

Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.04), OBB, TUV-A (391), SEPROZ,
CE
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Mild Steel Filler Metals — SAW Wire/Flux-Combinations

SAW solid wire:
EN Tseoe0s  S3 BOHLER EMS 3/ BF 16
AWS A5.17-97:  EH10K
Sub-arc flux:
EN 760:1996: SFMS 178 ACM
Wire/flux-combination:
EN 756:2004: S 380 MS S3
AWS A5.17-97:  FBA0-EH10K
AWS A5.17M-97: F43A3-EH10K

Description

Universally applicable, e.g. in shipbuilding, structural steel work, and pressure vessel fabrication.
The wire/flux combination produces higher strength properties. BOHLER BF 16 is a fused acid Si
and Mn alloying flux with high current carrying capacity on both AC and DC. In combination with
the wire BOHLER EMS 3 it gives fine performance in universal applications for mild steel con-
structural work of thinner walled components.

The sub-arc wire/flux combination produces good impact properties at 0 °C.

For information regarding the sub-arc welding flux BOHLER BF 16 see our detailed data sheet.

SAW wire/flux-combination, mild steel

Typical Composition of Solid Wire and All-weld Metal

C Si Mn
SAW wire wt-% 0.12 0.1 1.5
All-weld metal % 0.04 0.45 1.7

Mechanical Properties of All-weld Metal

*

Yield strength R. N/mm? (MPa): 410 (=380)
Tensile strength Rn N/mm? (MPa): 520 (=470)
Elongation A (Lo = 5do) %: 25 (= 22)
Impact work ISO-V KV J +20 °C: 70

+0°C: 55 (= 47)

-20 °C: 45

-30 °C: 40

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o mm
250-350 °C,1 h-10 h: 4.0 =+
—_

Base Materials
steels up to a yield strength of 380 N/mm? (52 ksi)

S235JR - S355JR, S235J0G3 - S355J0G3, P235T1-P355T1, P235T2- P355T2, P235GH,
P265GH, S255N, P295GH, P310GH, S235JRS1 - S235J0S, S355N - S420N

ASTM A36 Gr. all; A 106 Gr. A, B A214; A 242 Gr. 1-5; A266 Gr. 1, 2, 4; A283 Gr. A, B, C, D;
A285 Gr. A, B, C; A299 Gr. A, B; A328; A366; A515 Gr. 60, 65, 70; A516 Gr. 55; A556 Gr.
B2A; A570 Gr. 30, 33, 36, 40, 45, A572 Gr. 42, 50; A606 Gr. all; A607 Gr. 45; A656 Gr. 50,
60; A668 Gr. A, B; A907 Gr. 30, 33, 36, 40; A841; A851 Gr. 1, 2; A935 Gr. 45; A936 Gr. 50;
API 5L X42 - X52

Approvals and Certificates

Wire: TUV-D (02603.), KTA 1408.1 (8058.00), DB (52.014.04), OBB, TUV-A (391), SEPROZ,
CE
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Mild Steel Filler Metals — Gas Welding Rods

AWSAG207 . Rasa BOHLER BW Vii
OV\I-\’I\ISof5.2M-O7: mggf Rod for gas welding, mild steel
Description

Copper coated, unalloyed rod for gas welding for joints subject to normal stresses, up to base
metal grade S275JR. Fluid weld puddle.

Typical Composition of Welding Rod

C Si Mn
Wt-% 0.08 0.1 0.6

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): =235
Tensile strength Rm N/mm? (MPa): =340
Elongation A (Lo = 5do) %: = 14
Impact work ISO-V KV J +20 °C: = 35

(*) u untreated, as-welded

Operating Data

— rod marking: o mm

T front: -~ 0O 2.0

— back: 1.0324 25
3.2
4.0

Base Materials

steels up to a yield strength of 235 N/mm? (34 ksi)
S235JR, L195

ASTM A36 Gr. all; A283 Gr. B, C, D; A570 Gr. 33, 36, 40

Approvals and Certificates
TUV-D (06315.), LTSS, CE
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Mild Steel Filler Metals — Gas Welding Rods

AW AG207 . Reva BOHLER BW XIi
OVV_\,’\ISOfS'ZM'WZ ?“gg?se Rod for gas welding, mild steel
Description

Gas welding rod, nickel alloyed. Easy to operate due to very easy weld pool and slag control
and good gap bridging ability.
Weld pools are not susceptible to overheating when welded with a too hot flame.
Typical Composition of Welding Rod

C Si Mn Ni
Wt-% 0.10 0.15 1.1 0.45

Mechanical Properties of All-weld Metal

u
Yield strength R. N/mm? (MPa): =275
Tensile strength Rn N/mm? (MPa): =410
Elongation A (Lo = 5do) %: = 14
Impact work ISO-V KV J +20 °C: = 47

(*) u untreated, as-welded

Operating Data

rod marking: o mm
f front: O Ill 20
— back: 1.6215 25
3.0

Base Materials
steels up to a yield strength of 275 N/mm? (40 ksi)
S235JR - S275JR, P275GH, L235 - L290NB

ASTM A36 Gr. all; A283 Gr. B, C, D; A285 Gr. B; A414 Gr.C; A442 Gr.60; A515 Gr. 60; A516
Gr. 55, 60; A570 Gr. 33, 36, 40

Approvals and Certificates
TUV-D (02323.), DB (70.014.01), OBB, CE
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Product Information

2.3. Filler Metals
for Pipeline Welding

& Objectives

This section provides detailed product information for filler metals that may
be used to weld pipelines.

The significance of oil and gas as a source of energy leads to the construc-
tion and planning of cross-country pipelines throughout the world. In this
case new high-strength pipe steels place the highest possible demands on
welding technology. As a result various filler metals have been developed
that can cover all the requirements of individual steel qualities.

Welding procedure when using cellulosic electrodes
Recommended joint preparation

60° 10"

< 2

5/64 inch)

1.5—2.0 mm
(1/16—5/64 inch)

30" I
©
*P
o= —+
E =
|
0

1—1.5mm [
(3/64—1/16 inch) 1.5mm (1/16 inch

Wall thicknesses < 20 mm ( < 3/4 inch) Wall thicknesses > 20 mm (> 3/4 inch)

Preheating and interpass temperatures in relation to wall thicknesses

160 320, ==E£9010
140 o ——
— E7010
5120 248 _ £ gon0
=100 212
g 80 176 2
£ €
€ 60 140 £
40 104
20 68
0 32
5 10 15 20 25

wall thickness [mm]
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Cellulose electrodes

Generally speaking the welds are performed in the vertical-down position
using cellulose electrodes. The use of vertical-down electrodes makes it
possible to use larger electrode diameters, higher welding currents and hig-
her travel speeds. As a result it is possible to achieve a much higher degree
of economic efficiency than with vertical-up welding.

Basic vertical-down electrodes

Basic vertical-down electrodes excel due to their outstanding mechanical
and technological properties and their low hydrogen content. They are thus
suitable for welding thick-walled pipes, high-strength pipe steels or where
there are high requirements for toughness. They allow the same travel
speeds for filler and cover passes as cellulose electrodes.

Basic vertical up electrodes

Especially designed for welding of circumferential beads in the vertical up
position. The electrodes are preferably used in cases where the imprecise
joint preparation do not allow the use of the vertical down process, or vertical
down skilled welders are not available. Root runs are basically welded on the
minus polarity, where as for filler and cap layers the plus polarity should be
applied.

Solid wires

For the sake of higher productivity and in order to reduce production costs
semi/fully automated welding processes are introduced. For these applica-
tions the wire types SG3-P and NiMo 1-1G have been developed. Both wires
fullfil the high quality demands applied in pipeline constructions.

Contents

OVERVIEW . .ot e e e e 49
SMAW CELLULOSIC ELECTRODES .. ........oviiiiinaannn.. 50
SMAW BASIC ELECTRODES . ...ttt 58
GMAW SOLID WIRES FOR AUTOMATIC WELDING . .............. 66
FLUX CORED WIRES FOR AUTOMATIC WELDING ............... 69
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& Overview — Standard Classifications
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Bohler EN/EN ISO AWS

SMAW covered electrodes

FOX CEL 2560-A: E 383C 21 A5.1-04:  E6010

FOX CEL+ 2560-A: E 382C 21 A5.1-04:  EB010

FOX CEL 70-P  2560-A: E 423 C25 A5.5-06:  E7010-P1

FOX CEL 75 2560-A: E423C 25 A5.5-06:  E7010-P1

FOX CEL Mo 2560-A: E 423 Mo C 25 A5.5-06:  E7010-A1

FOX CEL 80-P  2560-A: E 463 1NiC 25 A5.5-06:  E8010-P1

FOX CEL 85 2560-A: E 46 4 1Nj C 25 A5.5-06:  E8010-P1

FOX CEL 90 2560-A: E 503 1Ni C 25 A5.5-06:  E9010-P1

FOX BVD 85 2560-A: E 46 5 1Nj B 45 A5.5-06:  E8045-P2

FOX BVD 90 757: E 555 Z2Ni B 45 A5.5-06:  E9018-G

FOX BVD 100 757: E 625 Z2Ni B 45 A5.5-06:  E10018-G

FOX BVD 110 757: E 69 3 Mn2NiMo B 45 A5.5-06: E11018-G

FOX BVD 120 757: E 69 3 Mn2NiMo B 45 A5.5-06:  E12018-G

FOX EV PIPE 2560-A: E 424 B 12 H5 A5.1-04:  E7016-1H4R

FOX EV 60 PIPE  2560-A: E 50 41 Ni B 12 H5 A5.5-06:  E8016-GH4R

FOX EV 70 PIPE  757: E 55 4 Z(Mn2NiMo) B 12 H5 A5.5-06:  E9016-GH4R

SG 3-P 14341-A: G 46 5 M G3Si1 A5.18-05: ER70S-G
G 42 4 C G3Sit

SG 8-P 14341-A: G 42 5 M G3Ni1 A5.28-05:  ER80S-G

NiMo 1-1G 16834-A: G 55 6 M Mn3Ni1Mo A5.28-05:  ER90S-G
G 55 4 C Mn3Ni1Mo

GMAW flux cored wires

Ti 70 Pipe-FD 18276-A: T554MniNi PM 1 H5  A5.29-10: E91T1-K2MH4

4 Overview — Typical Chemical Composition
Bohler C Si Mn Cr Ni Mo Ti
MAW cover: lectr

FOX CEL 0.12 0.14 0.5

FOX CEL+ 0.17 0.15 0.6

FOX CEL 70-P 0.17 0.1 0.6 0.17

FOX CEL 75 0.14 0.14 0.7

FOX CEL Mo 0.1 0.14 0.4 0.5

FOX CEL 80-P 0.15 0.15 0.75 0.8

FOX CEL 85 0.14 0.15 0.75 0.7

FOX CEL 90 0.17 0.15 0.9 0.8

FOX BVD 85 0.05 0.4 1.1 0.9

FOX BVD 90 0.05 0.3 1.2 2.2

FOX BVD 100 0.07 0.4 1.2 2.3

FOX BVD 110 0.07 0.4 1.5 2.2 0.4

FOX BVD 120 0.07 0.4 1.85 2.25 0.35

FOX EV PIPE 0.06 0.6 0.9

FOX EV 60 PIPE 0.07 0.6 1.2 0.9

FOX EV 70 PIPE 0.06 0.5 1.7 2.2 0.3

GMAW solid wires

SG 3-P 0.05 0.75 155 ¥

SG 8-P 0.06 0.7 15 0.9 +

NiMo 1-IG 0.08 0.6 1.8 0.9 0.3

Ti 70 Pipe-FD 0.07 04 | 1.5 | 1.0 | |
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Filler Metals for Pipeline Welding — SMAW Cellulosic Electrodes

EN IS0 2900.B.2010: EA10 AL BOHLER FOX CEL
ﬁwg ﬁgll\(ljlétm Egglg SMAW cellulosic electrode for

vertical-down welding, pipe welding

Description

Cellulose electrode for vertical-down welding of large diameter pipelines; suitable for root runs,
hot passes, filler and cover layers. Especially recommended for root run welding. Highly eco-
nomical compared with vertical-up welding. Apart from its excellent welding and gap bridging
characteristics FOX CEL offers a weld deposit with outstanding impact strength values and thus
offers the benefit of still more safety in field welding of pipelines. It can be used in sour gas
applications (HIC-Test acc. NACE TM-02-84). Test values for SSC-test are available too.

Typical Composition of All-weld Metal
C Si Mn
Wt-% 0.12 0.14 0.5

Mechanical Properties of All-weld Metal

*

u
Yield strength R. N/mm? (MPa): 450 (=390)
Tensile strength Rn N/mm? (MPa): 520 (470 - 540)
Elongation A (Lo = 5do) %: 26 (= 22)
Impact work ISO-V KV J +20 °C: 110 (= 70)
+0°C: 105
-20 °C: 95
-30 °C: 65 (= 47)
- 40 °C: 45
(*) u untreated, as-welded
Operating Data
e re-drying: not allowed o mm Lmm ampsA
1 ‘ electrode identification: 2.5 250/300 50- 90 =i
- FOX CEL 6010 E383 C 3.2 350 80 - 130
preheating and interpass temperature 4.0 350 120 - 180  polarity
see Page 2-47 5.0 350 160 - 210  negative

for root
pass

Base Materials

S235JR, S275JR, S235J2G3, S275J2G3, $355J2G3, P235GH, P265GH,
P355T1, P235T2 - P355T2, L210NB - L415NB, L290MB - L415MB,
P235G1TH, P255G1TH

Root pass up to L555NB, L555MB

APl Spec. 5 L: A, B, X 42, X 46, X 52, X 56, Root pass up to X 80

Approvals and Certificates

TOV-D (1281.), TUV-A (1), DNV (3), Statoil, SEPROZ, PDO,
VNIIST (o 3.2-4.0 mm), GdF, CE
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Filler Metals for Pipeline Welding — SMAW Cellulosic Electrodes

N EOTRARIE ENEL” BOHLER FOX CEL+
ﬁwg ﬁgll\(ljlétm Egglg SMAW cellulosic electrode for

vertical-down welding, pipe welding

Description

Cellulose electrode for vertical-down welding of large diameter pipelines.

Especially recommended for root pass welding on D.C. positive polarity in the vertical down and
vertical up welding positions.

Apart from its good welding and gap bridging characteristics Bohler FOX CEL+ provides a
powerful arc that deposites well penetrated, smooth root passes with high travel speeds as well
as high safety against the formation of piping or hollow bead and undercut.

Typical Composition of All-weld Metal
C Si Mn
Wt-% 0.17 0.15 0.6
Mechanical Properties of All-weld Metal
) u

Yield strength R: N/mm? (MPa): 450 ( 0)
Tensile strength Rm N/mm? (MPa): 520 (470 - 540)
Elongation A (Lo = 5do) %: 26 (= 22)
Impact work ISO-V KV J +20 °C: 105 (= 70)
+0°C: 95
-20 °C: 65 (= 47)
-30 °C: (= 27)
(*) u untreated, as-welded
Operating Data
- re-drying: not allowed o mm Lmm ampsA
1 ‘ electrode identification: 25 300 50- 90 | =<
- FOX CEL+ 6010 E382C 3.2 350 80 - 130
preheating and interpass temperature 4.0 350 120 - 180

see Page 2-47

Base Materials

S235JR, S275JR, S235J2G3, S275J2G3, $355J2G3, P235GH, P265GH,
P355T1, P235T2 - P355T2, L210NB - L415NB, L290MB - L415MB,
P235G1TH, P255G1TH

Root pass up to L555NB, L555MB

API Spec. 5L: A, B, X 42, X 46, X 52, X 56, Root pass up to X 80

Approvals and Certificates
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Filler Metals for Pipeline Welding — SMAW Cellulosic Electrodes

Suszeame £2ss%,  BOHLER FOX CEL 70-P

AWS A5.5-06: E7010-P1 .
AWS A5.5M-06: E4910-P1 . SMAW celluk.)su: el_ectrode _for

vertical-down welding, pipe welding
Description

Cellulose electrode for vertical-down welding of high strength large diameter pipelines.
Especially recommended for hot passes, filler and cover layers. Highly economical compared

with conventional vertical-up welding. The BOHLER FOX CEL 70-

P provides a more intensive

arc and a more fluid weld metal as compared to the well known BOHLER FOX CEL 75.

Typical Composition of All-weld Metal

C Si Mn Ni
Wt-% 0.17 0.1 0.6 0.17

Mechanical Properties of All-weld Metal

() u
Yield strength Re N/mm? (MPa): 475 (= 420)
Tensile strength Rn N/mm? (MPa): 550 (500 - 640)
Elongation A (Lo = 5do) %: 23 (= 22)
Impact work ISO-V KV J +20 °C: 90

-20 °C: 70

-30 °C: 55 (= 47)

- 40 °C: 45

(*) u untreated, as-welded

Operating Data

e re-drying if necessary: o mm
1 ‘ not allowed 5.0
., electrode identification:

FOX CEL 70-P 7010-P1 E423 C

preheating and interpass temperature see Page 2-

Base Materials

L mm amps A
350  140- 210 +

47

S235JR, S275JR, S235J2G3, S275J2G3, S355J2G3, P235GH, P265GH, L210-L415NB,

L290MB — L415MB, P355T1, P235T2 - P355T2, P235G1TH, P25
API Spec. 5 L: Grade A, B, X42, X 46, X 52, X 56, X 60

Approvals and Certificates
TUV-D (11180.), CE
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Filler Metals for Pipeline Welding — SMAW Cellulosic Electrodes

Suszeame egssx,  BOHLER FOX CEL 75

AWS A5.5-06: E7010-P1 i

AWS A BM-06: E4910-P1 . SMAW celluk.)su: el_ectrode_for
vertical-down welding, pipe welding

Description

Cellulose electrode for vertical-down welding of high strength large diameter pipelines. Especially
recommended for hot passes, filler and cover layers. Highly economical compared with conventional
vertical-up welding. The penetrating arc characteristics and the low slag formation allow good bead con-
trol and ensure best performance in all positions even with the larger diameter electrodes and high
amperages. It can be used in sour gas applications (HIC-Test acc. NACE TM-02-84). Test values for
SSC-test are available too.

Typical Composition of All-weld Metal
C Si Mn

Wt-% 0.14 0.14 0.7

Mechanical Properties of All-weld Metal

) u

Yield strength R: N/mm? (MPa): 480 (= 420)
Tensile strength Rm N/mm? (MPa): 550 (510 - 610)
Elongation A (Lo = 5do) %: 23 (= 22)
Impact work ISO-V KV J +20 °C: 100 (= 85)
+0°C: 95
-20 °C: 85
-30 °C: 55 (= 47)
-40°C 45 (= 27)
(*) u untreated, as-welded
Operating Data
N re-drying: not allowed o mm L mm amps A
0 ‘ electrode identification: 3.2 350 80 - 130 =i
[ FOX CEL 75 7010-P1 E423 C 4.0 350 120 - 180
preheating and interpass temperature 5.0 350 160 -210  pojarity
see Page 2-47 negative

for root
pass

Base Materials

S235JR, S275JR, S235J2G3, S275J2G3, S355J2G3, P235GH, P265GH,

L210 - L415NB, L290MB - L415MB, P355T1, P235T2 - P355T2,

P235G1TH, P255G1TH

Root pass up to L480MB

API Spec. 5 L: Grade A, B, X 42, X 46, X 52, X 56, X 60, Root pass up to X 70

Approvals and Certificates
TUV-A (533)
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Filler Metals for Pipeline Welding — SMAW Cellulosic Electrodes
EN ISO 2560-A:2010: E 42 3 Mo C 25 °
EN ISO 2560-B:2010: E4910-1M3 A BOHLER FOX CEL Mo
AWS A5.5-06: E7010-A1 ¢
AWS A BM-06: E4910-A1 . SMAW celluk.)su: el_ectrode_for
vertical-down welding, pipe welding

Description

Cellulose electrode for vertical-down welding of high strength large diameter pipelines. Highly
economical compared with conventional vertical-up welding.

Especially recommended for hot passes, filler and cover layers. Besides the excellent weld
metal toughness properties it offers easy operation, and a concentrated intensive arc with deep
penetration characteristics in order to ensure sound joint welds with good X-ray quality.

It can be used in sour gas applications (HIC-Test acc. NACE TM-02-84). Test values for SSC-
test are available too.

Typical Composition of All-weld Metal

C Si Mn Mo
Wit-% 0.1 0.14 0.4 0.5

Mechanical Properties of All-weld Metal

*

u
Yield strength R: N/mm? (MPa): 480 (= 420)
Tensile strength Rm N/mm? (MPa): 550 (510 - 590)
Elongation A (Lo = 5do) %: 23 (= 22)
Impact work ISO-V KV J +20 °C: 100 (= 70)
+0°C: 95
-20 °C: 85
-30 °C: 50 (= 47)
-40 °C: 42
(*) u untreated, as-welded
Operating Data
e re-drying: not allowed o mm Lmm ampsA
1 ‘ electrode identification: 3.2 350 80 - 130 ='|_'
e FOX CEL Mo 7010-A1E423MoC 4.0 350 120-180
preheating and interpass temperature 5.0 350 160 - 210  polarity
see Page 2-47 negative

for root
pass

Base Materials

S235JR, S275JR, S235J2G3, S275J2G3, S355J2G3, P235GH, P265GH,

L210 - L415NB, L290MB - L415MB, P355T1, P235T2 - P355T2,

P235G1TH, P255G1TH

Root pass up to L555MB

API Spec. 5 L: Grade A, B, X 42, X 46, X 52, X 56, X 60, Root pass up to X 80

Approvals and Certificates
TUV-D (1325.), TUV-A (2), ABS (E 7010-A1), SEPROZ, VNIST(94.0 mm), CE
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ic Electrodes

Suszame £5emce BOHLER FOX CEL 80-P

AWS A5.5-06: E8010-P1 .
AWS A5.5M-06: E5510-P1 . SMAW celluk.)su: el_ectrode_for

vertical-down welding, pipe welding
Description

Cellulose electrode for vertical-down welding of high strength, larg

e diameter pipelines. Highly

economical compared with conventional vertical-up welding. Especially recommended for hot
pass, filler and cover layers. The BOHLER FOX CEL 80-P provides a more intensive arc and

a more fluid weld metal as compared to the well known BOHLER
Typical Composition of All-weld Metal

C Si Mn Ni
Wit-% 0.15 0.15 0.75 0.8

Mechanical Properties of All-weld Metal

") u
Yield strength Re N/mm? (MPa): 490 (= 460)
Tensile strength Rn N/mm? (MPa): 570 (530 - 680)
Elongation A (Lo = 5do) %: 23 (= 20)
Impact work ISO-V KV J +20 °C: 90 (= 80)

-20 °C: 80

-30 °C: 60 (= 47)

- 40 °C: 45

(*) u untreated, as-welded

Operating Data

e re-drying if necessary: o mm
1 ‘ not allowed 5.0
., electrode identification:

FOX CEL 80-P 8010-P1 E46 3 1Ni C

FOX CEL 85.

L mm amps A
350  140- 210 +

preheating and interpass temperature see Page 2-47

Base Materials
L415NB - L485NB, L415MB - L485MB
API Spec. 5 L: X 56, X 60, X 65, X 70

Approvals and Certificates
TUV-D (11181.), CE
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Filler Metals for Pipeline Welding — SMAW Cellulosic Electrodes
EN ISO 2560-A:2010: E 46 4 1Ni C 25 °
EN ISO 2560-B:2010: E5510-P1 AU BOHLER FOX CEL 85
AWS A5.5-06: E8010-P1 i
AWS A BM-06: E5510-P1 . SMAW celluk.)su: el_ectrode_for
vertical-down welding, pipe welding

Description

Cellulose electrode for vertical-down welding of high strength large diameter pipelines. Highly
economical compared with conventional vertical-up welding. .

Especially recommended for hot passes, filler and cover layers. Without doubt BOHLER FOX
CEL 85 is the most popular cellulosic electrode which meets all the exacting demands of the
field welding of cross country pipelines extremely well. It ensures highest joint weld quality
down to temperatures of -40 °C

It can be used in sour gas applications (HIC-Test acc. NACE TM-02-84). Test values for SSC-
test are available too.

Typical Composition of All-weld Metal
c Si Mn Ni
Wt-% 0.14 0.15 0.75 0.7

Mechanical Properties of All-weld Metal

) u
Yield strength R N/mm? (MPa): 490 (= 460)
Tensile strength Rm N/mm? (MPa): 570 (550 - 650)
Elongation A (Lo = 5do) %: 23 (= 20
Impact work ISO-V KV J +20 °C: 110 (= 80)
+0°C: 105
-20°C: 100
- 40 °C: 70 (= 47)

(*) u untreated, as-welded

Operating Data

e re-drying: not allowed o mm Lmm ampsA

1 ‘ electrode identification: 3.2 350 80-130 | =+

e FOX CEL 85 8010-P1 E 46 4 1Ni C 4.0 350 120-180
preheating and interpass temperature 5.0 350 160 - 210

see Page 2-47

Base Materials

L415NB - L485NB, L415MB - L485MB
API Spec. 5 L: X 56, X 60, X 65, X 70

Approvals and Certificates

TUV-D (1361.), TUV-A (3), ABS (E 8010-P1), GdF (X), SEPROZ,
GdFo 3.2;4.0;5.0 mm, PDO, CE
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Filler Metals for Pipeline Welding — SMAW Cellulosic Electrodes

BOHLER FOX CEL 90

EN ISO 2560-A:2010: E503 1Ni C 25
EN ISO 2560-B:2010: E5710-G A

AWS A5.5-06: E9010-P1
E9010-G

AWS A5.5M-06: E6210-P1
E6210-G

Description

SMAW cellulosic electrode for
vertical-down welding, pipe welding

Cellulose electrode for vertical-down welding of high strength large diameter pipelines. Highly
economical compared with conventional vertical-up welding.

Especially recommended for hot passes, filler and cover layers.

The special design of the coating and the core wire guarantees the highest metallurgical
quality & soundness of the weld metal deposit with excellent mechanical properties. The
electrode allows good weld pool visability, and easy manipulation in all positions, as well as
high safety margins against porosity and slag inclusions.

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.17 0.15 0.9

Ni
0.8

Mechanical Properties of All-weld Metal

*

Yield strength Re N/'mm? (MPa): 610
Tensile strength Rm N/mm? (MPa): 650
Elongation A (Lo = 5do) %: 21
Impact work ISO-V KV J +20 °C: 100
+0°C: 90
- 20 °C: 75
-30°C 65
-40°C 40
(*) u untreated, as-welded
Operating Data
Iing re-drying: not allowed
! ‘ electrode identification:
- - FOX CEL 90 9010-P1 E50 3 1Ni C

preheating and interpass temperature

see Page 2-47

Base Materials

L450MB, L485MB, L555MB
API Spec. 5 L: X 65, X 70, X 80

Approvals and Certificates

u

> 530)
620 - 720)
18)

80)

VvV

47)
27)

vV

o mm Lmm ampsA
4.0 350 120-180 | =+
5.0 350 160 - 210

TUV-D (1324.), TUV-A (4), GdF (X), Statoil, SEPROZ, GdF o 3.2; 4.0; 5.0 mm; VNIIST, CE
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

Suszame teswes  BOHLER FOX BVD 85

AWS A5.5-06: Egg?g:gz SMAW basic electrode for

AWS A5.5M-06: E5545-P2 vertical-down welding, pipe welding
E5518-G

Description

Basic electrodes for vertical-down welds of large diameter pipelines and for structural work.
Suitable for filler and cover pass welding in pipeline construction. Deposit is extremely crack resi-
stant, and features high toughness and a very low hydrogen content. Deposition rate is 80-
100 % higher than for vertical up welding. The weld deposit of BOHLER FOX BVD 85 shows an
ideal combination between high strength and cryogenic toughness down to -50 °C (-58 °F).
Special design and development work has enabled this electrode to provide exceptional striking
characteristics and the avoidance of start porosity on cover (cap) passes. Due to this and the
good welding characteristics this special basic electrode offers easy handling even under field
conditions.

It can be used in sour gas applications (HIC-Test acc. NACE TM-02-84). Test values for SSC-
test are available too.

Typical Composition of All-weld Metal
c Si Mn Ni
Wt-% 0.05 0.4 1.1 0.9

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): 510 (= 460)
Tensile strength Rn N/mm? (MPa): 560 (550 - 650)
Elongation A (Lo = 5do) %: 27 (=
Impact work ISO-V KV J +20 °C: 170  (=130)

+0°C: 150

-20°C: 120

- 40 °C: 85 (= 60)

- 50 °C: 65 (= 47)

(*) u untreated, as-welded

Operating Data

- re-drying if necessary: o mm Lmm ampsA
‘ 300 - 350 °C, min. 2 h 3.2 350 110 - 160

- = electrode identification: 4.0 350 180 - 210
FOX BVD 85 8045-P2 E 46 5 1Ni B 4.5 350 200 - 240

Recommended interpass temperature > 80 °C

Base Materials

S235J2G3 - S355J2G3, L290NB - L450NB, L290MB - L450MB,
P235GH - P295GH
API Spec. 5 L: A, B, X 42, X46, X 52, X 56, X 60, X 65

Approvals and Certificates
TUV-D (03531.), GdF, SEPROZ, CE
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

Engiger Egesznies  BOHLER FOX BVD 90

AWS AB.5M-06: Egg?ggz (mod.) SMAW basic electrode for
' ’ E6245-P2 (mod.) vertical-down welding, pipe welding
Description

Basic electrodes for vertical-down welds of large diameter pipelines and for structural work.
Suitable for filler and cover pass welding in pipeline construction. Deposit is extremely crack
resistant, and features high toughness and a very low hydrogen content. Special design and
development work has enabled this electrode to provide exceptional striking characteristics and
the avoidance of start porosity on cover (cap) passes. Due to this and the good welding charac-
teristics this special basic electrode offers easy handling even under field conditions. Deposition
rate is 80-100 % higher than for vertical up welding.

Typical Composition of All-weld Metal
c Si Mn Ni
Wit-% 0.05 0.3 1.2 2.2

Mechanical Properties of All-weld Metal

*

u
Yield strength R. N/mm? (MPa): 600 (= 550)
Tensile strength Rm N/mm? (MPa): 650 (620 - 720)
Elongation A (Lo = 5do) %: 27 (= 20)
Impact work ISO-V KV J +20 °C: 170 (=120)
+0°C: 145
-20°C: 130
- 40 °C: 110
-50 °C: 80 (= 47)

(*) u untreated, as-welded

Operating Data

- re-drying if necessary: o mm Lmm ampsA

‘ 300 - 350 °C, min. 2 h 3.2 350 110-160 | ==
== electrode identification: 4.0 350 180 - 210
FOX BVD 90 9018-GE555Z2NiB 45 350 200 - 240

Recommended interpass temperature > 90 °C
Base Materials

L485MB, L555MB
API Spec. 5 L: X 70, X 80

Approvals and Certificates
TUV-D (03402.), GdF (X), Statoil, GdF o 3.2; 4.0; 5.0 mm, SEPROZ, NAKS, CE
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

Engsieer Egesznies  BOHLER FOX BVD 100

AWS AB.5M-06: Eég?gsepz (mod.) SMAW basic electrode for
' ’ E6945-P2 (mod.) vertical-down welding, pipe welding
Description

Basic electrodes for vertical-down welds of large diameter pipelines and for structural work.
Suitable for filler and cover pass welding in pipeline construction. Deposit is extremely crack
resistant, and features high toughness and a very low hydrogen content. Special design and
development work has enabled this electrode to provide exceptional striking characteristics and
the avoidance of start porosity on cover (cap) passes. Due to this and the good welding
characteristics this special basic electrode offers easy handling even under field conditions.
Deposition rate is 80-100 % higher than for vertical up welding.

Typical Composition of All-weld Metal

C Si Mn Ni
Wit-% 0.07 0.4 1.2 23

Mechanical Properties of All-weld Metal

() u
Yield strength Re N/'mm? (MPa): 670 (= 620)
Tensile strength Rn N/mm? (MPa): 730 (690 - 810)
Elongation A (Lo = 5do) %: 24 (= 18
Impact work ISO-V KV J +20 °C: 150 (= 110)
+0°C: 125
-20°C: 120
- 50 °C: 70 (= 47)

(*) u untreated, as-welded

Operating Data

- - re-drying if necessary: o mm Lmm ampsA
‘ 300 - 350 °C, min. 2 h 4.0 350 180-210 | =<
- electrode identification: 4.5 350 200 - 240

FOX BVD 100 10018-G E 62 5 Z2Ni B
Recommended interpass temperature > 100 °C

Base Materials
L555MB
API Spec. 5 L: X 80

Approvals and Certificates
TUV-D (06333.), SEPROZ, VNIIST, CE
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

S Emshewess BOHLER FOX BVD 110
AWS AS5.5M-06: E7618-G SMAW basic electrode for
vertical-down welding, pipe welding

Description

Basic electrodes for vertical-down welds of large diameter pipelines and for structural work.
Suitable for filler and cover pass welding in pipeline construction. Deposit is extremely crack resi-
stant, and features high toughness and a very low hydrogen content. Deposition rate is 80-
100 % higher than for vertical up welding. This electrode has become optimised for best striking
properties and for avoiding start porosity in the cap layer. With its excellent welding
properties the electrode offers easy handling also under difficult conditions.

Typical Composition of All-weld Metal

C Si Mn Ni Mo
Wt-% 0.07 0.4 1.5 2.2 0.4
Mechanical Properties of All-weld Metal
) u

Yield strength R: N/mm? (MPa): 720 (= 690)
Tensile strength Rn N/mm? (MPa): 810 (= 760)
Elongation A (Lo = 5do) %: 20 (= 17)
Impact work ISO-V KV J +20 °C: 90 (= 80)
-20°C: 70 (= 50)
-40°C 50 (= 40)

(*) u untreated, as-welded

Operating Data

e re-drying if necessary: o mm Lmm ampsA
‘ 300 - 350 °C, min. 2 h 4.0 350  180-210 | =+
- electrode identification: 4.5 350 200-240

FOX BVD 110 11018-G E 69 3 Mn2NiMo B
Recommended interpass temperature > 110 °C
Base Materials

L690*
API Spec. 5 L: X100*
* not standardised yet

Approvals and Certificates
SEPROZ
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

RN As 508 Etsorear 0B BOHLER
AWS A5.5M-06: E8318-G FOX BVD 120

SMAW basic electrode for
vertical-down welding, pipe welding

Description

Basic electrodes for vertical-down welds of large diameter pipelines and for structural work.
Suitable for filler and cover pass welding in pipeline construction. Deposit is extremely crack
resistant, and features high toughness and a very low hydrogen content. Deposition rate is 80-
100 % higher than for vertical up welding.

This electrode is optimised for best striking properties and for avoiding start porosity in the cap
layer. With its excellent welding properties the electrode offers easy handling also under diffi-
cult conditions.

Typical Composition of All-weld Metal

C Si Mn Ni Mo
Wt-% 0.07 0.4 1.85 2.25 0.35

Mechanical Properties of All-weld Metal

) u

Yield strength R: N/mm? (MPa): 815 (= 740)

Tensile strength Rm N/mm? (MPa): 870 (= 830)

Elongation A (Lo=5do) %: 18 (=17)

Impact work 1SO-V KV J +20 °C: 80 (=80)
-20 °C 60 (= 50)
-40 °C 50 (= 40)

(*) u untreated, as-welded

Operating Data

- re-drying if necessary o mm Lmm ampsA
‘ 300-350 °C, min. 2 h 3.2 350 110-160 +
- electrode identification: 4.0 350 180-220

FOX BVD 120 12018-G E 69 3 Mn2NiMo B
Recommended interpass temperature >120 °C

Base Materials

0"

EN:
API Spec. 5 L: X100", X110" " not standardised yet
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

EN 150 226082010 Eatiera. > BOHLER FOX EV PIPE

AWS A5.1-04: E7016-1H4R .

AWS A5.1M-04: E4916-1H4R _ SMAW basic electrode for
vertical-up welding, pipe welding

Description

BOHLER FOX EV PIPE is a basic electrode with some additions of rutile and silicates. It is
excellent suited for positional welding of root passes using D.C. negative polarity as well as for
filler and cover passes of pipes, tubes and plates on D.C. positive polarity, or even AC.

Itis user friendly and provides a good gap bridging ability together with easy slag removal to
ensure minimum grinding. Weld metal toughness is available down to -46 °C; very low hydro-
gen content (HD < 5 ml/100 g). BOHLER FOX EV PIPE offers considerable time savings
against AWS E 7018 type electrodes when welding root passes due to increased travel speeds.
Also the use of dia. 3.2 mm is possible for root passes in case of wall thicknesses of 8 mm and
more.

Typical Composition of All-weld Metal

C Si Mn
Wit-% 0.06 0.6 0.9

Mechanical Properties of All-weld Metal

") u
Yield strength R: N/mm? (MPa): 470 (= 420)
Tensile strength Rm N/mm? (MPa): 560 (520 - 640)
Elongation A (Lo = 5do) %: 29 (= 22)
Impact work ISO-V KV J +20 °C: 170 (=120)

-20°C: 100

- 40 °C: 60 (= 47)

- 46 °C: 55 (= 27)

(*) u untreated, as-welded

Operating Data

—= re-drying if necessary: ogmm Lmm amps A T+
T 300 - 350 °C, min. 2 h 2.0 300 30- 60 —_—

— electrode identification: 2.5 300 40 - 90 ny
— FOX EV PIPE 7016-1E 424 B 3.2 350 60 - 130 polarity
4.0 350 110 - 180 negative

Preheated and interpass temperatures as required by the base material. The optimum for root
gap width for root passes is 2 - 3 mm, the root face should be in the range 2 - 2.5 mm. pass
The electrodes are ready for use straight from the hermetically sealed tins.

Base Materials

EN P235GH, P265GH, P295GH, P235T1, P275T1, P235G2TH, P255G1TH,
S255N - S420N", S255NL1 up to S420NL1, L290NB up to L360NB, L290MB
up to L415MB, L450MB? up to L555MB?

API Spec. 5L: A, B, X 42, X46, X52, X56, X60, X65-X80?

ASTM A53 Gr. A-B, A106 Gr. A-C, A179, A192, A210 Gr. A-1

" stress relieved up to S380N / S380NL1

2 only for root pass

Approvals and Certificates
TUOV-D (7620.), LTSS, SEPROZ, VNIIST, VNIIGAZ, CE, DB (10.014.77)
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

EN ISO 2560-A:2010: E 504 1NiB 12 H5
EN ISO 2560-B:2010: E5516-G AH5

BOHLER
AWS A5.5-06: E8016-GH4R FOX EV 60 PIPE

AWS A5.5M-06: E5516-GH4R
SMAW basic electrode for

vertical-up welding, pipe welding
Description

Basic electrode excellent suited for positional welding of root passes using D.C. negative pola-
rity as well as for filler and cover passes for pipes, tubes and plates on D.C. positive polarity,
or even A.C. The electrode offers considerable time savings against AWS E 8018 type electro-
des when welding root passes due to increased travel speeds. Good impact properties down
to -40 °C, low hydrogen content (HD < 5 ml/100 g), as well as packaging in hermetically
sealed tins are further features for the user. BOHLER FOX EV 60 PIPE offers considerable time
savings against AWS E 8018 type electrodes when welding root passes due to increased
travel speeds. Also the use of dia. 3.2 mm is possible for root passes in case of wall thick-
nesses of 8 mm and more.

Typical Composition of All-weld Metal

C Si Mn Ni
Wt-% 0.07 0.6 1.2 0.9
Mechanical Properties of All-weld Metal
) u

Yield strength R: N/mm? (MPa): 550 (= 500)
Tensile strength Rm N/mm? (MPa): 590 (560 - 720)
Elongation A (Lo = 5do) %: 29 (= 22)
Impact work ISO-V KV J +20 °C: 170 (= 130)
0°C: 150

-20 °C: 140

-40 °C: 110  (=47)

-46 °C: 60

(*) u untreated, as-welded

Operating Data

— | re-drying if necessary: oemm L mm amps A ﬁ

T 300 - 350 °C, min. 2 h 25 300 40- 90 ==
. | electrode identification: 3.2 350 60 - 130 ~ny

— FOXEV60PIPE8016-GE504 1NiB 4.0 350 110 - 180 polarity

5.0 450 180 - 230 negative

Preheated and interpass temperatures as required by the base material. for root

The optimum gap width for root passes is 2-3 mm, the root face should be in the range pass
2-2.5 mm. The electrodes are ready for use straight from the hermetically sealed tins.

Base Materials

EN: S$235J2G3 - S355J2G3, L210NB - L450NB, L210MB - L450MB, P235GH -
P295GH, E295, E335, S355J2G3, C35-C45, P310GH, S380N - S460N,
P380NH-P460NH, S380NL - S460NL, S380NL1 - S460NL2, GE260-GE300

API Spec. 5 L: X42, X46, X52, X56, X60, X65
ASTM A516 Gr. 65, A572 Gr. 55, 60, 65, A633 Gr. E, A612, A618 Gr. |, A537 Gr. 1-3

Approvals and Certificates
VNIIGAZ
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Filler Metals for Pipeline Welding — SMAW Basic Electrodes

EN 757:1997: E554ZMn2NiMoB12H5
AWS A5.5-06: E9016-GH4R

BOHLER
AWS A5.5M-06: E6216-GH4R FOX EV 70 PIPE

SMAW basic electrode for
vertical-up welding, pipe welding

Description

BOHLER FOX EV 70 PIPE is a high strength basic electrode. It is excellent suited for positio-
nal welding of root passes using D.C. negative polarity as well as for filler and cover passes of
pipes, tubes and plates on D.C. positive polarity, or even A.C.

BOHLER FOX EV 70 PIPE offers considerable time savings against AWS E 9018 type elec-
trodes when welding root passes due to increased travel speeds. Also the use of dia. 3.2 mm
is possible for root passes in case of wall thicknesses of 8 mm and more.

It is user friendly and provides a good gap bridging ability together with easy slag removal to
ensure minimum grinding. Good impact properties down to -40 °C, low hydrogen content
(HD <5 mI/100 g), as well as packaging in hermetically sealed tins are further features for the
user.

Typical Composition of All-weld Metal

C Si Mn Ni Mo
Wit-% 0.06 0.50 1.7 2.2 0.3

Mechanical Properties of All-weld Metal

@) u
Yield strength R: N/mm? (MPa): 620 (= 550)
Tensile strength Rm N/mm? (MPa): 680 (630 - 780)
Elongation A (Lo = 5do) %: 20 (=
Impact work ISO-V KV J +20 °C: 140 (= 90)
-20 °C: 80
-40 °C: 70 (= 47)
-46 °C: 55

u untreated, as-welded

Operating Data

re-drying: 300-350 °C, min. 2 h o mm Lmm ampsA 7+

T electrode identification: 25 300 40- 90 |=X
— FOX EV 70 PIPE 9016-G 3.2 350 60-130 | Ny
4.0 350 110 - 180 -

Preheat and interpass temperature as required by the base material. The optimum polarity

gap width for root passes is 2-3 mm, the root face should be in the range 2-2.5 mm. ~ negative
The electrodes are ready for use straight from the hermetically sealed tins.

Base Materials
EN: L450MB, L485MB, L555MB
API Spec. 5 L: X 65, X 70, X 80

Approvals and Certificates
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Filler Metals for Pipeline Welding — GMAW Solid Wires

EN ISO 14341-A:2008: G3Si1 (Wire) e _

EN ISO 14341-A'2008: G 46 5 M G3Si1 BOHLER SG 3-P
G 42 4 C G3Sit o

EN ISO 14341-B:2008: G 55A 5U M G6 GMAW solid wire for
G 49A 4U C G6 automatic pipe welding

AWS A5.18-05: ER70S-G

AWS A5.18M-05: ER485S-G

Description

BOHLER SG 3-P is a micro alloyed GMAW solid wire designed for high quality automatic
welding of pipelines. An optimum balanced alloying concept ensures good weld metal
properties to fulfil the high requirements in the On-Offshore-Pipeline Industry. Deposit is
extremely crack resistant and the weld metal toughness is available down to -50 °C.

The very important quality aspects, prerequisite for uninterrupted feedability of the solid wire
e.g. helix of the wire, copper coating, close wire diameter tolerance and precision layer wound
spooling are taken into account during the production.

Typical Composition of Solid Wire
c Si Mn Ti
Wt-% 0.05 0.75 1.55 +

Mechanical Properties of All-weld Metal

*) u ut

Yield strength R. N/mm? (MPa): 510 (= 470) 470 (= 440)

Tensile strength Rm N/mm? (MPa): 640 (600 - 680) 610 (570 - 640)

Elongation A (Lo = 5do) %: 25 (= 24) 26 (= 25)

Impact work ISO-V KV J +20 °C: 120 (= 100) 100 (= 95)
-40 °C: 75 (= 65) 60 (= 47)
-50 °C: 55 (= 47)

(*) u untreated, as-welded - shielding gas Ar + 15 - 25 % CO:
ul untreated, as-welded - shielding gas 100 % CO:

Operating Data

— shielding gases: o mm
t 1 Argon + 15 - 25 % CO: 0.9 =+
— 100 % CO: 1.0

Preheating and interpass temperature 1.2

as required by the base metal.
Base Materials

EN L290MB - L485MB
API Spez. 5L: X42, X46, X52, X56, X60, X65

Approvals and Certificates
TUV-D (07682.), NAKS, CE
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Filler Metals for Pipeline Welding — GMAW Solid Wires

EN ISO 14341-A:2008: G3Nit A

EN ISO 14341-A:2008: G 42 5 M G3Nit BOHLER SG 8'P
EN ISO 14341-B:2008: G 49A 5U M GO L
AWS A5.28-05: ER80S-G GMAW solid wire for
AWS A5.28M-05: ER55S-G automatic pipe welding
Description

GMAW wire micro alloyed, designed for high quality automatic welding of pipelines. An
optimum balanced alloying concept ensures good weld metal properties to fulfil the high
requirements in the on-offshore pipeline industry. The deposit is extremely crack resistant and
the weld metal offers high impact values down to -50 °C.

Typical Composition of Solid Wire
c Si Mn Ni
Wt-% 0.06 0.70 1.50 0.90 +

Mechanical Properties of All-weld Metal

* u ul
Yield strength R. N/mm? (MPa): 500 (> 420) 470 (> 420)
Tensile strength Rm N/mm? (MPa): 590 (>550) 560 (>500)
Elongation A (Lo = 5do) %: 24 (> 20) 25 (> 20)
Impact work ISO-V KV J +20 °C: 150 (= 47) 110

-50 °C: 80 45

(*) u untreated, as-welded shielding gas: Ar +15-25 % CO2z
ut untreated, as-welded shielding gas: 100 % CO:z

Operating Data

— Shielding gases o mm
T 1 Argon +15-25 % CO2 0.9 -
— Argon +0-5 % CO2 +3-10 % O2 1.0

100 % CO2 1.2

Preheating and interpass temperature as required by the base metal.

Base Materials

API5L: X 42 -X70
EN 10208-2: L290MB — L485MB
DIN 17172:  StE290TM up to StE480.7TM

Approvals and Certificates
DNV
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Filler Metals for Pipeline Welding — GMAW Solid Wires

SIS IEHA Sttt BOHLER NiMo 1-1G

G 55 4 C Mn3Ni1Mo
EN ISO 16834-B: G 59A 6M 3M1

G 59A 4C 3M1
AWS A5.28-05: ER90S-G
AWS A5.28M-05: ER62S-G

Description

GMAW solid wire for

automatic pipe welding

Copper coated GMAW wire for high strength, quenched and tempered fine-grained construc-
tional steels. The wire is suited for joint welding in boiler, pressure vessel, pipeline, and crane
construction as well as in structural steel engineering. The typical composition of the wire
fulfils the requirements of the NORSOK-regulation for ,water injection systems®.

Due to the precise addition of micro alloying elements NiMo1-1G wire features excellent ductility
and crack resistance in spite of its high strength. Good cryogenic impact energy down to -60 °C,
low hydrogen contents in the deposit, best feedability and low copper contents are other

advantages of this wire.

Typical Composition of Solid Wire

C Si Mn Mo Ni
Wit-% 0.08 0.6 1.8 0.3 0.9

Mechanical Properties of All-weld Metal

*

u
Yield strength R: N/mm? (MPa): 620 (= 550)
Tensile strength Rm N/mm? (MPa): 700 (650 - 800)
Elongation A (Lo = 5do) %: 23 (= 20)
Impact work ISO-V KV J +20 °C: 140 (= 120)

- 40 °C: 110 (= 90)

- 60 °C (= 47)

(*) u untreated, as-welded - shielding gas Ar + 15 - 25 % CO:
u1 untreated, as-welded - shielding gas 100 % CO:-

Operating Data

— | shielding gases: o mm

t 1 Argon + 15 - 25 % CO: 09

—' Argon + 0.5 % CO: + 3-10 % O: 1.0
100 % CO:

ui
590 (= 550)
680 (620 - 770)
22 (= 20)
120 (= 100)

(= 47)

Preheating and interpass temperature as required by the base metal.

Base Materials
pipe steels and fine-grained steels

S460N - S500N, S460NL - S500NL, S500NC - S550NC, L480MB, L555MB

quenched and tempered fine-grained steels
e. g. N-A-XTRA 56-70, BHV 70, PAS 700, HSM 700, 20MnMoNi5-5
API Spec. 5L: X 70, X 80

Approvals and Certificates
DB (42.014.06), OBB, GL (4Y55S), SEPROZ, CE
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Filler Metals for Pipeline Welding — GMAW Flux Cored Wires

EN ISO -A:2006: T 554 MniNiPM 1 H A
NS I an TSI LS, __ BOHLER
5.29-10: 91T1-K2| -

AWS A5.29M-10: E621T1-K2MJH4 Ti70 Plpe FD

GMAW flux cored wire,
for automatic pipeline welding, rutile type

Description

Tubular rutile micro alloyed flux cored wire for single or multipass welding of carbon-mangane-
se steels and high strength steels with Ar-CO: shielding gas. Main features: excellent weldabi-
lity in all positions, excellent bead appearance, no spatter; fast freezing and easy removeable
slag. The exceptional mechanical properties of this wire even at the low temperature (-40 °C)
as well as the low content of diffusible hydrogen make it especially suitable for pipeline appli-
cations.

Further applications are to be seen in the off-shore industry, ship building and structures built
with high strength steels.

Typical Composition of All-weld Metal

C Si Mn Ni
Wt-% 0.07 0.4 1.5 1.0

Mechanical Properties of All-weld Metal

™) u (acc. to EN 1SO) u (acc. to AWS)
Yield strength Re N/'mm? (MPa): =550 =540
Tensile strength Rn N/mm? (MPa): 640 - 820 620 - 760
Elongation A (Lo = 5do) %: =18 =17
Impact work ISO-V KV J - 30 °C: =27

- 40 °C: =47

(*) u untreated, as-welded — shielding gas Ar + 18 - 25 % CO:

Operating Data

- re-drying: omm amps A voltage V
f 4 possible, 150 °C /24 h 1.2  180-280 22-30 =+
- but in general not necessary

shielding gases:
Ar +15-25 % CO:
14 - 20 /min

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °),
slight weaving is recommended for positional welding; when using 100 % CO: as shielding gas
it is necessary to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min.

Base Materials

pipe steels and fine-grained steels

S460 — S500N, S460NL — S500NL, S500NC — S550NC, L450MB — L485MB (L555MB)

API Spec: 5L: X65 X70 (X80)

Approvals and Certificates

TUV-D (11109.), CE
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Product Information

2.4. Filler Metals for Weather-resistant,
High-strength and Cryogenic Steels

¢ Obijectives
This section provides detailed product information for filler metals that may
be used to weld weather-resistant, high-tensile and cryogenic steels.
Weather-resistant steels are used in all areas of structural steel engineering
and light-gauge steel construction, amongst other things for overhead wire
and overhead trolley wire masts, in the form of rod and sectional steel, light-
gauge sheets and heavy plates. Due to their excellent strength properties
they may also be used for higher operating temperatures (over 400 °C)
although in this case the proof stress decreases considerably.
High-tensile steels may be used down to very low temperatures in structural
steel engineering and plant construction, the construction of vehicles,
wagons and agricultural machinery for welded structures subject to high
static and dynamic loads. The cryogenic qualities and special qualities of
steel may be used down to -60 °C without fear of brittle fracture. Generally
speaking it should be noted that increased care must be taken during fabri-
cation and a structural design suitable for welding and withstanding stress is
an essential prerequisite since the minimum values of the yield stress rise as
the wall thickness increases.
Cryogenic steels are intended for components subject to static and dynamic
loads at operating temperatures below -40 °C in gas liquefaction plants in the
processing of mineral oil, for fractionated distillation of hydrocarbons, for the
transport of liquefied natural gas and in air liquefaction plants. Consult the
building regulations for pressurised vessels with regard to special applicati-
ons.

¢ Contents
OVERVIEW ..ottt 73
SMAW COVERED ELECTRODES .......coiieiiiitiiieieiseeie e 76
GTAW RODS
GMAW SOLID WIRES .................. .92

SAW WIRE/FLUX-COMBINATIONS .
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High Strength/Cryogenic Filler Metals

® Overview — Classifications
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Bohler EN/EN ISO AWS
SMAW covered electrodes
FOX NiCuCr 2560- E 46 4 ZNiCrCu B 42 H5 A5.5-06: E8018-W2H4R
FOX EV 60 2560- E 46 6 1Ni B 42 H5 A5.5-06: E8018-C3H4R
FOX EV 63 2560-A: E 504 B 42 H5 A5.5-06: E8018-GH4R
FOX EV 65 757: E 556 1NiMo B 42 H5  A5.5-06: E8018-GH4R
E8018-D1H4R (mod.)
FOX EV 70 757: E 556 1NiMo B42H5  A5.5-06: E9018-GH4R
E9018-D1H4R (mod.)
FOX EV 70 Mo 757: E 55 3 MnMo B T 42 H10 A5.5-06: E9018-G
E9018-D1 (mod.)
FOX NiMo 100 757: E 62 4 Mn1NiMoB 42 H5 A5.5-06: E10018-G
E10018-D2 (mod.)
FOX EV 75 757: E 62 6 Mn2NiCrMo B42 H5  A5.5-06: E10018-GH4R
E10018-MH4R (mod.)
FOX EV 85 757: E 69 6 Mn2NiCrMo B42 H5  A5.5-06: E11018-GH4R
E11018-MH4R (mod.)
FOX EV 85 M - A5.5-06: E11018-MH4R
FOX EV 100 757: E 89 4 Mn2Ni1CrMo B42 H5  A5.5-06: E12018G
FOX 2.5 Ni 2560-A: E 46 8 2Ni B 42 H5 A5.5-06: E8018-C1H4R
GTAW rods
DMO-IG 636-A: W 46 3 W2Mo A5.28-05: ER80S-G
ER70S-A1
Ni 1-IG 636-A: W 46 5 W3Ni1 A5.28-05: ER80S-Ni1 (mod.)
NiMo 1-IG 16834-A: W 55 6 Mn3Ni1Mo A5.28-05 ER90S-G
NiCrMo 2.5-1G 16834-A: W 69 6 Mn3Ni2.5CrMo  A5.28-05 ER110S-G
2.5 Ni-IG 636-A: W 46 8 W2Ni2 A5.28-05: ER80S-Ni2
GMAW solid wires
NiCu 1-1G 14341-A: G 424 M GO 75.28-05: ER80S-G
G424CGO
SG 8-P 14341-A: G 42 5 M G3Nit A5.28-05: ER80S-G
NiMo 1-IG 16834-A: G 55 6 M Mn3Ni1Mo A5.28-05: ER90S-G
G 55 4 C Mn3Ni1Mo
NiCrMo 2.5-1G 16834-A: G 69 6 M Mn3Ni2.5CrMo  A5.28-05: ER110S-G
G 69 4 C Mn3Ni2.5CrMo
X 70-IG 16834-A: G 695 M Mn3Ni1CrMo  A5.28-05: ER110S-G
X 90-1G 16834-A: G 89 6 M Mn4Ni2CrMo ~ A5.28-05: ER120S-G
2.5 Ni-IG 14341-A: G 46 8 M G2 Ni2 A5.28-05: ER80S-Ni2
G 46 6 C G2 Ni2
SAW wire/flux-combinations
3 NiMo 1-UP 756: S 3NiTMo A5.23-07: EF3 (mod.)
3 NiMo 1-UP/BB24  756: S50 4 FB S3Ni1Mo A5.23-07: F9A4-EF3 (mod.)-F
F62A4-EF3 (mod.)-F3
3 NiCrMo 2.5-UP 756: S 3Ni2.5CrMo A5.23-07: EM4 (mod.)
3 NiCrMo 2.5-UP/BB 24 S 69 6 FB S 3Ni2.5CrMo  A5.23-07: F11A8-EM4 (mod.)-M4
F76A6-EM4 (mod.)-M4
Ni 2-UP 756: S 2Ni2 A5.23-07: ENi2
Ni 2-UP/BB 24 756: S 46 6 FB S2Ni2 A5.23-07: F8A8-ENi2-Ni2
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High Strength/Cryogenic Filler Metals

@ Overview — Typical Chemical Composition

Bohler C Si Mn | Cr Ni Mo v Cu
SMAW covered electrodes
FOX NiCuCr 0.05 0.4 0.7 0.6 0.6 0.45
FOX EV 60 0.07 0.4 1.15 0.9
FOX EV 63 0.08 0.7 1.7
FOX EV 65 0.06 0.3 1.2 0.8 0.35
FOX EV 70 0.04 0.3 12 0.9 0.4
FOX EV 70 Mo 0.06 0.4 16 0.5
FOX NiMo 100 0.11 025 | 1.85 095 | 04
FOX EV 75 0.05 0.4 16 0.4 20 0.4
FOX EV 85 0.05 0.4 1.7 0.4 2.0 0.5
FOX EV 85 M 0.05 0.2 15 035 | 22 0.35
FOX EV 100 0.06 035 | 1.8 0.7 2.5 0.5 0.07
FOX 2.5 Ni 0.04 0.3 0.8 24
GTAW rods
DMO-IG 0.1 0.6 12 0.5
Ni 1-IG 0.07 0.7 1.4 0.9
0 1-1G 0.08 0.6 1.8 0.9 0.3
NiCrMo 2.5-1G 0.08 0.6 1.4 0.3 25 0.4
2.5 Ni-IG 0.08 0.6 1.0 25
GMAW solid wires
NiCu 1-1G 0.1 0.5 11 0.9 0.4
SG 8-P 0.06 0.7 15 0.9 Ti+
NiMo 1-IG 0.08 0.6 1.8 0.9 0.3
NiCrMo 2.5-1G 0.08 0.6 1.4 0.30 25 0.4
X 70-IG 0.1 0.6 1.6 025 | 13 025 | 0.1
X 90-IG 0.1 0.8 1.8 035 | 225 | 06
2.5 Ni-IG 0.08 0.6 1.0 25
SAW wire/flux-combinations
3 NiMo 1-UP 0.13 015 | 1.7 095 | 055
3 NiMo 1-UP/BB24 0.09 0.25 | 1.65 0.90 | 0.50
3 NiCrMo 2.5-UP 0.12 015 | 15 0.6 2.3 0.55
3 NiCrMo 2.5-UP/BB 24 | 0.06 0.3 15 050 | 22 0.50
Ni 2-UP 0.10 0.12 1.05 23
Ni 2-UP/BB 24 0.07 0.25 11 22
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

Sl e oy e BOHLER

AWS A5.5.06: E8018-W2H4R FOX NiCuCr

AWS A5.5M-06: E5518-W2H4R
SMAW basic electrode, low-alloyed,
weather resistant
Description

NiCuCr alloyed basic electrode for welding weathering resistant constructional steels such as
CORTEN, PANTINAX, CORALDUR and KORRALPIN. Excellent mechanical properties, and
high crack resistance even when subjected to restraint.

Metal recovery approx. 115 %. Easily weldable in all positions except vertical-down. Very low
hydrogen contents (according AWS condition HD < 4 ml/100 g weld metal).

Typical Composition of All-weld Metal

C Si Mn Cr Ni Cu
Wt-% 0.05 0.4 0.7 0.6 0.6 0.45

Mechanical Properties of All-weld Metal

* u S
Yield strength R: N/mm? (MPa): 520 (= 460) 500 (= 410)
Tensile strength Rm N/mm? (MPa): 570 (530 - 680) 550 (490 - 610)
Elongation A (Lo = 5do) %: 27 (= 25) 27 (= 26)
Impact work ISO-V KV J +20 °C: 200 (=140) 190 (= 118)
-30 °C: 150 (=110)
-40 °C: 130 (= 90)
(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air
Operating Data
[— ] re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 350 80-110 |=+4
— electrode identifikation: 3.2 350 130 - 150
FOX NiCuCr 8018-W2 E464Z B 4.0 450 150 - 190

Base Materials

weather-resistant constructional steels
S235JR, S235JRW, S355JRW, S355J2G3 Cu
ASTM A36, A283 Gr. B, C

Approvals and Certificates
RMR (3 YHH)

Similar-alloy Filler Metals
GMAW solid wire: NiCu 1-1G
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

Susszame teonetls  BOHLER FOX EV 60

AWS A5.5-06: E8018-C3H4R P -

AWS AB.EM-06: E5518-03H4R SMAW basic electrode, .Iow alloyed,
high strength

Description

Basic Ni-alloyed electrode with excellent mechanical properties, particularly high toughness
and crack resistance. For higher strength fine-grained constructional steels.

Suitable for service temperatures at -60 °C to + 350 °C. Very good impact strength in aged
condition. Metal recovery about 115 %. Easily weldable in all positions except vertical-down.
Very low hydrogen content (according AWS condition HD < 4 ml/100 g weld metal).

Typical Composition of All-weld Metal
c Si Mn Ni
Wt-% 0.07 0.4 1.15 0.9

Mechanical Properties of All-weld Metal

*) u s
Yield strength R: N/mm? (MPa): 510 (= 470) 480 (= 460)
Tensile strength Rm N/mm? (MPa): 610 (580 - 680) 580 (560 - 680)
Elongation A (Lo = 5do) %: 27 (= 24) 27 (= 23)
Impact work ISO-V KV J +20 °C: 180 (=130) 160 (=120)
- 60 °C: 110 (= 65)
(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air
Operating Data
re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 350 80-100 |=+
— electrode identifikation: 3.2 350 110 - 140
FOX EV 60 8018-C3 E 46 6 1Ni B 4.0 450 140 - 180
5.0 450 190 - 230

Base Materials
constructional steels, pipe- and vessel steels, cryogenic fine-grained steels and special grades

E295, E335, S355J2G3, C35-C45, L210 - L450NB, L245MB - L450MB, P310GH, P355 NL1 -
P460NL1, P355NL2 - P460NL2, S380N - S460N, P355NH-P460NH, S380NL - S460NL,
S380NL1, GE260-GE300

ASTM A516 Gr. 65, A572 Gr. 55, 60, 65, A633 Gr. E, A612, A618 Gr. |, A537 Gr. 1-3.
Approvals and Certificates

TOV-D (1524.), TUV-A (275), DNV (3 YHH), RMR (3 YHH), Statoil, LTSS, SEPROZ,
CRS (3YH5), CE
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

Suszeame toisgs BOHLER FOX EV 63

AWS A5.5-06: E8018-GH4R : -

AWS A BM-06: E5518.GH4R SMAW basic electrode, .Iow alloyed,
high strength

Description

Basic electrode for carbon and low-alloy steels of higher strength with carbon contents up to
0.6 %. Also suitable for rail joint welding.

Ductile and crack resistant weld metal. Metal recovery approx. 115 %. Weldable in all positions
except vertical-down.

Very low hydrogen content (according AWS condition HD < 4 ml/100 g weld metal).

Typical Composition of All-weld Metal

C Si Mn
Wt-% 0.08 0.7 1.7

Mechanical Properties of All-weld Metal

* u S
Yield strength R N/mm? (MPa): 580  (=500) 560 (= 500)
Tensile strength Rm N/mm? (MPa): 630 (610 - 720) 610 (590 - 710)
Elongation A (Lo = 5do) %: 26 (= 22) 26 (= 24)
Impact work ISO-V KV J +20 °C: 170 (= 140) 130 (= 100)
-40 °C: 9 (= 47)
(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air
Operating Data
— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 350 80 - 110 +
— electrode identifikation: 3.2 350 100 - 140
FOX EV 63 8018-GE504 B 4.0 450  140-180
5.0 450 190 - 230

Base Materials

constructional steels, pipe steels, rail steels

S355J2G3, E295 - E360, C35 - C60, S355N - S500N, P315NH - P500NH, GE200 - GE300,
R0800

ASTM A225 Gr. C; A517 Gr. A, B, C, E, F, H,J,K, M, P

Approvals and Certificates
TUV-D (0730.), DB (10.014.07 / 81.014.01), OBB, TUV-A (X), RMR (3 YHH), SEPROZ, CE
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

EN 757:1997: E NiMo B 4 2 H ®
awdissos  esoecnan o BOHLER FOX EV 65
AWS A5.5M-06: Egg}gg:ﬂﬁﬁ (mod.) SMAW basic electrode, low-alloyed,

E5518-D1H4R (mod.) high strength

Description

Basic electrode with high ductility and crack resistance, for high-strength fine-grained steels.
Ductile down to -60 °C. Resistant to ageing.

Easy to handle in all positions except vertical-down.

Very low hydrogen content (according AWS condition HD < 4 ml/100 g weld metal).

Typical Composition of All-weld Metal

C Si Mn Ni Mo
Wit-% 0.06 0.3 1.2 0.8 0.35

Mechanical Properties of All-weld Metal

*

u s
Yield strength R N/mm? (MPa): 600 (= 550) 580 (=530)
Tensile strength Rm N/mm? (MPa): 650 (630 - 750) 630 (620 - 730)
Elongation A (Lo = 5do) %: 25 (= 20) 25 (= 20)
Impact work ISO-V KV J +20 °C: 180 (=130) 160 (=120)
- 60 °C: 80 (= 47)

(*) u untreated, as-welded

s stress relieved 580 °C/2 h/furnace down to 300 °C/air
Operating Data

— re-drying if necessary: omm Lmm ampsA

T 300 - 350 °C, min. 2 h 25 350  80-100 |=+

— electrode identifikation: 3.2 350 100 - 140

FOX EV 65 8018-G E 55 6 1NiMo B 4.0 450 140 - 180
Preheating and interpass temperature, as well as post weld heat treatment as required by the
base metal.

Base Materials

constructional steels, pipe- and vessel steels, cryogenic fine-grained steels and special grades

E295 - E360, 20MnMoNi5-5, 22NiMoCr4-7, P355NL1 - P460NL1, P355NL2 - P460NL2,
S380N - S500N, S355NH - S460NH, S380NL - S500NL, S380NL1 - S500NL1,
15NiCuMoNb5S (WB 36), 20MnMoNi5-5, 17MnMoV6é-4 (WB 35), 22NiMoCr4-7

ASTM A302 Gr. A-D; A517 Gr. A, B, C, E, F, H, J, K, M, P; A225 Gr. C; A572 Gr. 65

Approvals and Certificates
TUV-D (1802.), SEPROZ, NAKS (@ 3.2 - 4.0 mm), CE
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

oo Esnecuss*2" BOHLER FOX EV 70

E9018-D1H4R (mod.) : ~
AWS A5.5M-06: E6218-GH4R SMAW basic electrode, .Iow alloyed,
E6218-D1H4R (mod.) high strength
Description

Basic Mo-Ni alloyed electrode exhibiting high ductility and crack resistant for applications on high-
strength fine-grained steels. Suitable for service temperatures between -60 °C and +350 °C.

Metal recovery approx. 115 %. Easy to handle in all positions except vertical-down. Very low
hydrogen content (according AWS condition HD =< 4 mI/100 g weld metal).

Preheat and interpass temperatures, as well as post weld heat treatment as required by the
base metal.

Typical Composition of All-weld Metal

C Si Mn Ni Mo
Wit-% 0.04 0.3 1.2 0.9 0.4

Mechanical Properties of All-weld Metal
) u s
Yield strength Re N/mm? (MPay): 650 (= 600) 650

(= 580)
Tensile strength Rm N/mm? (MPa): 700 (680 - 780) 700 (660 - 780)
Elongation A (Lo = 5do) %: 24 (= 22) 24 (= 22)
Impact work ISO-V KV J +20 °C: 160 (= 130) 130 (= 120)
- 60 °C: 70 (= 47)
(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air
Operating Data
— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 3.2 350 100 - 140 +
— electrode identifikation: 4.0 450 140-180

FOX EV 70 9018-G E 55 6 1NiMo B
Preheating and interpass temperature, as well as post weld heat treatment as required by the
base metal.

Base Materials

high-strength fine-grained steels

S380N - S500N, P380ONL - S500NL

ASTM A517 Gr. A, B, C, E, F, H, J, K, M, P; A225 Gr. C; A633 Gr. E; A572 Gr. 65

Approvals and Certificates
TUV-D (0112.), SEPROZ, CE
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

AWSRG5 05 Egoiad oo BOHLER

E9018-D1 (mod.) FOX EV 70 Mo

AWS A5.5M-06: E6218-G
E6218-D1 (mod.) SMAW basic electrode, low-alloyed,

high strength

Description

Basic Mn-Mo alloyed electrode especially suited for high-strength fine-grained constructional
steels and high-temperature steels, e.g. 15NiCuMoNb5S. Crack resistant, tough and ageing
resistant. Excellent weldability in all positions except vertical-down.

Typical Composition of All-weld Metal

C Si Mn Mo
Wit-% 0.06 0.4 1.6 0.5

Mechanical Properties of All-weld Metal

* u S
Yield strength R N/mm? (MPa): 580 (= 550) 580 (= 550)
Tensile strength Rm N/mm? (MPa): 680 (620 - 780) 650 (620 - 760)
Elongation A (Lo = 5do) %: 22 (= 20) 23 (= 20)
Impact work 1SO-V KV J +20 °C: 150 (= 120) 160 (= 120)
-30 °C: 85 (= 47) 90 (= 47)
(*) u untreated, as-welded
s stress relieved 650 °C/15 h/furnace down to 300 °C/air
Operating Data
— re-drying if necessary: o mm Lmm ampsA
! 300 - 350 °C, min. 2 h 25 250  70-100 |=+
— electrode identifikation: 3.2 350 110 - 140
FOX EV 70 Mo 9018-GE553 MnMo BT 4.0 450 140 - 180
5.0 450 180 - 240

Preheating and interpass temperature, as well as post weld heat treatment as required by the
base metal.

Base Materials

high-strength, fine-grained steels, rail steels up to R0800 (for joint welding)

E295 - E360, C35 - C60, P310GH, 17MnMoV6-4, 15NiCuMoNb5S, S380N - S500N,
P380NH - S460NH, GE300, 22Mo4

ASTM A225 Gr. C; A302 Gr. A-D; A514 und A517 Gr. A, B, C, E, F, H, J, K, M, P

Approvals and Certificates
TOV-D (1178.), DB (10.014.11, 20.014.12/03), OBB, TUV-A (122), CE
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

EN 757:1997: E 62 4 Mn 1NiMo B 4 2 H5
AWS A5.5-06: E10018-G

E10018-D2 (mod.)
AWS A5.5M-06:  E6918-G

E6918-D2 (mod.)
Description

BOHLER
FOX NiMo 100

SMAW basic electrode, low-alloyed,
high strength

Basic covered MnNiMo alloyed electrode. Extremely high resistance to cracking and cold toug-
hness at temperatures as low as -40 °C. Very low Hz-content <5 ml/100 g. For creep resistant
steels and cast steel grades, valves and oil tools according to sour gas specification; post-weld
heat treatment: stress relieving according to parent metal.

Typical Composition of All-weld Metal

C Si Mn Mo
Wit-% 0.11 0.25 1.85 0.40

Ni

0.95

Mechanical Properties of All-weld Metal

*

s
Yield strength Re N/'mm? (MPa): =620
Tensile strength Rm N/mm? (MPa): =690
Elongation A (Lo=5do) %: =18
Impact work 1SO-V KV J
+20 °C: =47
-40 °C: =47

(*) s Stress relieved 5680 °C/2 h/furnace down to 300 °C/air

Operating Data

— re-drying if necessary:

T 300-350 °C, min. 2 h 3.2

— electrode identification: 4.0
FOX NiMo 100 5.0

Base Materials

GS-30CrMoVeé4, steels acc. ASTM A 487-4Q; AISI 4130

Approvals and Certificates
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

nsrosos  Enorsamn oo BOHLER FOX EV 75
AWS A5.5M-06: Eég?gaéwf}? (mod.) SMAW basic electrode, low-alloyed,

E6918MH4R high strength

Description

Mn-Mo-Ni-alloyed basic electrode with high ductility and crack resistance for high-strength, quen-
ched and tempered fine-grained constructional steels. Suitable for service temperatures at
-60 °C to +400 °C.

Weld metal recovery approx. 120 %. Easily weldable in all positions except vertical-down.
Preheat, interpass temperature and post weld heat treatment as required by the base metal.
Very low hydrogen content (according AWS condition HD < 4 mi/100 g weld metal).

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% 0.05 0.4 1.6 0.4 2.0 0.4

Mechanical Properties of All-weld Metal

*

) u v
Yield strength R: N/mm? (MPa): 700 (=650) 700 (= 630) 500 (=430)
Tensile strength Rn N/mm? (MPa): 750 (730 - 850) 750 (710 830) 615 (550 - 670)
Elongation A (Lo = 5do) %: 23 (= 20) 3 (= 20) 24 (= 20)
Impact work ISO-V KV J +20°C: 140 (=120) 120 (= 70) 120 (= 70)
- 60 °C: (= 47)

(*) u untreated, as-welded
s stress relieved 580 °C/2h/furnace down to 300 °C/air
v quenched/tempered 910 °C/1h/air and 600 °C/2 h/furnace down to 300 °C/air

Operating Data

— re-drying if necessary: 2 mm Lmm ampsA
T 300 - 350 °C, min. 2 h 32 350 100-140 | =+
— electrode identifikation: 4.0 450  140-180

FOX EV 75 10018-G E 62 6 Mn2NiCrMo B
Preheating and interpass temperature, as well as post weld heat treatment as required by the
base metal.

Base Materials

quenched and tempered fine-grained steels up to 650 N/mm? yield strength, QT-steels up
to 730 N/mm? tensile strength

S500N, S500NH, S460NL
ASTM A225 Gr. C; A514 and A517 Gr. A, B, C, E, F, H, J, K, M, P; A656; A678 Gr. C

Approvals and Certificates
SEPROZ
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

awsmsos  enowanan oo BOHLER FOX EV 85

E11018MH4R (mod.) SMAW basic electrode, low-alloyed,

AWS A5.5M-06:  E7618-GH4R
E7618MH4R (mod.)

Description

high strength

Basic Mn-Ni-Mo-alloyed electrode with high ductility and crack resistant for high-strength fine-
grained constructional steels. Low-temperature ductility at -60 °C and resistant to ageing.
Easily weldable in all positions except vertical-down. Very low hydrogen content (according

AWS condition HD < 4 ml/100 g weld metal).

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wt-% 0.05 0.4 1.7 0.4 2.1

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/'mm? (MPa): 780

(= 720) 750

Tensile strength Rn N/mm? (MPa): 840 (790 - 960) 800
Elongation A (Lo = 5do) %: 20 (= 16)
Impact work ISO-V KV J +20°C: 110 (= 90)
-60°C: 60 (= 47)

(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air

Mo
0.5
Vv
(= 690) 750 (= 650)
(760 - 850) 790 (730 - 860)
0 (= 16) 20 (= 19)
0 (= 60) 80 (= 65)

v quenched/tempered 920 °C/1h/air and 600 °C/2 h/furnace down to 300 °C/air

Operating Data

e re-drying if necessary: o mm
f 300 - 350 °C, min. 2 h 25
— electrode identifikation: 3.2
FOX EV 85 11018-G E 69 6 Mn2NiCrMo B 4.0
5.0

L mm Strom
350 70 - 100 -+
350 100 - 140
450 140 - 180

450 190 - 230

Preheat, interpass temperature and post weld heat treatment as required by the base metal.

Base Materials

quenched and tempered fine-grained steels up to 720 N/mm? yield strength,
quenched and tempered low-alloyed steels up to 790 N/mm? tensile strength.

S$620 QL-S690QL, S620QL1, S690QL1, N-AXTRA 56, 63, 70

Approvals and Certificates
TUV-D (4313.), DB (10.014.22), OBB, SEPROZ, CE
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High Strength/Cryogenic Filler Metals — SMAW Covered Electrodes

awsmszos - Esowoman ~ BOHLER FOX 2.5 Ni
AWS AS.5M-06: E5518-C1H4R SMAW basic electrode, low-alloyed,

cryogenic application

Description

Basic Ni-alloyed electrode for unalloyed and Ni-alloyed fine grained construction steels. Tough,
crack resistant weld deposit. Low temperature toughness to -80 °C.

Good weldability in all position except vertical down. Very low hydrogen content. (according
AWS condition HD < 4 ml/100 g weld metal).

Typical Composition of All-weld Metal
c Si Mn Ni
Wit-% 0.04 0.3 0.8 2.4

Mechanical Properties of All-weld Metal

*

u s
Yield strength R. N/mm? (MPa): 490 (= 460) 470 (= 420)
Tensile strength Rm N/mm? (MPa): 570 (550 - 680) 550 (540 - 640)
Elongation A (Lo = 5d) %: 30 (= 24) 30 (= 24)
Impact work 1SO-V KV J +20 °C: 180 (= 110) 200 (= 110)
- 80 °C: 10 (= 47)
(*) u untreated, as-welded
s stress relieved 580 °C/2 h/furnace down to 300 °C/air
Operating Data
— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 350  70-100 | =4
— electrode identifikation: 3.2 350 110 - 140
FOX 2.5 Ni 8018-C1 E 46 8 2Ni B 4.0 450 140 - 180
5.0 450 190 - 230

Preheat, interpass temperature and post weld heat treatment as required by the base metal.

Base Materials
cryogenic constructional steels and Ni-steels, cryogenic steels for ship building

12Ni14, 14Ni6, 10Ni14, 13MnNi6-3, P355NL1 - P460NL1, P355NL2 - P46ONL2,
S255N - S460N, S355NH - S460NH, S255NL - S460NL, S255NL1 - S380NL1

ASTM A633 Gr. E; A572 Gr. 65; A203 Gr. D; A333 and A334 Gr. 3; A 350 Gr. LF3

Approvals and Certificates

TUOV-D (00147.), DB (10.014.16), OBB, ABS (Ni 2.1/2.6), BV (5Y40), WIWEB,
DNV (5 YH10), GL (8Y46), LR (5Y40mH15), RINA (5YH5,3H5) Statoil, SEPROZ, CE

Similar alloy Filler Metals

GTAW rod: 2.5 Ni-IG
GMAW solid wire: 2.5 Ni-IG
SAW combination: Ni 2-UP/BB 24
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High Strength/Cryogenic Filler Metals — GTAW Rods

EN ISO 21952-A:2008: W MoSi A

EN ISO 21952-B:2008: W 52 1M3 BOHLER DMO-IG
EN ISO 636-A:2008: W2Mo (for rod)

EN ISO 636-A2008' W 46 3 W2Mo ) GTAW rod, low-alloyed,
EN ISO 636-B:2008° W 55A 3U W1M3 high temperature, high strength
AWS A5.28-05: ER70S-A1 (ER80S-G)

AWS A5.28M-05: ER49S-A1 (ER555-G)

W.No.: 1.5424

Description

Copper coated GTAW rod for welding in boiler, pressure vessel, pipeline, and crane construc-
tion as well as in structural steel engineering. Very tough deposit of high crack resistant, non-
ageing. Recommended for the temperature range from -30 °C to +500 °C. Good copper bon-
ding with low total copper content. Very good welding and flow characteristics.

Typical Composition of Welding Rod

C Si Mn Mo
Wit-% 0.1 0.6 1.2 0.5
Mechanical Properties of All-weld Metal
* u a
Yield strength R: N/mm? (MPa): 520 (= 480) 480 (= 400)
Tensile strength Rm N/mm? (MPa): 630 (570 - 720) 570 (=520)
Elongation A (Lo = 5do) %: 27 (= 23) 26 (= 19)
Impact work ISO-V KV J +20 °C: 200 (=180) 230 (= 200)

-30 °C: (= 47)

(*) u untreated, as-welded — shielding éas Argon
a annealed, 620 °C/1 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

[— | shielding gas: 100 % Argon o mm 1
1.6 —{
T_, rod marking: 2.0 ‘
front: WMoSi 2.4
back: 1.5424 3.0
3.2

Preheating, interpass temperature and post weld heat treatment as required by the base metal.
Base Materials

similar alloyed high temperature steels and cast steels, ageing resistant and steels resistant
to caustic cracking

S355J2G3, L290 - L415NB, L290 MB - L415MB, P255G1TH, P235GH, P265GH, P295GH,
P310GH, P255NH, 16Mo3, 17MnMoV6-4, 22NiMoCr4-7, 20MnMoNi5-5, 15NiCuMoNb5S,
20MnMoNi4-5, GE240 - GE300, 22Mo4, S255N - S460N, P255NH - P460NH

ASTM A335 Gr. P1; A161-94 Gr. T1 AA182M Gr. F1; A204M Gr. A, B, C; A250M Gr. T1;
A217 Gr. WC1

Approvals and Certificates

TUV-D (0020.), KTA 1408.1 (8066.02), DB (42.014.09), OBB, TUV-A (75), BV (UP),
DNV (I YMS), FI (W MoSi), CRS (3), CE

Similar alloy Filler Metals

SMAW electrode: FOX DMO Kb SAW combination: EMS 2 Mo/BB 24
FOX DMO Ti EM2 2 Mo/BB 25

GMAW solid wire: DMO-IG Gas welding rod:  DMO

Flux cored wire: DMO Ti-FD
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High Strength/Cryogenic Filler Metals — GTAW Rods

EN ISO 636-A:2008: W3Nif (fur Stab) H

EN ISO 636-A:2008: W 46 5‘N3Ni1 BOHLER Nl 1 'IG
EN ISO 636-B:2008: W 55A 5U WN2 GTAW rod. | lloyed.
AWS A5.28-05: ER80S-Ni1 (mod. rod, low alloyed,
AWS A5.28M-05: ER55S-Ni1 (mod. cryogenic application

Description

Ni-alloyed GTAW rod for welding of offshore pipe work and similar high integrity applications.
High impact properties down to -50 °C.

Typical Composition of Welding Rod

C Si Mn Ni
Wit-% 0.07 0.7 1.4 0.9

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): 500 (=470)
Tensile strength Rn N/mm? (MPa): 600 (=550)
Elongation A (Lo = 5do) %: 25 (= 24)
Impact work ISO-V KV J +20 °C: 150 (= 47)
-50 °C: (=27)

(*) u untreated, as-welded, shielding gas Argon
Operating Data

— shielding gas: 100 % Argon o mm

1.6 =
T-» rod marking: 2.0

2.4

front: W3Ni1
back: ER80S-Ni 1

Preheating, interpass temperature and post weld heat treatment as required by the base metal.

Base Materials
High strength steels up to S500N

Pipe steels: L290MB — L485MB,
API Spec. 5 L: X52, X56, X60, X65,

Approvals and Certificates
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High Strength/Cryogenic Filler Metals — GTAW Rods

EN150 1easa-az00r  wasemnanio . BOHLER NiMo 1-1G

EN ISO 16834-B:2007: W 59A 6 3M1

AWS A5.28-05: ER90S-G _ GTAW rod,
AWS A5.28M-05: ER62S-G low-alloyed, high strength
Description

GTAW rod for high strength quenched and tempered fine-grained constructional steels. The rod
is suited for joint welding in boiler, pressure vessel, pipeline, and crane construction as well as
in structural steel engineering. Due to the precise addition of micro alloying elements NiMo 1-1G
rod features excellent ductility and crack resistance in spite of its high strength. Good cryoge-
nic impact energy down to -60 °C, low hydrogen contents in the deposit are advantages of this
rod.

Typical Composition of Welding Rod
C Si Mn Mo Ni
Wt-% 0.08 06 1.8 03 09

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 620 (= 550)
Tensile strength Rm N/mm? (MPa): 700 (650 - 800
Elongation A (Lo = 5do) %: 23 (= 20)
Impact work ISO-V KV J +20 °C: 140 (=120)
- 40 °C: 110 (= 90)
- 60 °C: (= 47)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gases: o mm
T 100 % Argon 2.4 =
— rod marking:

front: =~ W Mn3Ni1Mo
back: ER90S-G
Preheating and interpass temperature as required by the base metal.
Base Materials
pipe steels and fine grained steels, quenched and tempered fine-grained steels

S380N-S500N, S380NL-S500NL, S500NC-S550NC, N-A-XTRA 56-70, BHV 70, PAS 600,
HSM 600, 20MnMoNi5-5

ASTM A517 Gr. A, B, C, E, F, H, J, K, M, P; A225 Gr. C; A633 Gr. E; A572 Gr. 65;
API Spec. 5L: X70, X80

Approvals and Certificates

2-89



High Strength/Cryogenic Filler Metals — GTAW Rods

EN ISO 16834-A:2007: W Mn3Ni2.5CrMo (for rod)
EN ISO 16834-A:2007: W 69 6 Mn3Ni2.5CrMo

www.boehler-welding.com

BOHLER

EN ISO 16834-B:2007: W 69A 6 N5M3 i -
AWS A5.28-05: ER110S-G NlchO 2'5 IG
AWS A5.28M-05: ER76S-G GTAW rod,

low-alloyed, high strength
Description

GTAW rod for joint welding of high-strength fine-grained constructional steels with stringent
requirement on low-temperature toughness down to -60 °C. e.g in marine engineering for the

manufacture of LPG tankers.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo
Wt-% 008 0.6 14 03 25 04
Mechanical Properties of All-weld Metal

0 u

Yield strength Re N'mm? (MPa): 750 (= 690)
Tensile strength Rm N/mm? (MPa): 830 (770 - 940)
Elongation A (Lo = 5do) %: 22 (= 17)
Impact work ISO-V KV J +20 °C: 160 (= 60)
-40 °C:
- 60 °C: (= 47)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
[— shielding gases: & mm
T 100 % Argon 2.4

— rod marking: |
front: - W NiCrMo2.5
back: ER110S-G
Preheating and interpass temperature as required by the base metal.

Base Materials

quenched and tempered fine-grained steels with high requirements for low-temperature toug-

hness
N-A-XTRA 65-70, USS-T 1

Approvals and Certificates
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High Strength/Cryogenic Filler Metals — GTAW Rods

EN ISO 636-A:2008:  W2Ni2 (for rods) ° Ha
EN ISO 636-A:2008: W 46 8 W2Ni2 BOHLER 2.5 Ni-IG
EN ISO 636-B:2008: W 55A 8U WN5

- GTAW rod, low-alloyed.
AWS A5.28-05: ERB80S-Ni2 ; oY
AWS A5.28M-05: ER55S-Ni2 cryogenic application
Description

Ni-alloyed copper coated GTAW rod, for unalloyed and Ni-alloyed fine grained construction
steels. Tough, crack resistant weld deposit. Low temperature toughness to -80 °C. For thin
sheets and root pass welding.

Typical Composition of Welding Rod

C Si Mn Ni
Wit-% 0.08 0.6 1.0 24

Mechanical Properties of All-weld Metal

*

u
Yield strength R. N/mm? (MPa): 510 (= 470)
Tensile strength Rm N/mm? (MPa): 600 (550 - 720)
Elongation A (Lo = 5do) %: 26 (= 22)
Impact work ISO-V KV J +20 °C: 280 (= 200)
-60 °C: 80
- 80 °C: (= 47)

(*) u untreated, as-welded — shielding gas Argon

Operating Data

—

shielding gas: 100 % Argon o mm —_
T rod marking: 2.0 - ‘
—— front: W2Ni2 2.4

back: ER80S-Ni 2 3.0
Preheating, interpass temperature and post weld heat treatment as required by the base metal.

Base Materials

cryogenic constructional steels and Ni-steels, cryogenic steels for ship building

12Ni14, 14Ni6, 10Ni14, 13MnNi6-3, P355NL1 - P460NL1, P355NL2 - P460NL2,
S255N - S460N, S355NH - S460NH, S255NL - S460NL, S255NL1 - S380NL1

ASTM A633 Gr. E; A572 Gr. 65; A203 Gr. D; A333 and A334 Gr. 3; A 350 Gr. LF3

Approvals and Certificates
TUV-D (01081.), TUV-A (254), BV (SA 3 YM; UP), GL (6Y46), Statoil, SEPROZ, CE

Similar alloy Filler Metals

SMAW electrode: FOX 2.5 Ni
GMAW solid wire: 2.5 Ni-IG
SAW combination: Ni 2-UP/BB 24
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High Strength/Cryogenic Filler Metals — GMAW Solid Wires

EN ISO 14341-A:2008: G 424 M ® :
S0 A 2008: G e o BOHLER NiCu 1-IG
EN ISO 14341-B:2008: 8 29ﬁ 18 l(\:/lgo GMAW solid wires, low-alloyed,
9 0 i
AWS A5.28-05: ER80S.G weather resistant
AWS A5.28M-05: ER55S-G
Description

NiCu-alloyed copper coated GMAW wire, for welding of weathering resistant constructional
steels, standard constructional steels and special constructional steels.

NiCu 1-1G wire features good weldability in the short arc mode at low voltage and in the spray
arc process with high voltage. The mechanical properties of the weld deposit, the freedom of
porosity and the bead appearance depend on the type of shielding gas used and on the other
welding parameters.

The copper content in the welding wire leads to increased resistance to atmospheric corrosion
in the weld deposit.

Typical Composition of Solid Wire

C Si Mn Ni Cu
Wt-% 0.1 0.5 11 0.9 0.4

Mechanical Properties of All-weld Metal

*

u S
Yield strength R. N/mm? (MPa): 500 (= 420) 460 (=390)
Tensile strength Rm N/mm? (MPa): 580 (500 - 640) 540 (470 - 570)
Elongation A (Lo = 5do) %: 26 (= 24) 27 (= 24)
Impact work ISO-V KV J +20 °C: 130 (= 80) 130 (= 80)
- 40 °C: (= 47) (= 47)

(*) u untreated, as-welded — shielding Qas Ar+15-25 % CO: or 100 % CO:
s stress relieved, 600 °C/2 h — shielding gas Ar + 15 - 25 % CO: or 100 % CO:

Operating Data
t—’l shielding gases: Argon + 15 - 25 % CO: ]

3
3

100 % CO:

o

=]

—

Base Materials

weather-resistant constructional steels, special grade constructional steels

S235JRW, S235J2G3 Cu, S355J2G3 Cu, Corten A, Patinax 37, Alcodur 50, Koralpin 52
ASTM A36; A283 Gr. B, C

Approvals and Certificates
DB (42.014.08), OBB, CE

Similar-alloy Filler Metals
SMAW electrode: FOX NiCuCr
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High Strength/Cryogenic Filler Metals — GMAW Solid Wires

EN ISO 14341-A:2008: G3Ni1 °

EN ISO 14341-A:2008: G 42 5 M G3Nit BOHLER SG 8-P
EN ISO 14341-B:2008: G 49A 5U M GO -
AWS A5.28-05: ER80S-G GMAW solid wires,
AWS A5.28M-05: ER55S-G low-alloyed, high strength
Description

GMAW wire micro alloyed, designed for high quality automatic welding of pipelines. An opti-
mum balanced alloying concept ensures good weld metal properties to fulfil the high require-
ments in the on-offshore pipeline industry. The deposit is extremely crack resistant and the weld
metal offers high impact values down to -50 °C.

Typical Composition of Solid Wire
c Si Mn Ni
Wt-% 0.06 0.70 1.50 0.90 +

Mechanical Properties of All-weld Metal
(*) u ul

Yield strength R: N/mm? (MPa): 500 (= 420) 470 (= 420)

Tensile strength Rm N/mm? (MPa): 590 (= 550) 560 (= 500)

Elongation A (Lo = 5do) %: 24 (= 20) 25 (= 20)

Impact work ISO-V KV J +20 °C: 150 (= 47) 110 (= 47)
- 50 °C: 80 45

(*) u untreated, as-welded shielding gas: Ar +15-25 % CO2z
ut untreated, as-welded shielding gas: 100 % CO:z

Operating Data

— Shielding gases o mm
T 1 Argon +15-25 % CO2 0.9 -
— Argon +0-5 % CO2 +3-10 % O2 1.0

100 % CO2 1.2

Preheating and interpass temperature as required by the base metal.

Base Materials

API5L: X 42 — X 70 (X 80)
EN 10208-2: L290MB — L485MB
DIN 17172:  StE290TM up to StE480.7TM

Approvals and Certificates
DNV
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High Strength/Cryogenic Filler Metals — GMAW Solid Wires

EN ISO 16834-A: G Mn3Ni1Mo (for wire) A s -

EN ISO 16834-A: G 55 6 M Mn3Ni1Mo BOHLER NiMo 1-IG
G 55 4 C Mn3Ni1Mo GMAW solid wires, low-alloyed,

EN ISO 16834-B: G 59A 6M 3M1

G 59A 4C 3M1 high strength

AWS A5.28-05:  ER90S-G
AWS A5.28M-05: ER62S-G

Description

Copper coated GMAW wire for high strength, quenched and tempered fine-grained construc-
tional steels.

The wire is suited for joint welding in boiler, pressure vessel, pipeline, and crane construction
as well as in structural steel engineering. The typical composition of the wire fulfils the require-
ments of the NORSOK-regulation for ,water injection systems*.

Due to the precise addition of micro alloying elements NiMo1-1G wire features excellent ductility
and crack resistance in spite of its high strength. Good cryogenic impact energy down to -60 °C,
low hydrogen contents in the deposit, best feedability and low copper contents are other
advantages of this wire.

Typical Composition of Solid Wire

C Si Mn Mo Ni
Wit-% 0.08 0.6 1.8 0.3 0.9

Mechanical Properties of All-weld Metal

* u ul
Yield strength Re N/'mm? (MPa): 620 (= 550) 590 (= 550)
Tensile strength Rn N/mm? (MPa): 700 (650 - 800) 680 (620 - 770)
Elongation A (Lo = 5do) %: 23 (= 20) 22 (= 20)
Impact work ISO-V KV J +20 °C: 140 (=120) 120 (= 100)
-40 °C: 110 (= 90) (= 47)
- 60 °C: (= 47)
(*) u untreated, as-welded — shielding gas Ar + 15 - 25 % CO:
u1 untreated, as-welded — shielding gas 100 % CO:
Operating Data
— shielding gases: Argon + 15 - 25 % CO: o mm ]
t l Argon + 0-5 % CO:+ 3 - 10 % O: (0.9) -
— 100 % CO: 1.0
2

1
Preheating and interpass temperature as required by the base metal.

Base Materials
pipe steels and fine grained steels, quenched and tempered fine-grained steels

S380N - S500N, S380NL - S500NL, S500NC - S550NC, N-A-XTRA 56-70, BHV 70,
PAS 600, HSM 600, 20MnMoNi5-5

ASTM A517 Gr. A, B, C, E, F, H, J, K, M, P; A225 Gr. C; A633 Gr. E; A572 Gr. 65
APIl-spec 5L: X70, X80

Approvals and Certificates
TUV-D (11763.), DB (42.014.06), OBB, GL (4Y55S), SEPROZ, CE
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High Strength/Cryogenic Filler Metals — GMAW Solid Wires

EN IS0 16334-A: G 696 M MAN2.5CrMo. __ BOHLER
G 69 4 C Mn3Ni2.5CrMo N|C|—M° 2.5-1G

EN ISO 16834-B: A 6M N5M
S0 1683 8 ggA gc NgMg GMAW solid wires, low-alloyed,

AWS A5.28-05:  ER110S-G high strength
AWS A5.28M-05: ER76S-G

Description

GMAW wire for joint welding of high-strength fine-grained constructional steels with stringent
requirement on low-temperature toughness down to -60 °C depending on the shielding gas.
e.g. in marine engineering for the manufacture of LPG tankers.
Typical Composition of Solid Wire

C Si Mn Cr Ni Mo
Wt-% 0.08 0.6 1.4 0.3 25 0.4

Mechanical Properties of All-weld Metal

* u ul
Yield strength R: N/mm? (MPa): 810 (= 750) 780 (=720)
Tensile strength Rm N/mm? (MPa): 910 (830 - 980) 890 (800 - 950)
Elongation A (Lo = 5do) %: 18 (= 16) 17 (= 16)
Impact work ISO-V KV J +20 °C: 120 (= 60) 70 (= 50)
- 40 °C: (= 47)
-60 °C: (= 47)
(*) u untreated, as-welded — shielding gas Ar + 15 - 25 % CO:
ut untreated, as-welded — shielding gas 100 % CO:
Operating Data
— shielding gases: Argon +15-25 % CO: o mm
t 1 % CO: 1.0 =+
— 1.2

Preheating and interpass temperature as required by the base metal.

Base Materials
quenched and tempered fine-grained steels with high requirements for low-temperature toughness
N-A-XTRA 65-70, USS-T 1

Approvals and Certificates

DB (42.014.07), OBB, ABS (XYQB90X-5), BV (UP), DNV (5 Y69),
GL (4Y69S), LR (X), SEPROZ, CE

Similar-alloy Filler Metals

SMAW electrode: FOX EV 85
SAW combination: 3NiCrMo 2.5-UP / BB 24
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High Strength/Cryogenic Filler Metals — GMAW Solid Wires
EN ISO 16834-A: G Mn3Ni1CrMo (for wire) A N
EN ISO 16834-A: G 69 5 M Mn3Ni1CrMo BOHLER X 70 IG
EN ISO 16834-B: G 69A 5M 3M1 GMAW solid wires, low-alloyed,

AWS A5.28-05:  ER110S-G .
AWS A5.28M-05: ER76S-G high strength

Description

GMAW wire for the welding of high-strength, heat treated, fine-grained constructional steels
with a minimum yield strength of 690 N/mm?.

Due to the precise addition of micro-alloying elements X 70-1G wire features excellent ductility
and crack resistance in spite of its high strength.

Good cryogenic impact energy down to -50 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo \
Wit-% 0.1 0.6 1.6 0.25 13 0.25 0.1

Mechanical Properties of All-weld Metal

*

u

Yield strength R N/mm? (MPa): 800 (= 690)
Tensile strength Rn N/mm? (MPa): 900 (=790)
Elongation A (Lo = 5do) %: 19 (= 16)
Impact work ISO-V KV J +20 °C: 190 (=170)
- 50 °C: = 47

(*) u untreated, as-welded — shielding gés Ar+15-25% CO:

Operating Data
— shielding gas: Argon + 15 - 25 % CO: o mm
I 19 =+

—

Preheating and interpass temperature as required by the base metal.

Base Materials

high-strength fine-grained steels

$S690Q, L690M, N-A-XTRA 70, USS-T1, BH 70 V, HY 100, Pass 700, HSM 700
ASTM A514 Gr. F

Approvals and Certificates

TUV-D (5547.), DB (42.014.19), OBB, TUV-A (541), ABS (X), BV (UP), DNV (IV Y69),
GL (5Y69S), LR (X), RMR (4Y69), SEPROZ, CE

Similar-alloy Filler Metals

SMAW electrode: FOX EV 85
SAW combination: 3NiCrMo 2.5-UP / BB 24
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High Strength/Cryogenic Filler Metals — GMAW Solid Wires
EN ISO 16834-A: G Mn4Ni2CrMo (for wire) A N
EN ISO 16834-A: G 89 6 M Mn4Ni2CrMo BOHLER X 90 IG
EN ISO 16834-B: G 83A 6M N4M4T GMAW solid wires, low-alloyed,

AWS A5.28-05:  ER120S-G .
AWS A5.28M-05: ER83S-G high strength

Description

GMAW wire for the welding of higher-strength, heat treated, fine-grained constructional steels
with a minimum yield strength of 890 N/mm?.

Due to the precise addition of micro-alloying elements X 90-1G wire features excellent ductility
and crack resistance in spite of its high strength.

Good cryogenic impact energy down to -60 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo
Wit-% 0.1 0.8 1.8 0.35 2.25 0.6

Mechanical Properties of All-weld Metal

*

u
Yield strength R N/mm? (MPa): 915 (=890)
Tensile strength Rn N/mm? (MPa): 960  (=940)
Elongation A (Lo = 5do) %: 20 (= 16)
Impact work ISO-V KV J +20 °C: 130 (= 100)
- 60 °C: = 47

(*) u untreated, as-welded — shielding g-as Ar +15 - 25 % CO:

Operating Data
t—>l shielding gas: Argon + 15 - 25 % CO: [}

o3
3

—

Preheating and interpass temperature as required by the base metal.

Base Materials
high-strength fine-grained steels
$890Q, XABO 90, OX 1002

Approvals and Certificates
TUV-D (5611.), DB (42.014.23), OBB, TUV-A (616), GL (6Y89S), SEPROZ, CE
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High Strength/Cryogenic Filler Metals — GMAW Solid Wires

EN ISO 14341-A:2008: G2Ni2 (for wire) ° i
EN ISO 14341-A:2008: G 46 8 M G2Ni2 BOHLER 2.5 Ni-IG
EN ISO 14341-B 8 46: ?J?/Iz’(\élﬁ GMAW solid wires, low-alloyed,
14341-B:2008: G 55A 8 5 ; i
G 55A6U C GN5 cryogenic appllcatlon
AWS A5.28-05: ER80S-Ni2
AWS A5.28M-05: ER55S-Ni2

Description

2.5 % Ni-alloyed GMAW wire for high quality welds in the construction of storage tanks and
piping systems for cryogenic applications. The weld deposit is noted for its particularly good low

temperature an non-ageing properties down to -80 °C.

Typical Composition of Solid Wire

C Si Mn Ni
Wit-% 0.08 0.6 1.0 24

Mechanical Properties of All-weld Metal

) u ut
Yield strength R. N/mm? (MPa): 510 (=470) 500 (= 460)
Tensile strength Rn N/mm? (MPa): 600 (550-680) 590 (520 - 670)
Elongation A (Lo = 5do) %: 22 (= 20) 22 (= 20)
Impact work ISO-V KV J +20 °C: 170 (= 120) 120 (= 80)

- 60 °C: (= 47)

- 80 °C: (= 47)
(*) u untreated, as-welded — shielding gas Ar + 15 - 25 % CO:
ut untreated, as-welded — shielding gas 100 % CO:-

Operating Data

— shielding gases: Argon + 15-25 % CO: o mm
il % CO 1.0
1.2

—

Preheating and interpass temperature as required by the base metal.

Base Materials

cryogenic constructional steels and Ni-steels, cryogenic steels for ship building

12Ni14, 14Ni6, 10Ni14, 13MnNi6-3, P355NL1 - P460NL1, P355NL2 - P460NL2,
S255N - S460N, S355NH - S460NH, S255NL - S460NL, S255NL1 - S380NL1

ASTM A633 Gr. E; A572 Gr. 65; A203 Gr. D; A333 and A334 Gr. 3; A 350 Gr. LF3
Approvals and Certificates

TUV-D (01080.), DB (42.014.16), OBB, TUV-A (732), ABS (XYQ460X-5),
BV (SA 3 YM; UP), DNV (5 YMS), GL (6Y38S), LR (5Y40S H15), SEPROZ, CE

Similar alloy Filler Metals

SMAW electrode: FOX 2.5 Ni
GTAW rod: 2.5 Ni-IG
SAW combination: Ni 2-UP/BB 24
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High Strength/Cryogenic Filler Metals — SAW Wire/Flux-Combinations

AR T4255 2003: s aNiTMo ] BOHLER
Subare e o+ EFS mod) 3 NiMo 1-UP//BB 24

) EN 760:1996: SAFB165DCH5 SAW wire/flux-combination,
Wire/flux-combination: low-alloyed, high strength

EN 14295:2003: S 55 4 FB S 3Ni1Mo
AWS A5.23-07:  F9A4-EF3 (mod.)-F3
AWS A5.23M-07: F62A4-EF3 (mod.)-F3

Description

Wire /Flux combination for joint welding of high strength and low temperature steels.

The flux reacts metallurgically Mn-neutral.

The sub-arc wire/flux combination produces very good low temperature impact properties down
to - 40 °C. Excellent slag detachability, smooth beads, good wetting and low hydrogen contents
(=5 ml/100 g) are further important features. The combination is ideally suited for multi-pass
welding of thick plates.

For information regarding the sub-arc welding flux BOHLER BB 24 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Ni Mo
Wire % 013 0.15 1.7 095 0.55
Weld metal % 009 025 165 090 0.50

Mechanical Properties of All-weld Metal

) u
Yield strength R. N/mm? (MPa): 580 (=550)
Tensile strength Rn N/mm? (MPa): 650 (640 - 820)
Elongation A (Lo = 5do) %: 21 (= 18)
Impact work ISO-V KV J + 20 °C: 180 (= 140)
+0°C: 160 (= 120)
-20 °C: 100 (= 80)
- 40 °C: 60 (= 47)
(*) u untreated, as-welded
Operating Data
re-drying of sub-arc flux: o mm
300-350°C,2h-10h 4.0
—_—

Preheating and interpass temperature as required by the base metal.

Base Materials
quenched and tempered fine-grained steels

S380N - S500N, S380NL - S500NL, S500NC - S550NC, N-A-XTRA 56-65, BHV 70, PAS
600, HSM 600, 20MnMoN:i5-5

ASTM A517 Gr. A, B, C, E, F, H, J, K, M, P, A225 Gr. C, A633 Gr. E, A572 Gr. 65

Approvals and Certificates

TUV-D (07807.) .
SAW solid wire: TUV-D (2603.), NAKS, CE
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High Strength/Cryogenic Filler Metals — SAW Wire/Flux-Combinations

SAW solid wire: A
E?\IO1I4£r5?2003: S 3Ni2.5CrMo BOH LER
subare fl 7 M (mod) 3 NiCrMo 2.5-UP//BB 24
) EN 760:‘1 996: SAFB165DCH5 SAW wire/flux-combination,
Wire/flux-combination: low-alloyed, high strength

EN 14295:2003: S 69 6 FB S 3Ni2.5CrMo
AWS A5.23-07:  F11A8-EM4 (mod.)-M4
AWS A5.23M-07: F76A6-EM4 (mod.)-M4

Description

Wire /Flux combination for joint welding of high strength steels with a minimum yield strength
of 690 N/mm2.

Depending on the annealing temperature yield strength of approx. 470-600 N/mm? are
achievable.

The flux reacts metallurgically Mn-neutral.

The sub-arc wire/flux combination produces very good low temperature impact properties down
to -60 °C. Excellent slag detachability, smooth beads, good wetting and low hydrogen contents
(=5 ml/100 g). are further important features. The combination is ideally suited for multi-pass
welding of thick plates. .

For information regarding the sub-arc welding flux BOHLER BB 24 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Mo
SAW wire wt-% 012 015 15 0.6 2.3 0.55
All-welt metal % 0.06 0.3 15 050 2.2 0.50

Mechanical Properties of All-weld Metal

) u
Yield strength R N/mm? (MPa): 740 (= 690)
Tensile strength Rm N/mm? (MPa): 850 (780 - 890)
Elongation A (Lo = 5do) %: 20 (= 18)
Impact work ISO-V KV J +20 °C: 120 (= 80)
-20°C: 90 (= 60)
-40 °C: 85
-60°C (= 47)

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o mm
300-350°C/2h-10h 3.0 ='|_'
- 4.0

Base Materials
quenched and tempered fine-grained steels with high requirements for low-temperature impact work
N-A-XTRA 65-70, USS-T 1 etc.

Approvals and Certificates

Similar Alloy Filler Metals

SMAW electrode: FOX EV 85
GMAW solid wire: X 70-1G
NiCrMo 2.5-1G
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High Strength/Cryogenic Filler Metals

SAW solid wire:
EN 756:2004: S2Ni2
AWS A5.23-07: ENi2
Sub-arc flux:
EN 760:1996: SAFB 165 DC H5
Wire/flux-combination:
EN 756:2004: S 46 6 FB S2Ni2
AWS A5.23-07: FBAB-ENi2-Ni2
AWS A5.23M-07: F55A6-ENi2-Ni2
Description

www.boehler-welding.com

— SAW Wire/Flux-Combinations

BOHLER
Ni 2-UP//BB 24

SAW wire/flux-combination,
low-alloyed, cryogenic application

The weld deposit of the wire/flux combination (as welded and stress relieved condition) is

distinguished by excellent welding characteristic,
with low hydrogen content in the deposit.

cryogenic toughness and ageing resistance

Under optimum conditions (heat input below 18 kd/cm or after stress relieving) impact strength

transition temperature at -80 °C (ISO-V specimen

) can be achieved.

The flux reacts metallurgically Mn-neutral. The sub-arc wire/flux combination produces very

good low temperature impact properties down to

-60 °C. Excellent slag detachability, smooth

beads, good wetting and low hydrogen contents (HD <5 ml/100 g). are further important
features. The combination is ideally suited for multi-pass welding of thick plates.

For information regarding the sub-arc welding flux

Typical Composition of Solid Wire

BOHLER BB 24 see our detailed data sheet.
and All-weld Metal

C Si Mn Ni
SAW wire wt-% 010 012 105 23
all-weld metal % 0.07 025 115 2.2

Mechanical Properties of All-weld Metal

*

Yield strength Re N/'mm? (MPa): (= 480)
Tensile strength Rm N/mm? (MPa): (580 - 680)
Elongation A (Lo = 5do) %: (= 24)
Impact work ISO-V KV J +20°C (=130)
+0°C (=120)
-20°C:  (=100)
-60°C: (= 47)

(*) u untreated, as-welded

Operating Data

.

Base Materials

re-drying of sub-arc flux:
300-350°C,2h-10h

2 mm
3.0

cryogenic constructional steels and Ni-steels, cryogenic steels for ship building

12Ni14, 14Ni6, V10Ni14, 13MnNi6-3, P355NL1 -

P460NL1, P355NL2 - P460NL2,

S255N - S460N, S355NH - S460NH, S255NL - S460NL, S255NL1 - S380NL1
ASTM A633 Gr. E; A572 Gr. 65; A203 Gr. D; A333 and A334 Gr. 3; A 350 Gr. LF3

Approvals and Certificates

SAW solid wire: TUV-D (2603.), KTA 1408.1 (805
TUV-A (391), SEPROZ

Similar alloy Filler Metals

SMAW electrode: FOX 2.5 Ni
GTAW rod: 2.5 Ni-IG
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Product Information

2.5 Filler Metals for High Temperature
and Creep-resistant Steels

¢ Objectives
This section contains detailed product information for filler metals that may
be used to weld high temperature and creep-resistant steels.
The high temperature properties of general-purpose constructional steels
are no longer adequate at operating temperatures above 350 °C. Creep and
flow processes occur in the steel at high temperatures under load as a result
of which the load permissible becomes time-related. Therefore steels alloy-
ed with Mo, Cr-Mo and Cr-Mo-V are used.
Small additions of Mo, Cr and V are sufficient up to 550 °C operating tem-
perature. Above 550 °C increased scale resistance is also necessary. Up to
approx. 600 °C it is possible to use quenched and tempered 9 % and 12 %
chromium steels with additions of Mo, V, Nb and W respectively. Above this
temperature special austenitic Cr-Ni steels are used. The basic type contains
16 % chromium and 13 % nickel with additions of Nb. At temperatures above
700 °C only nickel-base alloys with additions of Mo, W and Nb exhibit
adequate creep properties.
Basically the choice of the filler metals and the welding technology is always
in line with the parent metal used and must be matched to its behaviour.

¢ Contents
OVERVIEW . ..ttt oot 103
SMAW COVERED ELECTRODES .. ....ovovieiiieeeenaannn 108
GTAW RODS . .ottt et e 127
GMAW SOLID WIRES . . .. oot et e e 142
GMAW METAL CORED AND FLUX COREDWIRES ............... 149
SAW WIRE/FLUX-COMBINATIONS ... .. .0otiiiieieneaann 156
GAS WELDING RODS . ...ttt 168

2-103



4 Overview — Standard Classifications

High Temperature and Creep-resistant Filler Metals

Béhler EN/EN ISO AWS

SMAW covered electrodes

FOX DMO Ti 3580-A: EMoR12 -

FOX DMO Kb 3580-A: EMoB42H5 A5.5-06: E7018-A1H4R

FOX DCMS Ti 3580-A:  E CrMol R12 A5.5-06: E8013-B2 (mod.)
E8013-G

FOXDCMS Kb  3580-A: E CrMolB42HS5 A5.5-06: E8018-B2H4R

FOX DCMV 3580-A: E ZCrMoV1 B 42 H5 A5.5-06: E9018-G

FOXDMV 83 Kb  3580-A: EMoVB42H5 A5.5-06: E9018-G

FOX CM 2 Kb 3580-A: E CrMo2B 42 H5 A5.5-06: E9018-B3H4R

FOX P 23 3580-A: E ZCrWV 21.5 B42 H5 A5.5-06: E9015-G

FOX P 24 3580-A:  E ZCrMo2VNb B42 H5 A5.5-06: E9015-G

FOX CM 5 Kb 3580-A: E CrMo5B 4 2 H5 A5.5-06: E8018-B6H4R

FOX CM 9 Kb 3580-A: E CrMo9 B 4 2 H5 A5.5-06: E8018-B8

FOX C 9 MV 3580-A: E CrMo91 B 42 H5 A5.5-06: E9015-B9

FOX C 9 MVW 3580-A: E ZCrMOWVNb911B42H5 A5.5-06: E9015-B9 (mod.)

FOX P 92 3580-A:  E ZCrMoWVNb 90.52B 4 2H5 A5.5-06: E9015-B9 (mod.)

FOX 20 MVW 3580-A:  E CrMoWV12B 4 2 H5 -

FOX CN 16/13 1600: EZ16 13Nb B 4 2 H5 -

FOX CN 18/11 1600: E199B42H5 A5.4-06: E308-15

FOX E 308 H 1600: E199HR42H5 A5.4-06: E308H-16

FOX E 347 H 1600: E199NbB A5.4-06: E347-15

GTAW rods

DMO-IG 21952-A: W MoSi A5.28-05: ER70S-A1
ER80S-G

DCMS-IG 21952-A: W CrMo1Si A5.28-05: ER80S-G
ER80S-B2 (mod.)

DMV 83-1G 21952-A: W MoVSi A5.28-05: ER80S-G

CM 2-IG 21952-A: W CrMo2Si A5.28-05: ER90S-G
ER90S-B3 (mod.)

P 23-IG 21952-A: W ZCrWV2 1.5 A5.28-05: ER90S-G

P 24-IG 21952-A: W ZCrMo2VTi/Nb A5.28-05: ER90S-G

CM 5-1G 21952-A: W CrMo5Si A5.28-05: ER80S-B6

CM 9-IG 21952-A: W CrMo9Si A5.28-05: ER80S-B8

C 9 MV-IG 21952-A: W CrMo91 A5.28-05: ER90S-B9

C 9 MVW-IG 21952-A: W ZCrMoWVNb 9 11 A5.28-05: ER90S-B9 (mod.)

P 92-IG 21952-A: W ZCrMoWVNb 9 0.5 1.5 A5.28-05: ER90S-B9 (mod.)

20 MVW-IG 21952-A: W CrMoWV12Si -

CN 16/13-1G 14343-A: W Z16 13 Nb -

CN 18/11-IG 14343-A: W199H A5.9-06: ER19-10H

ER 308 H-IG 14343-A: W199H A5.9-06: ER308H

MAW solid wir

DMO-IG 21952-A: G MoSi A5.28-05: ER70S-A1
ER80S-G

DCMS-IG 21952-A: G CrMo1Si A5.28-05: ER80S-G
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High Temperature and Creep-resistant Filler Metals

@ Overview — Typical Chemical Composition

Bohler C Si Mn|[Cr| Ni[Mo|Nb| V|W| N
SMAW covered electrodes

FOX DMO Ti 0.07] 04 [ 08 0.55

FOX DMO Kb 0.08| 0.35| 0.8 0.45

FOX DCMS Ti 010 035| 07 | 1.0 05

FOX DCMS Kb 0.10| 0.35| 0.7 | 1.05 0.5

FOX DCMV 0.12| 03 0.9 1.3 1.0 0.22

FOX DMV 83 Kb 0.065| 0.35| 1.2 | 0.4 1.0 0.5

FOX CM 2 Kb 0.08| 03| 08| 23 1.0

FOX P 23 0.06| 03| 05| 22 0.05| 0.22| 15

FOX P 24 0.09| 03| 05| 25 1.0 |0.0045 0.22

FOX CM 5 Kb 0.08| 03| 08| 50 0.6

FOX CM 9 Kb 0.08| 0.25| 0.65| 9.0 1.0

FOX C 9 MV 041 | 02 | 07 | 90 [075| 1.0 | 006| 02

FOX C 9 MVW 0.10| 025| 0.7 | 88 | 0.7 | 1.0 [ 0.05| 0.22| 1.0 | 0.06
FOX P 92 0.10| 03| 07| 90| 07 | 055[005| 02 | 1.6 | 0.05
FOX 20 MVW 0.18| 03 | 07 | 11.0| 055| 09 0.25| 0.5

FOX CN 16/13 0.14| 05 | 38 | 16.0| 13.0 15

FOX CN 18/11 0.05| 03 | 1.3 | 19.4| 10.4

FOX E 308 H 0.05| 0.6 | 0.7 | 19.4| 10.2

FOX E 347 H 0.05| 03 | 1.3 | 19.0| 10.2 =8xC

GTAW rods

DMO-IG 010] 06 | 1.2 0.5

DCMS-IG 011 | 06 | 1.0 | 12 05

DMV 83-1G 0.08| 06 | 09 | 045 0.85 0.35

CM 2-1G 0.08| 0.6 | 0.95| 2.6 1.0

P 23-1G 0.07| 035| 05 | 22 0.04| 022| 1.7

P 241G 0.10| 0.25| 05 | 25 1.0 | 005 0.24

CM 5-IG 008| 04 | 05| 58 0.6

CM 9-1G 0.07| 05| 05 | 9.0 1.0

C 9 MV-IG 012| 03| 05| 9.0 | 05| 09 [ 0.05| 0.2

C 9 MVW-IG 041 035[045( 90 [075( 1.0 | 0.06| 02 | 1.05| 0.07
P 92-IG 0.10| 04 | 04 | 86| 06| 04 [ 005| 02 | 1.5 | 005
20 MVW-IG 021| 04 | 06 | 11.3 1.0 0.3 | 0.45

CN 16/13-1G 0.16| 0.6 | 25 | 16.0| 135 +

CN 18/11-1G 0.05| 04 | 1.8 | 188]| 9.3

ER 308 H-IG 0.06| 04 | 1.7 | 200| 95 | 0.2

GMAW solid wires

DMO-IG 0.10] 06 | 1.2 05

DCMS-IG 041 | 06 | 1.0 | 12 05
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® Overview — Standard Classifications (continued)

Bohler EN/ENISO AWS

GMAW solid wires

DMV 83-IG 21952-, G MoVSi A5.28-05: ER80S-G

CM 2-IG 21952-A: G CrMo2Si A5.28-05: ER90S-G
ER90S-B3 (mod.)

CM 5-IG 21952-A: G CrMo5Si A5.28-05: ER80S-B6

C 9 MV-IG 21952- G CrMo 91 A5.28-05: ER90S-B9

CN 18/11-1G 14343 G199H A5.9-06: ER19-10H

C 9 MV-MC 17634-B: TS 69T15-1G-9CTMV_ A5.28-05: E90C-B9

DMO Ti-FD 17634- TMoLP M1 A5.29-10: E81T1-AIM

DCMS Ti-FD 17634- (T CrMo1 P M 1) A5.29-10: E81T1-B2M

CM 2 Ti-FD 17634-, T ZCrMo2 P M 1 A5.29-10: E91T1-B3M

C 9 MV Ti-FD 17634- T ZCrMo9VNb P M 1 A5.29-10: E91T1-BOM

E 308 H-FD 17633-A: TZ199HRM3 A5.22-10: E308HT0-4

Z199HRC3 E308HTO-1
E 308 H PW-FD 17633-A: TZ199HPM1 A5.22-10: E308HT1-4
Z199HPC1 E308HT1-1

EMS 2 Mo 756: S 2 Mo A5.23-07: EA2

EMS 2 Mo/BB 24 756: S 46 4 FB S2Mo A5.23-07: F8A4-EA2-A2
F55A4-EA2-A2

EMS 2 Mo/BB 25 756: S 46 3 FB S2Mo A5.23-07: F8A4-EA2-A2
F55A4-EA2-A2

EMS 2 CrMo 24598-A: S CrMo1 A5.23-07: EB2

EMS 2 CrMo/BB 24  24598-A/760: S CrMo1/SAFB1  A5.23-07: F8P2-EB2-B2
F55P3-EB2-B2

EMS 2 CrMo/BB 25  24598-A/760: S CrMo1/SAFB1  A5.23-07: F8P2-EB2-B2
F55P3 EB2-B2

CM 2-UP 24598-A: S CrMo2 A5.23-07:

CM 2-UP/BB 24 24598-A/760: S CrMo2/SAFB1  A5.23-07: F8P2 EB3-B3
F55P3-EB3-B3

P 23-UP 24598-A: S ZCrWv2 1.5 A5.23-07: EG

P 23-UP/BB 430 24598-A/760: SA FB 155 AC A5.23-07: -

P 24-| 24598-A: S ZCrMo2VNb A5.23-07: EG

P 24-UP/BB 430 24598-A/760: SA FB 155 AC A5.23-07: -

CM 5-UP 24598-A: S CrMo5 A5.23-07: EB6

CM 5-UP/BB 24 24598-A/760: S CrMo5/SAFB1  A5.23-07: F8PZ-EB6-B6
F55PZ-EB6-B6

C 9 MV-UP 24598-A: S CrMo91 A5.23-07: EB9

C9MV-UP/BB 910  24598-A/760: S CrMo91/SAFB2 A5.23-07: FOPZ-EB9-BY
F62PZ-EB9-BY

P 92-UP 24598-A: SZCrMOWVNb 9 0.515 A5.23-07: EB9 (mod.)

P 92-UP/BB 910 24598-A/760:

S ZCrMoWVND 9 0.5 1. 5 /SAFB2

20 MVW-UP 24598-A: S CrMowV12

20 MVW-UP/BB 24  24598-A/760: S CrMoWV12/SA FB2 —

CN 18/11-UP 14343 S199H A5.9-06: ER19-10H

CN18/11-UP/BB 202  14343/760: S199H/SAFB2 -

Gas welding rods

DMO 12536: oI A5.2-07: R60-G

DCMS 12536: 0OV (mod.) A5.2-07: R65-G
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High Temperature and Creep-resistant Filler Metals

@ Overview — Typical Chemical Composition (continued)

Bohler | c|si|Mn|Cr|Ni |[Mo|Nb|V |W]|N
GMAW solid wires

DMV 83-IG 0.08 | 0.6 0.9 | 0.45 0.85 0.35

CM 2-IG 0.08 [ 0.6 | 095 | 26 1.0

CM 5-IG 0.08 | 0.4 0.5 5.8 0.6

C 9 MV-IG 0.12 | 0.3 0.5 9.0 0.5 0.9 |0.055| 0.2

CN 18/11-IG 0.05 | 0.6 16 [ 188 | 9.3

GMAW metal cored and flux-cored wires

C 9 MV-MC 0.1 0.3 0.6 9.0 0.7 1.0 [0.05 | 0.2 0.04
DMO Ti-FD 0.04 [ 0.25 | 0.75 0.5

DCMS Ti-FD 0.06 | 0.22 | 0.75 1.2 0.47 | P>0.015 | As>0.005 | Sn>0.005 [ Sb>0.005
CM 2 Ti-FD 0.08 ([0.25 | 0.8 | 225 1.1 [ P>0.015 [As>0.005 | Sn>0.005 | Sb>0.005
C 9 MV Ti-FD 0.10 | 0.2 0.7 9.0 0.6 1.0 [0.04 | 0.2 0.04
E 308 H-FD 0.05 | 0.6 1.2 19.4 | 101

E 308 H PW-FD 0.05 | 0.6 1.2 [19.4 | 101

SAW wire/flux-c i

EMS 2 Mo 0.10 | 0.12 | 1.05 0.50

EMS 2 Mo/BB 24 0.07 [ 0.25 | 1.15 0.45

EMS 2 Mo/BB 25 0.07 | 0.40 | 1.50 0.50

EMS 2 CrMo 0.12 [ 0.10 | 0.80 | 1.2 0.50

EMS 2 CrMo/BB 24 | 0.08 | 0.25 | 0.95 | 1.0 0.45

EMS 2 CrMo/BB 25 | 0.07 | 0.40 | 1.35 | 1.0 0.50

CM 2-UP 0.12 [ 0.10 | 0.60 | 2.6 0.95

CM 2-UP/BB 24 0.08 [0.25 | 0.75 | 2.4 0.95

P 23-UP 0.07 [ 0.35 | 0.5 2.2 0.05 [0.22 | 1.7

P 23-UP/BB 430 0.06 [ 0.40 | 0.65 | 2.1 0.04 [ 0.18 | 1.6

P 24- 0.10 [ 0.25 | 0.55 | 2.5 1.0 [0.05 | 0.24

P 24-UP/BB 430 0.08 [0.30 | 0.75 | 2.4 0.95 | 0.05 | 0.20

CM 5-UP 0.08 [ 0.30 | 0.50 | 5.8 0.60

CM 5-UP/BB 24 0.06 [ 0.40 | 0.75 | 55 0.55

C 9 MV-UP 0.12 [ 0.30 | 0.50 | 9.0 | 0.50 | 0.90 [0.055 | 0.20

C 9 MV-UP/BB 910 0.11 | 0.35 [ 0.60 | 89 |0.50 | 0.85 | 0.05 | 0.20

P 92-UP 0.11 | 0.40 (045 | 88 |0.65 | 0.45 | 0.06 | 0.20 | 1.65

P 92-UP/BB 910 0.09 (0.45 | 040 | 86 | 0.60 | 0.35 [ 0.04 | 0.20 | 1.50

20 MVW-UP 0.25 [ 0.25 | 0.80 | 11.5 | 0.60 | 0.90 0.30 | 0.50

20 MVW-UP/BB 24 0.18 ( 0.30 | 0.75 | 11.4 | 0.45 | 0.85 0.3 | 0.50

CN 18/11-UP 0.05 [ 0.40 | 1.60 | 18.8 | 9.30

CN 18/11-UP/BB 202| 0.04 | 0.50 | 1.30 | 18.5 | 9.30

Gas welding rods

DMO 0.12 [ 0.15 | 1.0 0.5

DCMS 0.12 | 0.1 0.8 1.0 0.5
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN ISO 3580-A:2008: E Mo R 12 e :
EN ISO 3580-B:2008: = E4913-1M3 BOHLER Fox DMO TI
EN 150 2280.85010,  EAS1B NG AL SMAW rutile electrode, low-alloyed,

high temperature

Description

Rutile electrode for 0.5 % Mo-alloyed boiler, plates, and tube steels. Approved in long-
term condition up to +550 °C service temperature. Specifically preferred for thin walled welds
up to 30 mm and root pass welding. It offers excellent striking and restriking characteristics,
easy slag removal, smooth beads, AC/DC weldablility and produces first class X-ray quality
welds in all positions (except vertical down).

Typical Composition of All-weld Metal

C Si Mn Mo
Wit-% 0.07 0.4 0.8 0.55

Mechanical Properties of All-weld Metal

u a
Yield strength Re N/'mm? (MPa): 500 60) 470

(=4 (= 440)
Tensile strength Rm N/mm? (MPa): 570 (= 550) 550 (= 540)
Elongation A (Lo = 5do) %: 23 (= 22) 23 (= 22)
Impact work ISO-V KV J +20 °C: 0 (= 47) 100 (= 47)

(*) u untreated, as-welded
a annealed, 620 °C/2 h/furnace down to 300 °C/air
Operating Data

e re-drying if necessary: 2 mm L mm ampsA | —_
T - 250 60 - 80

2.0
— electrode identification: 25 250/350 80-110 | \o
FOX DMO Ti E Mo R 3.2 350 110 - 140
4.0 450  140- 180

Preheating, interpass temperature, and post weld heat ‘treatment as required by the base
metal.

Base Materials

high temperature steels and similar alloyed cast steels

16Mo3, S355J0G3, E295, P255G1TH, L320 - L415NB, L320MB - L415MB, S255N, P295GH,
P310GH, P255 - P355N, P255NH - P355NH

ASTM A335 Gr. P 1; A161-94 Gr. T1; A182M Gr. F1; A204M Gr. A, B, C; A250M Gr. T1

Approvals and Certificates

TUV-D (0018.), DB (10.014.04), OBB, TUV-A (84), BV (2YM), DNV (X), RMR (1Y), Statoil,
VUZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DMO Kb SAW combination: EMS 2 Mo/BB 24
GTAW rod: DMO-IG EMS 2 Mo/BB 25
GMAW solid wire: DMO-IG Gas welding rod: DMO

Flux cored wire: DMO Ti-FD
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN ISO 8580-A:2008: E Mo B 4 2 H5 °

EN150 sssos000 Eaviarmors  BOHLER FOX DMO Kb

EN ISO 2560-A:2010: E 46 5 Mo B 4 2 H5

EN ISO 2560-B:2010: E4918-1M3 A U H5 SMAW basic electrode, low-alloyed,

AWS A5.5-06: E7018-A1H4R high temperature
AWS A5.5M-06: E4918-A1H4R
Description

Basic low-hydrogen electrode for 0.5 % Mo-alloyed boiler, plates, and tube steels. Approved in long-
term condition up to +550 °C service temperature.

For high quality welds of long term stressed components with reliable mechanical properties under
high and low temperature conditions. Crack resistant, tough and ageing resistant. Very low hydro-
gen content (acc. AWS condition HD < 4 ml/100 g). Metal recovery approx. 115 %.

Typical Composition of All-weld Metal

C Si Mn Mo
Wit-% 0.08 0.35 0.8 0.45
Mechanical Properties of All-weld Metal
* u a
Yield strength R. N/mm? (MPa): 510 (= 480) 520 (=470)
Tensile strength Rm N/mm? (MPa): 590 (= 560) 600 (= 560)
Elongation A (Lo = 5do) %: 26 (= 22) 25 (= 22)
Impact work ISO-V KV J +20 °C: 170 (= 120) 170 (= 120)
- 50 °C: 62 (= 47)
(*) u untreated, as-welded
a annealed, 620 °C/2 h/furnace down to 300 °C/air
Operating Data
— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 250/350 80 -110
——| electrode identification: 3.2 350 100 - 140
FOX DMO Kb 7018-A1 E Mo B 4.0 350/450 130 - 180
5.0 450 190 - 230

Preheat, interpass temperature, and post weld heat treatmeﬁt as required by the base metal.

Base Materials

high temperature steels and similar alloyed cast steels, steels resistant to caustic cracking
and ageing resistant steels

16M03,S355J2G3, E295, E335, P255G1TH, L320 - L415NB, L320MB - L415MB, S255N,
P295GH, P310GH, 15NiCuMoNb5, 20MnMoNi4-5, 17MnMoV6-4, S255N - S500N,
S255NH - S500NH, S255NL - S500NL, GE240 - GE300, 22Mo4, GP240GH

ASTM A(:3335 Gr. P1; A161-94 Gr. T1; A217 Gr. WC1; A182M Gr. F1; A204M Gr. A, B, C;
A250M Gr. T1

Approvals and Certificates

TUV-D (0019.), KTA 1408.1 (8053.00), DB (10.014.14), OBB, TUV-A (71), ABS (E 7018-A1),
DNV (NV 0,3Mo), GL (15 Mo 3), RMR (-, Statoil, LTSS, VUZ, SEPROZ, CRS (3YH10),
NAKS, CE

Same Alloy Filler Metals

SMAW electrode: FOX DMO Kb SAW combination: EMS 2 Mo/BB 24
GTAW rod: DMO-IG EMS 2 Mo/BB 25
GMAW solid wire: DMO-IG Gas welding rod: DMO

Flux cored wire: DMO Ti-FD
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

SN soemoszes e BOHLER FOX DCMS Ti
AWS AS.5-06: Egg}ggz (mod.) SMAW rutile electrode, low-alloyed,

AWS A5.5M-06: E5513-G high temperature
E5513-B2 (mod.)

Description

Rutile low hydrogen electrode for 1 % Cr 0.5 % Mo alloyed boiler, plate, and tube steels.
Approved in long-term condition up to +570 °C service temperature.

Easy to operate. Fully alloyed core wire. Specifically preferred for thin walled welds and root
pass welding in all positions (except vertical down). First class X-ray quality.

Post weld tempering at 660-700 °C for at least 1/2 h followed by cooling in furnace down

to 300 °C and still air.

Typical Composition of All-weld Metal
C Si Mn Cr Mo
Wt-% 0.10 0.35 0.7 1.0 0.5

Mechanical Properties of All-weld Metal

*

a
Yield strength R N/mm? (MPa): 510 (= 490)
Tensile strength Rm N/mm? (MPa): 610 (=590)
Elongation A (Lo = 5do) %: 21 (= 20)
Impact work ISO-V KV J +20 °C: 100 (= 47)

(*) a annealed, 680 °C/2 h/furnace down to 300 °C/air

Operating Data

e re-drying if necessary: o mm Lmm ampsA —_—

! - 25 250  80-110

— electrode identification: 3.2 350 110-140 | N\
FOX DCMS Ti 8013-G E CrMo1 R 4.0 350 140-180

Preheat and interpass temperatures of 200-250 °C are required for 13CrMo4-5 steels.

Base Materials

high temperature steels and similar alloyed cast steels, case hardening and nitriding steels of
similar chemical composition, similar alloyed heat treatable steels with tensile strength up to
780 N/mm?, steels resistant to caustic cracking.

1.7335 13CrMo4-5, 1.7262 15CrMo5, 1.7728 16CrMoV4, 1.7218 25CrMo4, 1.7258 24CrMo5,
1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5

ASTM A193 Gr. B7; A335 Gr. P11 a. P12; A217 Gr. WC6

Approvals and Certificates

TUV-D (0764.), DB (10.014.05), OBB, TUV-A (90), ABS (Cr 0,8/1,2 Mo), DNV (X),
GL (13 CrMo 44), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DCMS Kb SAW combination: EMS 2 CrMo/BB 24
GTAW rod: DCMS-IG EMS 2 CrMo/BB 25
GMAW solid wire: DCMS-IG Gas welding rod: DCMS

Flux cored wire: DCMS Ti-FD
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN 150 as80.8 2006 Essisrouns  BOHLER FOX DCMS Kb

AWS A5.5-06: E8018-B2H4R : -

AWS AB.BM-06: E5518.BoHR SMAW basic electro_de, low-alloyed,
high temperature

Description

Basic low hydrogen electrode for 1 % Cr 0.5 % Mo alloyed boiler, plate, and tube steels.
Approved in long-term condition up to +570 °C service temperature. Fully alloyed core wire
which will provide reliable creep rupture properties for the whole service life of a boiler plant.
High ductility and crack resistance. The weld metal deposit is heat treatable. Very low hydro-
gen content (acc. AWS condition HD < 4 ml/100 g). Metal recovery approx. 115%. Suitable for
step-cooling application. Bruscato <15ppm. Post weld tempering at 660-700 °C for at least 1/2
h followed by cooling in furnace down to 300 °C and still air.

Typical Composition of All-weld Metal

Si Mn Cr Mo P As Sb Sn
Wt-% 0.10 0.35 0.7 1.05 0.5 =0.010 <0.005 =0.005 =0.005

Mechanical Properties of All-weld Metal

() a v

Yield strength R. N/mm? (MPa): 530 (= 490) 380 (=330)
Tensile strength Rm N/mm? (MPa): 630 (=590) 520 (=490)
Elongation A (Lo = 5do) %: 23 (= 22) 28 (= 24)
Impact work ISO-V KV J +20 °C: 160 (= 100) 190 (= 100)

(*) a annealed 680 °C/2 h/furnace down to 300 °C/air
v quenched/tempered 930 °C/0.5 h/air + 680 °C/10 h/furnace down to 300 °C/air

Operating Data

re-drying if necessary: o mm Lmm ampsA
300 - 350 °C, min. 2 h 25 250/350 80-110
electrode identification: 3.2 350 100 - 140
FOX DCMS Kb 8018-B2ECrMo 1B 4.0 350/450 130 - 180
5.0 450 180 - 220
Preheat and interpass temperature for 13CrMo4-5 steels 200-250 °C.

Base Materials

high temperature steels and similar alloyed cast steels, case hardening and nitriding steels of
similar chemical composition, similar alloyed heat treatable steels with tensile strength up to
780 N/mm?, steels resistant to caustic cracking.

1.7335 13CrMo4-5, 1.7262 15CrMo5, 1.7728 16CrMoV4, 1.7218 25CrMo4, 1.7258 24CrMo5,
1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5

ASTM A193 Gr. B7; A335 Gr. P11 a. P12; A217 Gr. WC6
Approvals and Certificates

TUV-D (0728.), DB (10.014.32), OBB, TUV-A (14), ABS (E 8018-B2), DNV (NV 1Cr 0,5Mo),
GL (13 CrMo 44), LTSS, VUZ, SEPROZ, CE

—

|

4

Same Alloy Filler Metals

SMAW electrode: FOX DCMS Ti SAW combination: EMS 2 CrMo/BB 24
GTAW rod: DCMS-IG EMS 2 CrMo/BB 24 SC
GMAW solid wire: DCMS-IG EMS 2 CrMo/BB 25
Gas welding rod: DCMS Flux cored wire: DCMS Ti-FD
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

/E\’;‘VISS(AD 355(83% A:2008: EZCrBMé)V1 B42H5 B6H LER FOX DCMV

AWS AS5.5M-06: E6218-G SMAW basic electrode, low-alloyed,
high temperature

Description

Basic electrode for highly stressed joint and production welds on GS-17CrMoV5-10 type high
temperature cast steel used in the construction of steam turbines and valve casings. Approved
in long-term condition up to +600 °C service temperature.

High creep rupture strength thanks to the C, Cr, Mo and V-content. High fracture toughness,
low hydrogen content, good welding characteristics. The deposit is heat treatable. Metal-
recovery approx. 115 %.

Typical Composition of All-weld Metal
C Si Mn Cr Mo \
Wit-% 0.12 0.30 0.9 1.30 1.0 0.22

Mechanical Properties of All-weld Metal

™) u a v

Yield strength R: N/mm? (MPa): 720 680 (=530) 500
Tensile strength Rm N/mm? (MPa): 1000 770 (=620) 630
Elongation A (Lo = 5do) %: 12 19 (= 17) 20
Impact work ISO-V KV J +20 °C: 22 90 (= 47) 155

(*) u untreated, as-welded
a annealed 680 °C/8 h/furnace down to 300 °C/air
v quenched/tempered 940 °C/0.5 h/oil + 720 °C/12 h/furnace down to 300 °C/air

Operating Data

[— | re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 4.0 450  130-180 | =4
— electrode identification: 5.0 450 180 - 230

FOX DCMV 9018-G E ZCrMoV1 B
Preheat and interpass temperatures 300-350 °C, stress relieving > 20 °C below the tempering
temperature of the cast steel, but not less than 680 °C.
Base Materials
similar alloyed high temperature steels and cast steels
1.7706 G17CrMoV5-10

Approvals and Certificates
TOV-D (6077.), LTSS, SEPROZ, CE
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EN ISO 3580-A:2008: E MoV B 4 2 H5 °
AWS A5.5.00: E0015.0 BOHLER FOX DMV 83 Kb
AWS AS5.5M-06: E6218-G SMAW basic electrode,
low-alloyed, high temperature

Description

Basic core wire alloyed electrode with special suitability for 14MoV6-3 (1/2 Cr 1 Mo) steels.
Approved in long- term condition up to +580 °C service temperature.

Crack resistant and ductile deposit, low hydrogen content. Good weldability in all positions
except vertical down. Metal recovery approx. 115 %.

Typical Composition of All-weld Metal

C Si Mn Cr Mo \
Wit-% 0.065 0.35 1.2 0.4 1.0 0.5

Mechanical Properties of All-weld Metal

() a v

Yield strength R N/mm? (MPa): 510 (=470) 410 (= 380)
Tensile strength Rn N/mm? (MPa): 660 (=610) 580 (= 540)
Elongation A (Lo = 5do) %: 22 (= 20) 26 (= 24)
Impact work ISO-V KV J +20 °C: 200 (=110) 150 (= 110)

(*) a annealed 720 °C/2 h/furnace down to 300 °C/air
v quenched/tempered 940 °C/0.5 h/oil + 730 °C/0.5 h/furnace down to 300 °C/air

Operating Data

— re-drying if necessary: o mm L mm amps A
T 300 - 350 °C, min. 2 h 25 250 70 - 100 -+
— electrode identification: 3.2 350 110 - 140

FOX DMV 83 Kb 9018-G E MoV B 4.0 350 140- 180

Preheating and interpass temperatures 200-300 °C. Post weld heat treatment at 700-720 °C
for at least 2 hours followed by cooling in furnace down to 300 °C and still air.

Base Materials
similar alloyed high temperature steels and cast steels

1.7715 14MoV6-3, 1.7733 24CrMoV5-5, 1.7709 21CrMoV5-7, 1.8070 21CrMoV5-11,
1.7706 G17CrMoV5-10,

ASTM A389 Gr. C23 a. C24; A405 Gr. P24; UNS 121610

Approvals and Certificates
TUV-D (1094.), TUV-A (119), SEPROZ, CE

Same Alloy Filler Metals

GTAW rod: DMV 83-IG
GMAW solid wire: DMV 83-IG
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN 150 asa0.8 200 Esziszomrs. BOHLER FOX CM 2 Kb

AWS A5.5-06: E9018-B3H4R : -

AWS AB.BM-06: E6218.B3H4R SMAW basic electro_de, low-alloyed,
high temperature

Description

Basic electrode for 214 % Cr 1% Mo alloyed boiler, plate and tube steels. Approved in long-term
condition up to +600 °C service temperature. Core wire alloyed electrode which will provide relia-
ble creep rupture properties for the whole service life of a boiler plant. Crack resistant and ductile
deposit, high creep rupture strength, low hydrogen content (acc. AWS condition HD < 4 ml/100 g).
Good weldability in all positions except vertical down. Deposit is nitridable and heat treatable.
Metal recovery approx. 115 %. *For step-cooling applications we can offer a special product
program.

Typical Composition of All-weld Metal
C Si Mn Cr Mo P As Sb Sn
Wt-% 0.08 0.3 0.8 2.3 1.0 s0.010 <0.005 <0.005 =0.005

Mechanical Properties of All-weld Metal

) a al v

Yield strength R: N/mm? (MPa): 510 (=440) (=530) 480 (=400)
Tensile strength Rm N/mm? (MPa): 640 (=570) (= 620) 620 (=570)
Elongation A (Lo = 5do) %: 22 (= 20) (= 17) 21 (= 18)
Impact work ISO-V KV J +20 °C: 180 (=100) 180 (=100)

(*) a annealed 720 °C/2 h/furnace down to 300 °C/air
atl annealed, 700 °C/1 h/furnace down to 200 °C/air
v quenched/tempered, 930 °C/0.5 h/oil + 730 °C/0.5 h/furnace down to 300 °C/air

Operating Data

[—] re-drying if necessary: o mm Lmm ampsA
300 - 350 °C, min. 2 h 25 250 80-110 +
— electrode identification: 3.2 350 100 - 140
4.0

—_—

I FOX CM 2 Kb 9018-B3 E CrMo2 B 350/450 130 - 180
450 180 - 230
Preheating and interpass temperatures 200-350 °C. Post weld annealing at 700-750 °C at least
1 hour followed by cooling in furnace down to 300 °C and still air.

Base Materials

high temperature steels and similar alloyed cast steels, QT-steels similar alloyed up to
980 N/mm? tensile strength, similar alloyed case hardening steels, nitriding steels

1.7380 10CrMo9-10, 1.8075 10CrSiMoV7, 1.7379 G17CrMo9-10
ASTM A335 Gr. P22; A217 Gr. WC 9

Approvals and Certificates

TUV-D (0722.), DB (10.014.30), OBB, TUV-A (13), ABS (E 9018-B3), DNV (NV 2,25Cr 1Mo),
GL (10 CrMo 9 10), VUZ, SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CM 2 Kb SC*  GMAW solid wire:  CM 2-IG
GTAW rod: CM 2-IG SAW combination: CM 2-UP/BB 24
* For step-cooling applications CM 2 SC-UP/BB 24 SC*
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes
EN ISO 3580-A:2008: E ZCrWV2 1.5 B 4 2 H5 o
AWS A5.5-06: E9015-G BOH LER Fox P 23
AWS A5.5M-06: E6215-G SMAW basic electrode
low-alloyed, high temperature

Description

Basic electrode core wire alloyed for welding bainitic steels such as P23/T23 (ASTM A213, code
case 2199), pipe material. For high quality welds, which will provide reliable creep rupture
properties for the whole service life of a boiler plant. Preheat and interpass temperature
depends on wall thickness. PWHT at 740 °C for 2 hrs.

Typical Composition of All-weld Metal

C Si Mn Cr W \ Nb
Wt-% 0.06 0.3 0.5 2.2 15 0.2 0.05

Mechanical Properties of All-weld Metal

*

a
Yield strength R: N/mm? (MPa): (= 540)
Tensile strength Rm N/mm? (MPa): (= 620)
Elongation A (Lo=5do) %: (=19)
Impact work 1SO-V KV J (=130)

(*)  a annealed 740°C/2 h

Operating Data

[— | re-drying if necessary: o mm Lmm ampsA
T 300-350°C, min. 2 h 25 250 80-110
— electrode identification: 3.2 350 100-140
FOX P 23 9015-G E ZCrWV2 1.5 B 4.0 350 130-180

Preheat and interpass temperature depends on wall thickness.

Base Materials
HCM2S, P/T23 ASTM A 213 code case 2199

Approvals and Certificates
TUV-D (10555.), CE

Same Alloy Filler Metals

GTAW rod: P 23-1G
SAW combination: P 23-UP/BB 430

2-115



www.boehler-welding.com

High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

E%.I_Q,S(ADS.SSS-%%-:AZZOO& EQZ()?rSM(_gZVNb B42H5 BOH LER Fox P 24
AWS A5.5M-06: E6215-G SMAW basic electrode
low-alloyed, high temperature

Description

Basic electrode core wire alloyed for welding bainitic steels like 7CrMoVTiB10-10 (P24/T24 acc.
to ASTM A 213 Draft). For high quality welds, which will provide reliable creep rupture properties
for the whole service life of a boiler plant. PWHT at 740 °C for 2 hrs.

Typical Analysis of All-weld Metal

C Si Mn Cr Mo \ Nb
Wt-% 0.09 0.3 0.5 25 1.0 0.2 0.05

Mechanical Properties of All-weld Metal

*

a
Yield strength R: N/mm? (MPa): (= 560)
Tensile strength Rm N/mm? (MPa): (= 660)
Elongation A (Lo=5do) %: (=18)
Impact work 1SO-V KV J (=130)

(*)  a annealed 740°C/2 h

Operating Data

re-drying if necessary: omm Lmm ampsA
T 300-350°C, min. 2 h 25 250 80-110 | =
— electrode identification: 3.2 350 100-140
FOX P 24 9018-G EZCrMo2VNbB 4.0 350  130-180

Preheat and interpass temperature depends on wall thickness.

Base Materials
7CrMoVTiB10-10, P24 acc. to ASTM A 213 Draft

Approvals and Certificates
TUV-D (10454.), CE

Same Alloy Filler Metals

GTAW rod: P 24-1G
SAW combination: P 24-UP/BB 430
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN 150 as00.8 2006 Essissours . BOHLER FOX CM 5 Kb

AWS A5.5-06: E8018-B6H4R : -

AWS AB.BM-06: E5518.B6H4R SMAW basic electro_de, low-alloyed,
high temperature

Description

Basic core wire alloyed electrode for high temperature steels and steels for hot hydrogen servi-
ce. Preferably used for X12CrMo5 (5 Cr 0.5 Mo) steels. Approved in long-term condition up to
+650 °C service temperature.

High crack resistance, very low hydrogen content (acc. AWS condition HD < 4 ml/100 g). Good
weldability in all positions except vertical down. The deposit is heat treatable. Metal recovery
approx. 115 %.

Typical Composition of All-weld Metal

C Si Mn Cr Mo
Wit-% 0.08 0.3 0.8 5.0 0.6

Mechanical Properties of All-weld Metal

) a \ a2
Yield strength R. N/mm? (MPa): 520 (=420) 440 (=390) (= 460)
Tensile strength Rn N/mm? (MPa): 620 (=590) 580 (=570) (= 550)
Elongation A (Lo = 5do) %: 21 (= 18) 26 (= 18) (= 19)
Impact work ISO-V KV J +20 °C: 90 (= 80) 110 (= 80)

(*) a annealed 730 °C/2 h/furnace down to 300 °C/air
a2 annealed, 760 °C/1 h/furnace down to 200 °C/air
v quenched/tempered, 960 °C/0.5 h/oil + 730 °C/0.5 h/furnace down to 300 °C/air

Operating Data

™ re-drying if necessary: o mm Lmm ampsA
! 300 - 350 °C, min. 2 h 25 250  70- 90 |=+
— electrode identification: 3.2 350 110 - 130

FOX CM 5 Kb 8018-B6 E CrMo 5 B 4.0 350 140 - 170

Preheat and interpass temperatures 300-350 °C. Post weld annealing at 730-760 °C for at least
1 hour followed by cooling in furnace down to 300 °C and still air.
Base Materials

high temperature steels and similar alloyed cast steels, QT-steels similar alloyed up to
1180 N/mm? tensile strength.

1.7362 X12CrMo5, 1.7363 GX12CrMo5
ASTM A213 Gr. T5; A217 Gr. C5; A335 Gr. P5

Approvals and Certificates
TUV-D (0725.), TUV-A (695), LTSS, VUZ, SEPROZ, CE

Same Alloy Filler Metals

GTAW rod: CM 5-1G
GMAW solid wire: CM 5-1G
SAW combination: CM 5-UP/BB 24
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN 150 as60.8 200 Eszisoomrs. BOHLER FOX CM 9 Kb

AWS A5.5-06: E8018-B8 . o
AWS A5.5M-06: E5518-B8 SMAW basic e'°°"°£§h'1§l;:;'r‘;¥3:’ev
Description

Basic alloyed core wire electrode for high temperature steels and steels for hot hydrogen servi-
ce, particularly in the petrochemical industry. Preferably used for 9% Cr 1% Mo steels e.g.
X12CrMo9-1 (P9). Approved in long-term condition up to +600 °C service temperature.

The weld metal is heat treatable. Metal recovery approx. 115 %.

Detailed information on welding technology available on request.

Typical Composition of All-weld Metal

C Si Mn Cr Mo
Wit-% 0.08 0.25 0.65 9.0 1.0

Mechanical Properties of All-weld Metal

*

a v
Yield strength Re N/mm? (MPa): 610 (= 550) 600 (= 550)
Tensile strength Rm N/mm? (MPa): 730 (= 690) 730 (= 690)
Elongation A (Lo=5do) %: 20 (= 19) 25 (= 19)
Impact work 1ISO-V KV J + 20 °C: 70 (= 55) 100 (= 55)
(*) a annealed, 760 °C/1 h/furnace down to 300 °C/air
v quenched/tempered, 930 °C/10 min/air + 740 °C/2 h/air
Operating Data
— re-drying if necessary: 2 mm Lmm ampsA
T 300 - 350 °C, mind. 2 h 25 250  70- 90 |=+
— electrode identification: 3.2 350 100 - 130
FOX CM 9 Kb 8018-B8 E CrMo9 B 4.0 350 130 - 160

Preheating and interpass temperatures 250-350 °C. Post weld annealing at 710-760°C for at
least 1 hr followed by cooling in furnace down to 300 °C and still air.

Base Materials

highly high temperature steels, same alloyed

1.7386 X12CrMo9-1, 1.7388 X7CrMo9-1, 1.7389 GX12CrMo10
ASTM A217 Gr. C12; A 234 Gr. WP9; A335 Gr. P9

Approvals and Certificates
TUV-D (2183.), TUV-A (522), VUZ, SEPROZ, CE

Same Alloy Filler Metals
GTAW rod: CM 9-1G
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

Slsgsmez squmesze BOHLER FOX C 9 MV

AWS A5.5-06: E9015-B9 : o
AWS A5.5M-06: E6215-B9 SMAW basic electrodi,rle'l;gphr::i?tl::{
Description

Basic core wire alloyed electrode suited for high temperature martensitic 9-12 % chromium steels, in
turbine and boiler fabrication and in the chemical industry especially for T 91 and P91 steels and ope-
rating temperatures up to +620 °C (approved up to +650 °C). High creep rupture strength and good
toughness properties under long term stresses. Low hydrogen content. The electrode is suitable in all
positions except vertical down. It features excellent striking and re-striking properties.

Typical Composition of All-weld Metal
c Si Mn Cr Ni Mo Nb v
Wt-% 0.1 0.2 0.7 9.0 0.75 1.0 0.06 0.2

Mechanical Properties of All-weld Metal

*

a
Yield strength R: N/mm? (MPa): (= 550)
Tensile strength Rn N/mm? (MPa): (= 680)
Elongation A (Lo = 5do) %: (=17)
Impact work ISO-V KV J +20°C: (=47)

(*) a annealed, 760 °C/2 h/furnace down to 300 °C/air

Operating Data

= re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 250 60- 80 | =
. electrode identification: 3.2 350 90-120 |—

FOX C 9 MV 9015-B9 E CrMo91 B 4.0 350 110 - 150

5.0 450 150 - 210

Preheating and interpass temperature 200-300 °C. After welding the joint should be cooled down below
80 °C to finish the martensite transformation. A cooling down to room temperature is possible up to a
wall thickness of 45 mm. In case of greater wall thickness or complex components the possibility of
residual stresses must be considered. The following post weld heat treatment is recommended:
annealing 760 °C/min. 2 hrs, max. 10 hrs, heating and cooling rates up to 550 °C max. 150 °C/h, above
550 °C max. 80 °C/h. For optimised toughness values a welding technology should be applied which
produces thin welding layers (app. 2 mm).

Base Materials
similar alloyed creep resistant steels

1.4903 X10CrMoVNb9-1
ASTM A199 Gr. T91; A335 Gr. P91 (T91); A213/213M Gr. T91

Approvals and Certificates
TUV-D (6762.), SEPROZ, CE

Same Alloy Filler Metals

GTAW rod: C 9 MV-IG GMAW solid wire: Co9M
Flux cored wire: C 9 MV Ti-FD GMAW metal cored wire: C 9 MV-
SAW combination: CoM

V-IG
MC
V UP/BB 910
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN ISO 3580-A:2008: E ZCrMoWVNb 911B42H5 °
AWS A5.5-06: EQO1 5-89 (mod.) BOH LER
9015-
AWS A5.5M-06: E6215-B9 (mod.) FOX C 9 MVW
E6215-G SMAW basic electrode, high-alloyed,
creep resistant
Description

Basic core wire alloyed Cr-Mo-Ni-V-W-Nb-electrode for the welding of high temperature
martensitic steels like e.g. X11CrMoWVNb9-1-1 (E 911, P 911). Approved in long-term
condition up to +650 °C service temperature. Good welding properties in all positions except
vertical down.

Typical Composition of All-weld Metal

C Si Mn Cr Mo Ni W ' N Nb
Wt-% 01 025 0.7 88 1.0 0.7 1.0 0.22 0.05 0.06

Mechanical Properties of All-weld Metal

*

a

Yield strength R: N/mm? (MPa): (= 560)

Tensile strength Rm N/mm? (MPa): (= 720)

Elongation A (Lo = 5do) %: (= 15)

Impact work ISO-V KV J +20 °C: (= 41)

(*) a annealed, 760 °C/2 h/furnace down to 300 °C/air

Operating Data
— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 3.2 350 90-120 |=+4
— electrode identification: 4.0 350 130 - 180

FOXC9 MVW E Z CrMoWVNb911B 5.0 450 160 - 210

Preheating and interpass temperature 200-300 °C. After welding the joint should be cooled
down below 80 °C to finish the martensite transformation. In case of greater wall thickness or
complex components the possibility of residual stresses must be considered.

The following post weld heat treatment is recommended: annealing 760 °C/ min. 2 hrs, max.
10 hrs, heating and cooling rates up to 550 °C max. 150 °C/h, above 550 °C max. 80 °C/h.
For optimised toughness values a welding technology should be applied which produces thin
welding layers (app. 2 mm).

Base Materials

similar alloyed creep resistant steels

1.4905 X11CrMoWVNb9-1-1, E 911

ASTM A335 Gr. P911; A213 Gr. T911

Approvals and Certificates
TUOV-D (9176.), SEPROZ, CE

Same Alloy Filler Metals

GTAW rod: C 9 MVW-IG
SAW combination: C 9 MVW-UP/BB 910
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High Temperature and Creep-resistant Filler Metals - SMAW Covered Electrodes

EN ISO 3580-A:2008: E ZCrMoWVNb 9 0,52 B 4 2 H A
AWSAS%S-gg: 2008 E9015-89 (mod})3052 2% BOHLER FOX P 92

E9015-G . .
AWS A5.5M-06: E6215-B9 (mod.) SMAW basic electrode, high: all_oyed,
E6215-G creep resistant

Description

Basic Cr-Mo-Ni-V-W-Nb alloyed electrode suited for welding of high temperature steel 9%Cr-1.5% W-
Mo-Nb-N (NF 616, P 92). Approved in long-term condition up to + 650 °C service temperature. The elec-
trode features a stable arc, good striking and re-striking properties, low spatter loss and an easy remo-
vable slag.

Typical Composition of All-weld Metal

C Si Mn Cr Mo Ni W \J N Nb
Wit-% 0.1 03 07 90 055 07 16 02 0.05 0.05

Mechanical Properties of All-weld Metal

™ a atl a1 (650 °C test temp)
Yield strength R. N/mm? (MPa): 690 (= 560) 630 230 (=125)
Tensile strength Rm N/mm? (MPa): 810 (=720) 760 330
Elongation A (Lo = 5do) %: 19 (= 15) 20 22
Impact work ISO-V KV J + 20 °C: 55 (= 41) 80
0 °C: 50
(*) a annealed 760 °C/2 h/furnace down to 300 °C/air
al annealed 760 °C/6 h/furnace down to 300 °C/air
Operating Data
— re-drying if necessary: omm Lmm ampsA
T 300 - 350 °C, min. 2 h 3.2 350 90 - 140 =+
— electrode identification: 4.0 350 130 - 180

FOX P 92 E Z CrMoWVNDb9 0.52 B
Preheating and interpass temperature 200-300 °C. After welding the joint should cool down below 80 °C,
to finish the martensite transformation. In case of greater wall thickness or complex components the
possibility of residual stresses must be considered.
The following postweld heat treatment is recommended: Annealing 760 °C/min. 2 hours, max. 10
hours, heating/cooling rate up to 550 °C max. 150 °C/h, above 550 °C max. 80 °C/h. In case of heat
treatments less than 2 hours the requirements have to be proved by a procedure test.
For optimised toughness values a welding technology should be applied which produces thin welding
layers (approx. 2 mm).

Base Materials

similar alloyed creep resistant steels

NF 616

ASTM A335 Gr. P 92 (T92); A213 Gr. T92

Approvals and Certificates
TUV-D (9291.), SEPROZ, CE

Same Alloy Filler Metals
GTAW rod: P 921G SAW combination: P 92-UP/BB 910
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes
EN ISO 3580-A:2008: E CrMoWV12 B 4 2 H5 BOH LER

FOX 20 MVW

SMAW basic electrode, high-alloyed,
creep resistant

Description

Basic core wire alloyed electrode for high temperature, heat treatable 12 % chromium steels in turbine
and boiler construction as well as in the chemical industry. Preferably used for X20CrMoV12-1. Approved
in long-term condition up to +650 °C service temperature.

High creep rupture strength and excellent toughness under long term stresses. Optimum chemical com-
position ensures a high quality weld metal. Low hydrogen content (HD <5 ml/100 g). Good weldability in
all positions except vertical down. The weld metal deposit is heat treatable.

Metal recovery approx. 115 %.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Vv W
Wt-% 0.18 0.3 0.7 11.0 0.55 0.9 0.25 0.5
Mechanical Properties of All-weld Metal
¢) a v
Yield strength R N/mm? (MPa): 610 (= 580) 590 (= 550)
Tensile strength Re N/mm? (MPa): 800 (= 700) 790 (= 740)
Elongation A (Lo = 5do) %: 18 (= 15) 18 (= 15)
Impact work ISO-V KV J +20 °C: 45 (= 35) 45 (= 35)

(*) a annealed 760 °C/4 h/furnace down to 300 °C/furnace down to 300 °C/air
v quenched/tempered 1050 °C/0.5 h/oil + 760 °C/2 h/furnace down to 300 °C/air

Operating Data

— re-drying if necessary: o mm Lmm ampsA
T 300 - 350 °C, min. 2 h 25 250 60- 80 |=+4
— electrode identification: 3.2 350 90 - 120
FOX 20 MVW E CrMoWV12 B 4.0 350 110 - 140
5.0 450 150 - 180

Preheating and interpass temperatures 400-450 °C (austenitic welding) or 250-300 °C (martensitic
welding). Root passes should principally be welded in the martensitic range. Lower preheat and
interpass temperatures are possible, yet must be approved by practical welding tests and process
qualification tests.

After welding cooling down to 90+10 °C, followed by tempering at 720-760 °C for three minutes / mm
wall thickness (at least for 2 hours). Quenching and tempering, if specified, at 1050 °C for 1/2 hour/oil
and annealing at 760 °C for 2 hours.

Base Materials

similar alloyed creep resistant steels

1.4922 X20CrMoV12-1, 1.4935 X20CrMoWV12-1, 1.4923 X22CrMoV12-1,
1.4913 X19CrMoVNb11-1 (Turbotherm, 20 MVNDb), 1.4931 GX22CrMoV12-1

Approvals and Certificates
'CI':L"JV-D (01082.), KTA 1408.1 (8088.00), DB (10.014.31), OBB, TUV-A (81), LTSS, SEPROZ,
E

Same Alloy Filler Metals

GTAW rod: 20 MVW-IG
SAW combination: 20 MVW-UP/BB 24
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

EN 1600:1997: EZ1613NbB 42 BOHLER FOX CN 16/13

SMAW basic electrode, high-alloyed,
creep resistant

Description

Basic core wire alloyed electrode for high quality weld joints in high efficiency boilers and
turbine components. Approved in long-term condition up to +800 °C.

Fully austenitic weld deposit. Insusceptible to embrittlement and resistant to hot cracking.
Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb
Wit-% 0.14 0.5 3.8 16.0 13.0 1.5

Mechanical Properties of All-weld Metal

* u

Yield strength R: N/mm? (MPa): 450 (= 300)
Tensile strength Rm N/mm? (MPa): 600 (= 550)
Elongation A (Lo = 5do) %: 31 (= 30)
Impact work ISO-V KV J +20 °C: 55 (= 50)

(*) u untreated, as-welded

Operating Data

™ re-drying if necessary: o mm Lmm ampsA
T 250 - 300 °C, min. 2 h 25 250 60- 80 |=
— electrode identification: 3.2 350 80-110

FOX CN 16/13E Z16 13Nb B 4.0 350 110 - 140

Preheating is not required, only in case of wall thickness ébove 25 mm preheat up to 150 °C.
Low heat input is recommended. Interpass temperatures should not exceed 150 °C.

Base Materials
similar alloyed creep resistant steels

1.4961 X8CrNiNb16-13, 1.4910 X3CrNiMoN17-13, 1.4981 X8CrNiMoNb16-16
1.4988 X8CrNiMoVNb16-13, 1.4878 X12CrNiTi18-9

Approvals and Certificates
TOV-D (0550.), SEPROZ, CE

Same Alloy Filler Metals
GTAW rod: CN 16/13-IG
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E199 B 4 2 o
AWS A5.4.06, E308-15 BOHLER FOX CN 18/11
SMAW basic electrode, high-alloyed,
creep resistant

Description

Basic core wire alloyed electrode with controlled delta ferrite content (3-8 FN) for austenitic
CrNi steels with increased carbon contents (e.g. 1.4948 / 304H), in the boiler, reactor and tur-
bine fabrication. Approved in long-term condition up to +700 °C service temperature (+300 °C
in the case of wet corrosion). Resistant to hot cracking, scaling and corrosion. Excellent welda-
bility in all positions except vertical down. Also suitable for German material no. 1.4551 and no.
1.4550, which are approved for temperatures up to +550 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni FN
Wit-% 0.05 0.3 13 19.4 104 3-8

Mechanical Properties of All-weld Metal

*

u
Yield strength R N/mm? (MPa): 420 (= 350)
Tensile strength Rm N/mm? (MPa): 580 (= 550)
Elongation A (Lo = 5do) %: 40 (= 35)
Impact work ISO-V KV J +20 °C: 85 (= 70)
(*) u untreated, as-welded
Operating Data
re-drying if necessary: o mm Lmm ampsA
T 250 - 300 °C, min. 2 h 25 250 50- 80 |=+4
— electrode identification: 3.2 350 80 - 100
FOX CN 18/11 308-15E199 B 4.0 350 110 - 140

Preheating is not required, only in case of wall thickness above 25 mm preheat up to 150 °C
Interpass temperature should not exceed 200 °C.
Base Materials

similar alloyed creep resistant steels

1.4948 X6CrNi18-11, 1.4949 X3CrNiN18-11
AISI 304H, 321H, 347H

Approvals and Certificates
TUV-D (0138.), KTA 1408.1 (8067.00), TUV-A (447), LTSS, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX E 308 H GMAW flux cored wire:  E 308 H-FD
GTAW rod: ER 308 H-IG E 308 H PW-FD

CN 18/11-IG SAW combination: CN 18/11-UP/BB 202
GMAW solid wire: CN 18/11-IG
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EN 1600:1997: E19 9 HR 42 ®
AWS 75.4.06. E308H-16 BOHLER FOX E 308 H
SMAW rutile basic electrode, high-alloyed,
creep resistant

Description

Rutile basic core wire alloyed electrode for the use of high temperature CrNi austenitic steel for
service temperatures up to +700 °C. Specially designed for the base metal AISI 304H (W. no.
1.4948). Controlled ferrite content of 3-8 FN. The deposit is insusceptible to embrittlement and
scaling. Excellent weldability in all position except vertical down.

Typical Composition of All-weld Metal
C Si Mn Cr Ni FN
Wt-% 0.05 0.6 0.7 19.4 10.2 3-8

Mechanical Properties of All-weld Metal

¢) u

Yield strength Re N/'mm? (MPa): 420 (= 350)

Tensile strength Rm N/mm? (MPa): 580 (= 550)

Elongation A (Lo = 5do) %: 40 (= 35)

Impact work ISO-V KV J +20 °C: 75 (= 47)

(*) u untreated, as-welded

Operating Data
— re-drying if necessary: o mm Lmm ampsA =+
T 120 - 200 °C, min. 2 h 25 300 45- 75
— electrode identification: 3.2 350 70-110

FOXE308H-16 E199HR 4.0 350 110 - 145

o

Preheating is not required, only in case of wall thickness al
Interpass temperature should not exceed 200 °C.

ove 25 mm preheat up to 150 °C,

Base Materials

similar alloyed creep resistant steels

1.4948 X6CrNi18-11, 1.4878 X12CrNiTi18-9
AISI 304, 304H, 321H, 347H

Approvals and Certificates
TUV-D (11178.), CE, SEPROZ

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 18/11 GMAW flux cored wire: E 308 H-FD
GTAW rod: ER 308 H-IG E 308 H PW-FD

CN 18/11-IG SAW combination: CN 18/11-UP/BB 202
GMAW solid wire: CN 18/11-IG
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

RWSRE408  Eaurib C BOHLER FOX E 347 H
SMAW basic electrode
high-alloyed, creep resistant

Description

Basic electrode core wire alloyed for the use of high temperature CrNi austenitic steel for ser-
vice temperatures exceeding +400 °C. Specially designed for the base metal AISI 347H.
Controlled ferrite content of 3-8 FN. The deposit is less susceptible to embrittiement and is
scaling resistant. Excellent weldability an all position except vertical down.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb FN
Wt-% 0.05 0.3 13 19.0 10.2 28xC 3-8

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/'mm? (MPa): 470 (= 350)
Tensile strength Rm N/mm? (MPa): 630 (= 560)
Elongation A (Lo=5do) %: 36 (=30)
Impact work 1SO-V KV J +20 °C: 95
(*)  uuntreated, as-welded
Operating Data
[— | re-drying if necessary: o mm Lmm ampsA
T - 25 300  50- 80
— electrode identification: 3.2 350 75-110
: . FOXE 347 H-15E199Nb B 4.0 350 110-145

Base Materials

similar alloyed creep resistant steels
AISI 347H, AISI 321H

Approvals and Certificates
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

EN ISO 21952-A:2008: W MoSi °

EN ISO 21952-B:2008: W 52 1M3 BOHLER DMO-IG

EN ISO 636-A:2008: W2Mo (for rods) .
EN 1SO 636-A:2008- W 46 3 W2Mo GTAW rod, low-alloyed, high temperature

EN ISO 636-B:2008: W 55A 3U W1M3 (high strength)
AWS A5.28-05: ER70S-A1 (ER80S-G

AWS A5.28M-05: ER49S-A1 (ER55S-G

W.No.: 1.5424

Description

Copper coated GTAW rod for welding in boiler, pressure vessel, pipeline, and crane construc-
tion as well as in structural steel engineering. Very tough deposit of high crack resistant, non-
ageing. Recommended for the temperature range from -30 °C to +500 °C. Good copper bon-
ding with low total copper content. Very good welding and flow characteristics.

Typical Composition of Welding Rod

C Si Mn Mo
Wit-% 0.1 0.6 1.2 0.5
Mechanical Properties of All-weld Metal
* u a
Yield strength R: N/mm? (MPa): 520 (= 480) 480 (= 400)
Tensile strength Rm N/mm? (MPa): 630 (=570) 570 (=515)
Elongation A (Lo = 5do) %: 27 (= 23) 26 (= 19)
Impact work ISO-V KV J +20 °C: 200 (=180) 230 (= 200)

-30 °C: (= 47)

(*) u untreated, as-welded — shielding éas Argon
a annealed, 620 °C/1 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

T—* shielding gas: 100 % Argon 2 mm
1.6 =—
— rod marking: 2.0
front: WMoSi 24
back: 1.5424 3.0
2

Preheat, interpass temperature and post weld heat treatment as required by the base metal.
Base Materials

similar alloyed high temperature steels and cast steels, ageing resistant and steels resistant
to caustic cracking

16Mo3, S355J2G3, L320 - L415NB, L320 MB - L415MB, P255G1TH, P235GH, P265GH,
P295GH, P310GH, P255NH, 17MnMoV6-4, 22NiMoCr4-7, 20MnMoNi5-5, 15NiCuMoNb5,
20MnMoN:i4-5, GE240 - GE300, 22Mo4, S255N - S460N, P255NH - P460NH

ASTM A335 Gr. P1; A161-94 Gr. T1; A182M Gr. F1; A204M Gr. A, B, C; A250M Gr. T1; A217
Gr. WC1

Approvals and Certificates

TUV-D (0020.), KTA 1408.1 (8066.07), DB (42.014.09), OBB, TUV-A (75),
BV (UP), DNV (I YMS), CRS (3), NAKS, CE

Same Alloy Filler Metals

SMAW electrode: FOX DMO Kb SAW combination: EMS 2 Mo/BB 24
FOX DMOTi EMS 2 Mo/BB 25

GMAW solid wire: DMO-IG Gas welding rod: DMO

Flux cored wire: DMO Ti-FD
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

EN ISO 21952-A:2008: W CrMo1Si A
EN ISO 21952-B:2008: W G1CM3 BOHLER DCMS'IG
AWS A5.28-05: ER80S-G . f

ER80S-B2 (mod.) GTAW rod, low-alloyed, high temperature
AWS A5.28M-05: ER55S-G (ER55S-B2 mod.)
W.No.: 1.7339

Description

GTAW rod for 1.25 % Cr 0.5 % Mo alloyed boiler, plate and tube steels as well as for the wel-
ding of quenched and tempered and case hardening steels. Preferably used for the steels
13CrMo4-5 or ASTM A335 P11/P12. Approved in long-term condition up to +570 °C service tem-
perature. Suitable for step-cooling application. Bruscato <15ppm. The deposit is noted for its
good mechanical properties and good toughness. Further, good resistance to cracking, when
attacked by caustic soda, and the fact that it is suitable for nitriding, quenching and tempering
are additional features. The values of the creep rupture strength lay within the scatter band of
the material 13CrMo4-5. Very good operating characteristics.

Typical Composition of Welding Rod

C Si Mn Cr Mo P As Sb Sn
Wt-% 0.11 0.6 1.0 1.2 0.5 =0.012 =0.010 =0.005 =0.006

Mechanical Properties of All-weld Metal

*

a al
Yield strength R: N/mm? (MPa): 490 (= 440) 510 (=470)
Tensile strength Rm N/mm? (MPa): 590 (= 520) 620 (= 550)
Elongation A (Lo = 5do) %: 25 (= 22) 22 (=19)
Impact work ISO-V KV J + 20 °C: 250 (= 47) 200

a annealed, 680 °C/2 h/furnace down to 300 °C/air — shielding gas Argon
at annealed, 620 °C/1 h/furnace down to 320 °C/air — shielding gas Argon

Operating Data

T—> shielding gas: 100 % Argon o mm |
1.6 =—
— rod marking: 2.0 ‘
front: W CrMo1 Si 24
back: 1.7339 3.0

Preheat, interpass temperature and post weld heat treatment as required by the base metal.
Preheating and interpass temperature for 13CrMo4-5 (P11/P12), 200-250 °C. Tempering at
660-700 °C at least 1/2 hr followed by cooling in furnace down to 300 °C and still air.

Base Materials

similar alloyed high temperature steels and cast steels, case hardening and nitriding steels of
similar chemical composition, steels resistant to caustic cracking

1.7335 13CrMo4-5, 1.7262 15CrMo5, 1.7728 16CrMoV4, 1.7218 25CrMo4, 1.7258 24CrMo5,
1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5

ASTM A193 Gr. B7; A217 Gr. WC6; A335 Gr. P11 a. P 12

Approvals and Certificates
TUV-D (0727.), TUV-A (91), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DCMS Kb SAW combination: EMS 2 CrMo/BB 24

FOX DCMS Ti EMS 2 CrMo/BB 24 SC
GMAW solid wire: DCMS-IG EMS 2 CrMo/BB 25
Flux cored wire: DCMS Ti-FD Gas welding rod: DCMS
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

AWS A528.05:  ERBOSG BOHLER DMV 83-1G
OVV-\’I\ISO-P?&ZBM-OS: EgiggG GTAW rod, low-alloyed, high temperature
Description

GTAW rod specially designed for the base metal 14MoV6-3 (1/2 Cr 1/2 Mo 1/4 V). Approved in
long-term condition up to +560 °C service temperature. Tough, cracking resistant deposit with
good creep rupture strength.

Typical Composition of Welding Rod

C Si Mn Cr Mo Vv
Wit-% 0.08 0.6 0.9 0.45 0.85 0.35

Mechanical Properties of All-weld Metal

*

a
Yield strength R. N/mm? (MPa): 520 (=470)
Tensile strength Rn N/mm? (MPa): 670  (=580)
Elongation A (Lo = 5do) %: 24 (= 20)

Impact work ISO-V KV J +20 °C: 220 (= 47)
(*) a annealed, 700 °C/2 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

T—* shielding gas: 100 % Argon o mm
24 =—
— rod marking: |
front: -~ W MoVSi
back: 1.5407

Preheating and interpass temperatures 200-300 °C. Tempering at 700-720 °C at least 2 hrs
followed by cooling in furnace down to 300 °C and still air.
Base Materials

similar alloyed high temperature steels and cast steels

1.7715 14MoV6-3, 1.7733 24CrMoV5-5, 1.7709 21CrMoV5-7, 1.8070 21CrMoV5-11,
1.7706 G17CrMoV5-10,

ASTM A389 Gr. C23 a. C24; A405 Gr. P24; UNS 121610

Approvals and Certificates
TUV-D (1093.), TUV-A (120), LTSS, SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DMV 83 Kb
GTAW rod: DMV 83-I1G
GMAW solid wire: DMV 83-1G
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

EN ISO 21952-A:2008: W CrMo2Si A
EN ISO 21952-B:2008: W G2C1M3 BOHLER CM 2'|G
AWS A5.28-05: ER90S-G y ;

ER90S-B3 (mod.) GTAW rod, low-alloyed, high temperature
AWS A5.28M-05: ER62S-G

ER628 B3 (mod.)
W.No.: 1.7384
Description

GTAW rod for 2.25 Cr 1 % Mo alloyed boiler, plate and tube steels as well as in oil refineries.
Preferably used for base metal 10CrM09-10 (ASTM A335 P22). Approved in long-term
condition up to +600 °C service temperature. Special Software for step-cooling applications is
available. Also for similarly alloyed quenched and tempered steels as well as case hardening
steels. The weld metal meets all prerequisites for reliable long term creep properties without
embrittlement due to very low content of trace elements. Bruscato < 15 ppm. Very good ope-
rating characteristics. *For step-cooling applications we can offer a special product program.

Typical Composition of Welding Rod
C Si Mn Cr Mo P As Sb Sn
Wt-% 0.08 0.6 0.95 2.6 1.0 =0.010 =0.010 =0.005 =0.006

Mechanical Properties of All-weld Metal

*

a
Yield strength Re N/mm? (MPa): 470 (= 420)
Tensile strength Rn N/mm? (MPa): 600 (= 520)
Elongation A (Lo = 5do) %: 23 (= 22)
Impact work ISO-V KV J +20 °C: 190 (= 47)

(*) a annealed, 720 °C/2 h/furnace down to 300 °C/air — shielding gas Argon
Operating Data

T shielding gas: 100 % Argon o mm |

1.6 =—

——| rod marking: | 2.0 ‘
front: =—W CrMo2 Si 24

back: 1.7384 3.0
Preheating and interpass temperature 200-350 °C. Tempering at 700-750 °C at least 1 hr
followed by cooling in furnace down to 300 °C and still air.

Base Materials

high temperature steels and similar alloyed cast steels, similar alloyed case hardening steels,
nitriding steels

1.7380 10CrMo9-10, 1.8075 10CrSiMoV7, 1.7379 G17CrMo9-10
ASTM A335 Gr. P22; A217 Gr. WC 9

Approvals and Certificates
TUV-D (1564.), TUV-A (89), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CM 2 Kb GMAW solid wire: CM 2-IG
FOX CM 2 Kb SC* SAW combination: CM 2-UP/BB 24
* For step-cooling application CM 2 SC-UP/BB24 SC*
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

Iyl BOHLER P 23-1G
AWS A5.28M-05 ER62S-G GTAW rod

low-alloyed, high temperature

Description

For manual or automatic GTAW-welding of creep resistant steels such as HCM2S (P23/T23
acc. to ASTM A 213 code case 2199), pipe or tube material.

Typical Composition of Welding Rod

C Si Mn Cr W Vv Nb
Wt-% 0.07 0.35 0.5 22 1.7 0.22 0.04

Mechanical Properties of All-weld Metal

*

u a
Yield strength R: N/mm? (MPa): > 600 > 500
Tensile strength Rm N/mm? (MPa): > 700 > 600
Elongation A (Lo=5do) %: >15 >17
Impact work ISO-V KV J >47 >100

(*) u untreated, as-welded — shielding gas Argon
a annealed 740°C/2 h

Operating Data

— Shielding gas: o mm L mm Spools
T 100% Argon 1.0 BS300 =
— front: 1 T/P 23 1.2 BS300
back: ' ER90S-G 1.6 1000
2.0 1000
2.4 1000
3.2 1000

Base Materials
HCM2S, P/T23 ASTM A 213 code case 2199

Approvals and Certificates
TUV-D (10554.), CE

Same Alloy Filler Metals

SMAW electrode: FOX P 23
SAW combination: P 23-UP/BB 430
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

E\I;IVISSO 218952 -A:2008: \IIEV %CéMé)ZVTu/Nb BOH LER P 24'|G
AWS A5.28M-05: ER62S-G GTAW rod

low-alloyed, high temperature

Description

For manual or automatic GTAW-welding of creep resistant steels such as 7CrMoVTiB10-10
(P24/T24 acc. to ASTM A 213 Draft), pipe or tube material.

Typical Composition of Welding Rod

C Si Mn Cr Mo Ti/Nb Vv
Wt-% 0.10 0.25 0.55 25 1.0 0.05 0.24

Mechanical Properties of All-weld Metal

*

u a
Yield strength R: N/mm? (MPa): =600 =500
Tensile strength Rm N/mm? (MPa): =700 =600
Elongation A (Lo=5do) %: =15 =17
Impact work ISO-V KV J =47 =100

(*) u untreated, as-welded — shielding gas Argon
a annealed 740 °C/2 h

Operating Data

— Shielding gas: o mm L mm Spools
T 100% Argon 1.0 BS300 -
— rod marking: 1.2 BS300
I front: T/P 24 1.6 1000
back: ER90S-G 2.0 1000
2.4 1000
3.2 1000

Preheat and interpass temperature depends on wall thickness.
Base Materials
7CrMoVTiB10-10, P24 acc. to ASTM A 213 Draft

Approvals and Certificates
TUV (10455.), CE

Same Alloy Filler Metals

SMAW electrode: FOX P 24
SAW combination: P 24-UP/BB 430
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

sz s o BOHLER CM 5-1G

AWS A5.28-05: ER80S-B6 . .

AWS A5.28M-05: ER55S-B6 GTAW rod, high-alloyed, high temperature
W.No.: 1.7373

Description

GTAW rod for 5 % Cr 0.5 % Mo steels and steels for hot hydrogen service, particularly for
application in oil refineries and the base metals X12CrMo5 / P5. Approved in long-term
condition up to +650 °C service temperature.

Typical Composition of Welding Rod

C Si Mn Cr Mo
Wit-% 0.08 0.4 0.5 5.8 0.6

Mechanical Properties of All-weld Metal

*

a
Yield strength R N/mm? (MPa): 510 (=470)
Tensile strength Rn N/mm? (MPa): 620 (= 550)
Elongation A (Lo = 5do) %: 20 (= 15)
Impact work ISO-V KV J +20 °C: 200 (= 47)

(*) a annealed, 730 °C/2 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

1—* shielding gas: 100 % Argon o mm |
1.6 —
— rod marking: 2.0 ‘
front: ——~ W CrMo5 Si 24
back: ER80S-B6 .0

Preheating and |nterpass temperatures 300-350 °C. Temperlng at 730-760 °C at least 1 hr
followed by cooling in furnace down to 300 °C and still air.

Base Materials

high temperature steels and similar alloyed cast steels
1.7362 X12CrMo5, 1.7363 GX12CrMo5

ASTM A213 Gr. T5; A217 Gr. C5; A335 Gr. P5

Approvals and Certificates
TUV-D (0724.), TUV-A (524), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CM 5 Kb
GMAW solid wire: CM 5-1G
SAW combination: CM 5-UP/BB 24
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

EN ISO 21952-A:2008: W CrMo9Si ®

EN ISO 21952-B:2008: W 55 9C1M BOHLER CM g'IG
AWS A5.28-05: ER80S-B8 — .

AWS A5.28M-05: ER55S-B8 GTAW rod, high-alloyed, high temperature
Description

GTAW rod for 9 % Cr 1 % Mo high temperature steels and steels for hot hydrogen service,
particularly for application in oil refineries and the base metals X12CrMo9-1 (P9). Approved in
long-term condition up to +600 °C service temperature.

Typical Composition of Welding Rod

C Si Mn Cr Mo
Wit-% 0.07 0.5 0.5 9.0 1.0

Mechanical Properties of All-weld Metal

() a

Yield strength R: N/mm? (MPa): 530 (= 470)
Tensile strength Rn N/mm? (MPa): 670  (=600)
Elongation A (Lo = 5do) %: 24 (= 18)
Impact work ISO-V KV J +20 °C: 250 (= 47)

(*) a annealed, 760 °C/2 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data
T—* shielding gas: 100 % Argon 2 mm

— rod marking:
front: = W CrMo9 Si
back: ER80S-B8
Preheating and interpass temperature 250-350 °C. Tempering at 710-760 °C for at least 1 hr
followed by cooling in furnace down to 300 °C/air. For detailed information about the welding
technology please contact our service departments.

Base Materials

similar alloyed creep resistant steels

1.7386 X12CrMo9-1, 1.7388 X7CrMo9-1, 1.7389 GX12CrMo10
ASTM A217 Gr. C12; A 234 Gr. WP9; A335 Gr. P9

Approvals and Certificates
TUV-D (2182.), TUV-A (523), SEPROZ, CE

Same Alloy Filler Metals
SMAW electrode: FOX CM 9 Kb
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

AWS A5 2805 ERS0SBY BOHLER C 9 MV-IG

AWS A5.28M-05: ER62S-B9 ioho .
W.No.: 1.4903 GTAW rod, high-alloyed, creep resistant
Description

GTAW rod for high temperature, creep resistant martensitic 9-12 % chromium steels in turbine and
boiler fabrication and in the chemical industry. Especially designed for the ASTM steels T91/P91.
Approved in long-term condition up to +650 °C service temperature.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo \J Nb
Wit-% 0.12 0.3 0.5 9.0 0.5 0.9 0.2 0.055

Mechanical Properties of All-weld Metal

*

a
Yield strength R. N/mm? (MPa): 660 (= 530)
Tensile strength Rn N/mm? (MPa): 760 (= 620)
Elongation A (Lo = 5do) %: 18 (= 17)

Impact work ISO-V KV J +20 °C: 90 (= 50)
(*) a annealed, 760 °C/2 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

T—> shielding gas: 100 % Argon o mm
2.0 =—
— rod marking: 2.4
front: WCrMo91 3.0

back: ER 90S-B9
Preheating and interpass temperature 200-300 °C. After welding, the weld joint should cool down below
80 °C to finish the martensite transformation. In case of greater wall thickness or complex components
the possibility of residual stresses must be considered. The following post weld heat treatment is recom-
mended: annealing 760 °C/min. 2 hrs, max. 10 hrs, heating and cooling rates below 550 °C max.
150 °C/hr, above 550 °C max. 80 °C/hr. For optimised toughness values a welding technology should
be applied which produces thin welding layers (approx. 2 mm).

Base Materials

similar alloyed creep resistant steels
1.4903 X10CrMoVNb9-1
ASTM A199 Gr. T91; A335 Gr. P91; A213/213M Gr. T91

Approvals and Certificates
TUV-D (07106.), CE

Same Alloy Filler Metals

SMAW electrode: FOX C 9 MV
GMAW solid wire: C 9 MV-IG

GMAW metal cored wire: C 9 MV-MC

SAW combination: C 9 MV-UP/BB 910
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

E\’;‘VISSO 218952 -A:2008: \év %Cg\-,los\al\%\rﬁ\é%931 1 BOH LER C 9 MVW_IG
AWS A5.28M-05: ER62S-B9 (mod GTAW rod
high-alloyed, creep resistani

Description

GTAW-rod for high temperature, creep resistant martensitic 9 % chromium steels, especially
designed for the steel E 911 and P 911. Approved in long-term condition up to +650 °C servi-
ce temperature.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo \J Nb w N
Wt-% 011 035 045 9.0 075 1.0 0.2 0.06 1.05 0.04

Mechanical Properties of All-weld Metal

¢) a

Yield strength Re N/'mm? (MPa): 660 (= 560)
Tensile strength Rm N/mm? (MPa): 790 (= 720)
Elongation A (Lo=5do) %: 16 (=15)
Impact work 1SO-V KV J +20 °C: 50 (=41)

(*)  a annealed 760 °C/2 h/furnace down to 300 °C/air — shielding gas 100 % Argon

Operating Data

— Shielding gas: o mm ]
T 100 % Argon 2.0 =
— front:——~E 911 24
’ ) back: —

Preheating and interpass temperature 200-300 °C. After welding the joint should be cooled
down below 80°C to finish the martensite transformation. In case of greater wall thickness or
complex components the possibility of residual stresses must be considered. The following
post weld heat treatment is recommended: annealing 760 °C/ min. 2 hrs, max. 10 hrs, heating
and cooling rates below 550 °C max. 150 °C/h, above 550 °C max. 80 °C/hr. For optimised
}oughness \;alues a welding technology should be applied which produces thin welding layers
app. 2 mm).

Base Materials
similar alloyed creep resistant steels

1.4905 X11CrMoWVNb9-1-1,
ASTM A335 Gr. P911, A213 Gr. T911

Approvals and Certificates
TUV-D (9177.), CE

Same Alloy Filler Metals
SMAW electrode: FOX C 9 MVW
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High Temperature and Creep-resistant Filler Metals - GTAW Rods

EN ISO -A:2008: W ZCrMoWVND9 0.5 1. A
Sisoapesans wigeniseosts  BOHLER P 92-1G
AWS A5.28M-05: ER62S-B9 (mod.)

GTAW rod, high-alloyed, creep resistant

Description
GTAW rod especially designed for the welding of a 9 % Cr 1.5 % W Mo-Nb-N / P92, NF616-steels.
Approved in long-term condition up to +650 °C service temperature.
Typical Composition of Welding Rod

C Si Mn Cr Ni Mo \} Nb W N
Wit-% 0.10 0.4 0.4 8.6 0.6 0.4 0.2 0.05 1.5 0.05

Mechanical Properties of All-weld Metal

] a at al (650 °C test temp.)
Yield strength R. N/mm? (MPa): 710 (= 560) 650 230 (=125)

Tensile strength Rn N/mm? (MPa): 820 (=720) 770 340

Elongation A (Lo = 5do) %: 19 (= 15) 20 21

Impact work ISO-V KV J + 20 °C: 77 (= 41) 70

(*) a annealed 760 °C/2 h/furnace down to 300 °C/air — shielding gas Argon
al annealed 760 °C/6 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

— shielding gas: ]
T 100 % Argon o mm —
— rod marking: 2.0

front: —~ P 92 24

back: —

Preheating and interpass temperature 200-300 °C. After welding the joint should cool down below 80 °C
to finish the martensite transformation. In case of greater wall thickness or complex components the
possibility of residual stresses must be considered.

The following postweld heat treatment is recommended: Annealing 760 °C/min. 2 hours, max. 10
hours, heating/cooling rate below 550 °C max. 150 °C/h, above 550 °C max. 80 °C/h. In case of heat
treatments less than 2 hours the requirements have to be proved by a procedure test.

For optimised toughness values a welding technology should be applied which produces thin welding
layers (approx. 2 mm).

Base Materials

similar alloyed creep resistant steels

NF 616

ASTM A335 Gr. P 92 (T92); A213 Gr. T92

Approvals and Certificates
TUV-D (9292.), CE

Same Alloy Filler Metals
SMAW electrode: FOX P 92 SAW combination: P 92-UP/BB 910

2-137



www.boehler-welding.com

High Temperature and Creep-resistant Filler Metals — GTAW Rods

EVN leo 21952-A:2008: \1/Y4ggh;|owv128i BCH)HLER 20 MVW-IG

GTAW rod, high-alloyed, creep resistant

Description

GTAW rod for creep resistant, quenched and tempered 12 % Cr steels in turbine and boiler fabrication
and in the chemical industry. Preferably used for the base metal X20CrMoV12-1. Approved in long-term
condition up to +650 °C service temperature. The deposit exhibits high creep rupture strength and good
toughness properties under long term stresses.

Typical Composition of Welding Rod
c Si Mn Cr Mo v w
Wt-% 0.21 0.4 0.6 1.3 1.0 0.3 0.45

Mechanical Properties of All-weld Metal

) a

Yield strength R. N/mm? (MPa): 610 (= 590)
Tensile strength Rm N/mm? (MPa): 780 (= 700)
Elongation A (Lo = 5do) %: 18 (= 15)

Impact work ISO-V KV J +20 °C: 60 (= 35
(*) a annealed, 760 °C/4 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

T—> shielding gas: 100 % Argon o mm
2.0 =—
— rod marking: 24
front: W CrMoWV12Si
back: 1.4937

Preheating and interpass temperatures 400-450 °C (austenitic welding) or 250-300 °C (martensitic
welding). Root passes should principally be welded in the martensitic range. Lower preheat and
interpass temperatures are possible, yet must be approved by practical welding tests and process
qualification tests. After welding cooling down to 90+10 °C, followed by tempering at 720-760 °C for
three minutes / mm wall thickness (at least for 2 hours). Tempering, if specified, at 1050 °C for 1/2
hour/oil and annealing at 760 °C for 2 hours.

Base Materials
similar alloyed creep resistant steels

1.4922 X20CrMoV12-1, 1.4935 X20CrMoWV12-1, 1.4923 X22CrMoV12-1
1.4913 X19CrMoVNb11-1 (Turbotherm, 20 MVNDb), 1.4931 GX22CrMoV12-1

Approvals and Certificates
TUV-D (01083.), KTA 1408.1 (8087.00), DB (42.014.24), OBB, TUV-A (82), SEPROZ, CE

Same Alloy Filler Metals
SMAW electrode: FOX 20 MVW SAW combination: 20 MVW-UP/BB 24
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

RSP oA Wk 13 %10 (ro) BOHLER

o CN 16/13-1G

GTAW rod, high-alloyed, creep resistant

Description

GTAW rod for high quality weld joints in high efficiency boilers and turbine components.
Approved in long-term condition up to +750 °C service temperature.
Fully austenitic weld deposit. Insusceptible to embrittlement and resistant to hot cracking.

Typical Composition of Welding Rod
c Si Mn Cr Ni Nb
Wit-% 0.16 0.6 2.5 16.0 13.5 +

Mechanical Properties of All-weld Metal

") u
Yield strength R. N/mm? (MPa): 460 (=390)
Tensile strength Rm N/mm? (MPa): 630 (= 550)
Elongation A (Lo = 5do) %: 25 > 20)
Impact work ISO-V KV J +20 °C: 60 = 50)

(*) u untreated, as-welded - shielding gas Argon

Operating Data

T—’ shielding gas: 100 % Argon o mm |
2.0 L]
— rod marking: ‘
front: W Z16 13 Nb
back: 1.4961

Preheating is not required, low heat input is recommended, interpass temperature should not
exceed 150 °C.
Base Materials

similar alloyed creep resistant steels
1.4961 X8CrNiNb16-13, 1.4910 X3CrNiMoN17-13, 1.4981 X8CrNiMoNb16-16,
1.4988 X8CrNiMoVNb16-13, 1.4878 X12CrNiTi18-9

Approvals and Certificates
TUV-D (2728.), TUV-A (566), CE

Same Alloy Filler Metals
SMAW electrode: FOX CN 16/13
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

EN 190 14343.8.2007; S810-101 BOHLER CN 18/11-1G
Ovmso_f‘5-9'°5: E_%Zé‘ ?r;'O 4) GTAW rod, high-alloyed,

creep resistant

Description

GTAW rod with controlled delta ferrite content (3-8 FN) for austenitic CrNi steels with increased
carbon contents (e.g. 1.4948 / 304H), in the boiler, reactor and turbine fabrication. Approved in
long-term condition up to +700 °C service temperature (+300 °C in the case of wet corrosion).
Steels to German material no. 1.4550 and 1.4551 which are approved for the high temperatu-
re range up to +550 °C, can also be welded.

Typical Composition of Welding Rod

C Si Mn Cr Ni FN
Wt-% 0.05 0.4 1.6 18.8 9.3 3-8

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): 420 (= 400)
Tensile strength Rm N/mm? (MPa): 620 (= 600)
Elongation A (Lo = 5do) %: 40 (= 30)
Impact work 1SO-V KV J +20 °C: 150 (= 100)

-10 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data

T—» shielding gas: 100 % Argon o mm
2.0 =
— rod marking: 2.4
front: W199H 3.0
back: ER19-10H
Interpass temperature should not exceed 200 °C.
Base Materials
similar alloyed creep resistant steels
1.4948 X6CrNi18-11, 1.4949 X3CrNiN18-11
AISI 304H, 321H, 347H
Approvals and Certificates
TUV-D (0139.), KTA 1408.1 (8068.00), TUV-A (448), CE
Same Alloy/Similar Alloy Filler Metals
SMAW electrode: FOX E 308 H GMAW flux cored wire: E 308 H-FD
FOX CN 18/11 E 308 H PW-FD

GTAW rod: ER 308 H-IG SAW combination: CN 18/11-UP/BB 202

GMAW solid wire: CN 18/11-IG
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High Temperature and Creep-resistant Filler Metals — GTAW Rods

Sigisesng wgsr  BOHLER ER 308 HAIG
AWS A5.9-06: ER308H

W.No.: 1.4948 (mod.) GTAW rod, high-alloyed, creep resistant

Description

GTAW rod for high quality joints on high temperature austenitic CrNi-steels, for service
temperature up to +700 °C. Specially designed for the base metal AISI 304H (W. no. 1.4948).
The controlled ferrite content ensures hot cracking resistance.

The deposit is largely insusceptible to embrittlement.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo FN
Wt-% 0.06 0.4 17 20.0 9.5 0.2 3-8

Mechanical Properties of All-weld Metal

*

u
Yield strength R: N/mm? (MPa): =350
Tensile strength Rm N/mm? (MPa): =550
Elongation A (Lo = 5do) %: = 35
Impact work ISO-V KV J +20 °C: = 70

(*) u untreated, as-welded — shielding gas Argon

Operating Data

T shielding gas: 100 % Argon o mm
1.6 =—
— rod marking: | 2.0
front: 7 ER 308 H 2.4

The interpass temperature should not exceed 200 °C.

Base Materials

similar alloyed creep resistant steels

1.4948 X6CrNi18-11, 1.4878 X12CrNiTi18-9
AISI| 304/304H, 321H, 347H

Approvals and Certificates

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX E 308 H GMAW flux cored wire:  E 308 H-FD
FOX CN 18/11 E 308 H PW-FD
GTAW rod: CN 18/11-IG SAW combination: CN 18/11-UP/BB 202

GMAW solid wire: CN 18/11-IG
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High Temperature and Creep-resistant Filler Metals — GMAW Solid Wire

EN ISO 21952-A:2008: G MoSi o

EN ISO 21952-B:2008: G 52M 1M3 BOHLER DMO-IG
AWS A5.28-05: ER70S-A1 (ER80S-G) id wi §

AWS A5 28M-05: ER49S-AT (ER555-G) GMAW solid wire, low-alloyed,
W.No.: 1.5424 high temperature
Description

GMAW wire for 0.5 % Mo alloyed boiler, plate and tube steels as well as in pressure vessel and
structural steel engineering. Highly-quality, very tough deposit of high cracking resistance, non-
ageing. Approved in long-term condition up to +550 °C service temperature, low temperature
toughness to -40 °C. The wire shows good feeding and welding characteristics, resulting in
smooth welding and wetting behaviour. Uniform copper bonding with low total copper content.

Typical Composition of Solid Wire

C Si Mn Mo
Wit-% 0.1 0.6 1.2 0.5
Mechanical Properties of All-weld Metal
* u ul a
Yield strength R. N/mm? (MPa): 500 (=470) 470 (= 450) 450 (= 400)
Tensile strength Rm N/mm? (MPa): 620 (=550) 590 (=520) 570 (= 520)
Elongation A (Lo = 5do) %: 25 (= 22) 23 (= 20) 25 (= 19)
Impact work ISO-V KV J +20°C: 150 (> 120) 160 150 (= 120)

o
o

o
¥9)
v

47) = 47)
(*) u  untreated, as-welded - shle/dmg gas Ar + 18 % CO:
ul untreated, as-welded - shielding gas 100 % CO:
a annealed, 620 °C/1 h/furnace down to 300 °C/air — shielding gas Ar + 18 % CO:

Operating Data

— shielding gases: o mm
t l Argon + 15 - 25 % CO: 0.8 =+
— 100 % CO: 1.0
1.2
Preheating, interpass temperature and post weld heat treatment as required by the base metal.

Base Materials

high temperature steels and similar alloyed cast steels, ageing resistant and steels resistant
to caustic cracking

16Mo3, S355J2G3, L320 - L415NB, L320 MB - L415MB, P255G1TH, P235GH, P265GH,
P295GH, P310GH, P255NH, 17MnMoV6-4, 22NiMoCr4-7, 20MnMoNi5-5, 15NiCuMoNb5,
20MnMoN:i4-5, GE240-GE300, 22Mo4, S255N - S460N, P255NH-P460NH

ASTM A335 Gr. P1; A161-94 Gr. T1 A A182M Gr. F1; A204M Gr. A, B, C; A250M Gr. T1;
A217 Gr. WC1

Approvals and Certificates
TUV-D (0021.), DB (42.014.09), OBB, TUV-A (76), SEPROZ, NAKS, CE

Same Alloy Filler Metals

SMAW electrode: FOX DMO Kb SAW combination: EMS 2 Mo/BB 24
FOX DMO Ti EMS 2 Mo/BB 25

GTAW rod: DMO-IG Gas welding rod: DMO

Flux cored wire: DMO Ti-FD
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High Temperature and Creep-resistant Filler Metals — GMAW Solid Wire

EN ISO 21952-A:2008: G CrMo1Si o

EN ISO 21952-B:2008: G G1CM3 BOHLER DCMS'IG

AWS A5.28-05: ER80S-G GMAW solid wire.

AWS A5.28M-05: Egggggz (mod.) low-alloyed, high temperaturé
ER55S-B2 (mod.)

W.No.: 1.7339

Description

GMAW wire for 1.25 % Cr 0.5 % Mo alloyed boiler, plate and tube steels as well as for the
welding of quenched and tempered and case hardening steels. Preferably used for the steels
13CrMo4-5 or ASTM A335 P11/P12. Approved in long-term condition up to +570 °C service
temperature. The deposit is noted for its good mechanical properties and good toughness.
Further, good resistance to cracking, when attacked by caustic soda, and the Tact that it is sui-
table for nitriding, quenchln% and tempering are additional features. The values of the creep
rupture strength lay within the scatter band of the material 13CrMo4-5. The wire shows very
good feeding characteristics, resulting in smooth welding and wetting behaviour. Uniform cop-
per bonding with low total copper content.

Typical Composition of Solid Wire

C Si Mn Cr Mo
Wt-% 0.11 0.6 1.0 1.2 0.5

Mechanical Properties of All-weld Metal

*

a
Yield strength Re N/'mm? (MPa): 460 (= 420)
Tensile strength Rm N/mm? (MPa): 570 (=510)
Elongation A (Lo = 5do) %: 23 (= 20)
Impact work ISO-V KV J +20 °C: 150 (= 47)

*) a annealed, 680 °C/2 h/furnace down to 300 °C/air — shielding gas Ar + 18 % CO:
Operating Data

— shielding gases: o mm
T 1 Argon + 15 - 25 % CO: . -+
— 100 % CO2

Using 100 % COz2 the mechanical
properties can be different
Preheat, interpass temperature and post weld heat treatment as required by the base metal.
Preheating and interpass temperature for 13CrMo4-5 (P11/P12), 200-250 °C. Tempering at 660-
700 °C atleast 1/2 hr, followed by cooling in furnace down to 300 °C and still air.

Base Materials

high temperature steels and similar alloyed cast steels, case hardening and nitriding steels of
similar chemical composition, similar alloyed heat treatable steels with tensile strength up to
780 N/mm?, steels resistant to caustic cracking

1.7335 13CrMo4-5, 1.7262 15CrMo5, 1.7728 16CrMoV4, 1.7218 25CrMo4, 1.7258 24CrMo5,
1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5

ASTM A193 Gr. B7; A335 Gr. P11 a. P12; A217 Gr. WC6
Approvals and Certificates
TUV-D (1091.), DB (42.014.15), OBB, TUV-A (92), SEPROZ, CE

Same Alloy Filler Metals

Aaao
»ivo o

SMAW electrode: FOX DCMS Kb SAW combination: EMS 2 CrMo/BB 24
FOX DCMS Ti EMS 2 CrMo/BB 25

GTAW rod: DCMS-IG Gas welding rod: DCMS

Flux cored wire: DCMS Ti-FD
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High Temperature and Creep-resistant Filler Metals — GMAW Solid Wires

AWS A5 2505 0 ERB0S G BOHLER DMV 83-IG
AWS A5.28M-05: ER55S-G GMAW solid wire
W.No.: 1.5407 5

low-alloyed, high temperature

Description

GMAW wire for boiler, plate and tube steels. Designed specially for 14MoV6-3 (1/2 Cr 1/2 Mo
1/4 V). Approved in long-term condition up to +560 °C service temperature. Tough, cracking
resistant deposit with good creep rupture strength. The wire shows very good feeding charac-
teristics, resulting in smooth welding and wetting behaviour.

Typical Composition of Solid Wire

C Si Mn Cr Mo )
Wit-% 0.08 0.6 0.9 0.45 0.85 0.35

Mechanical Properties of All-weld Metal
) a

Yield strength R: N/mm? (MPa): 610 (= 550)
Tensile strength Rm N/mm? (MPa): 710 (= 630)
Elongation A (Lo = 5do) % 20 (= 18)
Impact work ISO-V K °C: = 47)

+2 (=
(*) a annealed, 700 °C/2 h/furnace down to 300 r’C/a/r shielding gas Ar + 18 % CO:

Operating Data

— shielding gases: o mm
]‘ 1‘ Argon + 15 - 25 % CO: 1.2 =+
— 100 % CO:

Using 100% CO2 the mechanical properties can be different.
Preheating and interpass temperatures 200-300 °C. Tempering at 700-720 °C for at least 2 hrs
followed by cooling in furnace down to 300 °C and still air.

Base Materials
similar alloyed high temperature steels and cast steels

1.7715 14MoV6-3, 1.7733 24CrMoV5-5, 1.7709 21CrMoV5-7, 1.8070 21CrMoV5-11,
1.7706 G17CrMoV5-10,

ASTM A389 Gr. C23 a. C24; A405 Gr. P24; UNS 121610
Approvals and Certificates
TUV-D (1322.), TUV-A (121), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DMV 83 Kb
GTAW rod: DMV 83-1G
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High Temperature and Creep-resistant Filler Metals — GMAW Solid Wires

EN ISO 21952-A:2008: G CrMo2Si A
ENSozise e ¢ cathus BOHLER CM 2-1G
R g GMAW solid wire

ER90S-B3 (mod. ’

AWS A5.28M-05: ER62S-G ¢ ) low-alloyed, high temperature
ER62S-B3 (mod.)

W.No.: 1.7384

Description

GMAW for 2.25 Cr 1 % Mo alloyed boiler, plate and tube steels as well as in oil refineries e.g.
in crack plants. Preferably used for the base metal 10CrMo9-10 (ASTM A335 Gr. P22)
Approved in long-term condition up to +600 °C service temperature. Also for similar alloyed
quenched and tempered steels and case hardening steels. The deposit is noted for its good
mechanical properties and cracking resistance, but also for its creep rupture strength which is
within the scatter band of 10CrMo9-10. The wire shows very good feeding characteristics,
resulting in smooth welding and wetting behaviour.

Typical Composition of Solid Wire
C Si Mn Cr Mo
Wt-% 0.08 0.6 0.95 2.6 1.0

Mechanical Properties of All-weld Metal

*

a
Yield strength R: N/mm? (MPa): 440 (= 400)
Tensile strength Rm N/mm? (MPa): 580 (= 500)
Elongation A (Lo = 5do) %: 23 (= 22)

Impact work ISO-V KV J +20 °C: 170 (= 47
(*) a annealed, 720 °C/2 h/furnace down to 300 °C/air — shielding gas Ar + 18 % CO:

Operating Data

— shielding gases: o mm
T l Argon + 15 - 25 % CO: 0.8 =4
— 100 % CO2 1.0

1.2

Using 100% CO:2 the mechanical properties can be different.
Preheating and interpass temperature 200-350 °C. Tempering at 700-750 °C for at least 1 hr
followed by cooling in furnace down to 300 °C and still air.

Base Materials

high temperature steels and similar alloyed cast steels, QT-steels similar alloyed up to
980 N/mm? tensile strength, similar alloyed case hardening steels, nitriding steels

1.7380 10CrMo9-10, 1.8075 10CrSiMoV7, 1.7379 G17CrMo9-10
ASTM A335 Gr. P22; A217 Gr. WC 9

Approvals and Certificates
TUV-D (1085.), TUV-A (88), SEPROZ, CE, DB (42.014.39)

Same Alloy Filler Metals

SMAW electrode: FOX CM 2 Kb
FOX CM 2 Kb SC*
GTAW rod: CM 2-1G
SAW combination: CM 2-UP/BB 24
CM 2 SC-UP/BB 24 SC* * For step-cooling application
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High Temperature and Creep-resistant Filler Metals — GMAW Solid Wires

EN ISO 21952-A:2008: G CrMo5Si °

EN ISO 21952-B:2008: G 55M 5CM BOHLER CM 5-IG
AWS A5.28-05: ER80S-B6 GMAW solid wire,
AWS A5.28M-05: ER55S-B6 ?
W.No.: 1.7373 high-alloyed, high temperature
Description

GMAW wire suitable for 5 % Cr 0.5 % Mo alloyed steels and steels for hot hydrogen service,
particularly in oil refineries. Preferably used for steel grades as X12CrMo5 and P5 at service
temperatures up to +600 °C.

The wire shows very good feeding characteristics, resulting in smooth welding and flow
behaviour. Uniform copper bonding with low total copper content.

Typical Composition of Solid Wire
C Si Mn Cr Mo
Wt-% 0.08 0.4 0.5 5.8 0.6

Mechanical Properties of All-weld Metal

*

a

Yield strength Re N/'mm? (MPa): 520 (= 470)
Tensile strength Rm N/mm? (MPa): 620 (= 550)
Elongation A (Lo = 5do) %: 20 (= 15)
Impact work ISO-V KV J +20 °C: 200 (= 47)

(*) a annealed, 730 °C/2 h/furnace down to 300 °C/air — shielding gas Ar + 18 % CO:

Operating Data
- shielding gas: o mm
t 1 Argon + 15 - 25 % CO2 1.2 =+

Preheating and interpass temperatures 300-350 °C. Tempering at 730-760 °C for at least 1 hr
followed by cooling in furnace down to 300 °C and still air.

Base Materials

high temperature steels and similar alloyed cast steels, QT-steels similar alloyed up to
1180 N/mm?

1.7362 X12CrMo5, 1.7363 GX12CrMo5
ASTM A213 Gr. T5; A217 Gr. C5; A335 Gr. P5

Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX CM 5 Kb
GTAW rod: CM 5-1G
SAW combination: CM 5-UP/BB 24
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High Temperature and Creep-resistant Filler Metals — GMAW Solid Wires

RWS Ao o608, 2008 Brdneas BOHLER C 9 MV-IG
AWS A5.28M-05: ER62S-B9 L
W.No.: 1.4903 GMAW solid wire

high-alloyed, creep resistant

Description

GMAW wire for high temperature, creep resistant martensitic 9-12 % chromium steels in turbi-
ne and boiler fabrication and in the chemical industry. Especially designed for the ASTM steels
T91/P91. Approved in long-term condition up to +650 °C service temperature.
Typical composition of Solid Wire

C Si Mn Cr Ni Mo \ Nb
Wit-% 0.12 0.3 0.5 9.0 0.5 0.9 0.2 0.055

Mechanical Properties of All-weld Metal

a
Yield strength Re N/'mm? (MPa): 660 (= 530)
Tensile strength Rm N/mm? (MPa): 760 (= 620)
Elongation A (Lo=5do) %: 18 (=17)
Impact work 1SO-V KV J +20 °C: 55 (=50)

a annealed 760 °C/2 h/furnace down to 300 °C/air — shielding gas Argon + 2.5 % CO2

Operating Data
— Shielding gas: o mm
Argon + 2.5 % CO: 1.0 +

— 1.2

—

Preheating and interpass temperature 200-300 °C. After welding, the weld joint should cool
down below 80 °C to finish the martensite transformation. In case of greater wall thickness or
complex components the possibility of residual stresses must be considered. The following
post weld heat treatment is recommended: annealing 760 °C/min. 2 hrs, max. 10 hrs, heating
and cooling rates below 550 °C max. 150 °C/hr, above 550 °C max. 80 °C/hr. For optimised
toughness values a welding technology should be applied which produces thin welding layers
(approx. 2 mm).

Base Materials

similar alloyed creep resistant steels

1.4903 X10CrMoVNb9-1

ASTM A199 Gr. T91, A335 Gr. P91, A213/213M Gr. T91
Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX C 9 MV
GTAW rod: C 9 MV-IG

GMAW metal cored wire: C 9 MV-MC

SAW combination: C 9 MV-UP/BB 910
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High Temperature and Creep-resistant Filler Metals - GMAW Solid Wires

Esuscimy st BOHLER CN 18/11-1G
5.9-06: 19-10 GMAW solid wire,
W.No.: 1.4948 (mod.) high-alloyed, cree:c:;siggr?t

Description

GMAW wire with controlled delta ferrite content (3-8 FN) for austenitic CrNi steels with increa-
sed carbon contents (e.g. 1.4948 / 304H), in the boiler, reactor and turbine fabrication.
Approved in long-term condition up to +700 °C service temperature (300 °C in the case of wet
corrosion). Steels to German material no. 1.4550 and 1.4551 which are approved for the high
temperature range up to +550 °C, can also be welded.

Typical Composition of Solid Wire

C Si Mn Cr Ni FN
Wt-% 0.05 0.4 1.6 18.8 9.3 3-8

Mechanical Properties of All-weld Metal

() u

Yield strength Re N/'mm? (MPa): 400 (= 350)
Tensile strength Rn N/mm? (MPa): 580 (= 550)
Elongation A (Lo = 5do) %: 38 (= 35)
Impact work ISO-V KV J +20 °C: 120 (= 70)

-10°C: (=
(*) u untreated, as-welded — shielding gas Ar + 2.5 % CO:

Operating Data
— shielding gas: o mm
t 1 Argon + max. 2.5 % CO: 1.2 =+

Preheating is not required, only in case of wall thickness above 25 mm preheat up to 150 °C.
Interpass temperature should not exceed 200 °C.

Base Materials

similar alloyed creep resistant steels

1.4948 X6CrNi18-11, 1.4949 X3CrNiN18-11

AISI 304H, 321H, 347H

Approvals and Certificates
TUV-D (4466.), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX E 308 H GMAW flux cored wire:  E 308 H-FD
FOX CN 18/11 E 308 H PW-FD
GTAW rod: ER 308 H-IG SAW combination: CN 18/11-UP/BB 202
CN 18/11-IG
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High Temperature and Creep-resistant Filler Metals - Metal cored wires

/E\’;‘VISS(A)51786:(33282006 TS%)ES 1G-9C1MV BOHLER C 9 MV_MC

AWS A5.28M-05: E62C-B9 Metal cored wire.
high-alloyed, creep resistant

Description

Metal cored wire for high temperature, creep resistant martensitic 9-12 % chromium steels in
turbine and boiler fabrication and in the chemical industry. Especially designed for the ASTM steels
T91/P91. For optimised toughness values a welding technology should be applied which pro-
duces thin welding layers (approx. 2 mm), also a decisive influence on toughness values is
given by the used shielding gas.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo \ Nb N
Wit-% 0.10 0.3 0.6 9.0 0.7 1.0 0.2 0.05 0.04
Mechanical Properties of All-weld Metal
a

Yield strength Re N/'mm? (MPa): 650 (= 520)

Tensile strength Rn N/mm? (MPa): 760 (= 620)

Elongation A (Lo = 5do) %: 18 (= 17)

Impact work ISO-V KV J +20 °C: 55 (= 47)

a annealed 760°C/3 h/furnace down to 300 °C/air — shielding gas Argon + 2.5 % CO:
Operating Data

— shielding gases: omm amps A voltage V
T Argon + 2.5 % CO: or 1.2 150-290 18-30 -+
— Argon + 15 - 20 % CO:

Welding with conventional or pulsed power sources (preferably slightly trailing torch position, angel
appr. 80 °). Recommended stick out 18 - 20 mm and length of arc 3 - 5 mm. Preheating and interpass
temperature 200-300 °C. After welding, the weld joint should cool down below 80 °C to finish the mar-
tensite transformation. In case of greater wall thickness or complex components the possibility of resi-
dual stresses must be considered. The following post weld heat treatment is recommended: annealing
760 °C/min. 2 hrs, max. 10 hrs, heating and cooling rates below 550 °C max. 150 °C/hr, above

550 °C max. 80 °C/hr. For optimised toughness values a welding technology should be applied which
produces thin welding layers (approx. 2 mm).

Base Materials

similar alloyed creep resistant steels

1.4903 X10CrMoVNb9-1

ASTM A199 Gr. T91, A335 Gr. P91, A213/213M Gr. T91

Approvals and Certificates

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX C 9 MV GTAW rod: C 9 MV-IG
SAW combination: C 9 MV-UP/BB 910 GMAW solid wire:  C 9 MV-IG
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High Temperature and Creep-resistant Filler Metals - GMAW Flux cored wires

RWS A525.10 0 ERITIATM BOHLER DMO Ti-FD
AWS A5.29M-10: ES51T1-AIM GMAW flux cored wire, low-alloyed,

high temperature

Description

Rutile flux-cored wire which provides easy all-position weldability, primarily designed for the
welding of 0,5% Mo alloyed base metals, that are used for the fabrication of vessels, high-pres-
sure storage tanks, pipe systems as well as for structural steel applications.

Due to the fast freezing slag system this flux-cored wire provides excellent positional welding
characteristics and allows fast travel speeds to be used. It can be operated in spray arc mode
in all positions and offers a controllable spatter free arc. Easy slag detachability with smooth,
good profile, clean weld beads are further features of this wire.

Typical Composition of All-weld Metal

C Si Mn Mo
Wt-% 004 025 075 0.5
Mechanical Properties of All-weld Metal
* u a
Yield strength Re N/mm? (MPa): 540  (=470) 510 (= 470)
Tensile strength Rn N/mm? (MPa): 600 (= 550) 570 (=550)
Elongation A (Lo = 5do) %: 23 (= 22) 23 (= 22)
Impact work ISO-V KV J +20 °C: 120 (= 47) 140 (= 47)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:
a annealed, 620 °C /1 h / furnace down to 300 °C/air — shielding gas Ar + 18 % CO:

Operating Data

—: re-drying: omm amps A voltage V
H possible, 150 °C /24 h 1.2 150-330 23-37 =+
— shielding gases:

Argon + 15 - 25 % CO:

Welding with standard welding facilities. Slightly trailing torch position (angel appr. 80 °), slight
weaving is recommended for positional welding.

Preheating, interpass temperature and post weld heat treatment as required by the base metal.
When using 100 % CO: lower tensile properties can be expected. Preheating and interpass
temperatures as well as PWHT should be in accordance with the base metal requirements. For
heavy walled components preheating to a min. 150 °C is recommended. Final PWHT should
be carried out between 600 and 630 °C for a minimum of 1 hour.

Base Materials

High temperature steels and similar alloyed cast steels

16Mo3, S355J2G3, E295, P255G1TH, L320 - L415NB, L320MB - L415MB, S255N, P295GH,
P310GH, P255-P355N, P255NH-P355NH

ASTM A335 Gr. P 1, A161-94 Gr. T1, A182M Gr. F1, A204M Gr. A, B, C, A250M Gr. T1
Approvals and Certificates
TUV-D (11120.), CE

Same Alloy Filler Metals

p—

SMAW electrode: FOX DMO Kb SAW combination: EMS 2 Mo/BB 24
FOX DMO Ti EMS 2 Mo/BB 25

GTAW rod: DMO-IG Gas welding rod: DMO

GMAW wire: DMO-IG
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High Temperature and Creep-resistant Filler Metals - GMAW Flux cored wires

ws aszod0. o armieeu ' BOHLER DCMS Ti-FD
AWS A5.29M-10: ES51T1-B2M GMAW flux cored wire, low-alloyed,

high temperature

Description

The welding consumable Béhler DCMS Ti-FD is a low alloyed, flux-cored wire with rutile filling,
primarily designed for the welding of 1 % Cr and 0,5 % Mo alloyed creep-resistant base metals,
that are used for the fabrication of vessels, high-pressure storage tanks and pipe systems.
Due to the fast freezing slag system this flux-cored wire provides excellent positional welding
characteristics and allows fast travel speeds to be used. This flux cored wire is for welding with
normal power sources on DCRP under Mixture gas (82 % Ar +18 % CO).

Typical Composition of All-weld Metal

C Si Mn Cr Mo P As Sn Sb
Wt-% 0.06 0.22 0.75 1.2 0.47 <0.015 <0.005 <0.005 <0.005
Mechanical Properties of All-weld Metal
) a
Yield strength Re N/mm? (MPa): =470
Tensile strength Rm N/mm? (MPa): =550
Elongation A (Lo = 5do) %: =20
Impact work ISO-V KV J +20 °C: =47

(*) a annealed, 690 °C / 1 h — shielding gas Ar + 18 % CO:
Operating Data

—: re-drying: omm ampsA
T i possible, 150 °C /24 h 1.2 150-330 =
—| shielding gases:

Argon + 15 - 25 % CO:
Preheating, interpass temperature and post weld heat treatment as required by the base
metal. For heavy walled components an interpass temperature to a min. 175 °C is recommen-
ded. Stress relieved annealing should be carried out between 690 and 710 °C.
Base Materials

high temperature steels and similar alloyed cast steels, case hardening and nitriding steels of
similar chemical composition, similar alloyed heat treatable steels with tensile strength up to
780 N/mm?, steels resistant to caustic cracking

1.7335 13CrMo4-5, 1.7262 15CrMo5, 1.7728 16CrMoV4, 1.7218 25CrMo4,
1.7258 24CrMo5, 1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5

ASTM A193 Gr. B7; A335 Gr. P11 a. P12; A217 Gr. WC6

Approvals and Certificates
TUV-D (11162.), CE

Same Alloy Filler Metals

SMAW electrode: FOX DCMS Kb SAW combination: EMS 2 CrMo/BB 24
FOX DCMS Ti EMS 2 CrMo/BB 25
GTAW rod: DCMS-IG Gas welding rod: DCMS
DCMS-IG B2
GMAW wire: DCMS-IG
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High Temperature and Creep-resistant Filler Metals - GMAW Flux cored wires

NS5 sy Tty BOHLER CM 2 TiFD

AWS A5.29-10: E91T1-B3M ; .
AWS A5.29M-10: E621T1-B3M GMAW flux cored "t:l';i lgx:;'r‘;’t'::’e
Description

The welding consumable Bohler CM 2 Ti-FD is a low alloyed, flux-cored wire with rutile filling,
primarily designed for the welding of 2,25 % Cr and 1 % Mo alloyed creep-resistant base metals
(e.g. 10CrMo9 10), that are used for the fabrication of vessels, high-pressure storage tanks and
pipe systems. Due to the fast freezing slag system this flux-cored wire provides excellent posi-
tional welding characteristics and allows fast travel speeds to be used. This flux cored wire is
for welding with normal power sources on DCRP under Mixture gas (82 % Ar +18 % COz).

Typical Composition of All-weld Metal

C Si Mn Cr Mo P As Sn Sb
Wit-% 0.08 0.25 0.8 2.25 1.1 <0.015 <0.005 <0.005 <0.005

Mechanical Properties of All-weld Metal

) a al
Yield strength R N/mm? (MPa): 600 (= 400) (= 540)
Tensile strength Rm N/mm? (MPa): 700 (= 500) (620 - 760)
Elongation A (Lo = 5do) %: 19 (= 18) (= 17)

Impact work ISO-V KV J +20 °C: >70 (= 47)

(*) a annealed, 720 °C /2 h — shielding gas Ar + 18 % CO:
atl annealed, 690 °C / 1 h — shielding gas Ar + 18 % CO:

Operating Data

—: re-drying: omm ampsA

t H possible, 150°C /10 h 1.2 150-330 -+

— shielding gases:

Argon + 15 - 25% CO:

Preheating, interpass temperature and post weld heat treatment as required by the base
metal.
For heavy walled components an interpass temperature to a min. 175 °C is recommended.
Stress relieved annealing should be carried out between (675) 690 and 750 °C.
We recommend stringer bead technique and a post weld heat treatment of min. 730 °C /4 h
to increase the toughness.

Base Materials

high temperature steels and similar alloyed cast steels, similar alloyed case hardening steels,
nitriding steels

1.7380 10CrMo9-10, 1.8075 10CrSiMoV7, 1.7379 G17CrMo9-10

ASTM A335 Gr. P22, A217 Gr. WC 9
Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX CM 2 Kb GMAW wire: CM 2-1G
GTAW rod: CM 2-1G SAW combination: CM 2-UP/BB 24
CM 2-1G B3
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High Temperature and Creep-resistant Filler Metals - GMAW Flux cored wires

2155 eazs T et n ) BOHLER € 9 MV Ti-FD

AWS A5.29-10: E91T1-BOM i
AWS A5.29M-10: E621T1-BIM _ GMAW flux cored wire,

high-alloyed, creep resistant
Description

BOHLER C 9 MV Ti-FD is a rutile-basic flux cored wire for welding creep resistant, tempered
9 - 12 % chromium steels in turbine-, boiler- and pipeline construction as well as in the foundry
technology. The wire is especially designed for the ASTM steels T91/P91.
This flux cored wire is developed for welding with conventional power sources on DC + under
mixture gas (Ar + 15 - 25% CO). It is also suitable for positional welding.

Typical Composition of All-weld Metal
c Si Mn Cr Ni Mo % Nb N
Wt-% 0.10 0.2 0.7 9.0 0.6 1.0 02 004 004

Mechanical Properties of All-weld Metal

*

El
Yield strength Re N/'mm? (MPa): 580 (= 565)
Tensile strength Rn N/mm? (MPa): 720 (690 - 830)
Elongation A (Lo = 5do) %: 17 (= 16)

Impact work ISO-V KV J +20 °C: (= 27)
(*) a annealed 760 °C/3 h/furnace down to 300 °C/alr — shielding gas Ar + 18 % CO:

Operating Data

—: shielding gas: omm amps A voltage V
H Argon + 15 - 25 % CO: 1.2  160-300 23-35 =

—

p—

Preheating and interpass temperature 200 - 250 °C. After welding, the weld joint should cool
down below 80 °C to finish the martensite transformation. In case of greater wall thickness or
complex components the possibility of residual stresses must be considered.
The following post weld heat treatment is recommended: annealing 760 °C/min. 3 hrs, heating
and cooling rates below 550 °C max. 150 °C/hr, above 550 °C max. 80 °C/hr.

Base Materials

similar alloyed creep resistant steels

1.4903 X10CrMoVNb9-1, G-X12CrMoVNbN9-1

ASTM A199 Gr. T91, A335 Gr. P91, A213/213M Gr. T91

Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX C 9 MV SAW combination: C 9 MV-UP/BB 910
GTAW rod: C 9 MV-IG GMAW solid wire:  C 9 MV-IG
Metal cored wire: C 9 MV-MC
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High Temperature and Creep-resistant Filler Metals - GMAW Flux cored wires

EN ISO 17633-A:2006: ¥§j‘ggﬂggg BOHLER E 308 H_FD

EN ISO 17633-B:2006: TS308H-FBO i igh-

AWS A5.22-10: E308HT0-4 GMAW flux cored wire, high all_oyed,
E308HTO-1 creep resistant

Description

BOHLER E 308 H-FD is a flux cored wire with rutile slag characteristic for GMAW of austenitic
CrNi steels like 1.4948 / AISI 304H. This wire is designed mainly for downhand and horizontal
welding positions. The weld metal is suitable for service temperatures up to approx. +700 °C.
This product achieves high productivity and is easy to operate achieving excellent welding
characteristics, almost no spatter formation and temper discoloration, smooth weld finish and
safe penetration. Increased travel speeds as well as little demand for cleaning and pickling
provide considerable savings in time and money.

The weld deposit is scaling resistant and because of the controlled low delta ferrite content high
resistant against sigma phase embrittlement.

Typical Composition of All-weld Metal
c Si Mn Cr Ni FN
Wt-% 0.05 0.6 1.2 19.4 10.1 3-8

Mechanical Properties of All-weld Metal

) u u/500 °C
Yield strength R: N/mm? (MPa): 390 (=350 310
Tensile strength Rm N/mm? (MPa): 585 (=550 440
Elongation A (Lo = 5do) %: 42 (= 35 30

Impact work ISO-V KV J + 20 °C: 80 (= 47)
(*) u untreated, as-welded — shielding gas Ar + 18 % CO:

Operating Data

[r =] re-drying: 2 mm amps A voltage V
| possible, 150 °C /24 h 1.2 125 - 280 20-34 =<4
— shielding gases:

Argon + 15 - 25 % CO2

100 % CO:

welding with standard GMAW-facilities possible, slightly trailing

torch position (angel appr. 80 °), when using 100 % CO:z as shielding gas it is

necessary to increase the voltage by 2 V, gasflow should be 15-18 I/min
Base Materials

similar alloyed creep resistant steels
1.4948 X6CrNi18-11, 1.4878 X12CrNiTi18-9
AISI 304, 304H, 321H, 347H

Approvals and Certificates
TUV-D (11179.), CE
Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 18/11 GMAW solid wire: CN 18/11-1G
FOX E 308 H GMAW fluxcored wire: E 308 H PW-FD
GTAW rod: CN 18/11-IG SAW combination: CN 18/11-UP/BB 202
ER 308 H-IG
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High Temperature and Creep-resistant Filler Metals - GMAW flux cored wires

E: :SO 17633-:2006i i%}g %EE lé/I11 BOHLER
WS A5 22300 0% ESo0kTI4 | E 308 H PW-FD
E308HT1-1 GMAW flux cored wire, high-alloyed,

high temperature

Description

Rutile flux cored welding wire with fast freezing slag providing excellent positional welding characteri-
stics with fast travel speeds. It is designed for welding of creep resistant austenitic CrNi-steel like 1.4989
/ AISI 304H and service temperatures up to +700 °C.

It is easy to use and operates with a powerful penetrating spray arc transfer and minimum spatter for-
mation. This flux cored welding wire offers many economical and quality advantages over solid wire
pulse arc welding. High deposition rates and productivity gains are easily achievable.

Additional cost effective benefits are offered through use of less expensive shielding gases, good
wetting characteristics (less grinding), little bead oxidation (less pickling expenses), easy operation and
safe penetration (reduces the risk of weld defects and associated repair work costs), and smooth and
clean weld finish (less post weld work).

The weld deposit is scaling resistant, and because of the controlled low delta ferrite content high resi-
stant against sigma phase embrittlement.

Typical Composition of All-weld Metal

C Si Mn Cr Ni FN
Wt-% 0.05 0.6 1.2 19.4 10.1 3-8

Mechanical Properties of All-weld Metal

*) u u/500 °C
Yield strength R N/mm? (MPa): 390 (=350) 310
Tensile strength Rm N/mm? (MPa): 585 (=550) 440
Elongation A (Lo = 5do) %: 42 (= 35) 30
Impact work ISO-V KV J + 20 °C: 90 (=

4
(*) u untreated, as-welded — shielding gas Ar + 18 % CO:z
Operating Data

— re-drying: o mm amps A voltage V
t l possible, 150°C/24h 1.2 110-210 20 - 31 +
— shielding gases:

Argon + 15 - 25 % CO2

100 % CO2

Welding with standard GMAW-facilities possible, slightly trailing

torch position (angel appr. 80 °), slight weaving is recommended for all welding
positions; when using 100 % CO:z as shielding gas it is necessary to increase
the voltage by 2 V, gasflow should be 15-18 I/min.

Base Materials

similar alloyed creep resistant steels
1.4948 X6CrNi18-11, 1.4878 X12CrNiTi18-9
AISI 304, 304H, 321H, 347H

Approvals and Certificates
TUV-D (11151.), CE
Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 18/11 GMAW solid wire: CN 18/11-IG
FOX E 308 H GMAW flux-cored wire: E 308 H-FD

GTAW rod: CN 18/11-1G SAW combination: CN 18/11-UP/BB 202
ER 308 H-IG

2-155



www.boehler-welding.com

High Temperature and Creep-resistant Filler Metals - SAW Wire/Flux-Combinations

SAW solid wire: 5%553525:?%7 SZMO BOH LER

Sub-arc flux: EN 760:1996: SA FB 165 DC H5

Wire/flux-combination: EMS 2 Mo / BB 24
EN 756:2004: S 46 4 FB S2Mo g
AWS AB.23.07: F8AL-EA2-A2 | Fapo-EA2-A2  SAW wire/flux-combination,
AWS A5.23M-07: F55A4-EA2-A2 / F55P2-EA2-A2 low-alloyed, high temperature

Description

Sub arc wire/flux combination suited for fine-grained constructional steels of increased strength
and for 0.5 % Mo alloyed boiler, plate and tube steels. Approved in long-term condition up to
+550 °C service temperature. The metallurgical behaviour of the flux BOHLER BB 24 is neutral.
The sub-arc wire/flux combination produces very good low temperature impact properties down to
-40 °C. Excellent slag detachability, smooth beads, good wetting and low hydrogen contents
(=5 ml/100 g) are further important features. The combination is ideally suited for multi-pass wel-
ding of thick plates. For information regarding the sub-arc welding flux BOHLER BB 24 see our
detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal
C Si Mn Mo

SAW wire wt-% 010 042 105 050

All-weld metal % 0.07 025 115 045

Mechanical Properties of All-weld Metal

* u a n+a
Yield strength R N/mm? (MPa): =470 =470 =280
Tensile strength Rm N/mm? (MPa): =550 =550 =440
Elongation A (Lo = 5do) %: = 24 = 24 = 26
Impact work ISO-V KV J +20 °C: =140 =165 =125

+0°C: =120
-20 °C: = 80

- 40 °C: = 47
(*) u untreated, as-welded
a stress relieved, 580 - 620 °C/2 h/furnace down to 300 °C/air
n +a normalised 920 °C and annealed 620 °C

Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h-10h 2.0 3.0
— 25 4.0

Preheating, interpass temperature and post weld heat treatment are

determined by the base metal.
Base Materials
high temperature steels and similar alloyed cast steels, ageing resistant and steels resistant
to caustic cracking, high temperature constructional steels with comparable yield strength
16Mo3, S275JR, S275J2G3, S355J2G3, P275T1-P355T1, P275T2-P355T2, P255G1TH,
S255N, P295GH, P310GH, P315N-P420N, P315NH-P420NH BHW 2.5, WB 25; ASTM A335
Gr. P1; A161-94 Gr. T1; A182M Gr. F1; A204M Gr. A, B, C; A250M Gr. T1; A217 Gr. WC1,
API, 5L: X52-X65

Approvals and Certificates

TUV-D (7810.); SAW solid wire: TUV-D (02603.), KTA 1408.1 (8058.00/8060.01),
DB (52.014.06), OBB, TUV-A (391), SEPROZ, CE, NAKS

Same Alloy Filler Metals

SMAW electrode: FOX DMO Kb GMAW solid wire:  DMO-IG
FOX DMO Ti Gas welding rod: DMO
GTAW rod: DMO-IG Flux cored wire. DMO Ti-FD
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High Temperature and Creep-resistant Filler Metals - SAW Wire/Flux-Combinations

SAW sol;d V\fil’e: E\zvgsgszgg%7 Sil\/llzcl)3 . BOH LER
\?\;;F;fllrl?x-gghbinatiorz:eoj 9% s 168DCHS EMS 2 MO / BB 25
EN 756:2004: S 46 3 FB S2Mo

SAW wire/flux-combination
AWS A5.23-07: FBA4-EA2-A2 . ?
AWS A5.23M-07: F55A4-EA2-A2 low-alloyed, high temperature

Description

The sub-arc wire/flux combination is suited for fine-grained constructional steels of increased
strength and for 0.5 % Mo alloyed boiler, plate and tube steels. Approved in long-term conditi-
on up to +550 °C service temperature. The flux is active and shows some pick-up of silicon and
manganese. The sub-arc wire/flux combination produces higher strength values with very good
low temperature impact properties down to -20 °C. For information regarding the sub-arc
welding flux BOHLER BB 25 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Mo
SAW wire wt-% 010 0.12 1.05 0.5
All-weld metal % 0.07 040 15 0.5

Mechanical Properties of All-weld Metal

") u
Yield strength R: N/mm? (MPa): 500 (= 470)
Tensile strength Rm N/mm? (MPa): 600 (= 550)
Elongation A (Lo = 5do) %: 30
Impact work ISO-V KV J +20 °C: 120

+0°C: 100

-20°C: 70

- 40 °C: 40

(*) u untreated, as-welded

Operating Data
re-drying of sub-arc flux: o mm
300-350°C,2h-10h 2.0
— 25

.0
Preheating, interpass temperature and post weld heat treatment are determined by the base metal.
Base Materials

high temperature steels and similar alloyed cast steels, ageing resistant and steels resistant
to caustic cracking, high temperature constructional steels with comparable yield strength
16Mo3, S275JR, S275J2G3, S355J2G3, P275T1-P355T1, P275T2-P355T2, P255(31TH
S255N, P295GH, P310GH, P315N-P420N, P315NH-P420NH BHW 2.5, WE 2

ASTM A335 Gr. P1; A161 -94 Gr. T1; A182M Gr. F1; A204M Gr. A, B, C; A250M Gr. T1; A217
Gr. WCH

Approvals and Certificates

TUV-D (5678.), TUV-A (618); SAW solid wire: TUV-D (02603.), KTA 1408.1
(8058.00/8060.01), DB (52.014.06), OBB, TUV-A (391), SEPROZ, CE, NAKS

Same Alloy Filler Metals

SMAW electrode: FOX DMO Kb Gas welding rod:  DMO
FOX DMO Ti GTAW rod: DMO-IG
GMAW solid wire: DMO-IG Flux cored wire: DMO Ti-FD
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High Temperature and Creep-resistant Filler Metals - SAW Wire/Fux-Combinations

s sold wre:EN 56 2ot %oee: S5 r  BOHLER EMS /2 BCBrl\gg

AWS A5.23-07: EB2

Sub arc flux:  EN 760:1996: SAFB 165DC H5

Wirelfux comoiteNoR s oasopB: S 553 FB SU 1CM SAW wire/flux-combination,
AWS A5.23-07: F8P2-EB2-B2 low-alloyed, high temperature
AWS A5.23M-07: F55P3-EB2-B2

Description

Sub arc wire / flux combination suited for 1 % Cr 0.5 % Mo alloyed boiler, plate and tube steels.
Approved in long-term condition up_to +570 °C service temperature. Bruscato < 15 ppm. The
metallurgical behaviour of the flux BOHLER BB 24 is neutral. The sub-arc wire/flux combination
produces smooth beads, good wetting, excellent slag detachability, and low hydrogen contents
(= 5 ml/100 g). are further important features. The combination is ideally_suited for multi-pass
welding of thick plates. For information regarding the sub-arc welding flux BOHLER BB 24 see our
detailed data sheet. For step cooling applications use flux BB 24 SC.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo P As Sb Sn
SAW wire wt-% 012 0.10 0.8 1.2 0.50
All-weld metal %  0.08 0.25 0.95 1.1 0.45 =0.012 <0.010 =0.005 =0.005

Mechanical Properties of All-weld Metal

*

a n+a
Yield strength R: N/mm? (MPa): =460 =330
Tensile strength Rm N/mm? (MPa): =550 =480
Elongation A (Lo = 5do) %: =22 30
Impact work ISO-V KV J +20 °C: =47 120
-30 °C: =27
(*) a annealed, 680 °C/2 h/furnace down to 300 °C/air
n +a normalised 920 °C and annealed 680 °C/2 h
Operating Data
re-drying of sub-arc flux: 2 mm
300-350°C,2h-10h 25
— 3.0
4.0

Preheating, interpass temperature and post weld heat treatment are determined by the base metal.

Base Materials

high temperature steels and similar alloyed cast steels, case hardening and nitriding steels of
similar chemical composition, similar alloyed heat treatable steels with tensile strength up to
780 N/mm?, steels resistant to caustic cracking

1.7335 13CrMo4-5, 1.7205 15CrMo5, 1.7225 42CrMo4, 1.7728 16CrMoV4, 1.7218 25CrMo4,
1.7258 24CrMo5, 1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5

ASTM A193 Gr. B7; A335 Gr. P11 a. P12; A217 Gr. WC6

Approvals and Certificates

TOV-D (7809.) . N
SAW solid wire: TUV-D (02605.), TUV-A (393), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DCMS Kb GMAW solid wire: DCMS-IG

FOX DCMS Ti Gas welding rod: DCMS
GTAW rod: DCMS-IG SAW comb.: EMS 2CrMo/BB25
Flux cored wire: DCMS Ti-FD EMS 2CrMo/BB24 SC
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High Temperature and Creep-resistant Filler Metals - SAW Wire/Flux-Combinations

e Bians s BOHLER EMS 2 Criflo

AWS A5.23-07: EB2

Sub arc flux:  EN 760:1996: SAFB 168 DC H5

Wire/flux combination: . I
EN ISO 24598-B:2008: S 55 3 FB SU G1CM SAW wire/flux-combination,
AWS A5.23-07: F8P2-EB2-B2 low alloyed, creep resistant
AWS A5.23M-07: F55P3-EB2-B2

Description

This welding consumable is suited for welding of creep resistant boiler plate, vessel and pipe con-
struction. Approved in long-term condition up to +570 °C service temperature. Bruscato < 15 ppm.
The flux is active and shows some pick-up of silicon and manganese. For information regarding the
sub-arc welding flux BOHLER BB 25 see our detailed data sheet. For step cooling applications use
flux BB 24 SC.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo P As Sb Sn
SAW wire wt-% 0.12 0.10 0.8 1.2 0.5
All-weld metal %  0.07  0.40 135 1.25 0.5 =0.012 =0.010 = 0.005 = 0.005

Mechanical Properties of All-weld Metal

*

a
Yield strength Re N/'mm? (MPa): 580
Tensile strength Rm N/mm? (MPa): 630
Elongation A (Lo = 5do) %: 24
Impact work ISO-V KV J +20 °C: 120

-30 °C: =27
(*) a annealed, 620 °C/1 h/furnace down to 300 °C/air

Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h-10h 25
— 3.0

4.0
Preheating, interpass temperature and post weld heat treatment are determined by the base
metal.

Base Materials

high temperature steels and similar alloyed cast steels, case hardening and nitriding steels
of similar chemical composition, similar alloyed heat treatable steels with tensile strength
up to 780 N/mm?, steels resistant to caustic cracking

1.7335 13CrMo4-5, 1.7262 15CrMo5, 1.7728 16CrMoV4, 1.7218 25CrMo4, 1.7258 24CrMo5,
1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5,

ASTM A193 Gr. B7; A335 Gr. P11 a. P12; A217 Gr. WC6

Approvals and Certificates

TUV-D (5677.), TUV-A (620), ABS (X)
SAW solid wire: TUV-D (02605.), TUV-A (393), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DCMS Kb GMAW solid wire: DCMS-IG

FOX DCMS Ti Gas welding rod: DCMS
GTAW rod: DCMS-IG SAW comb.: EMS 2CrMo/BB24
Flux cored wire: DCMS Ti-FD EMS 2CrMo/BB24 SC
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SAW solid wire: EN ISO 24598-A:2008: S CrMo2 A
EN ISO 24598-B:2008: SU 2C1M BOHLER

Sub arc flux: EAr\\IJV%%?i%%g: 52151 65 DC H5 CM 2-UP / BB 24

Wire/flux combination:

EN ISO 24598-B:2008: S 55 3 FB SU 2C1M SAW wire/flux-combination,
AWS A5.23-07: F8P2-EB3-B3 low-alloyed, high temperature
AWS A523M-07:  F55P3-EB3-B3

Description

Sub-arc wire/flux combination suited for 2.25 % Cr 1 % Mo alloyed boiler, plate and tube steels
and also particularly for cracking plants in the crude oil industry. Approved in long-term
condition up to +600 °C service temperature. Bruscato <15 ppm. The deposit is noted for its
excellent mechanical properties. Easy slag detachability and smooth bead surface are additio-
nal quality features of this combination. For information regarding the sub-arc welding flux
BOHLER BB 24 see our detailed data sheet. *For step-cooling applications we can offer a
special product program.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo P As Sb Sn
SAW wire wt-% 0.12 0.10 0.6 2.6 0.95
All-weld metal %  0.08 0.25 0.75 24 0.95 =0.010=0.015 <0.005 =0.01

Mechanical Properties of All-weld Metal

) a

Yield strength R: N/mm? (MPa): =470
Tensile strength Rm N/mm? (MPa): =550
Elongation A (Lo = 5do) %: a 22

Impact work ISO-V KV J +20 °C: 47
(*) a annealed, 670 - 720 °C/2 h/fumace down to 300 °C/air

Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h-10 h 25 =+
— 3.0

4.0
Preheating, interpass temperature and post weld heat treatment are determined by the base
metal.

Base Materials

high temperature steels and similar alloyed cast steels, QT-steels similar alloyed up to
980 N/mm? tensile strength, similar alloyed case hardening steels, nitriding steels

1.7380 10CrMo9-10, 1.8075 10CrSiMoV7, 1.7379 G17CrMo9-10
ASTM A335 Gr. P22; A217 Gr. WC 9

Approvals and Certificates

TUV-D (7812.) .
SAW solid wire: TUV-D (02605.), KTA 1408.1 (8060.01), TUV-A (393), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CM 2 Kb GTAW rod: CM 2-1G
FOX CM 2 Kb SC* GMAW solid wire: CM 2-1G
Flux cored wire CM 2 Ti-FD SAW comb.: CM 2 SC UP/BB 24 SC*

* For step-cooling application
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AW Solllldlg(|5624598 A:2008: S ZCrWV2 1.5 BO H L E R

Sub aﬁ:vXL?xA asor: P 23'UP / BB 430

EN 760:1996: SAFB155AC Flux/wire-combination

low alloyed, creep resistant

Description

Bohler B 23-UP is a matching filler metal for welding high temperature and creep resistant
steels such as HCM2S (P23/T23 acc. to ASTM A213 code case 2199), pipe or tube material.

BB 430 is an agglomerated welding flux of the fluoride-basic type with high basicity. For infor-
mation regarding the sub-arc welding flux BOHLER BB 430 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr W Vv Nb
Wit-% 0.07 0.35 0.5 2.2 1.7 0.22 0.04
0.06 0.40 0.65 2.1 1.6 0.18 0.04
Mechanical Properties of All-weld Metal
0 a
Yield strength R: N/mm? (MPa): =500
Tensile strength Rm N/mm? (MPa): =600
Elongation A (Lo=5do) %: =15
Impact work ISO-V KV J =54

(*) a annealed 740 °C/2 h

Operating Data

re-drying of sub-arc flux: o mm Spools
300-350°C,2-10h 2.0 K435-70 =+

— 25 K435-70

3.0 K435-70

Preheat and interpass temp.: 200-300 °C. Heat input < 2.0 kdJ/mm.

Base Materials
ASTM A213: P23/T23

Approvals and Certificates
TUV-D (10556.), CE

Same Alloy Filler Metals

SMAW electrode: FOX P 23
GTAW rod: P 23-1G
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High Temperature and Creep-resistant Filler Metals - SAW

SAW solid wire:
EN ISO 24598 A:2008: S ZCrMoZVNb
AWS AS5. P
Sub arc flux:
EN 760:1996: SAFB 155AC

Description

www.boehler-welding.com

Wire/Flux-Combinations

BOHLER
24-UP/BB 430

Flux/wire-combination
low alloyed, creep resistant

Bohler P 24-UP is a matching filler metal for welding high temperature and creep resistant
steels such as 7CrMoVTiB (P24/T24 acc. to ASTM A213). The chemistry of the wire will be opti-
mized with respect to the creep rupture properties. Béhler B 430 is an agglomerated welding
flux of the fluoride-basic type with high basicity. For information regarding the sub-arc welding

flux BOHLER BB 430 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo Vv
Wt-% 0.10 0.25 0.55 25 1.0 0.24
0.08 0.30 0.75 2.4 0.95 0.20

Mechanical Properties of All-weld Metal

* a
Yield strength R N/mm? (MPa): =450
Tensile strength Rn N/mm? (MPa): =590
Elongation A (Lo=5do) %: =15
Impact work ISO-V KV J =54

(*) a annealed 740°C/2 h
Operating Data

Redrying: o mm Spools

300-350 °C, 2-10 h 2.0 K435-70

— 25 K435-70
3.0 K435-70

Nb
0.05
0.04

Preheating and interpass temp.: 200-300 °C. Heat input < 2.0 kJ/mm.

Base Materials
7CrMoVTiB10-10, P24 acc. to ASTM A 213 Draft

Approvals and Certificates
TUV-D (10456.), CE

Same Alloy Filler Metals

SMAW electrode: FOX P 24
GTAW rod: P 24-1G
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SAW solid wire: EN 1SO 24598-A:2008: S CrMo5 A
EN ISO 24598-B:2008: SU 5CM BOHLER

Sub arc flux: EAr\\llv%%éi%%lao:w EAB?=E$1 65 DC H5 CM 5-UP / BB 24

Wire/flux combination:

EN 1SO 24598-B:2008: S 55 Y FB SU 5CM SAW wire/flux-combination,

AWS A5.23-07: F8PZ-EB6-B6 igh- i

AWS AB 23M-07: FoeP7 EBG.B6 high-alloyed, high temperature
Description

Sub arc wire /flux combination suited for 5 % Cr 0.5 % Mo alloyed steels, particularly for hot
hydrogen service. High temperature strength at service temperatures up to +600 °C.

The weld deposit exhibits good mechanical properties. Easy slag detachability and smooth
bead surface are additional quality features.

For information regarding the sub-arc welding flux BOHLER BB 24 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo
SAW wire wt-% 0.08 0.3 050 5.8 0.60
All-weld metal % 0.06 0.4 075 5.5 0.55

Mechanical Properties of All-weld Metal

*

a
Yield strength R N/mm? (MPa): =470
Tensile strength Rm N/mm? (MPa): =590
Elongation A (Lo = 5do) %: = 18
Impact work ISO-V KV J +20 °C: = 47

(*) a annealed 740 °C/4 h/furnace down to 300 °C/air

Operating Data
re-drying of sub-arc flux: o mm
300-350°C,2h-10h 4.0

—

Preheating and interpass temperature and post weld heat treatment are determined by the
base metal.

Base Materials

similar alloyed high temperature steels and cast steels
1.7362 X12CrMo5, 1.7363 GX12CrMo5

ASTM A213 Gr. T5; A217 Gr. C5; A335 Gr. P5

Approvals and Certificates
SAW solid wire: TUV-D (02605.), TUV-A (393), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CM 5 Kb
GTAW rod: CM 5-1G
GMAW solid wire: CM 5-1G
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s gysgzsze set,  BOHLER C 9 MV-UP

AWS A5.23-07: EB9 / BB 91 0

Sub e}rc flux:  EN 760:1996: SAFB 255DC H5

Wire/flux combination: - P
EN ISO 24598-B:2008: S 62 Y FB SU 9CTMV SAW wire/flux-combination,
AWS A5.23-07: F9PZ-EB9-B9 high-alloyed, creep resistant
AWS A5.23M-07: F62PZ-EB9-B9

Description

Sub-arc wire/flux combination suited for creep resistant 9 % Cr steels, especially for P91 acc.
ASTM A335. Approved in long-term condition up to +650 °C service temperature. The wire and
flux are precisely balanced to consistently meet the highest technical requirements. For
information regarding the sub-arc welding flux BOHLER BB 910 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Mo Vv Nb
SAW wire wt-% 0.12 0.3 0.5 9.0 0.5 0.9 0.20  0.055
All-weld metal % 0.11 035 0.6 8.9 0.5 085 0.20 0.05

Mechanical Properties of All-weld Metal

*

a
Yield strength R: N/mm? (MPa): 610 (= 560)
Tensile strength Rm N/mm? (MPa): 740 (= 700)
Elongation A (Lo = 5do) %: 20 (= 18)
Impact work I1ISO-V KV J +20° 47)

C: (=
(*) a annealed, 760 °C/2 h/furnace down to 300 °C/air
Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h-10h 25 i
(= 3.0

Preheating and interpass temperature 200-300 °C. After welding the joint should cool down
below 80 °C in order to finish the martensitic transformation. Pipe welds with wall thickness up
to 45 mm can be cooled down to room temperature. For heavier wall thicknesses or stressed
components, unfavourable possible stress condition must be considered. The recommended
post weld heat treatment is annealing after welding at 760 °C/min. 2 hrs, max. 10 hrs, heating/
cooling-rates below 550 °C max. 150 °C/hr, above 550 °C max 80 °C/hr.

For optimised toughness properties a technology which ensures thin welding layers is
recommended.

Base Materials

similar alloyed creep resistant steels

1.4903 X10CrMoVNb9-1

ASTM A199 Gr. T91; A335 Gr. P91; A213/213M Gr. T91

Approvals and Certificates
TUV-D (09185.), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX C 9 MV GMAW solid wire:
GTAW rod: C 9 MV-IG GMAW metal cored wire:

(e]e]
©w©
==
%5
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SAW solid wire: EN ISO 24598-A:2008:
S ZCrMoWVNb9 0.5 1.5

BOHLER
AWS A5.23-07: EB9 (mod.) P 92-UP /BB 910

Sub-arc flux:  EN 760:1996: SA FB 2 55 DC H5
SAW wire/flux-combination,

high-alloyed, creep resistant

Description

Sub-arc wire/flux combination designed for 9 % Cr creep resistant steel, especially for
P92/NF616. Approved in long-term condition up to +650 °C service temperature. For informa-
tion regarding the sub-arc welding flux BOHLER BB 910 see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo Ni \ W Nb
SAW wire wt-% 011 0.40 045 88 045 0.65 0.2 1.65 0.06
All-weld metal % 0.10 0.40 0.6 87 045 0.6 0.2 165 0.05

Mechanical Properties of All-weld Metal

() a

Yield strength R: N/mm? (MPa): 660 (= 560)
Tensile strength Rm N/mm? (MPa): 780 (= 700)
Elongation A (Lo = 5do) %: 20 (= 18)
Impact work ISO-V KV J +20 °C: 60 (= 47)

(*) a annealed, 760 °C/4 h/furnace down to 300 °C/air

Operating Data
re-drying of sub-arc flux: o mm
300-350°C/2h-10h 3.0
—

Preheating and interpass temperature 200-300 °C. After welding the joint should cool down
below 80 °C in order to finish the martensite transformation. Pipe welds with wall thickness up
to 45 mm can be cooled down to room temperature For heavier wall thicknesses or stressed
components, unfavourable possible stress condition must be considered. The recommended
post weld heat treatment is annealing at 760 °C/min. 2 hrs, max. 10 hrs., heating/cooling rates
below 550 °C max. 150 °C/hr, above 550 °C max 80 °C/hr.

For optimised toughness properties a technology which ensures thin welding layers is
recommended.

Base Materials

similar alloyed creep resistant steels

NF 616

ASTM A335 Gr. P 92 (T92); A213/213M Gr. T92

Approvals and Certificates
TUV-D (09390.), CE

Same Alloy Filler Metals
SMAW electrode: FOX P 92 GTAW rod: P 92-IG
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High Temperature and Creep-resistant Filler Metals - SAW Wire/Flux-Combinations

SAW Eﬁt?sv(v?irgz:ls%-k 2008: S CrMoWV12 BOH LER
S 6 1996: sarszesocrs 20 MVW-UP / BB 24

SAW wire/flux-combination,
high-alloyed, creep resistant

Description

Suited for analogous and similar creep resistant steels in turbine and steam boiler construction
as well as in the chemical industry. Approved in long-term condition up to +650 °C service
temperature. For information regarding the sub-arc welding flux BOHLER BB 24 see our detai-
led data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo Ni 4 W
SAW wire wt-% 0.25 0.25 0.8 1.5 0.9 0.6 0.3 0.5
All-weld metal % 0.18 0.3 0.75 1.4 0.85 0.45 0.3 0.5
Mechanical Properties of All-weld Metal
* a
Yield strength R: N/mm? (MPa): =550
Tensile strength Rm N/mm? (MPa): =660
Elongation A (Lo = 5do) %: a 15
Impact work ISO-V KV J +20 °C: 47
(*) a annealed, 760 °C/4 h/furnace down to 300 °C/air
Operating Data
re-drying of sub-arc flux: o mm
300-350°C,2h-10h 3.0 =+
—

Preheating and interpass temperature 400-450 °C (austenitic welding) or 250-300 °C (marten-
sitic welding). Root passes should principally be welded in the martensitic range. Lower preheat
and interpass temperatures are possible, yet must be approved by practical welding tests and
process qualification tests.

After welding cooling to 90+10 °C, followed by tempering at 760 °C for three minutes / mm wall
thickness at least for 2 hours. Tempering, if specified, at 1050 °C for 1/2 hour/oil and annealing
at 760 °C for 2 hours. Further details on the welding technology available on request.

Base Materials

similar alloyed creep resistant steels

1.4935 X20CrMoWV12-1, 1.4922 X20CrMoV12-1, 1.4923 X22CrMoV12-1

1.4913 X19CrMoVNb11-1 (Turbotherm, 20 MVNDb), 1.4931 GX22CrMoV12-1
Approvals and Certificates

TUV-D (07813.) . .

SAW solid wire: TUV-D (07813.), KTA 1408.1 (8060.01), TUV-A (393), SEPROZ, CE
Same Alloy Filler Metals

SMAW electrode: FOX 20 MVW

GTAW rod: 20 MVW-IG
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High Temperature and Creep-resistant Filler Metals - SAW Wire/Flux-Combinations

SAW Eﬁ”ldsvgr‘le4:1343-A52007f S199H BO H L E R
NSO isasBi2007: SS1e-10 CN 18/11-UP / BB 202
Sub-aEr<':\‘fl7Lg(6:1996: SAFB2DC SAW wire/flux-combination,

high-alloyed, creep resistant

Description

Sub-arc wire/flux combination for high quality joint weld on high temperature austenitic CrNi-
steels at service temperature up to +700 °C (+300 °C in the case of wet corrosion). The con-
trolled ferrite content (3-8 FN) ensures hot cracking resistance. The deposit is insusceptible to
sigma phase embrittlement. For information regarding the sub-arc welding flux BOHLER BB
202 see our detailed data sheet. Steels to German material no. 1.4550 and 1.4551 which are
approved for the high temperature range up to +550 °C, can also be welded.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni FN
SAW wire wt-% 0.05 04 1.6 188 9.3
All-weld metal % 0.04 0.5 13 185 93 3-8

Mechanical Properties of All-weld Metal

") u
Yield strength R. N/mm? (MPa): =320
Tensile strength Rm N/mm? (MPa): =550
Elongation A (Lo = 5do) %: = 35
Impact work ISO-V KV J +20 °C: = 80

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h-10h 3.0

—

Preheating is not required, only in case of wall thickness above 25 mm preheat up to 150 °C.
The interpass temperature should not exceed 200 °C.

Base Materials

similar alloyed creep resistant steels
1.4948 X6CrNi18-11, 1.4949 X3CrNiN18-11
AISI 304H, 321H, 347H

Approvals and Certificates
CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX E 308 H GMAW solid wire: CN 18/11-IG
FOX CN 18/11 GMAW flux-cored wire: E 308 H-FD

GTAW rod: ER 308 H-IG E 308 H PW-FD
CN 18/11-IG
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High Temperature and Creep-resistant Filler Metals - Gas Welding Rod

AWSAS2.07- . H60-G BOHLER DMO
AWS A5.2M-07: RM40-G

W.No.: 1.5405 Gas welding rod, low-alloyed,

high temperature

Description
Mo-alloyed gas welding rod recommended for mild steels and 0.5 % Mo alloyed steels. High
viscous weld puddle. Easy to operate. Approved in long-term condition up to +500 °C service
temperature.
Typical Composition of Welding Rod

C Si Mn Mo
Wt-% 0.12 0.15 1.0 0.5

Mechanical Properties of All-weld Metal

*

) u
Yield strength R: N/mm? (MPa): 330 (=295)
Tensile strength Rm N/mm? (MPa): 470 (=440)
Elongation A (Lo = 5do) %: 24 (= 22)
Impact work ISO-V KV J +20 °C: 60 (= 39)
(*) u untreated, as-welded
Operating Data
= rod marking: o mm
! front: -0 IV 2.0
— back: R60-G 25
3.2
4.0
Preheating and post weld heat treatment as required by the base metal.

Base Materials
high temperature steels, same alloyed
16Mo3, P285NH, P295NH, P255G1TH, P295GH

ASTM A335 Gr. P1, A36 Gr. all; A283 Gr. B, C, D; A285 Gr. B; A414 Gr. C; A442 Gr. 60;
A515 Gr. 60; A516 Gr. 55, 60; A570 Gr. 33, 36, 40

Approvals and Certificates
TUV-D (0146.), DB (70.014.03), OBB, SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DMO Kb GMAW solid wire: DMO-IG

FOX DMO Ti SAW combination: EMS 2 Mo/BB 24
GTAW rod: DMO-IG EMS 2 Mo/BB 25
Flux cored wire: DMO Ti-FD
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High Temperature and Creep-resistant Filler Metals - Gas Welding Rod

AWSASD0T ResG BOHLER DCMS
AWS A52M-07: RM45-G

W.No.: 1.7346 (mod.) Gas welding rod, low-alloyed,

high temperature

Description

CrMo-alloyed gas welding rod for high temperature boiler and tube steels equivalent to
13CrMo4-5 (1.25 % Cr 0.5 % Mo). Approved in long-term condition up to +500 °C service tempera-
ture. High viscous weld puddle.

Typical Composition of Welding Rod
C Si Mn Cr Mo
Wt-% 0.12 0.1 0.8 1.2 0.5

Mechanical Properties of All-weld Metal

() a

Yield strength Re N/'mm? (MPa): =315
Tensile strength Rm N/mm? (MPa): =490
Elongation A (Lo = 5do) %: = 18
Impact work ISO-V KV J +20 °C: = 47

(*) a annealed, 680 °C, 2 h/furnace down to 300 °C/air

Operating Data

= rod marking: o mm
T front: O V (mod.) 25
| back: R65-G 3.0

Wall thicknesses over 6 mm should be preheated to 100-200 °C and tempered at 660-700 °C
for at least 1/2 hours followed by cooling in still air.
Base Materials

high temperature steels same alloyed, steels resistant to caustic cracking

1.7335 13CrMo4-5, 1.7262 15CrMo5, 1.7354 G22CrMo5-4, 1.7357 G17CrMo5-5, 16CrMoV4,
ASTM A335 Gr. P 11 a. P 12; A193 Gr. B7; A217 Gr. WC6

Approvals and Certificates
TUV-D (1363.), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX DCMS Kb GMAW solid wire: DCMS-IG

FOX DCMS Ti SAW combination: EMS 2 CrMo/BB 24
GTAW rod: DCMS-IG EMS 2 CrMo/BB 24 SC
Flux cored wire: DCMS Ti-FD EMS 2 CrMo/BB 25
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Product Information

2.6. Filler Metals for
Stainless and
Corrosion Resistant Steels

@ Objectives
This section provides detailed product information for filler metals to join
corrosion resistant and highly corrosion resistant steels.
The corrosion resistance of these steels, which is based on the passivating
effect of chromium due to the formation of dense, adhesive, thin passive
films, is brought about by Cr contents above 12 %. Mo increases the
passivating effect still further. It is possible to differentiate between ferritic,
martensitic and austenitic steels according to the microstructure in the
as-used condition.
Due to their special characteristics austenitic CrNi(Mo) steels are used in the
most varied branches like the chemical and petrochemical plant engineering,
the pulp and paper or textile industry, for offshore engineering, shipbuilding
seawater desalination, the food processing industry, etc. They are primarily
used for the fabrication of storage tanks, reactors and pressure vessels as
well as piping systems.
The choice of filler metal and welding technology should be matched to the
metallurgical behaviour of the parent metal and the component’s corrosion
requirements.
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Corrosion Resistant Filler Metals

@ Overview — Standard Classifications

Bohler EN/EN ISO AWS

SMAW covered electrodes

FOX CN 13/4 1600: E 134 B 6 2 A5.4-06: E410NiMo-15
FOX CN 13/4 SUPRA  1600:E 134 B 42 A5.4-06: E410NiMo-15
FOX KW 10 1600: E13B 22 A5.4-06: E410-15 (mod.)
FOX SKWA 1600: E17B22 A5.4-06: E430-15

FOX SKWAM 1600: EZ17 Mo B 22 -

FOX CN 16/6 M-HD 1600: E Z 16 6 Mo B 6 2 H5 -

FOX CN 17/4 PH 1600: EZ 174 CuB 43 H5 A5.4-06: E630-15 (mod.)
FOX EAS 2 1600: E199LB22 A5.4-06: E308L-15

FOX EAS 2-A 1600: E199 LR 32 A5.4-06: E308L-17

FOX EAS 2 (LF) 1600: E199LB22 A5.4-06: E308L-15

FOX EAS 2-VD 1600: E199LR15 A5.4-06: E308L-17

FOX SAS 2 1600: E 199 NbB 22 A5.4-06: E347-15

FOX SAS 2-A 1600: E199Nb R 32 A5.4-06: E347-17

FOX EAS 4 M 1600: E 19123 1B 22 A5.4-06: E316L-15

FOX EAS 4 M-A 1600: E19123LR32 A5.4-06: E316L-17

FOX EAS 4 M (LF) 1600: E Z19 123 LB 22 A5.4-06: E316L-15

FOX EAS 4 M-VD 1600: E19123LR15 A5.4-06: E316L-17

FOX EAS 4 M-TS 1600: E19123LR12 A5.4-06: E316L-16

FOX SAS 4 1600: E 19 123NbB 22 A5.4-06: E318-15

FOX SAS 4-A 1600: E 19 123 Nb R 32 A5.4-06: E318-17

FOX EAS 2 Si 1600: E Z19 14 SiB 22 -

FOX E317 L - A5.4-06: E317L-17

FOX ASN 5 1600: E 18 16 5N LB 22 A5.4-06: E317L-15 (mod.)
FOX ASN 5-A 1600: E 18 16 5N LR 32 A5.4-06: E317L-17 (mod.)
FOX AM 400 1600: EZ22184LB22 -

FOX EASN 25 M 1600: EZ25222NLB 22 -

FOX CN 20/25 M 1600: E20255CuNLB22 A5.4-06: E385-15 (mod.)
FOX CN 20/25 M-A 1600: E20255CuNLR 32 A5.4-06: E385-17 (mod.)
FOX CN 22/9 N-B 1600: E2293LB22 A5.4-06: E2209-15

FOX CN 22/9 N 1600: E2293LR32 A5.4-06: E2209-17

FOX CN 25/9 CuT 1600: E2594NLB22 A5.4-06: E2595-15
GTAW rods

CN 13/4-1G 14343: W 13 4 A5.9-06: ER410 NiMo (mod.)
EAS 2-1G 14343: W19 9L A5.9-06: ER308L

SAS 2-1G 14343: W 19 9 Nb A5.9-06: ER347

EAS 4 M-IG 14343: W 19123 L A5.9-06: ER316L

SAS 4-1G 14343: W 19 123 Nb A5.9-06: ER318

EASN 2 Si-IG 14343: W Z 19 13 Si NL -

ASN 5-G 14343: W Z 18 16 5 NL A5.9-06: ER317L (mod.)
AM 400-IG 14343: W Z 22178 4 NL -

EASN 25 M-IG 14343: W 25 22 2 NL -

CN 20/25 M-IG 14343: W Z 20 25 5 Cu NL A5.9-06: ER385 (mod.)
CN 22/9 N-IG 14343: W 22 9 3 NL A5.9-06: ER2209

CN 25/9 CuT-IG 14343: W 25 9 4 NL A5.9-06: ER2594
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Corrosion Resistant Filler Metals

@ Overview — Typical Chemical Composition

Bohler | ¢ |Si|Mn|Cr|Ni|Mo|Nb|Ti |N|Cul|T
SMAW covered electrodes

FOX CN 13/4 0.035( 0.3 0.5 12.2 45 | 05

FOX CN 13/4 SUPRA 0.03 | 0.3 0.6 12.2 45 | 05

FOX KW 10 0.08 | 0.7 0.8 13.5

FOX SKWA 0.08 | 0.4 0.3 17.0

FOX SKWAM 022 | 0.3 0.4 17.0 1.3

FOX CN 16/6 M-HD 0.03 | 0.3 0.6 15.5 58 1.2

FOX CN 17/4 PH 0.03 | 0.3 0.6 16.0 49 | 04 0.2 3.2
FOX EAS 2 0.03 | 0.4 1.3 19.8 9.6

FOX EAS 2-A 0.03 | 0.8 0.8 19.8 | 10.2

FOX EAS 2 (LF) 0.03 | 0.4 1.3 19.5 | 10.5

FOX EAS 2-VD 0.02 | 0.7 0.7 19.8 | 10.5

FOX SAS 2 0.03 | 0.4 1.3 19.8 | 10.2 +

FOX SAS 2-A 0.03 | 0.8 0.8 19.5 | 10.0 +

FOX EAS4 M 0.03 | 0.4 1.2 188 | 11.8 | 2.7

FOX EAS 4 M-A 0.03 | 0.8 0.8 188 | 115 | 2.7

FOX EAS 4 M (LF) 0.03 | 0.4 1.2 185 | 128 | 24

FOX EAS 4 M-VD 0.03 | 0.7 0.7 19.0 | 120 | 2.7

FOX EAS 4 M-TS 0.03 | 0.7 0.8 194 | 118 | 2.7

FOX SAS 4 0.03 | 0.4 1.3 18.8 | 11.8 | 2.7 +

FOX SAS 4-A 0.03 | 0.8 0.8 19.0 | 120 | 2.7 +

FOX EAS 2 Si <0.02 | 44 11 19.0 | 15.2

FOX E317L 0.03 | 0.8 0.9 19.0 | 130 | 3.6 +

FOX ASN 5 <0.04 | 0.5 25 185 | 17.0 | 4.3 0.17

FOX ASN 5-A <0.035| 0.7 1.2 18.0 | 17.0 | 45 0.13

FOX AM 400 <0.04 | 0.8 75 218 | 183 | 3.7 0.20

FOX EASN 25 M <0.035| 0.4 53 250 | 22.0 | 2.2 0.14

FOX CN 20/25 M <0.04 | 0.4 3.8 20.0 | 25.0 | 6.3 0.14 | 1.4
FOX CN 20/25 M-A 0.03 | 0.7 1.7 20.3 | 25.0 | 6.2 017 | 1.5
FOX CN 22/9 N-B 0.03 | 0.3 11 226 8.8 | 3.1 0.16

FOX CN 22/9 N 0.03 | 0.8 0.9 226 9.0 | 31 0.17

FOX CN 25/9CuT 0.03 | 0.5 1.0 25.0 95 | 37 022 | 0.7 0.7
GTAW rods

CN 13/4-1G 0.01 | 0.7 0.7 12.3 47 | 05

EAS 2-IG <0.02 | 045 1.8 20.0 | 10.0

SAS 2-IG 0.05 | 0.5 1.8 19.6 9.5 +

EAS 4 M-IG <0.02 | 0.5 1.8 185 | 123 | 28

SAS 4-1G 0.035( 045 1.7 195 | 114 | 2.7 +

EASN 2 Si-IG <0.012| 4.6 0.7 19.5 | 134 0.12

ASN 5-1G <0.02 | 0.4 55 19.0 | 17.2 | 43 0.16

AM 400-IG 0.03 | 065| 7.5 222|180 | 37 0.24

EASN 25 M-IG 0.014| 0.1 6.0 250 | 225 | 2.2 0.12

CN 20/25 M-IG <0.02 | 0.7 4.7 200 | 254 | 6.2 012 | 1.5
CN 22/9 N-IG 0.02 | 0.4 1.7 225 8.8 | 3.2 0.15

CN 25/9 CuT-IG 0.02 | 0.3 0.7 252 9.2 | 36 022 | 0.6 0.62
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Corrosion Resistant Filler Metals

& Overview — Standard Classifications (continued)

Bohler EN/ENISO AWS

GMAW solid wwes

KW 5 Nb-1G 4343-A:G Z13 Nb L A5.9-06: ER409 Nb
CAT 430 L Cb-IG 14343 A: G Z18 L Nb A5.9-06: ER430 (mod.)
CAT 439 L Ti-IG 14343-A: G Z18 Ti L A5.9-06: ER439

CN 13/4-IG 14343-A: G 13 4 A5.9-06: ER410NiMo (mod.)
KW 10-1G 14343-A: G 13 A5.9-06: ER410 (mod.)
KWA-IG 14343-A: G 17 A5.9-06: ER430 (mod.)
SKWA-IG 14343-A: G Z17 Ti A5.9-06: ER430 (mod.)
SKWAM-IG 14343-A: G Z17 Mo -

EAS 2-IG (Si) 14343-A: G 19 9 L Si A5.9-06: ER308LSI
SAS 2-1G (Si) 14343-A: G 199 Nb Si A5.9-06: ER347Si

EAS 4 M-IG (Si) 14343-A: G 19 12 3L Si A5.9-06: ER316LSi
SAS 4-1G (Si) 14343-A:G 19123 Nb Si A5.9-06: ER318 (mod.)
ASN 5-1G (Si) 14343-A: G Z18 16 5 NL A5.9-06: ER317L (mod.)
AM 400-IG 14343-A: G 222 17 8 4 NL -

CN 20/25 M-IG (Si)  14343-A: G Z20 25 5 Cu NL. A5.9-06: ER385 (mod.)
CN 22/9 N-IG 14343-A: G 22 9 3 NL A5.9-06: ER2209

CN 25/9 CuT-IG 14343-A: G 259 4 NL A5.9-06: ER2594

GMAW metal cored and flux cored wires

CN 13/4-MC 17633-A:  T134 MM 2 A5.9-06: EC410NiMo (mod.)
CN 13/4-MC (F) 17633-A:  T134 MM 2 A5.9-06: EC410NiMo (mod.)
EAS 2-MC 17633-A:  T199LMM 1 A5.9-06: EC308L
EAS 4 M-MC 17633-A: T19123LMM 1 A5.9-06: EC316L
EAS 2-FD 17633-A: T199LRM3 A5.22-10: E308LT0-4
T199LRC3 E308LT0-1
EAS 2 PW-FD 17633-A: T199LPM1 A5.22-10: E308LT1-4
T199LPC1 E308LT1-1
EAS 2 PW-FD (LF) 17633-A: T199LPM1 A5.22-10: E308LT1-4
T199LPC1 E308LT1-1
SAS 2-FD 17633-A: T199NbRM3 A5.22-10: E347T0-4
T199NbRC3 E347T0-1
SAS 2 PW-FD 17633-A: T199NbPM1 A5.22-10: E347T1-4
T199NbPC1 E347T1-1
SAS 2 PW-FD (LF) 17633-A: T199NbPM1 A5.22-10: E347T1-4
T199NbPCH1 E347T1-1
EAS 4 M-FD 17633-A: T19123LRM3 A5.22-10: E316LT0-4
T19123LRC3 E316LT0-1
EAS 4 PW-FD 17633-A: T19123LPM1 A5.22-10: E316LT1-4
T19123LPCH1 E316LT1-1
EAS 4 PW-FD (LF) 17633-A: T19123LPM1 A5.22-10: E316LT1-4
T19123LPC1 E316LT1-1
SAS 4-FD 17633-A: T19123NbRM3
T19123NbRC3
SAS 4 PW-FD 17633-A: T19123NbRM 1
T19123NbRC1
E 317L-FD 17633-A: TZ19134LRM3 A5.22-10: E317LT0-4
TZ19134LRC3 A5.22-10: E317LT0-1
E 317L PW-FD 17633-A: TZ19134LPM1 A5.22-10: E317LT1-4
TZ19134LPCH A5.22-10: E317LT1-1
CN 22/9 N-FD 17633-A: T2293LNRM3 A5.22-10: E2209T0-4
T2293LNRC3 E2209T0-1
CN 22/9 PW-FD 17633-A: T2293LNPM1 A5.22-10: E2209T1-4
T2293LNPCH1 E2209T1-1
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Corrosion Resistant Filler Metals

@ Overview — Typical Chemical Composition (continued)

Bohler (o] |Si Mn |Cr | Ni ([Mo|Nb |Ti | N ([Cu | W
GMAW solid wires
KW5 Nb-IG

004 [06 | 06 | 115 T
CAT 430 L Cb-IG 002 | 05 | 05 | 180 >12xC

CAT 439 L Ti-IG 003 | 08 | 08 | 180 >12xC

CN 13/4-1G <0.01 0.65| 0.7 12.2 4.8 0.5

KW 10-IG 008 | 1.1 | 06 | 145

KWA-IG 006 | 06 | 0.6 |17.5

SKWA-IG 007 |06 | 06 |175 +

SKWAM-IG 0.20 0.65| 0.55 | 17.0 0.4 11

EAS 2-IG (Si) <002 |08 | 17 | 200 |10.2

SAS 2-1G (Si) 0035\ 08 | 1.3 [194 | 97 +

EAS 4 M-IG (Si) 002 |08 | 1.7 | 184 | 118 | 28

SAS 4-IG (Si) 003508 | 1.4 [190 | 115 | 28 | +

ASN 5-IG (Si) 002 | 04 | 55 [19.0 |172 | 43 0.16

AM 400-1G 003 | 065| 7.5 | 222|180 | 37 0.24

CN 20/25 M-IG (Si) <002 |07 | 47 | 200 |254 | 6.2 012 [ 15

CN 22/9 N-IG <0.015| 0.4 1.7 22.6 8.8 3.2 0.15

CN 25/9 CuT-IG 002 |03 | 07 252 | 92 | 36 022 [ 06 |062

GMAW metal cored and flux cored wires

CN 13/4-MC 0.025| 0.7 09 | 120 | 46 | 06

CN 13/4-MC (F) <0.03 | 0.7 09 | 122 | 46 | 06

EAS 2-MC <0.03 | 0.6 1.4 [19.8 | 10.5

EAS 4 M-MC <0.03 | 0.6 1.4 18.8 | 12.2 27

EAS 2-FD 0.03 | 0.6 1.5 | 19.8 | 10.5

EAS 2 PW-FD 0.03 | 0.7 15 [ 19.8 | 10.5

EAS 2 PW-FD (LF) 0.03 | 0.7 1.5 [ 19.5 | 10.8

SAS 2-FD 0.03 | 0.6 1.4 [19.0 | 104 +

SAS 2 PW-FD 0.03 | 0.7 1.4 [19.0 | 104 +

SAS 2 PW-FD (LF) 0.03 | 0.7 1.4 | 187 | 104 +

EAS 4 M-FD 0.03 | 0.7 1.5 [19.0 | 120 | 2.7

EAS 4 PW-FD 0.03 | 0.7 15 [19.0 | 120 | 2.7

EAS 4 PW-FD (LF) 0.03 | 0.7 1.5 [ 18.0 | 125 | 2.7

SAS 4-FD 0.03 | 0.6 13 [ 188 | 122 | 2.7 +

SAS 4 PW-FD 0.03 | 0.6 1.3 [ 188 | 122 | 2.7 +

E 317L-FD <0.035| 0.7 13 [ 18.8 | 131 | 34

E 317L PW-FD <0.035| 0.7 1.3 [ 188 | 13.1 | 3.4

CN 22/9 N-FD <0.03 | 0.8 09 | 227 9.0 | 3.2 0.13
CN 22/9 PW-FD 0.03 | 0.8 09 | 227 | 9.0 | 32 0.13
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Corrosion Resistant Filler Metals

& Overview — Standard Classifications (continued)

Bohler EN/EN ISO AWS

SAW wire/flux-combinations

CN 13/4-UP 14343.  S134 A5.9-06: ER410NiMo (mod.)
CN 13/4-UP/BB 203  14343/760: S 13 4/ SAFB 2 ER410NiMo (mod.)
SKWAM-UP 14343:  S17MoH A5.9-06: -

SKWAM-UP/BB 203  14343/760: SA FB 2 DC -

EAS 2-UP 14343:  S199L A5.9-06: ER308L
EAS2-UP/BB202  14343/760: S199L/SAFB2 ER308L

SAS 2-UP 14343:  S199Nb A5.9-06: ER347

SAS 2-UP/BB202  14343/760: S 19 9 Nb/SAFB 2 ER347

EAS 4 M-UP 14343:  S19123L A5.9-06: ER316L

EAS 4 M-UP/BB 202  14343/760: S 19 12 3L/ SAFB 2 ER316L

SAS 4-UP 14343:  S19123Nb A5.9-06: ER318
SAS4-UP/BB202  14343/760: S 19 12 3Nb/SA FB 2 ER318

ASN 5 SY-UP/BB 203 SY14343;:  — A5.9-06: ER317L

ASN 5 SY-UP/BB 203 SY14343/760: SA FB 2 DC -

ASN 5-UP 14343:  SZ18165NL A5.9-06: ER317L (mod.)
ASN5-UP/BB 203 14343/760: S 1816 5NL/SAFB2 ER317L (mod.)

CN 22/9 N-UP 14343:  S2293NL A5.9-06: ER2209

CN 22/9 N-UP/BB 202 14343/760: S 22 9 3NL/SA FB 2 ER2209
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Corrosion Resistant Filler Metals

& Overview — Typical Chemical Composition (continued)

Bohler C |Si [Mn|Cr|Ni|Mo|Nb|Ti | N |Cu
SAW wire/flux-combinations

CN 13/4-UP <0.01 0.65 | 0.7 12.2 4.8 0.5

CN 13/4-UP/BB 203 0.015| 0.65 | 0.7 11.8 4.7 0.5

SKWAM-UP 0.20 | 0.65 | 0.55 | 17.0 0.4 11

SKWAM-UP/BB 203 0.15 | 0.65 | 0.55 | 16.5 0.4 11

EAS 2-UP <0.02 | 045 | 1.8 20.0 9.8

EAS 2-UP/BB 202 <0.02 | 055 | 1.3 19.5 9.8

SAS 2-UP <0.05 | 0.50 | 1.8 19.5 9.5 0.65

SAS 2-UP/BB 202 0.048 | 0.60 | 1.3 19.0 9.5 0.55

EAS 4 M-UP <0.02 | 050 | 1.7 185 [ 12.2 2.8

EAS 4 M-UP/BB 202 <0.02 | 0.60 | 1.2 18.0 | 12.2 2.8

SAS 4-UP 0.035| 0.50 | 1.7 195 | 11.4 28 |0.65

SAS 4-UP/BB 202 0.03 0.60 | 1.2 18.0 | 11.4 28 |0.55

ASN 5 SY-UP <0.03 | 0.50 | 1.6 19.0 | 135 3.6

ASN 5 SY-UP/BB 202 <0.03 | 0.60 | 1.2 18.5 | 13.4 3.5

ASN 5-UP <0.02 | 0.30 | 5.2 19.0 [ 17.2 4.3 0.17
ASN 5-UP/BB 203 <0.02 | 0.40 | 45 185 [ 17.2 4.3 0.15
CN 22/9 N-UP <0.15 | 040 | 1.6 22.8 8.8 3.2 0.15
CN 22/9 N-UP/BB 202 0.013| 0.50 | 1.1 225 8.8 3.2 0.14
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
RWSR5.4.08. E410NiMo-15 BOHLER FOX CN 13/4

SMAW basic electrode, high-alloyed, stainless

Description

Basic electrode, low-hydrogen, suited for similar soft martensitic and martensitic-ferritic rolled,
forged, and cast steels. Mainly used in the construction of hydro turbines, compressors.
Resistant to corrosion from water, steam and sea water atmosphere. Thanks to an optimum
balance of alloying components the weld deposit yields very good ductility and toughness &
cracking resistance despite of its high strength.

Excellent operating characteristics, easy slag removal, and smooth bead appearance. Metal
recovery approx. 130 %. Positional weldability is offered up to @ 3.2 mm electrodes.

BOHLER FOX CN 13/4 as well as the GTAW-rod BOHLER CN 13/4-1G and the analogous
GMAW wire are very popular in the construction of hydro turbines.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% 0.035 0.3 0.5 12.2 4.5 0.5

Mechanical Properties of All-weld Metal

") u a q
Yield strength R N/mm? (MPa): 890 (=830) 680 (=610) 670 (=560)
Tensile strength Rm N/mm? (MPa): 1090 (= 1000) 910 (=830) 850 (=780)
Elongation A (Lo = 5do) %: 12 (= 8) 17 (= 15) 18 (= 16)
Impact work ISO-V KV J +20°C: 32 (= 24) 66 (= 47) 95 (= 60)
(*) - 20 °C: 55

- 60 °C: 50

u untreated, as-welded;
a annealed, 600 °C/2 h/air; q: quenched/tempered, 950 °C/0.5 h/air + 600 °C/2 h/air

Operating Data

— re-drying if necessary: 2 mm Lmm ampsA
300 - 350 °C, min. 2 h 25 350 60 - 90
1 electrode identification: 3.2 450 90 - 130
= FOX CN 13/4 410 NiMo-15E 134B 4.0 450  120-170
5.0 450 160 - 220

Preheating and interpass temperatures of heavy-wall components 100 - 160 °C.
Maximum heat input 15 kJ/cm. Post weld heat treatment at 580 - 620 °C.
Base Materials

1.4317 GX4CrNi13-4, 1.4313 X3CrNiMo13-4, 1.4407 GX5CrNiMo13-4, 1.4414 GX4CrNiMo13-4
ACI Gr. CA 6 NM, S41500

Approvals and Certificates
TUV-D (3232.), LTSS, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 13/4 SUPRA Metal cored wire: CN 13/4-MC
GTAW rod: CN 13/4-1G CN 13/4-MC (F)
GMAW solid wire: CN 13/4-1G SAW combination: ~ CN 13/4-UP/BB 203
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
RS A54.06: E4toNMo-15 BOHLER
FOX CN 13/4 SUPRA

SMAW basic electrode, high-alloyed, stainless

Description

Basic electrode, core wire alloyed, low-hydrogen, suited for welding similar soft-martensitic and
martensitic-ferritic rolled, forged, and cast steels. Mainly used in the construction of hydro tur-
bines, compressors. Resistant to corrosion from water, steam, and sea water atmosphere.
Thanks to an optimum balance of alloying components the weld deposit yields very good duc-
tility and toughness & cracking resistance despite of its high strength.

Excellent slag removability, smooth bead appearance. Out of position weldable except vertical
down.

Typical Composition of All-weld Metal
c Si Mn Cr Ni Mo
Wt-% 0.03 0.3 0.6 12.2 45 0.5

Mechanical Properties of All-weld Metal

*

@) u a q
Yield strength R. N/mm? (MPa): 880 (=830) 680 (=610) 670 (=560)
Tensile strength Rm N/mm? (MPa): 1060 (= 1000) 930 (=830) 850 (=760)
Elongation A (Lo = 5do) %: 13 (= 8) 18 (= 15) 18 (= 16)
Impact work ISO-V KV J +20°C: 35 (= 30) 70 (= 55) 105 (= 70)
-20 °C: 60
- 60 °C: 55

(*) u untreated, as-welded
a annealed, 600 °C/2 h/air
q quenched/tempered , 950 °C/0.5 h/air + 600 °C/2 h/air

Operating Data

™ re-drying if necessary: o mm Lmm ampsA
1 300 - 350 °C, min. 2 h 3.2 350 90 - 110
— electrode identification: 4.0 350 120 - 145

FOX CN 13/4 SUPRA 410NiMo-15 E 134 B
Preheating and interpass temperatures of heavy-wall components 100 - 160 °C.
Maximum heat input 15 kJ/cm. Post weld heat treatment at 580 - 620 °C.

Base Materials
1.4317 GX4CrNi13-4, 1.4313 X3CrNiMo13-4, 1.4407 GX5CrNiMo13-4, 1.4414 GX4CrNiMo13-4
ACI Gr. CA 6 NM, S41500

Approvals and Certificates
TUV-D (9081.), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 13/4 Metal cored wire: CN 13/4-MC
GTAW rod: CN 13/4-1G CN 13/4-MC (F)
GMAW solid wire: CN 13/4-1G SAW combination: CN 13/4-UP/BB 203
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997:E 13 B A
NS R .06, E4i015 (mod) BOHLER FOX KW 10

SMAW basic electrode, high-alloyed, stainless

Description

Basic electrode, core wire alloyed, low-hydrogen, with good operating characteristics in all posi-
tions except vertical-down. Mainly used for surfacing on sealing faces of gas, water and steam
valves to meet stainless and wear resistant overlays for instance. In the machined condition, at
least a two layer build up should remain. Joint welding of similar, stainless and heat resistant
chromium steels provides matching colour of weld metal with very good ability to polishing.
Retention of hardness up to +450 °C, scaling resistant up to +900 °C. Preheating and interpass
temperature 200 - 300 °C, post weld heat treatment at 700 - 750 °C depending on the weld job.

Typical Composition of All-weld Metal

C Si Mn Cr
Wt-% 0.08 0.7 0.8 135
Mechanical Properties of All-weld Metal
* u a
Yield strength R: N/mm? (MPa): 530 (= 450)
Tensile strength Rn N/mm? (MPa): 700 (= 640)
Elongation A (Lo = 5do) %: 17 (= 15)
Brinell-hardness HB: 350 210

(*) u untreated, as-welded
a annealed, 750 °C/2 h/furnace

The hardness of the deposit ist greatly influenced by the degree of dilution with the base metal (depending
on the relevant welding conditions) and by its chemical composition. As a general rule it can be observed
that the higher the degree of dilution and the C-content of the base metal, the higher the deposit hardness.

Operating Data

— re-drying if necessary: o mm L mm amps A
1 20-200 °C, min. 2 h 25 300 60- 80
— electrode identification: 3.2 350 80 - 100

FOXKW 10 E 13 B 4.0 350 110 - 130

Base Materials
surfacings: all weldable backing materials, unalloyed and low-alloyed

joint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with
C-contents < 0.20 % (repair welding); heat resistant Cr-steels of similar chemical
composition. Be careful with dilution and welding technology.

1.4006 X12Cr13, 1.4021 X20Cr13
AISI 410, 420

Approvals and Certificates
SEPROZ

Same Alloy Filler Metals
GMAW solid wire: KW 10-1G

2-180



Corrosion Resistant Filler Metals — SMAW Covered Electrodes
RS A5 .06 E430.15 - BOHLER FOX SKWA

SMAW basic electrode, high-alloyed, stainless

Description

Basic electrode, core wire alloyed, low-hydrogen, with good operating characteristics in all posi-
tions except vertical-down. Mainly used for surfacing on sealing faces of gas, water and steam
valves to meet stainless and wear resistant overlays for instance. In the machined condition, at
least a two layer build up should remain. Joint welding of similar, stainless and heat resistant
chromium steels provides matching colour of weld metal with very good ability to polishing.
Hydrogen content in weld deposit <5 ml/100 g

Preheating and interpass temperature 200 - 300 °C, post weld heat treatment at 730 - 800 °C.

Typical Composition of All-weld Metal

C Si Mn Cr
Wit-% 0.08 0.4 0.3 17.0

Mechanical Properties of All-weld Metal

*

u a
Yield strength R N/mm? (MPa): 370 (= 340)
Tensile strength Rm N/mm? (MPa): 560 (=530)
Elongation A (Lo = 5do) %: 23 (= 18)
Brinell-hardness HB: 250 200
(*) u untreated, as-welded
a annealed, 750 °C/2 h/furnace
Operating Data
— re-drying if necessary: o mm Lmm ampsA
1 120 - 200 °C, min. 2 h 25 300 60 - 80
— electrode identification: 3.2 350 80 - 110
FOX SKWA 430-15 E 17 B 4.0 350 110 - 140
5.0 450 140 - 180
The hardness of the deposit ist greatly influenced by the degree of dllutlon with the base metal (depending
on the relevant welding and by its As a general rule it can be observed

that the higher the degree of dilution and the C-content of the base metal the higher the deposit hardness.

Base Materials
surfacings: all weldable backing materials, unalloyed and low-alloyed.

joint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with
C-contents up to 0.20 % (repair welding). Be careful with dilution and welding technology.

1.4510 X3CrTi17
AISI 430Ti, 431

Approvals and Certificates
KTA 1408.1 (8098.00), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SKWAM GMAW solid wire:  KWA-IG
SKWA-IG
SKWAM-IG
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

EN 1600:1997: EZ17MoB22 BOHLER FOX SKWAM

SMAW basic electrode, high-alloyed, stainless

Description

Basic electrode, core wire alloyed, low-hydrogen, with good operating characteristics in all posi-
tions except vertical-down. Mainly used for surfacing on sealing faces of gas, water and steam
valves to meet stainless and wear resistant overlays for instance. In the machined condition, at
least a two layer build up should remain.

Joint welding of similar, stainless and heat resistant chromium steels provides matching colour
of weld metal with very good ability to polishing.

Hydrogen content in weld deposit <5 ml/100 g. Weld metal retention of hardness up to +500 °C.
Scaling resistant up to +900 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Mo
Wt-% 0.22 0.3 0.4 17.0 1.3
Mechanical Properties of All-weld Metal

() u a
Brinell-hardness HB: 400 250

(*) u untreated, as-welded
a annealed, 700° C/2 h/furnace

Operating Data

"— re-drying if necessary: o mm Lmm ampsA

1 0 - 200 °C, min. 2 h 25 300 60- 80

— electrode identification: 3.2 350 80 - 110
FOX SKWAM E Z 17 Mo B 4.0 350 110 - 140

5.0 450 140 - 180

Preheating as required by the base metal, with temperatures between 100 and 200 °C being generally sufficient (for
Jjoint welding operations 250 - 400 °C). Annealing at 650 - 750 °C may be carried out to improve the toughness values
in the weld metal and in the transition zone of the base metal.

The hardness of the deposit ist greatly influenced by the degree of dllul/an with the base metal (depending
on the relevant welding and by its As a general rule it can be observed
that the higher the degree of dilution and the C-content of the base metal the higher the deposit hardness.

Base Materials
surfacings: all weldable backing materials, unalloyed and low-alloyed.

Jjoint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with
C-contents up to 0.20 % (repair welding). Be careful with dilution and welding technology

Approvals and Certificates
KTA 1408.1 (8043.01), DB (30.014.12-20.014.08), OBB, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SKWA

GMAW solid wire: KWA-IG
SKWA-IG
SKWAM-IG

2-182



Corrosion Resistant Filler Metals — SMAW Covered Electrodes

EN 1600:1997: E Z16 6 Mo B 6 2 H5 BOHLER
FOX CN 16/6 M-HD

SMAW basic electrode, high-alloyed,
corrosion resistant

Description

Basic electrode, high efficiency, for welding of soft martensitic forged and cast steels. The high
chromium content enhances the corrosion resistance in water, steam and sea atmosphere.
Main applications are found in turbines, pumps-and combustion building. Popular in hydro tur-
bine engineering.

The electrode shows very good features in regard to arc stability, weld puddle control, slag
detachability and seam cleanliness. Suitable for all positions except vertical down (positional
welding up to @ 3.2 mm). Metal recovery approx. 135 %. Low hydrogen is a essential and
necessary prerequisite of this product.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% 0.03 0.3 0.6 15.5 5.8 1.2

Mechanical Properties of All-weld Metal

™) u al a2 s

Yield strength R: N/mm? (MPa): 520 650 640 680
Tensile strength Rm N/mm? (MPa): 1050 920 920 880
Elongation A (Lo = 5do) %: 13 15 16 24
Impact work ISO-V KV J +20 °C: 28 42 48 75
hardness Hv HV10: 370 340 330 295

(*) u untreated, as-welded
al annealed, 580 °C/4 h/air
a2 annealed, 590 °C/8 h/furnace down to 300 °C/air
s solution annealed, 1030 °C/1 h/air + 590 °C/8 h/furnace down to 300 °C/air

The maximum interpass temperature should not exceed +120 °C.

Operating Data

™ re-drying if necessary: o mm Lmm ampsA
300 -350 °C, min 2 h 25 350 70- 95
— electrode identification: 3.2 450 110 - 140
FOX CN 16/6 M-HD EZ16 6 Mo B 4.0 450 140 - 180
5.0 450 180 - 230

p—

Base Materials
soft-martensitic forge steels and cast steels, same-alloyed
1.4405 GX4CrNiMo16-5-1, 1.4418 X4CrNiMo16-5-1

Approvals and Certificates
SEPROZ
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E Z174CuB 4 3 H A
RWS 75,406, E630.15 (moc) BOHLER
FOX CN 17/4 PH

SMAW basic electrode, high-alloyed,
corrosion resistant

Description

Basic electrode with strength properties for joint and fabrication welding of analogous precipi-
tation hardening Cr-Ni-Cu-alloyed rolled-, forged- and cast steels.

Popular for components in the paper industry, rotors of compressors, fan blades, press plates
in the plastic processing industry and for the aerospace industry.

The electrode shows very good features in regard to arc stability, weld puddle control, slag
detachability and seam cleanliness. Lowest hydrogen content in the deposit is a prerequisite
(HD < 5 mI/100 g). The electrode is suitable for welding in all positions except vertical down.
The interpass temperature has to be kept very low (max. 80 °C). With the use of the proper
PWHT (solution annealing + precipitation hardening impact values down to -50 °C are still
achievable).

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Cu Nb
Wt-% 0.03 0.3 0.6 16.0 4.9 0.4 3.2 0.2

Mechanical Properties of All-weld Metal

* u al a2 a3 s1 s2
Yield strength R: N/mm? (MPa): 440 940 830 630 920 650
Tensile strength Rn N/mm? (MPa): 800 1030 1110 940 1030 890
Elongation A (Lo = 5do) %: 4 10 8 15 17 18
Impact work ISO-V KV J +20 °8: 35-40 20 15 24-30 60-66 69-75
- 50 °C: 55
hardness HRC: 32-39 37-40 - 29-31 - 2729
(*) u untreated, as-welded a1 annealed, 540 °C/3 h/air
a2 annealed, 480 °C/1 h/air a3 annealed, 760 °C/2 h/air + 620 °C/4 h/air

s1 solution annealed, 1040 °C/2 h/air + 580 °C/4 h/air
s2 solution annealed, 1040 °C/0.5 h/air + 760 °C/2 h/air + 620 °C/4 h/air

Operating Data

= re-drying if necessary: o mm Lmm ampsA
1 300 - 350 °C, min. 2 h 3.2 350 90 - 110
— electrode identification: 4.0 350 120 - 140

FOXCN17/4PHEZ174CuB

Base Materials
precipitation hardening forged steels and cast steels, same-alloyed

1.4540 X4CrNiCuNb16-4, 1.4540 GX4CrNiCuNb16-4, 1.4542 X5CrNiCuNb16-4,
1.4548 X5CrNiCuNb17-4-4

J92180 Gr. CB Cu-1; S17400 Type 630; SAE J467 17-4PH

Approvals and Certificates
SEPROZ
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997:E 199 LB 22 A
AWS A5.4-06: E308L-15 BOHLER FOX EAS 2
SMAW basic electrode, high-alloyed,
chemical resistant

Description

Basic stainless steel electrode. Designed to produce first class weld deposits with reliable CVN
toughness values down to -196 °C, 100 % X-Ray safety together with very good root pass and
positional welding characteristics, good gap bridging ability, easy weld pool and slag control as
well as easy slag removal even in narrow preparations resulting in clean bead surfaces and
minimum post weld cleaning. An excellent electrode for welding on site!

Resistant to intergranular corrosion up to +350 °C. Fully core wire alloyed and packed into
hermetically sealed tins. This type of consumables is also available as a special low ferrite ver-
sion. Due to the specific alloying concept and a controlled ferrite content of 3-5 FN the weld
metal provides excellent impact thoughness down to -196 °C along with lateral expansion
values of >0.38 mm which makes it suitable for LNG applications as well.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wit-% 0.03 0.4 1.3 19.8 9.6

Mechanical Properties of All-weld Metal

*

u

Yield strength R N/mm? (MPa): 410 (= 350)
Tensile strength Rn N/mm? (MPa): 560 (=520)
Elongation A (Lo = 5do) %: 40 (= 35)
Impact work ISO-V KV J +20 °C: 110 (= 90)

-196 °C: 50 (= 34)
lateral expansion (mm) - 196 °C: (=0.38)

(*) u untreated, as-welded

Operating Data

= re-drying if necessary: o mm Lmm ampsA

! - 25 300 50- 80

— electrode identification: 3.2 350 80 - 110
FOX EAS 2308L-15E199LB 4.0 350 110 - 140

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C 0. D
Approvals and Certificates
TUOV-D (0152.), DB (30.014.10), OBB, TUV-A (95), Statoil, SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 2-A Metal cored wire: EAS 2-MC

FOX EAS 2-VD Flux cored wire: EAS 2-FD
GTAW rod: EAS 2-1G EAS 2 PW-FD
GMAW solid wire: EAS 2-1G (Si) EAS 2 PW-FD (LF)

SAW combination: EAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997:E 199 LR 32 o
AWS A5.4-06: E308L-17 BOHLER FOX EAS 2-A
SMAW rutile electrode, high-alloyed,
chemical resistant

Description

F(utille eI%ctrode, core wire alloyed, stainless steel. Preferably used for 1.4306 / 304L / 304LN
steel grades.

BOHLER FOX EAS 2-Ais noted for its superior welding characteristics and metallurgy. Can be
used on AC or DC. Other characteristics include high current carrying capacity, minimum
spatter formation, self releasing slag, smooth and clean weld profile, safety against formation
of porosity due to moisture resistant coating and packaging into hermetically sealed tins.
Resistant to intergranular corrosion up to +350 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wt-% 0.03 0.8 0.8 19.8 10.2

Mechanical Properties of All-weld Metal

*

u sa
Yield strength R N/mm? (MPa): 430 (= 350)
Tensile strength Rn N/mm? (MPa): 560 (=520)
Elongation A (Lo = 5do) %: 40 (= 35)
Impact work ISO-V KV J +20 °C: 70 (= 47)
- 120 °C: (= 32)
- 196 °C: (= 32)
(*) u untreated, as-welded
sa solution annealed and quenched
Operating Data
— re-drying if necessary: o mm L mm amps A
1 120 - 200 °C, min. 2 h 1.5 250  25- 40
— electrode identification: 2.0 300 40- 60
FOX EAS 2-A 308L-17E199LR 25 250/350 50- 90
3.2 350 80 - 120
4.0 350 110 - 160
5.0 450 140 - 200

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates
TUV-D (1095.), DB (30.014.15), OBB, TUV-A (96), ABS (E 308L-17), GL (4306), Statoil, VUZ,

SEPROZ, CE
Same Alloy/Similar Alloy Filler Metals
SMAW electrode: FOX EAS 2 Metal cored wire: EAS 2-MC
FOX EAS 2-VD Flux cored wire: EAS 2-FD
GTAW rod: EAS 2-IG EAS 2 PW-FD
GMAW solid wire: EAS 2-1G (Si) EAS 2 PW-FD (LF)

SAW combination: EAS 2-UP/BB 202
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High Temperature and Creep-resistant Filler Metals — SMAW Covered Electrodes

Shdsosoer Erosre22 BOHLER FOX EAS 2 (LF)
SMAW basic electrode

high-alloyed, low service temperatures,
chemical resistant

Description

Basic stainless steel electrode. Due to the specific alloying concept and a controlled ferrite con-
tent of 3 - 8 FN (aimed 2 - 6 FN) the weld metal provides excellent impact thoughness down to
-196 °C along with later expansion values of >0.38 mm which makes it suitable for LNG appli-
cation as well. Designed to produce first class weld deposits with reliable CVN toughness
values down to -196 °C, 100 % X-ray safety together with good root pass and positional wel-
ding characteristics, good gap bridging ability, easy weld pool and slag control as well as easy
slag removal resulting in clean bead surfaces and minimum post weld cleaning. An excellent
electrode for welding on site! Resistant to intergranular corrosion up to +350 °C. Fully core wire
alloyed and packed into hermetically sealed tins.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wit-% 0.03 0.4 1.3 19.5 10.5

Mechanical Properties of All-weld Metal

) u
Yield strength R N/mm? (MPa): 410 (= 350)
Tensile strength Rn N/mm? (MPa): 560 (=520)
Elongation A (Lo = 5do) %: 40 (= 35)
Impact work ISO-V KV J +20 °C: 125 (= 90)

-196 °C: 60 (= 34)
lateral expansion -196 °C: (=0.38)

(*) u untreated, as-welded

Operating Data

— re-drying if necessary: o mm L mm
1 - 25 300
— electrode identification: 3.2 350
FOX EAS 2 (LF) 308L-15E199LB 4.0 350 110 - 140

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10,
1.4541 X6CrNiTi18-10

AISI 304, 304L, 302, 321

Approvals and Certificates
TUOV-D (submitted), CE

Same Alloy Filler Metals

GTAW rod: EAS 2-IG SAW combination: EAS 2-UP/BB 202
Flux cored wire: EAS 2 PW-FD (LF)
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
MORITERLS ' BOHLER FOX EAS 2-VD
SMAW rutile electrode, high-alloyed,
chemical resistant

Description

Rutile basic electrode, core wire alloyed, stainless steel, especially designed for vertical-down
welding in the sheet metal fabrication.

Highly economical due to fast travel speeds. 50 % time saving is achieved compared to wel-
ding in vertical up position with same electrode diameter. The extremely low heat helps to redu-
ce distortion and associated straightening work.

The product is resistant to intergranular corrosion up to service temperatures of +350 °C.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wit-% 0.02 0.7 0.7 19.8 10.5

Mechanical Properties of All-weld Metal

*

u
Yield strength R. N/mm? (MPa): 470 (= 350)
Tensile strength Rn N/mm? (MPa): 600 (=520)
Elongation A (Lo = 5do) %: 36 (= 35)
Impact work ISO-V KV J + 20 °C: 55 (= 47)
-120 °C: (= 32)
(*) u untreated, as-welded
Operating Data
e re-drying if necessary: 2 mm L mm amps A
‘ 120 - 200 °C, min. 2 h 25 300 75- 85
electrode identification: 3.2 300 105 - 115

FOX EAS 2-VD 308L-17E199LR

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates
SEPROZ

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX EAS 2 Metal cored wire: EAS 2-MC

FOX EAS 2-A Flux cored wire: EAS 2-FD
GTAW rod: EAS 2-1G EAS 2 PW-FD
GMAW solid wire: EAS 2-1G (Si) EAS 2 PW-FD (LF)

SAW combination:  EAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997:E 199 Nb B 2 2 o
AWS A5.4-06 E3d7-15 BOHLER FOX SAS 2
SMAW basic electrode, high-alloyed,
chemical resistant

Description

Basic electrode, stabilised core wire alloyed, stainless steel, mainly for Ti and Nb stabilised
1.4541 / 321 / 347 CrNi-steel grades. Designed to produce first class weld deposits with relia-
ble CVN toughness values down to -196 °C. 100 % X-ray safety together with very good root
pass and positional welding characteristics, good gap bridging ability, easy weld pool and slag
control as well as easy slag removal even in narrow preparations resulting in clean bead sur-
faces and minimum post weld cleaning. An excellent electrode for welding on site and for heavy
and rigid components. The product is resistant to intergranular corrosion up to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb
Wt-% 0.03 0.4 1.3 19.8 10.2 +
Mechanical Properties of All-weld Metal
* u
Yield strength R. N/mm? (MPa): 470 (=390)
Tensile strength Rm N/mm? (MPa): 640 (= 550)
Elongation A (Lo = 5do) %: 36 (= 30)
Impact work ISO-V KV J + 20 °C: 110 (= 80)
- 196 °C: (= 32)
(*) u untreated, as-welded
Operating Data
e re-drying if necessary: 2 mm L mm amps A
! - 25 300 50- 80 |=
— electrode identification: 3.2 350 80 - 110
FOX SAS 2347-15E199Nb B 4.0 350 110 - 140

Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11,
1.4301 X5CrNi18-10,
1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10, 1.4311 X2CrNiN18-10, 1.4306 X2CrNi19-11

AlSI 347, 321, 302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C; A157 Gr. C9;
A320 Gr. B8C or D

Approvals and Certificates
TUV-D (1282.), DB (30.014.04), OBB, TUV-A (73), ABS (Cr18/21, Ni8/11, TaNb.1.1),
GL (4550), LTSS, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SAS 2-A GMAW solid wire:  SAS 2-1G (Si)
Flux cored wire: SAS 2-FD
GTAW rod: SAS 2-IG SAS 2-PW-FD

SAW combination:  SAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

P B R BOHLER FOX SAS 2-A
SMAW rutile electrode, high-alloyed,
chemical resistant

Description

Rutile electrode, stabilised stainless steel. Preferably used for Ti or Nb stabilised 1.4541 /
1.4550 / 321 / 347 CrNi-steel grades.

BOHLER FOX SAS 2-A is noted for its superior welding characteristics and metallurgy. It can
be used on AC or DC. Other advantages include high current carrying capacity, minimum spat-
ter formation, self releasing slag, smooth and clean weld profile, safety against formation of
porosity due to moisture resistant coating and packaging into hermetically sealed tins. The fully
alloyed core wire ensures the most reliable corrosion resistance.

Resistant to intergranular corrosion up to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb
Wt-% 0.03 0.8 0.8 19.5 10.0 +

Mechanical Properties of All-weld Metal

*

u

Yield strength R. N/mm? (MPa): 470 (= 390)
Tensile strength Rn N/mm? (MPa): 620 (=550)
Elongation A (Lo = 5d) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 70 (= 55)
-120 °C: (= 32)
(*) u untreated, as-welded
Operating Data
e re-drying if necessary: o mm Lmm ampsA
! 120 - 200 °C, min. 2 h 2.0 300 40- 60
— electrode identification: 25 250/350 50- 90
FOX SAS 2-A 347-17E 199 Nb R 3.2 350 80 -120
4.0 350 110 - 160
5.0 450 140 - 200

Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11,
1.4301 X5CrNi18-10,
1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10, 1.4311 X2CrNiN18-10, 1.4306 X2CrNi19-11

AlSI 347, 321, 302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C; A157 Gr. C9;
A320 Gr. B8C or D

Approvals and Certificates

TUV-D (1105.), DB (30 014.06), OBB, TUV-A (131), ABS (347-17), GL (4550), LTSS, VUZ,
SEPROZ, CE, N

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SAS 2 GMAW solid wire: SAS 2-1G (Si)
GTAW rod: SAS 2-IG Flux cored wire: SAS 2-FD
SAW combination: SAS 2-UP/BB 202 SAS 2 PW-FD
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997:E 19123 LB 22 A
AWS A5.4-06: E316L-15 BOHLER FOX EAS 4 M
SMAW basic electrode, high-alloyed,
chemical resistant

Description
Basic electrode, core wire alloyed, stainless steel. Preferably used for 1.4435 / 316L steel gra-

BOHLER FOX EAS 4 M is designed to produce high quality weld deposits with reliable tough-
ness values down to — 196 °C. 100 % X-ray safety together with very good root pass and posi-
tional welding characteristics. Good gap bridging ability, easy weld pool and slag control. Easy
slag removal even in narrow preparations result in clean bead surfaces with minimum post weld
cleaning. Ideal electrode for welding on site. Electrodes are packed in hermetically sealed tins
and have a moisture resistant coating. Resistant to intergranular corrosion up to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wt-% 0.03 0.4 1.2 18.8 1.8 27

Mechanical Properties of All-weld Metal

) u
Yield strength R: N/mm? (MPa): 460 (= 350)
Tensile strength Rm N/mm? (MPa): 600 (= 540)
Elongation A (Lo = 5do) %: 38 (= 35)
Impact work ISO-V KV J +20 °C: 90 (= 80)
-120 °C: (= 32)
- 196 °C: (= 27)
(*) u untreated, as-welded
Operating Data
— re-drying if necessary: o mm L mm amps A
1 25 300 50- 80 |=+4
— electrode identification: 3.2 350 80 - 110
FOX EAS4 M 316L-15E19123LB 4.0 350 110 - 140

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S31603, S31653; AISI 316L, 316Ti, 316Cb

Approvals and Certificates
TUV-D (0772.), OBB, TUV-A (99), DNV (316), Statoil, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M-A GMAW solid wire:  EAS 4 M-IG (Si)
FOX EAS 4 M-VD Metal cored wire: EAS 4 M-MC
FOX EAS 4 M-TS Flux cored wire: EAS 4 M-FD
FOX EAS 4 M (LF) EAS 4 PW-FD
GTAW rod: EAS 4 M-IG EAS 4 PW-FD (LF)
SAW combination:  EAS 4 M-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

EN 1600:1997:E Z19123LB22 BOHLER
AWS A5.4-06: E316L-15

FOX EAS 4 M (LF)

SMAW basic electrode, high-alloyed,

chemical resistant

Description

Basic electrode, core wire alloyed, stainless steel. Preferably used for 1.4435 / 316L steel gra-
des. Controlled delta ferrite content (3-8 FN). BOHLER FOX EAS 4 M (LF) is designed to pro-
duce high quality weld deposits with reliable tough-ness values down to -196 °C. 100 % X-ray
safety together with very good root pass and positional welding characteristics. Good gap brid-
ging ability, easy weld pool and slag control. Easy slag removal even in narrow preparations
result in clean bead surfaces with minimum post weld cleaning. Ideal electrode for welding on
site. Electrodes are packed in hermetically sealed tins and have a moisture resistant coating.
Resistant to intergranular corrosion up to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wt-% 0.03 0.4 1.2 18.5 12.8 24
Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): 430 (= 350)
Tensile strength Rn N/mm? (MPa): 570 (=510)
Elongation A (Lo = 5do) %: 38 (= 30)
Impact work I1SO-V KV J +20 °C: 100 (= 80)
-120 °C: (= 32)
- 196 °C: 55 (= 27)
lateral expansion (mm) - 196 °C: (=0.38)
(*) u untreated, as-welded
Operating Data
= re-drying if necessary: o mm L mm amps A
! - 25 300  50- 80
— electrode identification: 3.2 350 80 - 110
FOX EAS 4 M LF 316L-15 4.0 350 110 - 140

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2,
1.4409 GX2CrNiMo 19-11-2

UNS S31603, S31653; AISI 316L

Approvals and Certificates
DNV (316)

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M-A GMAW solid wire:  EAS 4 M-IG (Si)
FOX EAS 4 M-VD Metal cored wire: EAS 4 M-MC
FOX EAS 4 M-TS Flux cored wire: EAS 4 M-FD
GTAW rod: EAS 4 M-IG EAS 4 PW-FD
EAS 4 PW-FD (LF)
SAW combination:  EAS 4 M-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

MR ER%3the BOHLER FOX EAS 4 M-A
SMAW rutile electrode, high-alloyed,
chemical resistant

Description

Rutile electrode, core wire alloyed, stainless steel. Preferably used for 1.4435 / 316L steel gra-
des. BOHLER FOX EAS 4 M-A is an acknowledged world leader, noted for its superior welding
characteristics and metallurgy. It can be used on AC or DC. Other advantages include high cur-
rent capacity, minimum spatter formation, self releasing slag, smooth and clean weld profile,
safety against formation of porosity due to moisture resistant coating and packaging into her-
metically sealed tins.

The fully alloyed core wire ensures the most reliable corrosion resistance. Resistant to inter-
granular corrosion up to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wt-% 0.03 0.8 0.8 18.8 15 27

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/mm? (MPa): 460 (= 350)
Tensile strength Rm N/mm? (MPa): 600 (= 540)
Elongation A (Lo=5do) %: 36 (= 30)
Impact work ISO-V KV J +20 °C: 70 (= 47)
-120 °C: (= 32)

(*) u untreated, as-welded

Operating Data

™ re-drying if necessary: o mm Lmm ampsA =+
120 - 200 °C, min. 2 h 250 25- 40

— electrode identification:

FOX EAS 4 M-A316L-17E19123 LR

—

1.5

2.0 300 40- 60
25 250/350 50- 90
3.2 350 80 - 120
4.0 350/450 110 - 160
5.0 450 140 - 200

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S31603, $31653, AIS| 316L, 316Ti, 316Cb
Approvals and Certificates

TUV-D (0773.), DB (30.014.14), OBB, TUV-A (33), ABS (E 316L-17), DNV (316L), GL (4571),
LR (316Lm), Statoil, VUZ, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M GMAW solid wire:  EAS 4 M-IG (Si)
FOX EAS 4 M-VD Metal cored wire:  EAS 4 M-MC
FOX EAS 4 M-TS Flux cored wire: EAS 4 M-FD
FOX EAS 4 M (LF) EAS 4 PW-FD
GTAW rod: EAS 4 M-IG EAS 4 PW-FD (LF)
SAW combination: EAS 4 M-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

SIS E5%37'° BOHLER FOX EAS 4 M-VD
SMAW rutile basic electrode, high-alloyed,
chemical resistant

Description

Rutile basic electrode, stainless steel. Especially designed with a fast freezing slag for vertical-
down welding in sheet metal fabrication.

Highly economical, yielding fast travel speed resulting in low heat input and little distortion res-
pectively associated straightening work. When using same electrode diameter and same wall
thickness you can save 50% of welding time compared to vertical up position. No overheating
of the base metal and therefore no risk of impaired corrosion resistance compared with the ver-
tical-up welding mode. The product is ideally suited to save time and costs in the sheet metal
fabrication.

Resistant to intergranular corrosion up to service temperatures of +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% 0.03 0.7 0.7 19.0 12.0 2.7

Mechanical Properties of All-weld Metal

@) u

Yield strength Re N/mm? (MPa): 470 (= 350)

Tensile strength Rm N/mm? (MPa): 600 (= 540)

Elongation A (Lo=5do) %: 35 (= 30)

Impact work ISO-V KV J +20 °C: 55 (= 47)

-120 °C: (= 32)

(*) u untreated, as-welded

Operating Data
re-drying if necessary: o mm Lmm ampsA
120 - 200 °C, min. 2 h 25 300 75- 85 |=4
electrode identification: 3.2 300 105 - 115

FOX EAS 4 M-VD 316L-17 E19 123 LR

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S31603, $31653, AISI 316L, 316Ti, 316Cb
Approvals and Certificates
TOV-D (9089.), DNV (316L), GL (4550), LTSS, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M GMAW solid wire:  EAS 4 M-IG (Si)
FOX EAS 4 M-A Metal cored wire:  EAS 4 M-MC
FOX EAS 4 M-TS Flux cored wire: EAS 4 M-FD
FOX EAS 4 M (LF) EAS 4 PW-FD
GTAW rod: EAS 4 M-IG EAS 4 PW-FD (LF)
SAW combination: EAS 4 M-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

Sl g2 BOHLER FOX EAS 4 M-TS
SMAW rutile electrode, high-alloyed,
chemical resistant

Description

Rutile basic electrode, low carbon, stainless steel, particulary designed for site welding of tin
walled tubes and sheets. The very stable arc produces an excellent root penetration, bead con-
figuration and, gap bridging ability on DC electrode negative even when welding with a low
amperage. BOHLER FOX EAS 4 M-TS is a good economical alternative to GTAW welding on
difficult accessible on-site welding applications. High safety against formation of porosity by
moisture resistant coating and packaging into hermetically sealed tin.

The product is resistant to intergranular corrosion up to service temperatures of +400 °C.

Typical Composition of All-weld Metal
C Si Mn Cr Ni Mo
Wt-% 0.03 0.7 0.8 19.4 11.8 2.7

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 510 (= 350)
Tensile strength Rm N/mm? (MPa): 630 (= 540)
Elongation A (Lo=5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 60 (= 47)
-120 °C: (= 32)
(*) u untreated, as-welded
Operating Data
™ re-drying if necessary: o mm Lmm ampsA
1 120 - 200 °C, min. 2 h 2.0 300 35- 60
— electrode identification: 25 350 45- 70
FOXEAS4M-TSE19123 LR 3.2 350 50 - 110

DC minus
for root pass

Base Materials
1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2
UNS S31603, S31653, AISI 316L, 316Ti, 316Cb
Approvals and Certificates
TUV-D (5625.), TUV-A (615), SEPROZ, CE
Same Alloy/Similar Alloy Filler Metals
SMAW electrode: FOX EAS 4 M GMAW solid wire:  EAS 4 M-IG (Si)

FOX EAS 4 M-A Metal cored wire:  EAS 4 M-MC

FOX EAS 4 M-VD Flux cored wire: EAS 4 M-FD

FOX EAS 4 M (LF) EAS 4 PW-FD
GTAW rod: EAS 4 M-IG EAS 4 PW-FD (LF)

SAW combination: EAS 4 M-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E19123NbB22 A
AWS A5.4-06: E318-15 BOHLER FOX SAS 4
SMAW basic electrode, high-alloyed,
chemical resistant

Description

Basic electrode, stabilised core wire alloyed, stainless steel, mainly for Ti and Nb stabilised
1.4571 / 1.4580 / 316Ti steel grades.

BOHLER FOX SAS 4 is designed to produce first class weld deposits with reliable CVN tough-
ness values down to -90°C, 100% X-ray safety together with very good root pass and positio-
nal welding characteristics, good gap bridging ability, easy weld pool and slag control as well
as easy slag removal even in narrow preparations resulting in clean bead surfaces and mini-
mum post weld cleaning. An excellent electrode for welding on site and for heavy and rigid com-
ponents.

The product is resistant to intergranular corrosion up to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Nb
Wt-% 0.03 0.4 13 18.8 1.8 2.7 +
Mechanical Properties of All-weld Metal
¢ u
Yield strength Re N/mm? (MPa): 490 (= 390)
Tensile strength Rm N/mm? (MPa): 660 (= 600)
Elongation A (Lo = 5do) %: 31 (= 28)
Impact work ISO-V KV J +20 °C: 120 (= 100)
-90 °C: (= 32)
(*) u untreated, as-welded
Operating Data
™ re-drying if necessary: o mm Lmm ampsA
! - 25 300  50- 80
— electrode identification: 3.2 350 80 - 110
FOX SAS4318-15E19123 Nb B 4.0 350 110 - 140

Base Materials

1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2, 1.4401 X5CrNiMo17-12-2,
1.4581 GX5CrNiMoNb19-11-2, 1.4437 GX6CrNiMo18-12, 1.4583 X10CrNiMoNb18-12,
1.4436 X3CrNiMo17-13-3

AIS| 316L, 316Ti, 316Cb
Approvals and Certificates

TUV-D (0774.), DB (30.014.05), OBB, TUV-A (132), ABS (Cr17/20, Ni10/13),
GL (4571), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SAS 4-A GMAW solid wire:  SAS 4-IG (Si)
GTAW rod: SAS 4-IG Flux cored wire: SAS 4-FD
SAS 4 PW-FD

SAW combination: SAS 4-UP/BB 202

2-196



Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E 19123 NbR32 o
AWS A5.4-06: E318-17 BOHLER FOX SAS 4-A
SMAW rutile electrode, high-alloyed,
chemical resistant

Description

Rutile electrode, stabilised stainless steel. Preferably used for Ti or Nb stabilised 1.4571 /1.4580
/ 316Ti CrNiMo steel grades.

BOHLER FOX SAS 4-A is noted for its superior welding characteristics and metallurgy. It can
be used on AC or DC. Other characteristics include high current carrying capacity, minimum
spatter formation, self releasing slag, smooth and clean weld profile, safety against formation
of porosity due to moisture resistant coating and packaging into hermetically sealed tins. The
fully alloyed core wire ensures the most reliable corrosion resistance.

Resistant to intergranular corrosion up to +400 °C.

Typical Composition of All-weld Metal
C Si Mn Cr Ni Mo

Wt-% 0.03 0.8 0.8 19.0 12.0 2.7 +

Mechanical Properties of All-weld Metal

) u

Yield strength Re N/mm? (MPa): 490 (=390)
Tensile strength Rm N/mm? (MPa): 640 (=550)
Elongation A (Lo = 5do) %: 32 (= 30)
Impact work ISO-V KV J +20 °C: 60 (= 47)
-90 °C: (= 32)
(*) u untreated, as-welded
Operating Data
™ re-drying if necessary: o mm Lmm ampsA +
1 120 - 200 °C, min. 2 h 2.0 300 40- 60
— electrode identification: 25 250/350 50- 90 | T\o
FOX SAS 4-A 318-17E19123NbR 3.2 350 80 - 120
4.0 350 110 - 160
5.0 450 140 - 200

Base Materials

1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2, 1.4401 X5CrNiMo17-12-2,
1.4581 GX5CrNiMoNb19-11-2, 1.4437 GX6CrNiMo18-12, 1.4583 X10CrNiMoNb18-12,
1.4436 X3CrNiMo17-13-3

AISI 316L, 316Ti, 316Cb

Approvals and Certificates
TUV-D (0777.), DB (30.014.07), OBB, TUV-A (133), LTSS, VUZ, SEPROZ, CE, NAKS

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SAS 4 GMAW solid wire: SAS 4-IG (Si)
GTAW rod: SAS 4-IG Flux cored wire: ~ SAS 4-PW
SAS 4 PW-FD

SAW combination: SAS 4-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

B ezeioez BOHLER FOX EAS 2 Si
SMAW basic electrode, high-alloyed,
high corrosion resistant

Description

Basic electrode, core wire alloyed, for joint welding of the special steel X2CrNiSi1815, 1.4361
(BOHLER A 610), which resists the attack of highly concentrated nitric acid as well as of nitric acid
which additionally contains strong deoxidants. Also recommended for weld cladding of analogous
type steels. Suitable for use at service temperatures up to +350 °C.

Typical Composition of All-weld Metal
C Si Mn cr Ni
Wit-% <002 44 1.1 19.0 15.2

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 500 (=390)
Tensile strength Rm N/mm? (MPa): 720 (= 660)
Elongation A (Lo=5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 75 (= 47)

-50 °C: (= 32)

(*) u untreated, as-welded

Operating Data

— re-drying if necessary: 2 mm Lmm ampsA
300-350 °C, min. 2 h 25 300 40- 70
— electrode identification: 3.2 350 70 - 100

FOXEAS2SiEZ1914SiB

Electrodes have to be welded with short arc. Amperage has to be adapted to wall thickness respectively welding posi-
tion, to avoid overheated weld metal. For welding position PA/1G, 1F stringer beads are recommended.

Heat input should be restricted to a necessary minimum, additional cooling is recommend to improve corrosion resullts.
Reduce heat input in position PF/3G to avoid negative influence of corrosion behaviour of root pass and heat affected
zone, with limitation of weaving width of max. 2 x core wire diameter. Interpass temperature should not exceed 150°C.
Grind out the end craters and grind previous passes. The TIG process, using EASN 2 Si-IG should be given prefe-
rence for root welding. The weld metal does not require postweld heat treatment. In exceptional cases quench from
+1100 °C in water.

p—

Base Materials
1.4361 X1CrNiSi18-15-4, UNS S30600

Approvals and Certificates
TUV-D (1482.), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals
GTAW rod: EASN 2 Si-IG
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

AWS A5.4-06:  E317L-17 BOHLER FOX E317 L

SMAW rutile electrode
high-alloyed, high corrosion resistant

Description

Rutile electrode, core wire alloyed, suited for corrosion resistant, CrNiMo(N)-steels. It satisfies
the high demands of offshore fabricators, shipyards building chemical tankers as well as the
chemical / petrochemical, pulp and paper industries. Suitable for service temperatures from
-60 to +300 °C. The weld metal exhibits resistance against pitting corrosion and intergranular
corrosion resistance up to 300 °C (ASTM A 262 / Practice E)

Good operating characteristics on AC and DC, minimum spatter formation, self releasing slag
with smooth and clean bead surface. BOHLER FOX E 317 L is recommended for wall thick-
nesses up to 30 mm.

Typical Composition of All-weld Metal
c Si Mn cr Ni Mo N FN
Wit-% 003 08 09 190 130 36 + 4-12

Mechanical Properties of All-weld Metal

*

a
Yi)eld strength R: N/mm? (MPa): 460 (= 400)
Tensile strength Rn N/mm? (MPa): 610 (= 580)
Elongation A (Lo=5do) %: 35 (=30)
Impact work ISO-V KV J +20 °C: 65 (= 47)
-20 °C: 55

-60 °C: 47 (=32)
*) u untreated, as-welded

Operating Data

— re-drying if necessary: 2 mm L mm amps A

1 120-200°C, min. 2 h 25 300/350 55-85

— electrode identification: 3.2 350 80-115
FOX E317 L 317L-17 4.0 350 110-155

Preheating and post weld heat treatment is not required by the weld deposit. The interpass
temperature should be kept below 150 °C.
Base Materials

CrNiMo-steels with higher Mo-content like grade AISI 317L or corrosion resistant claddings
on mild steels

1.4434 X2CrNiMoN18-12-4, 1.4435 X2CrNiMo18-14-3, 1.4429 X2CrNiMoN17-13-3

1.4438 X 2 CrNiMo 18-15-4

AISI 316L, 316 LN, 317LN, 317L

Approvals and Certificates
BV (317L), LR (317L)

Same Alloy/Similar Alloy Filler Metals

GMAW flux cored wire:  E317L-FD
E 317L PW-FD
SAW combination: ASN 5 SY-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E18165NLB22 ®
AWS A5.4-06: E317L-15 (mod.) BOH LER FOX ASN 5
SMAW basic electrode, high-alloyed,
high corrosion resistant

Description

Basic (with rutile contents) electrode, core wire alloyed, for corrosion resistant CrNi steels with
increased Mo-contents like 1.4439 / 317L. Suited for difficult corrosion conditions encountered e.g. in the
chemical industry, flue gas de-sulphurisation plants, sea water desalinisation plants and particularly in the
paper, pulp and textile industries. It is characterised by an increased Mo content (4.5 %) to compensate for
segregation in high molybdenum alloyed weld metals to meet equivalent corrosion properties as the relevant
base metals with 3-4 % Mo guarantee. The weld metal features excellent chemical resistance to stress
corrosion cracking as well as high pitting resistance. Intergranular corrosion resistance at operating tempe-
ratures up to +300 °C. Excellent cryogenic toughness down to -269 °C. The electrode provides easy slag
removal with smooth and clean bead surfaces as well as good positional weldability.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N PREn FN
Wit-% =0.04 0.5 25 18.5 17.0 4.3 0.177 363 =05

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 460 (= 400)
Tensile strength Rm N/mm? (MPa): 660 (=590)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J + 20 °C: 100 (= 90)
- 269 °C: 42 (= 32)
(*) u untreated, as-welded
Operating Data
e re-drying if necessary: 2 mm Lmm ampsA
1 250 - 300 °C, min. 2 h 25 300 50- 80 |=+4
— electrode identification: 3.2 350 80 - 110
FOXASN5E18165NLB 4.0 350 110 - 140

Interpass temperature should not exceed + 150 °C. Maximum width of weaving should be limited to twice the core
wire diameter of the electrode. The arc should be kept short.
Root pass welding is preferably carried out by the GTAW process, using ASN 5-1G welding wire.

Base Materials

1.4436 X3CrNiMo17-13-3, 1.4439 X2CrNiMoN17-13-5, 1.4429 X2CrNiMoN17-13-3,
1.4438 X2CrNiMo18-15-4, 1.4583 X10CrNiMoNb18-12

AISI 316Cb, 316LN, 317LN, 317L, UNS S31726

Approvals and Certificates
TUV-D (00016.), TUV-A (496), DNV (317), GL (4439), SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX ASN 5-A Flux cored wire: E317L-FD*
GTAW rod: ASN 5-1G E317L PW-FD*
GMAW solid wire: ASN 5-1G (Si) SAW combination: ASN 5-UP/BB 203

* for similar alloyed base metals only, not fully austenitic.
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E18165NLR32
AWS A5 4-06, Eipioo e BOHLER FOX ASN 5-A
SMAW rutile electrode, high-alloyed,
high corrosion resistant

Description

Rutile electrode, core wire alloyed, suited for corrosion resistant, CrNi-steels with increased Mo
content like 1.4439 / 317L. Field of application includes chemical industry, flue gas desulphuri-sati-
on plants, sea water desalinisation, pulp and paper industry as well as textile and cellulose. The
weld deposit exhibits excellent resistant to stress corrosion cracking, resistance against pitting
corrosion. Intergranular corrosion resistance up to +300 °C service temperature.

It is characterised by an increased Mo content (4.5 %) to compensate for segregation in high
molybdenum alloyed weld metals to meet equivalent corrosion properties as the relevant base
metals with 3-4 % Mo guarantee. Good operating characteristics on AC and DC, minimum spat-
ter formation, self releasing slag with smooth and clean bead surface.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N PREn  FN
Wit-% =0.035 07 1.2 18.0 17.0 4.5 0.13 36.0 =05

Mechanical Properties of All-weld Metal

) u
Yield strength Re N/mm? (MPa): 460 (= 400)
Tensile strength Rm N/mm? (MPa): 660 (=590)
Elongation A (Lo = 5do) %: 32 (= 30)
Impact work ISO-V KV J +20 °C: 70 (= 55)
- 120 °C: 47 (= 32)
(*) u untreated, as-welded
Operating Data
— re-drying if necessary: o mm Lmm ampsA =+
1 250 - 300 °C, min. 2 h 25 300 65- 85
— electrode identification: 3.2 350 90-120 | Nv
FOXASN5-AE1816 5NLR 4.0 350 110 - 150

Maximum width of weaving should be limited to twice the core wire diameter. BOHLER FOX ASN 5-A is recom-
mended for wall thicknesses up to 15 mm.

Preheating and post weld heat treatment is not required by the weld deposit. The interpass temperature should
be kept below +150 °C. Solution annealing temperature +1080 - 1130 °C, quenching in water.

Base Materials

1.4436 X3CrNiMo17-13-3, 1.4439 X2CrNiMoN17-13-5, 1.4429 X2CrNiMoN17-13-3,
1.4438 X2CrNiMo18-15-4, 1.4583 X10CrNiMoNb18-12

AISI 316Cb, 316LN, 317LN, 317L, UNS S31726

Approvals and Certificates
TOV-D (07118.), CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX ASN 5 Flux cored wire: E317L-FD*
GTAW rod: ASN 5-1G E317L PW-FD*
GMAW solid wire: ASN 5-1G (Si) SAW combination: ASN 5-UP/BB 203

* for similar alloyed base metals only, not fully austenitic.
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

EN 1600:1997: EZ22184LB22 BOHLER FOX AM 400

SMAW basic electrode, high-alloyed,
high corrosion resistant

Description

Basic electrode, core wire alloyed, for corrosion resistant non-magnetisable CrNiMo steels,
preferably used for the steels W.no. 1.3952 and 1.3964 in the special shipbuilding sector.

Good weldability in all positions except vertical-down. Fully austenitic weld metal, non-
magnetic, excellent resistance to pitting, crevice corrosion and stress corrosion cracking, excel-
lent subzero toughness, suited for service temperatures up to +350 °C (or up to +400 °C in
media that do not induce intergranular corrosion). Further applications are sea water desalini-
sation plants, centrifuges, bleaching plants and the welding of cryogenic steels.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N PREN
Wt-% =0.04 0.8 7.5 21.8 183 3.7 0.2 37.2

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 470

(= 430)
Tensile strength Rm N/mm? (MPa): 700 (= 640)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 80 (= 70)
- 196 °C: (= 32)
(*) u untreated, as-welded
Operating Data
™ re-drying if necessary: o mm Lmm ampsA
! 250 - 300 °C, min. 2 h 25 250 50- 80 |=
— electrode identification: 3.2 350 80 - 110
FOXAM400EZ22184LB 4.0 350 110 - 140

Preheating is not required and the interpass temperatures must not exceed +150 °C.
Base Materials

1.3948 X4CrNiMnMoN19-13-8, 1.3951 X2CrNiMoN22-15, 1.3952 X2CrNiMoN18-14-3,
1.3964 X2CrNiMnMoNNb21-16-5-3, 1.4439 X2CrNiMoN17-13-5

Approvals and Certificates
WIWEB, GL (3954), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals
GTAW rod: AM 400-IG GMAW solid wire: AM 400-IG
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

EN 1600:1997: EZ25222NLB22 BOHLER
FOX EASN 25 M
SMAW basic electrode
high-alloyed, chemical resistant

Description

Basic electrode, Cr-Ni-Mo core wire alloyed. Characterised by a low C-content, a limited Mo-
content (for better Huey-test-resistance), a well-defined N-alloying as well as a high Ni-content
to assure a fully austenitic structure (ferrite contents < 0.5 %). The corrosion rates in the Huey-
test are 0.08 g/m*.h (4 mils/year). The electrode is suited for urea plant components exposed
to extremely severe corrosion at high pressures and temperatures. The weld deposit will
exhibit superior resistance to boiling concentrated nitric acid (optimum condition: 60-80 %
HNO3) when made to join components of the highest Huey test quality. It is also recommenda-
ble for weldments wetted by strong chloride solutions at high temperatures. The chromium and
molybdenum percentages create good resistance to pitting from solutions containing chlorine
ions. Further applications involve severe corrosive service in such industries as dyeing (lea-
ching and dyeing baths), textiles, paper, leather, chemicals, pharmaceuticals, and rayon.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N
Wit-% =0.035 0.4 5.3 25 22 2.2 0.14

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/'mm? (MPa): 405 (> 380

)
Tensile strength Rm N/mm? (MPa): 615 (580-690)
Elongation A (Lo=5do) %: 35 (>30)
Impact work 1SO-V KV J +20 °C: 110 (>90)
-196 °C: (>50)

(*)  u untreated, as-welded

Operating Data

— | re-drying if necessary: o mm Lmm ampsA

1 250-300°C, min. 2 h 25 300 55-75

— | electrode identification: 3.2 350 80-105
FOXEASN25 MEZ25222NLB 4.0 350 90-135

During welding an interpass temperature of 150 °C and a weaving above two times core wire
diameter should be avoided. The arc should be kept short. Grind out root pass end craters and
use intermediate current settings.

Base Materials

X2CrNiMoN25-22-2 (1.4466) and in combination with X1CrNiMoN25-25-2 (1.4465),
X2CrNiMo18-14-3 (1.4435)

Approvals and Certificates
TOV-D (09750.), TUV-A, SEPROZ, CE

Same Alloy Filler Metals
GTAW rod: EASN 25M-IG
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E20255CuNLB22 BOHLER
AWS A5.4-06: E385-15 (mod.)
FOX CN 20/25 M

SMAW basic electrode, high-alloyed,
high corrosion resistant

Description

Basic (with rutile contents) electrode, core wire alloyed, for corrosion resisting high-molybdenum CrNi
steels like 1.4539 / N08904. Recommended for highly corrosive environments encountered e.g. in the che-
mical industry, in flue gas desulphurisation and sea water desalinisation plants, as well as in cooling and
power plants using brackish or sea water. Particularly recommended for steels containing up to 5% molyb-
denum. The above average molybdenum content (6.5 %) is characteristic to BOHLER FOX CN 20/25 M,
thus compensating for segregation in high molybdenum alloyed weld metals.

The fully austenitic weld metal possess a marked resistance towards pitting and crevice corrosion in chlo-
ride containing media. Highly resistant against Sulphur-, Phosphorus-, Acetic- and Formic acid, as well as
sea and brackish water. Caused from the low C-content of the weld metal, the risk of intergranular corro-
sion can be avoided. The high Ni-content in comparison to standard CrNi-weld metals leads to high resi-
stance against stress corrosion cracking.

Itis advisable to grind out the end craters of root passes. For root pass welding it is expedient to apply the
GTAW process using BOHLER CN 20/25 M-IG.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Cu N PREN
Wit-% <004 04 3.8 200 250 63 14 0.14 =45

Mechanical Properties of All-weld Metal

¢ u

Yl)eld strength Re N/mm? (MPa): 440 = 350

Tensile strength Rm N/mm? (MPa): 650 =600,

Elongation A (Lo = 5do) %: 35 = 30

Impact work ISO-V KV J + 20 °C: 75 (= 47)
- 269 °C: 42 (= 32)

(*) u untreated, as-welded

Operating Data

™ re-drying if necessary: o mm Lmm ampsA

1 250 - 300 °C, min. 2 h 25 300 60- 80

— electrode identification: 3.2 350 80 - 100
FOXCN20/25ME20255CuNLB 4.0 350 100 - 130

Weaving width max. 2x core wire diameter. Arc should be kept short. End crater grinding is highly recommended.
The electrode can be used in all position except vertical down. Preheating and post weld heat treatment are not
required for the weld metal. The interpass temperature should not exceed +150°C.

Base Materials

same-alloyed high-Mo Cr-Ni-steels. 1.4539 X1NiCrMoCu25-20-5, 1.4439
X2CrNiMoN17-13-5, 1.4537 X1CrNiMoCuN25-25-5. UNS N08904, S31726

Approvals and Certificates
TUOV-D (4882.), TUV-A (80), Statoil, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 20/25 M-A GMAW solid wire: CN 20/25 M-IG (Si)
GTAW rod: CN 20/25 M-IG
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
EN 1600:1997: E CuNLR A
AWSA5406  Eses17(mod) o BOHLER
FOX CN 20/25 M-A

SMAMW rutile basic electrode, high-alloyed,
high corrosion resistant

Description

Rutile basic electrode, core wire alloyed, with extremely high Mo-content. Very high pitting resistant equiva-
lent (PREN = 45) — pitting potential (%Cr + 3.3 x %Mo + 30 x %N). Particularly recommended for steels con-
taining up to 5 % molybdenum. The above average molybdenum content (6.2 %) is characteristic to BOHLER
FOX CN 20/25 M-A, thus compensating for segregation in high molybdenum alloyed weld metals. Special
applicable in Sulphur- and Phosphorus production, pulp and paper industry, flue gas desulphurisation plants,
further on for fertilizer production, petrochemical industry, fatty-, acetic- and formic acid production, sea water
sludge fittings and pickling plants which are proceeded with sea or brackish water. The fully austenitic weld
metal possess a marked resistance towards pitting and crevice corrosion in chloride containing media. Highly
resistant against sulphur-, phosphorus-, acetic- and formic acid, as well as sea and brackish water. Caused
from the low C-content of the weld metal, the risk of intergranular corrosion can be avoided. The high Ni-con-
tent in comparison to standard CrNi-weld metals leads to high resistance against stress corrosion cracking.

BOHLER FOX CN 20/25 M-A possess excellent operating characteristic in all positions, except vertical down
and easy handling. The weld metal shows good slag detachability as well as smooth, fine rippled beads with
no residuals. This electrode should be preferably used up to wall thicknesses of 14 mm. It is designed for
excellent operating characteristics on DC and AC. It is advisable to grind out the end craters of root passes.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Cu N PREN
Wit-% 0.03 0.7 1.7 203 25.0 6.2 1.5 0.17 =45

Mechanical Properties of All-weld Metal

@) u
Yield strength Re N/mm? (MPa): 410 (= 350)
Tensile strength Rm N/mm? (MPa): 640 (= 600)
Elongation A (Lo = 5do) %: 34 (= 30)
Impact work ISO-V KV J +20 °C: 70 (= 47)
- 196 °C: (= 32)
(*) u untreated, as-welded
Operating Data
e re-drying if necessary: 2 mm Lmm ampsA
! 250-300 °C, min. 2 h 25 300  50- 80
— electrode identification: 3.2 350 80 - 110
FOXCN 20/25 M-AE20255CuNLR 4.0 350 100 - 135

Base Materials

same-alloyed high-Mo Cr-Ni-steels
1.4539 X1NiCrMoCu25-20-5, 1.4439 X2CrNiMoN17-13-5, 1.4537 X1CrNiMoCuN25-25-5
UNS N08904, S31726

Approvals and Certificates
TUV-D (6634.), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 20/25 M GMAW solid wire: CN 20/25 M-IG (Si)
GTAW rod: CN 20/25 M-IG
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes
RWS Asa06, Edoots oo BOHLER
FOX CN 22/9 N-B

SMAW basic electrode, high-alloyed,
high corrosion resistant

Description
Basic electrode, core wire alloyed, for welding of ferritic-austenitic duplex materials, e.g. 1.4462, UNS
S31803

Besides the high tensile strength, the special advantage of the weld metal of this electrode is its very
good toughness behaviour down to -60 °C. Furthermore the high crack resistance of the weld metal and
the particularly good resistance to stress corrosion cracking and pitting behaviour are significant fea-
tures. FOX CN 22/9 N-B is specially designed for the joining of thick-walled sections (e.g. > 20 mm) and
rigid constructions as well as for applications where extra low service temperature requirements exist.
The Pitting Resistance Equivalent (PREn) shows values of = 35 in accordance with the formula
(%Cr + 3.3 % Mo + 16 % N). The pitting resistance according to ASTM G48 / method A shows good
results.

The electrode provides user friendly operating characteristics in all positions except vertical down with
good slag removability and weld bead appearance. Additionally the filler metals offer high safety against
the formation of porosity.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N PREN
Wt-% 0.03 0.3 1.1 22.6 8.8 3.1 0.16 =35
Mechanical Properties of All-weld Metal
¢ u
Yl)eld strength Re N/mm? (MPa): 630 = 540
Tensile strength Rm N/mm?® (MPa): 830 =690
Elongation A (Lo=5do) %: 27 > 22
Impact work ISO-V KV J +20 °C: 110 > 47
-20 °C: 90
-40 °C: 75 = 32)
-60 °C: 40

(*) u untreated, as-welded

Operating Data

e re-drying if necessary: 2 mm Lmm ampsA
1 250 - 300 °C, min. 2 h 25 350 50- 75 |=4
— electrode identification: 3.2 350 80 - 110
FOX CN 22/9 N-B 2209-15E2293NLB 4.0 350 100 - 145
5.0 450 140 -180

For welding of root runs either GTAW with CN 22/9 N-IG or SMAW with FOX CN 22/9 N is applicable. Preheating
and interpass temperature max. +150 °C. In case of solution annealing e.g. for cast iron an interpass temperatu-
re of max. +250 °C is allowed. Heat input in according to wall thickness.

Base Materials

same-alloyed duplex steels, as well as similar-alloyed, ferritic-austenitic steels with higher tensile strength
1.4462 X2CrNiMoN22-5-3, 1.4362 X2CrNiN23-4, 1.4462 X2CrNiMoN22-5-3 together with

1.4583 X10CrNiMoNb18-12, 1.4462 X2CrNiMoN22-5-3 mit P235GH / P265GH, S255N, P295GH,
S355N, 16Mo3 UNS S31803, S32205

Approvals and Certificates

TUV-D (7084.), CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 22/9 N Flux cored wire: ~ CN 22/9 N-FD
GTAW rod: CN 22/9 N-IG CN 22/9 PW-FD
GMAW solid wire: CN 22/9 N-IG SAW combination: CN 22/9 N-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

ST £42307e2 BOHLER FOX CN 22/9 N
SMAW rutile electrode, high-alloyed,
high corrosion resistant

Description

Rutile electrode, designed for ferritic-austenitic duplex steels, e.g. 1. 4462, UNS 31803. Field of applications are
in off-shore engineering and in the chemical industry. Besides offering high mechanical strength and toughness,
the weld metal is also noted for excellent resistance to stress corrosion cracking and pitting resistance. BOHLER
FOX CN 22/9 N offers excellent positional weldability, and thus is perfectly suited for pipe welding. Besides the
good wetting characteristics, slag removability, resistance to porosity and reliable CVN toughness down to
-20 °C it is designed with a fully alloyed core wire providing best corrosion resistance and a very homogeneous
micro structure with specified ferrite contents of 30 — 60 FN (WRC) and a Pitting Resistance Equivalent (PREn)
of > 35. For wall thicknesses above 20 mm or impact requirements down to -60 °C we recommend our basic
coated electrode BOHLER FOX CN 22/9 N-B.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N PREN
Wt-% 0.03 0.8 0.9 226 9.0 3.1 0.17 =35
Mechanical Properties of All-weld Metal
¢ u
Yield strength Re N/mm? (MPa): 650 (= 540)
Tensile strength Rm N/mm? (MPa): 820 (= 690)
Elongation A (Lo = 5do) %: 25 (= 22)
Impact work ISO-V KV J +20 °C: 55 (= 47)
-10 °C: 50
- 20 °C: (= 32
(*) u untreated, as-welded
Operating Data
— re-drying if necessary: o mm Lmm ampsA —_—t
1 250 - 300 °C, min. 2 h 25 350 40- 75 | =
— electrode identification: 3.2 350 70-120 | N\
FOX CN 22/9 N 2209-177E2293NLR 4.0 350 110 - 160

450 150 - 200

Preheating and interpass temperature max. +150 °C. In case of solution annealing e.g. for cast iron an interpass
temperature of max. +250 °C is allowed. Heat input in according to wall thickness.

Base Materials

same-alloyed duplex steels, as well as similar-alloyed, ferritic-austenitic steels with higher
tensile strength

1.4462 X2CrNiMoN22-5-3, 1.4362 X2CrNiN23-4,
1.4462 X2CrNiMoN22-5-3 mit 1.4583 X10CrNiMoNb18-12, 1.4462 X2CrNiMoN22-5-3
together with P235GH / P265GH, S255N, P295GH, S355N, 16Mo3

UNS $31803, $32205
Approvals and Certificates

TOV-D (3636.), TUV-A (260), ABS (E 22 09-17), DNV (Duplex), GL (4462), LR (X),
RINA (2209), Statoil, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 22/9 N-B Flux cored wire:  CN 22/9 N-FD
GTAW rod: CN 22/9 N-IG CN 22/9 PW-FD
GMAW solid wire: CN 22/9 N-IG SAW combination: CN 22/9 N-UP/BB 202
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Corrosion Resistant Filler Metals — SMAW Covered Electrodes

EN 1600:1997: E2594NLB22 BOHLER
AWS A5.4-06: E2595-15
FOX CN 25/9 CuT
SMAW basic electrode
high alloyed, highly corrosion resistant
Description

Basic electrode, for welding of ferritic-austenitic superduplex steels. By virtue of specific alloy
composition the deposit has, in addition to high tensile strength and toughness, also excellent
resistance to stress corrosion cracking and pitting corrosion. The operating temperature range
is -50 °C up to +250 °C. Well suited for the conditions in the offshore field.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N Cu T PREx
Wt-% 0.03 0.5 1.0 25.0 9.5 3.7 0.22 0.7 0.7 240

Mechanical Properties of All-weld Metal

) u

Yield strength R N/mm? (MPa): 650 (= 600)
Tensile strength Rm N/mm? (MPa): 850 (= 750)
Elongation A (Le=5do) %: 25 (=22)
Impact work 1SO-V KV J +20 °C: 75 (=70)

-50 °C: 50 (=34)
(*) u untreated, as welded

Operating Data

— | re-drying if necessary: o mm Lmm ampsA

1 250-300°C, min. 2 h 2.5 300 55-80

— | electrode identification: 3.2 350 80-105
FOXCN25/9CuT E2594NLB 4.0 350 90-140

Welding of root pass with ,thick layer“. Next two passes with thin layers and low heat input to
avoid overheating and precipitations

Base Materials

25% Cr-Superduplex steels e.g.
1.4501 X2CrNiMoCuWN 25-7-4
UNS S 32750, UNS 832760,
ZERON 100, SAF 25/07, FALC 100

Approvals and Certificates

Same Alloy Filler Metals

GTAW rod: CN 25/9 CuT-IG
GMAW solid wire: CN 25/9 CuT-IG
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Corrosion Resistant Filler Metals — GTAW Rods

EN 150 1asssso00r  sszeionve  BOHLER CN 13/4-1G

AWS A5.9-06: ER410NiMo (mod.) .
W.No.: 1.4351 (mod.) GTAW rod, h'ghsf;'i:}'::s'
Description

GTAW rod of low-carbon type 13 % Cr 4 % Ni suited for soft-martensitic steels like 1.4313 / CA
6 NM. Designed with precisely tuned alloying composition creating a weld deposit featuring
very good ductility, CVN toughness and crack resistance despite its high strength.

BOHLER CN 13/4-IG as well as the coated electrode BOHLER FOX CN 13/4 and the
analogous GMAW wire are very popular in the construction of hydro turbines.

Typical Composition of Welding Rod
C Si Mn Cr Ni Mo
Wt-% 0.01 0.7 0.7 12.3 a7 0.5

Mechanical Properties of All-weld Metal

*

u a
Yield strength Re N/mm? (MPa): 915 (= 780) 750 (= 720)
Tensile strength Rm N/mm? (MPa): 1000 (= 950) 830 (= 800)
Elongation A (Lo=5do) %: 15 (= 10) 21 (=18)
Impact work ISO-V KV J +20 °C: 85 (= 80) 150 (= 50)

- 60 °C: (=32)

(*) u untreated, as-welded — shielding gas Argon
a annealed, 600 °C/8 h/furnace down to 300 °C/air — shielding gas Argon

Operating Data

— shielding gases: 100 % Argon o mm
1 rod marking: 2.0 L]
— front: =~ W13 4 2.4

back: -

Preheating and interpass temperatures in case of thick-walled sections 100 - 160 °C. Maximum
heat input 15 kd/cm. Tempering at 580 - 620 °C.

Base Materials

1.4317 GX4CrNi13-4, 1.4313 X3CrNiMo13-4, 1.4407 GX5CrNiMo13-4,
1.4414 GX4CrNiMo13-4

ACI Gr. CA6NM

Approvals and Certificates
TUV-D (04110.), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 13/4 GMAW solid wire: CN 13/4-1G
FOX CN 13/4 SUPRA  Metal cored wire: CN 13/4-MC
CN 13/4-MC (F)
SAW combination: CN 13/4-UP/BB 203
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Corrosion Resistant Filler Metals — GTAW Rods

EN IS0 14345.8.2007  S5306L BOHLER EAS 2-IG
OVVY\JSO ﬁ\5-9'°63 1'523‘1’2'- GTAW rod, high-alloyed,

chemical resistant

Description

GTAW rod of type W 19 9 L / ER308L suitable not only for standard welding jobs but also for
cryogenic applications down to -269 °C.

Good welding and wetting characteristics of BOHLER EAS 2-1G as well as corrosion resistance
up to +350 °C is achieved.

Typical Composition of Welding Rod

C Si Mn Cr Ni
Wt-% <0.02 045 1.8 20.0 10.0
Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/mm? (MPa): 450 (= 400)
Tensile strength Rm N/mm? (MPa): 620 (=570)
Elongation A (Lo = 5do) %: 38 (= 35)
Impact work 1SO-V KV J +20 °C: 150 (= 100)
- 269 °C: 75 (= 35)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shleldlng gases: 100 % Argon 2 mm
1 rod marking: 1.6 =—
e front: 7 W199L 2.0
back: ER 308 L 2.4
3.0

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D
Approvals and Certificates

TUV-D (0145.), DB (43.014.08), OBB, TUV-A (97), DNV (308L),

GL (4550), SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 2 Metal cored wire: EAS 2-MC
FOX EAS 2- A GMAW flux cored wire: EAS 2-FD
FOX EAS 2. EAS 2 PW-FD
GMAW solid wire: EAS 2-IG (SI) EAS 2 PW-FD (LF)
SAW combination: EAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — GTAW Rods

EN SO 1404082007 96847 - BOHLER SAS 2-IG
IS A5.9-06: Al GTAW rod, high-alloyed,

chemical resistant

Description

GTAW rod of type W 19 9 Nb / ER 347 engineered to a very precise analysis to create a weld
deposit of high purity, superior hot cracking an corrosion resistance.
CVN toughness down to -196 °C, resistant to intergranular corrosion up to +400 °C.

Typical Composition of Welding Rod

C Si Mn Cr Ni Nb
Wt-% 0.05 0.5 1.8 19.6 9.5 +

Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/'mm? (MPa): 490 (= 450)
Tensile strength Rm N/mm? (MPa): 660 (=600)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work 1SO-V KV J +20 °C: 140 (= 100)
- 196 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gases: 100 % Argon o mm
1 rod marking: 1.6
— front: W 19 9 Nb 2.0
back: ER 347 2.4
3.0

Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11,
1.4301 X5CrNi18-10, 1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10,
1.4311 X2CrNiN18-10, 1.4306 X2CrNi19-11

AISI 347, 321, 302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C; A157 Gr. C9;
A320 Gr. B8C or D

Approvals and Certificates
TUV-D (0142.), TUV-A (77), GL (4550), LTSS, SEPROZ, CE, NAKS

Same Alloy Filler Metals

SMAW electrode: FOX SAS 2 GMAW solid wire: SAS 2-1G (Si)
FOX SAS 2-A GMAW flux cored wire: SAS 2-FD
SAS 2 PW-FD
SAW combination: SAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — GTAW Rods

EN IS0 1404082007,  SS3teL BOHLER EAS 4 M-IG

AWS A5.9-06: ER316L oho

W.No.: 1.4430 GTAW rod, _h|gh all_oyed,
chemical resistant

Description

GTAW rod of type W 19 12 3 L/ ER316L engineered to a very precise analysis to create a weld
deposit of high purity, superior hot cracking an corrosion resistance.
CVN toughness down to -196 °C, resistant to intergranular corrosion up to +400 °C.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo
Wt-% <0.02 0.5 1.8 18.5 12.3 2.8
Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/mm? (MPa): 470 (= 420)
Tensile strength Rm N/mm? (MPa): 650 (=580)
Elongation A (Lo = 5do) %: 38 (= 30)
Impact work ISO-V KV J +20 °C: 140 (= 100)
- 196 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gases: 100 % Argon 2 mm
1 rod marking: 1.6 =—
=1 front: - W19123L 2.0
back: ER 316 L 24
3.0

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S31603, S31653, AlSI 316L, 316Ti, 316Cb

Approvals and Certificates
TUV-D (0149.), DB (43.014.12), OBB, TUV-A (101), DNV (316L), GL (4429), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX EAS 4 M Metal cored wire: EAS 4 M-MC
FOX EAS 4 M (LF) GMAMW flux cored wire: EAS 4 M-FD
FOX EAS 4 M-A EAS 4 PW-FD
FOX EAS 4 M-VD EAS 4 PW-FD (LF)
FOX EAS 4 M-TS SAW combination: EAS 4 M-UP/BB 202

GMAW solid wire: EAS 4 M-IG (Si)
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Corrosion Resistant Filler Metals — GTAW Rods

sigoieeszy wpe  BOHLER SAS 4-1G
OVVY\JSO ﬁ\5-9'°63 Eﬁg;g GTAW rod, high-alloyed,

chemical resistant

Description

GTAW rod of type W 19 12 3 Nb / ER318 engineered to a very precise analysis to create a weld
deposit of high purity, superior hot cracking an corrosion resistance.
CVN toughness down to -120 °C, resistant to intergranular corrosion up to +400 °C.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo Nb
Wt-% 0.035 0.45 17 19.5 1.4 27 +

Mechanical Properties of All-weld Metal

* u
Yield strength Re N/mm? (MPa): 520 (= 400)
Tensile strength Rm N/mm? (MPa): 700 (= 600)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 120 (=100)
-120 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gases: 100 % Argon o mm
1 rod marking: 1.0 =—
=1 front: ~~ W 19123 Nb 1.2*
back: ER 318 1.6
2.0
* these diameters are delivered with a higher 2.4
Si-content (ca. 0.8 %) 3.0

Base Materials

1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2, 1.4401 X5CrNiMo17-12-2,
1.4581 GX5CrNiMoNb19-11-2, 1.4437 GX6CrNiMo18-12, 1.4583 X10CrNiMoNb18-12,
1.4436 X3CrNiMo17-13-3

AISI 316L, 316Ti, 316Cb

Approvals and Certificates

TUV-D (0236.), KTA 1408.1 (8046.00), DB (43.014.03), OBB, TUV-A (134),
GL (4571), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX SAS 4 GMAW solid wire: SAS 4-1G (Si)
FOX SAS 4-A GMAW flux cored wire: SAS 4-FD
SAS 4 PW-FD
SAW combination: SAS 4-UP /BB 202
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Corrosion Resistant Filler Metals — GTAW Rods

\EVNI{ISOO 14343-A:2007: \1N4§1§ 13 Si NL BOHLER EASN 2 Si_IG

GTAW rod, high-alloyed,
highly corrosion resistant

Description

GTAW rod designed for joint welding of the special stainless steel grade X2CrNiSi18-15, mat-
no. 1.4361 (BOHLER A 610), which is resistant to the attack of highly concentrated nitric acid
and of nitric acid additionally containing strong deoxidants. Also suited for cladding applications
on analogous materials.

Operating temperatures up to +350 °C.

Typical Composition of Welding Rod
C Si Mn cr Ni N
Wit-% <0012 46 0.7 19.5 13.4 0.12

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 520 (= 440)
Tensile strength Rm N/mm? (MPa): 750 (=700)
Elongation A (Lo = 5do) %: 35 (= 25)
Impact work ISO-V KV J +20 °C: 100 (= 40)
- 50 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gases: 100 % Argon o mm
1 rod marking: 16 ]
— front: WZ1913SiNL 2.0
back: 1.4361 24

The deposit does not require post weld heat treatment. In exceptional cases quenching from
a temperature of +1100 °C in water is recommended. Keep heat input as low as possible.
Interpass temperature should not to exceed +150 °C. If possible, water cooling to improve
heat dissipation is recommended.

Base Materials
1.4361 X1CrNiSi18-15-4, UNS S30600

Approvals and Certificates
TUV-D (1483.), CE

Same Alloy Filler Metals
SMAW electrode: FOX EAS 2 Si
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Corrosion Resistant Filler Metals — GTAW Rods

so -
qnuere wgensls  BOHLER ASN 5-1G
W.No.: 1.4453 GTAW rod, high-alloyed,

highly corrosion resistant

Description

GTAW rod for 3-4 % molybdenum alloyed CrNi-steels like 1.4438 / 317L.

The weld metal shows a stable austenitic microstructure with good pitting resistance (PREn
>35) and crevice corrosion resistance as well as excellent CVN toughness behaviour down to
-269 °C. Resistant to intergranular corrosion up to +400 °C.

BOHLER ASN 5-IG has an increased Mo content (4.1 %) to compensate for segregation when
welding high molybdenum alloyed steels, thus producing equivalent corrosion resistance to the
relevant base metals offering a 3-4 % Mo guarantee.

Typical Composition of Welding Rod
C Si Mn Cr Ni Mo N PREN FN
Wit-% <002 04 55 19.0 172 43 016 380 =05

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 440 (= 400)
Tensile strength Rm N/mm? (MPa): 650 (= 600)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 120 (= 70)
- 269 °C: 75 (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gases: 100 % Argon o mm
1 rod marking: 1.6 =
— front: W Z1816 5 NL 2.0
back: 1.4453 24

Base Materials

1.4436 X3CrNiMo17-13-3, 1.4439 X2CrNiMoN17-13-5, 1.4429 X2CrNiMoN17-13-3,
1.4438 X2CrNiMo18-15-4, 1.4583 X10CrNiMoNb18-12

AISI 316Cb, 316LN, 317LN, 317L; UNS S31726

Approvals and Certificates
TUV-D (00017.), TUV-A (463), DNV (X), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX ASN 5 GMAW flux cored wire:  E 317L-FD*
FOX ASN 5-A E 317L PW-FD*
GMAW solid wire: ASN 5-1G (Si) SAW combination: ASN 5-UP/BB 203

* for similar alloyed base metals only, not fully austenitic.
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Corrosion Resistant Filler Metals — GTAW Rods

\I/EVNNIE_O 14343-A:2007: \‘INS%%% 178 4 NL BO-H LER AM 400_|G

GTAW rod, high-alloyed,
highly corrosion resistant

Description

GTAW rod, N-alloyed, fully austenitic and nonmagnetic, special distinguished by its especially
high resistance to pitting, crevice corrosion and stress corrosion cracking. Excellent cryogenic
toughness.

Suitable for service temperatures up to +350 °C, and up to +400 °C in media that do not induce
intergranular corrosion. Used for sea water desalinisation plants, centrifuges, bleaching plants
and in special shipbuilding.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo N PREN
Wt-% 0.02 0.65 7.5 22.2 18.0 3.7 0.23 36.9

Mechanical Properties of All-weld Metal

) u
Yield strength Re N/'mm? (MPa): 480 (= 450)
Tensile strength Rm N/mm? (MPa): 700 (=680)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work 1SO-V KV J +20 °C: 170 (= 70)
-196 °C: (= 32)

(*) u untreated, as-welded — shielding gas Argon
Operating Data

— shielding gases: 100 % Argon o mm

1 rod marking: | 2.0 L]

— front: " WZ221784 NL

back: 1.3954

Preheating of the base metal is not required. The interpass temperature should not exceed +150 °C.

Base Materials

1.3948 X4CrNiMnMoN19-13-8, 1.3951 X2CrNiMoN22-15, 1.3952 X2CrNiMoN18-14-3,
1.3964 X2CrNiMnMoNNb21-16-5-3, 1.4439 X2CrNiMoN17-13-5

Approvals and Certificates
WIWEB, GL (3954), CE

Same Alloy Filler Metals
SMAW electrode: FOX AM 400 GMAW solid wire: ~ AM 400-1G
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Corrosion Resistant Filler Metals — GTAW Rods

EN ISO 14343-A:2007: W 2522 2 NL BOHLER EASN 25 M_IG

GTAW rod
high-alloyed, chemical resistant

Description

GTAW rod for joining and surfacing applications on matching/similar steels. For weld cladding
on high temperature steels and for fabrication joints on claddings. Characterised by a low C-
content, a limited Mo-content (for better Huey-test-resistance), a well-defined N-alloying as well
as a high Ni-content to assure a fully austenitic structure (ferrite contents < 0.5 %). The corro-
sion rates in the Huey-test are max. 0.25 g/m*.h (10.89 mils/year). it is suited for urea plant
components exposed to extremely severe corrosion at high pressures and temperatures. The
weld deposit will exhibit superior resistance to boiling concentrated nitric acid (optimum condi-
tion: 60-80 % HNO3) when made to join components of the highest Huey test quality. It is also
recommendable for weldments wetted by strong chloride solutions at high temperatures. The
chromium and molybdenum percentages create good resistance to pitting from solutions con-
taining chlorine ions. Further applications involve severe corrosive service in such industries as
dyeing (leaching and dyeing baths), textiles, paper, leather, chemicals, pharmaceuticals, and
rayon. Resistant to intercrystalline corrosion and wet corrosion up to +350 °C. During welding
an interpass temperature of 150 °C should be avoided.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo N

Wt-% 0.014 0.1 6.0 25 225 2.2 0.12
Mechanical Properties of All-weld Metal

@) U

Yield strength Re N/mm? (MPa): >400

Tensile strength Rm N/mm? (MPa): >600

Elongation A (Lo=5do) %: >30

Impact work ISO-V KV J +20 °C >80

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gases: o mm
1 100% Argon 1.6 —
— rod marking: 2.0
front: 1.4465 2.4

back: W 25 22 2 NL

Base Materials

X1CrNiMoN25-22-2 (1.4466) and in combination with
X1CrNiMoN25-25-2 (1.4465), X2CrNiMo18-14-3 (1.4435)

Approvals and Certificates
TUOV-D (09750.), CE

Same Alloy Filler Metals
SMAW electrode: FOX EASN 25M
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Corrosion Resistant Filler Metals — GTAW Rods

EN ISO 14343 A:2007: W Z20 255 Cu NL
AWS A5.9 ER385 (mod.)

BOHLER
W.No: 1.4519 (mod) CN 20/25 M-IG

GTAW rod, high-alloyed,
highly corrosion resistant

Description

GTAW rod for corrosion resistant 4-5% Mo-alloyed CrNi-steels like 1.4539 / 904L. Very high pitting resistant
equivalent (PREN = 45) — pitting potential (%Cr + 3.3 x %Mo + 30 x %N). Due to the high Mo content (6.2
%) in comparison to W-No. 1.4539 respectively UNS N08904, the high segregation rate of high Mo-alloyed
CrNi-weld metal can be compensated.

The fully austenitic weld metal possess a marked resistance towards pitting and crevice corrosion in chlori-
de containing media. Highly resistant against sulphur-, phosphorus-, acetic- and formic acid, as well as sea-
and brackish water. Caused from the low C-content of the weld metal, the risk of intergranular corrosion can
be avoided. The high Ni-content in comparison to standard CrNi-weld metals leads to high resistance
against stress corrosion cracking.

Special applicable in sulphur- and phosphorus production, pulp and paper industry, flue gas desulphurisa-
tion plants, further on for fertilizer production, petrochemical industry, fatty-, acetic- and formic acid produc-
tion, sea water sludge fittings and pickling plants which are proceeded with sea or brackish water.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo Cu N PREN
Wit-% <0.02 0.7 4.7 200 254 6.2 1.5 0.12 =45.0

Mechanical Properties of All-weld Metal

¢ u

Yl)eld strength Re N/mm? ( MPagJ 440 = 350

Tensile strength Rm N/mm2 (MPa): 670 = 600

Elongation A (Lo = 5do) 42 > 30

Impact work ISO-V KV J + 20 °C: 115 > 80
9 °C: 72 = 32

(*) u untreated, as-welded — sh/eld/ng gas Argon

Operating Data

— shielding gases: 100 % Argon o mm
1 rod marking: 1.6 —_—
— front: —~ W Z 20255 Cu NL 2.0

back: ER 385 24

Preheating and post weld heat treatment is not required by the weld deposit. Interpass temperature should
not exceed +150 °C.

Base Materials

same-alloyed high-Mo Cr-Ni-steels
1.4539 X1NiCrMoCu25-20-5, 1.4439 X2CrNiMoN17-13-5, 1.4537 X1CrNiMoCuN25-25-5

UNS N08904, S31726

Approvals and Certificates
TUOV-D (4881.), TUV-A (390), Statoil, CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 20/25 M GMAW solid wire: CN 20/25 M-IG (Si)
FOX CN 20/25 M-A
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Corrosion Resistant Filler Metals — GTAW Rods

Ssgusesng: wzeo BOHLER CN 22/9 N-IG

AWS A5.9-06: ER2209 iaho

W.No.: 1.4462 (mod.) GTAW rod, high-alloyed,
highly corrosion resistant

Description

GTAW rod of type W 22 9 3 NL / ER2209 designed for welding ferritic-austenitic duplex steels like
1.4462 / UNS 31803. The deposit possess, in addition to high tensile strength and toughness, also
excellent resistance to stress corrosion cracking and pitting (Huey-test ASTM A 262-79 practice C). The
operating temperature range is -60 °C up to +250 °C. To ensure particularly good weld metal properties
care must be taken to archive controlled dilution and thorough back purging. In case of severe corrosion
requirement, small amounts of N2 can be added to the shielding respectively purging gas.

BOHLER CN 22/9 N-IG is characterised by a precisely alloyed composition which includes an extremely
low oxygen content. It offers very high quality standards for ease of operation and good mechanical pro-

perties.
Typical Composition of Welding Rod

] Si Mn Cr Ni Mo N PREN
Wt-% =0.015 0.4 1.7 22,5 8.8 3.2 0.15 235

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 600 (=560)
Tensile strength Rm N/mm? (MPa): 800 (=720)
Elongation A (Lo = 5do) %: 33 (= 25)
Impact work ISO-V KV J + 20 °C: 150 (= 100)
- 60 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gases: 100 % Argon o mm
! Ar+1-2 % N2 16 =
— rod marking: 2.0
front: W 2293 NL 24
back: ER 2209 3.2

Preheat and post weld heat treatment is generally not required. Interpass temperature should not
exceed +150 °C.

Base Materials

same-alloyed duplex steels, as well as similar-alloyed, ferritic-austenitic steels with higher
tensile strength

1.4462 X2CrNiMoN22-5-3, 1.4362 X2CrNiN23-4,

1.4462 X2CrNiMoN22-5-3 with 1.4583 X10CrNiMoNb18-12,

1.4462 X2CrNiMoN22-5-3 with P235GH/ P265GH, S255N, P295GH, S355N, 16Mo3
UNS S31803, S32205

Approvals and Certificates
TUV-D (4484.), TUV-A (423), DNV (X{I1}), Statoil, GL (4462), ABS (ER 2209), LR (X), CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 22/9 N-B GMAW flux cored wire: CN 22/9 N-FD
FOX CN 22/9 N CN 22/9 PW-FD
GMAW solid wire: CN 22/9 N-IG SAW combination: CN 22/9 N-UP/BB 202
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Corrosion Resistant Filler Metals — GTAW Rods

WA oroe 200 LRBRe, Nt BOHLER
CN 25/9 CuT-IG
GTAW-rod

high alloyed, highly corrosion resistant

Description

GTAW-rod highly suitable for welding ferritic-austenitic superduplex steels. By virtue of specific
alloy composition the deposit has, in addition to high tensile strength and toughness, also
excellent resistance to stress corrosion cracking and pitting corrosion. The operating tempera-
ture range is -50 °C up to +250 °C. Well suited for the conditions in the offshore field.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo N Cu T PREx
Wit-% 0.02 0.3 0.7 25.2 9.2 3.6 0.22 0.6 0.62 =40

Mechanical Properties of All-weld Metal

*

u

Yield strength R N/mm? (MPa): =700
Tensile strength Rm N/mm? (MPa): =850
Elongation A (Le=5do) %: =25
Impact work ISO-V Av J +20 °C: =120
-40 °C: =100
-50 °C: 50

(*) u untreated, as welded — shfelding'gas Argon

Operating Data

— shielding gas: o mm
1 Argon +2-3 % N: 2.0 =—
e Argon 2.4

rod marking:

front: ~W 259 4 NL
Welding of root pass with ,thick layer“. Next two passes with
thin layers and low heat input to avoid overheating and precipitations

Base Materials

25 % Cr-Superduplex steels e.g.
1.4501 X2CrNiMoCuWN 25-7-4
UNS S 32750, S 32760

ZERON 100, SAF 25/07, FALC 100

Approvals and Certificates

Same Alloy Filler Metals

Stick electrode: FOX CN 25/9 CuT
GMAW solid wire: CN 25/9 CuT-IG
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Corrosion Resistant Filler Metals — GMAW Solid Wires

WS RS 508 27 Bragen - BOHLER KW 5 Nb-IG
GMAW solid wire
high-alloyed, stainless

Description

GMAW solid wire for catalytic converters as well as exhaust silencers, mufflers, manifolds, and
manifold elbows of analogous or similar materials. Also used for repair welding and sur-
facing of sealing faces of gas, water, and steam turbines with service temperatures of up to
+450 °C. Resists scaling up to +900 °C. Machinability depends largely on the degree of base
metal dilution. Outstanding feeding, very good welding and flow characteristics.

Typical Composition of Solid Wire

C Si Mn Cr Nb
Wit-% 0.04 0.6 0.6 11.5 +

Mechanical Properties of All-weld Metal

*

*) u a
Brinell-hardness HB: 150 130

(*) u untreated, as-welded — shielding gas Ar +8-10 % CO:
a annealed, 750 °C/2h — shielding gas Ar +8-10 % CO:

Operating Data

— Shielding gas: o mm
t 1 Argon +8-10 % CO: 1.0

—

Base Materials

analogous or similar alloyed steels e.g.
1.4512 X2CrTi12, 1.4006 X10Cr13, 1.4024 X15Cr13, 1.4021 X20Cr13
AISI 409, 410, 420

Approvals and Certificates
SEPROZ

Same Alloy Filler Metals
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Corrosion Resistant Filler Metals — GMAW Solid Wires

EN ISO 14343-A:2007: G Z18 L Nb
EN ISO 14343-B:2007:  SSZ430LNb

BOHLER
AWS A5.9-06: ER430 (mod.) CAT 430 L Cb-IG

GMAW solid wire
high alloyed, stainless
Description

GMAW solid wire for catalytic converters as well as exhaust silencers, mufflers, manifolds, and
manifold elbows of analogous or similar materials. Resists scaling up to +900 °C. Outstanding
feeding characteristics. Very good welding and flow characteristics.

Typical Composition of Solid Wire

C Si Mn Cr Nb
Wit-% 0.02 0.5 0.5 18.0 >12xC

Mechanical Properties of All-weld Metal

*

() u a
Brinell-hardness HB: 150 130

(*) u untreated, as welded — shielding gas Ar +8-10 % CO:
a annealed, 760 °C/2h — shielding gas Ar +8-10 % CO:-

Operating Data

— Shielding gas: o mm
t 1 Argon +5-10 % CO: 1.0
— Argon +1-3 % O:

Base Materials

1.4511 X3CrNb17, 1.4016 X6Cr17,
AISI 430

Approvals and Certificates
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Corrosion Resistant Filler Metals — GMAW Solid Wires
FSREA han BOHLER
CAT 439 L Ti-IG

GMAW solid wire, high alloyed, stainless

Description

GMAW solid wire for catalytic converters as well as exhaust silencers, mufflers, manifolds, and
manifold elbows of analogous or similar materials. Resists scaling up to +900 °C. Outstanding
feeding characteristics. Very good welding and flow characteristics

Typical Composition of Solid Wire
C Si Mn Cr Ti
Wt-% 0.03 0.8 0.8 180  >12xC

Mechanical Properties of All-weld Metal

*

u a
Yield strength R. N/mm? (MPa):
Tensile strength Rm N/mm? (MPa):
Elongation A (Lo=5do) %:
Impact work ISO-V KV J
Brinell-hardness HB 150 130

(*) u untreated, as welded — shielding gas Ar +8-10 % CO:
a annealed, 800 °C/1h — shielding gas Ar +8-10 % CO:

Operating Data

— Shielding gas: o mm
t 1 Argon +5-10 % CO: 1.0
— Argon +1-3 % O:

Base Materials

1.4510, X3CrTi17, 1.4016 X6Cr17, 1.4502, X8CrTi18
AISI 439

Approvals and Certificates
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Corrosion Resistant Filler Metals — GMAW Solid Wires

EN 190 14343.55007:  SSZ410NMo BOHLER CN 13/4-1G
AWS A5.9-06: ER410NiMo (mod.) GMAW solid wire

W.No.: 1.4351 d.
© (mod.) high-alloyed, stainless

Description

GMAW solid wire of low-carbon type 13% Cr 4% Ni suited for soft-martensitic steels like 1.4313
/ CA 6 NM. Designed with precisely tuned alloying composition creating a weld deposit
featuring very good ductility, CVN toughness and crack resistance despite its high strength.
BOHLER CN 13/4-IG and the analogous GTAW rod as well as the coated electrode BOHLER
FOX CN 13/4 are very popular in the construction of hydro turbines.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo
Wt-% 0.01 0.65 0.7 122 4.8 0.5

Mechanical Properties of All-weld Metal

) u a

Yield strength Re N/mm? (MPa): 950 (= 750) 760 (= 680)

Tensile strength Rm N/mm? (MPa): 1210 (= 950) 890 (=800)

Elongation A (Lo = 5do) %: 12 (= 10) 17 (= 15)

Impact work ISO-V KV J + 20 °C: 36 (= 30) 80 (= 50)
-20 °C: (= 47)

(*) u untreated, as-welded — shielding gas Argon + 8 - 10 % CO2z
a annealed, 580 °C/8 h furnace down to 300 °C/air — shielding gas Argon + 8 - 10 % COz

Operating Data

— shielding gases: o mm
T l Argon + 8 - 10 % CO: 1.2
—

Preheating and interpass temperatures in case of thick-walled sections 100 - 160 °C.
Maximum heat input 15 kJ/cm. Tempering at 580 - 620 °C.

Base Materials

1.4317 GX4CrNi13-4, 1.4313 X3CrNiMo13-4, 1.4407 GX5CrNiMo13-4,
1.4414 GX4CrNiMo13-4

ACI Gr. CA6 NM

Approvals and Certificates
TUV-D (04110.), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 13/4 GTAW rod: CN 13/4-IG
FOX CN 13/4 SUPRA Metal cored wire: CN 13/4-MC
CN 13/4-MC (F)
SAW combination: CN 13/4-UP/BB 203
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Corrosion Resistant Filler Metals — GMAW Solid Wires

EN IS0 14040.82007.  SS5410 BOHLER KW 10-IG

AWS A5.9-06: ER410 (mod.) —
W.No.: 1.4009 _ GMAW solu_:l wire

high-alloyed, stainless
Description

GMAW solid wire of type W Z 13 / ER 410 predominantly used for surfacings of sealing faces
of valves for gas, water, and steam piping systems at service temperatures up to +450 °C. The
machinability of the weld metal depends largely upon the kind of base metal and degree of
dilution. Joint welding of similar 13 % chromium steels shows matching colour of the weld metal
and very good ability to polishing. Good feeding, welding and wetting characteristics.

Typical Composition of Solid Wire

C Si Mn Cr
Wit-% 0.06 0.7 0.6 13.6

Mechanical Properties of All-weld Metal

*) u a
Yield strength Re N/mm? (MPa): (= 450)
Tensile strength Rm N/ mm? (MPa): (= 650)
Elongation A ( Lo = 5do) %: (= 15)
Impact work ISO-V_ KV J + 20 °C: -
Brinell-hardness HB: 320 200

(*) u untreated, as-welded — shielding gas Ar + 8 - 10 % CO:

a annealed, 720 °C/2 h — shielding gas Ar + 8 - 10 % CO:
The hardness of the deposit is greatly influenced by the degree of dilution with the base metal (depending on the relevant wel-
ding conditions) and by its chemical composition. As a general rule it can be observed that the higher the degree of dilution
and the C-content of the base metal, the higher the deposit hardness. Gas mixtures containing COz result in higher deposit
hardness then COz-free gas mixtures.

Operating Data

" shielding gases: o mm
t l Argon + 8 - 10 % CO2 1.2
— (Argon + 3 % Oz or max. 5 % CO2 1.6

(shielding gas depends on the application)
For joint welding preheating to +200 - 300 °C is recommended.
Tempering at +700 - 750 °C to increase toughness.

Base Materials

surfacings: all weldable backing materials, unalloyed and low-alloyed

Jjoint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with C-contents
=< 0.20% (repair welding); heat resistant Cr-steels of similar chemical composition. Be careful
with dilution and welding technology.

1.4006 X12Cr13, 1.4021 X20Cr13
AISI 410, 420

Approvals and Certificates
SEPROZ

Same Alloy Filler Metals
SMAW electrode: FOX KW 10
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Corrosion Resistant Filler Metals — GMAW Solid Wires

EN IS0 1404082007, $52430 BOHLER KWA-IG

AWS A5.9-06: ER430 (mod.) PR
W.No.: 1.4015 ) GMAW solu_:l wire

high-alloyed, stainless
Description

GMAW solid wire of type G 17 / ER430 suitable for surfacing of sealing faces of gas, water and
steam valves and fittings. Service temperatures up to +450 °C. Scaling resistant up to +950 °C.
Also in sulphur containing combustion gas at high temperature. BOHLER KWA-IG wire is also
suited for joint welding of stainless ferritic steels containing 12-17% chromium, and by the request
of colour matching weld deposit/base metal. For thick-walled components it is recommendable to
use BOHLER A 7-IG wire for the filler passes in order to improve the ductility behaviour of the
joint weld, KWA-IG wire for the cover pass especially in case of sulphur containing combustion
gases. Excellent feeding, welding and wetting behaviour of the wire and weld metal are
important economical features.

Typical Composition of Solid Wire

C Si Mn Cr
Wt-% 0.06 0.6 0.6 17.5
Mechanical Properties of All-weld Metal
™) u u-1.Layer u-2. Layer u-3.Layer a
Yield strength Re N/mm? (MPa): (= 340)
Tensile strength Rm N/mm? (MPa): (= 540)
Elongation A (Lo = 5do) %: (= 20)
Impact work 1SO-V KV J + 20 °C -
Brinell-hardness HB: 180-230  350-450 280-350 230-260 150

(*) u untreated, as-welded — base material mild steel — shielding gas Ar + 8 - 10 % CO:z

a annealed, 800 °C/2 h — shielding gas Ar + 8 - 10 % CO2
The hardness of the deposit is greatly influenced by the degree of dilution with the base metal (depending on the
relevant welding conditions) and by its chemical composition. As a general rule it can be observed that the higher the
degree of dilution and the C-content of the base metal, the higher the deposit hardness. Gas mixtures containing CO2
result in higher deposit hardness then COz-free gas mixtures.

Operating Data

— shielding gases: o mm
T 1 Argon + 8 - 10 % CO2 1.2
— Argon + 3 % Oz or max. 5 % CO2

(shielding gas depends on the application)
For joint welding preheating up to +200 °C to +300 °C is recommended.
Annealing at +730 °C to +800 °C improves the toughness of the weld deposit.

Base Materials

surfacings: all weldable backing materials, unalloyed and low-alloyed.

Jjoint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with C-contents
up to 0.20 % (repair welding). Be careful with dilution and welding technology.

1.4510 X3CrTi17

AISI 430 Ti; AISI 431

Approvals and Certificates

SEPROZ
Same Alloy/Similar Alloy Filler Metals
SMAW electrode: FOX SKWA GMAW solid wire: ~ SKWA-IG

FOX SKWAM SKWAM-IG
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Corrosion Resistant Filler Metals — GMAW Solid Wires
EN ISO 14343-A:2007: G Z17 Ti A
AWS A5.9-06: ER430 (mod.) BOH LER SKWA'IG
W.No.: 1.4502 GMAW solid wire
high-alloyed, stainless

Description

GMAW solid wire of type G Z 17 Ti / ER430 for build up on sealing faces of gas, water and
steam valves and fittings made from unalloyed or low-alloyed steels. Service temperatures up to
+500 °C. The wire exhibits good feeding properties with excellent welding and wetting charac-
teristics. Scaling resistant up to +900 °C. SKWA-IG wire is also suited for joint welding of stain-
less ferritic steels containing 13-18 % chromium steels, furthermore for applications where
colour match of the base and weld metal is required.

Typical Composition of Solid Wire

C Si Mn Cr Ti
Wit-% 0.07 0.8 0.6 17.5 +
Mechanical Properties of All-weld Metal
* u u-1.Layer u-2. Layer u-3.Layer a
Yield strength Re N/mm? (MPa): (= 300)
Tensile strength Rm N/mm? (MPa): (= 500)
Elongation A (Lo = 5do) %: (= 20)
Impact work I1SO-V KV J + 20 °C -
Brinell-hardness HB: 150-170  300-400 200-300 170-220 130

(*) u untreated, as-welded — base metal mild steel — shielding gas Ar + 8 - 10 % COz

a annealed, 750 °C/2 h - shielding gas Ar + 8 - 10 % CO:z
The hardness of the deposit is greatly influenced by the degree of dilution with the base metal (depending on the relevant wel-
ding conditions) and by its chemical composition. As a general rule it can be observed that the higher the degree of dilution
and the C-content of the base metal, the higher the deposit hardness. Gas mixtures containing COz result in higher deposit
hardness then COz-free gas mixtures.

Operating Data

— shielding gases: o mm

t 1 Argon + 8 - 10 % CO2 1.0

— Argon + 3 % Oz or max. 5 % CO2 1.2
(shielding gas depends on the application) 1.6

Preheat to +250 °C to +450 °C for joint welding.
Annealing at 650 °C to +750 °C improves the toughness of the weld deposit.

Base Materials

surfacings: all weldable backing materials, unalloyed and low-alloyed.
Jjoint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with C-contents
up to 0.20% (repair welding). Be careful with dilution and welding technology.

1.4510 X3CrTi17

AISI 430Ti, 431

Approvals and Certificates
DB (20.014.11), OBB, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SKWA GMAW solid wire: ~ KWA-IG
FOX SKWAM SKWAM-IG
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Corrosion Resistant Filler Metals — GMAW Solid Wires

\EVNng'O 14343-A:2007: 1G4Z11175 Mo BO-HLER SKWAM_IG

GMAW solid wire
high-alloyed, stainless

Description

GMAW solid wire wire of type 17 % Cr 1 % Mo for surfacing on sealing faces of gas, water and
steam valves and fittings made from unalloyed or low-alloy steels, for service temperatures up
to +450 °C. Excellent anti-friction properties. The weld deposit is still machinable. Scaling resi-
stant up to +900 °C. SKWAM-IG wire is also suited for joint welding of stainless ferritic steels
containing 13-18 % chromium, above all for applications where uniform colour of the base
metal and weld seam is required. For thick-walled components it is recommendable to use
BOHLER A 7-1G wire for the filler passes in order to improve the ductility behaviour of the joint
weld, SWAM-IG wire for the cover pass.

Typical Composition of Solid Wire

C Si Mn Cr Mo Ni
Wt-% 0.20 0.65 0.55 17.0 11 0.4
Mechanical Properties of All-weld Metal
* u u-1.Layer u-2. Layer u-3.Layer a
Yield strength Re N/mm? (MPa): (= 500)
Tensile strength Rm N/mm? (MPa): (= 700)
Elongation A (Lo = 5do) %: (= 15)
Impact work ISO-V KV J + 20 °C —
Brinell-hardness HB: appr. 350 400-500 380-450 330-400 200

(*) u untreated, as-welded — base metal mild steel — shielding gas Ar + 8 — 10 % COz

a annealed, 720 °C/2 h — shielding gas Ar + 8 — 10 % CO:z
The hardness of the deposit is greatly influenced by the degree of dilution with the base metal (depending on the relevant wel-
ding conditions) and by its chemical composition. As a general rule it can be observed that the higher the degree of dilution
and the C-content of the base metal, the higher the deposit hardness. Gas mixtures containing COz result in higher deposit
hardness then COz-free gas mixtures.

Operating Data

— shielding gases: o mm
T l Argon + 8 - 10 % CO2 1.2
— Argon + 3 % 02 or max. 5 % CO2 1.6

(shielding gas depends on the application)

Preheating to +250 °C to +450 °C for joint welding operations.

Annealing at +650 °C to +750 °C improves the toughness of the weld deposit.
Base Materials

surfacings: all weldable backing materials, unalloyed and low-alloyed.

Jjoint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with C-contents
up to 0.20 % (repair welding). Be careful with dilution and welding technology.

Approvals and Certificates

KTA 1408.1 (8044.00), DB (20.014.19), OBB, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX SKWA GMAW solid wire: KWA-IG
FOX SKWAM SKWA-IG
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Corrosion Resistant Filler Metals — GMAW Solid Wires

EN 150 140a0 82007 sswass  BOHLER EAS 2-1G (Si)
AWS A5.9-06: ER308LSi GMAW solid wire

W.No.: 1.4316
high-alloyed, chemical resistant

Description
GMAW solid wire of type G 19 9 L Si / ER308LSi designed for first class welding, good wetting
and feeding characteristics and excellent weld metal CVN values down to -196 °C.
Resistance to intergranular corrosion up to +350 °C.
Typical Composition of Solid Wire
C Si Mn Cr Ni
Wt-% =0.02 0.8 1.7 20.0 10.2
Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/'mm? (MPa): 420 (= 350)
Tensile strength Rm N/mm? (MPa): 630 (=570)
Elongation A (Lo = 5do) %: 38 (= 35)
Impact work ISO-V KV J +20 °C: 110 (= 75)

- 196 °C: (= 32)

(*) u untreated, as-welded — shielding gias Ar +2.5% CO:2

Operating Data

- shielding gases: ]
T l Argon + max. 2.5 % CO2

3
3

—

a0
oo

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates
TUV-D (3159.), DB (43.014.09), OBB, TUV-A (98), DNV (308L), GL (4550S), SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 2 Metal cored wire: EAS 2-MC
FOX EAS 2-A GMAMW flux cored wire: EAS 2-FD
FOX EAS 2-VD EAS 2 PW-FD
GTAW rod: EAS 2-IG EAS 2 PW-FD (LF)
SAW combination: EAS 2-UP /BB 202
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Corrosion Resistant Filler Metals — GMAW Solid Wires

ENIS0 1A% na®  BOHLER SAS 2-IG (Si)

AWS A5.9-06: ER347Si A
W.No.: 1.4551 ) GMAW solid wire

high-alloyed, chemical resistant
Description

GMAW solid wire of type G 19 9 Nb Si / ER347Si designed for first class welding, good wetting
and feeding characteristics as well as reliable corrosion resistance up to +400 °C.
Low temperature service down to -196 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni Nb
Wt-% 0.035 0.8 13 19.4 9.7 +

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): 460 (= 400)
Tensile strength Rm N/mm? (MPa): 630 (=570)
Elongation A (Lo = 5do) %: 33 (= 30)
Impact work ISO-V KV J +20 °C: 110 (= 65)

- 196 °C: (= 32

)
(*) u untreated, as-welded — shielding gas Argon + 2.5 % CO:z
Operating Data

— shielding gases: o mm

T l Argon + max. 2.5 % CO2 0.8

— 1.0
1.2

Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11,
1.4301 X5CrNi18-10, 1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10,
1.4311 X2CrNiN18-10, 1.4306 X2CrNi19-11

AISI 347, 321, 302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C; A157 Gr. C9;
A320 Gr. B8C or D

Approvals and Certificates
TUV-D (0025.), TUV-A (78), GL (45508), LTSS, SEPROZ, CE, NAKS

Same Alloy Filler Metals

SMAW electrode: FOX SAS 2 GTAW rod: SAS 2-IG
FOX SAS 2-A GMAW flux cored wire: SAS 2-FD
SAS 2 PW-FD
SAW combination: SAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Solid Wires

SNeimeam g BOHLER
WoNo: 14430 EAS 4 M-IG (SI)

GMAW solid wire, high-alloyed,
chemical resistant
Description

GMAW solid wire of type G 19 12 3 L Si / ER316LSi designed for first class welding, good
wetting and feeding characteristics as well as reliable corrosion resistance up to +400 °C.
Low temperature service down to -196 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo
Wt-% 0.02 0.8 1.7 18.4 12.4 2.8
Mechanical Properties of All-weld Metal
) u
Yield strength Re N/mm? (MPa): 450 (=380)
Tensile strength Rm N/mm? (MPa): 630 (= 560)
Elongation A (Lo = 5do) %: 38 (= 35)
Impact work ISO-V KV J +20 °C: 120 (= 70)

- 196°C: ( )

= 32
(*) u untreated, as-welded — shielding gas Argon + 2.5 % CO:z

Operating Data

— shielding gases: o mm

t 1 Argon + max. 2.5 % CO2 0.8

— 1.0
1.2

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S31603, S31653; AISI 316L, 316Ti, 316Cb

Approvals and Certificates

TUV-D (3233.), DB (43.014.11), OBB, TUV-A (100), DNV (316L), GL (4429S), Statoil,
SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M Metal cored wire: EAS 4 M-MC
FOX EAS 4 M (LF) GMAW flux cored wire: EAS 4 M-FD
FOX EAS 4 M-A EAS 4 PW-FD
FOX EAS 4 M-VD EAS 4 PW-FD (LF)
FOX EAS 4 M-TS ~ SAW combination: EAS 4 M-UP/BB 202
GTAW rod: EAS 4 M-IG
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Corrosion Resistant Filler Metals — GMAW Solid Wires
EN ISO 14343-A:2007: G 19 12 3 NbSi A H
AWS A5.9-06: ER318 (mod.) BOHLER SAS 4-IG (SI)
W.No.: 1.4576 GMAW solid wire
high-alloyed, chemical resistant

Description

GMAW solid wire of type G 19 12 3 Nb Si / ER318Si designed for first class welding, good
wetting and feeding characteristics as well as reliable corrosion resistance up to +400 °C.
Low temperature service down to -120 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo Nb
Wt-% 0.035 0.8 1.4 19.0 1.5 2.8 +

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 490 (=390)
Tensile strength Rm N/mm? (MPa): 670 (= 600)
Elongation A (Lo = 5do) %: 33 (= 30)
Impact work ISO-V KV J + 20 °C: 100 (= 70)

-120 °C: (= 32)

(*) u untreated, as-welded — shielding gas Argon + 2.5 % CO:z
Operating Data

— shielding gases: o mm

t 1 Argon + max. 2.5 % CO2 0.8

— 1.0
1.2

Base Materials

1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2, 1.4401 X5CrNiMo17-12-2,
1.4581 GX5CrNiMoNb19-11-2, 1.4437 GX6CrNiMo18-12, 1.4583 X10CrNiMoNb18-12,
1.4436 X3CrNiMo17-13-3

AISI 316L, 316Ti, 316Cb

Approvals and Certificates
TUV-D (3492.), TUV-A (135), DB (43.014.04), OBB, SEPROZ, CE, NAKS

Same Alloy Filler Metals

SMAW electrode: FOX SAS 4 GTAW rod: SAS 4-IG
FOX SAS 4-A GMAW flux cored wire: SAS 4-FD
SAS 4 PW-FD
SAW combination: SAS 4-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Solid Wires
EN ISO 14343-A:2007: G Z18 16 5 NL A H
AWS A5.9-06: ER317L (mod.) BOHLER ASN 5'|G (SI)
W.No.: 1.4453 (mod.) GMAW solid wire
high-alloyed, highly corrosion resistant

Description

GMAW solid wire for 3-4 % Mo alloyed CrNi-steels like 1.4438 / 317L.

The weld metal shows a stable austenitic microstructure with good pitting resistance (PREn > 35)
and crevice corrosion resistance as well as excellent CVN toughness behaviour down to -196 °C.
BOHLER ASN 5-IG (Si) has an increased Mo content (4.3 %) to compensate for segregation
when welding high molybdenum alloyed steels, thus producing equivalent corrosion resistance
to the relevant base metals offering a 3-4 % Mo guarantee. Resistance to intergranular corro-
sion up to +400 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo N PREn  FN
Wit-% 0.02 0.4 5.5 19.0 17.2 4.3 0.16 371 =05

Mechanical Properties of All-weld Metal

@) u

Yield strength Re N/mm? (MPa): 430 (= 400)

Tensile strength Rm N/mm? (MPa): 650 (= 600)

Elongation A (Lo = 5do) %: 35 (= 30)

Impact work ISO-V KV J +20 "8: 110 (= 70)
°C: 3.

- : (= 32)
(*) u untreated, as-welded — shielding gas Argon + 20 % He + 0.5 % COz

Operating Data

— shielding gases: o mm
t 1 Argon + 20 - 30 % He + max. 2 % CO: 1.0
— Argon + 20 % He + 0.5 % CO:2 1.2

Base Materials

1.4436 X3CrNiMo17-13-3, 1.4439 X2CrNiMoN17-13-5, 1.4429 X2CrNiMoN17-13-3,
1.4438 X2CrNiMo18-15-4, 1.4583 X10CrNiMoNb18-12

AISI 316Cb, 316 LN, 317LN, 317L, UNS S31726

Approvals and Certificates
TUV-D (04139.), DNV (X), GL (4439S), CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX ASN 5 GMAMW flux cored wire: E317L-FD*
FOX ASN 5-A E317L PW-FD*
GTAW rod: ASN 5-1G SAW combination: ASN 5-UP /BB 203

* for similar alloyed base metals only, not fully austenitic.
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Corrosion Resistant Filler Metals — GMAW Solid Wires

EVNNIE_O 14343-A:2007: 16329252417 84 NL BO-HLER AM 400_|G

GMAW solid wire
high-alloyed, highly corrosion resistant

Description

GMAW solid wire, N-alloyed, fully austenitic and nonmagnetic material is distinguished by its
especially high resistance to pitting, crevice corrosion and stress corrosion cracking. Excellent
cryogenic toughness. Suited for temperatures up to +350 °C, and up to +400 °C in media that
do not induce intergranular corrosion.

Field of application in sea water desalinisation plants, centrifuges, bleaching plants and in
special shipbuilding.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo N PREN
Wit-% 0.02 0.65 7.5 22.2 18.0 3.7 0.24 37
Mechanical Properties of All-weld Metal
* u
Yield strength Re N/mm? (MPa): 440 (=430)
Tensile strength Rm N/mm? (MPa): 680 (= 600)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 120 (= 70)
- 196 °C: (= 32)

(*) u untreated, as-welded — shielding gas Ar + 20 % He + 0.5 % CO:z
Operating Data

— shielding gases: 2 mm

T l Argon + 20 - 30 % He + max. 2 % CO: 1.0

— Argon + 20 % He + 0.5 % CO2 1.2

Preheating of the base metal is not required. The interpass temperature must be limited to a
maximum of +150 °C. For GMAW welding, shielding gases such as Ar + 8 % Oz + 2.5 % CO2
or Ar + 3 % Oz, Ar + 8 % Oz are especially suited.

Base Materials

1.3948 X4CrNiMnMoN19-13-8, 1.3951 X2CrNiMoN22-15, 1.3952 X2CrNiMoN18-14-3,
1.3964 X2CrNiMnMoNNb21-16-5-3, 1.4439 X2CrNiMoN17-13-5

Approvals and Certificates
WIWEB, GL (3954S)

Same Alloy Filler Metals
SMAW electrode: FOX AM 400 GTAW rod:  AM 400-IG
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Corrosion Resistant Filler Metals — GMAW Solid Wires
EN ISO 14343 A:2007: G 220255 Cu NL °
AWS A5.9 ER385 (mod.)u BOH LER
Wio 14519 (moc.) CN 20/25 M-IG (Si)

GMAW solid wire
high-alloyed, highly corrosion resistant

Description

GMAW solid wire for corrosion resistant 4-5 % Mo alloyed CrNi-steels like 1.4539 / 904L. Very high pitting
resistant equivalent (PREN = 45) — pitting potential (%Cr + 3.3 x %Mo + 30 x %N). Due to the high Mo con-
tent (6.2 %) in comparison to W.-No. 1.4539 respectively UNS N08904, the high segregation rate of high Mo-
alloyed CrNi-weld metal can be compensated. The fully austenitic weld metal possess a marked resistance
towards pitting and crevice corrosion in chloride containing media. Highly resistant against sulphur-, phos-
phorus-, acetic- and formic acid, as well as sea- and brackish water. Caused from the low C-content of the
weld metal, the risk of intergranular corrosion can be avoided. The high Ni-content in comparison to standard
CrNi-weld metals leads to high resistance against stress corrosion cracking.

Special applicable in sulphur- and phosphorus production, pulp and paper industry, flue gas desulphurisation
plants, further on for fertilizer production, petrochemical industry, fatty-, acetic- and formic acid production, sea
water sludge fittings and pickling plants which are proceeded with sea or brackish water.

The GMAW wire exhibits good feeding, welding and wetting characteristics.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo Cu N PREN
Wt-% =0.02 0.7 4.7 200 254 6.2 15 0.12 =45.0

Mechanical Properties of All-weld Metal

¢ u

Yl)eld strength Re N/mm? ( MPag, 410 = 350
Tensile strength Rm N/mm2 (MPa): 650 = 600
Elongation A(Lo = Sdu 39 = 30,
Impact work ISO-V K J +20 "8 100 2 70,

96 ° 32
(*) u untreated, as-welded — sh/eldmg gas Ar + 20 % He + 0 5% COz

Operating Data

— shielding gases: o mm
T 1 Argon + 20 - 30 % He + max. 2 % CO: 0.8
Argon + 20 % He + 0.5 % CO:2 18

Preheating and post weld heat treatment is not required by the deposit.
Interpass temperature should not exceed +150 °C.

Base Materials

same-alloyed CrNi-steels with high Mo-content

1.4539 X1NiCrMoCu25-20-5, 1.4439 X2CrNiMoN17-13-5, 1.4537 X1CrNiMoCuN25-25-5
UNS NO08904, S31726

Approvals and Certificates
TUOV-D (4897.), TUV-A (476), Statoil, SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 20/25 M GTAW rod:  CN 20/25 M-IG
FOX CN 20/25 M-A
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Corrosion Resistant Filler Metals — GMAW Solid Wires

Sy szev BOHLER CN 22/ N-IG
AWS A5.9-06: ER2209 GMAW solid wire

W.No.: 1.4462 (mod.
© (mod.) high-alloyed, highly corrosion resistant

Description

GMAW solid wire particularly suitable for welding of ferritic-austenitic duplex steels. By virtue of
specific alloy composition which includes an extremely low oxygen content the deposit has, in
addition to high tensile strength and toughness, also excellent resistance to stress corrosion
cracking and pitting (PREN >35). In order to ensure good deposit properties, care must be taken
to achieve controlled dilution and thorough back purging. Ferrite content 30 — 60 FN (WRC).
Suited for temperatures down to -40 °C and up to +250 °C. The wire exhibits good feeding,
welding and wetting characteristics of the wire. The preferred gas for MIG welding is Argon
+ 20 % Helium + 2 % COs.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo N PREN
Wit-% =<0.015 0.4 17 225 8.8 3.2 0.15 =35

Mechanical Properties of All-weld Metal

@) u

Yield strength Re N/mm? (MPa): 660 (= 600)

Tensile strength Rm N/mm? (MPa): 830 (=720)

Elongation A (Lo = 5do) %: 28 (= 25)

Impact work ISO-V KV J +20 °C: 85 (= 70)
- 40 °C: 32)

(=
(*) u untreated, as-welded — shielding gas Ar + 20 % He + 2 % CO:
Operating Data

— shielding gases: o mm
T l Argon + 20 - 30 % He + max. 2 % CO: 1.0
— Argon + 20 - 30 % He + max. 1 % O: 1.2

Preheating and post weld heat treatment is not required be the weld deposit.
Interpass temperature should not exceed +150 °C.

Base Materials

same-alloyed duplex steels, as well as similar-alloyed, ferritic-austenitic steels with higher
tensile strength

1.4462 X2CrNiMoN22-5-3, 1.4362 X2CrNiN23-4,
1.4462 X2CrNiMoN22-5-3 together with 1.4583 X10CrNiMoNb18- 12,
1.4462 X2CrNiMoN22-5-3 together with P235GH / P265GH, S255N, P295GH, S355N, 16Mo3

UNS S31803, S32205

Approvals and Certificates
TUV-D (4483.), TUV-A (424), DB (43.014.26), DNV (X), GL (4462S), Statoil, SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 22/9 N-B. GMAW flux cored wire: CN 22/9 N-FD
FOX CN 22/9 N CN 22/9 PW-FD
GTAW rod: CN 22/9 N-IG SAW combination: CN 22/9 N-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Solid Wires

PSR i BOHLER

CN 25/9 CuT-IG

GMAW solid wire

high alloyed, highly corrosion resistant
Description

GMAW solid wire highly suitable for welding ferritic-austenitic superduplex steels. By virtue of
specific alloy composition the deposit has, in addition to high tensile strength and toughness,
also excellent resistance to stress corrosion cracking and pitting corrosion. The operating tem-
perature is -50 °C up to +250 °C. Well suited for the conditions in the offshore field.

Typical Composition of Solid Wire
c Si Mn  Cr Ni Mo N Cu W PREn
Wt% 002 03 07 252 92 36 022 06 062 =40

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): =650
Tensile strength Rn N/mm? (MPa): =750
Elongation A (Le=5do) %: =25
Impact work ISO-V Av J +20 °C: =80
-50 °C: 50

(*) untreated, as welded — shielding gas Argon + He + 0,5 % CO:

Operating Data

— shielding gas: o mm
t 1 Argon + 20-30 % He + 0.5-2 % CO: 1.0
— Argon + 20-30 % He + max. 1 % O: 1.2

Base Materials

25 % Cr-Superduplex steels e.g.
1.4501 X2CrNiMoCuWN 25-7-4
UNS S 32750, S 32760

ZERON 100, SAF 25/07, FALC 100

Approvals and Certificates

Same Alloy Filler Metals

Stick electrode: FOX CN 25/9 CuT
GTAW rod: CN 25/9 CuT-IG
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Corrosion Resistant Filler Metals — Metal cored Wires

EN 1SO 17633-A:2006: T 13 4 MM 2 A
EN ISO 17633-B:2006: TS 410NiMo-MG1 (mod.) BOHLER
AWS A5.9-06: EC410NiMo (mod.) CN 13/4-MC
Metal cored wire,
high alloyed, stainless
Description

Metal cored wire for the fabrication and repair welding of hydro turbine components made of soft
martensitic 13 % Cr 4 % Ni alloyed steels and cast steels.

BOHLER CN 13/4-MC offers favourable spray arc or pulsarc characteristics, minimum spatter
formation, flat and smooth bead profiles, excellent wetting behaviour and safe penetration.

It is easy to operate in all welding positions.

Additionally, precise alloy adjustment ensure very good impact test results of the heat treated
weld metal. The hydrogen content is extra low (maximum 4 ml/100 g acc. AWS conditions).
Significant gains in productivity can be realized by higher deposition rates and reduced post
weld grinding when compared to GMAW using solid wires.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% <0.025 0.7 0.9 12.0 4.6 0.6

Mechanical Properties of All-weld Metal

) u a

Yield strength Re N/mm? (MPa): 800 (= 750) 760 (= 680)

Tensile strength Rm N/mm? (MPa): 990 (= 950) 900 (= 800)

Elongation A (Lo = 5do) %: 12 (= 10) 16 (= 15)

Impact work ISO-V KV J +20 °C: 40 (= 30) 65 (= 50)
-20 °C: 60 (= 47)

(*) u untreated, as-welded — shielding gas Ar + 2.5 % CO:
a annealed, 580 °C/8 h/furnace down to 300 °C/Air — shielding gas Ar + 2,5 % CO:

Operating Data

Shielding gas: omm ampsA voltage V
Argon + 2.5 % CO2 1.2 130-370 16 - 38
1.6 250 -550 22-40
— | Welding with conventional or pulsed power
T sources (preferably slightly trailing torch position, angel appr. 80 °).
— | Recommended stick out 18 - 20 mm and length of arc 3 - 5 mm.
Recommended preheating and interpass temperatures in case of heavy
wall thicknesses are 100 - 160 °C. Maximum heat input 15 kd/cm.
Tempering at 580 - 620 °C.

Base Materials

1.4317 GX4CrNi13-4, 1.4313 X3CrNiMo13-4, 1.4407 GX5CrNiMo13-4, 1.4414 GX4CrNiMo13-4
ACI Grade CA 6 NM

Approvals and Certificates

SEPROZ
Same Alloy Filler Metals
SMAW electrode: FOX CN 13/4 GMAW solid wire: ~ CN 13/4-1G
FOX CN 13/4 SUPRA Metal cored wire: ~ CN 13/4-MC (F)
GTAW rod: CN 13/4-1G SAW combination:  CN 13/4-UP/BB 203
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Corrosion Resistant Filler Metals — Metal cored Wires

EN ISO 17633-A:2006: T 13 4 MM 2
EN ISO 17633-B:2006: TS 410NiMo-MG1 (mod.)

BOHLER
AWS A5.9-06: EC410NiMo (mod.) CN 13/4-MC (F)

Metal cored wire,
high alloyed, stainless

Description

Metal cored wire for welding of hydro turbine components made of soft martensitic
13 % Cr 4 % Ni alloyed cast steels.

BOHLER CN 13/4-MC (F) offers favourable spray arc or pulsarc characteristics, minimum
spatter formation, flat and smooth bead profiles, excellent wetting behaviour and safe penetra-
tion. It is easy to operate in all welding positions.

The hydrogen content is low (maximum 5 ml/100 g acc. to AWS A 4.3-93).

Significant gains in productivity can be realized by higher deposition rates and reduced post
weld grinding when compared to GMAW using solid wires.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% =0.03 0.7 0.9 12.2 4.6 0.6

Mechanical Properties of All-weld Metal

) a
Yield strength Re N/mm? (MPa): 700 (= 680)
Tensile strength Rm N/mm? (MPa): 880 (= 800)
Elongation A (Lo = 5do) %: 16 (= 15)
Impact strength ISO-V KV J +20 °C: 55

-20 °C: 45

(*) a annealed/tempered, 580 °C/8 h/furnace to 300 °C/air — shielding gas Argon + 2,5 % CO:

Operating Data

Shielding gas: omm ampsA voltage V
Argon + 2.5 % CO2 1.2 130-370 16 - 38
1.6 250 - 550 22 - 40

— | Welding with conventional or pulsed power sources (preferably slightly

T trailing torch position, angel appr. 80 °). Recommended stick out

— | 18-20 mm and length of arc 3-5 mm. Recommended preheating and
interpass temperatures in case of heavy wall thicknesses are 100-160 °C.
Maximum heat input 15 kdJ/cm. Tempering at 580-620 °C. Positional
weldability of metal cored wires is similar to solid wires.

Base Materials

1.4317 GX4CrNi13-4, 1.4313 X3CrNiMo13-4, 1.4407 GX5CrNiMo13-4, 1.4414 GX4CrNiMo13-4
ACI Grade CA6NM

Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX CN 13/4 GMAW solid wire:  CN 13/4-1G
FOX CN 13/4 SUPRA  Metal cored wire: ~ CN 13/4-MC
GTAW rod: CN 13/4-1G SAW combination: CN 13/4-UP/BB 203
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Corrosion Resistant Filler Metals — Metal cored Wires

EN IS0 1763-8.2006: TS30BL-MOH BOHLER EAS 2-MC
AWS A5.9-06: EC308L Metal cored wire, high-alloyed,

chemical resistant

Description

Bohler EAS 2-MC is an austenitic CrNi-metal cored wire for GMAW applicable for same or
similar alloyed, stabilized or non stabilized, corrosion resistant CrNi-steels. Suitable for service
temperatures from -196 °C to +350 °C. This product achieves high productivity and is easy to
operate. It provides excellent welding characteristics, smooth almost spatter free weld finish.
The wider arc, in comparison to solid wire, will reduce the risk of lack of fusion and is less
sensitive against misalignment of edges and different gap widths.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wt-% <0.03 0.6 1.4 19.8 10.5

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/mm? (MPa): 380 (= 350)

Tensile strength Rm N/mm? (MPa): 540 (= 520)

Elongation A (Lo = 5do) %: 37 (= 35)

Impact work ISO-V KV J +20 °C: 105 (= 47)
- 196 °C: 50 (= 32)

(*) u untreated, as-welded — shielding gas Ar + 2.5 % CO:
Operating Data

Shielding gas: omm ampsA voltage V
Argon + 2.5 % CO2 1.2 60 -280 13-30
1.6 100 - 370 13-32
— | Welding with conventional or pulsed power sources (preferably
t 1 slightly leading torch position, angel appr. 80 °). Recommended -
—'| stick out 15-20 mm and length of arc 3-5 mm.

Positional weldability of metal cored wires is similar to solid wires
(puls arc welding is recommended).

Base Materials

1.4306 X2CrNi19-11, AISI 304 L, 1.4301 X5CrNi18-10, AISI 3041 4308 GX6CrNi18-9,

1.4311 X2CrNiN18- 10 ASTM A320 Gr. B8C or D, AlSI 3

1.4312 GX10CrNi18-8, ASTM A157 Gr. C9, AlISI 302, 1. 4541 XGCrN|T|18 10, AISI 321,
1.4546 X5CrNiNb18-10, AISI 321, 1.4550 X6CrNiNb18- 10, AISI 347, 1.4552 GX5CrNiNb18-9

Approvals and Certificates
TUV-D (09987.), CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 2 GTAW-rod: EAS 2-1G
FOX EAS 2-A GMAW solid wire: EAS 2-1G (Si)
FOX EAS 2-VD GMAW flux cored wire: EAS 2 PW-FD
EAS 2 PW-FD (LF)
EAS 2-FD
SAW combination: EAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — Metal cored Wires
S VAR T e BOHLER
AWS A5.9-06: EC316L EAS 4 M-MC

Metal cored wire
high-alloyed, chemical resistant

Description

Bohler EAS 4 M-MC is an austenitic CrNiMo-metal cored wire for GMAW applicable for same or
similar alloyed, stabilized or non stabilized, corrosion resistant CrNiMo-steels. Suitable for
service temperatures from -196 °C to +400 °C. This product achieves high productivity and is
easy to operate. It provides excellent welding characteristics, smooth almost spatter free weld
finish. The wider arc, in comparison to solid wire, will reduce the risk of lack of fusion and is less
sensitive against misalignment of edges and different gap widths.

Typical Composition of All-weld Metal
C Si Mn Cr Ni Mo
Wt-% <0.03 0.6 1.4 18.8 12.2 2.7

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 410 (= 350)
Tensile strength Rm N/mm? (MPa): 560 (= 520)
Elongation A (Lo = 5do) %: 34 (= 30)
Impact work ISO-V KV J +20 °C: 80 (= 47)
-196 °C: (= 32)

(*) u untreated, as-welded — shielding gas Ar + 2.5 % CO:

Operating Data

Shielding gas: omm ampsA voltage V
Argon + 2.5 % CO2 1.2 60 -280 13-30
1.6 100 -370 13-32

— | Welding with conventional or pulsed power sources (preferably

t 1 slightly leading torch position, angel appr. 80 °).

—'| Recommended stick out 15-20 mm and length of arc 3-5 mm.
Positional weldability of metal cored wires is similar to solid wires
(puls arc welding is recommended).

Base Materials
1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,

1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2
UNS S31603, S31653, AlSI 316L, 316Ti, 316Cb

Approvals and Certificates
TUV-D (09988.), CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M GTAW rod: EAS 4 M-IG
FOX EAS 4 M (LF) GMAW flux cored wire: EAS 4 M-FD
FOX EAS 4 M-A EAS 4 PW-FD
FOX EAS 4 M-VD EAS 4 PW-FD (LF)
FOX EAS 4 M-TS SAW combination: EAS 4 M-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: T199 LR M (C) 3 A

EN 190 1769082008, To500L-£80 ) BOHLER EAS 2-FD
AWS A5.22:10: ESoBLTo-4 GMAW flux cored wire, high-alloyed,
EN ISO 17633-A:2006: T 199 LP M (C) 1 (for o 0.9 mm) chemical resistant
EN 1SO 17633-B:2006° TS308L-FB1

AWS A5.22-10: E308LT1-4/-1 (for 0 0.9 mm)

Description

Rutile strip alloyed flux cored welding wire of type T 19 9 L R / E308LTO for GMAW of stainless steels
like 1.4306 / 304L. This product achieves high productivity and is easy to operate providing excellent
operating characteristics, self releasing slag, almost no spatter formation and temper discoloration,
smooth weld finish and safe penetration. Increased travel speeds as well as little demand for cleaning
and pickling provide considerable savings in time and money. Suitable for service temperatures from
-196 °C to +350 °C. BOHLER EAS 2-FD @ 0.9 mm is well suitable for welding of sheet metal from 1.5
mm and @ 1.2 mm can be used for wall thicknesses from 3 mm upwards. Wire @ 0.9 mm is designed
for positional welding, wire ¢ 1.2 mm and 1.6 mm are recommended mainly for downhand and
horizontal welding positions as well as in position PC/2G and slightly vertical down.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wt-% 0.03 0.7 15 19.8 10.5
Mechanical Properties of All-weld Metal
* u
Yield strength Re N/mm? (MPa): 380 (= 350)
Tensile strength Rm N/mm? (MPa): 560 (= 520)
Elongation A (Lo = 5do) %: 40 (= 35)
Impact work ISO-V KV J +20 °C: 60 (= 47)
-196 °C: 35 (= 32)
(*) u untreated, as-welded — shielding gas Ar + 18 % CO:z
Operating Data
o || re-drying: possible, 150 °C/24 h omm ampsA voltage V
g t 1 shielding gases: 09 100-160  21-30
Argon + 15 - 25 % CO2 1.2 125-280 20-34

912

- 100 % CO2 1.6 200 - 350 25-35
1—p | Welding with standard GMAW-facilities possible, slightly trailing torch

position (angel appr. 80 °), when using 100 % CO:z as shielding gas it
is necessary to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min

016

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates

TUV-D (5348.), DB (43.014.1 % OBB, TUV-A (514), CWB (E308LTO-1(4)),
GL (4550 (C1, M21)), SEPROZ, NAKS (@ 1.2 mm), C

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 2 GMAW solid wire: EAS 2-1G (Si)
FOX EAS 2-A Metal cored wire: EAS 2-MC
FOX EAS 2-VD  GMAW flux cored wire: EAS 2 PW-FD
GTAW rod: EAS 2-1G EAS 2 PW-FD (LF)
SAW combination: EAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: ”ggtgg; BOHLER EAS 2 pW_FD

EN ISO 17633-B:2006: TS308L-FB1 . .
AWS A5.22-10: E308LT1-4 GMAW flux cored wire, high-alloyed,

E308LT1-1 chemical resistant

Description

Rutile strip alloyed flux cored welding wire with fast freezing slag providing excellent positional opera-
ting characteristics and fast travel speeds. It is easy to use and operates with a powerful penetrating
spray arc transfer, minimum spatter formation and self releasing slag. This flux cored welding wire offers
many economical and quality advantages over solid wire pulse arc welding. High deposition rates and
productivity gains are easily achievable. Additional cost effective benefits are offered through use of less
expensive shielding gases (Argon +15 - 25 % CO2 or 100 % COz2), good wetting characteristics (less
grinding), little temper discoloration & bead oxidation (less pickling expenses), easy operation and safe
penetration (reduces the risk of weld defects and associated repair work costs), and smooth and clean
weld finish (less post weld work). Due to its characteristics mainly for positional welding and service tem-
peratures between -196 °C to - +350 °C. For downhand & horizontal welding positions (1G, 1F, 2F) our
flux cored wire BOHLER EAS 2-FD should be preferred.

Typical Composition of All-weld Metal

C Si Mn Cr Ni

Wt-% 0.03 0.7 15 19.8 10.5

Mechanical Properties of All-weld Metal

") u

Yield strength R N/mm? (MPa): 380 (= 350)

Tensile strength Rn N/mm? (MPa): 560 (= 520)

Elongation A (Lo = 5do) %: 40 (= 35)

Impact work ISO-V KV J +20 °C: 70 (= 47)
-196 °C: 40 (= 32)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:
Operating Data

— re-drying: o mm amps A voltage V
t 1 possible, 150 °C /24 h 1.2 100 - 220 20-31 =<4
— shielding gases: 1.6 175 - 260 21-29

Argon + 15 - 25 % CO:

100 % CO:

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), slight
weaving is recommended for positional welding; when using 100 % CO: as shielding gas it is neces-
sary to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10
AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates
TUV-D (09117.), DB (43.014.23), OBB, CWB (E308LT1-1(4)), SEPROZ, GL (4550S (C1,M21))

CE
Same Alloy / Similar Alloy Filler Metals
SMAW electrode: FOX EAS 2 GMAW solid wire: EAS 2-1G (Si)
FOX EAS 2-A Metal cored wire: EAS 2-MC
FOX EAS 2-VD GMAW flux cored wire: EAS 2-FD
GTAW rod: EAS 2-IG EAS 2 PW-FD (LF)
SAW combination: EAS 2-UP/BB202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

IS0 TS AR 1194 LW, BOHLER

17633-B: : - -
RS R 250 2% LRt g EAS 2 PW-FD (LF)
E308LT1-1 GMAW flux cored wire, high-alloyed,

chemical resistant

Description

Rutile flux cored welding wire, with controlled weld metal ferrite content (FN 3-6), particularly for
good cryogenic toughness and lateral expansion down to -196 °C like specified for LNG appli-
cations. The slag system of the wire provides excellent positional welding characteristics and
fast travel speeds.

Typical Composition of All-weld Metal
c Si Mn Cr Ni FN
Wt-% 0.03 0.6 1.4 19.3 10.9 3-6

Mechanical Properties of All-weld Metal

*

u
Yield strength R. N/mm? (MPa): 390 (= 350)
Tensile strength Rm N/mm? (MPa): 550 (=520)
Elongation A (Lo = 5do) %: 40 (= 35)
Impact work ISO-V KV J +20 °C: 78 (= 47)
-196 °C: 45 (= 32)
lateral expansion (mm) -196 °C: (=0.38)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:

Operating Data

— re-drying: o mm amps A voltage V
t 1 possible, 150 °C/24 h 1.2 100 - 220 20-31
— shielding gases: 1.6 175 - 260 21-29

Argon + 15 - 25 % CO:
Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), slight
weaving is recommended for positional welding; when using 100 % CO: as shielding gas it is necessary
to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates

TUV-D (09117.), CE

Same Alloy Filler Metals

SMAW electrode: FOX EAS 2 GMAW solid wire: EAS 2-1G (Si)
FOX EAS 2-A Metal cored wire: EAS 2-MC
FOX EAS 2-VD GMAW flux cored wire: EAS 2-FD
GTAW rod: EAS 2-IG EAS 2 PW-FD
SAW combination: EAS 2-UP/BB202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: ¥1gg”gsg§ BOHLER SAS 2_FD

EN ISO 17633-B:2006: TS347L-FB . .
AWSSES.ZZG-?%: 006 E§27T0-4 0 GMAW flux cored wire, high-alloyed,

E347T0-1 chemical resistant

Description

Rutile strip alloyed flux cored welding wire of type T 19 9 Nb R/ E347LT0 for GMAW of stainless steels
like 1.4546 / 347.

BOHLER SAS 2-FD is designed for single and multi-pass welding mainly in the flat and horizontal
position, horizontal/vertical position as well as the slightly vertical-down position (1 o'clock).

This product achieves high productivity and is easy to operate providing excellent operating characteri-
stics, self releasing slag, almost no spatter formation and temper discoloration, smooth weld finish and
safe penetration.

Increased travel speeds as well as little demand for cleaning and pickling provide considerable savings
in time and money. Suitable for service temperatures from -196 °C to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb
Wit-% 0.03 0.6 1.4 19.0 10.4 +
Mechanical Properties of All-weld Metal
) u
Yield strength Re N/'mm? (MPa): 420 (=380)
Tensile strength Rn N/mm? (MPa): 600 (=560)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 75 (= 47)
-120 °C: 45 (= 32)
-196 °C: (= 32)
(*) u untreated, as-welded — shielding gas Ar + 18 % CO:
Operating Data
—— re-drying: o mm amps A voltage V
o f possible, 150 °C /24 h 1.2 125 - 280 20-34
[SIPR, shielding gases: 1.6 200 - 350 25-35
— Argon + 15 - 25 % CO:
100 % CO:
2 Welding with standard GMAW-facilities possible slightly trailing torch position
Q| (angel appr. 80 °), when using 100 % COz as shielding gas it is necessary to

increase the voltage by 2 V; the gas flow should be 15 - 18 I/min

Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11, 1.4301 X5CrNi18-10,
1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10, 1.4311 X2CrNiN18-10, 1.4306 X2CrNi19-11

AISI 347, 321, 302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C; A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates
TUV-D (09740.), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX SAS 2 GMAW solid wire: SAS 2-1G (Si)
FOX SAS 2-A GMAW flux cored wire: SAS 2 PW-FD
GTAW rod: SAS 2-IG SAW combination: SAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: ”gg”gggi BOHLER SAS 2 pW_FD

EN ISO 17 B:2 TS347L-FB1 . .
AWSSES 226:13% 006: E§37T1 4 GMAW flux cored wire, high-alloyed,

E347T1-1 chemical resistant

Description

Rutile strip alloyed flux cored welding wire with fast freezing slag providing excellent positional opera-
ting characteristics and fast travel speeds. It is easy to use and operates with a powerful penetrating
spray arc transfer, minimum spatter formation and self releasing slag.

This flux cored welding wire offers many economical and quality advantages over solid wire pulse arc
welding. High deposition rates and productivity gains are easily achievable. Additional cost effective
benefits are offered through use of less expensive shielding gases, good wetting characteristics (less
grinding), little temper discoloration & bead oxidation (less pickling expenses), easy operation and safe
penetration (reduces the risk of weld defects and associated repair work costs), and smooth and clean
weld finish (less post weld work).

Due to its characteristics mainly for positional welding and service temperatures between -120 °C to
+400 °C. For downhand and horizontal welding positions (1G, 1F, 2F) our flux cored wire BOHLER
SAS 2FD should be preferred.

Typical Composition of All-weld Metal
c Si Mn Cr Ni Nb
Wit-% 0.03 0.7 1.4 19.0 10.4 +

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/'mm? (MPa): 420 (=380)
Tensile strength Rn N/mm? (MPa): 600 (=560)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 75 (= 47)
- 120 °C: 38 (= 32)
(*) u untreated, as-welded — shielding gas Ar + 18 % CO:
Operating Data
re-drying: 2 mm amps A voltage V
possible, 150 °C/24 h 1.2 100 - 220 20-31
shielding gases: =+
Argon + 15 - 25 % CO: -

100 % CO:
Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), slight
weaving is recommended for positional welding; when using 100 % COz as shielding gas it is necessary
to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min.
Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11, 1.4301 X5CrNi18-10,
1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10, 1.4311 X2CrNiN18-10, 1.4306 X2CrNi19-11

AISI 347, 321, 302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C; A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates
TUOV-D (10059.), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX SAS 2 GMAW solid wire: SAS 2-1G (Si)
FOX SAS 2-A GMAW flux cored wire:  SAS 2-FD
GTAW rod: SAS 2-IG SAW combination: SAS 2-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

E: :zz 17233-2:2006: ¥ 18 g NE E E\JA 11 BOH LER

17633-B: : - -
AR SB[ SAS 2 PW-FD (LF)
E347T1-1 GMAW flux cored wire, high-alloyed,

chemical resistant
Description

Rutile flux cored welding wire with controlled weld metal ferrite content of 3 - 6 FN for positional
welding of stabilized austenitic CrNi- steels. Especially suitable if a good cryogenic toughness
and lateral expansion down to -120 °C is specified. Typical application areas are in all industry
segments where similar and ferritic 13 % chromium steels are used. The slag system of the
wire provides excellent positional welding characteristics and fast travel speeds.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb
Wt-% 0.03 0.7 1.4 18.7 10.4 +
Mechanical Properties of All-weld Metal
* u
Yield strength R N/mm? (MPa): 410 (=380)
Tensile strength Rm N/mm? (MPa): 570 (= 560)
Elongation A (Lo = 5do) %: 40 (= 30)
Impact work ISO-V KV J +20 °C: 85 (= 47)
-120 °C: 45 (= 32)
(*) u untreated, as-welded — shielding gas Ar + 18 % CO:
Operating Data
— re-drying: omm amps A voltage V
'] possible, 150 °c /24 n 12 100-220 20-31 |=
— shielding gases:

Argon + 15 - 25 % CO:

100 % CO:
Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °),
slight weaving is recommended for positional welding; when using 100 % CO: as shielding gas
it is necessary to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min.

Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11,
1.4301 X5CrNi18-10, 1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10, 1.4311 X2CrNiN18-10,
1.4306 X2CrNi19-11

AISI 347, 321,302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C, A157 Gr. C9,
A320 Gr. B8C or D

Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX SAS 2 GMAW flux cored wire: SAS 2-FD
FOX SAS 2-A SAS 2 PW-FD
GTAW rod: SAS 2-IG SAW combination: SAS 2-UP/BB 202

GMAW solid wire: SAS 2-1G (Si)
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN 180 176032008 Taterree o BOHLER EAS 4 M-FD

AWS A5.22:10: ESioLTo-4 GMAW flux cored wire, high-alloyed,
EN ISO 17633-A:2006: T 19123 LP M (C) 1 (for o 0.9 mm) chemical resistant
EN ISO 17633-B:2006: TS316L-FB1

AWS A5.22-10: E316LT1-4/-1 (for 0 0.9 mm)

Description

Rutile flux cored welding wire of type T 19 12 3 L R / E316LT0 for GMAW of stainless steels like 1.4435 / 316L.
This product achieves high productivity and is easy to operate providing excellent operating characteristics, self
releasing slag, almost no spatter formation and temper discoloration, smooth weld finish and safe penetration.
Increased travel speeds as well as little demand for cleaning and pickling provide considerable savings in time and
money. Suitable for service temperatures of -120 °C to +400 °C. Resists intergranular corrosion up to +400 °C.
BOHLER EAS 4 M-FD o 0.9 mm is well suitable for welding of sheet metal from 1.5 to 3 mm (out of position
>5 mm) and 0 1.2 mm can be used for wall thicknesses from 3 mm and up. Wire o 0.9 mm is designed for
positional welding, wire o 1.2 mm and 1.6 mm are recommended mainly for downhand and horizontal welding
positions, horizontal/vertical position as well as the slightly vertical-down position (1 o'clock).

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wt-% 0.03 0.7 15 19.0 12.0 2.7
Mechanical Properties of All-weld Metal
* u
(Yl)eld strength Re N/mm? (MPa): 400 =350
Tensile strength Rm N/mm? (M a) 560 =520
Elongation A'(Lo = 5do 2//0 = 30
Impact work | 0-V K + 20 °C 55 > 47

=

- 120 ° 35
(*) u untreated, as-welded — shleldlng gas Ar + 18 % CO:2
Operating Data

o[ —| re-drying: possible, 150 °C/24 h omm ampsA voltage V

S t 1 shielding gases: 0.9 100- 160 21-30

9 Argon + 15 - 25 % CO2 1.2 125-280 20 - 34

[~ 100 % CO2 1.6 200 - 350 25-35

=4 =

Qi | Welding with standard GMAW-facilities possible, slightly trailing torch +
position (angel appr. 80 °), when using 100 % COz2 as shielding gas it

© is necessary to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min

Q|

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S31603, S31653; AISI'316L, 316Ti, 316Cb

Approvals and Certificates

TUV-D (5349.), DB (43.014.15), OBB, TUV-A (515), CWB (E316LT0-1(4)),
LR (DX, BF, 316LS), GL (4571 (C1, M21)), DNV, SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M GMAW solid wire: EAS 4 M-IG (Si)
FOX EAS 4 M (LF) Metal cored wire: EAS 4 M-MC
FOX EAS 4 M- GMAMW flux cored wire: EAS 4 PW-FD
FOX EAS 4 M-VD EAS 4 PW-FD EL
FOX EAS 4 M-TS  SAW combination: EAS 4 M-UP/BB 202
GTAW rod: EAS 4 M-IG
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: ”glggtgw BOHLER EAS 4 pW_FD

EN ISO 17633-B:2006: TS316L-FB1 . .
AWS A5.22-10: E316LT1-4 GMAW flux cored wire, high-alloyed,

E316LT1-1 chemical resistant

Description

BOHLER EAS 4 PW-FD s a rutile flux cored welding wire with fast freezing slag providing excellent positional
operating characteristics and fast travel speeds. It is easy to use and operates with a powerful penetrating
spray arc transfer, minimum spatter formation and self releasing slag.

This flux cored welding wire offers many economical and quality advantages over solid wire pulse arc welding.
High deposition rates and productivity gains are easily achievable. Additional cost effective benefits are offered
through use of less expensive shielding gases (Argon +15-25 % COz or 100 % COz2), good wetting characteri-
stics (less grinding), little temper discoloration & bead oxidation (less pickling expenses), easy operation and safe
penetration (reduces the risk of weld defects and associated repair work costs), and smooth and clean weld finish
(less post weld work). Due to its characteristics mainly for positional welding and service temperatures bet-
ween -120 °C to +400 °C. Resists intergranular corrosion up to +400 °C. For downhand & horizontal welding
positions (1G, 1F, 2F) our flux cored wire BOHLER EAS 4 M-FD should be preferred.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wt-% 0.03 0.7 15 19.0 12.0 27
Mechanical Properties of All-weld Metal
") u
Yield strength R N/mm? (MPa): 400 (= 350)
Tensile strength Rn N/mm? (MPa): 560 (= 520)
Elongation A (Lo = 5do) %: 38 (= 30)
Impact work ISO-V KV J +20 °C: 65 (= 47)

-120 °C: (= 32)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:-
Operating Data

— re-drying: o mm amps A voltage V
t 1 possible, 150 °C /24 h 1.2 100 - 220 20-31 =
— shielding gases: 1.6 175 - 260 21-29

Argon + 15 - 25 % CO:

100 % CO:

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), slight
weaving is recommended for positional welding; when using 100 % COz2 as shielding gas it is necessary
to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min.

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1. 4571 XGCrN|MOT|17-12 21,4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S31603, S31653; AlSI 316L 316Ti, 316Cb

Approvals and Certificates

TOV-D (09118.), DB (43.014.24), OBB, LR (DXVu.0, BF, 316LS), CWB (E316LT1-1(4)), DNV,
GL (45718 (C1,M21)), SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M GMAW solid wire: EAS 4 M-IG (Si)
FOX EAS 4 M (LF) Metal cored wire: EAS 4 M-MC
FOX EAS 4 M-A GMAW flux cored wire: EAS 4 M-FD
FOX EAS 4 M-VD EAS 4 PW-FD (LF)
FOX EAS 4 M-TS  SAW combination: EAS 4 M-UP/BB 202
GTAW rod: EAS 4 M-IG
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

st BOHLER

17633-B:21 : 16L-FB1 -
YA A e o EAS 4 PW-FD (LF)
E316LT1-1 GMAW flux cored wire, high-alloyed,

chemical resistant
Description

Rutile flux cored welding wire, with controlled weld metal ferrite content (FN 3-6), particularly for
good cryogenic toughness and lateral expansion down to -196 °C like specified for LNG appli-
cations. The slag system of the wire provides excellent positional welding characteristics and
fast travel speeds.

Typical Composition of All-weld Metal
C Si Mn Cr Ni Mo
Wt-% 0.03 0.7 1.4 18.1 12.5 21

Mechanical Properties of All-weld Metal

*

u

Yield strength R N/mm? (MPa): 390 (= 350)
Tensile strength Rn N/mm? (MPa): 550 (= 520)
Elongation A (Lo = 5do) %: 40 (= 30)
Impact work ISO-V KV J +20 °C: 75 (= 47)

- 196 °C: 40 (= 32)
lateral expansion (mm) -196 °C: (=0.38)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:

Operating Data

— re-drying: o mm amps A voltage V
t 1 possible, 150 °C / 24 h 12 100-220  20-81
— shielding gases:

Argon + 15 - 25 % CO:

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), slight
weaving is recommended for positional welding; when using 100 % COz as shielding gas it is necessary
to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min.

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS $31603, S31653; AISI'316L, 316Ti, 316Cb

Approvals and Certificates

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M GMAW solid wire: EAS 4 M-1G (Si)
FOX EAS 4 M (LF) Metal cored wire: EAS 4 M-MC
FOX EAS 4 M-A GMAW flux cored wire: EAS 4 M-FD
FOX EAS 4 M-VD EAS 4 PW-FD
FOX EAS 4 M-TS ~ SAW combination: EAS 4 M-UP/BB 202
GTAW rod: EAS 4 M-IG
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: ¥1glggmggg§ BOHLER SAS 4_FD

EN ISO 17633-B:2006: TS318-FBO GMAW flux cored wire,

high-alloyed, chemical resistant

Description

Rutile, strip alloyed, flux cored welding wire for GMAW of austenitic CrNiMo (Ti/Cb) alloyed
steels preferably used in the horizontal and downhand position as well as the slightly vertical
down position (1 o'clock). This product provides high productivity and is easy to operate
achieving excellent welding characteristics, self releasing slag, almost no spatter formation and
temper discoloration, smooth weld finish and safe penetration. Increased travel speeds as well
as little demand for cieaning and pickling provide considerable savings in time and money.
Suitable for service temperatures down to -120 °C. Resists to intergranular corrosion up to
+400 °C. For positional welding (PF, PG, PE) our flux cored wire BOHLER SAS 4 PW-FD
should be preferred.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Nb
Wit-% 0.03 0.6 1.3 18.8 12.2 2.7 +

Mechanical Properties of All-weld Metal

@) u
Yield strength R. N/mm? (MPa): 430 (=390)
Tensile strength Rn N/mm? (MPa): 570 (= 550)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J + 20 °C: 65 (= 47)
0 °C: 35 (= 32)
(*) u untreated, as-welded — shleldmg gas Ar + 18 % CO:
Operating Data
~E re-drying: o mm amps A voltage V
-1 possible, 150 °C/24 h 1.2 125 - 280 20-34
Qi shielding gases: 1.6 200 - 350 25-35
Argon + 15 - 25 % CO:
© 100 % CO:
- Welding with standard GMAW-facilities possible, slightly trailing torch position
Q| (angel appr. 80 °), when using 100 % COz2 as shielding gas it is necessary to

increase the voltage by 2 V; the gas flow should be 15 - 18 I/min

Base Materials

1.4571 X6CrNiMoTi17-12-2, 1.4580 XGCrNiMoNb17 12-2, 1.4583 X1 OCerMoNb18-12,
1.4401 X5CrNiMo17-12-2, 1. 4404 X2CrNiMo17-12-2, 1. 4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4437 GX6CrNiMo18-12, 1.4409 GX2CrNiMo 19 11-2,
1.4581 GX5CrNiMoNb 19-11-2, UNS S31653, AlSI 316, 316L, 316Ti, 316Cb

Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX SAS 4 GMAW solid wire: SAS 4 -IG (Si)
FOX SAS 4 -A GMAW flux cored wire: SAS 4 PW-FD
GTAW rod: SAS 4 -IG SAW combination: SAS 4 -UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: Hg}ggmggw BOHLER
EN ISO 17633-B:2006: TS318-FB1 S AS 4 PW-FD

GMAW flux cored wire,
high-alloyed, chemical resistant

Description

Rutile, strip alloyed, flux cored welding wire with fast freezing slag providing excellent positional welding
characteristics and fast travel speeds. It is easy to use and operates with a powerful penetrating spray
arc transfer, minimum spatter formation and self releasing slag.

BOHLER SAS 4 PW-FD offers many economical and quality advantages over solid wire pulse arc
welding. High deposition rates and productivity gains are easily achievable. Additional cost effective
benefits are offered through use of less expensive shielding gases, good wetting characteristics (less
grinding), little temper discoloration and bead oxidation (less pickling expenses), easy operation and safe
penetration (reduces the risk of weld defects and associated repair work costs), and smooth and clean
weld finish (less post weld work). Due to its characteristics mainly for positional welding and service tem-
peratures between -120 °C to +400 °C. For downhand and horizontal welding positions (PA, PB, PC) our
flux cored wire SAS 4-FD should be preferred.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Nb
Wt-% 0.03 0.6 13 18.8 122 27 +

Mechanical Properties of All-weld Metal

*

u

Yield strength R N/mm? (MPa): 430 (=390)

Tensile strength Rm N/mm? (MPa): 570 (= 550)

Elongation A (Lo = 5do) %: 35 (= 30)

Impact work ISO-V KV J +20 °C: 65 (= 47)
-120 °C: 40 (= 32)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:

Operating Data

re-drying: o mm amps A voltage V
possible, 150 °C /24 h 1.2 100 - 220 20-31
shielding gases:

Argon + 15 - 25 % CO:

100 % CO:

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °),
slight weaving is recommended for positional welding; when using 100 % COz2 as shielding gas it
is necessary to increase the voltage by 2 V; the gas flow should be 15 - 18 I/min

Base Materials

1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2, 1.4583 X1 OCerMoNb18 12,

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,

1.4436 X3CrNiMo17-13-3, 1.4437 GX6CrNiMo18-12, 1.4409 GXZCerMo 19-11-2,

1.4581 GX5CrNiMoNb 19-11-2, UNS S31653, AlSI 316, 316L, 316Ti, 316Cb

Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX SAS 4 GMAW solid wire: SAS 4 -IG (Si)
FOX SAS 4 -A GMAW flux cored wire: SAS 4-FD

GTAW rod: SAS 4 -IG SAW combination: SAS 4 -UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: T%}g]gitgl&ﬂg BbHLER E 317 L_FD

T
EN ISO 17633-B:2006: TS317L-FBO . -
AWS A5.22-10: E317LT0-4 GMAW flux cored wire, high-alloyed,

E317LT0-1 chemical resistant

Description

This product achieves high productivity and is easy to operate providing excellent welding cha-
racteristics, self releasing slag, almost no spatter formation and temper discoloration, smooth
weld finish and safe penetration. Increased travel speeds as well as little demand for cleaning
and pickling provide considerably savings in time and money. It is designed for welding of cor-
rosion resistant CrNiMo-steels in the flat and horizontal position, horizontal/vertical position as
well as the slightly vertical-down position (1 o'clock). It satisfies the high demands of offshore
fabricators, shipyards building chemical tankers as well as the chemical / petrochemical, pulp
and paper industries. Suitable for service temperatures from -60 to +300 °C. The weld metal
exhibits resistance against pitting corrosion and intergranular corrosion resistance (ASTM A 262
/ Practise E) up to +300 °C. For corrosion resistant single claddings the wire should be used
under mixture gas (Argon +15 - 25 % CO2).

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo FN
Wit-% =0.035 0.7 1.3 18.8 13.1 3.4 3-8

Mechanical Properties of All-weld Metal

* u

Yi)eld strength Re N/mm? (MPa): 420 (= 350)

Tensile strength Rm N/mm? (MPa): 570 (= 550)

Elongation A (Lo = 5do) %: 32 (= 25)

Impact work ISO-V KV J +20 °C: 50 (= 47)
0 °C: 45 (= 32)

(*) u untreated, as-welded — shielding gas Argon + 18 % COz
Operating Data

re-drying: possible, 150 °C/24 h omm ampsA voltage V

shielding gases: 1.2 125-280 20 - 34
= | Argon + 15 - 25 % CO2

100 % CO2

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), when using
100 % COz2 as shielding gas it is necessary to increase the voltage by 2 V. The gas flow should be 15 - 18 I/min

Base Materials

CrNiMo-steels with higher Mo-content like grade AISI 317L or corrosion resistant claddings
on mild steels

1.4434 X2CrNiMoN18-12-4, 1.4435 X2CrNiMo18-14-3, 1.4429 X2CrNiMoN17-13-3

1.4438 X 2 CrNiMo 18-15-4

AISI 316L, 316 LN, 317LN, 317L

Approvals and Certificates

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOXE 317 L GMAW solid wire: ASN 5-1G (Si)

FOX ASN 5 GMAMW flux cored wire: E 317 L PW-FD

FOX ASN 5-A SAW combination: ASN 5-SY5UP/BB 203
GTAW rod: ASN 5-1G
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

e TR PR
17633-B:2006: TS317L-FB1 -

AWS A5.22-10: E317LT1-4 E 317 L PW FD

E317LT1-1 GMAW flux cored wire, high-alloyed,

chemical resistant

Description

E 317L PW-FD is a rutile flux cored welding wire with fast freezing slag providing excellent posi-
tional operating characteristics and fast travel speeds. It is easy to use and operates with a
powerful penetrating spray arc transfer, minimum spatter formation and self releasing slag.

It is designed for welding of corrosion resistant CrNiMo-steels and satisfies the high demands
of offshore fabricators, shipyards building chemical tankers as well as the chemical/petro-
chemical, pulp and paper industries.

Suitable for service temperatures from -60 °C to +300 °C.

The weld metal exhibits resistance against pitting corrosion and intergranular corrosion
resistance (ASTM A 262 / Practise E) up to 300 °C. For corrosion resistant single claddings the
wire should be used under mixture gas (Argon + 15-25% COz2).

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo FN
Wit-% =0.035 0.7 13 18.8 131 3.4 5-10

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 380 (= 350)
Tensile strength Rm N/mm? (MPa): 560 (= 550)
Elongation A (Lo = 5do) %: 39 (= 25)
Impact work ISO-V KV J +20 °C: 58 (= 47)
- 60 °C: 50 (= 32)

(*) u untreated, as-welded — shielding gas Argon + 18 % CO2
Operating Data

—| re-drying: possible, 150 °C/24 h omm ampsA voltage V
1 l shielding gases: 1.2 100 - 220 20 - 31
—'| Argon + 15 - 25 % CO2

100 % CO2

Preheating and post weld heat treatment is not required by the weld deposit. The interpass temperature
should be kept below 150 °C. Welding with standard GMAW-facilities possible, slightly trailing torch position
(angel appr. 80°), when using 100 % COz2 as shielding gas it is necessary to increase the voltage by 2 V. The
gas flow should be 15-18 I/min.

Base Materials

CrNiMo-steels with higher Mo-content like grade AISI 317LN or corrosion resistant claddings
on mild steels

1.4434 X2CrNiMoN18-12-4, 1.4435 X2CrNiMo18-14-3, 1.4429 X2CrNiMoN17-13-3

1.4438 X 2 CrNiMo 18-15-4

AISI 316L, 316 LN, 317LN, 317L

Approvals and Certificates
BV (317 L), LR (DXVuO, BF, 317L), CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX E 317 L GMAW solid wire: ASN 5-IG (Si)

FOX ASN 5 GMAW flux cored wire: E 317 L-FD

FOX ASN 5-A SAW combination: ASN 5SY-UP/BB 203
GTAW rod: ASN 5-1G
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: ¥§ggg“tgl&ﬂg B.OHLER CN 22/9 N_FD

EN ISO 17633-B:2006: TS2209-FBO i igh-i
AWS A5.22.10- E5509T0-4 GMAW flux cored wire, high-alloyed,

E2209T0-1 highly corrosion resistant

Description

BOHLER CN 22/9 N-FD is a rutile DUPLEX-steel flux-cored wire for GMAW of 1.4462 / S31803 steel
grades. Besides its high productivity and all the other general benefits of flux cored wire welding it offers
good wetting characteristics, easy slag release, very little temper discoloration & bead oxidation, smooth
and clean weld finish. These specific advantages help to save additional costs especially when GMAW
the Duplex steels.

The structure of the all-weld metal is austenitic-ferritic (FN 35-50). The pitting corrosion resistance fac-
tor PREN is higher than 35. The weld deposit is corrosion resistant acc. to ASTM A262-93a, practice E,
C, B and ASTM G48/method A (24h) up to 22 °C (as welded, pickled), 30 °C (solution treated, pickled).
The broad field of welding parameters for BOHLER CN 22/9 N-FD permits universal application in a very
wide range of wall thicknesses using the spray-arc transfer together with fast travel speeds which help
to control the maximum heat inputs easily.

BOHLER CN 22/9 N-FD provides outstanding welding results in the flat and horizontal position, hori-
zontal/vertical position as well as the slightly vertical-down position (1 o'clock). Service temperatures
between -40 °C and +250 °C are usable.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N PREn FN
Wit-% <0.03 0.8 0.9 227 9.0 3.2 0.13 =35 30-50

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 600 (= 450)
Tensile strength Rm N/mm? (MPa): 800 (= 690)
Elongation A (Lo = 5do) %: 27 (= 20)
Impact work ISO-V KV J +20 °C: 60 (= 47)
- 40 °C: 45 (= 32)
(*) u untreated, as-welded — shielding gas Ar + 18 % CO:z
Operating Data
[ — | re-drying: possible, 150 °C/24 h omm ampsA voltage V
1 shielding gases: 12 125-280 22-36
'—p | Argon + 15 - 25 % CO2
100 % CO2

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80°), when using
100 % CO: as shielding gas it is necessary to increase the voltage by 2 V; the gas flow should be 15-18 I/min.

Base Materials

same and similar alloyed duplex steels, as well as dissimilar joints or weld claddings
1.4462 X2CrNiMoN22-5-3, 1.4362 X2CrNiN23-4,

1.4462 X2CrNiMoN22-5-3 with 1.4583 X10CrNiMoNb18-12,

1.4462 X2CrNiMoN22-5-3 with P235GH / P265GH, S255N, P295GH, S460N, 16Mo3
UNS S31803, S32205

Approvals and Certificates

TUV-D (7133.), ABS (E 2209 T0-4), CWB (E2209T0-4), DNV (Duplex (M21)), GL (4462S (M21,C1)),
LR (X (M21)), RINA (2209S), SEPROZ, CE, DB (43.014.31)

Same Alloy Filler Metals

SMAW electrode: FOX CN 22/9 N-B GMAW solid wire: CN 22/9 N-IG
FOX CN 22/9 N GMAW flux cored wire: CN 22/9 PW-FD
GTAW rod: CN 22/9 N-IG SAW combination: CN 22/9 N-UP/BB 202
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Corrosion Resistant Filler Metals — GMAW Flux-cored Wires

EN ISO 17633-A:2006: T229 3NLP M 1
Tooorst CN ZZIE%I\-II\;_EB
EN ISO 17633-B:2006: TS2209-FB1 -
AWS A5.22-10: E2209T1-4
E2209T1-1 GMAW flux cored wire, high-alloyed,
highly corrosion resistant
Description

BOHLER CN 22/9 PW-FD is a rutile Duplex steel all-positional flux cored wire for GMAW the steel grades
1.4462 / S31803. It is suited for joint welding of similar alloyed austenitic-ferritic duplex steels as well as for
dissimilar joints and weld cladding. The weld metal is resistant against intergranular corrosion (wet corrosion
up to +250 °C). It features a good resistance against pitting (CPT ASTM G48/method A (24 h) up to 25 °C) and
stress corrosion cracking in chloride-containing fluids i.e. sea water.

BOHLER CN 22/9 PW-FD is an ideal completion of our high class range of Duplex Filler Metals. It is designed
to satisfy the high demands of offshore fabricators, shipyards building chemical tankers as well as the
chemical/petrochemical, pulp and paper industries. Service temperatures between -46 °C and +250 °C are
usable. Good wetting characteristics (less grinding), easy slag release, very little temper discoloration & bead
oxidation (less pickling expenses), and smooth and clean weld finish help to save additional costs especially
when multi-pass welding Duplex stainless steels.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo N PREx FN
Wt-% =0.03 0.8 0.9 227 9.0 3.2 0.13 =35 30-50
Mechanical Properties of All-weld Metal
* u
(Yl)eld strength Re N/mm? (| MPagJ 600 =480,
Tensile strength Rm N/mm2 (MPa): 800 = 690
Elongation A (Lo = 27 > 25
Impact work ISO- -V KV J + 20 °C: 80 = 47
0 °C: 65
- 40 °C 55

45 (= 32)
(*) u untreated, as-welded — shleldlng gas Ar+ 18 % CO:2

Operating Data

— | re-drying: possible, 150 °C/24 h omm ampsA voltage V
T 1 shielding gases: 1.2 100 - 220 20 - 31 =+
Ar g/n +05 25 % CO2

2

Welding with standard GMAW-facilities possible slightly trailing torch position (angel appr. 80 °), slight weaving
is recommended for all welding positions; when using 100 % COz2 as shielding gas it is necessary to increase
the voltage by 2 V; the gas flow should be 15 - 18 I/min.

Base Materials
same and similar alloyed duplex steels, as well as dissimilar joints or weld claddin s
1.4462 X2CrNiMoN22-5-3, 1.4362 X2CrN|N23 4, 1.4462 X2CrNiMoN22-5-3 witl

4583
X10CrNiMoNb18-12, 1.4462 X2CrNiMoN22-5-3 with P235GH / P265GH, S255N, F’295GH S460N,
16Mo3, UNS S31803, $32205

Approvals and Certificates

TUV-D (7666.), ABS (E 22 09 T1-4(1)), CWB (E2209T1-1(4)), DNV (X(M21;C1)), GL (4462S
(M21)), LR (X(M21,C1)), RINA (2209 S), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 22/9 N-B GMAW solid wire: CN 22/9 N-IG
FOX CN 22/9 N GMAW flux cored wire: CN 22/9 N-FD
GTAW rod: CN 22/9 N-IG SAW combination: CN 22/9 N-UP/BB 202
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TeiES e s, BOHLER
AWS A5.9-06: ER41ONiI\|/Ioo(mod.) CN 13/4-UP / BB 203

Sub-arc flux: SAW wire/flux-combination,
EN 760:1996: SAFB 2 DC

high-alloyed, stainless
Description

Sub-arc wire/flux combination for welding similar soft-martensitic steels like 1.4313 / CA 6 NM.
BOHLER CN 13/4-UP // BB 203 yields a weld deposit featuring very good ductility and CVN
toughness as well as high crack resistance.

BOHLER BB 2083 is a fluoride-basic, agglomerated flux providing good operating characteri-
stics, smooth beads and a low hydrogen weld metal (HD < 5 ml/100 g). For information
regarding this sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Mo
SAW solid wire % 001 065 0.7 122 4.8 0.5
All-weld metal % 0.015 0.65 0.7 1.8 4.7 0.5

Mechanical Properties of All-weld Metal

@) a

Yield strength Re N/'mm? (MPa): =600
Tensile strength Rm N/mm? (MPa): =800
Elongation A (Lo = 5do) %: = 15
Impact work ISO-V KV J +20 °C: = 50

(*) a annealed, 600 °C/2 h

Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h—-10h 3.0

—
Preheat and interpass temperatures in case of thick-walled sections +100 °C to +160 °C.
Maximum heat input 15 kJ/cm. Tempering at +580 °C to +620 °C.

Base Materials

1.4317 GX4CrNi13-4, 1.4313 X3CrNiMo13-4, 1.4407 GX5CrNiMo13-4, 1.4414
GX4CrNiMo13-4

ACI Gr. CA6 NM

Approvals and Certificates

SEPROZ, CE
SAW solid wire: SEPROZ

Same Alloy Filler Metals

SMAW electrode: FOX CN 13/4 GMAW solid wire: CN 13/4-1G
FOX CN 13/4 SUPRA Metal cored wire: CN 13/4-MC
GTAW rod: CN 13/4-1G CN 13/4-MC (F)
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SAW solid wire:
EN ISO 14343-A:2007: S Z17 Mo
W.No.: 1.4115

BOHLER
SKWAM-UP / BB 203

Sub-arc flux:
EN 760: SAFB2DC SAW wire/flux-combination
high-alloyed, stainless
Description

SAW wire/flux combination of type 17 % Cr 1 % Mo for surfacing on sealing faces of gas, water
and steam valves and fittings made from unalloyed or low-alloy steels, for service temperatu-
res up to +450 °C. Excellent anti-friction properties. The weld deposit is still machinable.
Scaling resistant up to +900 °C. BOHLER BB 203 produces well contoured and smooth
welding beads. It offers an especially low flux consumption. Beside a good slag detachability
the flux features good fillet weld capabilities. For information regarding this sub-arc welding flux
see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo Ni
SAW wire Wt-% 0.20 0.65 0.55 17.0 1.1 0.4
All-weld metal % 0.15 0.65 0.55 16.5 1.1 0.4

Mechanical Properties of All-weld Metal

*

() u a
Brinell-hardness HB: 320-420 200

(*) u untreated, as-welded
a annealed, 720 °C/2 h

Operating Data

re-drying of sub-arc flux: o mm
300-350 °C/2-10 h 3.2 +

Base Materials

surfacings: all weldable backing materials, unalloyed and low-alloyed.
joint welds: corrosion resistant Cr-steels as well as other similar-alloyed steels with C-contents
up to 0.20 % (repair welding). Be careful with dilution and welding technology.

Approvals and Certificates

TUV-D (90949. for service temperatures up to +350 °C)
Flux: CE

Same Alloy Filler Metals

SMAW electrode: FOX SKWAM
GMAW solid wire: SKWAM-IG
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T ey sue BOHLER
AWS A5.9-06:  ERB0SL EAS 2-UP /BB 202
Sub-arc flux: SAW wire/flux-combination,
EN 760:1996: SAFB2DC high-alloyed, chemical resistant
Description

SAW-wire/flux combination for multi-pass welding of stainless steel grades like 1.4306 / 304L.
Smooth beads, easy slag removal without any slag residues and good welding characteristics
even for fillet welds are very much appreciated by users.

Suited for service temperatures from -196 °C to +350 °C.

BOHLER BB 202 is a fluoride-basic agglomerated flux providing a low flux consumption and a
low hydrogen weld metal. For information regarding this sub-arc welding flux see our detailed
data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni
SAW solid wire % =0.02 045 1.8 200 9.8
All-weld metal % =0.02 055 1.3 195 9.8

Mechanical Properties of All-weld Metal

) u
Yield strength Re N/mm? (MPa): =350
Tensile strength Rm N/mm? (MPa): =550
Elongation A (Lo = 5do) %: = 35
Impact work ISO-V KV J +20 °C: = 80
- 50 °C: = 60

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: 2 mm
300-350°C, 2h-10h 3.0

—

Base Materials

1.4306 X2CrNi19-11, 1.4301 X5CrNi18-10, 1.4311 X2CrNiN18-10, 1.4312 GX10CrNi18-8,
1.4541 X6CrNiTi18-10, 1.4546 X5CrNiNb18-10, 1.4550 X6CrNiNb18-10

AISI 304, 304L, 304LN, 302, 321, 347; ASTM A157 Gr. C9; A320 Gr. B8C or D

Approvals and Certificates

TUOV-D (7509.), TUV-D (9170. together with BB 203), .
SAW solid wire: TUV-D (2604.), KTA 1408.1 (942025.01), DB (52014.11), TUV-A (392),
SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 2 GMAW solid wire: EAS 2-1G (Si)
FOX EAS 2-A Metal cored wire: EAS 2-MC
FOX EAS 2-VD GMAW flux cored wire:  EAS 2-FD

GTAW rod: EAS 2-1G EAS 2 PW-FD

EAS 2 PW-FD (LF)
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Ty e D eh 200
AWS A5.9.06:  ERa47 SAS 2-UP /BB 202

Sub-arc flux: SAW wire/flux-combination,
EN 760:1996: SAFB 2 DC

high-alloyed, chemical resistant
Description

SAW wire/flux-combination for multi-pass welding of stainless steel grades like 1.4541 / 347.
Smooth beads, easy slag removal without any slag residues and good welding characteristics
even for fillet welds are very much appreciated by users.

Suited for service temperatures from -196 °C to +400 °C. BOHLER BB 202 is a fluoride-basic
agglomerated flux providing a low flux consumption and a low hydrogen weld metal.

For information regarding this sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Nb
SAW solid wire % 0.050 0.5 1.8 195 95 0.65
All-weld metal %  0.048 0.6 13 190 95 0.55

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): =420
Tensile strength Rm N/mm? (MPa): =600
Elongation A (Lo = 5do) %: = 30
Impact work ISO-V KV J +20°C: = 80
-50°C: = 70

-100°C: = 50

-196°C: = 35

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h—-10h 3.0

T

—-

Base Materials

1.4550 X6CrNiNb18-10, 1.4541 X6CrNiTi18-10, 1.4552 GX5CrNiNb19-11,
1.4301 X5CrNi18-10,
1.4312 GX10CrNi18-8, 1.4546 X5CrNiNb18-10, 1.4311 X2CrNiN18-10, 1.4306 X2CrNi19-11

AISI 347, 321, 302, 304, 304L, 304LN; ASTM A296 Gr. CF 8 C; A157 Gr. C9;
A320 Gr. B8C or D
Approvals and Certificates

TOV-D (7510.), TUV-A (428), TUV-D (9172. together with BB 203),
SAW solid wire: TUV-D (2604.), KTA 1408.1 (942025.01), DB (52.014.02), OBB,
TUV-A (392), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX SAS 2 GMAW solid wire: SAS 2-1G (Si)
FOX SAS 2-A GMAW flux cored wire:  SAS 2-FD
GTAW rod: SAS 2-IG SAS 2 PW-FD
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TRy s D eh 200
AWS A5.9.06:  ER316L EAS 4 M-UP / BB 202

Sub-arc flux: SAW wire/flux-combination,
EN 760:1996: SAFB 2 DC

high-alloyed, chemical resistant

Description

SAW wire/flux-combination for multi-pass welding of stainless steel grades like 1.4435 / 316L.
Smooth beads, easy slag removal without any slag residues and good welding characteristics
even for fillet welds are very much appreciated by users.
Suited for service temperatures from -120 °C to +400 °C.
BOHLER BB 202 is a fluoride-basic agglomerated flux providing a low flux consumption and a
low hydrogen weld metal. For information regarding this sub-arc welding flux see our detailed

data sheet.

Typical Composition of Solid Wire and All-weld Metal
C Si Mn Cr Ni Mo

SAW solid wire % =0.02 050 1.7 185 122 28

All-weld metal % 0.02 0.60 1.2 18.0 12.2 2.8

Mechanical Properties of All-weld Metal

* u
Yield strength Re N/mm? (MPa): =350
Tensile strength Rm N/mm? (MPa): =560
Elongation A (Lo = 5do) %: = 35
Impact work ISO-V KV J +20°C: = 80
-50°C: = 60
-100°C: = 50
-120 ° 2
(*) u untreated, as-welded 0°C =3
Operating Data
re-drying of sub-arc flux: 2 mm
300-350°C,2h-10h 3.0
=]

Base Materials

1.4401 X5CrNiMo17-12-2, 1.4404 X2CrNiMo17-12-2, 1.4435 X2CrNiMo18-14-3,
1.4436 X3CrNiMo17-13-3, 1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2,
1.4583 X10CrNiMoNb18-12, 1.4409 GX2CrNiMo 19-11-2

UNS S$31603, S31653; AISI 316L, 316Ti, 316Cb

Approvals and Certificates

TUV-D (7508.), TUV-D (9175 together with BB 203), .
SAW solid wire: TUV-D (2604.), KTA 1408.1 (942025.01), DB (52.014.13), OBB,
TUV-A (392), SEPROZ, CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOX EAS 4 M GMAW solid wire: EAS 4 M-IG (Si)
FOX EAS 4 M (LF) Metal cored wire: EAS 4 M-MC
FOX EAS 4 M-A GMAW flux cored wire: EAS 4 M-FD
FOX EAS 4 M-VD EAS 4 PW-FD
FOX EAS 4 M-TS EAS 4 PW-FD (LF)
GTAW rod: EAS 4 M-IG
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SAWEE°E§8‘”¥§E343-SZZOO7Z 3819 123 Nb BOH LER

14343-B:2007: 318 -

o, AN AS e oo SAS 4-UP /BB 202
u E{\f 7&’)‘:‘1 996: SAFB 2DC SAW wire/flux-combination,

high-alloyed, chemical resistant
Description

SAW wire/flux-combination for multi-pass welding of stainless steel grades like 1.4571 / 316Ti.
Smooth beads, easy slag removal without any slag residues and good welding characteristics
even for fillet welds are very much appreciated by users.

Suited for service temperatures from -120 °C to +400 °C. BOHLER BB 202 is a fluoride-basic
agglomerated flux providing a low flux consumption and a low hydrogen weld metal.

For information regarding the sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Mo Nb
SAW solid wire % 0.035 0.5 1.7 195 114 28 0.65
All-weld metal % 0.03 0.6 1.2 180 114 28 0.55

Mechanical Properties of All-weld Metal

* u
Yield strength Re N/mm? (MPa): =430
Tensile strength Rm N/mm? (MPa): =600
Elongation A (Lo = 5do) %: = 30
Impact work ISO-V KV J +20°C: = 80
-50°C: = 70
-120°C: = 32

(*) u untreated, as-welded

Operating Data
re-drying of sub-arc flux: 2 mm
300-350°C,2h-10h 3.0
—

Base Materials

1.4571 X6CrNiMoTi17-12-2, 1.4580 X6CrNiMoNb17-12-2, 1.4401 X5CrNiMo17-12-2,
1.4581 GX5CrNiMoNb19-11-2, 1.4437 GX6CrNiMo18-12, 1.4583 X10CrNiMoNb18-12,
1.4436 X3CrNiMo17-13-3

AISI 316L, 316Ti, 316Cb

Approvals and Certificates

TOV-D (7511.), TUV-A (429), TUV-D (9171. with BB 203),
SAW solid wire: TUV-D (2604.), KTA 1408.1 (942025.01), DB (52.014.12), OBB,
TUV-A (392), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX SAS 4 GMAW solid wire: SAS 4-1G (Si)
FOX SAS 4-A GMAMW flux cored wire: SAS 4-FD
GTAW rod: SAS 4-1G SAS 4 PW-FD
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SAW solid wire:
AWS A5.9-06: ER317L

BOHLER
Sub-aro flux: ASN 5 SY-UP /BB 203 SY

EN 760:1996: SAFB 2 DC
SAW wire/flux-combination

high-alloyed, highly corrosion resistant
Description

Sub-arc wire/flux combination for CrNiMo steels. It satisfies the high demands of offshore fabri-
cators, shipyards building chemical tankers as well as the chemical/petrochemical, pulp and
paper industries. Suitable for service temperatures from -60 °C to +300 °C. The weld metal
exhibits resistance against pitting corrosion and intergranular corrosion resistance (ASTM
A 262 / Practice E) up to 300 °C. BOHLER BB 203 SY is a fluoride-basic agglomerated flux
providing a low flux consumption.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Mo FN
SAW wire Wt-% =0.03 0.50 1.6 19.0 135 3.6
All-weld metal % <0.03 0.60 1.2 185 134 3.5 412

Mechanical Properties of All-weld Metal

u
Yield strength R. N/mm? (MPa): 410 (=350)
Tensile strength Rm N/mm? (MPa): 590 (= 550)
Elongation A (Lo=5do) %: 29 (=25)
Impact work ISO-V KV J +20 °C: 58 (=47)

-60 °C: 50 (=32)

u untreated, as welded
Operating Data

re-drying of sub-arc flux: o mm
300-350 °C / min. 2, max. 10 h 3.0
— 4.0

Preheating and post weld heat treatment is not required by the
weld deposit. The interpass temperature should be kept below 150 °C.

Base Materials

CrNiMo-steels with higher Mo-content like grade AISI 317L or corrosion resistant claddings
on mild steels

1.4434 X2CrNiMoN18-12-4, 1.4435 X2CrNiMo18-14-3, 1.4429 X2CrNiMoN17-13-3

1.4438 X 2 CrNiMo 18-15-4

AISI 316L, 316 LN, 317LN, 317L

Approvals and Certificates
BV (317 L), LR (D, BF 317L)
Flux: CE

Same Alloy / Similar Alloy Filler Metals

SMAW electrode: FOXE 317 L
GMAW flux cored wire: E 317 L PW-FD
E317 L-FD
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SAWESNOLg(;“‘]riS43 A:2007: S Z18 16 5 NL BOH LER
Subarg im0 ERS17L (mod.) ASN 5-UP /BB 203
EN 760:1996: SAFB2DC SAW wire/flux-combination,

high-alloyed, highly corrosion resistant

Description

Sub-arc wire/flux combination for CrNiMo steels containing 3-4 % Mo e.g. 1.4438 / 317L.

The weld metal shows a stable austenitic microstructure with good pitting resistance (PREN > 33)
and crevice corrosion resistance as well as an excellent toughness behaviour down to -196 °C.
BOHLER BB 203 is a fluoride-basic agglomerated flux providing good operating characteri-
stics, smooth beads and a low-hydrogen weld metal. For information regarding the sub-arc
welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Mo N PREN
SAW solid wire % =0.02 0.3 5.2 190 172 43 0.17 34.6
All-weld metal % =<0.02 04 4.5 185 172 43 0.15 33.9

Mechanical Properties of All-weld Metal
) u

Yield strength Re N/mm? (MPa): =420
Tensile strength Rm N/mm? (MPa): =630
Elongation A (Lo = 5do) %: = 35
Impact work ISO-V KV J +20°C: =120
-50°C: =100

-100°C: = 80

-196°C: = 40

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o mm
300-350 °C,2h-10 h 3.0
—

Base Materials

1.4436 X3CrNiMo17-13-3, 1.4439 X2CrNiMoN17-13-5, 1.4429 X2CrNiMoN17-13-3,
1.4438 X2CrNiMo18-15-4, 1.4583 X10CrNiMoNb18-12

AISI 316Cb, 316L, 317LN, 317L; UNS S31726

Approvals and Certificates
CE

Same Alloy / Similar Alloys Filler Metals

SMAW electrode: FOX ASN 5 GMAW solid wire: ASN 5-1G (Si)
FOX ASN 5-A GMAW flux cored wire: E 317L-FD*
GTAW rod: ASN 5-1G E 317L PW-FD*

* for similar alloyed base metals only, not fully austenitic.
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T ey gmaen B nLER
14343-B:2007: 09 -

Ty e Soo208 CN 22/9 N-UP / BB 202

Sub-are ;'é%‘ 1996: SAFB2DGC SAW wire/flux-combination,

high-alloyed, highly corrosion resistant
Description

Sub-arc wire/flux combination for welding the Duplex stainless steels 1.4462 / S31803.
Smooth beads, easy slag removal without any slag residues and good welding characteristics
even for fillet welds are very much appreciated by users.

Suitable for service temperatures from -40 °C to +250 °C. The pitting index PREN is > 35.
BOHLER BB 202 is a fluoride-basic agglomerated flux. For CVN requirements lower than -40 °C
we recommend our flux BOHLER BB 203. For information regarding the sub-arc welding fluxes
BOHLER BB 202 and BB 203 see our detailed data sheets.

Typical Composition of Solid Wire and All-weld Metal

Si Mn Cr Ni Mo N PREN
SAW solid wire % =0.015 0.4 1.6 228 8.8 3.2 0.15 36.0
All-weld metal % 0.013 0.5 1.1 225 8.8 3.2 0.14 35.0

Mechanical Properties of All-weld Metal

) u
Yield strength Re N/mm? (MPa): =550
Tensile strength Rm N/mm? (MPa): =750
Elongation A (Lo = 5do) %: = 27
Impact work ISO-V KV J +20 °C: =100

- 40 °C: = 32

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o mm
300-350°C,2h-10h 3.0 =i

—-

Base Materials

same-alloyed duplex stainless steels, as well as similar-alloyed, ferritic-austenitic steels with
higher tensile strength

1.4462 X2CrNiMoN22-5-3, 1.4362 X2CrNiN23-4,
1.4462 X2CrNiMoN22-5-3 with 1.4583 X10CrNiMoNb18-12
or other stainless steel grades

UNS S31803, S32205

Approvals and Certificates

TOV-D (7507.), TUV-A (339), ABS (ER 2209), DNV (X), GL (4462 TM), LR (X), (TUV-D with
BB203 9173.), CE

Same Alloy Filler Metals

SMAW electrode: FOX CN 22/9 N-B GMAW solid wire: CN 22/9 N-IG
FOX CN 22/9 N GMAMW flux cored wire: CN 22/9 PW-FD
GTAW rod: CN 22/9 N-IG CN 22/9 N-FD

2-265



Notes

2-266



www.boehler-welding.com

Product Information

2.7 Filler metals
for Dissimilar Joints
and Special Applications

& Objectives
The materials used for welding engineering appear vast, confusing and com-
plicated if one takes into consideration all the dissimilar weld joints that are
possible between the most varied types of steel. It is practically impossible
to record every individual combination of materials. Since this is the case,
the queries received by our welding technicians help line very often refer to
the practical problems surrounding welding of dissimilar joints.
The choice of filler metal must be emphasised as a crucial criterion. This
choice must be made so that where possible the weld metal generated is not
too hard, brittle and susceptible to cracks allowing for dilution with the diffe-
rent parent metals.
As a consequence of this, later sections of this manual set out general gro-
und rules containing tips, recommendations and precautionary measures in
the form of broad guidelines which are to be considered when choosing fil-
ler metals and creating a welding technology. However, ground rules such as
these may only be deemed as of value if they can be implemented in prac-
tice with sufficient expertise and basic knowledge of metallurgy.
This section describes filler metals that may be used for many different dis-
similar welds or in the welding of problem steels.

¢ Contents
OVERVIEW .ttt e e e e 267
SMAW COVERED ELECTRODES .......c.tieiiieaannn.. 270
GTAW RODS ...ttt e e e e 280
GMAW SOLIDWIRES . ...ttt e ittt e 283
GMAW METAL CORED AND FLUX-COREDWIRES . .............. 286
SAW WIRE/FLUX-COMBINATIONS ... ...t 294
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Dissimilar welds and special applications

¢ Overview — Standard Classifications

www.boehler-welding.com

Bohler EN/EN ISO AWS

SMAW covered electrodes

FOXA7 1600: E188MnB22 A5.4-06: E307-15 (mod.)

FOXA7-A 1600: EZ189MnMoR32 A5.4-06: E307-16 (mod.)

FOX CN 19/9 M 1600: E20103R32 A5.4-06: E308Mo-17 (mod.)

FOX CN 23/12-A 1600: E2312LR32 A5.4-06: E309L-17

FOX CN 23/12 Mo-A  1600: E23122LR32 A5.4-06: E309LMo-17

FOX CN 24/13 1600: E2312B22 A5.4-06: E309L-15

FOX CN 24/13 Nb 1600: E2312NbB22 A5.4-06: E309Nb-15

FOX CN 29/9 1600: E299R12 A5.4-06: E312-16 (mod.)

FOX CN 29/9-A 1600: E299R32 A5.4-06: E312-17

FOX RDA

GTAW rods

A7CN-IG 14343-A: W 18 8 Mn A5.9-06: ER307 (mod.)

CN 19/9 M-IG 14343-A: W 20103 A5.9-06: ER308Mo (mod.)

CN 23/121G 14343-A: W23 12L A5.9-06: ER309L

GMAW solid wires

A7-G 14343-A: G 188 Mn A5.9-06: ER307 (mod.)

CN 19/9 M-IG 14343-A: G20103 A5.9-06: ER308Mo (mod.)

CN 23/121G 14343-A: G2312L A5.9-06: ER309L

GMAW metal cored and flux-cored wires

A 7-MC 17633-A: T 18 8 Mn MM1 A5.9-06: EC307 (mod.)

CN 23/12-MC 17633-A: T 2312 L MM1 A5.9-06: EC309L

A 7-FD 17633-A: T188MnRM3 A5.22-10: E307T0-G
T188MnRC3

A7 PW-FD 17633-A: T188MnP M2 A5.22-10: E307T1-G
T188MnPC2

CN 23/12-FD 17633-A: T2312LRM3 A5.22-10: E309LTO-4
T2312LRC3 E309LTO-1

CN 23/12 PW-FD 17633-A: T2312LPM1 A5.22-10: E309LT1-4
T2312LPC1 E309LT1-1

CN 23/12 Mo-FD 17633-A: T23122LRM3 A5.22-10: E309LMoT0-4
T23122LRC3 E309LMoTO-1

CN 23/12 Mo PW-FD  17633-A: T23122LPM1 A5.22-10: E309LMoT1-4
T23122LPC1 E309LMoT1-1

SAW wire/flux-combinations

A7 CN-UP 14343-A: S 188 Mn A5.9-06: ER307 (mod.)

A7CN-UP/BB 203  14343-A7760: S 18 8 Mn / SAFB 2 ER307 (mod.)

CN 23/12-UP 14343-A: S2312L A5.9-06: ER309L

CN 23/12-UP/BB 202  14343-A760: S 23 12 L/ SAFB 2 ER309L
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Dissimilar welds and special applications

@ Overview — Typical Chemical Composition

Bohler | ¢ Si | Mn | cr | Ni | Mo | Nb
SMAW covered electrodes

FOXA7 0.10 0.7 6.5 18.8 8.8 -
FOXA7-A 0.10 1.5 4.0 19.5 8.5 0.7
FOXCN19/9 M 0.04 0.8 1.0 20.2 10.3 3.2

FOX CN 23/12-A 0.02 0.7 0.8 23.2 12.5 -

FOX CN 23/12 Mo-A 0.02 0.7 0.8 23.0 125 2.7

FOX CN 24/13 0.03 0.3 1.3 23.8 12.0

FOX CN 24/13 Nb 0.03 0.4 1.0 24.2 125 - 0.85
FOX CN 29/9 0.11 1.0 0.7 29.0 10.2

FOX CN 29/9-A 0.11 0.9 0.7 28.8 9.5

FOX RDA - - - - - -

GTAW rods

A7 CN-IG 0.08 0.8 7.0 19.2 9.0

CN 19/9 M-IG 0.06 0.7 1.3 20.0 10.0 3.3

CN 23/12-1G <0.02 0.5 1.7 24.0 13.2

GMAW solid wires

AT7-G 0.08 0.9 7.0 19.2 9.0
CN 19/9 M-IG 0.06 0.7 1.3 20.0 10.0 3.3
CN 23/12-1G <0.02 0.5 1.7 24.0 13.2

GMAW metal cored and flux-cored wires

A7-MC 0.1 0.6 6.3 18.8 9.2
CN 23/12-MC <0.03 0.6 1.4 23.0 125
A 7-FD 0.1 0.7 6.5 18.5 8.8
A7 PW-FD 0.1 0.8 7.0 18.8 9.0
CN 23/12-FD 0.03 0.7 1.4 23.0 125
CN 23/12 PW-FD 0.03 0.7 1.4 23.0 125
CN 23/12 Mo-FD 0.03 0.6 1.4 23.0 125 2.7
CN 23/12 Mo PW-FD 0.03 0.7 1.4 23.0 125 2.7

SAW wire/flux-combinations

A7 CN-UP 0.08 0.9 7.0 19.2 9.0
A 7 CN-UP/BB 203 0.06 0.8 6.0 18.7 9.0
CN 23/12-UP <0.02 0.5 1.8 24.0 18.2
CN 23/12-UP/BB 202 | 0.015 0.6 1.3 23.5 18.2
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes
EN 1600:1997: E 18 8 MnB 22 A
AWS A5.4-06: E307-15 (mod.) BF%F)I(LAEI;

SMAW basic electrode, high-alloyed,
special applications

Description

Basic electrode, for joint welding of dissimilar joints, problem steels and for repair and mainte-
nance. Very popular electrode for numerous applications. The weld metal offers exceptionally
high ductility and elongation together with outstanding crack resistance. There is no fear of
embrittlement when operating down to service temperatures of -110 °C or above +500 °C. The
scaling resistance goes up to +850 °C. When working at service temperatures above +650 °C
please contact the supplier. The weld metal can be post weld heat treated without any pro-
blems. The deposit will work harden and offers good resistance against cavitation. Ductility is
good even after high dilution when welding problem steels or when subjected to thermal shock
or scaling. An excellent alloy providing cost effective performance.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wt-% 0.1 0.7 6.5 18.8 8.8

Mechanical Properties of All-weld Metal

* u
Yield strength Re N/mm? (MPa): 460 (=390)
Tensile strength Rm N/mm? (MPa): 660 (= 620)
Elongation A (Lo = 5do) %: 38 (= 35)
Impact work ISO-V KV J +20 °C: 90 (= 80)
-110 °C: (= 32)
(*) u untreated, as-welded
Operating Data
" re-drying if necessary: 2 mm Lmm ampsA
T 120 - 200 °C, min. 2 h 25 300 55- 75 | =4
— electrode identification: 3.2 350 80 - 100
FOXA7E188Mn B 4.0 350 100 - 130
5.0 450 140 - 170
6.0 450 160 - 200

Preheating and interpass temperature as required by the base metal.

Base Materials

For fabrication, repair and maintenance!

Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese
steels, 13 - 17 % chromium heat resistant steels up to +850 °C, armour plates, high carbon
and quenched & tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates
TUV-D (06786.), DNV (E 18 8 MnB), GL (4370), LTSS, VUZ, PRS (4370), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOXA7-A Metal cored wire: A 7-MC
GTAW rod: A7 CN-IG MAW flux cored wire: A 7-FD,JA 7 PW-FD
GMAW solid wire: A7-1G AW combination: s N- 0
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes
EN 1600:1997: E Z18 9 MnMo R 3 2 °
AWS A5.4-06:  E307-16 (mod.) BOHLER FOX A 7-A
SMAW rutile basic electrode, high-alloyed,
special applications

Description

Rutile basic electrode, for joint welding of dissimilar joints, problem steels and for repair and
maintenance. Very popular electrode for numerous applications. The weld metal offers excep-
tionally high ductility and elongation together with outstanding crack resistance. There is no fear
of embrittlement when operating down to service temperatures of -100 °C or above +500 °C.
The scaling resistance goes up to +850 °C. When working at service temperatures above
+650 °C please contact the supplier. The weld metal can be post weld heat treated without any
problems. The deposit will work harden and offers good resistance against cavitation. Ductility
is good even after high dilution when welding problem steels or when subjected to thermal
shock or scaling. An excellent alloy providing cost effective performance. BOHLER FOX A 7-A
is suitable for both AC and DC.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% 0.10 1.5 4.0 19.5 8.5 0.7

Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/mm? (MPa): 520 (=390)
Tensile strength Rm N/mm? (MPa): 720 (= 620)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 75 (= 47)
- 100 °C: (= 32)
(*) u untreated, as-welded
Operating Data
— re-drying if necessary: o mm Lmm ampsA =+
T 120 - 200 °C, min. 2 h 350 60 - 80
— electrode identification: 350 80 - 110

350 110 - 140
450  140-170
Preheating and interpass temperature as required by the base metal.

Base Materials
For fabrication, repair and maintenance!
Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese

steels, 13 - 17 % chromium heat resistant steels up to +850 °C, armour plates, high carbon
and quenched & tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates
TUV-D (09101.), SEPROZ, NAKS, CE

2.5
3.2
FOXA7-AEZ18 9 MnMo R 4.0

5.0

Same Alloy Filler Metals

SMAW electrode: FOXA7 Metal cored wire: AZ-M
GTAW rod: A7 CN-IG GMAW flux cored wire: A 7-FDJ|A 7 PW-FD;
GMAW solid wire: A7-1G SAW combination: A7 CN-UP/BB203
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes
EN 1600:1997: E20 103 R 3 2 ®
AwsAs406. Eaoemorrmesy ~BOHLER FOX CN 19/9 M
SMAW rutile electrode, high-alloyed,
special applications

Description

Rutile electrode of type E 20 10 3 / 308Mo. This electrode is designed for dissimilar joints and
weld cladding.

BOHLER FOX CN 19/9 M offers a lower chromium and ferrite content than a 309MoL weld
deposit with the result that carbon diffusion and Cr-carbide formation is reduced after post weld
hegt treatment and lower ferrite contents can be achieved in the second layer of 316L
surfacing.

Suitable for service temperatures from -80 °C to +300 °C. Safety against formation of porosity
due to the moisture resistant coating.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% 0.04 0.8 1.0 20.2 10.3 3.2

Mechanical Properties of All-weld Metal

* u
Yield strength Re N/mm? (MPa): 520 (= 450)
Tensile strength Rm N/mm? (MPa): 700 (= 650)
Elongation A (Lo = 5do) %: 30 (= 25)
Impact work ISO-V KV J +20 °C: 70 (= 55)
- 80 °C: (= 32)
(*) u untreated, as-welded
Operating Data
re-drying if necessary: o mm Lmm ampsA
T 250 - 300 °C, min. 2 h 25 250 50- 85
— electrode identification: 3.2 350 75-115
FOXCN199ME20103R 4.0 350 110 - 160

5.0 450 160 - 200
Preheating and interpass temperature as required by the base metal.
Base Materials

high-strength, mild steels and low-alloyed constructional steels, QT-steels and armour plates
among themselves or among each other; non-alloy as well as alloyed boiler or constructional
steels with high-alloy stainless Cr- and Cr-Ni-steels; austenitic manganese steels similar and
dissimilar.

Approvals and Certificates

TUV-D (1086.), DB (30.014.03), OBB, ABS (Cr18/20, Nig/10Mo), GL (4431),
LR (V4-P12), SEPROZ, CE

Same Alloy Filler Metals
GTAW rod: CN 19/9 M-IG GMAW solid wire: CN 19/9 M-IG
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes

Enicosrezzncz . BOHLER FOX CN 23/12-A
SMAW rutile electrode, high-alloyed,
special applications

Description

Rutile electrode of type E 23 12 L/ 309L providing increased delta ferrite contents (FN ~17) in
the weld deposit for safe and crack resistant dissimilar joint welds and surfacing. BOHLER FOX
CN 23/12-A'is noted for its superior welding characteristics and metallurgy. It can be used on
AC and DC. Other advantages include high current carrying capacity, minimum spatter forma-
tion, self releasing slag, smooth and clean weld profile, safety against formation of porosity due
to the moisture resistant coating and its packaging into hermetically sealed tins. Operating tem-
perature from -60 °C to +300 °C and for weld surfacing up to +400 °C.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wt-% 0.02 0.7 0.8 23.2 125

Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/mm? (MPa): 440 = 400)

Tensile strength Rm N/mm? (MPa): 570 = 550)

Elongation A (Lo = 5do) %: 40 (= 30)

Impact work ISO-V KV J +20 °C: 60 (= 47)
- 60 °C: (= 32)

(*) u untreated, as-welded

Operating Data

— re-drying if necessary: o mm Lmm ampsA =+
T 250 - 300 °C, min. 2 h 25 350 60- 80 |~
— electrode identification: 3.2 350 80-110 | N
FOX CN 23/12-A 309L-17E2312LR 4.0 350 110 - 140
5.0 450 140 - 180
Preheating and interpass temperature as required by the base metal.

Base Materials

dissimilar joint welds: of and between high-strength, mild steels and low-alloyed QT-steels,
stainless, ferritic Cr- and austenitic Cr-Ni- steels, manganese steels

surfacing: for the first layer of corrosion resistant weld surfacing on ferritic-perlitic steels in boi-
ler and pressure vessel parts up to fine-grained steel S500N, as well as of high temperature
steels like 22NiMoCr4-7 acc. SEW-Werkstoffblatt 365, 366, 20MnMoNi5-5 and g18NiMOCr3-7

Approvals and Certificates

TUV-D (1771.), DB (30.014.08), OBB, TUV-A (130), ABS (E 309L-17), BV (UP),
DNV (NV 309 L), GL (4332), LR (DXV u. 0, CMnSS), VUZ, SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12 Mo-A GMAW flux cored wire: CN 23/12-FD

GTAW rod: CN 23/12-1G CN 23/12 PW-FD
GMAW solid wire: CN 23/12-1G CN 23/12 Mo-FD
Metal cored wire: CN 23/12-MC CN 23/12 Mo PW-FD

SAW combination: CN 23/12-UP/BB 202
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes
RS A5 408 ES00LMTT - BOHLER
FOX CN 23/12 Mo-A

SMAW rutile electrode, high-alloyed,
special applications

Description

Rutile electrode of type E 23 12 2 L / 309MoL providing increased delta ferrite contents
(FN ~20) in the weld deposit for safe and crack resistant dissimilar joint welds as well as
surfacing or root passes of clad steel. BOHLER FOX CN 23/12 Mo-A is noted for its superior
welding characteristics and metallurgy. It can be used on AC and DC. Other advantages
include high current carrying capacity, minimum spatter formation, self releasing slag, smooth
and clean weld profile, safety against formation of porosity due to the moisture resistant
coating and its packaging into hermetically sealed tins.

Operating temperature from -10 °C to +300 °C and for weld surfacing (1¢ layer) up to +400 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wit-% 0.02 0.7 0.8 23.0 12,5 2.7
Mechanical Properties of All-weld Metal
™) u (acc. to EN) u (acc. to AWS)
Yield strength Re N/mm? (MPa): 580 (=490)
Tensile strength Rm N/mm? (MPa): 720 (=630) =520
Elongation A (Lo = 5do) %: 27 (= 25) = 30
Impact work ISO-V KV J +20 °C: 55 (= 47

-20°C: 45 (= 32

(*) u untreated, as-welded

Operating Data

re-drying if necessary: o mm L mm

! 250 - 300 °C, min. 2 h 2.0 300
— 25 350
electrode identification: 3.2 350
FOX CN 23/12 Mo-AE23122LR 48 350

5, 50

Preheating and interpass temperature as required by the base metal.
Base Materials

dissimilar joint welds:

mild steels and low-alloyed constructional and QT-steels among themselves or among each
other; unalloyed as well as low-alloyed boiler or constructional steels with stainless Cr-, CrNi-
and CrNiMo-steels; ferritic-austenitic joint welds in boiler and pressure vessel parts.

weld surfacing: for the first layer of corrosion resistant surfacing on P235GH, P265GH, S255N,
P295GH, S355N - S500N; for the first layer of corrosion resistant weld surfacing on high tem-
perature quenched and tempered fine-grained steels acc. AD-Merkblatt HPO, class 3.

Approvals and Certificates

TOV-D (1362.), TUV-A (34), ABS (E 309 Mo), RINA (309Mo), DNV (309MoL), LR (DXV u. 0,
CMnSS), BV (309 Mo), LTSS, VUZ, SEPROZ, CE, NAKS

Same Alloy/Similar Alloy Filler Metals
SMAW electrode: FOX CN 23/12-A GMAW flux cored wire: CN 23/12-FD

GTAW rod: CN 23/12-1G CN 23/12 PW-FD
GMAW solid wire: CN 23/12-1G CN 23/12 Mo-FD
Metal cored wire: CN 23/12-MC CN 23/12 Mo PW-FD

SAW combination: CN 23/12-UP/BB 202
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes

RWSReA0s  Edoela5P2? BOHLER
FOX CN 24/13
SMAW basic electrode for special applications

Description

Basic electrode with controlled alloying elements to meet the metallurgical requirements of
buffer layers. Stringer bead technique is recommended. Normally used in combination with
different corrosion resistant surfacing, depending on the base material also with an additional
PWHT. For service temperatures up to +400 °C.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wt-% 0.03 0.3 1.3 23.8 12.0

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): 430 (= 320)

Tensile strength Rm N/mm? (MPa): 570 (=520)

Elongation A (Lo=5do) %: 35 (= 30)

Impact work 1SO-V KV J +20 °C: 85 (= 47)

(*) u untreated, as-welded

Operating Data
[— ] re-drying: if necessary: o mm L mm amps A
T 300-350 °C, min. 2 h 3.2 350 95-115

— 4.0 350 120-145

electrode identification:
FOX CN 24/13309 L-15E2312L B

Preheating and interpass temperature acc. the base materials.

Base Materials

For buffer layers on weldable unalloyed, high tensile, high temperature
or alloyed base metals.

Approvals and Certificates
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes

RNSREA08  Edoenpns D2? BOHLER
FOX CN 24/13 Nb
SMAW basic electrode for special applications

Description

Basic electrode with controlled alloying elements to meet the metallurgical requirements of
buffer layers. Excellent welding properties, stable arc, well detaching slag without residuals.
Stringer bead technique is recommended. Normally used in combination with different
corrosion resistant surfacing, depending on the base material also with an additional PWHT.
For service temperatures up to +400 °C.

Typical Chemical Composition of All-weld Metal
c Si Mn Cr Ni Nb
Wit-% 0.03 0.4 1.0 24.2 12.5 0.85

Mechanical Properties of All-weld Metal

*

u
Yield strength R. N/mm? (MPa): 505  (=350)
Tensile strength Rm N/mm? (MPa): 690 (=550)
Elongation A (Lo=5do) %: 25 (= 22)
Impact work ISO-V KV J +20 °C: 95 (= 47)
-10 °C: 85

(*) u untreated, as-welded

Operating Data

[pr—— re-drying: if necessary o mm L mm amps A
T 300-350 °C, min. 2 h 3.2 350 95-115
. 4.0 350 120-145

— electrode identification:
FOX CN 24/13 Nb 309 Nb-15 E 23/12 Nb B

Preheating and interpass temperature acc. the base materials.

Base Materials

For buffer layers on weldable unalloyed, high tensile, high temperature
or alloyed base metals.

Approvals and Certificates
TUV-D (00141.), CE
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes
EN 1600:1997: E29 9 R 1 2 A
AWS Ab.4.06. E812.16 (mod) BOHLER FOX CN 29/9
SMAW rutile basic electrode, high-alloyed,
special applications

Description

Rutile basic electrode of type 29 % Cr 9 % Ni/ E312.

BOHLER FOX CN 29/9 is a repair & maintenance electrode that offers outstanding operating
characteristics and weld metals of high strength combined with high crack resistance when
welding problem steels or dissimilar joints.

The weld metal also work hardens making it suitable for wear resisting build-ups on clutches,
gear wheels, shafts, etc. Also suitable for repair welding of tools.

Typical Composition of All-weld Metal

c Si Mn Cr Ni
Wt-% 0.1 1.0 0.7 29.0 10.2
Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/mm? (MPa): 620 (= 490)
Tensile strength Rm N/mm? (MPa): 770 (=690)
Elongation A (Lo = 5do) %: 25 (= 20)
Impact work ISO-V KV J +20 °C: 30 (= 24)

(*) u untreated, as-welded

Operating Data

— re-drying if necessary: o mm Lmm ampsA +

T 250 - 300 °C, min. 2 h 25 300 60 - 80

— 32 350  80-110 |7\
electrode identification: 4.0 350 110 - 140

FOXCN29/9 E299 R
Preheating and interpass temperature as required by the base metal.
Base Materials

For problem steels with high strength, joining of dissimilar materials, tool steels, heat treatable
or quenched and tempered steels, spring steels, high carbon steels etc.

Approvals and Certificates
DB (30.014.11), OBB, SEPROZ, CE

Same Alloy Filler Metals
SMAW electrode: FOX CN 29/9-A
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes

RS RsAss. Egtr BOHLER FOX CN 29/9-A
SMAW rutile electrode, high-alloyed,
special applications

Description

Rutile electrode of type 29 % Cr 9 % Ni/ E312.

BOHLER FOX CN 29/9-A is a repair & maintenance electrode that offers outstanding operating
characteristics on both DC and AC and weld metals of high strength combined with high crack
resistance when welding problem steels or dissimilar joints.

The weld metal also work hardens making it suitable for wear resisting build-ups on clutches,
gear wheels, shafts, etc. Also suitable for repair welding of tools.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wt-% 0.1 0.9 0.7 28.8 9.5

Mechanical Properties of All-weld Metal

*

Yield strength Re N'mm? (MPa): 650 (= 490)
Tensile strength Rm N/mm? (MPa): 790 (= 670)
Elongation A (Lo = 5do) %: 24 (= 20)
Impact work ISO-V KV J +20 °C: 30 (= 24)

(*) u untreated, as-welded

Operating Data

e re-drying if necessary: o mm Lmm ampsA =+

! 250 - 300 °C, min. 2 h 25 300  60- 80

— 32 350  80-110 |"\v
electrode identification: 4.0 350 110 - 140
FOXCN29/9-AE299 R 5.0 450 140 - 180

Preheating and interpass temperature as required by the base metal.
Base Materials

For problem steels with high strength, joining of dissimilar materials, tool steels, heat treatable
or quenched and tempered steels, spring steels, high carbon steels etc.

Approvals and Certificates
DB (30.014.16, 20.014.07), OBB, VUZ, CE

Same Alloy Filler Metals
SMAW electrode: FOX CN 29/9
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Dissimilar Joints and Special Applications — SMAW Covered Electrodes

BOHLER FOX RDA

SMAW covered electrode, high-alloyed,
special applications

Description
Special electrode for welding of rule die steel.

This electrode provides easy striking and re-striking, excellent welding characteristics as well
as very ductile and crack resistant joints welds on rule die steel.

Operating Data

= re-drying if necessary: o mm Lmm ampsA =+
120 - 200 °C, min. 2 h 15 250 40 - 60
— electrode identification: 20 250 50 - 80 AY)
FOX RDA

—

Base Materials
Rule die steels

Approvals and Certificates
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Dissimilar Welds and Special Applications — GTAW Rods

AWSAS5.06. " ERG0? (mod) BOHLER A 7 CN-IG

W.No.: 1.4370 GTAW rod, high-alloyed,
special applications

Description

GTAW rod of type W 18 8 Mn / ER307 for numerous applications.

The weld metal offers exceptionally high ductility and elongation together with outstanding
crack resistance. There is no fear of embrittlement when operating down to service temperatu-
res of -110 °C or above +500 °C. The scaling resistance goes up to +850 °C. When working at
service temperatures above +650 °C please contact the supplier.

The weld metal can be post weld heat treated without any problems. The deposit will work
harden and offers good resistance against cavitation. Ductility is good even after high dilution
when welding problem steels or when subjected to thermal shock or scaling. An excellent alloy
providing cost effective performance.

Very good welding and wetting characteristics.

Typical Composition of Welding Rod

C Si Mn Cr Ni
Wt-% 0.08 0.8 7.0 19.2 9.0

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 460

(= 450)
Tensile strength Rm N/mm? (MPa): 660 (= 620)
Elongation A (Lo = 5do) %: 38 (= 35)
Impact work ISO-V KV J +20 °C: 120 (= 100)
-110 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gas: 100 % Argon 2 mm
T rod marking: 1.6 =—
— front: ~—~ W 18 8 Mn 2.0
back: 1.4370 2.4

3.0
Preheating and interpass temperature as required by the base metal.

Base Materials

For fabrication, repair and maintenance!

Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese
steels, 13 - 17 % chromium heat resistant steels up to +850 °C, armour plates, high carbon and
quenched & tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates

TUV-D (00023.), DNV (X), GL (4370), DB (43.014.28), NAKS, CE

Same Alloy Filler Metals

SMAW electrode: FOXA7
FOXA7-A MA X e D
GMAW solid wire: A7-1G SAW combination: A7 CN-UP/BB 203
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Dissimilar Welds and Special Applications — GTAW Rods

EN ISO 14343-A:2007:
EN ISO 14343-B:2007:
AWS A5.9-06:

W.No.:

Description

$s7308ho BOHLER CN 19/9 M-IG
ER308Mo (mod.) GTAW rod, high-alloyed,
: special applications

GTAW rod of type W 20 10 3 / 308Mo. This rod is designed for dissimilar joints and weld
cladding. BOHLER CN 19/9 M-IG offers a lower chromium and ferrite content than a 309L weld
deposit with the result that carbon diffusion and Cr-carbide formation is reduced after post weld
heat treatment and lower ferrite contents can be achieved in the second layer of 316L

surfacing. Suitable for service temperatures from -80 °C to +300 °C.
Very good welding and wetting characteristics.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo
Wit-% 0.06 0.7 1.3 20.0 10.0 3.3

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 550 (= 470)
Tensile strength Rm N/mm? (MPa): 750 (= 670)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 150 (= 80)
- 80 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
™ shielding gas: 100 % Argon o mm
1 rod marking: 1.6 =
— front: W20103 2.0

back: 1.4431

2.4
Preheating and interpass temperature as required by the base metal.

Base Materials

high-strength, mild steels and low-alloyed constructional steels, QT-steels and armour plates
among themselves or among each other; non-alloy as well as alloyed boiler or constructional
steels with high-alloy stainless Cr- and Cr-Ni-steels; austenitic manganese steels similar and

dissimilar.

Approvals and Certificates
TUV-D (0427.), DNV (308Mo), CE

Same Alloy Filler Metals

SMAW electrode:

FOX CN 19/9 M GMAW solid wire: CN 19/9 M-IG
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Dissimilar Welds and Special Applications — GTAW Rods

EN S0 Ao Wz aatL BOHLER CN 23/12-IG

AWS A5.9-06: ER309L i

W.No.: 14330 GTAW rot.i, hlgh-_allo_yed,
special applications

Description

GTAW rod of type W 23 12 L/ ER309L. This is a standard alloy for welding dissimilar joints with
an average ferrite content 16 FN.

BOHLER CN 23/12-IG is designed for very good welding and wetting characteristics as well as
good safety after dilution when welding dissimilar joints. Suitable for service temperatures
between -120 °C and +300 °C.

Typical Composition of Welding Rod

C Si Mn Cr Ni
Wt-% =0.02 0.5 17 24.0 13.2

Mechanical Properties of All-weld Metal

) u
Yield strength Re N/mm? (MPa): 440 (= 400)
Tensile strength Rm N/mm? (MPa): 590 (= 550)
Elongation A (Lo = 5do) %: 34 (= 30)
Impact work ISO-V KV J +20 °C: 150 (= 80)
- 120 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
— shielding gas: 100 % Argon o mm
t rod marking: | 1.6 =
e front: ©~W2312L 2.0

back: ER 309 L 24
Preheating and interpass temperature as required by the base metal.

Base Materials

dissimilar joint welds:

of and between high-strength, mild steels and low-alloyed QT-steels, stainless, ferritic Cr- and
austenitic Cr-Ni- steels, manganese steels

surfacing:

for the first layer of corrosion resistant weld surfacing on ferritic-perlitic steels in boiler and pres-
sure vessel parts up to fine-grained steel S500N, as well as of high temperature steels like
22NiMoCr4-7 acc. SEW-Werkstoffblatt 365, 366, 20MnMoNi5-5 and G18NiMoCr3-7

Approvals and Certificates
TUV-D (4699.), TUV-A (307), GL (4332), SEPROZ, CE, DB (43.014.29)

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A GMAW flux cored wire: CN 23/12-FD

FOX CN 23/12 Mo-A CN 23/12 PW-FD
GMAW solid wire: CN 23/12-1G CN 23/12 Mo-FD
Metal cored wire: CN 23/12-MC CN 23/12 Mo PW-FD

SAW combination: CN 23/12-UP/BB 202
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Dissimilar Joints and Special Applications — GMAW Solid Wires

RWSAs.5.08 22" Brisoy (mod) BOHLER A 7-IG

W.No.: 1.4370 GMAW solid wire, high-alloyed,
special applications

Description

GMAW wire of type G 18 8 Mn / ER307 for numerous applications.

The weld metal offers exceptionally high ductility and elongation together with outstanding
crack resistance. There is no fear of embrittlement when operating down to service temperatu-
res of -110 °C or above +500 °C. The scaling resistance goes up to +850 °C. When working at
service temperatures above +650 °C please contact the supplier.

The weld metal can be post weld heat treated without any problems. The deposit will work
harden and offers good resistance against cavitation. Ductility is good even after high dilution
when welding problem steels or when subjected to thermal shock or scaling. An excellent alloy
providing cost effective performance. Very good feeding, welding and wetting characteristics.

Typical Composition of Solid Wire

C Si Mn Cr Ni
Wt-% 0.08 0.9 7.0 19.2 9.0
Mechanical Properties of All-weld Metal
) u
Yield strength Re N/mm? (MPa): 430 (= 370)
Tensile strength Rm N/mm? (MPa): 640 (= 600)
Elongation A (Lo = 5do) %: 36 (= 35)
Impact work ISO-V KV J +20 °C: 110 (= 100)

- °C: (= 32)

(*) u untreated, as-welded — shielding gas Argon + max. 2.5 % COz

Operating Data

— shielding gas: o mm
T 1 Argon + max. 2.5 % CO2 0.8 =+
— 1.0
1.2
Preheating and interpass temperature 1.6

as required by the base metal.

Base Materials

For fabrication, repair and maintenance!

Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese
steels, 13 - 17 % chromium heat resistant steels up to +850 °C, armour plates, high carbon and
quenched & tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates

TUV-D (06632.), DB (43.014.13), OBB, SEPROZ, NAKS (2 0.8, 1.0 mm), CE

Same Alloy Filler Metals

SMAW electrode: FOXA7 ored N A7-M
FOXA7-A MAW flux 0‘- wire: A 7-FDJA 7 PW-FD
GTAW rod: A7 CN-IG SAW combination: A7 CN-UP/BB 203
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Dissimilar Joints and Special Applications — GMAW Solid Wires

EN 150 1assss00r  Sszsoavo  BOHLER CN 19/9 M-IG

QVV\,’\‘SO A5.9-06: E'}gg?’\"o (mod.) GMAW solid wire, high-alloyed,
T : special applications
Description

GMAW wire of type G 20 10 3 / (308Mo). This wire is designed for dissimilar joints and weld
cladding.

BOHLER CN 19/9 M-IG offers a lower chromium and ferrite content than a 309L weld deposit
with the result that carbon diffusion and Cr-carbide formation is reduced after post weld heat
treatment and lower ferrite contents can be achieved in the second layer of 316L surfacing.
Suitable for service temperatures from -60 °C to +300 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo
Wit-% 0.06 0.7 1.3 20.0 10.0 3.3

Mechanical Properties of All-weld Metal

) u

Yield strength Re N/mm? (MPa): 520 (= 450)

Tensile strength Rm N/mm? (MPa): 720 (= 650)

Elongation A (Lo = 5do) %: 32 (= 30)

Impact work ISO-V KV J +20 °C: 140 (= 70)
- 60 °C: (= 32)

(*) u untreated, as-welded — shielding éas Argon + max. 2.5 % COz

Operating Data

" shielding gases: o mm
t l Argon + max. 2.5 % CO2 1.0 -+
— Argon + max. 1.0 % Oz 1.2

Preheating and interpass temperature as required by the base metal.

Base Materials

high-strength, mild steels and low-alloyed constructional steels, QT-steels and armour plates
among themselves or among each other; non-alloy as well as alloyed boiler or constructional
steels with high-alloy stainless Cr- and Cr-Ni-steels; austenitic manganese steels similar and
dissimilar.

Approvals and Certificates

TUV-D (1087.), DB (43.014.10), OBB, DNV (308Mo), CE

Same Alloy Filler Metals
SMAW electrode: FOX CN 19/9 M GTAW rod: ~ CN 19/9 M-IG
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Dissimilar Joints and Special Applications — GMAW Solid Wires

N IS iAo ot BOHLER CN 23/12-IG

QVV\,’\‘SO A5.9-06: Eﬁggg'— GMAW solid wire, high-alloyed,
T : special applications
Description

GMAW wire of type G 23 12 L / ER309L. This is a standard alloy for welding dissimilar joints
with an average ferrite content 16 FN.

BOHLER CN 23/12-IG is designed for very good welding, wetting and feeding characteristics
as well as good safety after dilution when welding dissimilar joints.

Suitable for service temperatures between -80 °C and +300 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni
Wt-% =0.02 0.5 1.7 24.0 13.2

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 420 (= 400)
Tensile strength Rm N/mm? (MPa): 570 (= 550)
Elongation A (Lo = 5do) %: 32 (= 30)
Impact work ISO-V KV J +20 °C: 130 (= 55)
- 80 °C: (= 32)

(*) u untreated, as-welded — shielding g'as Argon + max. 2.5 % COz

Operating Data

— shielding gases: o mm
t 1 Argon + max. 2.5 % CO: 0.8 -+
— Argon + max. 1.0 % O: 1.0

1.2

Preheat and interpass temperature as required by the base metal.

Base Materials

dissimilar joint welds:

of and between high-strength, mild steels and low-alloyed QT-steels, stainless, ferritic Cr- and
austenitic Cr-Ni- steels, manganese steels

surfacing:

for the first layer of corrosion resistant weld surfacing on ferritic-perlitic steels in boiler and pres-
sure vessel parts up to fine-grained steel S500N, as well as of high temperature steels like
22NiMoCr4-7 acc. SEW-Werkstoffblatt 365, 366, 20MnMoNi5-5 and G18NiMoCr3-7.

Approvals and Certificates
TUV-D (4698.), DB (43.014.18), OBB, TUV-A (308), DNV (309L), GL (4332S), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A GMAW flux cored wire: CN 23/12-FD
FOX CN 23/12 Mo-A CN 23/12 PW-FD
GTAW rod: CN 23/12-IG CN 23/12 Mo-FD
Metal cored wire: CN 23/12-MC CN 23/12 Mo PW-FD
SAW combination: CN 23/12-UP/BB 202
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Dissimilar Joints and Special Applications — Metal cored Wires

EN ISO 17633-A:2006: T 18 8 Mn MM1 A
EN ISO 17633.8:2006: TS307-MG1 (mod.) BOHLER A 7-MC
AWS A5.9-06: EC307 (mod.) Metal cored wire,

high-alloyed, special applications

Description

Metal cored wire of type T 18 8 Mn/ EC307 for numerous applications.

The weld metal offers exceptionally high ductility and elongation together with outstanding crack resistance.
There is no fear of embrittlement when operating down to service temperatures of -110 °C or above +500 °C.
The scaling resistance goes up to +850 °C. When working at service temperatures above +650 °C please
contact the supplier. The weld metal can be post weld heat treated without any problems. The deposit will
work harden and offers good resistance against cavitation. Ductility is good even after high dilution when
welding problem steels or when subjected to thermal shock or scaling. An excellent alloy providing cost
effective performance, excellent welding characteristics, smooth almost spatter free weld finish. The wider
arc, in comparison to solid wire, will reduce the risk of lack of fusion and is less sensitive against
misalignment of edges and different gap widths.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wit-% 0.1 0.6 6.3 18.8 9.2

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 400 (= 350)
Tensile strength Rm N/mm? (MPa): 600 (= 500)
Elongation A (Lo = 5do) %: 42 (= 25)
Impact work ISO-V KV J +20 °C: 70 (= 32)

- 110 °C: 30
(*) u untreated, as-welded — shielding gas Argon + 2.5 % COz

Operating Data

— shielding gas: omm amps A voltage V
T 1 Argon + 2.5 % CO2 1.2 60-280  13-30 =+
— 1.6 100-370  13-32

Preheating and interpass temperature as required by the base metal. Welding with conventional or
pulsed power sources (preferably slightly leading torch position, angel appr. 80 °). Recommended stick
out 15-20 mm and length of arc 3-5 mm. Positional weldability of metal cored wires is similar to solid
wires (puls arc welding is recommended). The gas flow should be 15-18 I/min.

Base Materials

For fabrication, repair and maintenance!

Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese
steels, 13-17 % chromium and heat resistant steels up to +850 °C, armour plates, high carbon
and quenched & tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates
TUV-D (10871.), DB (43.014.27), CE
Same Alloy Filler Metals

SMAW electrode: FOXA7 GMAMW flux cored wire: A 7-FD

FOXA7-A A7 PW-FD
GTAW rod: A7 CN-IG SAW combination: A7 CN-UP/BB 203
GMAW solid wire: A7-1G
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Dissimilar Joints and Special Applications — Metal cored Wires

EN 150 17ass82008: 1so0nmar BOHLER CN 23/12-MC
AWS A5.9-06: EC309L Metal cored wire,
high-alloyed, special applications

Description

Metal cored wire of type T 23 12 L / EC309L for welding dissimilar joints between high alloyed Cr- and
CrNi(Mo)-steels and mild- or low alloyed steels.

BOHLER CN 23/12-MC is designed for very good welding, wetting and feeding characteristics as well as
good safety after dilution when welding dissimilar joints.

Suitable for service temperatures between -120 °C and +300 °C.

The wider arc, in comparison to solid wire, will reduce the risk of lack of fusion and is less sensitive against
misalignment of edges and different gap widths.

Typical Composition of All-weld Metal

C Si Mn Cr Ni

Wt-% =0.03 0.6 1.4 23.0 12,5

Mechanical Properties of All-weld Metal

* u

Yield strength Re N/mm? (MPa): 400 (= 350)

Tensile strength Rm N/mm? (MPa): 540 (= 520)

Elongation A (Lo = 5do) %: 32 (= 30)

Impact work ISO-V KV J +20 °C: 90 (= 47)
-120 °C: 70 (= 32)

(*) u untreated, as-welded — shieldind gas Argon + 2.5 % CO:z
Operating Data

— shielding gas: omm amps A voltage V
t l Argon + 2.5 % CO2 1.2 60-280 13-30
— 1.6 100-370 13-32

Preheat and interpass temperature as required by the base metal. Welding with conventional or
pulsed power sources (preferably slightly leading torch position, angel appr. 80 °). Recommended
stick out 15-20 mm and length of arc 3-5 mm. Positional weldability of metal cored wires is
similar to solid wires (puls arc welding is recommended). The gas flow should be 15-18 I/min.

Base Materials

dissimilar joint welds:

of and between high-strength, mild steels and low-alloyed QT-steels, stainless, ferritic Cr- and
austenitic Cr-Ni- steels, manganese steels

surfacing:

for the first layer of corrosion resistant weld surfacing on ferritic-perlitic steels in boiler and pres-
sure vessel parts up to fine-grained steel S500N, as well as of high temperature steels like
22NiMoCr4-7 acc. SEW-Werkstoffblatt 365, 366, 20MnMoNi5-5 and G18NiMoCr3-7

Approvals and Certificates

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A GMAMW flux cored wire: CN 23/12-FD
FOX CN 23/12 Mo-A CN 23/12 PW-FD
GTAW rod: CN 23/12-1G CN 23/12 Mo-FD
GMAW solid wire: CN 23/12-1G CN 23/12 Mo PW-FD
SAW combination: CN 23/12-UP/BB 202

2-287



www.boehler-welding.com

Dissimilar Joints and Special Applications — GMAW Flux-cored Wires

EN ISO 17633-A:2006: T 18 8 Mn R M 3 o

T188MnRC3 BOHLER A7'FD
EN ISO 17633-B:2006: TS307-FBO(mod.) GMAW flux cored wire.
AWS A5.22-10: E307T0-G high-alloyed, special applications

Description

Rutile flux cored welding wire preferable for flat & horizontal welding positions. BOHLER A7-FD achieves
high productivity and is easy to operate providing excellent welding characteristics, self releasing slag,
almost no spatter formation and temper discoloration, smooth weld finish and safe penetration. Increased
travel speeds as well as little demand for cleaning provide considerable savings in time and money.

The weld deposit offers high ductility and elongation together with excellent crack resistance even when sub-
jected to thermal shock. It will work harden and offers good resistance against cavitation. Ductility is good
even after high dilution when welding problem steels. There is no fear of embrittiement when operating down
to service temperatures of -100 °C or above +500 °C. The scaling resistance goes up to +850 °C. When
working at service temperatures above +650 °C please contact the supplier.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wit-% 0.1 0.7 6.5 18.5 8.8

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 420 (= 400) hardness
Tensile strength Rm N/mm? (MPa): 630 (= 600) appro. 200 HB
Elongation A (Lo = 5do) %: 39 (= 35) stress hardened
Impact work ISO-V KV J +20 °C: 60 up to 400 HV

- 100 °C: (= 32)
(*) u untreated, as-welded — shielding gas Argon + 18 % CO2

Operating Data

e re-drying if necessary: 150 °C/24 h omm ampsA voltage V

o[ shielding gases: 1.2 125-280 20-34
Ql, Argon + 15 - 25 % CO2 1.6 200 - 350 25-35

= 100 % CO2
© Welding with standard GMAW-facilities possible, slightly trailing
Q torch position (angel appr. 80 °), when using 100 % CO: as shielding gas it is

— . .
L= necessary to increase the voltage by 2 V. The gas flow should be 15-18 I/min.

Preheating and interpass temperature as required by the base metal.

Base Materials

For fabrication, repair and maintenance!

Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese
steels, 13 - 17 % chromium heat resistant steels up to +850 °C, armour plates, high carbon and
quenched & tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates
TOV-D (11101.), CE
Same Alloy Filler Metals

SMAW electrode: FOXA7-A Metal cored wire: A7-MC

FOXA7 GMAW flux cored wire: A7 PW-FD
GTAW rod: A7 CN-IG SAW combination: A7 CN-UP/BB 203
GMAW solid wire: A7-1G
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Dissimilar Joints and Special Applications — GMAW Flux-cored Wires

EN ISO 17633-A:2006: T 18 8 Mn P M 2 ®

L v BOHLER A 7 PW-FD
EN ISO 17633-B:2006: TS307-FB1 (mod.) GMAW flux cored wire.
AWS A5.22-10: E307T1-G high-alloyed, special applications

Description

Rutile flux cored welding wire with fast freezing slag providing positional welding characteristics and fast tra-
vel speeds| BOHLER A7 PW-FD achieves high productivity and is easy to operate providing excellent wel-
ding characteristics, self releasing slag, almost no spatter formation and temper discoloration, smooth weld
finish and safe penetration. The weld deposit offers high ductility and elongation together with excellent crack
resistance even when subjected to thermal shock. It will work harden and offers good resistance against cavi-
tation. Ductility is good even after high dilution when welding problem steels. Beside the major savings in time
and cost BOHLER offers a high production quality level together with lowest probabilities for welding errors.
Increased travel speeds as well as little demand for cleaning and pickling provide considerable savings in
time and money. Description of all-weld-metal: strain hardening, good resistance against cavitation, crack
resistance, resistance against thermal shock, scaling resistance goes up to +850 °C. There is no fear of
embrittiement when operating down to service temperatures of -100 °C or above +500 °C. When working at
service temperatures above +650 °C please contact the supplier.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wit-% 0.1 0.8 6.8 18.8 9.0
Mechanical Properties of All-weld Metal
* u
Yield strength Re N/mm? (MPa): 420 (= 400) hardness
Tensile strength Rm N/mm? (MPa): 630 (= 600) appro. 200 HB
Elongation A (Lo = 5do) %: 39 (= 35) stress hardened
Impact work ISO-V KV J +20 °C: 65 up to 400 HV

- 100 °C: (= 32
(*) u untreated, as-welded — shielding gas Argon + 18 % COz

Operating Data

— | re-drying if necessary: 150 °C/24 h omm amps A voltage V

t shielding gases: 1.2 120-190 21-29 +
— | Argon + 15 - 25 % CO2

100 % CO2

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel

approx. 80 °C), slight weaving is recommended for all welding positions, when using

100 % CO:z as shielding gas it is necessary to increase the voltage by 2 V.

The gas flow should be 15-18 I/min.Preheating and interpass temperature as required by the base metal.

Base Materials

For fabrication, repair and maintenance!

Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese
steels, 13 - 17 % chromium heat resistant steels up to +850 °C, armour plates, high carbon and
quenched & tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates
TUV-D (11102.), NAKS, CE
Same Alloy Filler Metals

SMAW electrode: FOXA7-A Metal cored wire: A7-MC

FOXA7 GMAW flux cored wire: A7-FD
GTAW rod: A7 CN-IG SAW combination: A7 CN-UP/BB 203
GMAW solid wire: A7-1G
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Dissimilar Joints and Special Applications — GMAW Flux-cored Wires

EN 150 17esa006 Teweireo o BOHLER CN 23/12-FD

AWS A5.22-10: E309LT0-4 (1) e

EN ISO 17633-A:2006: T 23 12 L PM (C) 1 (for o 0.9 mm) GMAW flux cored wire, high-alloyed,
EN ISO 17633-8:2006: TS309L-FB1 special applications
AWS A5.22-10: E309LT1-4/-1 (for & 0.9 mm)

Description

Rutile flux-cored welding wire for GMAW of dissimilar joints of Cr- and CrNi(Mo)-steels and non- or low-alloy
steels, as well as weld cladding of un- or low alloyed base metals preferably in flat or horizontal position. This
product achieves high productivity and is easy to operate achieving excellent welding characteristics, self relea-
sing slag, almost no spatter formation and temper discolouration, smooth weld finish and safe penetration.
Beside the major savings in time and cost BOHLER offers a high production quality level together with lowest
probabilities for welding errors. Increased travel speeds as well as little demand for cleaning and p|ck||ng provi-
de considerable savmgs in time and money. Suitable for service temperatures of -60 °C to +300 °

BOHLER CN 23/12-FD ¢ 0.9 mm is well suitable for welding of sheet metal (thickness greater than 15 mm, for
out-of-position welding greater than 5 mm). The slag conceFt gives the opportunity to weld this diameter in all
welding positions. Wires with o 1.2 mm can be used for wall thicknesses from 3 mm and up.

Wire ¢ 0.9 mm is designed for positional welding, wire o 1.2 mm and 1.6 mm are recommended mainly for down-
hand and horizontal welding positions.

Typical Composition of All-weld Metal

[} Si Mn Cr Ni
Wt-% 0.03 0.7 1.4 23.0 12,5
Mechanical Properties of All-weld Metal
y u
Yield strength Re N/mm? (MPa): 400 (=350)
Tensile strength Rm N/mm? (MPa): 540 (=520)
Elongation A (LO = 5d0) %: 35 (= 30)
Impact work ISO-V KV J + 20 °C: (= 47) -60°C: 45 (= 32)

60
(*) u untreated, as-welded — shielding gas Ar+18%CO:z
Operating Data

o[ ] re- drylng if necessary emm ampsA voltage V

O't 150 °C/2: 0.9 100-160  21-30
9|l shleldlng gases. 12 125-280 20-34

[ = | Argon + 15 - 25 % CO2 1.6 200-350 25-35

Ja 100 % CO2 =+
Ql,

—» | Welding with standard GMAW-facilities possible, slightly trailing torch

T position (angel appr. 80 °), when using 100 % CO:z as shielding gas it E—
© is necessary to increase the voltage by 2 V. The gas flow should be 15-18 I/min.

Q Preheat and interpass temperatures as required by the base metal.

Base Materials

dissimilar joint welds: of and between high-strength, mild steels and low-alloyed QT-steels, stainless, ferritic Cr-
and austenitic Cr-Ni- steels, manganese steels

surfacing: for the first layer of corrosion resistant weld surfacing on ferritic-perlitic steels in boiler and pressure
vessel parts up to fine-grained steel S500N, as well as of high temperature steels like 22NiMoCr4-7 acc. SEW-
Werkstoffblatt 365, 366, 20MnMoNi5-5 and G18NiMoCr3-7

Approvals and Certificates

TOV-D (5350.), DB (43.014.16), OBB, TUVA(516) CWB (E309LT0-1(4)), GL (4332 (C1, M21)),
SEPROZ, LR (DX, CMn/SS), DNV, RINA, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A Metal cored wire: CN 23/12-MC
FOX CN 23/12 Mo-A GMAW flux cored wire: CN 23/12 PW-FD
GTAW rod: CN 23/12-1G CN 23/12 Mo-FD
GMAW solid wire: CN 23/12-1G CN 23/12 Mo PW-FD
SAW combination: CN 23/12-UP/BB 202

2-290



www.boehler-welding.com

Dissimilar Joints and Special Applications — GMAW Flux-cored Wires

E: |Issc; 1 7633-A:006: % Sgg ELtFE (“3/' 11 BOHLER

17633-B:2006: TS309L-FB1 -
AWS A5.22-10: E309LT1-4 CN 23/1 2 PW FD
E309LT1-1 GMAW flux cored wire, high-alloyed,

special applications

Description

BOHLER CN 23/12 PW-FD is a rutile flux cored welding wire with fast freezing slag providing excellent
positional welding characteristics and fast travel speeds. It is easy to use and operates with a powerful
penetrating spray arc transfer, minimum spatter formation and self releasing slag.

This flux cored welding wire offers many economical and quality advantages over solid wire pulse arc
welding. High deposition rates and productivity gains are easily achievable. Additional cost effective bene-
fits are offered through use of less expensive shielding gases, good wetting characteristics (less grinding),
little temper discoloration & bead oxidation, easy operation and safe penetration (reduces the risk of weld
defects and associated repair work costs), and smooth and clean weld finish (less post weld work).

Due to its characteristics mainly for positional welding and service temperatures between -60 °C t
+300 °C. For downhand & horizontal welding positions (1G,1F, 2F) our flux cored wire BOHLER CN 23/12- FD
should be preferred.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wt-% 0.03 0.7 14 23.0 12,5
Mechanical Properties of All-weld Metal
0 u
Yield strength R: N/mm? (MPa): 400 (=350)
Tensile strength Rn N/mm2 (MPa): 540 (=520)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J + 20 °C: 65 (= 47)

- 60 °C: 50 (= 32)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:z
Operating Data

re-drying if necessary: 2 mm amps A voltage V
possible, 150 °C /24 h 1.2 100 - 220 20 - 31 =4
shielding gases: Argon +15-25% CO:21.6 175 - 260 21-29

100 % CO:
Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), slight
weaving is recommended for all weldlnﬁ; positions; when using 100 % CO:2 as shielding gas it is necessary to
increase the voltage by 2 V. The gas flow should be 15-18 I/min. Preheat and interpass temperatures as
required by the base metal.

Base Materials

dissimilar joint welds: of and between high-strength, mild steels and low-alloyed QT-steels, stainless,
ferritic Cr- and austenitic Cr-Ni- steels, manganese steels

surfacing: for the first layer of corrosion resistant weld surfacing on ferritic-perlitic steels in boiler and
pressure vessel parts up to fine-grained steel S500N, as well as of high temperature steels like
22NiMoCr4-7 acc. SEW-Werkstoffblatt 365, 366, 20MnMoNi5-5 and G18NiMoCr3-7

Approvals and Certificates

TOV-D (09115.), DB (43.014.22), ABS (E309 LT 1- 1&) LR (DXV u. Q CMn/SS),
GL (4332S{C1, M21}), CWB (E: 09LT01 (4)), SEPR ' RINA, OBB, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A Metal cored wire: CN 23/12-MC
FOX CN 23/12 Mo-A GMAW flux cored wire: CN 23/12-FD
GTAW rod: CN 23/12-1G CN 23/12 Mo-FD
GMAW solid wire: CN 23/12-1G CN 23/12 Mo PW-FD
SAW combination: CN 23/12-UP/BB 202
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Dissimilar Joints and Special Applications — GMAW Flux-cored Wires

EN ISO 17633-A:2006: T23122LRM (C) 3 A
EN ISO 17633-B:2006: TS309LMo-FBO BOHLER

é\l(lvlsspésigzé;g-:AQOOG: 532%9%2@1"_0;'\(”1 20) 1 (for 2 0.9 mm) CN 23/1 2 Mo FD

EN ISO 17633-B:2006: TS309LMo-FB1 GMAW flux cored wire,
AWS A5.22-10: E309LMoT1-4/-1 (for @ 0.9 mm) high-alloyed, special applications
Description

Rutile flux-cored welding wire of type T 23 12 2 L / E309LMoT0 for GMAW of dissimilar joints of Cr- and CrNi(Mo)-
steels and non- or low-alloy steels, as well as weld cladding of un- or low alloyed base metals preferably in flat or hori-
zontal position. The wire offers a high safety against hot cracking even in the case of high dilution. For Mo-alloyed sur-
facing the product is necessary for the 1. layer. This product achieves high productivity and is easy to operate achie-
ving excellent welding characteristics, self releasing slag, almost no spatter formation and temper discolouration,
smooth weld finish and safe penetration. Beside the major savings in time and cost BOHLER offers a high production
quality level together with lowest probabilities for welding errors. Increased travel speeds as well as little demand for
cleaning and pickling provide considerable savings in time and money. Suitable for service temperatures of 60 °C to
+300 °C. BOHLER CN 23/12 Mo-FD ¢ 0.9 mm is well suitable for welding of sheet metal (thickness greater than 1.5
to 3 mm, for out-of-position welding greater than 5 mm). The slag concept gives the opportunity to weld this diameter
in all welding positions. Wires with o 1.2 mm can be used for wall thicknesses from 3 mm and up. Wire @ 0,9 mm is
designed for positional welding, wire @ 1.2 mm and 1.6 mm are recommended mainly for downhand and horizontal
welding positions, horizontal/vertical position as well as slightly vertical down position (1 o'clock).

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
Wt-% 0.03 0.6 1.4 23.0 12.5 2.7
Mechanical Properties of All-weld Metal
y u
Yield strength Re N/mm? (MPa): 500 (=450)
Tensile strength Rm N/mm? (MPa): 700 (=550)
Elongation A (Lo = 5do) %: 30 (= 25)
Impact work ISO-V KV J +20 °C: 55 (= 47) -60°C: 37 (= 32)

(*) u untreated, as-welded — shielding gas Ar + 18 % CO:
Operating Data

— | re-drying if necessary: 150 °C/24 h gmm ampsA voltage V

3 t 1 shielding gases: 09 100-160  21-30

e Argon + 15 - 25 % CO: 1.2 125 - 280 20 - 34

M= 100 % CO: 1.6 200 - 350 25-35

Q :_> Welding with standard GMAW-facilities possible, slightly trailing torch position =+
= (angel appr. 80 °), when using 100 % CO:2 as shielding gas it is necessary —

@ to increase the voltage by 2 V. The gas flow should be 15-18 I/min.

8| Preheat and interpass temperatures as required by the base metal.

Base Materials

dissimilar joint welds: mild steels and low-alloyed constructional and QT-steels among themselves or among each
other; unalloyed as well as low-alloyed boiler or constructional steels with stainless Cr-, CrNi- and CrNiMo-steels;
ferritic-austenitic joint welds in boiler and pressure vessel parts.

weld surfacmg for the first layer of corrosion resistant surfacing on P235GH, P265GH, S255N, P295GH, S355N
- S500N; for the first layer of corrosion resistant weld surfacing on high temperalure quenched and Iempered fine-
grained steels acc. AD-Merkblatt HPO, class 3.

Approvals and Certificates

TUV-D (5351.), DB (43.014.17), OBB, TUV-A (517), ABS (E 308 MoLT0-4), DNV (309MoL (M21)),
GL (4459 (C1, M21)), LR (X (M21)), RINA (309MO S), SEPROZ, CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A Metal cored wire: CN 23/12-MC
FOX CN 23/12 Mo-A GMAW flux cored wire: CN 23/12-FD
GTAW rod: CN 23/12-IG CN 23/12 PW-FD
GMAW solid wire: CN 23/12-1G CN 23/12 Mo PW-FD
SAW combination: CN 23/12-UP/BB 202
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Dissimilar Joints and Special Applications — GMAW Flux-cored Wires
EN ISO 17633-A:2006: T23122LP M (C) 1 A
EN ISO 17633-B:2006: TSBOQLMo—FB1( ) BO HLER
AWS A5.22-10: E309LMoT1-4 C N 23/1 2 MO pW_FD

E309LMoT1-1
GMAW flux cored wire, high-alloyed,
special applications

Description

BOHLER CN 23/12 Mo PW-FD is a rutile flux cored welding wire with fast freezing slag providing excel-
lent positional welding characteristics and fast travel speeds. It is easy to use and operates with a power-
ful penetrating spray arc transfer, minimum spatter formation and self releasing slag.

This flux cored welding wire offers many economical and quality advantages over solid wire pulse arc
welding. High deposition rates and productivity gains are easily achievable. Additional cost effective
benefits are offered through use of less expensive shielding gases (Argon + 15-25 % COz or 100 % COz2),
good wetting characteristics (less grinding), little temper discoloration & bead oxidation, easy operation
and safe penetration (reduces the risk of weld defects and associated repair work costs), and smooth and
clean weld finish (less post weld work).

Due to its characteristics mainly for positional welding and service temperatures between -6Q °C to
+300 °C. For downhand & horizontal welding positions (1G, 1F, 2F) our flux cored wire BOHLER
CN 23/12 Mo-FD should be preferred.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo
wt- % 0.03 0.7 14 23.0 125 2.7
Mechanical Properties of All-weld Metal
@) u
Yield strength R. N/mm? (MPa): 530 (= 450)
Tensile strength Rn N/mm? (MPa): 720 (= 550)
Elongation A (Lo = 5do) %: 32 = 25
Impact work ISO-V KV J + 20 °C: 65 > 47,
60 °C: 50 = 32
(*) u untreated, as-welded — shle/d/ng gas Ar + 18 % CO:
Operating Data
re-drying if necessary: o mm amps A voltage V
possible, 150 °C /24 h 1.2 100 - 220 20-31 =+
shielding gases: Argon + 15 - 25 % CO:
100 % CO:

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °), slight weaving
is recommended for positional weldin, (;; When using 100 % CO: as shielding gas it is necessary to increase the
vﬁltaé;e by 2 V. IThe gas flow should be 15-18 I/mln Preheat and interpass temperatures as required by
the base metal

Base Materials

dissimilar joint welds: mild steels and low-alloyed constructional and QT-steels among themselves or
among each other; unalloyed as well as low-alloyed boiler or constructional steels with stainless

Cr-, CrNi- and CerMo-steeIs ferritic-austenitic joint welds in boiler and pressure vessel parts.

weld surfacing: for the first Iayer of corrosion resistant surfacing on P235GH, P265GH, S255N,

P295GH, S355N - S500N; for the first layer of corrosion resistant weld surfacing on high (emperature
quenched and tempered fine-grained steels acc. AD-Merkblatt HPO, class 3.

Approvals and Certificates
TUV-D (09116.), BV (309Mo), LR (SS/CMn), SEPROZ, CE, DNV
Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A Metal cored wire: CN 23/12-MC
FOX CN 23/12 Mo-A GMAW flux cored wire: CN 23/12 Mo-FD
GTAW rod: CN 23/12-1G CN 23/12-FD
GMAW solid wire: CN 23/12-IG CN 23/12 PW-FD
SAW combination: CN 23/12-UP/BB 202
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Dissimilar Joints and Special Applications — SAW Wire/Flux-Combinations

SAWE?\IO|Iig(;Vi1r?té?>43-A:2007: S 188 Mn BO H L E R
AWS A5_.9-06: ER307 (mod.) A 7 CN_U P / BB 203
S”b'éﬁf;'é%ﬁ 996: SAFB2DC SAW wire/flux-combination,

high-alloyed, special applications

Description

SAW wire/flux combination of type S 18 8 Mn / (ER307) for numerous applications.

BOHLER A 7-UP // BB 203 yields a weld deposit offering exceptionally high ductility and elon-
gation together with outstanding crack resistance. There is no fear of embrittlement when ope-
rating down to service temperatures of -100 °C or above +500 °C. The scaling resistance goes
up to +850 °C. When working at service temperatures above +650 °C please contact the sup-
plier. The weld metal can be post weld heat treated without any problems. The deposit will work
harden and offers good resistance against cavitation. Ductility is good even after high dilution
when welding problem steels or when subjected to thermal shock or scaling. An excellent alloy
providing cost effective performance. BOHLER BB 203 is a fluoride-basic, agglomerated flux
providing good operating characteristics, smooth beads and a low hydrogen weld metal. For
information regarding this sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni
SAW wire Wt-% 0.08 0.9 7.0 19.2 9.0
All-weld metal % 0.06 0.8 6.0 18.7 9.0

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): =390
Tensile strength Rm N/mm? (MPa): =620
Elongation A (Lo = 5do) %: = 36
Impact work ISO-V KV J +20°C: = 95
-50 °C = 60
-100 °C = 40

(*) u untreated, as-welded

Operating Data
re-drying of sub-arc flux: o mm
300-350°C,2h-10 h 3.0 e

— Preheat and interpass temperatures as required by the base metal.

Base Materials

For fabrication, repair and maintenance!

Dissimilar joints, tough buffer and intermediate layers prior to hardfacing, 14 % manganese
steels, 13 - 17 % chromium heat resistant steels, armour plates, high carbon and quenched &
tempered steels, surfacing of gears, valves, turbine blades etc.

Approvals and Certificates
SAW solid wire: TUV-D (02604.), CE

+

Same Alloy Filler Metals

SMAW electrode: FOXA7 GMAW solid wire: A7-1G
FOXA7-A Metal cored wire:

A7-MC
GTAW rod: A7 CN-IG EMAW flux cored wire: A 7-FDJA 7 PW-FD
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Dissimilar Joints and Special Applications — SAW Wire/Flux-Combinations

SAWE?\IO|Iig(;tié43—A:ZOO7: S2312L B O H L E R

EN ISO 14343-B:2007: SS309L CN 23/1 2_UP / BB 202

AWS A5.9-06: ER309L

Sub-arc flux: SAW wire/flux-combination,
EN 760:1996: SAFB2DC high-alloyed, special applications
Description

SAW wire/flux combination of type S 23 12 L / ER309L. This is a standard alloy for welding
dissimilar joints, steels with poor weldability and weld surfacing.

SAW  wire/flux-combination for multi-pass welding, smooth beads, low hydrogen contents
(HD > 5 ml/100 g), easy slag removal without any slag residues and good welding characteristics
even for fillet welds are very much appreciated by users. The average ferrite content is 16 FN.
Suitable up to service temperatures of +300 °C.

BOHLER BB 202 is a fluoride-basic, agglomerated flux providing good operating characteristics.
For information regarding this sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni
SAW wire Wt-% =0.02 05 1.8 240 13.2
All-weld metal % 0.015 0.6 1.3 235 132

Mechanical Properties of All-weld Metal

* u

Yield strength Re N/mm? (MPa): =350
Tensile strength Rm N/mm? (MPa): =600
Elongation A (Lo = 5do) %: = 35
Impact work ISO-V KV J +20°C: =100

(*) u untreated, as-welded

Operating Data

re-drying of sub-arc flux: o mm
300-350°C/2h-10h 3.0 =
—_— max. amperage: 800 A
Preheat and interpass temperatures as required by the base metal.

A

Base Materials

dissimilar joint welds:

of and between high-strength, mild steels and low-alloyed QT-steels, stainless, ferritic Cr- and
austenitic Cr-Ni- steels, manganese steels

surfacing:

for the first layer of corrosion resistant weld surfacing on ferritic-perlitic steels in boiler and pres-
sure vessel parts up to fine-grained steel S500N, as well as of high temperature steels like
22NiMoCr4-7 acc. SEW-Werkstoffblatt 365, 366, 20MnMoNi5-5 and G18NiMoCr3-7

Approvals and Certificates

DNV (309L) i
SAW solid wire: TUV-D (2604.), CE

Same Alloy/Similar Alloy Filler Metals

SMAW electrode: FOX CN 23/12-A Metal cored wire: CN 23/12-MC
FOX CN 23/12 Mo-A  GMAW flux cored wire: CN 23/12-FD

GTAW rod: CN 23/12-IG CN 23/12 PW-FD

GMAW solid wire: CN 23/12-IG CN 23/12 Mo-FD

CN 23/12 Mo PW-FD
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Product Information

2.8 Filler metals
for Heat Resistant Steels

& Objectives

This section contains data sheets for filler metals that are suitable for wel-
ding heat-resistant steels.

Heat-resistant steels are used at temperatures over 550 °C. In addition to
scale-resistance and adequate high-temperature strength there is also a
requirement for the lowest possible changes in volume during repeated hea-
ting up and cooling down so that the oxide layers do not crack open. Over
and above this they should also have adequate resistance to various annea-
ling and furnace atmospheres.

The Cr, Si and Al alloying elements give rise to the scale resistance due to
the formation of dense and adhesive oxide layers. The Cr-Al alloy steels are
ferritic and less suitable for welding but are extremely resistant in sulphur-
containing gases. The Cr-Ni-Si alloy steels exhibit an austenitic microstruc-
ture, have excellent resistance in carburising furnace atmospheres contai-
ning nitrogen but form a low melting point eutectic with nickel in sulphurous
gases at approx. 700 °C.

With these steels it is important to be aware of the embrittiement ranges
400...500 °C (with Cr contents above 15 %) and above 950 °C (grain growth)
in ferritic steels and the sphase embrittlement between 650 and 800 °C with
Cr contents above 20 %.

¢ Content
OVERVIEW .ttt 297
SMAW COVERED ELECTRODES .. .....c\ttieiieeeeinn.. 299
GTAW RODS ...ttt et e e 305
GMAW SOLIDWIRES . . ..ttt ettt e e 309
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Heat Resistant Filler Metals

¢ Overview — Standard Classifications

Bohler EN/EN ISO AWS
SMAW covered electrodes
FOX FA 1600: E254B22 —
FOX FF 1600: E2212B22 A5.4-06: E309-15
FOX FF-A 1600: E2212R32 A5.4-06: E309-17 (mod.
FOX FFB 1600: E2520B22 A5.4-06: E310-15 Emod ;
FOX FFB-A 1600: E2520R32 A5.4-06: E310-16
FOX CN 21/33 Mn 1600: EZ2133B42 -
GTAW rods
FA-IG 14343: W 254 -
FF-IG 14343: W22 12 A5.9-06: ER309 (mod.
FFB-IG 14343: W 25 20 Mn A5.9-06: ER310 (mod.
CN 21/33 Mn-IG 14343: W Z21 33 Nb -
GMAW solid wi
FA-IG 14343: G254 -
FF-IG 14343: G2212H A5.9-06: ER309 (mod.)
FFB-IG 14343: G 2520 Mn A5.9-06: ER310 (mod.)
CN 21/33 Mn-IG 14343: G Z21 33 Nb -
# Overview — Typical Chemical Composition
Béhler C Si | Mn | Cr Ni Nb Fe Ti
SMAW covered electrodes
FOX FA 0.1 0.5 1.2 | 25.0 | 54
FOX FF 0.1 1.0 11 220 | 120
FOX FF-A 0.1 0.8 09 | 225 | 125
FOX FFB 0.12| 0.6 3.2 | 25.0 | 20.5
FOX FFB-A 0.12| 05 22 | 260 | 21.0
FOX CN 21/33 Mn 0.14| 03 45 | 21.0| 330 1.3
GTAW rods
FA-IG 0.07 | 0.8 12 | 257 | 45
FF-IG 0.1 11 16 | 225 | 115
FFB-IG 0.13| 0.9 3.2 | 246 | 20.5
CN 21/33 Mn-IG 0.12| 0.2 48 | 218 | 325 1.2
GMAW solid wires
FA-IG 0.07| 0.8 12 | 257 | 45
FF-IG 0.1 1.1 16 | 225 | 125
FFB-IG 0.13| 0.9 32 | 246 | 205
CN 21/33 Mn-IG 0.12| 0.2 48 | 21.8 | 325 1.2
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Heat Resistant Filler Metals - SMAW Covered Electrodes

EN 1600:1997: E254B 22 B(“)HLER FOX FA

SMAW basic electrode, high-alloyed,
heat resistant

Description

Basic electrode, core wire alloyed for welding heat resistant steels. For furnaces requiring
elevated resistance to reducing and oxidizing sulphurous gases as well as for final passes of
weld joints in heat resistant, ferritic CrSiAl steels.

Scaling resistant up to +1100 °C.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wit-% 0.10 0.5 1.2 25.0 5.4

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 520
Tensile strength Rm N/mm? (MPa): 680
Elongation A (Lo = 5do) %: 22
Impact work ISO-V KV J +20 °C: 45
(*) u untreated, as-welded

VVVWV
o
Luee

Operating Data

— re-drying if necessary: o mm Lmm ampsA
T - 25 300 50- 75 +
— electrode identification: 3.2 350 80 - 105
FOXFAE254B 350 100 - 130
Preheating and interpass temperatures 200 - 400 °C, dependlng on the relevant base metal
and material thickness.
Base Materials

ferritic-austenitic

1.4821 X 20 CrNiSi 25 4, 1.4823 G-X 40 CrNiSi 27 4

ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4762 X 10 CrAl 25,
1.4710 X 30 CrSi 6, 1.4740 G-X 40 CrSi 17

AISI 327, ASTM A297HC

Approvals and Certificates
SEPROZ

Same Alloy Filler Metals
GTAW rod: FA-IG GMAW solid wire: FA-IG
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Heat Resistant Filler Metals - SMAW Covered Electrodes
EN 1600:1997: E2212B 22 ®
AWS A5.4-06: E309-15 BOHLER FOX FF
SMAW basic electrode, high-alloyed,
heat resistant

Description

Basic electrode, core wire alloyed for welding analogous, heat resistant rolled, forged and cast
steels as well as heat resistant ferritic CrSiAl steels. For weld joints exposed to reducing,
sulphurous gases, the final layer has to be deposited by means of FOX FA, e.g. in annealing plants,
hardening plants, steam boiler construction, the crude oil industry and the ceramics industry.
Scaling resistant up to +1000 °C.

Typical Composition of All-weld Metal
C Si Mn Cr Ni
Wt-% 0.1 1.0 1.1 22 12

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/mm? (MPa): 440 (= 400)

Tensile strength Rm N/mm? (MPa): 600 (= 550)

Elongation A (Lo = 5do) %: 35 (= 30)

Impact work ISO-V KV J +20 °C: 80 (= 47)

(*) u untreated, as-welded

Operating Data
— re-drying if necessary: o mm Lmm ampsA
T - 25 300 50- 75
— electrode identification: 3.2 350 80 - 100

FOXFFE2212B 4.0 350 110 - 140

Preheating and interpass temperatures for ferritic steels 200 - 300 °C.

Base Materials

austenitic

1.4828 X 15 CrNiSi 20 12, 1.4826 G-X 40 CrNiSi 22 9, 1.4833 X7 CrNi23 14
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4710 G-X 30 CrSi 6,
1.4740 G-X 40 CrSi 17

AISI 305, ASTM A297HF

Approvals and Certificates
TUV-D (9090.), TUV-A (21), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX FF-A GMAW solid wire: FF-IG
GTAW rod: FF-IG
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Heat Resistant Filler Metals - SMAW Covered Electrodes
EN 1600:1997: E22 12 R 3 2 A
AWS A5.4-06: E309-17 BOHLER FOX FF-A
SMAW rutile electrode,
high-alloyed, heat resistant

Description

Rutile electrode, core wire alloyed for welding analogous, heat resistant rolled, forged and cast
steels as well as heat resistant ferritic CrSiAl steels, e.g. in annealing plants, hardening plants,
steam boiler construction, the crude oil industry and the ceramics industry. For weld joints in
CrSiAl steels exposed to sulphurous gases, the final layer has deposited by means of FOX FA.
Scaling resistant up to +1000 °C. Smooth beads and easy slag removal.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wt-% 0.1 0.8 0.9 225 12,5
Mechanical Properties of All-weld Metal
0 u
Yield strength Re N/mm? (MPa): 460 (= 350)
Tensile strength Rm N/mm? (MPa): 610 (= 550)
Elongation A (Lo = 5do) %: 37 (= 30)
Impact work ISO-V KV J +20 °C: 60 (= 47)
(*) u untreated, as-welded
Operating Data
— re-drying if necessary: o mm Lmm ampsA =+
T 120 - 200 °C, min. 2 h 25 350 50- 80
— electrode identification: 3.2 350 80 - 110 Y
FOXFF-AE2212R 4.0 350 110 - 140

Preheating and interpass temperatures for ferritic steels 200 - 300 °C.

Base Materials

austenitic

1.4828 X 15 CrNiSi 20 12, 1.4826 G-X 40 CrNiSi 22 9, 1.4833 X7 CrNi23 14
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4710 G-X 30 CrSi 6,
1.4740 G-X 40 CrSi 17

AISI 305, ASTM A297HF

Approvals and Certificates
TUV-D (9091.), ABS (309-17), SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX FF GMAW solid wire:  FF-IG
GTAW rod: FF-IG
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Heat Resistant Filler Metals - SMAW Covered Electrodes
EN 1600:1997: E 25 20 B2 2 A
AWS A 4.06. E10-15 (mod) BOHLER FOX FFB
SMAW basic electrode,
high-alloyed, heat resistant

Description

Basic electrode, core wire alloyed for analogous, heat resisting rolled, forged and cast steels e.g.
in annealing plants, hardening plants, steam boiler construction, the crude oil industry and the
ceramics industry. Joint welds in heat resisting CrSiAl steels exposed to sulphurous gases should
be given a final layer deposited by means of FOX FA.

Scaling resistant up to +1200 °C. Cryogenic resistance down to -196 °C. The service temperatu-
re range between +650 and +900 °C should be avoided owing to the risk of embrittiement.

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wt-% 0.12 0.6 3.2 25.0 20.5
Mechanical Properties of All-weld Metal
* u

Yield strength Re N/mm? (MPa): 420 (= 350)
Tensile strength Rm N/mm? (MPa): 600 (= 560)
Elongation A (Lo = 5do) %: 36 (= 30)
Impact work ISO-V KV J +20 °C: 100 (= 47)
-196 °C: (= 32)
(*) u untreated, as-welded
Operating Data
—— re-drying if necessary: 2 mm Lmm ampsA
t - 25 300 50- 75
— electrode identification: 3.2 350 80 - 110
FOX FFB E 25 20 B 4.0 350 110 - 140

5.0 450 140 - 180
Preheating and interpass temperatures for ferritic steels +200 - 300 °C.
Base Materials

austenitic

1.4841 X 15 CrNiSi 25 20, 1.4845 X 12 CrNi 25 21, 1.4828 X 15 CrNiSi 20 12,
1.4840 G-X 15 CrNi 25 20, 1.4846 G-X 40 CrNi 25 21, 1.4826 G-X 40 CrNiSi 22 9
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4762 X 10 CrAl 25,
1.4710 G-X 30 CrSi 6, 1.4740 G-X 40 CrSi 17

AISI 305, 310, 314; ASTM A297 HF; A297 HJ

Approvals and Certificates
TUV-D (0143.), Statoil, SEPROZ, CE

Same Alloy Filler Metals

SMAW electrode: FOX FFB-A GMAW solid wire:  FFB-IG
GTAW rod: FFB-IG
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Heat Resistant Filler Metals - SMAW Covered Electrodes
EN 1600:1997: E25 20 R 3 2 o
AWS A5.4-06: E310-16 BOHLER FOX FFB-A
SMAW rutile electrode,
high-alloyed, heat resistant

Description

Rutile electrode, core wire alloyed for analogous, heat resisting rolled steels e.g. in annealing
shops, hardening shops, steam boiler construction, the crude oil industry and the ceramics
industry. In weld joints exposed to sulphurous gases the final layer has to be deposited by
means of FOX FA. Smooth beads and easy slag removal.

Scaling resistance up to +1200 °C.

The temperature range between +650 and +900 °C should be avoided owing to the risk of
embrittlement. Thick-walled weldments to be carried out by means of the basic electrode FOX

Typical Composition of All-weld Metal

C Si Mn Cr Ni
Wit-% 0.12 0.5 2.2 26.0 21.0

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 430 (= 350)
Tensile strength Rm N/mm? (MPa): 620 (= 550)
Elongation A (Lo = 5do) %: 35 (= 30)
Impact work ISO-V KV J +20 °C: 75 (= 47)

(*) u untreated, as-welded

Operating Data

— re-drying if necessary: o mm Lmm ampsA =+
t 120 - 200 °C, min. 2 h 2.0 300 40- 60
— electrode identification: 25 300 50- 80 |V
FOX FFB-A 310-16 E 25 20 R 3.2 350 80 - 110
4.0 350 110 - 140
Preheating and interpass temperatures for ferritic steels 200 - 300 °C.

Base Materials

austenitic

1.4841 X 15 CrNiSi 25 20, 1.4845 X 12 CrNi 25 21, 1.4828 X 15 CrNiSi 20 12,
1.4840 G-X 15 CrNi 25 20, 1.4846 G-X 40 CrNi 25 21, 1.4826 G-X 40 CrNiSi 22 9
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4762 X 10 CrAl 25,
1.4710 G-X 30 CrSi 6, 1.4740 G-X 40 CrSi 17

AISI 305, 310, 314; ASTM A297 HF; A297 HJ
Approvals and Certificates
Statoil, VUZ, SEPROZ

Same Alloy Filler Metals

SMAW electrode: FOX FFB GMAW solid wire:  FFB-IG
GTAW rod: FFB-IG
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Heat Resistant Filler Metals - SMAW Covered Electrodes

EN 1600:1997: EZ2133B42 BOHLER
FOX CN 21/33 Mn
SMAW basic electrode
high-alloyed, heat resistant

Description

Basic coated electrode for joining and surfacing of heat resistant steels and cast steels of the
same or similar chemical composition. Suitable for operating temperatures up to +1050 °C in
carburized low-sulphur gas. Typicall alloy for welding of pyrolysis furnace tubes.

Atmosphere: max. application temperatur °C
sulphur free  max. 2 g S/Nm*

Airand oxidizing combustion gases. 1050 1000

Reducing combustion gases. 1000 950

Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb
Wit-% 0.14 0.3 4.5 21 33 1.3

Mechanical Properties of All-weld Metal

) u
Yield strength R N/mm? (MPa): =410
Tensile strength Rn N/mm? (MPa): =600
Elongation A (Lo=5do) %: =25
Impact work ISO-V KV J =70

(*) u untreated, as-welded

Operating Data

— re-drying: 2 mm L mm amps A

1 250-300°C, min. 2 h 25 300 50-75

— electrode identification: 3.2 350 70-110
FOX CN 21/33 Mn 4.0 400 90-140

Base Materials

1.4876 X10 NiCrAlITi 32 20

1.4859 GX10 NiCrNb 32 20

1.4958 X 5 NiCrAlITi 3120

1.4959 X 8NiCrAITi 32 21

Alloy 800 H, UNS N08800, N08810, N08811

Approvals and Certificates
TUV-D (10514.), CE

Same-alloy Filler Metals

GTAW rod: CN 21/33 Mn-IG
GMAW solid wire: CN 21/33 Mn-IG
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Heat Resistant Filler Metals - GTAW Rods

\EVNI\IE:OMM&A:ZOOT \1,\.,4%525‘ BOHLER FA_|G

GTAW rod, high-alloyed, heat resistant

Description

GTAW rod for gas-shielded welding of heat resisting, analogous or similar steels. Ferritic-aus-
tenitic deposit. The low Ni-content renders this filler metal especially recommendable for appli-
cations involving the attack of sulphurous oxidizing or reducing combustion gases.

Scaling resistance up to +1100 °C.

Typical Composition of Welding Rod

C Si Mn Cr Ni
Wt-% 0.07 0.8 1.2 257 4.5

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 540 (= 500)
Tensile strength Rm N/mm? (MPa): 710 (= 650)
Elongation A (Lo = 5do) %: 22 (= 20)
Impact work ISO-V KV J +20 °C: 70 (= 40)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
shielding gas: 100 % Argon o mm
1 rod marking: 2.4 ]
— front: 7~ W254
back: 1.4820

Preheating and interpass temperature as required by the base metal.

Base Materials

ferritic-austenitic

1.4821 X 20 CrNiSi 25 4, 1.4823 G-X 40 CrNiSi 27 4

ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4762 X 10 CrAl 25,
1.4710 X 30 CrSi 6, 1.4740 G-X 40 CrSi 17

AISI 327; ASTM A297HC

Approvals and Certificates

Same Alloy Filler Metals
SMAW electrode: FOX FA GMAW solid wire:  FA-IG
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Heat Resistant Filler Metals - GTAW Rods

EN IS0 1434380007 952306 BOHLER FF-IG

AWS A5.9-06: ER309 (mod.) Py :
W.No.: 1.4829 GTAW rod, high-alloyed, heat resistant
Description

GTAW rod for analogous, heat resisting rolled, forged and cast steels as well as for heat resi-
sting, ferritic CrSiAl steels, e.g. in annealing shops, hardening shops, steam boiler construction,
the crude oil industry and the ceramics industry. Austenitic deposited with a ferrite content of
approx. 8 %. Preferably used for applications involving the attack of oxidizing gases. The final
layer of joint welds in CrSiAl steels exposed to sulphurous gases must be deposited by means
of FOX FA or FA-IG. Scaling resistance up to +1000 °C.

Typical Composition of Welding Rod
C Si Mn Cr Ni
Wt-% 0.1 11 1.6 22,5 1.5

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 500 (=420)
Tensile strength Rm N/mm? (MPa): 630 (= 600)
Elongation A (Lo = 5do) %: 32 (= 30)
Impact work ISO-V KV J +20 °C: 115 (= 85)
(*) u untreated, as-welded — shielding gas Argon
Operating Data
shielding gas: 100 % Argon o mm
1 rod marking: 1.6 =
e front: W2212H 2.0

back: 1.4829
Preheating and interpass temperatures for ferritic steels 200 - 300 °C.

Base Materials

austenitic

1.4828 X 15 CrNiSi 20 12, 1.4826 G-X 40 CrNiSi 22 9, 1.4833 X7 CrNi 2314
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4710 G-X 30 CrSi 6,
1.4740 G-X 40 CrSi 17

AISI 305; ASTM A297HF

Approvals and Certificates
TUV-A (20), SEPROZ

Same Alloy Filler Metals

SMAW electrode: FOX FF GMAW solid wire:  FF-IG
FOX FF-A
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Heat Resistant Filler Metals - GTAW Rods

EN ISO 14343-A:2007: W M A
NS A5 062007 Eratt (mod) BOHLER FFB-IG

W.No.: 1.4842 GTAW rod, high-alloyed, heat resistant

Description

GTAW rod for analogous, heat resisting, rolled, forged and cast steels, e.g. in annealing shops,
hardening shops, steam boiler construction, the crude oil industry and the ceramics industry.
Fully austenitic deposit. Preferably employed for applications involving the attack of oxidizing,
nitrogen-containing or low-oxygen gases. The final layer of joint welds in heat resisting CrSiAl
steels exposed to sulphurous gases must be deposited by means of FOX FA or FA-IG.
Scaling resistance up to +1200 °C. Cryogenic toughness down to -196 °C. The temperature
range between +650 and +900 °C should be avoided owing to the risk of embrittlement.

Typical Composition of Welding Rod
C Si Mn Cr Ni
Wt-% 0.13 0.9 3.2 24.6 20.5

Mechanical Properties of All-weld Metal

*

Yield strength Re N/mm? (MPa): 420 (=380)
Tensile strength Rm N/mm? (MPa): 630 (= 580)
Elongation A (Lo = 5do) %: 33 (= 25)
Impact work ISO-V KV J +20 °C: 85 (= 80)

- 196 °C: (= 32)

(*) u untreated, as-welded — shielding g'as Argon
Operating Data

" shielding gas: 100 % Argon o mm
1 rod marking: 1.6 -
E—— front: —— W 25 20 Mn 2.0

back: 1.4842 24
Preheating and interpass temperatures for ferritic steels 200 - 300 °C.

Base Materials

austenitic

1.4841 X 15 CrNiSi 25 20, 1.4845 X 12 CrNi 25 21, 1.4828 X 15 CrNiSi 20 12,
1.4840 G-X 15 CrNi 25 20, 1.4846 G-X 40 CrNi 25 21, 1.4826 G-X 40 CrNiSi 22 9
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4762 X 10 CrAl 25,
1.4710 G-X 30 CrSi 6, 1.4740 G-X 40 CrSi 17

AISI 305, 310, 314; ASTM A297 HF; A297 HJ

Approvals and Certificates
SEPROZ

Same Alloy Filler Metals

SMAW electrode: FOX FFB GMAW solid wire:  FFB-IG
FOX FFB-A
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Heat Resistant Filler Metals - GTAW Rods

EN ISO 14343-A:2007: W Z21 33 MnNb
W.No.: 1.4850 (mod.)

BOHLER
CN 21/33 Mn-IG
GTAW rod, high-alloyed, heat resistant

Description

GTAW rod for joining and surfacing of heat resistant steels and cast steels of the same or
similar chemical composition. Suitable for operating temperatures up to +1050 °C dependence
to the atmosphere. Typicall alloy for welding of pyrolysis furnace tubes.

Atmosphere: max. application temperatur °C
sulphur free max. 2 g S/Nm?

Airand oxidizing combustion gases. 1050 1000

Reducing combustion gases. 1000 950

Typical Composition of Welding Rod
c Si Mn Cr Ni Nb
Wt-% 0.12 0.2 4.8 21.8 32,5 1.2

Mechanical Properties of All-weld Metal

*

u
Yield strength R N/mm? (MPa): =400
Tensile strength Rm N/mm? (MPa): =600
Elongation A (Le=5do) %: =17
Impact work 1SO-V KV J +20 °C: =50

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gas: o mm
1 100 % Argon 2.0 = ‘
— rod marking: 24

front: — 1.4850 (mod.) 3.2

back: W Z21 33 MnNb

Base Materials

1.4876 X10 NiCrAITi 32 20
1.4859 GX10 NiCrNb 32 20

1.4958 X 5 NiCrAITi 3120

1.4959 X 8 NiCrAITi 32 21

Alloy 800 H, UNS N08800, N08810, N0g811
Approvals and Certificates

TUV-D (11217.), CE
Same Alloy Filler Metals

SMAW electrode: FOX CN 21/33 Mn
GMAW solid wire: CN 21/33 Mn-IG
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Heat Resistant Filler Metals - GMAW Solid Wires

EVN’\IIS_O14343-A:2007: ?5523 BOHLER FA_|G

.NO.:
GMAW solid wire,
high-alloyed, heat resistant

Description

GMAW solid wire for gas-shielded welding of heat resisting, analogous or similar steels.
Ferritic-austenitic deposit. The low Ni-content renders this filler metal especially recommen-
dable for applications involving the attack of sulphurous oxidizing or reducing combustion
gases. Scaling resistance up to +1100 °C.

Typical Composition of Solid Wire
C Si Mn Cr Ni
Wt-% 0.07 0.8 1.2 25.7 4.5

Mechanical Properties of All-weld Metal

) u
Yield strength Re N/mm? (MPa): 520 (= 450)
Tensile strength Rm N/mm? (MPa): 690 (= 630)
Elongation A (Lo = 5do) %: 20 (= 15)
Impact work ISO-V KV J +20 °C: 50 = 30)

(*) u untreated, as-welded — shielding gas Ar + 2.5 % CO2z

Operating Data

t_kl shielding gases: o mm
—

Argon + max. 2.5 % CO2

NN
nNo

Preheating and interpass temperature as required by the base metal.

Base Materials

ferritic-austenitic

1.4821 X 20 CrNiSi 25 4, 1.4823 G-X 40 CrNiSi 27 4

ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4762 X 10 CrAl 25,
1.4710 X 30 CrSi 6, 1.4740 G-X 40 CrSi 17

AlSI 327; ASTM A297HC

Approvals and Certificates

Same Alloy Filler Metals
SMAW electrode: FOX FA GTAW rod: FA-IG
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Heat Resistant Filler Metals - GMAW Solid Wires

EN IS0 143452007, $87305 BOHLER FF-IG
AWS A5.9-06: ER309 (mod.) GMAW solid wire.
W.No.: 1.4829 :

high-alloyed, heat resistant

Description

GMAW solid wire for analogous, heat resisting rolled, forged and cast steels as well as for heat
resisting, ferritic CrSiAl steels, e.g. in annealing shops, hardening shops, steam boiler con-
struction, the crude oil industry and the ceramics industry. Austenitic deposited with a ferrite
content of approx. 8 %. Preferably used for applications involving the attack of oxidizing gases.
The final layer of joint welds in CrSiAl steels exposed to sulphurous gases must be deposited
by means of FOX FA or FA-IG. Scaling resistance up to +1000 °C.

Typical Composition of Solid Wire

C Si Mn Cr Ni
Wt-% 0.1 1.1 1.6 225 1.5
Mechanical Properties of All-weld Metal

0 u

Yield strength Re N/'mm? (MPa): 480 (= 350)

Tensile strength Rm N/mm? (MPa): 620 (= 540)

Elongation A (Lo = 5do) %: 34 (= 30)

Impact work ISO-V KV J +20 °C: 110 (= 70)

(*) u untreated, as-welded — shielding gas Ar + 2.5 % CO:z

Operating Data
— shielding gases: o mm
1 l Argon + max. 2.5 % CO2 1.0
— 1.2

Preheating and interpass temperatures for ferritic steels 200 - 300 °C.

Base Materials

austenitic

1.4828 X 15 CrNiSi 20 12, 1.4826 G-X 40 CrNiSi 22 9, 1.4833 X7 CrNi 23 14
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4710 G-X 30 CrSi 6,
1.4740 G-X 40 CrSi 17

AISI 305; ASTM A297HF

Approvals and Certificates
TUV-A (26), SEPROZ

Same Alloy Filler Metals

SMAW electrode: FOX FF GTAW rod: FF-IG
FOX FF-A
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Heat Resistant Filler Metals - GMAW Solid Wires

EN ISO -A:2007: G M A

WS A.5:06. 2 Erto (mod) BOHLER FFB-IG

W.No.: 1.4842 GMAW solid wire,
high-alloyed, heat resistant

Description

GMAW solid wire for analogous, heat resisting, rolled, forged and cast steels, e.g. in annealing
shops, hardening shops, steam boiler construction, the crude oil industry and the ceramics
industry. Fully austenitic deposit. Preferably employed for applications involving the attack of
oxidizing, nitrogen-containing or low-oxygen gases. The final layer of joint welds in heat
resisting CrSiAl steels exposed to sulphurous gases must be deposited by means of FOX FA
or FA-IG. Scaling resistance up to +1200 °C. Cryogenic toughness down to - 196 °C. The
temperature range between +650 and +900 °C should be avoided owing to the risk of
embrittlement.

Typical Composition of Solid Wire
c Si Mn Cr Ni
Wt-% 0.13 0.9 3.2 24.6 20.5

Mechanical Properties of All-weld Metal

*

@) u
Yield strength Re N/'mm? (MPa): 400

(= 350)

Tensile strength Rm N/mm? (MPa): 620 (= 540)
Elongation A (Lo = 5do) %: 38 (= 30)
Impact work ISO-V KV J +20 °C: 95 (= 63)
°C: (= 32)

-19 :
(*) u untreated, as-welded — shielding gas Argon + 2.5 % CO:z

Operating Data

— shielding gases: 2 mm
T 1 Argon + max. 2.5 % CO2 .
— .

Preheating and interpass temperatures for ferritic steels 200 - 300 °C.

N
Mo ®

Base Materials

austenitic

1.4841 X 15 CrNiSi 25 20, 1.4845 X 12 CrNi 25 21, 1.4828 X 15 CrNiSi 20 12,
1.4840 G-X 15 CrNi 25 20, 1.4846 G-X 40 CrNi 25 21, 1.4826 G-X 40 CrNiSi 22 9
ferritic-perlitic

1.4713 X 10 CrAl 7, 1.4724 X 10 CrAl 13, 1.4742 X 10 CrAl 18, 1.4762 X 10 CrAl 25,
1.4710 G-X 30 CrSi 6, 1.4740 G-X 40 CrSi 17

AISI 305, 310, 314; ASTM A297 HF; A297 HJ

Approvals and Certificates

SEPROZ

Same Alloy Filler Metals

SMAW electrode: FOX FFB GTAW rod: FFB-IG
FOX FFB-A
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Heat Resistant Filler Metals - GMAW Solid Wires
RSO ressoR0 - Gz BOHLER
CN 21/33 Mn-IG

GMAW solid wire, high-alloyed, heat resistant

Description

GMAW solid wire for joining and surfacing of heat resistant steels and cast steels of the same
or similar chemical composition. Suitable for operating temperatures up to +1050 °C depen-
dance of the atmosphere. Typical alloy for welding of pyrolysis furnace tubes.

Atmosphere: max. application temperatur °C
sulphur free  max. 2 g S/Nm*

Airand oxidizing combustion gases. 1050 1000

Reducing combustion gases. 1000 950

Typical Composition of Solid Wire

C Si Mn Cr Ni Nb
Wt-% 0.12 0.2 4.8 21.8 325 1.2

Mechanical Properties of All-weld Metal

) u
Yield strength Re N/'mm? (MPa): =400
Tensile strength Rm N/mm? (MPa): =600
Elongation A (Lo=5do) %: =17
Impact work 1SO-V KV J +20 °C: =50

(*) u untreated, as-welded — shielding gas Argon + 2.5 % CO:

Operating Data

— shielding gas: ]
—

3
3

Argon + 2.5 % CO:

p—

AN
N o

Base Materials

1.4876 X10 NiCrAlITi 32 20

1.4859 GX10 NiCrNb 32 20

1.4958 X5 NiCrAlITi 31 20

1.4959 X8 NiCrAlITi 32 21

Alloy 800 H, UNS N08800, N08810, N08811

Approvals and Certificates

Same Alloy Filler Metals

SMAW electrode: FOX CN 21/33 Mn
GTAW rod: CN 21/33 Mn-IG
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Product Information

2.9. Nickel-base

& Objectives
This section contains product information for nickel base filler metals. The
main applications of these filler metals are welding of nickel base alloys, high
temperature and creep resisting steels, heat resisting and cryogenic materi-
als, dissimilar joints and low alloy problem steels.
Nickel and its alloys with Cr, Cu, Fe, Mo, Co, Al and Ti offer a broad and uni-
versal range of possibilities for use, e.g. for highly corrosion resisting offsho-
re constructions, chemical and petrochemical plant engineering, in flue gas
desulphurisation or for sea water desalination plants as well as for high tem-
perature and heat resistant applications like the boiler fabrication or the con-
struction of heating ovens and furnaces.
In addition some of the nickel base alloys are also suitable for cryogenic
applications down to -196 °C.

4 Contents
OVERVIEW
SMAW COVERED ELECTRODES ..
GTAW RODS ......oouiiiiiicctiee ettt
GMAW SOLID WIRES ..ottt
GMAW FLUX CORED WIRES .......coiueiiiieieiiieieieeieiese e
SAW WIRE/FLUX-COMBINATIONS
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The welding of nickel alloys

Hereafter are listed the most important particulars:

@ Cleanliness is a top priority. Weld edge and weld area must be free of any
residues and in particular free of grease, oil and dust.

Oxide skin must be removed approx. 10 mm on each side of the weld.

@ The opening angle has to be wider than on C-steel, in general 60 — 70°. Tag
welding must be done in short intervalls. The root opening has to be
2 — 3 mm wide and the root face should be approx. 2 mm high.

@ Electrodes have to be re-dried prior to any welding.

@ For most applications we recommend string bead technic. When weaving,
the oscillation should be limited to 2.5 x the diameter of the electrode core
wire. This does not apply to vertical up welding.

@ The electrode should be welded with an angle of approx. 10 — 20° and the
arc should be as short as possible.

4 The end crater is to be filled, in the root to be grinded out. Ignition of a new
electrode should be approx. 10 mm before the last end crater, then the arc
has to be taken back to the end crater where the actual welding starts. The
ignition points are then over welded again.

# The interpass temperature should not exceed 150 °C and heat input should
be limited to approx. 8 — 12 KJ/cm.

@ If multi layer welding has to be made, each layer has to be cleaned with a
stainless wire brush to remove slag residues and oxide skins.

4 Weld surfaces can be cleaned by grinding, brushing with a stainless steel
wire brush or by pickling.
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Nickel-base Filler Metals

¢ Overview — Standard Classifications

Béhler

EN/EN ISO

AWS

FOX NIBAS 625
FOX NiCr 625*
FOX NIBAS 70/15

14172:

E Ni 6625 (NiCr22Mo9Nb)

A5.11-10: ENiCrMo-3

EOX NIBAS 70/t 14172: E Ni 6182 (NiCr15Fe6Mn) A5.11-10: ENiCrFe-3
Eg))é “!gﬁgﬂ{;"? 14172 E Ni 6082 (NiCr20Mn3Nb) A5.11-10: ENiCrFe-3 (mod.)
FOX NIBAS C 24 14172: E Ni 6059 (NiCr23Mo16, A5.11-10: ENICrMo-13
FOX NIBAS 617 14172: E Ni 6117 (NiCr22Co12Mo)  A5.11-10: ENICrCoMo-1 (mod.)
GTAW rods
NIBAS 625-1G 18274 ' " 09 ERNCrMo-
NEroaic o S Ni 6625 (NICr22MogNb) ~ A5.14-09: ERNICrMo-3

74: ' ' 09 ERNICH-
NIBAS 70r20-1C S Ni 6082 (NICr20MnaNb) ~ A5.14-09: ERNICr-3
NIBAS C 24-1G 18274: S Ni 6059 (NiCr23Mo16 A5.14-09: ERNICrMo-13
NIBAS 617-IG 18274 S Ni 6617 (NiCr22Co12Mo9)  A5.14-09: ERNICrCoMo-1

GMAW solid wires

NIBAS 625-1G 18274:
NiCr 625-1G*

NIBAS 70/20-IG 18274:
NiCr 70 Nb-IG*

NIBAS C24-1G 18274:
NIBAS 617-IG 18274:

GMAW flux cored wires

S Ni 6625 (NiCr22Mo9Nb)

S Ni 6082 (NiCr20Mn3Nb)

S Ni 6059 §NiCr23M016
S Ni 6617 (NiCr22Co12Mo9)

A5.14-09: ERNiCrMo-3

A5.14-09: ERNICr-3

A5.14-09: ERNiCrMo-13
A5.14-09: ERNiCrCoMo-1

NIBAS 70/20-FD 14172:
NIBAS 70/20 Mn-FD 14172:
NIBAS 625 PW-FD 14172:

SAW wire/flux-combination

Typ E Ni 6082 (NiCr20Mn3Nb)

Typ Ni 6082 (NiCr20Mn3Nb)
Typ Ni 6625 (NiCr22Mo9Nb)

A5.34: ENICr3T0-4

A5.34: ENICr3T0-4 (mod.)
AB.34' ENICrMo3T1-4

NIBAS 70/20-UP/BB 44418274:
NIBAS 625-UP/BB 444
NIBAS C 24-UP/BB 444 1F8274:
NIBAS 617-UP/BB 444 :

Flux EN760:

* product name in Germany

S Ni 6082 (NiCr20Mn3Nb)
SA-FB 2 AC

S N| 6625 (glCrZZMOQNb)
S N| 6059A(N|Cr23M016)

gNI 6617 (N|Cr220012M09)
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Nickel-base Filler Metals

¢ Overview — Typical Chemical Composition

Bohler C | Si|Mn|Cr|Ni|Mo|Nb| Ti|Fe|Co|Ta| Al
SMAW covered electrodes
FOX NIBAS 625 0.025( 0.4 | 0.7 [22.0[Bal. | 9.0 | 3.3 0.5 [<0.05 <0.4
FOX NiCr 625* 0.025| 0.4 | 0.7 220 |Bal. | 9.0 | 33 0.5 [<0.05 <0.4
FOX NIBAS 70/15  0.025| 0.4 | 6.0 |16.0 | Bal. 22| + |60 |<0.08<0.08
FOX NiCr 70/15* 0.025| 0.4 | 6.0 |16.0 | Bal. 22| + |60 |<0.08<0.08
FOX NIBAS 70/20  0.025 0.4 | 5.0 |19.0|Bal. [ 1.5 [ 22 | + [ 3.0 |<0.08]
FOX NiCr 70 Nb* 0.025| 0.4 | 5.0 [19.0[Bal. [ 1.5 [ 2.2 | + | 3.0 |<0.08
FOX NIBAS C 24 <0.02|<0.2 | 0.5 (225 | Bal. [15.5 1
FOX NIBAS 617 0.06| 0.7 | 0.1 [21.0|Bal | 9.0 03 | 1.0 [11.0 0.9
GTAW rods
NIBAS 625-1G <0.02| 0.1 [ 0.1 |22.0 [Bal. | 9.0 | 3.6 + |<05
NiCr 625-1G* <0.02| 0.1 [ 0.1 |22.0 [Bal. | 9.0 | 3.6 + |<05
NIBAS 70/20-IG 0.02 <0.1 | 31 |20.5 | Bal. 26 | + |<10
NiCr 70 Nb-IG* 0,02 |<01 | 3.1 |20.5 | Bal: 26| + |<10
NIBAS C 24-IG <0.01| 0.1 |<0.5|23.0 | Bal. [15.8 <1.0
NIBAS 617-IG 0.06| 04 | 0.1 |21.8 | Bal. | 9.0 03|05 |11.0 13
GMAW solid wires
NIBAS 625-IG <0.02[ 0.1 [<0.1|220(Bal. [ 9.0 [ 36 [ + [<20
5-1G* <0.02| 0.1 | 0.1 |22.0|Bal. | 90 [ 36 | + [=20
NIBAS 70/20-IG 0.03|<0.2 | 31 |20.5 | Bal. 25 | + |<10
NiCr 70 Nb-IG 0,03 |<0:2 | 3.1 |20.5 | Bal. 25 | + |<10
NIBAS C24-1G <0.01|<0.1 [<0.5|23.0 | Bal. | 15.8 <1.0
NIBAS 617-1G 0.06 | 0.1 | 0.1 [21.8|Bal. | 9.0 03| 1.0 |11.0 13
GMAW flux cored wires
NIBAS 70/20-FD 003 04 |32 [195]Bal 25 <20
NIBAS 70/20 Mn-FD 003 |03 |55 [197 |Bal 24 <20
NIBAS 625 PW-FD 005 | 0.4 | 0.4 [220 |Bal | 85 | 33 <10
SAW wire/flux-combination
NIBAS 70/20-UP 0.015(0.15 | 3.1 |20.5 | Bal. 26 | + [<1.0
NIBAS 70/20-UP/BB 444 0.020|0.25 | 3.0 |20.0 | Bal. 24 | + [<i0
NIBAS 625-UP 0.015(0.15 | 0.2 |22.0 | Bal. | 9.0 | 356 <05
NlBAsszs UPIBB444 0020(025 | 0.2 |215 | Bal. | 85 | 3.2 <10
NIBAS C 2: <0.01/<0.1 |<0.5 [23.0 | Bal. | 15.8 <1.0
NIBASCZ4UP/BBA44 <0.01§ 0.2 (<0.5|22.5 | Bal. | 15.8 <1.0
NIBAS 617-UP 0.06 [<0.2 |<0.2 [21.7 | Bal. | 9.0 + [<1.0]|11.0 1.3
NIBAS 617-UP/BB 444 0.06 [<0.4 [<0.3 |21.2 | Bal. | 9.0 + |<1.0]|10.6 11

* product name in Germany
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Nickel-base Filler Metals — SMAW Covered Electrodes

. . BOHLER FOX NIBAS 625,
PSR Elgom e FOX NiCr 625*
SMAW basic electrode, nickel base

Description

Basic electrode, core wire alloyed for welding the nickel-base alloy Inconel 625 and Inconel 825 as well
as CrNiMo-steels with high molybdenum content (e.g. "6 Mo" steels). It is also recommended for high
temperature and creep resisting steels, heat resisting and cryogenic materials, dissimilar joints, and low-
alloyed problem steels.

Suitable in pressure vessel fabrication for -196 °C to +550 °C, otherwise up to the scaling resistance
temperature of +1200 °C (S-free atmosphere). Due to the weld metal embrittlement between 600 - 850 °C,
this temperature range should be avoided. Highly resistant to hot cracking. Furthermore C-diffusion at
high temperature or during heat treatment of dissimilar joints is largely reduced.

Extremely resistant to stress corrosion cracking and pitting (PREn 52). Thermal shock resistant, fully
austenitic, low coefficient of thermal expansion between C-steel and austenitic CrNi (Mo)-steel.
Excellent welding characteristics in all positions except vertical-down, easy slag removal, high resi-
stance to porosity. Electrodes and weld metal meet highest quality requirements.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Mo Al Nb Co Fe
Wit-% 0025 04 0.7 220 Bal. 90 =04 33 =005 05

Mechanical Properties of All-weld Metal

* u

(Yl)eld strength R: N/mm? (MPa): 530 =450

Tensile strength Rm N/mm? (MPa): 800 = 760

Elongation A (Lo = 5do) %: 40 > 30

Impact work ISO-V KV J +20 °C: 80 > 65
- 196 °C: 45 = 32

(*) u untreated, as-welded

Operating Data

— re dryln if necessary 2 mm Lmm ampsA
-300 °C, min. 2'h 25 250 45- 60
— electrode identification: 3.2 300 65- 95
FOX NIBAS 625 NiCrMo-3 resp. 4.0 350 90 - 120
FOX NiCr 625 NiCrMo-3

p—

Base Materials

2.4856 NiCr 22 Mo 9 Nb, 2.4858 NiCr 21 Mo, 2.4816 NiCr 15 Fe, 1.4583 X10CrNiMoNb18-12,
1.4876 X 10 NiCrAITi 3220 H, 1.4876 X 10 NiCrAITi 32 21, 1.4529 X1NiCrMoCuN25-20-7,

X 2 CrNiMoCuN 20 18 6, 2.4641 NiCr 21 Mo 6 Cu joint welds of listed materials with non aIon
and low alloy steels, e.g P265GH, P285NH, P295GH, 16Mo3, S355N, X8Ni9, N09826,

ASTM A 553 Gr.1, Alloy 600, Alloy 625, Alloy 800 (H), 9 % Ni-steels

Approvals and Certificates

TUV-D (4911.), TUV-A (478), Statoil, LTSS, SEPROZ, CE, NAKS
(FOX NiCr 625: TUV-D 3773.)

Same Alloy Filler Metals

GTAW rod:  NIBAS 625-1G GMAW solid wire: NIBAS 625-1G
* product name in Germany GMAW flux cored wire: NIBAS 625 PW-FD
SAW comb.: NIBAS 625-UP/BB 444
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Nickel-base Filler Metals — SMAW Covered Electrodes

BOHLER FOX NIBAS 70/15,
RERITET BlENerre FOX NiCr 70/15*
SMAW basic electrode, nickel base

Description

Basic electrode, core wire alloyed, corresponding to AWS E NiCrFe-3 for high grade welding of nickel-base
alloys, high-temperature and creep resisting steels, heat resisting and cryogenic materials, low-alloyed pro-
blem steels and dissimilar joints. Ferritic-austenitic joints for service temperatures above +300 °C or for
applications where a post weld heat treatment is required

Suitable in pressure vessel fabrication for -196 °C to +650 °C, otherwise up to the scaling resistance tem-
perature of +1200 °C (S-free atmosphere). Insusceptible to embrittlement, highly resistant to hot cracking,
furthermore, C-diffusion at high temperature or during heat treatment of dissimilar joints is largely reduced.
Thermal shock resistant, stainless, fully austenitic, low coefficient of thermal expansion between the coeffi-
cient values of C-steel and austenitic CrNi (Mo)-steel.

Excellent welding characteristics in all positions except vertical-down, easy slag removal, high resistance to
porosity. Electrode and weld metal meet highest quality requirements.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Ti Ta Nb Co Fe
Wit-% 0.025 04 6.0 16.0 Bal + =008 22 =008 6.0
Mechanical Properties of All-weld Metal
(* u si s2
Yield strength R N/mm? (MPa): 400 (=360 400 (=360 400 (=360
Tensile strength Rn N/mm2 (MPa): 670 (=600 670 (=600 670 (=600
Elongation A (Lo = 5do{/ 40 (= 30 40 (= 30 40 (= 30
Impact work ISO-V KV J + 20 °C 120 (= 90 120 (= 80 120 (= 80
80 (= 32 70 (= 32 70 (= 32
(*) u untreated, as- welded
s1 stress relieved, 650 °C/15 h/air
s2 stress relieved, 760 °C/10 h/air
Operating Data
— re- dryln&; if necessary o mm Lmm ampsA
1 , min. 25 300 45- 75 |=<
- electrode |dent|f|cat|on 3.2 300 70 - 105
FOX NIBAS 70/15 NiCrFe-3 resp. 4.0 350 95 - 130

FOX NiCr 70/15 NiCrFe-3
Base Materials

NiCr 15 Fe (Inconel 600) as well as Ni-alloys of similar or same chemical composition;

non alloy and low alloy steels for elevated temperatures, e.g. P235GH, P265GH, S255NB,
P235GH-P355GH, 16Mo3, high temperature steels as well as constructional steels with
comparable tensile strength; creep resistant austenitic steels, e.g. X8CrNiNb16-13,
X8CrNiMoNb16-16, X8CrNiMoVNb16-13, Ni-steels containing 1.5% up to 5% Ni-steels; low
alloyed constructional and pressure vessel steels, also X20CrMoV12-1 and X20CrMoWV12-1
on stainless and creep resistant austenitic steels; also suitable for Alloy 800.

Approvals and Certificates

TUV-D (0842.), CE (FOX NiCr 70/15: TUV-D (0842.), KTA 1408 1 (8037.00))

Similar and Same Alloy Filler Metals

GTAW rod: NIBAS 70/20-IG GMAW solid wire: NIBAS 70/20-IG

* product name in Germany GMAW flux cored wire: NIBAS 70/20-FD
SAW comb.: NIBAS 70/20-UP/BB 444
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Nickel-base Filler Metals — SMAW Covered Electrodes

cuiso erzas: cwe: BOHLER FOX NIBAS 70/20,
iCr20Mn3 i
AWS A5.11-10: fEI\IliCErFe—é1 (mo)dA) FOX Nlcr 70 Nb
SMAW basic electrode, nickel base
Description

Basic electrode, core wire alloyed, corresponding to DIN EL-NiCr 19 Nb for high-grade welding of nickel-
base alloys, high-temperature and creep resisting steels, heat resisting and cryogenic materials, low-alloy-
ed problem steels and dissimilar joints. Ferritic-austenitic joints for service temperatures above +300 °C or for
applications where a post weld heat treatment is required

Suitable in pressure vessel fabrication for -196 °C to +650 °C, otherwise up to the scaling resistance tem-
perature of +1200 °C (S-free atmosphere). Insusceptible to embrittlement, highly resistant to hot cracking,
furthermore, C-diffusion at high temperature or during heat treatment of dissimilar joints is largely reduced.
Thermal shock resistant, stainless, fully austenitic, low coefficient of thermal expansion between the coeffi-
cient values of C-steel and austenitic CrNi (Mo)-steel.

Excellent welding characteristics in all positions except vertical-down, easy slag removal, high resistance to
porosity, absence of undercuts, high degree of purity. Electrode and weld metal meet highest quality requi-
rements.

Typical Composition of All-weld Metal

c Si Mn Cr N Mo Ti Nb Co Fe
Wt-% 0025 04 50 19.0 Bal. 15 + 22 =0.08 3.0
Mechanical Properties of All-weld Metal
(* u s1 s2
Yield strength Re N/mm? (MPa): 420 (=380 420 (=380 420 (=380
Tensile streng!h Rn N/mm? (MPa): 680 (=620 680 (=620 680 (=620
Elongation A (Lo = 5do) %: 40 (= 30 42 (= 30 43 (= 30
Impact work ISO-V KVJ  +20°C: 120 (= 90 120 (80 120 (= 80

-196°C: 80 (= 32 70 (= 32 70 (= 32

(*) u untreated, as-welded
s1 stress relieved, 650 °C/15 h/air
52 stress relieved, 750 °C/3 h/air

Operating Data

— re dryln if necessary: o mm Lmm ampsA
- 300 °C, min. 2 h 25 300 40- 70 |=4

— electrode identification: 3.2 300 70-105

D FOX NIBAS 70/20 resp. 4.0 350 90 - 125

5.0 400 120 - 160

p—

FOX NiCr 70 Nb

Base Materials

2.4816 Ni Cr 15 Fe, 2.4817 LC-NiCr 15 Fe, Alloy 600, Alloy 600 L

nickel and nickel alloys, low-temperature steels up to 5 % Ni-steels, unalloyed and alloyed, high-tem-
perature, creep resisting, high-alloy Cr- and CrNiMo-steels particularly for joint welding of dissimilar
steels, and nickel to steel combinations; also recommended for Alloy 800.

Approvals and Certificates

TOV-D (4697.), TUV-A (442), Statoil, LTSS, VUZ, SEPROZ, CE, NAKS
(FOX NiCr 70 Nb: TUV-D (0889.), KTA 1408 1 (8039.00))
Same Alloy Filler Metals

GTAW rod: NIBAS 70/20-1G GMAW solid wire: NIBAS 70/20-1G
* product name in Germany GMAW flux cored wire: NIBAS 70/20-FD
SAW comb.: NIBAS 70/20-UP/BB 444
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Nickel-base Filler Metals — SMAW Covered Electrodes

E\I;IVISSOS 1;%1 zg :2009: ENl\iIE:(rS&%%NiCrZSMm 6) B O H L E R
FOX NIBAS C 24
SMAW basic electrode, nickel base

Description

Basic electrode for highest corrosion requirements and welding of the Ni base steel grades, e.g.
UNS N06059, N06022, 2.4605, 2.4602 as well as for joining these grades with low alloyed and
stainless steels. Also suitable for surfacing on low-alloyed steels. It is employed primarily for
welding components in environmental plants and plants for chemical processes with highly cor-
rosive media. Excellent resistance against pitting and crevice corrosion and chloride-induced
stress corrosion cracking. In addition to its exceptional resistance to contaminated oxidating
mineral acids, acetic acids and acetic anhydrides, hot contaminated sulphuric- and phosphoric
acid. The electrode can be welded in all positions except vertical-down. Stable arc, easy slag
removal.The special composition of the coating prevents the precipitation of intermetallic phases.

Typical Composition of All-weld Metal

C Si Mn Cr Mo Ni Fe
Wit-% =0.02 =0.2 0.5 22,5 15.5 Bal. 1
Mechanical Properties of All-weld Metal
* u
Yield strength R: N/mm? (MPa): =450
Tensile strength Rn N/mm? (MPa): =720
Elongation A (Lo=5do) %: =30
Impact work ISO-V KV J +20 °C: =75
(*) u untreated, as-welded
Operating Data
— re-drying: if necessary: o mm L mm
1 250-300 °C, min. 2 h 25 250
—— electrode identification: 3.2 300
FOX NIBAS C 24 ENiCrMo-13 4.0 350

The interpass temperature of 100 °C and a max. weaving width 2.5 x diameter of the electrode
core wire should not be exceeded. Opening angle of the prepared seam approx. 70 °, root gap
app. 2 mm. Weld electrode with slight filt and with a short arc.

Base Materials

NiCr21Mo14W (2.4602), NiMo16Cr16Ti (2.4610), NiMo16Cr15W (2.4819),
NiCr23Mo16Al (2.4605), X2CrNiMnMoNbN25-18-5-4 (1.4565), Alloy 59, UNS N06059,
N06022, ASTM B575, B626

joint welds of listed materials with low alloy and stainless steels

Approvals and Certificates
TOV-D (10513.), CE

Same Alloy Filler Metals

GTAW rod: NIBAS C 24-IG
GMAW solid wire: NIBAS C 24-IG
SAW combination: NIBAS C 24-UP/BB 444
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Nickel-base Filler Metals — SMAW Covered Electrodes

EN ISO 14172:2009: E Ni 6117
NiCr22Co12Mo)

BOHLER
AWS A5.11-10: NiCrCoMo-1 (mod.) FOX N|BAS 61 7

SMAW basic electrode, nickel base

Description

Basic electrode is suitable for joining high-temperature and similar nickel-base alloys, heat
resistant austenitic and cast alloys, such as 2.4663 (NiCr21Co12Mo), 2.4851 (NiCr23Fe),
1.4876 (X10 NiCrAlITi 32 20), 1.4859 (GX 10 NiCrNb 32 20). The weld metal is resistant to hot-
cracking and is used for service temperatures up to +1100 °C. Scale-resistance up to +1100 °C,
high temperature resistant up to +1000 °C. High resistance to hot gases in oxidizing and
carburized atmospheres, e.g. gas turbines, ethylene production plants.

BOHLER FOX NIBAS 617 can be welded in all positions except vertical-down. It has a stable
arc. Easy slag removal.

Typical Composition of All-weld Metal

C Si Mn Cr Mo Ni Co Fe Al Ti
Wt-% 0.06 0.7 0.1 21 9 Bal. 1 1 0.9 0.3

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/'mm? (MPa): =450
Tensile strength Rn N/mm? (MPa): =700
Elongation A (Lo=5do) %: =35
Impact work 1SO-V KV J =100

(*) u untreated, as-welded

Operating Data

— re-drying if necessary: o mm L mm amps A

1 250-300 °C, min. 2h 25 250 40-55

— electrode identification: 3.2 300 70-90
FOX NIBAS 617 ENiCrCoMo-1 4.0 350 90-110

Base Materials

X10NiCrAITi32-20 (1.4876)
NiCr23Fe (2.4851)
GX10NiCrNb32-20 (1.4859)
NiCr23Co12Mo (2.4663)
Alloy 617, UNS N06617

Approvals and Certificates
TUOV-D (10907.), CE

Same-alloy Filler Metals

GTAW rod: NIBAS 617-1G
GMAW solid wire: NIBAS 617-1G
SAW combination: NIBAS 617-UP/BB 444
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Nickel-base Filler Metals - GTAW Rods

EN ISO 18274:2006: ?N?grggiﬂsong) BOHLER NIBAS 625'!“G,
AWS A5.14-09: ERNiCrMo-: H -
Wik 409 pagar S NiCr 625-1G

GTAW rod, nickel base

Description

GTAW rod for high-quality joint welding of high-molybdenum nickel-base alloys (e.g. Inconel 625 and Incoloy
825) as well as of CrNiMo steels with high Mo-content (e.g. "6Mo" steels). Additionally this brand is recom-
mended for high-temperature or creep resisting, heat resisting and cryogenic materials, for low-alloy
problem steels and joining dissimilar materials.

Can be used for pressure vessel fabrication for service temperatures from -196 °C to +550 °C, otherwise
up to scaling resistance limit of +1200 °C (S-free atmosphere. Due to the weld metal embrittlement between
+600 - 850 °C, this temperature range should be avoided. Highly resistant to hot cracking; furthermore,
C-diffusion at high temperatures, or during heat treatment of dissimilar steels is largely inhibited.
Extremely resistant to stress corrosion cracking and pitting corrosion (PREn 52). Resistant to thermal
shocks, stainless, fully austenitic. Low coefficient of thermal expansion (between C-steels and austenitic
CrNi (Mo) steel). TIG-rod and deposit satisfy the highest quality standards.

Typical Composition of Welding Rod

C Si Mn Cr Ni Mo Nb Fe Ti
Wit-% =0.02 0.1 0.1 22 Bal. 90 36 =05 +

Mechanical Properties of All-weld Metal

* u

Yield strength R N/mm? (MPa): 540 (= 460)

Tensile strength Rm N/mm? (MPa): 800 (= 740)

Elongation A (Lo = 5do) %: 38 (= 35)

Impact work ISO-V KV J +20 °C: 160 (= 120)
- 196 °C: 130 (=100)

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gases: 100 % Argon o mm
1 Ar + He mixture gases 1.6 =t
— rod marking: | 2.0

front: 7 2.4831 2.4

back: ERNiCrMo-3

Base materials

2.4856 NiCr 22 Mo 9 Nb, 2.4858 NiCr 21 Mo, 2.4816 NiCr 15 Fe, 1.4583 X10CrNiMoNb18-12,
1.4876 X 10 NiCrAITi 32 20 H, 1.4876 X 10 NiCrAITi 32 20, 1.4529 X1NiCrMoCuN25-20-7,

X 2 CrNiMoCuN 20 18 6, 2. 4641 NiCr 21 Mo 6 Cu joint welds of listed materials with non aIon
and low allog steels, e.g P265GH, P285NH, P295GH, 16Mo3, S355N, X8Ni9, N08926,

ASTM A 553 Gr.1, Alloy 600, Alloy 625, Alloy 800 (H), 9 % Ni-steels

Approvals and Certificates

TOV-D (4324.), TUV-A (436), Statoil, SEPROZ, CE (NiCr 625-1G: TUV-D (3938.))

Same Alloy Filler Metals

SMAW electrode: FOX NIBAS 625 GMAW solid wire: NIBAS 625-1G
*product name in Germany GMAW flux cored wire:  NIBAS 625 PW-FD
SAW comb.: NIBAS 625-UP/BB 444
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Nickel-base Filler Metals - GTAW Rods

BOHLER NIBAS 70/20-IG,

EN ISO 18274:2006: S Ni 6082 (NiCr20Mn3Nb) i =-|G*
AWS A5.14-09: ERNiCr-3 NiCr 70 Nb-IG
W.No.: 2.4806 GTAW rod, nickel base
Description

GTAW rod for welding of nickel-base alloys, high-temperature and creep resisting steels, heat
resisting and cryogenic materials, low-alloyed problem steels and dissimilar joints. Ferritic-aus-
tenitic joints for service temperatures above + 300 °C or for applications where a post weld heat
treatment is required

Suitable in pressure vessel fabrication from -196 °C to +550 °C, otherwise resistant to scaling
up to +1200 °C (S-free atmosphere). Not susceptible to embrittlement, C-diffusion at elevated
temperatures largely inhibited.

Resistant to thermal shocks, corrosion resistant, fully austenitic, low coefficient of thermal
expansion. between the coefficient values of C-steel and austenitic CrNi (Mo)-steel.

Both the TIG-rod and the weld deposit satisfy highest quality requirements.

Typical Composition of Welding Rod

C Si Mn Cr Ni Ti Nb Fe
Wit-% 0.02 0.1 3.1 205 Bal + 2.6 =1

Mechanical Properties of All-weld Metal

*

u
Yield strength R: N/mm? (MPa): 440 (= 400)
Tensile strength Rm N/mm? (MPa): 680 (= 620)
Elongation A (Lo = 5do) %: 42 (= 35)
Impact work ISO-V KV J + 20 °C: 190 (= 150)
- 196 °C: 100 (= 32)

(*) u untreated, as-welded — shielding gas Argon

Operating Data

1

— rod marking:
front: 2.4806
back: ERNiCr-3

shielding gases: 100 % Argon o mm
Ar + He mixture gases

o=
roo

Base Materials

2.4816 Ni Cr 15 Fe, 2.4817 LC-NiCr 15 Fe, Alloy 600, Alloy 600 L. nickel and nickel alloys, low-tem-
perature steels up to 5 % Ni-steels, unalloyed and alloyed, high-temperature, creep resisting,
high-alloy Cr- and CrNiMo-steels particularly for joint welding of dissimilar steels, and nickel to steel
combinations; also recommended for Alloy 800.

Approvals and Certificates

TUV-D (4328.), TUV-A (434), Statoil, SEPROZ, CE, NAKS
(NiCr 70 Nb-IG TUV-D (0891.), KTA 1408 1 (8035.00))
Same Alloy Filler Metals

SMAW electrode: FOX NIBAS 70/20 GMAW solid wire: NIBAS 70/20-1G
*product name in Germany GMAW flux cored wire:  NIBAS 70/20-FD
SAW comb.: NIBAS 70/20-UP/BB 444
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Nickel-base Filler Metals - GTAW Rods

EN 1SO 18274:2006: A
L3016 BO

LER
Ovms()ﬁs.14-09: RN|CrMo 1 N|BAS C 24-1G

GTAW rod, nickel base

Description

GTAW rod for highest corrosion requirements and welding of the Ni base steel grades, e.g.
UNS N06059, N06022, 2.4605, 2.4602 as well as for joining these grades with low alloyed and
stainless steels. Also suitable for surfacing on low-alloyed steels.. It is employed primarily for
welding components in environmental plants and plants for chemical processes with highly cor-
rosive media. Excellent resistance against pitting and crevice corrosion and chloride-induced
stress corrosion cracking. In addition to its exceptional resistance to contaminated oxidating
mineral acids, acetic acids and acetic anhydrides, hot contaminated sulphuric- and phosphoric
acid.

Typical Composition of Welding Rod

C Si Mn Cr Mo Ni Fe
Wit-% =0.01 =0.1 <05 23 15.8 Bal. <1
Mechanical Properties of All-weld Metal
) u
Yield strength R N/mm? (MPa): =450
Tensile strength Rm N/mm? (MPa): =700
Elongation A (Lo=5do) %: =35
Impact work ISO-V KV J =120

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gases: o mm
1 100 % Argon 1.6 =
— Ar + He mixture gases 2.0

rod marking: 24

front: = 2.4607 3.2

back: ERNiCrMo-13
Weld with possibly low heat input and low interpass temperature.
Base Materials

NiCr21Mo14W (2.4602), NiMo16Cr16Ti (2.4610), NiMo16Cr15W (2.4819),
NiCr23Mo16Al (2.4605), X2 CrNiMnMoNbN25-18-5-4 (1.4565), Alloy 59,
UNS, N06059; N06022, B575, B626

joint welds of listed materials with low alloy and stainless steels

Approvals and Certificates
TUV-D (10523.), CE

Same Alloy Filler Metals

SMAW: FOX NIBAS C 24
GMAW solid wire: NIBAS C24-IG
SAW combination: NIBAS C24-UP/BB 444
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Nickel-base Filler Metals - GTAW Rods

B0HLEn
WNo.: Eiry i NIBAS 617-IG

GTAW rod, nickel base

Description

GTAW rod for joining high-temperature and similar nickel-base alloys, heat resistant austenitic
and cast alloys, such as 2.4663 (NiCr21Co12Mo), 2.4851 (NiCr23Fe), 1.4876 (X10 NiCrAITi 32
20), 1.4859 (GX 10 NiCrNb 32 20). The weld metal is resistant to hot-cracking and is used for
service temperatures up to +1100 °C. Scale-resistance up to +1100 °C, high temperature
resistant up to +1000 °C. High resistance to hot gases in oxidizing and carburized
atmospheres, e.g. gas turbines, ethylene production plants.

Typical Composition of Welding Rod

C Si Mn Cr Mo Ni Co Al Ti Fe
Wt-% 0.06 0.1 0.1 21.8 9 Bal. 1 13 0.3 0.5

Mechanical Properties of All-weld Metal

*

u
Yield strength R N/mm? (MPa): =450
Tensile strength Rm N/mm? (MPa): =700
Elongation A (Le=5do) %: =30
Impact work 1SO-V KV J =60

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gases: o mm
1 100 % Argon / Ar + He mixture gases 2.0 =
— rod marking: 24

front: 2.4627
back: ERNiCrCoMo-1

Base Materials

X10NICrAITi32-20 (1.4876)
NiCr23Fe (2.4851)
GX10NICrNb32-20 (1.4859)
NiCr23Co12Mo (2.4663)
Alloy 617, UNS N06617

Approvals and Certificates
TUV-D (10551.), CE

Same Alloy Filler Metals

SMAW: FOX NIBAS 617
GMAW wire: NIBAS 617-1G
SAW combination: NIBAS 617-UP/BB 444
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Nickel-base Filler Metals - GMAW Solid Wires

EN ISO 18274:2006: (SN?gfgg%/ISOQNb) BOHLER N!BAS 625_|G,
OVWSOAS 14-09: E.Izglé?rMo-?: NICr 625_|G*

GMAW solid wire, nickel base
Description

GMAW solid wire for high-quality joint welding of nickel-base alloys like Inconel 625 and Incoloy 825 as well
as of CrNiMo stainless steels with high Mo-content (e.g. "6Mo" steels). Additionally it is recommended for
high-temperature or creep resisting, heat resisting and cryogenic materials, joining of dissimilar steels, and
also for problem steels.

Can be used for pressure vessel fabrication for service temperatures in the -196 °C to +550 °C range, other-
wise up to scaling resistance limit of +1200°C (S-free atmosphere). Due to the weld metal embrittiement
between +600 - 850 °C, this temperature range should be avoided. Highly resistant to hot cracking;
furthermore, C-diffusion at high service temperatures or during post weld heat treatment of dissimilar steels
is largely inhibited.

Extremely resistant to stress corrosion cracking and pitting (PREn 52). Resistant to thermal shocks, fully
austenitic. Low coefficient of thermal expansion (between C-steels and austenitic CrNi (Mo) steel).

Wire and weld metal satisfy highest quality standards.

Typical Composition of Solid Wire

C Si Mn Cr Ni Mo Nb Fe Ti
Wt-% =0.02 0.1 0.1 22 Bal. 90 36 =05 +
Mechanical Properties of All-weld Metal
* u
Yield strength R. N/mm? (MPa): 510 (= 460)
Tensile strength Rn N/mm? (MPa): 780 (= 740)
Elongation A (Lo = 5do) %: 40 (= 25)
Impact work ISO-V KV J +20 °C: 130 (= 100)

- 196 °C: 80 (= 32)
(*) u untreated, as-welded — shielding gas Argon + 40 % Helium

Operating Data

— shielding gases: o mm
T 1 Argon + 40% He 1.0
— Ar + He + small amounts of active gas 1.2

Welding with puls technic will be advantageous.

Base Materials

2.4856 NiCr 22 Mo 9 Nb, 2.4858 NiCr 21 Mo, 2.4816 NiCr 15 Fe, 1.4583 X10CrNiMoNb18-12,
1.4876 X 10 NiCrAITi 32 20 H, 1.4876 X 10 NiCrAITi 32 20, 1.4529 X1NiCrMoCuN25-20-7,
X 2 CrNiMoCuN 20 18 6, 2.4641 NiCr 21 Mo 6 Cu joint welds of listed materials with non alloy
and low allosy steels, e.g P265GH, P285NH, P295GH, 16Mo3, S355N, X8Ni9, N08926,

ASTM A 553 Gr.1, AIon 600, Alloy 625, AIon 800, 9 9% Ni-steels

Approvals and Certificates
TUV-D (4323.), TUV-A (437), Statoil, SEPROZ, CE (NiCr 625-IG: TUV-D (3937.))

Same Alloy Filler Metals

SMAW electrode: FOX NIBAS 625 GTAW rod: NIBAS 625-1G
* product name in Germany GMAW flux cored wire:  NIBAS 625 PW-FD
SAW comb.: NIBAS 625-UP/BB 444
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Nickel-base Filler Metals - GMAW Solid Wires

BOHLER NIBAS 70/20-IG,
EN ISO 18274:2006: S Ni 6082 NiCr 70 Nb-1G*

(NiCr20Mn3Nb)
AWS A5.14-09: ERNiCr-3 GMAW solid wire, nickel base
W.No.: 2.4806
Description

GMAW solid wire for welding of nickel-base alloys, high-temperature and creep resisting steels,
heat resisting and cryogenic materials, low-alloyed problem steels and dissimilar joints. Ferritic-
austenitic joints for service temperatures above +300 °C or for applications where a post weld
heat treatment is required. Suitable for pressure vessel fabrication for the service temperature
range -196 °C to +550 °C, otherwise resistant to scaling up to +1200 °C (S-free atmosphere).
Not susceptible to embrittlement, C-diffusion at elevated temperatures largely inhibited.
Resistant to thermal shocks, corrosion resistant, fully austenitic. Low coefficient of thermal
expansion (between C-steels and austenitic CrNi (Mo) steel).

Both the wire and the deposit satisfy the highest quality requirements.

Typical Composition of Solid Wire
C S Mn Cr N Ti Nb Fe
Wit-% 002 01 31 205 Bal. + 26 =1

Mechanical Properties of All-weld Metal

*

u
Yield strength R N/mm? (MPa): 420 (= 400)
Tensile strength Rm N/mm? (MPa): 680 (= 620)
Elongation A (Lo = 5do) %: 40 (= 35)
Impact work ISO-V KV J + 20 °C: 160 (= 150)
- 196 °C: 80 (= 32)

(*) u untreated, as-welded — shielding gjas Argon + 40 % Helium

Operating Data

— shielding gases: o mm

t 1 Argon + 40 % He 0.8

— Ar + He + small quantities active gas 1.0
1.2

Welding with puls technic will be advantageous.

Base Materials

2.4816 Ni Cr 15 Fe, 2.4817 LC-NiCr 15 Fe, Alloy 600, Alloy 600 L

nickel and nickel alloys, low-temperature steels up to X8Ni9, unalloyed and alloyed, high-temperature,
creep resisting, high-alloy Cr- and CrNiMo-steels particularly for joint welding of dissimilar steels, and
nickel to steel combinations; also recommended for Alloy 800 (H).

Approvals and Certificates

TUV-D (4327.), TUV-A (435), Statoil, SEPROZ, CE, NAKS (NiCr 70 Nb-IG TUV-D (0890.))

Same Alloy Filler Metals

SMAW electrode: FOX NIBAS 70/20 GTAW rod:  NIBAS 70/20-1G
GMAW flux cored wire: NIBAS 70/20-FD SAW comb.: NIBAS 70/20-UP / BB 444
* product name in Germany
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Nickel-base Filler Metals - GMAW Solid Wires

EN ISO 18274:2006: S Ni 6 o
1927420080 NCooMo16) BOHLE
OVWSASM -00: gﬁgngo-w NIBAS C 24-I1G
No .

GMAW solid wire
nickel base

Description

GMAW solid wire for highest corrosion requirements and welding of the Ni base steel grades,
e.g. UNS N06059, N06022, 2.4605, 2.4602 as well as for joining these grades with low alloy-
ed and stainless steels. Also suitable for surfacing on low-alloyed steels. It is employed prima-
rily for welding components in environmental plants and plants for chemical processes with hig-
hly corrosive media. Excellent resistance against pitting and crevice corrosion and chloride-
induced stress corrosion cracking. In addition to its exceptional resistance to contaminated
oxidating mineral acids, acetic acids and acetic anhydrides, hot contaminated sulphuric- and
phosphoric acid.

Typical Composition of Solid Wire

C Si Mn Cr Mo Ni Fe
Wit-% =0.01 =0.1 <05 23 15.8 Bal. <1

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/'mm? (MPa): =420
Tensile strength Rm N/mm? (MPa): =700
Elongation A (Lo=5do) %: =35
Impact work 1SO-V KV J =100

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gases: o mm
T l 100 % Argon 1.0
— M 11 + 28 % He 1.2

Weld with possibly low heat input and low interpass temperature.

Base Materials

NiCr21Mo14W (2.4602), NiMo16Cr16Ti (2.4610), NiMo16Cr15W (2.4819), NiCr23Mo16Al
(2.4605), X2 CrNiMnMoNbN25-18-5-4 (1.4565), Alloy 59,

UNS, N06059; N06022, B575, B626

joint welds of listed materials with low alloy and stainless steels

Approvals and Certificates
TUV-D (10522.), CE

Same Alloy Filler Metals

SMAW: FOX NIBAS C 24
GTAW rod: NIBAS C 24-1G
SAW combination: NIBAS C 24-UP/BB 444
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Nickel-base Filler Metals - GMAW Solid Wires

BOHLER
WNo.: Eiry i NIBAS 617-IG
GMAW solid wire
nickel base

Description

GMAW solid wire for joining high-temperature and similar nickel-base alloys, heat resistant
austenitic and cast alloys, such as 2.4663 (NiCr21Co12Mo), 2.4851 (NiCr23Fe), 1.4876 (X10
NiCrAITi 32 20), 1.4859 (GX 10 NiCrNb 32 20). The weld metal is resistant to hot-cracking and
is used for service temperatures up to +1100 °C. Scale-resistance up to +1100 °C, high tem-
perature resistant up to +1000 °C. High resistance to hot gases in oxidizing and carburized
atmospheres, e.g. gas turbines, ethylene production plants.

Typical Composition of Solid Wire

C Si Mn Cr Mo Ni Co Al Ti Fe
Wt-% 0.06 0.1 0.1 21.8 9 Bal. 1 1.3 03 <05

Mechanical Properties of All-weld Metal

*

u

Yield strength Re N/'mm? (MPa): =400
Tensile strength Rn N/mm? (MPa): =700
Elongation A (Lo=5do) %: =40
Impact work 1SO-V KV J =100

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gases: o mm
T l 100 % Argon 1.0 =
— M 11 + 28 % He 1.2

Ar + 30 % He + 0.5 % CO:

Base Materials

X10NiCrAITi32-20 (1.4876)
NiCr23Fe (2.4851)
GX10NICrNb32-20 (1.4859)
NiCr23Co12Mo (2.4663)
Alloy 617, UNS N06617

Approvals and Certificates
TUV-D (10551.), CE

Same Alloy Filler Metals

SMAW: FOX NIBAS 617
GTAW rod: NIBAS 617-1G
SAW combination: NIBAS 617-UP/BB 444
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Nickel-base Filler Metals - GMAW flux cored wire

EN ISO 14172:2006: Typ Ni 6082 (NiCr20Mn3Nb) N
AWS A5.34-07: ENICr3T0-4 NIBAS 70/20-FD
AWS A5.34M-07:  TNi6082-04 GMAW flux cored wire, nickel base
Description

Rutile flux cored wire with basic elements, especially designed for downhand and horizontal welding
positions. The easy operation and the high rate of deposition of Béhler NIBAS 70/20-FD leads to high pro-
ductivity, with excellent operating characteristic, self releasing slag, almost no spatter formation and temper
discoloration, smooth weld finish, good side wall wetting and safe penetration. Beside considerable savings
in time and money and little demand for cleaning and pickling, Bohler also guarantees a high quality level
and a reduction of welding defects.

Suitable for high quality weld joints of nickelbase alloys, high temperature and creep resisting materials,
scaling resistant and low-temperature steels, dissimilar joints and difficult weldable steel grades. Ferritic-
austenitic joints for service temperatures above +300 °C or for applications where a post weld heat treat-
ment is required.

Suitable for pressure vessel fabrication for the service temperature range -196 °C to +550 °C, otherwise
resistant to scaling up to +1200 °C (S-free atmosphere).

Not susceptible to embrittiement, C-diffusion at elevated temperatures largely inhibited. Resistant to thermal
shocks, corrosion resistant, fully austenitic, low coefficient of thermal expansion.

Out of position weldability is limited, in special cases pulse arc welding shows advantages.

Typical Composition of All-weld Metal

C Si Mn Cr Ni Nb Fe
Wt-% 003 04 32 195 Bal. 25 =20
Mechanical Properties of All-weld Metal
* u
(Yl)eld strength R: N/mm? (MPa): 400 (=360
Tensile strength Rm N/mm2 (MPa): 650 (=600
Elongation A (Lo = 5do 39 (= 30

Impact work ISO-V K J +20°C: 135 (=110
-196 °C: 110 (= 80
(*) u untreated, as-welded — shielding gas Argon + 20 % CO:z

Operating Data

re-drying if necessar omm ampsA voltage V

Argon + 15-25 % C! 1.2 130-260 24 -36
1.6 150-350 23-32

welding with standard GMAW-facilities possible,

slightly trailing torch position (angel appr. 80 °).

The gas flow should be 15 - 18 I/min.

Base Materials

2.4816 Ni Cr 15 Fe, 2.4817 LC-NiCr 15 Fe, Alloy 600, Alloy 600 L

nickel and nickel alloys, low-temperature steels up to 5 % Ni-steels, unalloyed and alloyed, high-tempe-
rature, creep resisting, high-alloy Cr- and CrNiMo-steels particularly for joint welding of dissimilar steels,
and nickel to steel combinations; also recommended for Alloy 800 (H).

Approvals and Certificates

TUV-D (10298.), CE

Same Alloy Filler Metals

SMAW electrode: FOX NIBAS 70/20 GTAW rod:  NIBAS 70/20-IG
GMAW solid wire: NIBAS 70/20-1G
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Nickel-base Filler Metals - GMAW flux cored wire

BOHLER
.34-07: i - B -
AWS Ag.g4l\ﬁ-07: TNiIG(;gZ-OO4 ((rr:l]gd.)) NIBAS 70/20 M n FD
GMAW flux cored wire, nickel base
Description

Rutile flux cored welding wire with basic elements, especially designed for down hand and hori-
zontal welding positions. The low carbon alloyed Ni-Cr-Mn-Nb alloy has a very good stability to
hot cracks. Suitable for high quality weld joints of nickel base alloys, high temperature and
creep resisting materials, scaling resistant and low-temperature steels, dissimilar joints and dif-
ficult weld able steel grades. The flux cored wire is able for welding of low temperature nickel
steels. Suitable for the service temperature range -196 °C to +650 °C, otherwise resistant to
scaling up to +1200 °C. Out of position weldability is limited.

Typical Composition of All-weld Metal
C Si Mn Cr Ni Nb Fe
Wt-% 0.03 0.3 5.5 19.7  Bal. 24 =20

Mechanical Properties of All-weld Metal

*

u
Yield strength R N/mm? (MPa): 380 (= 360)
Tensile strength Rm N/mm? (MPa): 640 (= 600)
Elongation A (Lo = 5do) %: 41 (= 35)
Impact work ISO-V KV J +20 °C: 130 (= 90)

- 196 °C: 115 (= 70)
(*) u untreated, as-welded — shielding gas Argon + 15 - 25 % CO:

Operating Data

e re-drying if necessary: omm amps A voltage V
1 - 12  120-260 23-36 |=+4
— shielding gas:

Argon + 15 - 25 % CO:

Welding with standard GMAW-facilities possible, slightly trailing torch position (angel appr. 80 °),
avoid overheating; The gas flow should be 14-20 I/min
Base Materials

2.4816 Ni Cr 15 Fe, 2.4817 LC-NiCr 15 Fe, Alloy 600, Alloy 600 L

nickel and nickel alloys, low-temperature steels up to X8Ni9, high alloyed Cr- and CrNiMo-
steels particularly for joint welding of dissimilar steels and for joint welding to unalloyed and
alloyed high-temperature creep resisting steels; also recommended for Alloy 800 (H).

Approvals and Certificates

Same Alloy Filler Metals
SMAW electrode: FOX NIBAS 70/20

GTAW rod: NIBAS 70/20-1G
GMAW solid wire: NIBAS 70/20-1G
Flux cored wire: NIBAS 70/20-FD
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Nickel-base Filler Metals - GMAW flux cored wire

EN ISO 14172 2006 E¥\‘p Ni 6625 (N|Cr22M09Nb)
AWS A

BOHLER
AWS A5 34M o7 TN|6625 14 N|BAS 625 PW-FD

GMAW flux cored wire
nickel base

Description

Rutile flux cored wire for high-quality joint welding of nickel-base alloys like Alloy 625 and Alloy
825 as well as of CrNiMo stainless steels with high Mo-content (e.g. "6Mo" steels). Additionally
it is recommended for high-temperature or creep resisting, heat resisting and cryogenic mate-
rials, joining of dissimilar steels, and also for problem steels. Can be used for pressure vessel
fabrication for service temperatures in the -196 °C to +550 °C range, otherwise up to scaling
resistance limit of +1200 °C (S-free atmosphere). Due to the weld metal embrittlement between
600-850 °C, this temperature range should be avoided. Highly resistant to hot cracking;
furthermore, C-diffusion at high service temperatures or during post weld heat treatment of dis-
similar steels is largely inhibited. Extremely resistant to stress corrosion cracking and pitting
(PREN 52). Resistant to thermal shocks, fully austenitic. Low coefficient of thermal expansion
(between C-steels and austenitic CrNi (Mo) steel). Good position weldability.

Typical Composition of All-weld Metal

C Si Mn Cr Mo Ni Nb Fe
Wit-% 0.05 0.4 0.4 21.0 8.5 Bal. 3.3 <1.0

Mechanical Properties of All-weld Metal

*

u
Yield strength R: N/mm? (MPa): 500
Tensile strength Rm N/mm? (MPa): 740 (= 690)
Elongation A (Lo=5do) %: 40 (=25)
Impact work ISO-V KV J +20 °C: 90
-196 °C: 80

(*) u untreated, as-welded — shielding gas Argon + 20 % CO:
Operating Data

= shielding gases: o mm amps A voltage V
1 Argon + 15-25 % CO: 1.2 150-250 22-28
|

Welding with standard GMAW-facilities possible, slightly trailing
torch position (angel appr. 80 °), the gas flow should be 15-18 I/min
Base Materials

2.4856 NiCr 22 Mo 9 Nb, 2.4858 NiCr 21 Mo, 2.4816 NiCr 15 Fe, 1.4583 X10CrNiMoNb18-
12, 1.4876 X 10 NiCrAlITi 32 20 H, 1.4876 X 10 NiCrAITi 32 20, 1.4529 X1NiCrMoCuN25-
20-7, X 2 CrNiMoCuN 20 18 6, 2.4641 NiCr 21 Mo 6 Cu,

joint welds of listed materials with non alloy and low alloy steels, e.g P265GH, P285NH,
P295GH, 16Mo3, S355N, X8Ni9, N08926, ASTM A 553 Gr.1, Alloy 600, Alloy 625, Alloy 800,
9 % Ni-steels

Approvals and Certificates

TUV-D (11223.), CE

Same Alloy Filler Metals

SMAW electrode: FOX NIBAS 625 GMAW solid wire:  NIBAS 625-1G
GTAW rod: NIBAS 625-1G SAW combination: NIBAS 625-UP/BB 444
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Nickel-base Filler Metals - SAW wire / flux-combination

1827 BOHLER
,fVNV'Sstff_o‘;”% nethae  NIBAS 70/20-UP/BB 444

ux: . . .
. . SAW wire / flux-combination
EN 760:1996: SA-FB 2 AC nickel base

Description

For SAW wire flux combination welding of Ni base alloy metals and special metals if the use of
wire electrodes with high Ni content is requested. The weld metals show excellent mechanical
properties with high hot cracking resistance. It is applicable for chemical apparatus construc-
tion on high temperature metals as well as in low temperature sections up to -196 °C.

BB 444 is an agglomerated fluoride basic welding flux with high basic slag characteristics. For
information regarding this sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Ni Nb Fe Ti
SAW wire wt-% 0.015 0.15 3.1 20.5 Bal. 2.6 =1.0 +
All-weld metal % 0.020 0.25 3.0 20.0 Bal. 24 =1.0 +

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): > 380
Tensile strength Rm N/mm? (MPa): > 580
Elongation A (LO=5do) %: >35
Impact work 1SO-V KV J +20 °C: >80

-196 °C: >80
() u untreated, as-welded

Operating Data
Redrying of sub arc flux: o mm I
400-450 °C/2 h 24 =+

—

Preheat and interpass temp. as required by the base metal.

Base Materials

2.4816 Ni Cr 15 Fe, 2.4817 LC-NiCr 15 Fe, Alloy 600, Alloy 600 L, UNS N06600, ASTM B168
nickel and nickel alloys, low-temperature steels up to 5 % Ni-steels, unalloyed and alloyed,
high-temperature, creep resisting, high-alloy Cr- and CrNiMo-steels particularly for joint
welding of dissimilar steels, and nickel to steel combinations; also recommended for Alloy 800
Approvals and Certificates

TUV-D (10552.), CE

Same Alloy Filler Metals

SMAW: FOX NIBAS 70/20
GTAW rod: NIBAS 70/20-1G
GMAW solid wire: NIBAS 70/20-1G

GMAMW flux cored wire:  NIBAS 70/20-FD
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Nickel-base Filler Metals - SAW wire / flux-combination

1827 BOHLER
- hiceaw  NIBAS 625-UP/BB 444

ux: . . .
. . SAW wire / flux-combination
EN760:1996: SA-FB 2 AC nickel base

Description

For SAW wire and flux combination, suitable for welding of the 6 % Mo superaustenitic grades
S§31254, N 08926, N 08367 and the matching alloy 625 and alloy 825. Weld metal meet hig-
hest quality and corrosion requirements. Extremely resistant to stress corrosion cracking and
pitting. The pitting resistance equivalent is >52. BB 444 is an agglomerated fluoride basic wel-
ding flux with high basic slag characteristics. For information regarding this sub-arc welding flux
see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo Ni Nb Fe
SAW wire wt-% 0.015 0.15 0.2 22.0 9.0 Bal. 36 <05
All-weld metal % 0.020 0.25 0.2 215 8.5 Bal. 3.2 <1.0

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): > 420
Tensile strength Rm N/mm? (MPa): > 700
Elongation A (Lo=5do) %: > 40
Impact work ISO-V KV J +20 °C: >80

-196 °C: 70

(*) u untreated, as-welded

Operating Data

Redrying of sub arc flux: o mm ]
400-450 °C/2 h 2.4 =+
— Preheat and interpass temp. as required by the base metal -

Base Materials

2.4856 NiCr 22 Mo 9 Nb, 2.4858 NiCr 21 Mo, 2.4816 NiCr 15 Fe, 1.4583 X10CrNiMoNb18-12,
1.4876 X 10 NiCrAlITi 32 20 H, 1.4876 X 10 NiCrAITi 32 20, 1.4529 X1NiCrMoCuN25-20-7,
X 2 CrNiMoCuN 20 18 6, 2.4641 NiCr 21 Mo 6 Cu;

joint welds of listed materials with non alloy and low alloy steels, e.g P265GH, P285NH,
P295GH, 16Mo3, S355N, X8Ni9, N08926, ASTM A 553 Gr.1, B443,B446, UNS N06625
Alloy 600, Alloy 625, Alloy 800, 9 % Ni-steels

Approvals and Certificates
TUV-D (10553.), CE

Same Alloy Filler Metals

SMAW: FOX NIBAS 625 GMAW solid wire: NIBAS 625-1G
GTAW rod: NIBAS 625-1G GMAW flux cored wire:  NIBAS 325 PW-FD
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Nickel-base Filler Metals - SAW wire / flux-combination

Wire:
EN ISO 18274:2006: S Ni 6059 (NiCr23Mo16)

, _ BOHLER
Who 1% BREMe NIBAS C 24-UP/BB 444

Flux:
EN760:1996: SA-FB 2 AC SAW wire / flux-combination, nickel base

Description

For SAW wire and flux combination, suitable for highest corrosion requirements and welding of
the Ni base steel grades, e.g. UNS N06059, N06022, 2.4605, 2.4602 as well as for joining
these grades with low alloyed and stainless steels. Also suitable for surfacing on low-alloyed
steels.. It is employed primarily for welding components in environmental plants and plants for
chemical processes with highly corrosive media. Excellent resistance against pitting and crevice
corrosion and chloride-induced stress corrosion cracking. In addition to its exceptional
resistance to contaminated oxidating mineral acids, acetic acids and acetic anhydrides, hot
contaminated sulphuric- and phosphoric acid. Weld with possibly low heat input and low inter-
pass temperature. BB 444 is an agglomerated fluoride basic welding flux with high basic slag
characteristics. For information regarding this sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

C Si Mn Cr Mo Ni Fe
SAW wire wt-% =0.01 =0.10 <0.5 23.0 15.8 Bal. <1
All-weld metal % 0.015 0.20 <0.5 22,5 15.8 Bal. <1

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): 480
Tensile strength Rm N/mm? (MPa): 720
Elongation A (Lo=5do) %: 38
Impact work ISO-V KV J +20 °C: 80

-196 °C: 50

(*) u untreated, as-welded

Operating Data

Redrying of sub arc flux: o mm
400-450 °C/2 h 2.0 =+
—

Base Materials

NiCr21Mo14W (2.4602), NiMo16Cr16Ti (2.4610), NiMo16Cr15W (2.4819), NiCr23Mo16Al
(2.4605), X2CrNiMnMoNbN25-18-5-4 (1.4565), Alloy 59, UNS, N06059; N06022, B575, B626
joint welds of listed materials with low alloy and stainless steels

Approvals and Certificates

Same Alloy Filler Metals

SMAW: FOX NIBAS C 24
GTAW rod: NIBAS C 24-1G
GMAW solid wire: NIBAS C 24-1G
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Nickel-base Filler Metals - SAW wire / flux-combination

Wire

E\I;IV |Sso 18274:2006: S Ni 6617 (NICr22C012 Moo) BOHLER
1ICrCoMo-

Wo. 5.4627 NIBAS 617-UP/BB 444

Ell\ljx760:1996: SA-FB 2 AC SAW wire / flux-combination, nickel base

Description

For SAW wire flux combination for joining high-temperature and similar nickel-base alloys, heat
resistant austenitic and cast alloys, such as 2.4663 (NiCr21Co12Mo), 2.4851 (NiCr23Fe),
1.4876 (X10 NiCrAlITi 32 20), 1.4859 (GX 10 NiCrNb 32 20). The weld metal is resistant to hot-
cracking and is used for service temperatures up to +1100 °C. Scale-resistance up to +1100 °C,
high temperature resistant up to 1000 °C. High resistance to hot gases in oxidizing and
carburized atmospheres, e.g. gas turbines, ethylene production plants. BB 444 is an agglome-
rated fluoride basic welding flux with high basic slag characteristics. For information regarding
this sub-arc welding flux see our detailed data sheet.

Typical Composition of Solid Wire and All-weld Metal

Si Mn Cr Mo Ni Ti Co Al Fe
SAW wire wt-%  0.06 <02 <02 21.7 9 Bal. + 1.0 13 <1
All-weld metal % 0.06 <0.4 <03 21.2 9 Bal. + 106 1.1 <1

Mechanical Properties of All-weld Metal

*

u
Yield strength Re N/mm? (MPa): > 420
Tensile strength Rm N/mm? (MPa): > 700
Elongation A (Lo=5do) %: > 35
Impact work ISO-V KV J >80

(*) u untreated, as-welded

Operating Data
Redrying of sub arc flux: 2 mm
400-450 °C/2 20
| — Preheat and |nterpass temp. as required by the base metal

Base Materials

X10NiCrAITi32-20 (1.4876)
NiCr23Fe (2.4851)
GX10NiCrNb32-20 (1.4859)
NiCr23Co12Mo (2.4663)
Alloy 617, UNS N06617

Approvals and Certificates

Same Alloy Filler Metals

SMAW: FOX NIBAS 617
GTAW rod: NIBAS 617-1G
GMAW solid wire: NIBAS 617-1G
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Product Information

2.10. NON FERROUS ALLOYS
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Non Ferrous Alloys

@ Overview — Standard Classifications

Béhler EN ISO / DIN AWS

SMAW covered electrodes

FOX CuNi 30Fe DIN1733:  EL-CuNi30 Mn AWS A5.6-08: ECuNi
GTAW rods

CuNi 30Fe-IG EN ISO 14640: S Cu 7158 (CuNi30) AWS A5.7-07: ERCUNi
ERTi 21G EN ISO 24034: S Ti 0120 AWS A5.16-04: ERTi2

@ Overview — Typical Chemical Composition

Bohler C | Si|Mn|Cr|Ni|Mo|Nb| Ti |[Fe|Co|Ta| Al
W
30.0 0.6 Cu Bal.
GTAW rods
CuNi 30Fe-IG <0.05 0.8 30.0 <05| 06 Cu Bal.
ER Ti 2-1G <0.03 Bal. [<0.2 0<0.1
H<0.008
N<0.02
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Non Ferrous Alloys — SMAW Covered Electrodes

RS Ace.08:  EGuRIooMn B OH LER
FOX CuNi 30Fe
SMAW covered electrode
copper-nickel
Description

CuNi base electrode for joining and surfacing of similar alloyed base metals with up to 30 %
Nickel, as well as for non ferrous alloys and steels of different nature. Due to the excellent
resistance to sea water the electrode is best suitable for offshore applications, oil refineries,
seawater desalination plants, ship building and also for chemical and food industry.

The electrode can be operated in all positions except vertical down.

Typical Composition of All-weld Metal

C Si Mn Ni Fe Cu
Wt-% 0.03 0.3 1.2 30 0.6 Bal.

Mechanical Properties of All-weld Metal

*

u

Yield strength R: N/mm? (MPa): =240

Tensile strength Rn N/mm? (MPa): =390

Elongation A (Lo=5do) %: =30

Impact work ISO-V KV J =80

(*) u untreated, as-welded

Operating Data
— re-drying if necessary: o mm L mm amps A
1 - 25 300 60-80
— electrode identification: 3.2 350 80-105

FOX CuNi 30Fe ECuNi 4.0 350 110-130

Groove out a V seam with min. 70° and provide a root gap of 2 mm. Remove the oxide
skin about 10 mm beside the joint, on the reverse side too. The weld zone must be bare and
properly degreased. Fuse the arc strike point again by bringing the electrode back, in order to
obtain a good bond. Keep the arc short.

Base Materials
Copper nickel alloys with up to 30 % nickel

CuNi 10 Fe 1 Mn (2.0872), CuNi20Fe (2.0878), CuNi30Fe 2.0882)
UNS C 71500, C70600

Approvals and Certificates
TUV-D (10515.), CE

Same Alloy Filler Metals
GTAW rod: CuNi 30Fe-IG
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Non Ferrous Alloys - GTAW Rods

ENdasa02005:  scuiss Cunizo)  BOHLER CuNi 30Fe-IG

W.No.: 20837 GTAW rod, CuNi-alloys

Description

GTAW rod for joining and surfacing of similar alloyed base metals with up to 30 % Nickel, as
well as for non ferrous alloys and steels of different nature. Due to the excellent resistance to
sea water, it is best suitable for offshore applications, oil refineries, seawater desalination
plants, ship building and also for chemical and food industry.

Typical Composition of Welding Rod

C Mn Ni Fe Ti Cu
Wt-% <0.05 0.8 30 0.6 <05 Bal.

Mechanical Properties of All-weld Metal

*

u

Yield strength R: N/mm? (MPa): =200
Tensile strength Rn N/mm? (MPa): =360
Elongation A (Lo=5d0) %: =30
HB 120

(*) u untreated, as-welded — shielding gas Argon

Operating Data

— shielding gas: o mm
1 100 % Argon 1.6 —_—
. rod marking: 2.0

front: = 2.0837 24

back: ERCuNi7

Groove out a V seam with min. 70° and provide a root gap of 2 mm.

Remove the oxide skin about 10 mm beside the joint, on the reverse side too.
The weld zone must be bare and properly degreased.

Base Materials
Copper nickel alloys with up to 30 % nickel

CuNi10Fe1Mn (2.0872), CuNi20Fe (2.0878), CuNi30Fe (2.0882)
UNS C71500, C70600

Approvals and Certificates
TOV-D (10517.), GL, CE

Same Alloy Filler Metals
SMAW electrode: FOX CuNi 30 Fe
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Non Ferrous Alloys - GTAW Rods

WS A5 d6042 > Bara 20 (1990) BOHLER ER Ti 2-IG
\L/JVNNSO ('?57%?3250 GTAW rod, Titanium

Description

GTAW rod for welding of pure Titan and Titan alloys with similar chemical composition. Titanium
can be tungsten arc welded employing techniques similar to those used for welding of stainless
steel. However, Titanium requires a greater cleanliness and the use of auxiliary gas shielding
to protect the molten puddleand cooling weld zone from atmospheric contamination.

Typical Composition of Welding Rod

C Ti Fe [¢] H N

Wt-% <0.03 Bal. <0.2 <0.10 <0.008 <0.02
Mechanical Properties of All-weld Metal

) u

Yield strength R N/mm? (MPa): 295*

Tensile strength Rm N/mm? (MPa): 500*

Elongation A (Le=5do) %: 42*

Impact work 1SO-V KV J +20 °C: 76*

(*) u untreated, as-welded — shielding gas 100 % Argon
* depend of the pollutants in the weld metal

Operating Data

p— shielding gases: o mm
1 100% Argon 1.6 o
— rod marking: 2.0
front: ——ERTIi2 2.4
3.0

Base Materials

Pure Titan and Titan alloys with a similar composition.
ASTM Grade 1-4
UNS R50400H

Approvals and Certificates
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Sub-arc Welding Flux

2.11. Sub-arc Welding Fluxes

4 Objectives
This section contains a brief description of the characteristic features of sub-
arc welding fluxes from BOHLER Welding.
Basically the flux has decisive effect on the result of welding operations. Its
influence on the melting characteristics and various other physical properties
such as viscosity, surface tension, density, thermal expansion, and conduc-
tivity in turn has a considerable bearing on the appearance of the bead sur-
face and the slag removability.
Another major consideration here is the influence which the flux exerts
through the metallurgical reaction on the chemical composition, and thus
also on the mechanical properties of the deposit.

¢ Contents

OVERVIEW ..o s nen 343
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Sub-arc Welding Flux

@ Overview — Standard Classifications

www.boehler-welding.com

AWS

Bohler EN
Sub-arc Welding Flux
BB 24 760:
BB 24-SC 760:
BB 25 760:
BB 33 M 760:
BF 16 760:
BB 202 760:
BB 203 760:
BB 430 760:
BB 444 760:
BB 910 760:

SAFB 165DC H5
SAFB 165AC H10
SAFB 168 DC H5
SAAR 177 AC H5
SFMS 178 AC

SAFB2DC
SAFB2DC
SAFB 155AC
SAFB2
SAFB 255DC

SAW fluxes are not specified
according to AWS-standards

# Overview — Typical Chemical Composition

Bohler SiO.+ | CaO+ | CaF: | ALOs+ | Al:Os+ | FeO | K:O+
TiO: MgO MnO CaO Na:0
SAW Welding Flux
BB 24 15 37 25 19 - - 3
BB 24-SC 15 37 25 19 - - 3
BB 25 15 29.5 25 23.5 - - -
BB 33 M 24 16 (CaO+MgO+CaFz) | 50 - - -
BF 16 44 (Si02)| 13 3 38 - 1 -
BB 202 10 - 50 - 38 (Al203) - -
BB 203 20 26 32 |18 (AkOs)| - - -
BB 430 15 35 26 21 - - -
BB 444 4(Si02) | 55 - 30 (ALOs)| - 9 (F-) 2
BB 910 14 32 31 18 - -
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Sub-arc Welding Flux

EN 760:1996: SAFB 1 65 DC H5 BOHLER BB 24

SAW flux, fluoride-basic type

Description

BOHLER BB 24 is an agglomerated welding flux of the fluoride-basic type. It is characterised by its
neutral metallurgical behaviour. When used in combination with suitable wire electrodes the weld metal
displays high toughness properties at low/subzero temperatures. The flux is designed for joining and surfa-
cing applications on general-purpose structural steels, fine-grained high strength and low temperature steels,
and high-temperature steel grades. BOHLER BB 24 is a hydrogen-controlled welding flux with hydrogen con-
tents of maximum 5 ml/100 g weld deposit.

Composition of Sub-arc Welding Flux

SiO2+TiO2 CaO+MgO Alz0s+MnO CaF: K20+Na:0
Wit-% 15 37 19 25 3

Properties and Operating Data

basicity acc. Boniczewski: 2.5 weight %
bulk density: 1.0 kg/dm®
- grain size acc. EN 760: 0.3-2.0mm
flux consumption: 1.0 kg flux per kg wire
re-drying: 300-350°C,2h-10h

Base Materials
mild steels, high temperature and creep resistant steels, cryogenic steels, fine-grained steels

Typical Composition of All-weld Metal with different Wires

Bohler SAW wires C Si Mn Cr Ni Mo \ w
Bohler EMS 2 0.07 0.25 1.20
Bohler EMS 3 0.08 0.25 1.50
Bohler EMS 2 Mo 0.07 0.25 1.15 0.45
Boéhler EMS 2 CrMo ~ 0.08 0.25 0.95 1.1 0.45
Bohler CM 2-UP 0.08 0.25 0.75 2.4 0.95
Bohler CM 5-UP 0.06 0.40 0.75 5.5 0.55
Bohler 20 MVW-UP  0.16 0.3 075 114 0.45 0.85 0.30 0.50
Béhler 3 NiMo1-UP 0.09 0.25 1.65 0.9 0.55
Bohler 3 NiCrMo 2.5-UP 0.06 0.3 1.5 0.5 2.2 0.50
Bohler Ni 2-UP 0.07 0.25 1.15 2.2
Designation wire class. | classification for wire flux/combination
acc. EN acc. EN 756/14295 acc. AWS A5.17 / A5.23
BOHLER EMS 2 S2 S386FBS2 F7A8-EM12K / F48A6-EM12K
BOHLER EMS 3 S3 S424FBS3 F7A4-EH10K / F48A4-EH10K

BOHLER 3 NiMo1-UP | S 3Ni1Mo S50 4 FB S3Ni1Mo F9A4-EF3(mod)-F3/F62A4-EF3(mod.)-F3
BOHLER 3 NiCrMo 2.5-UP| S 3Ni2.5CrMo | S 69 6 FB S3Ni2.5CrMo| F11A8-EM4(mod)-M4/F76A6-EM4(mod)-M4

BQHLER Ni 2-UP S 2Ni2 S 46 6 FB S2Ni2 F8AB-ENi2-Ni2 / F55A6-ENi2-Ni2
BOHLER EMS 2 Mo S2Mo S 46 4 FB S2Mo F8A4-EA2-A2 | F55A4-EA2-A2
BOHLER EMS 2 CrMo | S CrMo1 - F8P2-EB2-B2 / F55P3-EB2-B2
BOHLER CM 2-UP S CrMo2 - F8P2-EB3-B3 / F55P3-EB3-B3
BOHLER CM 5-UP S CrMo5 - F8PZ-EB6-B6 / F55PZ-EB6-B6

BOHLER 20 MVW-UP | S CrMowV12 |- -
Approvals and Certificates

DB (51.014.02), OBB, NAKS; Approval is available for BOHLER BB 24 together with the BOHLER-wires:
TUV-D: EMS 2, EMS 3, EMS 2 Mo, EMS 2 CrMo, CM 2-UP, 3 NiMo 1-UP, 20 MVW-UP
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Sub-arc Welding Flux

EN 760:1996:  SAFB 165AC H10 BOHLER BB 24-SC

SAW flux, fluoride-basic type

Description

BOHLER BB 24-SC is an agglomerated welding flux of the fluoride-basic type. It is characterised by its neu-
tral metallurgical behaviour. When used in combination with suitable wire electrodes the weld metal displays
high toughness properties at low/subzero temperatures. It allows welding on AC and therefore it can also be
used for the tandem welding process. The flux is designed for joining and surfacing applications on general-
purpose structural steels, fine-grained high strength, low temperature steels and high-temperature steel gra-
des. In combination with the wire electrode EMS 2 CrMo and CM 2-UP you get a good toughness at low tem-
peratures and after a Step-cooling treatment.

Composition of Sub-arc Welding Flux

SiO=+TiO: CaO+MgO Alz0s+MnO CaF: K:0+Na:0
Wit-% 15 37 19 25 3

Properties and Operating Data

basicity acc. Boniczewski: 2.5 weight % —t

bulk density: 1.0 kg/dm?® —_——
—_ grain size acc. EN 760: 0.3-2.0 mm ~y

flux consumption: 1.0 kg flux per kg wire

re-drying: 300 - 350 °C, 2 h-10 h

Base Materials
mild steels, high temperature and creep resistant steels, cryogenic steels, fine-grained steels

Typical Composition of All-weld Metal with different Wires

BOHLER UP-Wire C Si Mn Cr Ni Mo \ T
BOHLER EMS 2 0.07 0.25 1.20
BOHLER EMS 3 0.08 0.25 1.50
BOHLER EMS 2 Mo  0.07 0.25 1.15 0.45
BOHLER EMS 2 CrMo 0.08 0.25 0.95 1.1 0.45
BOHLER CM 2-UP 0.08 0.25 0.75 2.4 0.95
BOHLER CM 5-UP 0.06 0.40 0.75 5.5 0.55
BOHLER 20 MVW-UP 0.16 0.30 075 114 0.45 0.85 0.30 0.50
BOHLER 3 NiMo1-UP  0.09 0.25 1.65 0.9 0.55
BOQHLER 3 NiCrMo 2.5-UP 0.06 0.30 1.50 0.5 2.2 0.50
BOHLER Ni 2-UP 0.07 0.25 1.15 2.2
Designation wire class. | classification for wire flux/combination
acc. EN acc. EN 756/14295 acc. AWS A5.17 / A5.23
BOHLER EMS 2 S2 $386FBS2 F7A8-EM12K / FA8A6-EM12K
BOHLER EMS 3 S3 S424FBS3 F7A4-EH10K / F48A4-EH10K

BOHLER 3 NiMo1-UP | S 3NitMo S50 4 FB S3Ni1Mo F9A4-EF3(mod)-F3/F62A4-EF3(mod.)-F3
BOHLER 3 NiCrMo 2.5-UP| S 3Ni2.5CrMo | S 69 6 FB S3Ni2.5CrMo| F11A8-EM4(mod)-M4/F76A6-EM4(mod)-M4

BOHLER Ni 2-UP S 2Ni2 S 46 6 FB S2Ni2 F8A8-ENi2-Ni2 / F55A6-ENi2-Ni2
BOHLER EMS 2 Mo S2Mo S 46 4 FB S2Mo F8A4-EA2-A2 | F55A4-EA2-A2
BOHLER EMS 2 CrMo | S CrMo1 - F8P2-EB2-B2 / F55P3-EB2-B2
BOHLER CM 2-UP S CrMo2 - F8P2-EB3-B3 / F55P3-EB3-B3
BOHLER CM 5-UP S CrMo5 - F8PZ-EB6-B6 / F55PZ-EB6-B6

BOHLER 20 MVW-UP | S CrMoWV12 |- -

Approvals and Certificates
NAKS
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Sub-arc Welding Flux

EN 760:1996: SAFB 168 DC H5 BOHLER BB 25

SAW flux, fluoride-basic type

Description

BOHLER BB 25 is an agglomerated basic flux suitable for welding of mild and low alloyed
steels with good weld metal impact values at low temperatures. Suitable for single and multi-

pass technique. .
The flux is active and shows some pickup of manganese and silicon. BOHLER BB 25 is a
hydrogen-controlled welding flux with hydrogen contents of maximum 5 ml/100 g weld deposit.

Composition of Sub-arc Welding Flux
SiO=+TiO: CaO+MgO Alz0:+MnO CaF:
Wt-% 15 295 235 25

Properties and Operating Data

basicity acc. Boniczewski: 2.2 weight %
bulk density: 1.0 kg/dm®
— grain size acc. EN 760: 0.2 -2.0 mm
flux consumption: 1.0 kg flux per kg wire
re-drying: 300-350°C,2h-10h

Base Materials
mild steels, high temperature steels, fine-grained steels

Typical Composition of All-weld Metal with different Wires

Bohler SAW-Wires C Si M Cr Mo
Bohler EMS 2 0.07 0.4 1.45
Bohler EMS 3 0.06 0.35 17
Bohler EMS 2 Mo 0.07 0.4 15 0.5
Bohler EMS 2 CrMo  0.07 0.4 1.35 1.25 0.5
Designation wire class. | classification for wire flux/combination

acc. EN acc. EN 756 acc. AWS A5.17 / A5.23
BOHLER EMS 2 S2 S424FBS2 F7A4-EM12K / F48A4-EM12K
BOHLER EMS 3 S3 S423FBS3 F7A3-EH10K / F48A2-EH10K
BOHLER EMS 2 Mo S2Mo S 46 3 FB S2Mo F8A4-EA2-A2 / F55A4-EA2-A2
BOHLER EMS 2 CrMo | S CrMo 1 - F8P2-EB2-B2 / F55P3-EB2-B2

Approvals and Certificates

Approval is available for BOHLER BB 25 together with the BOHLER-wires:
TUV-D: EMS 2 Mo, EMS 2 CrMo; TUV-A: EMS 2, EMS 2 Mo, EMS 2 CrMo; ABS: EMS 2 CrMo
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Sub-arc Welding Flux

EN 760:1996: SAAR 177 AC H5 BOHLER BB 33 M

SAW flux, aluminium-rutile-type

Description

BOHLER BB 33 M is an agglomerated welding flux. It is a aluminium-rutile-type suited for high-
speed welding of mild and low-alloyed steels.
It produces smooth welding beads even at travel speeds higher than 1.5 m/min.

Composition of Sub-arc Welding Flux

Alz0:+MnO SiO2+TiO2 CaO+MgO+CaF:
Wt-% 50 24 16

Properties and Operating Data

basicity acc. Boniczewski: 0.6 weight %
bulk density: 1.4 kg/dm® -
— grain size acc. EN 760: 0.2-2.0 mm
1.3 k
2

flux consumption: .3 kg flux per kg wire
re-drying: 75-325°C,2h-4h

Base Materials
mild steels and low alloy steels

Typical Composition of All-weld Metal with different Wires

Bohler SAW-Wires C Si M Mo
Bohler EMS 2 0.08 0.7 1.3 -
Bohler EMS 3 0.08 0.75 1.7 -
Bohler EMS 2 Mo 0.07 0.8 15 0.5
Designation wire class. | classification for wire flux/combination
acc. EN acc. EN 756 acc. AWS A5.17 / A5.23
BOHLER EMS 2 S2 S46 0AR S2 F7AZ-EM12K / FA8A0-EM12K
BOHLER EMS 3 S3 S500ARS3 F7AZ-EH10K / FA8A0-EH10K
BOHLER EMS 2 Mo S 2 Mo S 46 Z AR S2Mo FBAZ-EA2-A2(mod) F55A0-EA2-A2(mod)

Approvals and Certificates

DB (51.014.01), OBB ) } N
Approval is available for BOHLER BB 33 M together with BOHLER-wires. TUV-D: EMS 2,
EMS 2 Mo. TUV-A: EMS 2, EMS 2 Mo
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Sub-arc Welding Flux

EN 760:1996: SF MS 178 AC BbHLER BF 16

SAW flux, manganese-silicate-type

Description

BOHLER BF 16 is a fused manganese-silicate welding flux with acid characteristic. It is very
homogeneous and not susceptible to moisture. The welding flux provides smooth beads
together with a good slag detachability.

Its metallurgical behaviour shows a slight pick up of manganese and silicon.

It is suited for joint welds of mild steel constructural work of thinner walled (< 20 mm) compo-
n%nts as vgell as for hardfacing applications and allows a high current carrying capacity on both
AC and DC.

Composition of Sub-arc Welding Flux
SiO: CaO+MgO  AlOs+MnO CaF: FeO
Wt-% 44 13 38 3 1

Properties and Operating Data

basicity acc. Boniczewski: 0.7 weight %
bulk density: 1.6 kg/dm3
| =—> | grain size acc. EN 760: 0.2-2.0m
flux consumption: 1.1-14 kg flux per kg wire
re-drying: 250 - 350°C,1h-10h

Base Materials
mild steels

Typical Composition of All-weld Metal with different Wires

Bohler SAW-Wires C Si Mn
Bohler EMS 2 0.04 0.5 13
Bohler EMS 3 0.04 0.45 1.7
Designation wire class. | classification for wire flux/combination

acc. EN acc. EN 756 acc. AWS A5.17 / A5.23
BQHLER EMS 2 S2 S380MSS2 F6A0-EM12K / F43A2-EM12K
BOHLER EMS 3 S3 S380MSS3 F6A0-EH10K / F43A3-EH10K

Approvals and Certificates

Approval is available for BOHLER BF 16 together with BOHLER-wires.
TUV-A: EMS 2, EMS 2 Mo
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Sub-arc Welding Flux
EN 760:1996: SAFB2DC

BOHLER BB 202

SAW flux, fluoride-basic type

Description

BOHLER BB 202 is an agglomerated fluoride-basic flux for single and multipass welding of Cr-
steels and non stabilised and stabilised austenitic CrNi(Mo)-steels as well as ferritic-austenitic
Duplex-steels. The flux BB 202 produces well contoured and smooth welding beads, easy slag
removal without any slag residues and good welding characteristics even for fillet welds are
very much appreciated by users. It offers an especially low flux consumption.

The weld deposits show high purity and good mechanical properties.

Composition of Sub-arc Welding Flux

SiO2+TiO= AlOs CaF:
Wt-% 10 38 50
Properties and Operating Data
basicity acc. Boniczewski: 2.3 weight %
bulk density: 1.0 kg/dm®
—_— grain size acc. EN 760: 2-12(0.2- 1.2 mm)

flux consumption:
re-drying:

Base Materials

0.7 kg flux per kg wire
300-350°C,2h—-10h

Cr-steels and unstabilised or stabilised austenitic CrNi(Mo)-steels as well as austenitic-ferritic

duplex steels.

Typical Composition of All-weld Metal with different Wires

Bohler SAW-Wires C Si Mn Cr Ni Mo Nb Cu N
Bohler CN 18/11-UP 0.04 0.59 1.3 185 93
Bohler EAS 2-UP 0.02 055 13 195 9.8
Bohler SAS 2-UP 0.048 0.60 1.3 19.0 95 0.55
Bohler EAS 4 M-UP  0.02 0.60 1.2 18.0 122 2.8
Bohler SAS 4-UP 0.030 0.60 1.2 18.0 114 28 0.55
Bohler ASN 5 SY-UP =0.03 0.60 1.2 18.5 13.4 3.5
Bohler CN 22/9 N-UP 0.013 0.50 1.1 225 8.8 3.2 0.14
Bohler CN 23/12-UP 0.015 0.60 1.3 23.5 13.
Designation class. wire acc. | classification for wire flux/combination
EN ISO 14343 | according EN according AWS A5.9
BOHLER CN 18/11-UP |S199H (ER19-10H)
BOHLER EAS 2-UP S199L (ER308L)
BOHLER SAS 2-UP S 199 Nb (ER347)
BOHLER EAS 4 M-UP [S19123L (ER316L)
BOHLER SAS 4-UP S19123Nb (ER318)
BOHLER ASN 5 SY-UP | - (ER317L)
BOHLER CN 22/9 N-UP| S 22 9 3 NL (ER2209)
BOHLER CN 23/12-UP 1S2312L (ER309L)

Approvals and Certificates

Approval is available for BOHLER BB 202 together with the following BOHLER-wires: TUV-D:
EAS 2-UP, EAS 4 M-UP, SAS 2-UP, SAS 4-UP, CN 22/9 N-UP; TUV-A: SAS 2-UP, SAS 4-UP, CN 20/25
M-UP, CN 22/9 N-UP; ABS: CN 22/9 N-UP; GL: CN 22/9 N-UP; CL: CN 22/9 N-UP; LR: CN 22/9 N-UP;
DNV: CN 22/9 N-UP, CN 23/12-UP
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Sub-arc Welding Flux

EN 760:1996: SAFB 2 DC BOHLER BB 203

SAW flux, fluoride-basic type

Description

BOHLER BB 203 is an agglomerated fluoride-basic flux with high basicity for joint welding of soft
martensitic CrNi-steels and austenitic CrNi(Mo)-steels especially for thick walled components with
high restraint and where low hydrogen contents are important.

BOHLER BB 203 produces well contoured and smooth welding beads. It offers an especially low
flux consumption. Beside a good slag detachability the flux features good fillet weld capabilities.
The weld deposits show high purity and good mechanical properties.

Composition of Sub-arc Welding Flux

SiO+TiO: CaO+MgO AlOs CaF:
Wt-% 20 26 18 32
Properties and Operating Data
basicity acc. Boniczewski: 2.7 weight %
bulk density: 1.0 kg/dm?® o
— grain size acc. EN 760: 2-12(0.2-1.25 mm)
flux consumption: 0.8 kg flux per kg wire
re-drying: 300-350°C,2h—-10h

Base Materials

soft-martensitic Cr-Ni-steels and unstabilised or stabilised austenitic CrNi(Mo)-steels as well as
high corrosion resistant fully austenitic Cr-Ni-Mo-steels

Typical Composition of All-weld Metal with different Wires

Bohler SAW-Wires C Si Mn  Cr Ni Mo Nb Cu N

Bohler CN 13/4-UP 0.015 0.65 0.7 11.8 4.7 0.5

Bohler SKWAM-UP 0.15 0.65 0.55 16.5 0.4 1.1

Bohler ASN 5-UP  =0.02 0.4 45 185 17.3 4.3 0.15
6.0

Boéhler A7 CN-UP 0.06 0.8 18.7 9.0

Designation class. wire acc.| classification for wire flux/combination
EN ISO 14343 | according EN according AWS A5.9

B(:)HLER CN 13/4-UP |S134 - (ER410NiMo mod.)

BOHLER SKWAM-UP | S Z17Mo -

BOHLER ASN 5-UP S18165NL |- (ER317L mod.)

BOHLER A7 CN-UP S188 Mn - (ER307 mod.)

Approvals and Certificates

Approval is available for BOHLER BB 203 together with BOHLER-wires.
TUV-D: EAS 2-UP, EAS4 M-UP, SAS2-UP, SAS 4-UP, CN 22/9 N-UP, CN 20/25 M-UP;
SEPROZ: CN 13/4-UP, CN 20/25 M-UP
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Sub-arc Welding Flux

EN760:1996:  SAFB155AC BOHLER BB 430

SAW flux
fluoride-basic type

Description

BOHLER BB 430 is a basic agglomerated welding flux with high basicity, for welding high
temperature and creep resistant steels. It is characterised by its neutral metallurgical behaviour.
When used in combination with suitable wire electrodes the weld metal displays high
toughness properties at low/subzero temperatures, even after step-cooling heat treatment
Composition of Sub-arc Welding Flux

Si02+Ti02 CaO+MgO  Al203+MnO CaFz
Wt-% 15 35 21 26

Properties and Operating Data

basicity acc. Boniczewski: 2.6 weight %
bulk density: 1.0 kg/dm?® =
—_— grain size acc. EN 760: 0.3-1.6 mm
1.0
3

flux consumption: .0 kg flux per kg wire
re-drying: 00 - 350 °C / 2h

Base Materials

HCM2S (P23/T23 acc. to ASTM A213 code case 2199)

7CrMoVTiB10-10, P24 acc. to ASTM A 213 (Draft)

Typical Composition of All-weld Metal with different Wires
BOHLER SAW wires C Si Mn Cr Mo V W Nb

BOHLER P 23-UP 006 04 065 2.1 0.18 1.6 0.04
BOHLER P 24-UP 008 0.3 075 24 095 0.20 0.04
Designation :/g::e Eﬁssification | ace AWS.
BOHLER P 23-UP S ZCrwv2 1.5 EG

BOHLER P 24-UP S ZCrMo2V Nb EG

Approvals and Certificates

TUV-D-for combination BOHLER BB 430 together with the following BOHLER-wires:
P 23-UP, P 24-UP

Same Alloy Filler Metals
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Sub-arc Welding Flux

EN760:1996:  SAFB2 BOHLER BB 444

SAW flux
fluoride-basic type

Description
BOHLER BB 444 is a highly basic agglomerated welding flux, designed for welding and
cladding of NiCr(Mo) alloys. Highly resistant against hot cracking thanks to its low level of
Si pick up.
Typical Analysis of Sub-arc Welding Flux

Si02 CaO+MgO  AlOs K20+Na20 F-
Wt-% 4 55 30 2 9

Properties and Operating Data

basicity acc. Boniczewski: 5.1 weight %
bulk density: 1.0 kg/dm®
- 0.4
1.0
30

grain size acc. EN 760: -1.4 mm
flux consumption: kg flux per kg wire
re-drying: 0 - 400 °C/1h - 2h

Base Materials
nickel and nickel alloys

Typical Composition of All-weld Metal with different wires

BOHLER SAW wires C Si Mn Cr Mo Ni Nb Ti W Co Fe
BOHLER NIBAS 70/20-UP  0.02 0.25 3.0 20.0 Rest 2.4+ <1.0
BOHLER NIBAS 625-UP 002 025 0.2 215 8.5 Rest 3.2 <1.0
BOHLER NIBAS C 24-UP  0.015 0.2 <0.5 22.5 15.8 Rest <1.0
BOHLER NIBAS 617-UP <0.06 <0.4 <0.3 21.2 8.9 Rest + Al1.110.0 <1.0
BOHLER NIBAS C 276-UP <0.012 0.15 0.5 15.5 16.0 Rest + 33 <7.0
Designation | wire classification | s

BOHLER NIBAS 70/20-UP SNi 6082 (NiCr20Mn3Nb) ERNiCr-3

BOHLER NIBAS 625UP SNi 6625 (NiCr22Mo9Nb) ERNiCrMo-3

BOHLER NIBAS C 24-UP SNi 6059 (NiCr23Mo16) ERNiCrMo-13

BOHLER NIBAS 617-UP S Ni 6617 (NiCr22Co12Mo9) ERNiCrCoMo-1

BOHLER NIBAS C 276-UP SNi 6276 (NiCr15Mo16Fe6W4) ERNiCrMo-4

Approvals and Certificates

TUV-D-for combination BOHLER BB 444 together with the following BOHLER-wires:
NIBAS 70/20-UP, NIBAS 625-UP

Same Alloy Filler Metals
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Sub-arc Welding Flux

EN 760:1996: SA FB 2 55 DC 8 BOHLER BB 910

SAW flux, fluoride-basic type

Description

BOHLER BB 910 is an agglomerated fluoride-basic special welding flux with high basicity for
multipass welding of creep resistant 9 % Cr-steels like P91/T91/P92/T92 and NF 616. The
metallurgical behaviour concerning Si and Mn is neutral.

The flux BB 910 produces well contoured and smooth welding beads with good slag release as
well as appropriate weld metal ductility and impact behaviour after tempering.

BOHLER BB 910 is a hydrogen-controlled welding flux with hydrogen contents of maximum
5 ml/100 g weld deposit.

Composition of Sub-arc Welding Flux
SiO+TiO: CaO+MgO AlzOs+MnO CaF:
Wt-% 14 32 18 31

Properties and Operating Data

basicity acc. Boniczewski: 2.9 weight %

bulk density: 1.0 kg/dm® =+
—_— grain size acc. EN 760: 0.3-2.0 mm

flux consumption: 1.0 kg flux per kg wire

re-drying: 300-350°C,2h-10h

Base Materials
high creep resistant 9 %Cr-steels like grade P91/T91, and NF616

Typical Composition of All-weld Metal with different Wires
Bohler SAW-Wires C Si Mn  Cr N Mo V Nb T N

Bohler C9 MV-UP  0.11 0.3 0.7 89 0.6 0.9 0.2 0.05
Bohler P 92-UP 0.1 04 0.6 87 06 045 0.2 0.05 1.65
Bohler 20 MVW-UP 0.18 0.25 0.7 1.2 05 0.85 0.24 1.5
Designation class. for wire | classification for wire flux/combination

EN ISO 24598 |acc. EN ISO according AWS A5.23
BQHLER C 9 MV-UP S CrMo91 - F9PZ-EB9-B9 / F62PZ-EB9-B9
BOHLER P 92-UP S Z CrMo92 - -
BOHLER 20 MVW-UP | S CrMoWV12 |- -

Approvals and Certificates

Approval is available for BOHLER BB 910 together with the BOHLER-wires:
TUV-D: C 9 MV-UP, P 92-UP; CL: C 9 MV-UP; SEPROZ: C 9 MV-UP
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Selection Guide

3. Selection Guide
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1 SELECTION GUIDE FOR THE OFFSHORE INDUSTRY
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3.1 SELECTION GUIDE FOR THE
CHEMICAL AND PETROCHEMICAL INDUSTRY
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3.1 SELECTION GUIDE FOR THE
CHEMICAL AND PETROCHEMICAL INDUSTRY
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3.1 SELECTION GUIDE FOR THERMAL POWER PLANTS
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3.1 SELECTION GUIDE FOR HYDRO POWER PLANTS
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3.2. Selection Tables
base material oriented selection

4 Overview

The selection range provided from the materials science point of view
attempts to respond to the behaviour of the base metal and matches the
welding parameters and the temperature input to this behaviour although
choosing from the selection tables provides quicker and more direct access
to the appropriate filler metals.

However, it has to be noted that this section does not go into detail about the
welding technology used for processing the filler metals listed. The
appropriate subsection of the next chapter or the individual data sheets of
the filler metals themselves should be referred to for this.

4 Contents
3.2.1. HIGH TEMPERATURE STEELS . ... ...ttt 14
3.2.2. CREEP-RESISTANT STEELS . .......ooiitiiiiiiieann 16
3.2.3. DISSIMILAR WELDS WITH HIGH TEMPERATURE STEELS ... .18
3.2.4. FERRITIC CHROMIUM STEELS . ........ctiiiiiiinann. 22
3.2.5. CHEMICAL RESISTANT STEELS ... .ottt 24
3.2.6. HEAT RESISTANT STEELS ... ...\ttt 30



www.boehler-welding.com

Selection Guide

3.2.1 High Temperature Steels

Stick Electrodes for High Temperature Steels

ASTM Service olal_| |8
Material Group W-No. AlsI Tempe- | S = sS|X|F 2 g g|e
UNS ratureoogﬁ£‘£§>o¢°<mm
LU HHEFEEEHENNEE
X122 2|33 | X[ > [ XX
222|212 |12(2|8|2|2|2|2|2
boiler, plate and 1.0405 | A106, Gr. A 500 X | X
tube steels 1.0461 | A516, Gr. 55 400 X| X
1.0481 | A 106, Gr. C 500 X| X
1.0482 | A515, Gr. 70 500 X|X|X|X
1.5415 | A 335, Gr. P1 530 X| X
1.7335 | A 335, Gr. P11, P12 560 X|X
1.7715 | — 560 X
- A 213, Gr. T23 600 X
1.7378 | A 213, Gr. T24 600 X
1.7380 | A 335, Gr. P22 590 X
high temperature 1.0619 | A 216, Gr. WCA-C 450 X
cast steels 1.5419 | A217, Gr. WC1 500 X X
1.7357 | A 217, Gr. WC6 550 X
1.7706 | 121610 550 X (x)
1.7379 | A 217, Gr. WC9 600 X
high pressure 1.7218 | A519, Gr. 4130 300 X
hydrogen-resistant  |1.7273 | — 400 X
steels 1.7362 | A 335, Gr. P5 600 X
1.7386 | A 335, Gr. P9 600 X
special grades for 1.6368 | — 500 X XX
high temperature 1.6311 | A508, Cl. 3 550 X X
application 1.7733 | A389. Gr. C 23 550 X
1.8070 | A 389, Gr. C 24 550 X | (x)
1.7375 | — 590 X
special grades for 1.6369 | — 375 XX
reactor construction |1.6310 | A 533, Gr. BCI.1 375 X
caustic cracking 1.0407 | — = X X
resistant steels 1.0569 | — - X X

(x) limited suitability for application
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Classification-based or Approval-based Selection

GTAW and Gas Welding Rods, GMAW or SAW Wires for High Temperature Steels

ASTM service|lo||2]| [
Material Group W-No. AlsI Tempe- |F= 1= =
UNS rature |7/ ! <] a ’:|
up to cliclFlieldl o o |2l S| JUYS|S| |,
o =1 = e e qwlol=
a(18l155] = |« 15]3 38/3|3|8
boiler, plate and 1.0405 | A 106, Gr. A 500 X X X
tube steels 1.0461 | A 516, Gr. 55 400 X X X
1.0481 | A106, Gr.C 500 X X X
1.0482 | A515, Gr. 70 500 X X X
1.5415 | A 335, Gr. P1 530 X X X
1.7835 | A 335, Gr. P11, P12 560 X X X
1.7715 | — 560 X
- A 213, Gr. T23 600 X
1.7378 | A213, Gr. T24 600 X
1.7380 | A 335, Gr. P22 590 X X
high temperature | 1.0619 | A 216, Gr. WCA-C 450 X X
cast steels 1.5419 | A217, Gr. WC1 500 |X X
1.7857 | A 217, Gr. WC6 550 X X
1.7706 | 121610 550 (x)
1.7379 | A 217, Gr. WC9 600 X X
high pressure 1.7218 | A 519, Gr. 4130 300 X X
hydrogen-resistant | 1.7273 | — 400 X X
steels 1.7362 | A335, Gr. P5 600 X X
1.7386 | A 335, Gr. P9 600 X
special grades for |1.6368 | — 500 X (X)
high temperature | 1.6311 | A 508, Cl. 3 550 X (X)
application 1.7733 | A389.Gr.C 23 550 X (x)
1.8070 | A 389, Gr. C 24 550 (x)
1.7375 | — 590 X
special grades for |1.6369 | — 375 | X
reactor construction| 1.6310 | A 533, Gr. BCI.1 375 X
caustic cracking 1.0407 | — = XX
resistant steels 1.0569 | — - XX

(x) limited suitability for application
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3.2.2 Creep-resistant Steels

Stick Electrodes for Creep-resistant Steels

ASTM Service &2
Material Group W-No. AlsI Tempe- = - ] E <
] N3RS
UNS rature |S|2(2 3 3|00
clE 22 7|87
upto°C oo z|6|z 00
P oo
&lojo|a|0|w(C(Z|2
XIX[X[X|X[X[X[|X|X
o|o|o|o|o|o|o|o|o
Wf L w
high temperature 1.4922 | - 600 X ()7 (x)?
and creep resistant |1.4923 | - 580 X (x)3(x)?
steels 1.4926 | - 600 |X (X)(x)?
1.4931 | - 600 |X (x)(x)?
1.4935 | - 580 |X (X2
- A 335, Gr. P91 650 X (x)(x)*
- |A835,Gr. PO 650 X (X)(x)*
- A 335, Gr. P92 650 X (X)7] (%)°
creep-resistant 1.4948 | 304 H 700 X| X (X)[(x)
austenitic steels 1.4949 | 304 N 700 X| X (X)[(x)
1.4941 | - 700 X|X| (%)
1.4919 | 316 H 700 (x)'] (x)|(x)
1.4910 | - 750 (x)'] (x)] (x)
1.4961 | TP 347 H 750 X | ()] (x)
1.4981 | - 750 (x)'] ()| (x)
1.4988 | - 650 () ()](x)
nickel-base alloys ~ |1.4958 | - 700 ()| (x)
1.4959 | - 1000 ()| (x)

X = same or similar alloyed filler metals

(x) = dissimilar alloyed filler metals

' = weld metal contains no molybdenum, corrosion resistance requirements have to be checked
2 = strength values of weld metal are lower than base material
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Selection Tables

GTAW Rods, GMAW and SAW Wires for Creep-resistant Steels

4l 1E
=
g
ASTM Service | | @
: g | 3|,
Material Group W-No. lI};‘SsI tzl::lee : g % :_: % ; %I %
o : . = dE
up to °C| E%ééé §§§§
b slo|®|®
oajojwio H IS
high temperature | 1.4922 | - 600 X X2 | X
and creep resistant| 1.4923 | - 580 X (x)? | X
steels 1.4926 | - 600 X X2 | X
1.4931 | - 600 X x| X
1.4935 | - 580 X xp | X
- A 335, Gr. P91 650 X (x)? X
= A 335, Gr. P911 650 X (x)?
- A 335, Gr. P92 650 X (x)? X
creep-resistant 1.4948 | 304 H 700 X[ X X| (x)
austenitic 1.4949 | 304 N 700 X|X X1 (x)
steels 1.4941 | - 700 X[ X X| (x)
1.4919 | 316 H 700 (%) x)
1.4910 | - 750 (x)! )
1.4961 | TP 347 H 750 X )
1.4981 | - 750 (%) )
1.4988 | - 650 0] | ®
nickel-base alloys |1.4958 | - 700 (x)
1.4959 | - 1000 (x)

X = same or similar alloyed filler metals

(x) = dissimilar alloyed filler metals

" = weld metal contains no molybdenum, corrosion resistance requirements have to be checked
2 = strength values of weld metal are lower than base material

* suitable sub-arc welding fluxes can be found in the data sheets of SAW wire
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3.2.3 Dissimilar Welds with High
Temperature Steels

Recommendations for suitable filler metals and optimum heat treatment

. o Filler Metals" Annealing
Base Material Combination .
Stick Electrodes GTAW/GMAW SAW temp.? °C
P235G1TH 16Mo3 FOX SPEM EML5 EMS 2 530-600
P255G1TH FOX EV 47 i=ivizarsm | m— = VX
FOX EV 50 [EMKTIEMRE 1 |EMS2Mo
[FOXDMORbor [T ———1
DMO Ti-FD
P295GH 16Mo3 FOX EV 47 EML5 EMS 2 530-580
FOX EV 50 =y | — = VK
[ENMKZIEMKS 1
|in1vie51¢1 | mm—
DMO Ti-FD
P310GH 16Mo3 |[ECXDMOKBor 1| EMLS EMS 3 530-580
EMKEIC_————1 |EMS2Mo
[EMKZIENRE 1
DMOGI—
DMO Ti-FD
P235G1TH 13CrMod-5 FOX EV 47 EML5 540-600
P255G1TH FOX EV 50 | Evra | E—
or T 1| [EMKZ]
In1(ox(c1 | m—
DMO Ti-FD
16Mo3 13CrMo4-5 EMS 2 Mo 550-620
DMO Ti-FD
16Mo3 10CrMo9-10 | EOXDMORAkr 11| IDMOTSI [ T [EMS2Mo 570-620
DMO Ti-FD
13CrMo4-5 10CrM09-10 | FOX DCMS Kb [1nreivis e | mmm— (EMS 2 CrMo) 650-700
DCMS Ti-FD
13CrMo4-5 15CrMoV5-10 | FOX DCMS Kb ICMSTGIL———1 | (EMS2 CrMo) 660-690
DCMS Ti-FD
14MoV6-3 13CrMo4-5 FOX DCMS Kb CMSTEI———1 |EMS2CrMo 680-720
DCMS Ti-FD
14MoV6-3 10CrMo9-10 | FOX CM 2 Kb (CM2-UP) 690-730
CM 2 Ti-FD
14MoV6-3 15CrMoV5-10 | FOX DMV 83 Kb | JvAvAceE ] 690-730
14MoV6-3 X20CrMoV12-1 | FOX DMV 83 Kb DIV Ea - 670-720
FOX 20 MVW 20 MVW-IG
10CrMo9-10  X20CrMoVi2-1 | FOX CM 2 Kb (CM 2-UP) 700-750
15CtMoV/5-10 CM 2 Ti-FD
7CrMoVTiB10-10 FOX NIBAS 70/20 g
FOX NiCr 70 Nb I
| FOX DMV 83 Kb C 1 680-730
FOX 20 MVW 20 MYW-IG 20 MVW-UP 700-750
10CrMo9-10  X10CrMoVNb9-1| FOX CM 2 Kb CM 2-UP 730-750
15CrMoV5-10  XT1CrMOWVND9-1-1 CM 2 Ti-FD
7CtMoVTiB10-10 10CrMo9-10 | FOX P 24 P 24-IG P 24-UP
FOX C 9 MV [lescavivaici] C 9 MV-UP
C 9 MV Ti-FD
FOX C 9 MVW C 9 MVW-IG
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Recommendations for suitable filler metals and optimum heat treatment (continued)

. L Filler Metals” Annealing
Base Material Combination X
Stick Electrodes GTAW/GMAW SAW temp.? °C
17MnMoV7-4  P235G1TH FOXDMORD|pr 1| DMOIG EMS 2 Mo 530-590
P255G1TH DMO Ti-FD
16Mo3
15NiCuMoNb5 __13CrMod4-5
12MnNiMo5-5  P235GH, P265GH 10 [Diviesicmm]| 1 [EMS2Mo 530-590
13MnNiMo5-4  P250GH DMO Ti-FD
11NiMoV5-3 16Mo3
15NiCuMoNb5-6-4 13CrMo4-5
20MnMoNi4-5  P235G1TH EOXDMORGETT ] | MO EMS 2 Mo 550-600
P255G1TH DMO Ti-FD
16Mo3
13CrMo4-5 EOXDMOKHBrTi 1| DMOIGJC————1 | EMS 2 Mo 530-590
DMO Ti-FD
FOX DCMS Kb EMS 2 CrMo
DCMS Ti-FD
15MnMoNiV5-3 ~ P235G1TH ECXDMORGbr 1 [ 1 |EMS2Mo 530-590
P255G1TH DMO Ti-FD
16Mo3
13CrMo4-5
22NiMoCr3-7  P235G1TH [biviezicam] EMS 2 Mo 580-640
P255G1TH DMO Ti-FD
16Mo3
13CrMo4-5
GP240GH P235G1TH FOX EV 47 EML 5 EMS 2 540-600
P255G1TH FOX EV 50 EMREIC——] |EMS3
EMK 7
16Mo3 | EOXDMORAGC ] EMS 2 Mo 540-600
DMO Ti-FD
22Mo4 16Mo3 ECXDMORAE 1 [ 1 |EMS2Mo 560-620
DMO Ti-FD
13CrMo4-5 EQXDMOKALC T | DMOIGL 1 [EMS2Mo 560-620
DMO Ti-FD
FOX DCMS Kb DCMSTEIC——1 | EMS 2 CrMo
DCMS Ti-FD
22Mo4 21CrMoV5-11 | FOX DCMS Kb CMSTEIC—1  [EMS 2CrMo 650-720
DCMS Ti-FD
G20Mo5 16Mo3 EOXDMO RG] | DMOE] EMS 2 540-600
DMO Ti-FD
13CrMo4-5 ECXDMORAr T | DMOIG L 1 |EMS2 540-600
10CMo9-10 DMO Ti-FD
FOX DCMS Kb DCMSTEIC—1  |EMS 2 CrMo 630-680
DCMS Ti-FD
G17CrMo5-5  16Mo3 FOX DMO Kb [oiviiexcmm] EMS 2 Mo 640-700
DMO Ti-FD
13CrMo4-5 FOX DCMS Kb [EMSTCIC——1  |EMS2CrMo 640-700
10CrMo9-10
14MoV6-3 670-720
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Recommendations for suitable filler metals and optimum heat treatment (continued)

. L Filler Metals” Annealing
Base Material Combination X
Stick Electrodes GTAW/GMAW SAW temp.? °C
G17CrMoV5-10  13CrMo4-5 FOX DCMS Kb ICMSTEIC——1  |EMS2CrMo 670-720
DCMS Ti-FD
10CrMo9-10 | FOX CM 2 Kb CM 2-UP
CM 2 Ti-FD
14MoV6-3 FOX DMV 83 Kb Ionvivarcaire ) mmm—
FOX CM 2 Kb CMZGI 1 |(CM2-UP)
CM 2 Ti-FD
X8CrNiNb16-13| FOX NIBAS 70/20 TG (FD)
FOX NiCr 70 Nb m%_l
X20CrMoV11-1 | FOX DMV 83 Kb [ m1vavarcicacc: | mm—
FOX 20 MVW 20 MVW-IG
FOX NiCr 70 Nb I
FOX NIBAS 70/20
21CrMoV5-7 | FOX DMV 83 Kb [ n1vivarck e | m— 670-720
G17CrMo9-10  10CrMo9-10 | FOX CM 2 Kb [ eivmeaici] CM 2-UP 670-720
21CrMoV5-7 CM 2 Ti-FD
FOX DMV 83 Kb
X20CrMoV11-1 | FOX 20 MvW 20 MVW-IG
FOX NIBAS 70/20
FOX NiCr 70 Nb
GX23CrMoV12-1 14MoV6-3 FOX DMV 83 Kb 670-720
FOX NIBAS 70/20
FOX NiCr 70 Nb
X8CrNiNb16-13| FOX NIBAS 70/20
FOX NiCr 70 Nb
X20CrMoV11-1 | FOX 20 MvW 20 MVW-IG 680-730
FOX NIBAS 70/20 g
FOX NiCr 70 Nb I
21CrMoV5-7 | FOX DMV 83 Kb 670-720
FOX 20 MVW 20 MVW-IG
FOX NIBAS 70/20
FOX NiCr 70 Nb I
10CrMo9-10 | FOX CM 2 Kb [ewae] 670-720
CM 2 Ti-FD
FOX 20 MVW 20 MVW-IG
FOX NIBAS 70/20 m@
FOX NiCr 70 Nb I

() Use subject with reservations. Before selection please consult your next BOHLER representative and give
exact description of service conditions and requirements.
" The material recommendations have been chosen in a way to ensure that the relevant filler metal is lower alloy
ed and thus tougher than the base metal.
2 The annealing temperatures have been chosen in a way to ensure that the lowest Ac1 temperature of the two
materials involved is not exceeded. The annealing time depends on the relevant work piece thickness; it has to
be at least 15 minutes for thicknesses of 15 mm, at least 30 minutes for thicknesses of 15-20 mm and at least
60 minutes for thicknesses above 30 mm. For work pieces of low thicknesses a medium annealing time should
be chosen, whereas in thick-walled components the surface should be reach a temperature within the upper range.
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3.2.4 Ferritic Chromium Steels

Stick Electrodes for Ferritic Chromium Steels

o
=
b
o o
N ASTM <| =S|« 9 o
wao. | e st | || Li2IE S ¥
9 uns |2« |2« S 5| 5]S o< @ R
SRR B R olllo <
E cl<iNzzz|z <ll<| 2 2
o|o||<||C|O|0||c ool Z2 2
S 2] =X x|l x x
Qlo|o L?J o|o|o|o ool o o
'S || W 'S
1.4000 | X6Cr13 403 ) | (%) X X x| x X
1,4001 | X7Cr14 429 ) | (%) X X X | x X
1.4002 | X6CrAI13 405 ) | (%) X X
1.4003 | X2CrNi12 X X
1.4006 | X12Cr13 410 ) | (%) X X X | x X
1.4008 | GX8CrNi13 CA15 |(x)|(x) X X X | x X
1.4016 | X6Cr17 430 (x) X X X | X X
1.4021 | X20Cr13 420 ) | (%) X X X | x X
1.4024 | X15Cr13 410 ) | (%) X X x| x X
1.4027 | GX20Cr14 A217 X X X X
1.4034 | X46Cr13 X X X X
1.4057 | X17CrNi16-2 431 X {(x) | X X X | X X | X
1.4059 | GX22CrNi17 A 743 X |{(x) | X X X | X X | X
1.4113 | X6CrMo17-1 434 x) X X X X
1.4120 | X20CrMo13 x) X X X X
1.4120 | GX20CrMo13 ) X X X X
1.4122 | X39CrMo17-1 X X X X X
1.4122 | GX35CrMo17-1 X X X X X
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Selection Tables

GTAW Rods and GMAW Wires for Ferritic Chromium Steels

A g
= E
Ell Il [l g
s
wao, | moter | o : :
i PR P A%
HEHE B[R E b ]
1.4000 | X6Cr13 403 ) [ ()| (x) X
1,4001 | X7Cr14 429 ) [ )| (%) X
1.4002 | X6CrAI13 405 ) [ )| (%) X X | X
1.4003 | X2CrNi12 X X | X
1.4006 | X12Cr13 410 ) [ )| (%) X X | X X| X
1.4008 | GX8CrNi13 CA15 |(x)|(x)|(x) X X | X X| X
1.4016 | X6Cr17 430 (x) X X | X X| X
1.4021 | X20Cr13 420 (x) [ (%) X X | X X| X
1.4024 | X15Cr13 410 (x) | (x) X X | X X| X X
1.4027 | GX20Cr14 A217 X X | X
1.4034 | X46Cr13 X X | X
1.4057 | X17CrNi16-2 431 X | (x)] X
1.4059 | GX22CrNi17 A743 X | (x)| X
1.4113 | X6CrMo17-1 434 X | (x) X X | X X [ X
1.4120 | X20CrMo13 (x) X X | X X | X
1.4120 | GX20CrMo13 (x) X X [ X X | X
1.4122 | X39CrMo17-1 X X X | X X | X
1.4122 | GX35CrMo17-1 X X X | X X | X
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3.2.5 Chemical Resistant Steels

Stick Electrodes for Chemical Resistant Steels

ASTM 5 g o
W-No. material designation AISI o - - e g » 8 o
S HE EEH*HEEHE BE
= |a|l 2|z z < [=A=R <
< || <|f O|||© o w Z|Z||v w
R R R HEHEERERE
w LLj| 'S w | W 'S
1.3952 | X2CrNiMoN18-14-3 X
1.3964 | X2CrNiMnMoNNb21-16-5-3 | S20910 | X
1.4301 | X5CrNi18-10 304 X (x)
1.4303 | X4CrNi18-12 305 X (x)
1.4306 | X2CrNi19-11 304L X (x)
1.4308 | GX5CrNi19-10 X (x)
1.4311 | X2CrNiN18-10 304LN X (x)
1.4312 | GX10CrNi18-8 X (x)
1.4313 | X3CrNiMo13-4 S41500 X
1.4317 | G-X 4CrNi 13-4 X
1.4361 | X1CrNiSi18-15-4 X
1.4401 | X5CrNiMo17-12-2 316 X (x)
1.4404 | X2CrNiMo17-12-2 316L X (x)
1.4406 | X2CrNiMON17-11-2 316L ) X x)
1.4407 | GX5CrNiMo13-4 CAGNM X
1.4408 | GX5CrNiMo19-11-2 X x)
1.4409 | GX2CrNiMo19-11-2 X x)
1.4429 | X2CrNiMoN17-13-3 316LN ) X x)
1.4435 | X2CrNiMo18-14-3 317L (x) X (x)
1.4436 | X3CrNiMo17-13-3 S31600 (x) X (x)
1.4437 | GX6CrNiMo18-12 $31600 ) X x)
1.4438 | X2CrNiMo18-15-4 S31703 (x) (x)
1.4439 | X2CrNiMoN17-13-5 $31726 |0 || |0
1.4446 | GX2CrNiMoN17-13-4 ™| |
1.4448 | GX6CrNiMo17-13 ™| |
1.4462 | X2CrNiMoN22-5-3 S$31803 X
1.4500 | GX7NiCrMoCuNb25-20 X
1.4501 | X2CrNiMoCuWN 25-7-4 X
1.4505 | X4NiCrMoCuNb20-18-2 (x)
1.4506 | X5NiCrMoCuTi20-18 (x)
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g
o o T
=1 | =
ASTM < Z[ 31[5 9| v
W-No. material designation AlISI o 2 g < a 8 9 —
uns |8 [w q ||~ ~ |[F] 2| & |[<][<] <

= 5lz{IZl[z] = & 212l 2| &|[2)l2]

< || <||S|Sf|9] O |fwif w Z| Z||o||af &

R B P P B B (3

o loliofioflel o (|oe] © o | O ||Of|o| ©

W) w o) w W (jujuf w
1.4510 | X3CrTi17 430 Ti (x) X
1.4511 | X3CrNb17 430 Cb (x) X
1.4512 | X2CrTi12 $40900 ) )
1.4529 | X1NiCrMoCuN25-20-7 N08925 X | X
1.4531 | GX2NiCrMoCuN20-18 (x)
1.4536 | GX2NiCrMoCuN25-20 X ) | (%)
1.4539 | X1NiCrMoCu25-20-5 NO08904 X ) | (%)
1.4541 | X6CrNiTi18-10 321 (x) X
1.4550 | X6CrNiNb18-10 347 (x) X
1.4552 | GX5CrNiNb19-11 CF8C (x) X
1.4558 | X2NiCrAITi32-20 B407 x) | (%)
1.4571 | X6CrNiMoTi17-12-2 316 Ti (x) X
1.4577 | X3CrNiMoTi25-25 S31640 (x)
1.4580 | X6CrNiMoNb17-12-2 316 Cb (x) X
1.4581 | GX5CrNIMoNb19-11-2 ) X
1.4583 | X10CrNiMoNb18-12 316 Cb X
1.4585 | GX7CrNiMoCuNb18-18 x)
1.4586 | X5NiCrMoCuNb22-18 x)
2.4856 | NiCr22Mo9Nb NO06625 X | X
2.4858 | NiCr21Mo N08825 (x) | (x)
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GTAW Rods, GMAW Wires and FCAW Wires for Chemical Resistant Steels

E
&3 A
= < E
W-No. material :ISS.II-M o : o i)
designation UNS . g 5 =lE E
] a 3 |[2]| © Lile
> Hl g =||8) Q
S = R «||o <
=1zl b [  EIEIER:
< w 3 al| &
1.3952| X2CrNiMoN18-14-3 X
1.3964| X2CrNiMnMoNNb21-16-5-3| S20910 | X
1.4162| X2CrMnNiN22-5-2 | S32101
1.4301| X5CrNi18-10 304 X | X (x)
1.4303| X4CrNi18-12 305 X | X (x)
1.4306| X2CrNi19-11 304L X | X (x)
1.4308| GX5CNi19-10 X | X x)
1.4311 | X2CrNiN18-10 304LN X | X (x)
1.4312| GX10CrNi18-8 X | X )
1.4313| X3CrNiMo13-4 541500 X
1.4361| X1CrNiSi18-15-4 X
1.4362| X2CrNiN23-4 $32304
1.4401| X5CrNiMo17-12-2 | 316 XX (x)
1.4404| X2CrNiMo17-12-2 | 316L XX (x)
1.4406| X2CrNiMON17-11-2 | 316L ) X | X x)
1.4407 | GX5CrNiMo13-4 CAGNM X
1.4408| GX5CrNiMo19-11-2 X | X (x)
1.4409| GX2CrNiMo19-11-2 X | X (x)
1.4429| X2CrNiMoN17-13-3 | 316LN ™| x X | x )
1.4435| X2CrNiMo18-14-3 | 317L )| x X | x x)
1.4436| X3CrNiMo17-13-3 | S31600| | (x)| X X | x x)
1.4437| GX6CrNiMo18-12 | S31600 (x) X | X (x)
1.4438| X2CrNiMo18-15-4 | S31703 X | X x)
1.4439| X2CrNiMoN17-13-5 | S31726 X (x)
1.4446| GX2CrNiMoN17-13-4 X (x)
1.4448| GX6CrNiMo17-13 X (x)
1.4462| X2CrNiMoN22-5-3 | S31803 X | X
1.4500| GX7NiCrMoCuNb25-20 (x)
1.4501 | X2CRNiMoCuWN25-7-4| X
1.4505 | X4NiCrMoCuNb20-18-2 (x)
1.4506 X5NiCrMoCuTi20-18 )
1.4510| X3CrTi17 430 Ti (x) X
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GTAW Rods, GMAW Wires and FCAW Wires for Chemical Resistant Steels (continued)

13/4-MC

FD
PW-FD

material ASTM
W-No- | gesignation AlSI
9 UNS

PW-FD
AS 4-FD|[PW-FD

IBAS 625-IG,
X | SKWA-IG

|BAs z1GIFG &)

CN 13/4-1G, [§
CN 20/25M-13
CN 25/9 CuT-IG
AS 2-FD, P
AS 4 M-FD;
SAS 2-FD,

|easn 2 si-iG

1.4511 | X3CrNb17 430 Cb
1.4512| X2CrTi12 $40900 (x)
1.4529 | X1NiCrMoCuN25-20-7 | N08925 X
1.4531 | GX2NiCrMoCuN20-18 (x)
1.4536 | GX2NiCrMoCuN25-20 X (x)
1.4539 | X1NiCrMoCu25-20-5 | N08904 X (x)
1.4541| X6CrNiTi18-10 321 )| (x) x| X
1.4550| X6CrNiNb18-10 347 )| ()
1.4552| GX5CrNiNb19-11 | CF8C )| (x) x| X
1.4558 | X2NiCrAITi32-20 B407 (x)
1.4571| X6CrNiMoTi17-12-2 | 316 Ti )| ) X | x
1.4577| X3CrNiMoTi25-25 | S31640 (x)
1.4580 | X6CrNiMoNb17-12-2 | 316 Cb )| () X | x
1.4581 | GX5CrNiMoNb19-11-2 ™) ]
1.4583| X10CrNiMoNb18-12| 316 Cb )| () X | x
1.4585 | GX7CrNiMoCuNb18-18 (x)
1.4586 | X5NiCrMoCuNb22-18| (x)
2.4856| NiCr22Mo9Nb NO06625
2.4858| NiCr21Mo NO08825 X

2

(V]

=

x
x

x
x

x
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§ o
SEFINMEIHEE
ASTM | gl@iz |23 |23
W-No material designation AISI g ﬁ 2 % g E E g
us [§/3/5(2|2(2(5(8
HEEHHEHAE
5lzz|z(212/2|2
</ O|0|0|w|w|v|n
1.3952 | X2CrNiMoN18-14-3 (x)
1.3964 | X2CrNiMnMoNNb21-16-5-3 | S20910 (x)
1.4301 | X5CrNi18-10 304 X (x)
1.4303 | X4CrNi18-12 305 X (x)
1.4306 | X2CrNi19-11 304L X (x)
1.4308 | GX5CrNi19-10 X (x)
1.4311 | X2CrNiN18-10 304LN X (x)
1.4312 | GX10CrNi18-8 X (x)
1.4313 | X3CrNiMo13-4 S41500 X
1.4362 | X2CrNiN23-4 S$32304
1.4401 | X5CrNiMo17-12-2 316 X (x)
1.4404 | X2CrNiMo17-12-2 316L X )
1.4406 | X2CrNiMoN17-11-2 316L (x) X (x)
1.4407 | GX5CrNiMo13-4 CAGNM X
1.4408 | GX5CrNiMo19-11-2 X (x)
1.4409 | GX2CrNiMo19-11-2 X (x)
1.4429 | X2CrNiMoN17-13-3 316LN | (x) X (x)
1.4435 | X2CrNiMo18-14-3 317L | (x) X (x)
1.4436 | X3CrNiMo17-13-3 $31600 | (x) X (x)
1.4437 | GX6CrNiMo18-12 $31600 | (x) X (x)
1.4438 | X2CrNiMo18-15-4 S$31703 | X (x)
1.4439 | X2CrNiMoN17-13-5 S31726 | X (x)
1.4446 | GX2CrNiMoN17-13-4 X )
1.4448 | GX6CrNiMo17-13 X (x)
1.4462 | X2CrNiMoN22-5-3 S§31803 X
1.4500 | GX7NiCrMoCuNb25-20 X
1.4505 | X4NiCrMoCuNb20-18-2 (x)
1.4506 | X5NiCrMoCuTi20-18 (x)
1.4510 | X3CrTi17 430 Ti (x)
1.4511 | X3CrNb17 430 Cb (x)
1.4512 | X2CrTi12 S40900 (x)
1.4529 | X1NiCrMoCuN25-20-7 N08925 (x)
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Sub-arc Wire/Flux Combinations for Chemical Resistant Steels (continued)

8
IHEIME
W-No. material designation Alsl oo % g 0|0 |m|o
UNS Qg l|l50|ad 0@
g3 |2|2|2|3 ||
HEIHHEEHE
5[ 3|S|IR|&(F &3
% zlzz12/2/2|2
< O|O0 |0 W W v |n
1.4531 | GX2NiCrMoCuN20-18 x)
1.4536 | GX2NiCrMoCuN25-20 X
1.4539 | X1NiCrMoCu25-20-5 NO08904 X
1.4541 | X6CrNiTi18-10 321 X (x)
1.4550 | X6CrNiNb18-10 347 X (x)
1.4552 | GX5CrNiNb19-11 CF8C (x) X
1.4571 | X6CrNiMoTi17-12-2 316 Ti (x) X
1.4577 | X3CrNiMoTi25-25 S$31640 (x)
1.4580 | X6CrNiMoNb17-12-2 316 Cb (x) X
1.4581 | GX5CrNiMoNb19-11-2 (x) X
1.4583 | X10CrNiMoNb18-12 316 Cb X
1.4585 | GX7CrNiMoCuNb18-18 (x)
1.4586 | XSNiCrMoCuNb22-18 (x)
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3.2.6 Heat Resistant Steels

SMAW Electrodes for Heat Resistant Steels

) ASTM Service é < § 2 g 0
Material Group W-No AISI Tempe- @ = ~ o~ S
UNS rature < = 12 T2t
uptoC| < B =z [|Z]I~][2 S|a &
wiujjul o (nfl<||Zz2 2|2 =
XXX X (XXX X (X X
o lollolo|folloflo olo o
[Ty IV §| |V (TS Ty | T | Iy I ) R 1S
heat resistant steels |1.47102| 850 (x) [ (%) (x)!
1.4712 850 |(x) | (x)'
1.4713 800 |(x) | (x)!
1.4724 | 405 850 |(x) | (x)'
1.4729° 900 | (x)|(x) (x)' '
1.47407) 950 | (x) | () (x)' (x)'
1.4742 | 430 1050 | (x) |(x)'
1.4745° 1050 | (x) (x)' (x)' (x)'
1.4762 | 446 1200 | X (x)!
1.4821 | 327 1100 | X (x)'
1.48227) 1100 | X (x)!
1.4825 | A297, Gr. CF20| 800 (x) X[ (x)
1.4826 | A 297, Gr. HF 950 X | (x)
1.4828 | 309 1050 X | (x)'
1.4832 1000 X | (x) x) (x)
1.4837 | A297, Gr. HH 1150 X (%) (x)
1.4841 | 314, 310 1150 X
1.4845 | 310 1050 X
1.4859 1050 X
1.4861 1200 (x) (x)
1.4864 | 330 1100 (x) (x)
1.4865 | 330 1120 x) (x)
1.4876 | B163 1150 (x) ()
1.4878 | 321 800 x| (x)
1.4958 1050 X
1.4959 1050 X
1.0569 - |Ix|x

X = same or similar alloyed filler metal

(x) = dissimilar or higher alloyed filler metal (please check the service requirements)

' = austenitic weld deposit with higher ductility; application in sulphur-containing environment or
similar-colour requirement demands the usage of similar alloyed welding consumables

2 = weldability of base material is limited

= in the case of service temperatures above 400 °C FOX CN 18/11, FOX E 308 H or
FOX NIBAS 70/20 has to be used
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GTAW Rods, GMAW Wires and FCAW Wires for Heat Resistant Steels

é
la S
ASTM Service 0] 2| 5 || 2
Material Group W-No. AlsI Tempe- —. = 50| 3 (LS
UNS rature " S||2
up to °C o 32 o 8
of ol /IS5 <|l
o e a4 | S
[T | vy | g ) (3] (| {75 Z||=
heat resistant steels [1.4710% 850 | (x)[(x) ™)' ('
1.4712 850 |(x)|()’ x)'] ()"
1.4713 800 |(x)|() x)'] ()"
1.4724 | 405 850 | (x)|(x) () ()"
1.47297) 900 | (x)|(x) x)'] (%"
1.47407) 950 | (x) | ()’ x)'] (%)’
1.4742 | 430 1050 | (x) |(x)'
1.4745° 1050 | (x) (x)’ (x)'] (%"
1.4762 | 446 1200 | X x)'
1.4821 | 327 1100 | X (x)'
1.48227 1100 | X x)'
1.4825 | A297, Gr. CF20| 800 (x) XX | (%)] (x)
1.4826 | A 297, Gr. HF 950 X | (x)
1.4828 | 309 1050 X |(x)'
1.4832 1000 X | (x) (x)| (x)
1.4837 | A297, Gr. HH 1150 X (x) | (x)
1.4841 | 314, 310 1150 X
1.4845 | 310 1050 X
1.4859 1050 X
1.4861 1200 ()| (x)
1.4864 | 330 1100 (x) | (%)
1.4865 | 330 1120 (x)| ()
1.4876 |B163 1150 (x)| ()
1.4878 | 321 800 XX () | (%)
1.4958 1050 X
1.4959 1050 X
1.0569 - I x|x

X = same or similar alloyed filler metal
(x) = dissimilar or higher alloyed filler metal (please check the service requirements)
= austenitic weld deposit with higher ductility; application in sulphur-containing environment or similar-colour
requirement demands the usage of similar alloyed welding consumables
2 = weldability of base material is limited
= in the case of service temperatures above 400 °C CN 18/11-IG, ER 308 H-IG, E 308 H-FD,
E 308 H PW-FD or NIBAS 70/20IG has to be used
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3.2.7. Nickel base materials

SMAW electrodes for nickel base alloys
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o <
w T |Ya~
. . . | S|S -
material designation W-No. |© K|~ O|©
wlolalala
< g << (<
Q00 a0
Z|z|2|2|2
XX x| x|x
o|0ojo0(O0|O
[T R TR TR TR T
X1NiCrMoCuN25-20-7 1.4529 X
Alloy 24 1.4565 X
X10CrNiMoNb18-12 1.4583 X
GX10NiCrNb32-20 1.4859 X
Alloy 800 1.4876 | X X
Alloy C-22 2.4602 X
Alloy 59 2.4605 X
Alloy C-4 2.4610 X
NiCr21Mo6Cu 2.4641 X
Alloy 617 2.4663 X
Alloy 600 24816 | X X
Alloy 600 L 2.4817 X
Alloy C-276 2.4819 X
Alloy 601 2.4851 X
Alloy 625 24856 | X
Alloy 825 2.4858 X

GTAW rods, GMAW-, Flux cored- and SAW-wires for nickel base alloys

material designation W-No. F g
&
S s
o
&

X1NiCrMoCuN25-20-7 1.4529

Alloy 24 1.4565

X10CrNiMoNb18-12 1.4583

GX10NiCrNb32-20 1.4859

Alloy 800 1.4876

Alloy C-22 2.4602

Alloy 59 2.4605

Alloy C-4 2.4610

NiCr21Mo6Cu 2.4641

Alloy 617 2.4663

Alloy 600 2.4816

Alloy 600 L 2.4817

Alloy C-276 2.4819

Alloy 601 2.4851

Alloy 625 2.4856

Alloy 825 2.4858
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3.3. Process-based Selection of Consumables

Overview

The choice of welding process is a significant point in the construction of an
economic weld. This section therefore attempts to characterise briefly the
various welding procedures pointing out the most important advantages and
disadvantages.

Content
3.3.1 MANUAL METAL ARC WELDING

WITH COVERED ELECTRODES ............. ...t 34
3.3.2 GAS SHIELDED TUNGSTEN ARC WELDING (TIG-PROCESS) . . .36
3.3.3 GAS SHIELDED METAL ARC WELDING (MIG/MAG-PROCESS) . .37
3.3.4 GAS SHIELDED METAL ARC WELDING

WITH FLUX-COREDWIRES .................. ... ... .. ..... 41
3.3.5 RECOMMENDATIONS FOR SUBMERGED ARC WELDING
USINGSOLIDWIRES . ... ... ... i 43
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3.3.1 Manual Metal Arc Welding with
Covered Electrodes

In manual metal arc welding using coated stick electrodes, the coating assumes the function
of a protective gas shield on one hand and of forming a slag on the other, thereby protecting
the metal droplets transferred and the weld metal in turn against contact with atmospheric oxy-
gen. Further functions of the coating are de-oxidation of the weld metal, increasing the metal
recovery, offsetting burn-off and ensuring good flow behaviour.

In practical use there are three significant types of coating: rutile, basic and cellulose coated
stick electrodes as well as mixtures of these.

Rutile-coated stick electrode (R)

This type of coating is the one most commonly used in practice. The reason for this is found
in a series of advantages such as:

« Easier handling for the welder

« May be welded with direct and alternating current

«» Good starting and re-starting properties

« Suitable for all welding positions — depending on the type and thickness of coating

» Good slag removal properties

« Not susceptible to moisture (only applies however to non-alloy and low-alloy types)

The disadvantages of rutile-coated stick electrodes are:

« Not suitable for thick-walled components (above 20-25 mm)
« Low notch toughness at temperatures below zero

« Higher hydrogen contents (20 ml/100 g weld metal)

« Not suitable for high-carbon steels (C < 0.2 %)

Basic-coated stick electrode (B)

Basic-coated stick electrodes stand out for their excellent ductility properties above all in the
low-temperature range. Other advantages are:

« Extremely low hydrogen content (< 5 ml/100 g)

- Suitable for all wall thicknesses

« Also suitable for welding high-carbon steels (C > 0.2 %).

Disadvantages are:

« Slightly more difficult handling for the welder

« In part only weldable with direct current

« Less favourable slag removal properties and rougher weld surface
« Certain amount of susceptibility to moisture absorption

3-34



www.boehler-welding.com
Process-based Selection of Consumables

Cellulose-coated stick electrode (C)

This type of coating was specially developed for vertical-down welding of large pipes. An arc
with high stability and intensity is generated due to the large proportion of cellulose in the coa-
ting. This ensures pore-free welds and reliable root fusion even at high welding speeds and
larger electrode diameters.

The mechanical property values are comparable with those of the basic-coated stick electro-
des. However, due to the organic constituents in the coating the hydrogen content of the weld
metal is considerably higher (50 ml/100 g), therefore attention must be paid to good weldabi-
lity of the parent metals and the welding technology must be suitably matched (pre-heating).

Mixed types (RC, RB)

In addition to these three important basic types there is a large number of so-called “mixed
types” such as RC or RB coatings. The aim of these is to combine as many positive charac-
teristics as possible in one stick electrode.

Coated stick electrodes are universally suitable in practically all materials with good weldabi-
lity. The cost of equipment is relatively small although the economic profitability of this proce-
dure is deemed poor due to the low deposition rate.
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3.3.2 Gas Shielded Tungsten Arc
Welding (T1G-Process)

In TIG welding an arc burning under the protection of an inert gas is used as the heat source.
Pure tungsten rods or tungsten rods alloyed with cerium or thorium are used as the electrode.

The shielding gas consists of argon, helium or argon and helium mixtures with a minimum
purity of 99.95 %. In this case the shielding gas fulfils several functions. It protects the highly
heated tungsten electrode against oxidation by atmospheric oxygen, cools it down and ena-
bles the formation of a stable arc. At the same time the liquid weld pool and the filler wire bur-
ning off are also shielded from the ambient air.

During TIG welding the filler metal is introduced into the arc laterally at zero current. Rods
approximately 1 m in length are used as filler metals for manual welding and wires coiled onto
rolls are used for mechanised TIG welding.

C-Mn steels as well as low-alloy and high-alloy steels are welded almost exclusively with
direct current and the negative pole on the electrode. From the following table it is possible to
determine how high the load on the tungsten electrodes can be depending on diameter:

diameter of rod amperage
o [mm] (direct current polarity negative) [A]
pure-tungsten thorium-coated

electrode electrodes
1.0 25- 70 max. 80
1.6 50 - 110 15- 150
24 80 - 160 50 - 220
3.2 120 - 220 80 - 320
4.0 150 - 300 120 - 400

The scope of application stretches from the welding of thin sheet metal in non-alloy to high-
alloy qualities and to high-grade root welding in thicker plates and tubes in the materials refer-
red to previously.
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3.3.3 Gas Shielded Metal Arc Welding
(MIG/MAG-Process)

The MIG/MAG process is a mechanised gas-shielded weld in which a metal arc burns under shiel-
ding gas between the wire electrode carrying the current and the workpiece. The wire, which melts
off in its own arc, is fed mechanically by a roller and serves as the electrode.

Argon, helium or mixtures of these gases are used as shielding gases in the MIG process.
Shielding gases of argon with the addition of oxygen, helium with the addition of oxygen, carbon
dioxide (COz2) or mixtures of the gases mentioned are used in the MAG process. The shielding gas
promotes the creation of a stable arc and protects the molten weld pool from coming into contact
with the atmospheric air. The addition of oxygen to the shielding gases reduces the surface tensi-
on of the weld pool and leads to the formation of a flatter weld surface with good transitions to the
weld edges. The transfer of metal in the arc also becomes finer.

Excessive alloying of the wire electrodes equalises the burn-off of the alloying elements which
occurs. It is imperative that the welding area is free from draughts. At high welding speeds and
rapid oscillation care must be taken to ensure complete shielding of the molten weld pool by using
appropriate quantities of shielding gas and nozzle shapes.

Only direct current converters or rectifiers come into question as power sources with the positive
pole mainly on the electrode. Although welding with the negative pole increases the metal deposi-
tion efficiency, droplet transfer is higher and the arc less steady. Welding is termed spray-arc and
short-arc depending on the intensity of the arc voltage.

Spray-arc Welding

Welds using the spray arc are primarily fabricated with wires between 1.0 and 1.6 mm @ and also
to some extent with 0.8, 2.0 and 2.4 mm @. The main area of application is for normal joint welds
in workpieces over 4 mm thick and in the field of weld surfacing.

The smaller wire diameters provide cost-effective benefits in spite of the higher wire price since the
deposition efficiency increases noticeably at the same current intensity and arc voltage due to the
wire electrode’s higher specific current load (up to 300 A/mm?).

Mixed gases generally give rise to a finer droplet transfer and as a result improved stabilisation of
the arc plus reduced spatter. It is also possible to reduce spatter by observing the lower limit values
for the arc voltage.

The following table contains reference values for current intensities, wire feed and deposit efficien-
cy using different wire diameters for carbon and low-alloy steels. Average values are selected for
manual welding whilst the higher values are used for mechanised welding. The current intensity
should be set 10 — 15 % lower in the case of austenitic wire electrodes.

diameter of wire amperage voltage wire feed deposition rate
[mm] [A] WY [m/min] [kg/h]
0.8 140 - 190 22-26 4.0 -15.0 21-37
1.0 170 - 260 23-27 3.5-12.0 24-40
1.2 220 - 320 25-30 25-10.0 2.8-4.6
1.6 260 - 390 26-34 20- 6.0 3.2-6.2
24 340 - 490 30 - 36 25- 35 3.2-8.0
3.2 400 - 580 34 -38 12- 22 45-8.5
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One extension of the application when welding using spray arc is welding with the addition of cur-
rentless cold wire. A second currentless wire A 1.6 mm or A 2.4 mm is fed into the arc from the side.
The deposition rate is increased by up to 80 %; the burn-off losses and penetration are reduced
considerably. This is an advantage for surfacing. This procedure has also established itself for
filling large weld cross-sections.

Short-arc Welding

Short-arc welding is performed preferably using wires between 0.8 — 1.0 mm @ and also to some
extent with 1.2 and 1.6 mm o. This process requires the use of appropriate power sources with
adjustable open-circuit voltage and also to some extent with adjustable characteristic curve.
Depending on the wire diameter the arc voltage lies between 14 and 22 Volt at current intensities
of 60 to 220 A.

As a result of the considerably colder weld pool it is possible to fabricate perfect welds on thin metal
sheets above 0.8 mm thick. This process is also used for root welding of larger wall thicknesses
and for out-of-position welding due to the excellent gap bridging ability and the smooth formation
of the back of the weld.

The following table contains reference values for current intensities, voltage, wire feed and depo-
sition efficiency for the short-arc process.

diameter of wire amperage voltage wire feed deposition rate
[mm] [A] vi [m/min] [kg/h]
0.8 60 - 130 15-17 2.9-13.0 0.7-29
1.0 70 - 160 16-19 24- 78 09-29
1.2 100 - 180 17 -20 21- 54 11-29
1.6 150 - 210 19-22 1.7- 45 16-24

Long-arc Welding

Droplet transfers where free transfers are mixed with short-circuit transfers are termed long-arc.
The droplets are bigger than in the spray-arc. A long-arc occurs when welding with carbon dioxide
or argon mixtures with over 20 % carbon dioxide. Higher spatter losses may occur since the dro-
plet transfers take place partly under short-circuit.

In the upper operating range the long arc’s scope of application is comparable with the spray arc.
In many cases it can also be used for out-of-position welds in the lower to middle operating range.
Above all vertical-down welds could be securely welded using the COz arc. The resistance to pores
and the certainty of penetration increases as the proportion of carbon dioxide in the shielding gas
rises. The long-arc’s area of application is basically restricted to the welding of non-alloy and low-
alloy steels.

Pulsed-arc Welding

With the pulsed arc it is possible to achieve a short-circuit-free, low-spatter droplet detachment
from the wire electrode. This is achieved even with low arc wattages that otherwise lead to short
arcs (sometimes long arcs) and thus to short-circuiting with spatter formation.

The welding current has a pulse-shaped curve during where the following processes take place
during welding:

« The arc burns at a low background current intensity and melts the wire electrode and the
parent metal.

« An increased pulse current overlays the background current and detaches one or several
droplets which transfer to the weld pool without short-circuit.

*The current intensity drops back to background current intensity, the arc burns until the next
pulse of current.

*The number of droplets can be controlled selectively using the pulse frequency.
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The pulsed arc technique enables the use of thicker and thus more easily fed wire electrodes.
Depending on the application, thinner (above 2 mm) or thicker plates, root, filler or cover pass weld,
out-of-position welding, it is possible to create the best possible setting parameters for spatter-free
droplet transfer by altering the pulse frequency.

Argon-rich gas mixtures with no more than 18 % carbon dioxide are suitable as shielding gases.
The particular advantages of the pulsed arc become apparent with aluminium, nickel and corrosi-
on-resistant chrome or chrome-nickel (molybdenum) steels. It is also particularly suitable for wel-
ding high-tensile, fine-grain constructional steels or cryogenic steels due to selective heat input.

Shielding gases
The choice of shielding gases is determined by the alloy make-up of the materials to be welded and
the demands made in respect of weld quality and absence of spatter.

Carbon dioxide (COz2) is used primarily for the welding of non-alloy constructional steels and for
anti-wear surfacing.

Mixed gases are favoured for use in the welding of non-alloy and low-alloy steels, such as high-
temperature steels in boiler and pipeline construction. The high weld quality, good even penetrati-
on and extensive absence of spatter satisfy the requirements placed on high-quality welds.

Argon with the addition of 1-5 % oxygen or 2-3 % fractions of COz is employed above all in the wel-
ding of high-alloy ferritic and austenitic filler metals. By comparison with mixed gases and carbon
dioxide, the alloy losses during arc transfer are lower and the droplet transfer is very fine and vir-
tually spatter-free.
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Classification of Shielding Gases according EN I1SO 14175

des?gr?:tion Components in vol.-%
. Deoxidi| Slow Typical Application Remarks
Oxidising Inert . .
Group | No. -sing  |Reaction
CO: O: Ar He H: N:
1 100 MIG, WIG,
| 2 100 plasma welding root inert
3 bal [0,5-95 formation
1 05-5 bal* 05-5
2 [05-5 bal* slightly
M1 3 05-3| bal de-oxidising
4 05-5/05-3| bal
0 5-15 bal*
1 15-25 bal*
2 3-10 | bal
3 05-5|3-10 bal*
M2 4 [5-15[05-3] bar
5 5-15|3-10 bal* MAG
6 15-25/05-3| bal
7 15-25/ 3-10 bal*
1 25-50 bal*
2 10-15| bal*
M3 3 25-50| 2-10 bal*
4 5-25[10-15| bal
5 25-50/10-15| bal*
1 100 strong
c 2 | bal [05-30 oxidising
1 bal* 0,5-15 WIG, plasma welding, s
R 2 bal* 15 - 50 plasma cutting, root formation de-oxidising
1 100
N z bar 9551 plasma cutting de-oxidising
2 bal 05-10[05-5 root formation slow reaction
5 0,5-50| bal
o 1 100 plasma cutting strong oxidising
z Mixture gases with components which are not listet in this table or mixture gases with
a composition which is not in the stated range. *

* For this classification you can substitude Argon particulate or complete by Helium.
° Two mixture gases with the same Z designation should not be exchanged against each other.
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3.3.4 Gas Shielded Metal Arc
Welding with flux-cored Wires

The principle of the process is basically comparable with gas-shielded welding using solid wire
electrodes. Although solid wire electrodes always display a similar metal deposition efficiency
depending on the welding parameters selected, the welding characteristics and deposition effi-
ciency, positional welding capability plus mechanical property values are greatly influenced by the
powder core when using flux-cored wires.

As is the case for the coating of stick electrodes, the core controls de-oxidation, slag formation
and stabilisation of the arc. In addition the quantity of flux and the cross-sectional area of the flux-
cored tube are largely responsible for the level of deposition efficiency as well as current-
carrying capacity and in turn productivity.

With regard to this BOHLER flux-cored electrodes exhibit particularly beneficial efficiency
parameters for the user.

Advantages of MAG welding with flux-cored wire compared with MAG solid wire:

« Higher deposit efficiency due to higher current density.

Greater fabrication safety. The risk of lack-of-fusion defects is appreciably lower

due to the flux-cored wire’s broader arc and the improved penetration profile.

Easier handling, easier parameter setting, large tolerance range of possible

welding parameters in the low-spatter spray arc.

Better accessibility with reduced weld preparation angle due to longer wire stickout of
15 to 25 mm.

Smooth welds, good wetting of weld edges plus lowest possible spatter formation lead
to a very low post-weld machining time.

With high-alloy, slag-promoting flux-cored wires there are also considerable pickling
savings since the weld surfaces are only slightly oxidised. In addition it is also
possible to make use of the advantages gained due to the ability to use higher
welding speeds by inputting less heat input resulting in less distortion.

Fields of Application for Non and Low Alloy BOHLER Flux Cored Wires

Bohler product | type of filling recommended fields of application

Ti 52-FD out-of-position welding up to an apmerage
Ti 52 W-FD rutile slag system of 240 A (@ 1.2 mm) for welding position
(unalloyed) vertical up mild steels

Fields of Application for Low Alloyed BOHLER Flux Cored Wires

Bohler product | type of filling recommended fields of application
(%'\g?/o?AE)D rutile slag system creep resistant boiler- and tube steels, 16Mo3
DCMS Ti-FD rutile slag system creep resistant boiler- and tube steels,
0,5%Mo+1%Cr) 13CrMo4-5

C1!\/:IM203;-5F°/nDCr) rutile slag system CrMo-steels, e.g. 1.7380, 1.8075, 1.7379
(Cg‘,ZCMr)V THFD rutile slag system 9-12% Cr-steels, e.g. 1.4903, P91-steels
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Fields of Application for High Alloyed BOHLER Flux Cored Wires

for flat / horizontal welding
positions

for out-of-position welding

recommended fields of
application

Bohler E 308 H-FD

Béhler E 308 H PW-FD

CrNi-steels, 1.4948, AIS| 304,
304H, 321, 321H, 347H

Béhler EAS 2-FD

Bohler EAS 2 PW-FD

CrNi-steels, e.g. 1.4301, 1.4306,
1.4308, 1.4541, 1.4550

Béhler SAS 2-FD

Béhler SAS 2 PW-FD

CrNi(Nb)-steels, e.g. 1.4541,
1.4546, 1.4550, 1.4552

Bohler EAS 4 M-FD

Bohler EAS 4 PW-FD

CrNiMo-steels, e.g. 1.4401,
1.4435, 1.4571

Bohler SAS 4-FD

Bohler SAS 4 PW-FD

CrNiMo(Nb)-steels, e.g. 1.4571,
1.4580, 1.4583

Béhler CN 22/9 N-FD

Béhler CN 22/9 PW-FD

Duplex steels, z.B. 1.4462, 1.4362

Béhler A 7-FD

Bohler A7 PW-FD

for fabrication, repair and
maintenance

Bohler CN 23/12-FD

Bohler CN 23/12 PW-FD

dissimilar welds, claddings
without Mo

Bohler CN 23/12 Mo-FD

Bohler CN 23/12 Mo PW-FD

dissimilar welds, claddings
with Mo

Bohler E 317 L-FD

Bohler E 317 L PW-FD

CrNiMo-steels with 3-4% Mo,
e.g. 1.4438, 317L

Béhler NIBAS 70/20-FD

2.4816, 2.4817, Alloy 600

Bohler NIBAS 70/20 Mn-FD

2.4816, 2.4817, Alloy 600

Bohler NIBAS 625 PW-FD

2.4856, 2.4858, 2.4816

Practical Tips for Welding Flux-cored Wires
The constant-voltage power source should be adequately dimensioned. Water-cooled torches and
wire feed units with 4 smooth drive rollers are advisable for effective utilisation of the deposit effi-

ciency advantages.

Welding is performed with direct current positive pole. Torch manipulation for slag-promoting wires
is trailing. Metal powder wires may be keyhole welded like solid wires.

Care must also be taken in comparison to solid wires when setting higher wire feed speeds. The
wire stickout for spray arc is 15 - 25 mm.

Suitable shielding gases are argon + 15-25 % CO2 (15-18 I/min). Béhler Ti 52-FD may also be
welded well using 100 % COz.
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3.3.5. Gas Shielded Metal Arc Welding
with Metal Cored Wires

As a further economic alternative to solid wires or flux cored wires BOHLER WELDING developed
new unalloyed, creep resistant and stainless metal cored wires. These wires don't produce any slag
and thus can be applied particularly for mechanized or robotic welding work. They are universal
applicable not only for multi pass welding in the upper current range but also for thin sheet metal
joining or for root pass welding with suitable pulsed arc welding systems. Special software pro-
grammes of welding machines provides excellent root pass welding results which are highly effi-
cient and offers gab bridging characteristics of 6-7 mm with FAST MIG welding machine. Thereby
one uses the higher deposition rate on the one side and the wider parameter box with the good
wetting characteristics of the cored wire on the other hand.

Advantages of GMAW welding with metal cored wires in comparison to solid wire:
Better deposition rate especially in the upper amperage range of >250 A

Less surface oxidation of weld beads

Smoother welding characteristics

Larger parameter box

Higher penetration thereby minimum risk of lack of fusion

Less sensitive against offset of the edges

Applicable for wall thicknesses from 0,6 mm

Less spatter formation and achieve larger throat sizes of fillet welds (2F),

with same parameters and travel speed than solid wires

Fields of application for unalloyed Bohler Metal Cored Wires

Bohler product| recommended fields of application

HL 51-FD flat and horizontal position (1F, 2F), fillet welds,
(unalloyed) mechanized welding, mild steel

HL 53-FD flat and horizontal position (1F, 2F), fillet welds, mechanized welding,
(0,9% Ni) mild steel, applicable for stress relief annealing

Fields of application for high alloyed Bohler Metal Cored Wires

Bohler product | recommended fields of application
C 9 MV-MC | 9-12% Cr-steels, e.g. 1.4903, P91-steels
(9% Cr)

EAS 2-MC CrNi-steels, e.g. 1.4301, 1.4306, 1.4308, 1.4541, 1.4550

EAS 4 M-MC| CrNiMo-steels, e.g. 1.4401, 1.4435, 1.4571

A7-MC for fabrication, repair and maintenance

CN 23/12-MC | dissimilar welds, claddings without Mo

CN 13/4-MC soft martensitic 13% Cr 4% Ni-steels, e.g.: 1.4317, 1.4313, high toughness values

CN 13/4-MC (F) | soft martensitic 13% Cr 4% Ni-steels, e.g.: 1.4317, 1.4313,
preferred for similar cast parts

Practical tips for welding Metal Cored Wires

Welding is performed with direct current electrode positive pole. Metal cored wires can be
operated preferably with slightly pushing torch position. Stick out 15 - 20 mm. For long wire feed
cables we recommend the use of carbon liners. Metal cored wires can be operated with short arc,
spray arc or pulsed arc transfer. Shielding gas either mixture gas (Argon + 15-25% CO2) or 100%
CO:z2 for unalloyed types, Argon + 2,5% COz for stainless Metal cored wires are recommended.
The gas flow should be 15-18 I/min. Higher CO2 or Oz contents in the shielding gas should

be avoided. The reasons are too high carbon pick (risk of intergranular corrosion) and also too
high oxygen contents of the weld deposits which decrease impact strength and would cause
increased bead surface oxidation.

3-43



www.boehler-welding.com

Selection Guide

3.3.6 Recommendations for Submerged
Arc Welding using Solid Wires

Submerged-arc welding requires a metallic filler metal (wire) and a non-metallic consumable, the
welding flux.

The welding flux has a very large effect on the welding result. It has a significant effect on weld
appearance and slag detachability as a result of the melting characteristics and various physical
properties such as viscosity, surface tension, density, thermal expansion and electrical conduc-
tivity.

There is also a significant effect on the chemical composition of the weld metal and in turn on its
mechanical property values resulting from the metallurgical reaction of the welding flux.
Depending on the type of manufacture it is possible to differentiate between:

Fused flux, code letter F (fused), e.g. BOHLER BF 16.
Manufactured by melting in the arc kiln; homogeneous, not susceptible to
moisture, abrasion-proof, but very limited metallurgical reaction, high
apparent density and poorer slag detachability.

Agglomerated flux, code letter A (agglomerated), e.g. BOHLER BB 24.
Manufactured by agglomeration and subsequent drying in the rotary kiln;
very good metallurgical reaction, low apparent density, good slag detachabi
lity, possibility of addition by alloying but susceptible to moisture and abrasion.

The welding fluxes are divided into acid, neutral and basic according to the degree of basicity. The
degree of basicity is calculated from
B= Basic constituents (CaO, CaFz, MgO, MnO)
Acid constituents (SiOz, TiOz, ZrOz)

If B is less than 1 one speaks of an acid welding flux (acid constituents predominate), with a value
between 1 and 1.2 it is a neutral welding flux, above this a basic welding flux, and above 2 a high-
ly-basic welding flux.

According to the predominant main constituents they may be termed:

as manganese silicate types (MS), predominantly MnO and SiO2.

as calcium silicate types (CS), predominantly CaO, MgO and SiOz.

as aluminate-rutile types (AR), predominantly Al2Os and TiOz.

as aluminate-basic (AB), predominantly Al2O3, CaO and MgO

and as fluoride-basic (FB) with the main constituents CaO, MgO, MnO and CaFa.

Each type of flux has different specific properties that must be taken into consideration when sel-
ecting them for practical use.
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3.4. Material based Selection of Consumables

¢ Overview
The most important problem in selecting filler metals is correctly assessing the
metallurgical behaviour of the metals to be welded. The whole welding tech-
nology, pre-heating and any post-weld heat treatments correspond with this.

This section attempts to discuss the most important welding-engineering
aspects of different types of material groups in brief individual chapters. As far
as possible a broad outline of the required welding technology is provided.

The last chapter of this section deals with the much more complex problems
surrounding mixed-metal joints. Since a detailed treatment of this topic would
take up a whole book, this chapter only contains brief references as to how
various combinations of typical groups of materials should be dealt with.

¢ Content
3.4.1 WELDABILITY OF STEELS . . ...\ttt 46
BA42MILD STEELS ...\ttt e e 47
3.4.3 COATED PLATES ...ttt e 49
3.4.4 REINFORCING STEELS ... ...ttt 50
3.4.5 CASE-HARDENING AND NITRIDING STEELS ... ............oooevn.... 52
3.4.6 WELDING OF PIPELINES .. ...\ttt 53
3.4.7 HIGH-STRENGTH FINE-GRAIN CONSTRUCTIONAL STEELS . ............ 56
3.4.8 CRYOGENIC STEELS ... ..\ttt 58
3.4.9 HIGH-TEMPERATURE STEELS . ... ...\ttt 60
3.4.10 LOW-ALLOYED TEMPERED STEELS ... .......oiviieeaaennn... 63
3.4.11 COMPRESSED HYDROGEN-RESISTANT STEELS .................... 65
3412 STAINLESS STEELS . ...\ttt 66
3.4.13 MARTENSITIC CHROMIUM STEELS ... ...ooviiaaeeaa. .. 67
3.4.14 FERRITIC CHROMIUM STEELS ... ...\ttt 69
3.4.15 SOFT-MARTENSITIC CHROMIUM NICKEL STEELS .. ... ............... 71
3.4.16 AUSTENITIC CR-NI(-MO)-STEELS . .. ... \voeieeeeaeaaeaenn 73
3.4.17 FERRITE DETERMINATION IN WELD DEPOSIT . ............ooeeen.. .. 75
3.4.18 HEAT RESISTANT STEELS . .. ...\ttt 80
3.4.19 WELDING OF DISSIMILAR JOINTS . ... ...\t 81
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3.4.1 Weldability of Steels

On one hand the weldability of steels depends essentially on their tendency to hardening and the
formation of brittle microstructures in the transition zones of welds as well as on their ability to
absorb stresses on the other. Where steels with limited weldability are concerned, particularly those
susceptible to stresses and/or a tendency to hardening, it is still possible in many cases to fabri-
cate perfect welds by using an appropriate welding procedure (control of temperature, heat treat-
ment).

Weldability of Mild Steels

With regard to the content of phosphorus and sulphur, weldability of non-alloy steels will usually be
classified according to carbon content. Areas of the parent metal in the weld transition zones will
be austenitised as a result of the heat generated during welding. Localised increases in hardness
may occur inside these heat-affected zones as a consequence of rapid cooling. Therefore as a rule
it is possible to weld non-alloy steels with carbon contents up to approx. 0.22 % without problems;
with higher carbon contents it is necessary to preheat the parent metal or care must be taken to
ensure correct control of heat in the welded sections so as to reduce the cooling rate during aus-
tenite transformation. However, it is not only carbon that determines the weldability of non-alloy
steels. Problems during welding may also arise due to higher contents of hydrogen, nitrogen and
oxygen and the presence of segregations. The wall thickness also plays an important role.

Weldability of Alloy Steels

Low-alloy Steels

Low-alloy steels often require proper control of heat prior to, during and after welding in order to
achieve welds with the properties required. The chemical composition with regard to the type and
quantity of alloying constituents and the microstructure has a significant effect. It is possible to
improve the strength and ductility of high-tensile low-alloy steels by quenching and tempering. The
total alloy content does not usually exceed 5 %. As a rule the carbon content lies between 0.2 and
0.6 %. Important alloying elements are chrome, nickel and molybdenum, as well as manganese,
silicon and vanadium.

Their inclination towards the formation of martensite leads to greater stresses inside the compo-
nent on cooling of the weld. The critical cooling rate is low and therefore it is possible for a hard
microstructure to occur even on cooling in ambient air thus unfavourably changing the ductility of
the weld. There is a high risk of hardness cracks in transition zones. Areas of pronounced softening
may appear in the case of steels with limited resistance to tempering.

High-alloy Steels

High-alloy steels contain over 5 % of alloying elements. Stainless steels containing chrome and
those containing both chrome and nickel as characteristic alloying elements represent a significant
section of these steels.

Chromium steels are mainly divided into two grades with a ferritic or martensitic microstructure
which exhibits limited weldability. The reason for this is the tendency towards grain growth in ferri-
tic chrome steels and a tendency towards hardness increase in the heat-affected zones of chrome-
based martensitic steels.

By contrast the austenitic chromium-nickel (molybdenum) steels are classified as having good
weldability. However, the corrosion resistance, hot crack resistance and ductility of these steels
may deteriorate if fabricated unprofessionally. Consequently it is necessary to observe certain
basic rules when welding stainless steels.
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3.4.2 Mild Steels

These steels which conform to EN 10025 (DIN 17100) are determined by components which will
be utilised essentially at ambient temperatures.

According to the regulations of EN 10027, Part 1 (Classification of Steels) the code letter

1. S - Steels for general steel construction, or
2. E - Machine-construction Steels

is set in front of the abbreviated designation followed by a number which refers to the minimum
yield strength in N/mm2 given the lowest thickness manufactured. The yield strength ranges lie bet-
ween 185 and 355 N/mm? (~27 and 51 ksi) for steels classified "S" and between 295 and 360
N/mm2 (~43 and 52 ksi) for steels classified "E".

The ability to specify a specific maximum value of carbon equivalent (CET) on purchase orders
may be considered an advantage from the weldability point of view. However, this applies only to
steel grades "S 235" to "S 355". All other steels of this standard exhibit limited qualifications for wel-
ding. Steel grades such as these must be classified primarily as possessing "limited weldability",
the fabrication process for which is left up to the manufacturer where the chemical composition |s
not defined at all.

Welding of Mild Steels
The weldability of steels diminishes as the carbon content rises due to the increase in hardness.
Therefore steels with no guarantee of weldability must be treated specifically in order to avoid unac-
ceptably high hardness. The ability to predict the tendency towards hardening, e.g. by calculation
of the carbon equivalent, etc., is well known. As a rule of thumb it may be said that hardness increa-
se in the transition zone should not exceed 350 Vickers units for non-alloy constructional steels and
400 Vickers units for alloy constructional steels.
Welding Technology for Mild Steels
@ Filler metals must be selected with respect to the minimum requirements for the mechani
cal properties of the parent metals.
4 Steels with “guaranteed weldability“ and wall thicknesses exceeding 30 mm (13/16) or
20 mm (3/4%) must be preheated to 100 - 150 °C (210 - 300 °F) and basic-type filler
metals must be used.
4 Steels with “limited weldability“ must be preheated in accordance with the carbon equiva
lent; only rebaked basic filler metals are to be used.
¢ For rimmed steels avoid melting of segregation zones as far as possible and use basic
filler metals as well.

Filler metals
The following section lists examples of suitable filler metals.

base material (example) BOHLER-product
FOX OHV, FOX ETI, FOX EV 50,
5285J2G3 10 8355J2G3 | EMKe, EMS2/BF16, HL 51-FD

Dependency of Welding Procedure on Material Thickness

In addition, reference must be made to the fact that as the thickness of the component increases
three-dimensional stresses caused by localised heating and cooling may reach the yield strength
or may even exceed it when superimposed with operating loads. These stresses then lead to cold
deformation, ageing and embrittlement. Therefore even steels with guaranteed weldability require
preheating above certain wall thicknesses.

Typical wall thicknesses for good weldability are:
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tensile strength [N/mm?] thickness limit [mm]
up to 360 30
> 360 - 540 20

Larger wall thicknesses call for preheating to 100 - 150 °C (210 - 300 °F) in all cases.

Weldability of Rimmed Steels

According to EN 10025 and DIN 17100 respectively rimmed steels may also be welded. These
steels show a pure and ductile shell zone ("bacon rind") which causes no problems during welding
but contains a core rich in segregation with poor weldability. The core often exhibits significantly
higher contents of carbon, phosphorus, sulphur, oxygen and manganese than the shell zone due
to liquefaction phenomena on solidification (segregation in the ingot). One is confronted with a
number of negative influences in respect of the segregated zone, such as increased tendency
towards hardening, risk of brittle fracture, tendency to hot cracking and embrittlement by ageing.

Given these facts the segregated zone exhibits lower ductility and poor weldability compared with
the pure shell zone. The prlmary rule for welding rimmed steels is therefore not to fuse segregated
zones if possible, which is a point that should be taken into account at the design stage. Rimmed
steels with segregation will be welded in practice using basic-coated electrodes or using a combi-
nation of rutile and basic-coated electrodes (basic coated electrodes for the segregated zone, ruti-
le type electrodes for root and cap layer).

Free-cutting Steels

Free-cutting steels are characterised by good machinability and good chip brittleness that

are essentially achieved by means of higher sulphur contents coupled in part with lead and other
elements. They allow high edge lives of the cutting tools at high cutting speeds during cutting on
automatic high-speed machines and as a result produce finished parts with a very clean smooth
surface.

The microstructure of free-cutting steels differs from that of other steels only due to the sulphidic
inclusions introduced on purpose.

Welding of Free-cutting Steels

Similar considerations to those for the welding of unkilled steels apply to the welding of low-carb-
on free-cutting steels and consequently welding is possible to a limited extent. On the other hand
the welding of higher-carbon steels must be considered difficult. In this case the tendency towards
hot cracking is extremely high due to the higher contents of carbon and sulphur. Particular attenti-
on must be paid to poor penetration and stress-free welding.

The suitability of free-cutting steels for welding is very limited indeed. Free-cutting steels containing
lead should not be welded due to the health hazards caused by leaded welding fume.
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3.4.3 Coated Plates

Coating with Anti-corrosive Paints

Structures made of non-alloy steels may undergo substantial reductions in cross-section as a result
of rusting. Material loss such as this may be counteracted by painting with effective anti-corrosion
paint, which to some extent is carried out immediately after descaling (prefabrication priming) on
hot-rolled products for economic reasons. Iron oxide-rich paints are most commonly used. This
brings to light the problems associated with the weldability of plates coated with such paints.

Iron oxide-rich paints are readily weldable with regard to the TLV (threshold limit values in the
workshop environment) and are not susceptible to porosity whereas zinc dust-rich paints may
cause problems with the TLV as well as porosity. Butt welds are less prone to porosity than fillet
welds. Whilst rutile coated electrodes such as BOHLER FOX OHV will generally deposit welds free
of porosity, it is not always possible to guarantee this when using basic coated types. Wires with
increased silicon content and fluxes with high MnO contents should be used for submerged-arc
welding. Inert-gas welding using CO? as the shielding gas often leads to problems; this can be
improved by adding a few percent of oxygen to the shielding gas.

Galvanised Plates
Hot galvanizing offers very effective protection of the steel surface against corrosive media.

When welding galvanized plates and sheet metal there is intense generation of fume depending on
the type of electrode used due to the evaporation of zinc. Medium-thick rutile-coated electrodes,
such as the FOX MSU type, may be used. These will not affect the mechanical properties. For
double fillet welds with wall thicknesses above 10 mm (3/8”) on all-round galvanized sheet metal it
is necessary to maintain a gap of at least 1 mm (3/64”) between the flange and web to avoid zinc-
induced cracking.
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3.4.4 Reinforcing Steels

Concrete, the traditional material used for building, possesses high compressive strength but only
low tensile strength. This means that a fracture in the structure is highly likely after applying only a
relatively low load if a structure made purely of concrete is loaded for bend.

Steel rods are inserted in the concrete to increase the tensile strength of this construction materi-
al producing a composite structure which utilises both the excellent compressive strength of the
concrete and the high tensile strength of the steel.

The various types of reinforcing steels differ from each other either due to their external form (vary-
ing surface shape) or processed form (e.g. as welded wire meshes) or both. The reinforcing steels,
also known as armouring, are subdivided into the following types:

Rods of

1. hot-rolled round steel

2. hot-rolled ribbed steel

3. hot-rolled and then cold-twisted ribbed steel
4. cold-formed ribbed steel

as well as welded reinforcing meshes of

5. flat wires
6. shaped wires
7. ribbed wires.

Welding of Reinforcing Steels

All steels of the DIN 488 or EN 10080 referred to are suitable for resistance flash-butt welding and
oxyacetylene pressure welding. Suitability for electric arc welding using coated stick electrodes or
the gas-shielded arc process is considered to have been demonstrated if the base metal ultimate
strength is achieved in the tensile test and it is possible to bend butt welds around a required mand-
rel.

Welds may be classified according to their intended use or the welding process employed. The
principal distinction is between load-bearing and non-load-bearing welds.

Welding Technology

# The steel surface in the area of the weld must be cleaned of dirt, grease, rust, etc. and there
must be adequate access to the welding area.

¢ The weld area must exhibit a temperature of at least +5 °C and must be protected against
cooling down too quickly after welding to reduce the risk of hardness increase in the transition
zone.

Filler Metals
The following overview shows suitable Béhler filler metals:
Reinforcing Steel grade BOHLER-product
DIN EN
BSt 420 S B420N FOX SPE, FOX OHV, FOX MSU, EMK 6
BSt 500 S B500H FOX SPE, FOX OHV, FOX MSU, EMK 6
BSt 500 N B500N FOX EV 50, EMK 6
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Pre-stressed Reinforcing Steels

A high offset yield stress and apparent yield point plus high tensile strength are required of
pre-stressed reinforcing steels to ensure there is little or no decrease in the pre-stressing of
the concrete. Non-alloy C-Mn steel with 0.6 to 0.9 % C or steel similar to spring steel is used
as a suitable material.

Welding of pre-stressed reinforcing steels is not permitted.
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3.4.5 Case-hardening and Nitriding Steels

Case hardening is understood to be hardening following prior carburisation of the skin of a work-
piece. Carburising and also nitrogenising in solid, liquid or gaseous media is performed at tempe-
ratures between 850 - 930 °C following forming and machining after which hardening takes place.
The carburised layer assumes a content of 0.7 to 1 % C and a surface hardness of 59 to 67 HRC.
Case hardening is used where the aim is to achieve a hard surface resistant to wear and fatigue
(higher fatigue strength), but where the transition and the low-lying core should have good ductili-
ty and high notch impact strength with improved strength.

Nitration is understood to be the treatment of steel surfaces in media giving off nitrogen at tempe-
ratures below the Ac1 point to achieve a surface enriched with nitrogen. Nitriding steels are steels
that are particularly suitable for nitration due to the nitride formers contained within them.
Chromium-containing steels that are alloyed with aluminium for increased special nitride formation
are primarily considered as materials. To some extent they also exhibit molybdenum and nickel.
The nitrided surface layers (approx 0.05 to 0.5 mm) are very hard even without quenching (approx.
750 to 900 HV) and wear-resistant, i.e. they provide resistance to sliding abrasion that is better than
in case-hardened parts.

Welding of Case-hardened and Nitriding Steels

For welds in the surface area of case-hardened or nitrided parts it is first necessary to remove a suf-
ficiently large area of the carburised or nitrided layer by grinding. However, it seems advisable to
weld prior to case hardening or nitration.

Filler metals similar in alloy composition to the parent metal must be used if the welds are also inten-
ded to be nitridable. Otherwise filler metals corresponding to the mechanical properties of the parent
metal not subjected to surface treatment should be used. Basic electrodes are to be preferred.

The preheat temperature must be matched to the steel’s hardenability.
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3.4.6 Welding of Pipelines

Crude oil and natural gas are currently the most important energy carriers. Vast transport pipelines
already exist or in the planning stages throughout the world. The development of new higher-
strength pipe steels is thus making greater and greater demands on welding technology. Thanks to
our specially developed electrodes that are optimally matched to the individual steels, we are able
to completely satisfy these increased requirements as well as the strict safety conditions.

The circumferential pipe seams are mainly performed as vertical-down welds using cellulose-coa-
ted stick electrodes whereby construction progress is essentially determined by the speed with
which these welds can be manufactured. This method renders it possible to weld with a larger elec-
trode diameter, higher current intensities and higher welding speeds. This results in considerable
economic advantages compared with otherwise conventional vertical-up welding using rutile or
basic-coated stick electrodes.

Welding with basic-coated stick electrodes is dealt with following the section "Welding with cellulo-
se-coated stick electrodes" for both the vertical-up and vertical-down position. Béhler Welding also
has a complete range of qualities expressly designed for low-temperature loading.

Please make separate enquiries regarding wires for gas-shielded and submerged-arc welding.

Welding with Cellulosic-coated Stick Electrodes

BOHLER AWS classification

product name A5.1-04 recommended for pipeline steels acc. API Spec. 5L
A 5.5-06

FOX CEL E6010 A, B, X 42, X 46, X 52, X 56, X60, X 65, X 70, X 80

FOX CEL 75 E7010-P1 X 52, X 56, X 60

FOX CEL Mo E7010-A1 X 52, X 56, X 60

FOX CEL 85 E8010-P1 X 56, X 60, X 65, X 70

FOX CEL 90 E9010-P1 X 65, X 70, X 80

Particular mention must be made regarding the special suitability of the BOHLER FOX CEL elec-
trodes for root welding even in higher-strength steels. The welding technology developed by Béhler
Welding by using the BOHLER FOX CEL for the root and if need be also for the hot pass in the
form of so-called “combination welding” provides the greatest security against cracks.

Careful weld preparation is very important for achieving perfect welds. It is not usually possible to
comply with tolerances with torch-cut edges. In practice the pipe ends are generally prepared by
metal cutting. To prevent pores and fusion defects the weld edges must be free from foreign mat-
ter such as oil, lubricant, scale and dirt. In the same way grooves and notches also disrupt hand-
ling of the electrode. The BOHLER FOX CEL 2.5 mm A electrode is recommended for pipes with
smaller diameters (up to 300 mm) and 3.2 mm A for the root pass.

Preheating and Interpass Temperature

Preheating the parent metal encourages and accelerates the diffusion of hydrogen and therefore
inhibits underbead cracking. Furthermore, it is possible to reduce the hardness increase in the
heat-affected zone depending on the temperature level and the chemical composition of the steel.

150 °C has been found to be adequate for preheating. Regardless of the carbon content prehea-
ting should always be performed for wall thicknesses over 20 mm and in the case of high-carbon
steels susceptible to hardness increase it is advisable to increase the temperature to approx. 200 °C.
It is also necessary to take the external temperature into account!
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For thin pipe materials unsusceptible to hardening increase it is beneficial to heat the pipe ends
slightly to at least 50 °C to remove condensation water. According to the various specifications dif-
ferent carbon contents are permissible. If the carbon content is above 0.20 % we recommend con-
sulting the electrode and steel manufacturer about the choice of preheat temperature.

The interpass temperature affects the metallurgical processes which take place during solidificati-
on and cooling and thus has an effect on the mechanical properties of the weld metal. It also affec-
ts the diffusion speed of hydrogen. It is therefore recommended that the interpass temperature
should be maintained at no less than 80 °C during welding. An interpass temperature of at least
140 °C is recommended if cellulose-coated stick electrodes with tensile strengths above 620
N/mm? (e.g. BOHLER FOX CEL 90) are used.

Welding with Basic-coated Stick Electrodes

In some countries the use of basic-coated stick electrodes for pipeline construction is preferred
over the use of cellulose-coated stick electrodes for various reasons. Generally speaking the use
of basic electrodes is recommended for welding very thick steels over 25 mm susceptible to
hardness increase. The reason for this is the very low hydrogen content of these types of electro-
des.

The high dissipation of welding heat in higher wall thicknesses and the simultaneous presence of
higher hydrogen contents increases the risk of hydrogen-induced underbead cracks when using
cellulose-coated stick electrodes. To prevent this it is only worthwhile using basic-coated stick elec-
trodes if the root pass is also welded using the same type of electrode.

In vertical-up welding using basic-coated stick electrodes the time required above all for root wel-
ding is relatively high. Naturally this is also linked to a certain loss of economic viability. As a result
basic-coated vertical-down electrodes have been developed which may be used for both root wel-
ding and also filler and cover pass welding.

Vertical-up Welding

Depending on the pipe material’s chemical composition and its tendency towards hardness increa-
se, preheating to 150 200 °C should be carried out for thick plates even when using basic-coated
stick electrodes.

The preference in this case is to use basic-coated electrodes of the FOX EV 50 (E7018-1), FOX
EV 55 (E7018-1), FOX EV 60 (E8018-G) and above all the FOX EV PIPE (E7016) type special-
ly optimised for pipe welding. Care must be taken to protect the electrodes against moisture.
Electrodes from boxes that are already open must be re-dried before use for 2 hours at 300 — 350 °C
according to the specifications.

The root pass is usually applied using electrodes with a

107 30° 2.5 mm Ain order to achieve perfect root fusion. Welding is
I:‘: - performed in the vertical-up position with a root gap of
= «© approx. 2.5 - 3 mm. At times a special weld shape is used to
- Ny save weld metal (see sketch).
L ,Q_ Welding of the filler and cover passes is usually performed
':4 using electrodes with 3.2 un_d 4 mm A w_hereby the welding
1.5 (1116 inch) area must be protected against wind, rain, etc. to prevent
pores.
Vertical-down Welding
BOHLER AWS-classification recommended for pipeline steels
product name A5.5-06 acc. AP| Spec. 5L
FOX BVD 85 E8045-P2 A, B, X42-X65
FOX BVD 90 E9018-G X 70, X 80
FOX BVD 100 E10018-G X 80
FOX BVD 110 E11018-G X100
FOX BVD 120 E12018-G X110
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Executing the Welding of Pipelines
Weld preparation: Weld preparation is carried out by metal cutting. The permissible dimensional
tolerances of the pipes are listed in the standards API Spec. 5 LX and DIN 17122.

Preheating: The risk of underbead cracks due to hydrogen when welding with basic-coated stick
electrodes is lower than when welding with cellulose-coated stick electrodes due to their
relatively low hydrogen content. Nevertheless preheating to 150 °C is recommended
above all when welding thick-walled pipe materials that are susceptible to hardness
increase. The following diagram illustrates when preheating is recommended.

Alignment of pipes: Alignment of the pipes is performed with hydraulically operated internal align
ment clamps as when welding with cellulose-coated stick electrodes. Due to the relati
vely strong root bead formation and the low hydrogen content on the part of the basic-
coated root electrode it is possible to release the internal alignment clamp when the root
weld is complete as long as the edge misalignment is not too great.

Welding at Low External Temperatures or in Wet Weather

Under unfavourable weather conditions especially at air temperatures below 0 °C, welding work
may only be carried out on pipelines if the welding and working conditions render perfect weld exe-
cution possible. This means that although welding at low external temperatures is not prohibited, it
is necessary to observe certain safety precautions.

The following rules have been tried and tested in practical use:

1. Remove ice, frost and rain by warming up (preheat to hand-hot).

2. Speedy welding without longish pause; if necessary employ several welders for one weld
seam.

3. Use electrodes as thick as possible.

4. The welder himself must be adequately protected against the cold (provide tents, windbreak or
infrared radiator).

There are no generally applicable rules or restrictive specifications regarding the execution of wel-

ding work whilst raining or on wet workpieces. Nevertheless it is obvious that the welding area and

its surroundings must be shielded from rain and other weather effects. The welding area must be
free from water in all cases.

Rebaked basic stick electrodes have very little hydrogen in the weld metal from the start and the-
refore provide a higher level of safety against hydrogen-induced cracks under unfavourable condi-
tions. However, even the basic weld metal may exhibit substantial hydrogen contents during wel-
ding in a steam-saturated atmosphere.
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3.4.7 High-strength Fine-grain Constructional Steels

The micro-alloy steels may be divided into three main groups depending on their manufacture:

1. normalised fine-grain constructional steels
2. quenched and tempered fine-grain constructional steels
3. thermomechanically treated fine-grain constructional steels

A fine-grain ferritic-pearlitic structure is achieved with the conventionally rolled, normalised fine-grain
constructional steels essentially by the elimination of finely dispersed carbonitrides and carbides from
the austenitic area during air cooling. Fine-grain constructional steels with yield points up to 500
N/mm? are manufactured by this method.

The finest grain is achieved by water quenching in the quenched and tempered fine-grain construc-
tional steels whereby micro-alloying elements such as B, V, Nb and Ti as well as to some extent the
alloying elements Cr and Ni are of significant importance. With water quenching it is possible to achie-
ve yield points between 450 and 960 N/mm> The special properties of the two steel groups initially
mentioned are achieved by a heat treatment carried out after rolling.

In the thermodynamically treated steels a targeted heat treatment is included in the rolling process as
a result of which it is possible to manufacture high-tensile steels with very low carbon contents. It was
possible to significantly increase the mechanical properties of constructional steels and their weldabi-
lity with the help of the micro-alloying elements and appropriate production methods.

Welding of Fine-grain Constructional Steels

Generally speaking special precautions are required for processing steels with increasing minimum
yield strength values where the design of weldments and load analysis are essential. However, the
instructions for processing these steels cannot deal with and control every possible problem. Thus
in special cases it is useful to consult the steel manufacturer or to carry out in-house tests which
may be necessary when first using fine-grained constructional steels.

The risk of hot cracking in these steels is low. On the other hand attention must be drawn to the
possibility of lamellar tearing and cold cracking which require appropriate design and/or welding
technology measures such as reducing stresses, avoiding excessive hardness increase and inter-
nal stresses and aiming for low hydrogen contents in the weld metal.

The preheat temperature for joint welding and tack welding lies between 50 and 250 °C (120 and
480 °F). It depends upon material thickness, chemical compositions of parent material and weld
metal, energy input during welding, as well as on predicted residual stresses. As the thickness
increases it is necessary to aim for the upper temperature limit. The following table presents figu-
res for thickness limits taking preheat as a function of the minimum vyield strength of the parent
material.

minimum for yield strength [N/mm?] thickness limit [mm]
<355 30
>355 to 420 20
>420 to 590 12
> 590 8

The development of temperature and time during welding is of crucial importance to mechanical
properties of high-strength welded joints. This development is significantly influenced by plate
thickness, geometry of edge preparation, energy input, preheat temperature and sequence of pas-
ses.

The cooling time tass is generally used to define the development of temperature and time during
welding. This is the period of time during which a weld passes through the temperature range from
800 to 500 °C (1470 to 930 °F) when cooling. The maximum hardness in the heat affected zone
drops as the cooling time ta/s increases.
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If a specific maximum hardness may not be exceeded in a particular steel then it is necessary to
set the welding parameters in such a manner that the cooling time te/s does not fall below a defi-
ned value. On the other hand increasing values for the cooling time ts/s cause a reduction in the
impact strength and an increase in the transition temperature of impact strength within the heat
affected zone.

If it is necessary to meet a specific minimum impact strength for a particular steel, then the welding
parameters must be set in such a way that the cooling time tess is kept below a defined value. The
cooling time tes to be applied in a particular case depends on the collective requirements for
mechanical properties including characteristic strength values of the actual weld joint in the post-
weld heat-treated condition.

Selection of a suitable filler metal is of prime importance before welding a specific fine-grained con-
structional steel. In this case allowance must be made for the fact that the weld metal must meet
the mechanical and technological properties of the base metal despite dilution.

Welding Procedure

4 When selecting filler metals the weld metal must satisfy the mechanical properties of the
base metal despite dilution by the latter. Use only re-dried basic-coated electrodes.

¢ Preheat and interpass temperature should be between 80 and 250 °C (180 and 480 °F)
depending on wall thickness, chemical compositions of base metal and weld metal, energy
input and existing state of residual stresses.

@ Thickness limits must be considered when determining preheating as a function of the base
metal’s yield strength. Aim for the upper limit of the temperature range as wall thickness
increases.

¢ The temperature/time curve (tsss) is very significant for the mechanical properties of heat-
affected zones. Comply with the recommendations of steel manufacturers regarding energy
input at all times.

Filler metals .

The following table shows suitable BOHLER consumables.
base material o
(example) BOHLER-product
S355NL FOX EV 50, EMK 6, EMS 2//BB 25 resp. BB 24
S500QL FOX EV 65, NiMo 1-IG, 3 NiMo 1-UP//BB 24
S690QL FOX EV 85, X70-IG, 3 NiCrMo 2.5-UP//BB 24
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3.4.8. Cryogenic Steels

The large-scale use of oxygen in the steel industry, nitrogen in the chemical industry and natural
petroleum gases in industrial supply and also in the chemical industry has increased significantly
in recent years. With the increase in the use of these gases transporting and storing them econo-
mically has become more and more important. The gases pass over into the liquid state when coo-
led to very low temperatures and at the same time their volume decreases considerably. This beha-
viour is utilised for storage and transport.

However, it is only possible to utilise this behaviour if suitable base metals and filler metals, which
posses adequate mechanical properties and toughness at the low temperatures of the liquid gases,
are available for construction of the transport and storage tanks required.

Non-alloy, low-alloy or high-alloy steels that are still tough at low temperatures (below approx -50 °C)
are known as cryogenic steels. Non-alloy and low-alloy steels may be used in all cases for tempe-
ratures up to -50 °C as long as they are killed.

The steel groups may be differentiated as follows:

1. Non-alloy and low-alloy cryogenic and fine-grain constructional steels for operating tempera
tures up to approx. -50 °C in the normalised condition and down to approx. -60 °C in the
quenched and tempered condition.

2. Nickel-alloy tempering steels with 1.5 to 9 % nickel for operating temperatures from
-80 °C to approx. 200 °C.

3. Austenitic chrome nickel steels for operating temperatures down to approx. -269 °C.

Welding of Cryogenic Steels

The characteristic properties of filler metals for welding cryogenic materials is their deformability at
low temperatures which is tested as a rule using the notched bar impact test. Conclusions regar-
ding the propensity to brittle fracture and employability down to a specific temperature are drawn
from the impact energy value. The notch shape of the notched bar test specimens is a noteworthy
influential variable on the test results. U-notch specimens according to DVM result in higher impact
energy and lower service temperatures than the V-notch specimens according to ISO, more com-
monly known as Charpy-V-notch specimens.

The value 27 is frequently taken as the minimum value of impact energy with the Charpy-V-notch
specimen at the lowest service temperature in each case.

Care must be taken to control the heat input when welding cryogenic and fine-grain constructional
steels to keep the heat affected zone as narrow as possible and still prevent hardness peaks.
Basic-coated non-alloy and low-alloy stick electrodes according to EN ISO 2560 and EN 757 are
suitable. The hydrogen content in the welded joint should be as low as possible to prevent cold
cracks, i.e. rebaking of the electrodes immediately prior to welding is recommended. This state-
ment also applies to the flux powder in submerged-arc welding. The problem of excessively high
hydrogen contents does not normally exist for gas-shielded arc welding. Particular attention should
be paid to the low-temperature toughness and strength required when selecting wire and flux com-
binations or wire and shielding gas combinations.

Filler metals of the same or similar composition as the parent metal with 2.0 to 3.5 % Ni are used
when welding nickel-alloy tempering steels. Filler metals of the same composition as the parent
metal are to be preferred if it is necessary to guarantee the mechanical and technological (strength,
toughness) and physical (heat expansion coefficient) properties of the parent metal in the weld metal
in addition to satisfying the minimum temperature required.
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Filler metals with higher nickel contents have a tendency towards increased hot cracking. For this
reason the 5 % nickel steel is preferably welded with austenitic filler metals on the basis of “A7” or
“ASN 5“ and nickel-base types. Heat treatment of the weld must not take place out of regard for
the austenitic weld metal (embrittlement, carbon diffusion).

9 % Ni-steel is mainly joined using completely austenitic filler metals with a high nickel content of
the “NIBAS 625 type. This nickel-based type has advantages over conventional austenites due to
a higher yield point and the possibility of heat treating welds. It may also be used for steels with a
low nickel content. Crack resistance and adequate cold toughness down to -200 °C are ensured if
dilution with the parent metal is limited.

Austenitic chrome nickel steels are welded in the same manner. The unstabilised weld metal is
slightly superior to the stabilised weld metal in impact energy at low temperatures.
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3.4.9. High-temperature Steels

The mechanical strength properties of the non-alloy constructional steels undergo a significant
reduction at increased operating temperatures; therefore, they are only suitable for use up to a
threshold temperature of 350 °C. Under stress creep and flow processes occur in the steel at
increased temperatures as a result of which the permissible load becomes time dependent. Thus
all calculation values for strength now have a time added to them from which it can be seen how
long the material can bear a specific stress up to fracture or up to a specific permanent elongation.
In this context one talks about the creep rupture strength or creep strain limit.

Thus first and foremost high temperature steels have adequate mechanical strength at high ope-
rating temperatures. In addition to this they must also exhibit a certain resistance to corrosion and
in the event of hot aggressive gases increased scale resistance as well which is only achievable
with high-alloy steels. With the addition of specific alloying elements such as Cr, Mo, V, W, Ti and
Nb it is possible to increase the high-temperature strength properties and the creep resistance. The
slip planes are blocked due to the formation of special carbides and special nitrides (anti-slip
effect).

For a temperature load up to 550 °C small additions of Mo, V, and Cr are sufficient although Mo
has the greatest effect on increasing the high-temperature strength. Above 550 °C increased scale
resistance is also required. In this case the 9 to 12 % Cr-steels with additions of Mo, V and Nb are
considered. Above 600 °C the behaviour under long period stressing drops off so much in heat trea-
table steels that special Cr-Ni steels (basic type: 16 % Cr, 13 % Ni) have to be used. The creep
resistant steels are standardised in EN 10028, EN 10222-2, DIN 17155, DIN 17175 and DIN 17460.

Welding of High Temperature Steels
Creep-resistant steels may be divided into three main groups:

Ferritic-Pearlitic Steels

(e.g. P295GH, P355GH and 16Mo3)
These are normalised steels. Basically these steels are not susceptible to hardness increase in the
heat-affected zone. However above a certain wall thickness preheating to 150 °C is advisable
(P295GH = 25 mm; 16Mo3 = 10mm.)

Bainitic (Martensitic) Ferritic Steels

(e.g. 13CrMo4-5, 10CrMo9-10, 14MoV6-3).
These steels are quenched and tempered and air-hardening and special account must be taken of
this when welding. Hard and brittle zones may develop simultaneously, both in the heat affected
zones (HAZ) and the weld metal itself, due to the formation of martensite which contributes towards
the danger of underbead cracking. Stress cracking after completion of welding is also possible.

Therefore, depending on the steel grade it is advisable to carry out preheating to 100 - 300 °C prior
to welding and a specific interpass temperature must be controlled. As the preheat and interpass
temperature is lower than the Ms temperature (Ms = 480 °C), annealing and tempering at 640 - 740 °C
but below Acs in any case is necessary after welding is complete.

Consequently the temperature should not significantly exceed approx. 450 °C and the energy input
must be limited to 7 - 24 kd/cm. At a preheat temperature not exceeding 300 °C it is not complete-
ly possible to prevent the formation of martensite (Ms = 480 °C) in the heat affected zone but its
formation will be minimized to approx. 30 - 50 %. Therefore, depending on the type of steel, it is
necessary to perform annealing and stress-relieving at 640 - 740 °C after welding is complete.
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Martensitic Steels — Alloying Type 12 % Chromium
(e.g. 12 %Cr-Stahle X20CrMo12-1. X22CrMoV12-1 und X22CrMoWV12-1).

These steels are also quenched and tempered. The predominantly martensitic structure calls for a
very special heat control procedure during welding. Two different technological procedures are
used which are known in practice by the terms "martensitic and austenitic welding techniques".

The difference between these methods is determined by preheat and interpass temperatures
above Ms-temperature (400 - 450 °C) in "austenitic" welding and below Ms-temperature (200 -
250 °C) in "martensitic" mode. After completion of welding, cooling is carried out to 120 - 80 °C to
complete the martensite transformation, followed by final annealing in the temperature range bet-
ween 720 - 780 °C.

Martensitic Steels — Alloying Type 9 % Chromium
(e.g. 10CrMoVNb9-1, X12CrMoWNiVNbN10-11 and E911/NF 616).

There has been another material available since the beginning of the 80’s that guarantees outs-
tanding high-temperature strength properties due to its modified alloy base. This material is the
grade P91 steel standardised to ASTM A335. Furthermore, there are efforts underway to find suc-
cessor generations for the P91 materials. These cognate but as yet not standardised materials (NF
616, P911 und HCM12) are supposed primarily to guarantee appreciably higher long-term creep
strength values resulting from the addition of tungsten by alloying.

Unlike the 12 % chrome types, the 9 % chrome types exhibit a lower tendency towards hardness
increase during welding due primarily to the lower carbon content which results in a reduced risk
of cold crack formation and the occurrence of stress corrosion cracking. However, a preheat and
interpass temperature ranging between 200 to 300 °C must be taken into account.

The use of the multi-pass technique is recommended since the welding technology has a consi-
derable effect on the toughness properties achievable, i.e. thinner passes, in order to obtain a high
proportion of annealed weld metal structure and thus an improved level of toughness.

Interim cooling to ambient temperature is necessary prior to the required postweld tempering (740-
775 °C) to achieve complete martensitic transformation.

Choice of Filler Metal

Essentially the filler metals used are those of the same composition as the base. Only under this
condition is it possible to expect a creep rupture strength from the weld that corresponds to the
base metal. In the case of stick electrodes there are basic and rutile coated types available alt-
hough the latter are only used for steels not exceeding 5 % Cr and up to 12 mm wall thickness due
to poorer mechanical properties and the higher hydrogen content. Rutile-coated stick electrodes
are used mainly for root welding.

GTA welding is widely used for the root pass in pipes whilst the GMAW and submerged-arc pro-
cesses are increasingly gaining in importance. The use of gas fusion welding is restricted to thin-
walled joints in steels not exceeding 2.5 % Cr.

Welding Technology

4 Use only filler metals with the same alloy composition as the base metal.

4 Above certain wall thicknesses normalised steels such as 16Mo3 must be preheated
to 150 °C.

¢ Tempered steels such as 13CrMo4-5 must be preheated to 100 to 300 °C depending on type
and must be postweld annealed in the range between 640 and 740 °C.

4 With martensitic Cr steels on the basis of X20CrMoV12-1 care must be taken to ensure
special heat input, i.e. preheating to 200-250 °C or 400-450 °C, then cooling down to 80-120 °C
and finally annealing at 720 to 780 °C.

4 Martensitic Cr steels on the basis of 10CrMo9-10 must be preheated to 200 to 300 °C and
may be cooled down to ambient temperature following welding. Then tempering treatment
must be carried out at 750 °C.
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Filler Metals .
The following table provides examples of different BOHLER filler metals for welding high tempera-
ture steels:

Base material BOHLER product
16Mo3 FOX DMO Kb [DM®-IG] EMS 2 Mo/BB24,
DMO Ti-FD
13CrMo4-5 FOX DCMS Kb[DCBISIG, DCMS Ti-FD, EMS 2 CrMo/BB 24,
10CrMo9-10 FOX CM 2-Kb [CMIZ-TG] CM 2 Ti-FD, CM 2-UP/BB 24
X10CrMoVNb9-1 FOX C 9 MV, CENYIG] C 9 MV-MC, C 9 MV Ti-FD,
C 9 MV-UP/BB 910
X12CrMoWVNbN10-1-1 FOX C 9 MVW, C 9 MVW-IG, C 9 MVW-UP/BB 910
P 92, NF 616 FOX P 92, P 92-IG, P 92-UP/BB 910
X20CrMoWV12-1 FOX 20 MVW, 20 MVW-IG, 20 MVW-UP/BB 24
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3.4.10 Low-alloyed Tempered Steels

These steels are mainly used in the construction of machinery and equipment, in boilers, in the con-
struction of piping and chemical plants, in the petrochemical industry, in cryogenics and in the auto-
mobile and aircraft industry. They are used in the quenched and tempered condition, as a result of
which constructional steels such as this are termed tempering steels. Their special property is har-
denability which depends principally on the type and proportions of the alloying elements they con-

tain.

Due to a special alloying technique the critical cooling speed is reduced increasing in turn the tem-
perability and creep resistance. Depending on the alloy composition it is possible to differentiate
between Mn, Mn-Si, Mn-V steels; Cr, Cr-Mo, Cr-Mo-V, Cr-Ni-Mo steels; Ni, Ni-Cr steels and others.

Targeted lowering of the critical cooling speed for the purpose of good temperability worsens the
steel’s weldability. Structural components between bainite and martensite occur in the heat affec-
ted zone of the base metal which cause local hardness increases. The higher the carbon content
in the steel, the harder the martensite becomes and the lower the martensite formation temperatu-

re lies (Ms).

Knowing the martensite formation temperature is of major significance for determining the preheat
temperature of steels with poor weldability. In addition to the familiar methods of determining the
preheat temperature such as the carbon equivalent, TTT curve, weld TTT curve and hardness
testing of practical welds, it is also possible to calculate the Ms or Mt point according to the follo-

wing formula:

Ms point (start of martensite formation):
Ms(°C)=561-474(% C)-33(% Mn)-17(% Ni)-17(% Cr)-21(% Mo).

Mi-point (end of martensite formation):

Ms (°C) = Ms-215x15

The two formulae are applicable for steels with approximately the following chemical composition:

[ %c %

Si % Mn

% Ni

% Mo |

[0.1-055  0.1-

0.35 02-1.7

0-5

0-1

The following table shows the hardness, tensile strength and notch impact energy of the martensi-
te in alloy steels with varying carbon contents (following heating to 200 °C according to

Thorneycroft).
carbon tensile strength impact work hardness
[%] [N/mm?] J [HV 10]
0.14 1370 85 420
0.20 1480 60 440
0.26 1650 41 470
0.40 1860 24 560
0.61 2200%) 7 700

*) brittle crack

Alloying elements such as manganese, nickel, chrome and molybdenum promote the y-a transfor-
mation in the martensitic stage. As a result low-alloy steels have a greater tendency towards

hardness increase than non-alloy steels with the same carbon content.
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Welding of Low-alloy Tempering Steels

It is hardly possible to find a filler metal of the same composition as the base for welding a speci-
fic tempering steel that usually contains above 0.25 % C. Nor is this sensible because for welding
engineering reasons the carbon content in the weld metal is reduced and attempts are made to
achieve the desired strength and tempering qualities by means of a suitable combination of alloys.
However, in many cases it is not expected that the weld will achieve the strength of the base metal
or it is not designed with high load ranges in mind. The filler metals then used are non-alloy basic
electrodes or austenitic electrodes. In both cases the high weld metal ductility has a favourable
effect with regard to at least a partial reduction of stress.

Filler metals for joint welding of tempering steels have not been standardised as yet.

Welding Technology

Proceed as follows to prevent cracks in the weld interfaces:

1. Use non-alloy or low-alloy electrodes with low hydrogen content which are adequately re-dried
prior to welding. In certain cases austenitic electrodes may also be used. Gas metal-arc wel
ding using argon or mixed gases may also be used.

2. Preheat to prevent or delay martensite formation. The possibilities for determining the preheat
temperature have already been outlined.

3. Weld with thick electrodes and high heat input per unit length of weld. As a result cooling pro
gresses more slowly.

Postweld heat treatment at approx. 600 °C and above, preferably without interim cooling, is recom-
mended to reduce the residual welding stresses and to temper the hardened zone if there is a fear|
of cracking, especially in air-hardening steels.

Consideration should also be given to isothermic welding, i.e. maintaining the interpass tempera-
ture up to the formation of harmless structures.

Austenitic filler metals of the "A 7" type (18 % Cr, 8 % Ni, 6 % Mn alloy type), whose weld metal
cannot of course be tempered, are often chosen for air-hardening steels (e.g. armoured steel with
higher carbon content of the 30 CrNiMo 8 type). They are particularly suitable because the low yield
point and high plastic ductility of the alloy make it possible to reduce stress peaks by means of
lower deformation without the danger of cracking.
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3.4.11 Compressed Hydrogen-resistant Steels

Steels that are only slightly susceptible to decarburisation by hydrogen at high pressures and high
temperatures and to the embrittlement and intercrystalline failure associated with this are conside-
red to be compressed hydrogen-resistant steels. These properties are achieved by alloying with
elements that form highly resistant, barely decomposable carbides at the operating temperature.
Chrome is one such element. The following for example are compressed hydrogen-resistant steels
25CrMo4, 20CrMo9, 17CrMoV10, X20CrMoV121, X8CrNiMoVNb1613 in accordance with
SteelMaterial Specification 590.

At high pressures hydrogen penetrates the steel and reacts with the carbon in the iron carbide or
pearlite forming methane at the same time. High pressures which lead to disaggregation and final-
ly to intercrystalline cracks occur inside the steel since the methane molecules have only a very low
diffusability due to their size.

Welding of Compressed Hydrogen-resistant Steels

Compressed hydrogen-resistant steels are weldable if the necessary precautions are taken.
However, their weldability declines as the carbon content increases. These steels must be prehea-
ted to 200 to 400 °C depending on the type of steel and this temperature must be maintained during
welding.

After welding cooling must be slow and even. Postweld heat treatment must be carried out as spe-
cified. The filler metals must also result in a compressed hydrogen-resistant weld metal. Steels
X20CrMoV12-1 and X8CrNiMoVNb16-13 require a very specialised welding technology.
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3.4.12 Stainless Steels

The group of stainless steels contains a large number of very different alloy variations all of which
are commonly characterised by a chrome content of at least 12 %. This guarantees that extreme-
ly thin, stable oxide layers form on the surface of the steel under oxidising conditions and the steel
passes from the active (soluble) to the passive (insoluble) condition. In the passive condition there
is increased resistance to oxidising media. However, in the case of a reducing atmosphere, i.e.
decreased oxygen supply, the formerly passive steel may pass over into the active condition. The
chrome content of at least 12 % necessary for a certain chemical resistance of the steel is very
often referred to as the “parting limit”.

The alloying element chrome and subsequently nickel represent the basic elements for stainless
steels. However, their effect with regard to the crystalline structure in the steel is very varied.

With increasing nickel content the gamma area is extended whilst with increasing chrome content
the gamma area is confined and above approximately 12 % only ferrite (= body-centred cubic
mixed crystal) continues to prevail. Above a certain nickel content the microstructure is made up
only of austenite (= face-centred cubic mixed crystal) from solidification to ambient temperature.

All other alloying elements which are added to the steel to improve specific properties may be
assigned to either the chrome or nickel in their effect on the crystalline structure. This means that
it is possible to differentiate as follows between ferrite-forming and austenite-forming elements.
Ferrite-forming elements: chrome, silicon, aluminium, molybdenum, niobium, titanium, tungsten
and vanadium.

Austenite-forming elements: nickel, manganese, carbon, cobalt, copper and nitrogen.

If one adds sufficient quantities of nickel to a ferritic iron-chrome alloy then it passes over into the
austenitic condition.

The following table lists the most important groups of stainless steels classified according to the
microstructure.

micro structure typical steel

pearlitic-martensitic X30Cr13

half ferritic-ferritic X8Cr17

soft-martensitic X5CrNi13-4

ferritic-austenitic X2CrNiMoN22-5

austenitic austenite with ferrite X5CrNi18-9
austenite without ferrite X8CrNiNb16-13

These groups of steels differ from each other from both the metallurgical and physical point of view
and allowance must be made for the peculiarities in each case by taking appropriate measures
when fabricating welds.
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3.4.13 Martensitic Chromium Steels

Some characteristic martensitic Cr steels and their weldabilty:

material designation % C % Cr % Mo weldability
X12Cr13 0.15 13.0 - limited
X20Cr13 0.20 13.0 - strongly limited
X39CrMo17-1 0.42 16.5 1.2 none

Basically speaking this group of steels must be classified as having only limited weldability since
the risk of cold cracking increases as the carbon content rises and joint welds should be avoided
where possible.

As already mentioned, the most important alloying element is chrome which lends the steels its
passivity and thus its corrosion resistance in oxidising media if it accounts for approximately 12 %
of the content. Chrome as a ferrite-forming element has the effect of narrowing the iron’s austeni-
tic zone and this is constricted completely with approx. 13 % chrome. Steels with chrome contents
higher than 13 % with very low carbon contents (< 0.1 %) undergo no transformation during coo-
ling from solidification to ambient temperature. These are the ferritic chrome steels.

The group of hardenable steels starts with chrome contents above 12 % and carbon contents of
approx. 0.1 to 1.2 %. These are the martensitic chrome steels. The austenitic zone is widened by
the higher carbon content creating the opportunity for hardening.

Welding of Martensitic Chromium Steels

The austenitic fraction in the heat affected zone of the base metal will always transform into mar-
tensite during air cooling as the formation of pearlite and bainite progresses with a significant time
delay due to the high chrome content.

Due to the steel’s high chrome content the beginning of pearlite transformation, during which & fer-
rite and carbide are precipitated out of the ?-mixed crystals, takes a long time so that the weld metal
and the heat-affected zone (HAZ) practically always transform to the martensitic stage unless the
martensitic transformation temperature is exceeded on heating. The unfavourable and inadequate
weldability of such steels is easy to understand if one looks at the hardness increment as a func-
tion of the carbon content.

Hardness increment with different carbon contents:

carbon content hardness
0.10% C app. 40 HRC
0.15% C app. 46 HRC
0.20 % C app. 50 HRC
0.25% C app. 53 HRC
0.40 % C app. 56 HRC
0.70 % C app. 58 HRC
1.00 % C app. 60 HRC

At the same time it becomes understandable why only martensitic Cr steels with less than 0.15 %
carbon are usually used in practice for welded structures.

Hydrogen also represents a further unfavourable factor when welding. Somewhat higher hydrogen

contents may cause a strong tendency towards hydrogen-induced cold cracks in the weld particu-
larly in the presence of brittle martensite.
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13 % Cr steels are always tempered and 17 % Cr steels are always tempered or soft-annealed
since the martensite is relatively hard, brittle and at the same time susceptible to corrosion.

This group of steels is welded using filler metals of both the same and different composition to the
base. Please consult later sections for recommendations regarding the appropriate welding tech-
nology and filler metals. The weld metal in the welded condition consists of martensite and 6-ferri-
te with small proportions of residual austenite when using filler metals of the same or similar com-
position to the base. For this reason only very low elongation and impact energy values are pre-
sent and annealing is almost always carried out at 700 to 750 °C.

Welding Technology

for steels with carbon contents below 0.15 %

4 Coated stick electrodes and submerged arc flux powders must be re-dried in accordance
with the manufacturer’s instructions.

4 Only use filler metals of the same composition as the base if there are requirements for the
same colour, comparable strength or alternating strength. Otherwise use austenitic filler
metals.

@ A preheat and interpass temperature of 200 - 300 °C is to be recommended in any case.

4 Carry out postweld tempering at 700 - 750 °C. Beware when using austenitic filler metals
due to the risk of embrittlement.

Suitable BOHLER filler metals are:

microstructure BOHLER product
equal FOX KW 10, FOX SKWAM, SKWAM-IG
different FOX A7 (IG/UP/FD), FOX EAS 2 (IG/UP/FD), FOX CN23/12 (IG/UP/FD)
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3.4.14 Ferritic Chromium Steels

The following table contains the chemical composition and weldability of some ferritic Cr steels
whose characteristic feature is a low carbon content. As a result these steels are predominantly fer-
ritic from the commencement of solidification to ambient temperature, and thus in the main are not
subject to transformation and are therefore also not hardenable. Mo, Ti or Nb are sometimes added
as alloying elements to improve the chemical properties.

material designation o

according EN 10088-1 % C % Cr % Mo weldability
X6Cr13 <0.08 13.0 - limited
X6Cr17 <0.08 17.0 - limited
X6CrMo17-1 <0.08 17.0 1.1 limited

The prerequisite for adequate technological values, particularly regarding elongation, is a fine-grain
structure. This is achieved if the final forming stages are carried out below 800 °C and there is then
heat treatment up to 800 °C with subsequent rapid cooling in air or water. This group of materials
is very susceptible to overheating, i.e. on exposure to a temperature above 1000 °C it has a ten-
dency towards grain coarsening which may bring about considerable embrittiement in conjunction
with the precipitation of carbides. For this reason ferritic Cr steels are not used in the construction
of pressure vessels.

Furthermore, as the Cr content increases the ferritic Cr and Cr-Mo steels have a tend ency towards
time-related precipitation hardening in the temperature range between 400 - 525 °C known as
475 °C embrittlement. Here this means segregation of the ferrite into a chromium-rich and an iron-
rich phase.

Welding of Ferritic Cr Steels

Primarily with steels with a higher Cr content there is grain growth in the super-heated part of the
transition zone due to the input of thermal energy during welding that cannot be remedied by sub-
sequent heat treatment. In addition to this, carbides that cause an even further reduction in ductili-
ty are precipitated on the grain boundaries. For these reasons ferritic Cr steels should be classed
as having only “limited weldability”. Similarly unfavourable conditions are to be expected in the weld
metal if filler metals of the same composition as the base are used.

The loss of ductility represents an absolute weakening of the welded joint. It is therefore recom-
mended that austenitic filler metals are used for welding ferritic Cr steels. To a certain extent the
austenitic weld metal is able to function as an expansion element due to its considerably better duc-
tility properties. The austenitic weld metal also exhibits advantages from a corrosion point of view.
However, there is one disadvantage in the formation of a different colour between the base metal
and the weld deposit. Filler metals with the same alloy composition as the base must be used
where there is a requirement for the same colour. In practical use where highly sulphurous or car-
burizing gases are present the austenitic weld metal may be prone to attack (e.g. due to the for-
mation of nickel sulphide). In this case the procedure followed should be to fill the joint austeniti-
cally and only use a ferritic filler metal for depositing the final layers on the side exposed to the
aggressive medium.

Welding should be carried out with preheating to 200 to 300 °C in order to keep thermal stresses
as low as possible. Attention must also be paid to low input of thermal energy in order to minimise
coarse grain formation. Postweld annealing in the range between 700 to 750 °C is beneficial. As a
result of this the carbides precipitated coagulate and stress reduction is achieved at the same time.
Both factors lead within certain limits to an improvement in ductility (see Fig. 4). However, it is no
longer possible to get rid of the coarse grain in the heat-affected zone. When using austenitic filler
metals consideration must be given to its tendency to precipitate intermetallic phases (embrittle-
ment) in the 600 to 900 °C temperature range.
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Welding Technology

for ferritic Cr steels with carbon contents less than 0.12 %

4 Coated stick electrodes and submerged arc flux must be re-dried according to the manu

facturer’s instructions.

@ Only use filler metals of the same composition as the base if there is a requirement for

colour matching, or if the component will come into contact with sulphurous or carburising
gases.

¢ Preheat and interpass temperature between 200 - 300 °C is advisable.

4 Keep heat input per unit length of weld as low as possible.

4 Postweld annealing and tempering at 700 - 750 °C is recommended. Caution when using
austenitic filler metals due to risk of embrittlement.

The following table shows BOHLER filler metals with same composition or different composition to
base suitable for welding:

microstructure | BOHLER-product
equal FOX SKWA, SKWA-IG, SKWA-UP
different FOX SAS 2, BAS E-IG.JSAS 2-UP, SAS 2-FD, SAS 2 PW-FD
FOX EAS 2, EAS P- AS 2-UP, EAS 2-FD, EAS 2 PW-FD
FOX CN 23/12, [2-IG] CN 23/12-UP, CN 23/12-FD, CN 23/12 PW-FD
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3.4.15 Soft-martensitic Chromium
Nickel Steels

Steels with soft martensitic microstructure are used in a wide range of applications with the steel
containing 12 % chrome and 4 % nickel being considered as the most important representative
of this group. The following table contains information on their chemical composition and
weldability.

material designation % C % Cr % Mo % Ni weldability
X5CrNi13-1 <0.05 13.0 0-0.4 1-2.0 good
X5CrNi13-4 <0.05 13.0 0.4 4.0 good
X5CrNi13-6 <0.05 13.0 0.4 6.0 good
X5CrNi16-6 <0.05 16.0 - 6.0 good/limited
X5CrNiMo16-5-1 <0.05 16.0 1.5 5.0 good/limited
X5CrNi17-4 <0.05 17.0 - 4.0 good/limited

The mechanical properties of such materials lie within a very broad range depending on their
chemical composition and above all on the type of heat treatment performed although considera-
tion is only paid to type X5CrNi13-4 in the following section.

The basic precept of development was primarily to lower the carbon content to increase the duc-
tility of the martensitic structure and to reduce the tendency towards cold cracking plus to achie-
ve a structure as free as possible from d-ferrite by alloying with 4 to 6 % nickel. Thus at “ambient
temperature” the structure consists of “soft‘ martensite with small amounts of undercooled d-ferri-
te and austenite. Tempering further increases the ductility and reduces the hardness or strength.
The low carbon content and the addition by alloying of approx. 0.5 % molybdenum simultaneous-
ly improve corrosion resistance.

One major advantage of the soft-martensitic Cr-Ni steels compared with pure Cr steels is their
excellent weldability.

Weldability of the soft-martensitic steels is essentially typified by three characteristics which are:

1. Formation of low-carbon, ductile martensite in the HAZ and in the weld metal
which greatly reduces the tendency towards cold cracking.

2. Low &-ferrite contents. This largely eliminates the tendency towards coarse
grain formation during welding.

3. Hydrogen sensitivity of the martensitic structure. Hydrogen-induced cold cracks
may arise with contents of diffusible hydrogen of HDM > 5 ml/100 g.

Welding of Soft-martensitic Cr-Ni Steels

The type of heat treatment represents a major influencing factor on the mechanical properties of
these materials. Soft martensites in nickel contents above 3.5 % exhibit a metallographic pecu-
liarity, namely the formation of finely dispersed austenite at tempering temperatures above 580 °C.
This effect leads to a rise in the impact energy values in the 13/4 weld metal whereby highest
values are achieved between 600 und 620 °C. At higher tempering temperatures the impact ener-
gy drops off again due to transformation of the tempering austenite into martensite on cooling.
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The choice of interpass temperature is particularly important in preventing cold cracks in welded
joints. Practical experience gained in connection with soft martensitic materials show that sudden
“conversion“ of large weld areas into martensite should be prevented during postweld cooling.
Otherwise conditions of extreme transformation and residual stress are to be anticipated in the
weld metal which may in turn trigger cold cracks. Therefore interpass temperatures within the Ms
temperature range must be considered critical.

It is recommended that the interpass temperature for X5CrNi13-1 weld metal is held between 120
and 220 °C and for X5CrNi13-4 and X5CrNi13-6 weld metals between 100 and 160 °C. This means
that for each weld bead the martensitic transformation will be approximately 50 % which should be
the aim from both a metallographic and stress engineering point of view. At all events it is neces-
sary to adhere strictly to the interpass temperature mentioned if subsequent heat treatment cannot
be performed.

Welding Technology

In accordance with the properties encountered during welding of soft-martensitic steels it is there-
fore advisable to adhere to the welding technology described below. The notes apply to the most
important soft-martensitic steel containing 13 % Cr and 4 % Ni.

@ Use only filler metals of the same alloy composition as the base for welding.

4 Coated stick electrodes and submerged arc flux powders must be re-dried in accordance
with the manufacturer’s instructions to comply with a hydrogen content in the weld metal
of < 5 ml/100 g.

4 Thick-walled components should be pre-heated to 100 °C and welded with an interpass tem
perature ranging between 100 and 160 °C.

¢ Postweld tempering or at least postweld quenching is necessary to increase ductility.
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3.4.16 Austenitic Cr-Ni(-Mo)-Steels

Where stainless materials are concerned by far the greatest importance is attached to the group
of austenitic chrome-nickel-(molybdenum) steels. Basically these chemically resistant steels may
be classified as “very readily weldable®. They are not quench-hardenable as a result of which there
is no occurrence of hardness increase and essentially no grain coarsening in the heat-affected
zone. However, three problems may possibly arise in both the base metal and in the weld metal as
a result of inexpert fabrication. These are:

€ Sensitisation, i.e. reduction in the resistance to corrosion due to the formation of chrome

carbide.

@ Hot cracking, i.e. intergranular separations during solidification or in the high temperature
sections of the heat-affected zone with rigid restraint of the weld area.

4 Embrittlement, i.e. precipitation of intermetallic phases such as o-phase due to application of
high temperature or annealing.

When welding fully austenitic steels it is also necessary to take into consideration their constitutio-
nal tendency toward the formation of hot cracks.

Notes on the welding technology of austenitic Cr-Ni-(Mo) standard steels, weld dressing and infor-
mation on filler metals may all be found in the appropriate sections.

Welding Technology
4 Only qualities corresponding to the respective base metal with weld deposits exhibiting
d-ferrite contents ranging from 5 - 15 FN (ferrite number) should be used for welding. This
ensures adequate resistance to hot cracking. Filler metals of the same composition as the
base, which result in fully austenitic weld metal, are available for highly corrosion-resistant
special steels.

4 Care should be taken to ensure that austenitic steels are only fabricated with a clean and
dry surface.

4 The arc should be kept as short as possible to prevent absorption of nitrogen from the air.
When performing gas-shielded welding care must be taken to ensure perfect gas shielding
and, with the exception of flux-cored welding, only shielding gases with a low CO2 content
should be used to keep carburisation of the weld deposit as low as possible.

@ Preheating to 100 - 150 °C is only advisable for a thick base metal but is not necessary on
principle.

@ An interpass temperature of 150 °C should not be exceeded.

4 The recommended current intensity ranges must be complied with.

@ |f re-welding of the root is not possible during gas-shielded welding then there must be pro
vision of gas shielding from the underside when welding the root bead (e.g. with forming
gas or pure argon).

4 Dilution with the base metal should be less than 35 % if possible. If it is greater than this
due to the welding procedure used, the ferrite content in a test bead should be determined
by means of a calibrated ferrite gauge or should be estimated by calculation from the che
mical composition e.g. with the help of the WRC-92 diagram. The ferrite content or the FN
should not lie below the minimum value referred to above.
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4 Postweld annealing treatments should be avoided whenever practicable. If this is not
possible then allowance must be made for a possible reduction in corrosion resistance
and/or ductility. In this case it is advisable to consult the manufacturer of the steel and the
filler metal.

4 It is not generally possible to use unstabilised, low-carbon filler metals for stabilised steels
and vice versa although the respective maximum temperature of intergranular corrosion
resistance should be observed.

4 Greater distortion than when welding ferritic steels must be taken into account and allo-
wance must be made for appropriate corrective measures such as the weld shape, increa
sed tacking, pre-tensioning, back-welding, etc.

4 Flame straightening should not be carried out if possible as it can adversely affect corrosion
resistance. In connection with this it is also particularly important to point out the damaging
effect of arc strikes outside the welding groove.

4 Only de-slagging hammers and brushes of stainless Cr or Cr-Ni steel may be used for clea
ning austenitic weld joints.

Weld Dressing

A completely bare metallic surface must be mentioned as the prerequisite for achieving optimum
corrosion resistance. Not only must every trace of welding scale, slag and all spatter be removed
but all bloom as well.

Weld dressing may be performed by means of grinding, pickling, sandblasting, brushing and/or
polishing. The finer the surface the greater the corrosion resistance (e.g. coarse grinding — finish-
grinding — polishing).

Pickling is the most often used method. There are various pickling solutions or pickling pastes com-
mercially available for this purpose that are applied to the surface and rinsed off thoroughly with
water after the recommended reaction time.

The removal of so-called "bloom“ on welds sometimes causes a problem. It is also possible to
remove this bloom by washing with silica sand or brushing.

If the pickled component is rapidly subjected to corrosion, as is usually the case with repairs for
example, then passivation is recommended subsequent to the pickling treatment. The appropriate
manufacturers also offer suitable agents for this. The component must be rinsed thoroughly again
after passivation treatment.

It must be expressly mentioned in connection with the use of pickling agents that these are highly
caustic substances and it is therefore imperative that protective items such as rubber gloves, rub-
ber aprons, protective goggles and possibly breathing equipment are worn when handling them.
Local environmental regulations must also be observed.

Sandblasting is used when grinding or pickling cannot be considered. This procedure may only be
performed with steel grit made from rust and acid-resistant steel or silica sand. Although the surfa-
ce obtained is bare metal it is somewhat rougher. Passivation should also be performed after sand-
blasting.

Filler Metals R

The following table shows various BOHLER filler metals suitable for welding the materials listed:
base material BOHLER-product
X5CrNi18-9 FOX EAS 2-A (IG/UP/FD)
X2CrNi18-9 FOX EAS 2-A (IG/UP/FD)
X5CrNiMo18-12 FOX EAS 4 M-A (IG/UP/FD)
X2CrNiMo18-10 FOX EAS 4 M-A (IG/UP/FD)
X10CrNiNb18-9 FOX SAS 2-A (IG/UP/FD)
X10CrNiMoNb18-10 FOX SAS 4-A (IG/UP/FD)
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3.4.17 Ferrite Determination in Weld Deposit

The austenitic chemically resistant Cr-Ni steels generally exhibit very good weldability. However,
the special physical properties of these steels — low thermal conductivity and high coefficient of
thermal expansion — must be taken into account when welding with regard to input of welding heat.
Special significance is accorded to the type of primary solidification which subsequently has a cru-
cial effect on hot cracking behaviour.

For the practical welder the presence of specific ferrite fractions in the weld metal is an indirect indi-
cation of adequate resistance to hot cracking. Generally speaking ferrite in the weld metal is an
advantage in welds that do not have the ability to expand freely, those with large weld cross-sec-
tions and if cracks have previously impaired their suitability for use. Ferrite increases the weld metal
strength but has the opposite effect on corrosion resistance in certain media. Furthermore, it is also
a disadvantage in low-temperature applications and in the high-temperature range where transfor-
mation to the brittle o-phase is possible.

The ferrite content may be determined magnetically in addition to metallurgical estimation. The
scale used is not absolute with the result that there will probably be differences in the results of
measurements obtained from different laboratories (e.g. variations between 3.5 and 8.0 % in a spe-
cimen with approximately 5 % d-ferrite). The measured values are usually shown in FN (ferrite num-
bers). The ferrite number may be equated with the percentage of ferrite up to approx. 10 FN.

According to the Welding Research Council (WRC) it is not possible at present to determine the
absolute ferrite content in austenitic-ferritic weld metal deposits. Variations resulting from differen-
ces in the welding and measuring conditions are to be anticipated even in specimens with pure
weld metal deposit. The usual standardisation assumes a 2-sigma variation which means a varia-
tion of +2.2 FN for 8 FN.

Greater variations are to be anticipated if the welding procedure permits higher absorption of nitro-
gen from the ambient air. High nitrogen absorption may lead to a weld metal with 8 FN falling to 0
FN in the ferrite content. Absorption of 0.10 % nitrogen typically reduces the ferrite content by 8 FN.
In weld metal deposits dilution with the base metal leads to further ferrite reductions since base
metals with the same composition usually have lower ferrite contents than the pure weld metal.

In addition to measurement, it is also possible to calculate the ferrite content from the chemical
composition of the pure weld metal. Various structural diagrams may be referred to for this purpo-
se. They are the WRC-92 diagram, the Schaeffler diagram, the DeLong diagram and the Espy dia-
gram. There may be very great variations between the results of the individual diagrams as they
were prepared on the basis of series examinations for different groups of materials.

The WRC-92 diagram provides a prediction of the ferrite content in FN. It is the most recent of the
diagrams mentioned and exhibits better concurrence between the measured and the calculated fer-
rite contents than when using the Delong diagram. It should be noted that the WRC92 diagram
does not take account of the silicon and manganese content which restricts the weldability of weld
metals with high-silicon and high-manganese contents (over 8 %). Furthermore, its use should be
restricted with nitrogen contents over 0.2 %.

The Schaeffler diagram is the oldest of the diagrams referred to and until now has been widely used
for calculation of the ferrite content. It has a broad scope of application but does not allow for the
highly austenitising effect of nitrogen.

The Espy diagram attempts to compensate for these weaknesses. Like the Schaeffler diagram it
calculates the ferrite content in percent but also allows for manganese contents up to 15 % and
nitrogen contents up to approximately 0.35 %.

The DelLong diagram is a modification of the Schaeffler diagram which shows the ferrite content in
ferrite numbers up to about 18 FN. The diagram allows for the nitrogen content in calculation and
exhibits better concurrence between measurement and calculation than the Schaeffler diagram. It
overlaps approximately with the WRC-92 diagram in its applicability.
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Creq = Cr + Mo + 0.7Nb

18

2 3 e e
Nieg = Ni + 35C + 20N + 0.25Cu

WRC-92-diagram for corrosion-resistant steel grades
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If the nitrogen content is not known for determining the nickel equivalent then it is possible to assu-
me a content of 0.06 % for TIG welding and manual electrode welding and a content of 0.08 % for
gas-shielded welding with solid wire electrodes. Using the WRC-92 diagram it is possible to predict
the ferrite number within a range of + 3 FN in approximately 90 % of the measurements assuming
an accurate chemical composition.

Effect of 3-Ferrite
The following overview provides a summary of the advantages and disadvantages of -ferrite in the
austenitic weld metal. In principle the statements apply to the steel material as well.

Depending on the practical conditions of use the d-ferrite is sometimes undesirable, in most cases
beneficial and in some cases even necessary. The reasons for these requirements, which on first
sight appear contradictory, are shown in the overview. The consequences of deviations are also
highlighted.

Reasons Consequences of too much or to little
d-ferrite

d-ferrite fraction is undesirable

requirement for non-magnetic FN=0 magnetisation

weld metal

special corrosion stresses FN<0.5 selective corrosion

use at very low temperatures FN<0.5 loss of ductility

use at high temperatures FN<0.5 phase precipitation

low 3-ferrite fraction is beneficial

high resistance to hot cracking FN=5-15 | danger of hot crack formation FN<5

even in thick-walled components loss of ductility FN>15

service temperatures between phase precipitation FN>15

—100 and +400°C selective corrosion FN>15

no unusual chemical stresses

high 8-ferrite content is necessary

resistance to stress corrosion FN=30-75 | reduced resistance to stress FN<30

cracking corrosion cracking

increase of strength properties FN=30-75 | reduced ductility properties FN<75

compensation for dilution in reduced strength properties FN<30

dissimilar welds FN=15-25 | danger of hot cracks as a result FN<15
of dilution
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3.4.18 Heat-resistant Steels

Steels that stand out for their special resistance to the oxidising effect of gases at temperatures
above approximately 600 °C are deemed to be creep-resistant. A steel is classified as creep-resi-
stant if it does not exceed 1 g/m**h on average at the temperature x the weight of metal oxidised
and does not exceed 2 g/m**h at the temperature (x + 50 °C) for a stress duration of 120 h with
four interpass cooling processes.

Information and references to scale resistance or highest working temperatures such as those con-
tained in SEW 470 for example should only be used as a reference point. The temperature ranges
for use are lower under unfavourable conditions, e.g. in sulphurous or reducing gases, especially
with high steam content or with possible settling of corrosive dust. It is also necessary to allow for
possible o-phase precipitation.

The following table shows the most important creep-resistant steel groups classified according to
the crystalline structure.

microstructure typical steel grade

ferritic X10CrAl7, X10CrAl13, X10CrAI24
ferritic-austenitic X20CrNiSi25-4

austenitic X12CrNiTi18-9, X15CrNiSi25-20, X12NiCrSi36-16

Welding of Heat-resistant Steels

The ferritic chromium steels are joined using predominantly austenitic filler metals or with the same
alloy composition as the base depending on the conditions of practical use. A preheat and inter-
pass temperature ranging between 200 and 300 °C is recommended for thicker cross-sections. It
is subsequently possible to improve the ductility properties reduced by the formation of coarse
grain and carbide precipitations by performing a heat treatment of 700 to 750 °C.

Steels with ferritic-austenitic microstructure are usually welded with filler metals of the same com-
position as the base without preheating or postweld heat treatment.

Allowance must be made for the constitutional tendency towards hot cracking exhibited by fully
austenitic chrome-nickel steels and filler metals. In the temperature range between 600 and 900 °C
care must be taken with possible embrittlement due to the precipitation of intercrystalline phases.
Filler metals of the same alloy composition as the base are used sometimes although nickel-based
filler metals are also used.

3-80



www.boehler-welding.com

Material based Selection of Consumables

3.4.19 Welding of Dissimilar Joints

The subject of welding technology is both extensive and complex if one takes into consideration all
the mixed metal welds possible between the most varied types of steels. It is practically impossi-
ble to cover every individual combination of materials. This is undoubtedly one of the main rea-
sons why there are hardly any appropriate standards and codes for dissimilar metal welds.

As a result of the situation described the enquiries received in practice by the customer service
department for welding technology are very often related to the problems surrounding mixed metal
welds. As a consequence of this, basic general rules were drawn up in the form of rough guideli-
nes which contain notes, recommendations and precautions for the selection of filler metals and
the compilation of a welding technology. However, basic rules such as these can only be conside-
red valuable if they can be translated into practice with adequate expertise and a basic knowledge
of metallurgy.

Generally speaking it should be noted that in many cases when joining different materials it is not
possible to select the best possible filler metals and welding conditions for each individual partner
material. It is therefore necessary to find suitable compromises.

Selection of the filler metal must be considered as an essential criterion in the fabrication of mixed
metal welds. This selection must be made so that where possible the weld metal arising should not
be too hard, brittle and susceptible to cracks allowing for dilution with the different materials. In very
simple terms, no new and thus indefinable accidental alloy that might consequently require addi-
tional considerations may come into being when the weld metal melts on the component. The weld
metal properties which exist in the pure weld metal must be retained in principle despite dilution
with the different base metals.

The following section highlights in very broad outlines guidelines for the selection of filler metals
and suitable welding technology when fabricating mixed metal welds. In this case the structure is
only rough since it only deals with groups of materials with examples of type of steels.

Basic Rules for the Selection of Filler Metals for Dissimilar Welds

General basic rules can only be considered valuable if they can be translated into practice with ade-
quate expertise and a basic knowledge of metallurgy. The large selection of differently alloyed
steels within the individual alloy groups and the mixed metal welds possible between steels from
different alloy groups make it practically impossible to consider every individual combination of
materials in the following section.

For this reason it is only possible to specify filler metals for the various material combinations in the
form of a rough structure, i.e. only by narrowing down to types steel or groups of steel. The draw-
back to this method is a certain degree of inaccuracy as it is not possible to take account in each
case of different influencing factors that are important in the selection of suitable filler metals.
Therefore the recommendation of a filler metal does not claim to be exhaustive. In case of doubt it
is recommended that you consult the manufacturer.

Mild Steel — Mild Steel
(e.g. S235JR with S355J2G3)

In practice non-alloy steels of different strengths are joined relatively often. Essentially, in the case
of mixed metal welds such as these, only the mechanical property data of the base metals are in
the forefront of considerations. Normally filler metals that correspond to the strength properties of
the softer base metal are used. However, it should be noted in this case that non-alloy weld metal
deposits barely fall below yield point values of 400 N/mm? and tensile strength values of 500 N/mm?
due to the fine-grain microstructure.
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Naturally the choice of coating, flux and powder type must be made depending on the welding pro-
cedure to be used allowing for the wall thickness and component stiffness. With increased stiffn-
ess and application of stress to a component it is advisable to use basic filler metals and consu-
mables whose metallurgically pure weld metal together with low hydrogen contents ensures high
resistance to cracking.

Mild Steel — High Temperature Steel
(e.g. P235G1TH with 13CrMo4-5)

Depending on the material combination, non-alloy filler metals or high-temperature resistant filler
metals should be used whereby the latter have a lower alloy content than the high-temperature
resistant material of the combination.

With a few exceptions high-temperature resistant steels are air-hardening and therefore require
special heat input during welding or subsequent postweld heat treatment. The recommendation
regarding this contained in VdTUV code of practice 451-82/1 should be taken into consideration.

Mild Steel — High Strength Steel
(e.g. S235JR with S460N)

The filler metal is usually matched to the softer base metal.

In the case of great discrepancies between the strength properties of the two materials (e.g.
S$235JR with S690Q) a filler metal whose strength is between the values of the two base metals
should be considered.

Mild Steel — Cryogenic Steel
(e.g. S235JR with 14Ni6)

If a cryogenic steel exhibits up to 3.5 % Ni, it is possible to use both non-alloy filler metals and fil-
ler metals of the same or similar composition to the base.

With Ni contents between 5 and 9 % austenitic or nickel-based filler metals should be used. If one
of the materials is an austenitic Cr-Ni steel then mainly fully austenitic filler metals of similar com-
position to the base should be used.

Mild Steel — Tempering Steel
(e.g. S235JR with 42CrMo4)

Tempering steels have only limited weldability, and types with a higher C content should not be
used in welded structures. They require special heat input during welding and postweld heat treat-
ment.

Depending on the material combination, non-alloy or low-alloy filler metals should be considered
the weld metal of which undergoes an increase in strength due to carburisation from the base
metal.

In exceptional cases where postweld heat treatment is not possible, it may be beneficial to use aus-
tenitic Cr-Ni filler metals.

Mild Steel — Chromium Steel
(e.g. S235JR with X12Cr13)

Both ferritic and martensitic Cr steels require special heat input during welding and subsequent
annealing. As a result the use of nickel-based alloys should be considered (depending on the con-
ditions of use).

Austenitic over-alloy filler metals may also be used if subsequent annealing is not possible and the
temperature during use is limited to max. 300 °C.
Mild Steel — Austenitic Steel

(e.g. S235JR with X4CrNi18-10)

When joining steels with very different chemical compositions there is a complex metallurgical pro-
blem which it appears can essentially only be solved by compromise. Over-alloy austenitic filler
metals should be used.
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The most crucial criterion of mixed-metal joints such as these is the choice of filler metal. It must
be made allowing for dilution with the different base metals so that the weld metal produced is neit-
her martensitic nor fully austenitic. However, the latter is unavoidable when using nickel-based fil-
ler metals. In very simple terms no new and therefore indefinable random alloy may arise on fusing
the weld metal to the component that would of necessity give rise to additional considerations being
taken into account. The weld metal properties as are present in the pure weld metal deposit must
be retained in spite of dilution with the base metal. The main function of filler metals is to enable
fabrication of a crack- free and ductile weld between the ferritic constructional steel and the aus-
tenitic material. The Schaeffler diagram serves as the most important aid in the selection of filler
metals.

For the purposes of weld metal properties care should be taken to keep dilution as low as possi-
ble. The use of nickel-based filler metals is necessary in the case of postweld heat treatments or
operating temperatures above 300 °C otherwise embrittlement or carbon diffusion must be recko-
ned with.

High Strength Steel — High Strength Steel
(e.g. S355N with S460N)

In the case of mixed-metal welds between normalised and annealed high-tensile fine-grained con-
structional steels one should again orient oneself to the softer steel grade with regard to strength
when choosing the filler metal.

In the case of partner materials with very different strength properties (e.g. S355N with S690Q)
consideration should be given to a filler metal whose strength lies between the two base metals.
Otherwise a high jump in strength directly in the weld area could represent an additional weak spot
in the component depending on the stress conditions in practical use.

Special requirements, e.g. with regard to low-temperature ductility, must also be taken into account
when choosing the filler metal. Due to the huge number of steel grades in existence it is barely pos-
sible to provide a concrete assignment of filler metals allowing for all the material combinations pos-
sible. Furthermore, this method of proceeding would severely compromise clarity.

High Strength Steel — Austenitic Steel
(e.g. S460N with X4CrNi18-10)

Over-alloy austenitic filler metals should be used.

Nickel-based filler metals should be used in the case of operating temperatures over 300 °C and
postweld annealing.

High Temperature Steel — High Temperature Steel
(e.g. 13CrMo4-5 with 11CrMo9-10)

Each combination of materials must be considered separately with regard to choice of filler metal
and heat treatment.

Generally speaking a filler metal corresponding to the partner material with the lower alloy is cho-
sen.

Unless there is an overlapping annealing range, the postweld heat treatment represents a com-
promise between the optimum annealing temperatures of the materials concerned. The recom-
mendations contained in VdTUV Code of Practice 451-82/1 must be taken into account.

High Temp e Steel - Austenitic Steel
(e.. 13CrMo4-5 with X4CrNi18-10)

Only use over-alloy austenitic filler metals under certain conditions.
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Nickel-based filler metals should be used in the case of operating temperatures over 300 °C and
postweld annealing. With the exception of the non-alloy grades and 16Mo3, high-temperature
steels are air-hardening. In certain cases this necessitates postweld annealing in addition to suita-
ble heat input during welding and therefore the use of nickel-based filler metals.

Annealing treatments may adversely affect the properties of austenitic steels. Therefore, where
possible the welding edges of the high-temperature material should be clad and subsequently
annealed; only then should the joint be welded.

Cryogenic Steel — Cryogenic Steel
(e.g. S225NL with 14Ni6)

Filler metals must be specified allowing for the required level of low-temperature ductility. Normally
for mixed-metal joints with steels up to 3.5 % Ni a filler metal that corresponds to one of the two
partner metals is adequate.

Austenitic (possibly also nickel-based) filler metals should be considered for nickel contents of 5
and 9 % respectively.

Material combinations with austenitic Cr-Ni steels are joined using fully austenitic filler metals with
a similar alloy composition to the base or nickel-based filler metals.

Cryogenic Steel — Austenitic Steel
(e.g. 14Ni6 with X4CrNi18-10)

Filler metals must be specified allowing for the required level of low-temperature ductility.

Consideration should be given to predominantly over-alloy fully austenitic filler metals.

Tempering Steel — Tempering Steel
(e.g. 25CrMo4 with 42CrMo4)

Tempering steels are only weldable to a limited extent; weldability deteriorates as the C content or
alloy content increases. They require special heat input during welding as well as postweld annea-
ling. There are hardly any filler metals with the same alloy composition as the base. Selection is
made according to the specified strength properties taking into account the heat treatment neces-
sary. In many cases the practical conditions of use allow the employment of softer filler metals as
a result of which it is mainly nickel-based types that are used.

The use of austenitic Cr-Ni filler metals may only be taken into consideration on condition that it is
not possible to perform postweld heat treatment.

Tempering Steel — Austenitic Steel
(e.g. 42CrMo4 with X4CrNi18-10)

Limited weldability and necessary postweld heat treatment require the use of nickel-based filler
metals, with the result that the procedure of cladding the edges, annealing and only welding the-
reafter is to be preferred where possible.

Austenitic over-alloy filler metals may also be used but only where it is not possible to perform
annealing and in this case an operating temperature of max. 300 °C may not be exceeded.

Austenitic Steel — Austenitic Steel
(e.g. X4CrNi18-10 with X6CrNiMoTi17-12-2)

It is recommended that the filler metal be chosen in line with the chemical composition of the part-
ner material with the higher alloy.

Austenitic Steel — Chromium Steel
(e.g. X4CrNi18-10 with X12Cr13)

Only use over-alloy austenitic filler metals under certain conditions.
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Both ferritic and martensitic Cr steels have only limited weldability. They require special heat input
during welding and postweld heat treatment.

The specification of austenitic filler metals must therefore be made allowing for their tendency
towards embrittlement and in certain cases may necessitate the use of nickel-based filler metals.

Annealing treatments may also adversely affect the properties of austenitic steels. The weld edges
of the chrome steel should therefore be clad with two layers and then annealed; the joint should
only be welded thereafter.

Austenitic Steel — Heat Resistant Steel
(e.g. X4CrNi18-10 with X12CrNi25-21)

Mainly filler metals that correspond in respect of the alloy to the high-temperature resistant partner
material should be used.

Nickel Base Alloy — Nickel Base Alloy
(e.g. Alloy C 625 with Alloy C 22)

Each combination of materials must be considered separately with regard to the choice of filler
metal.

The filler metal should correspond in respect of the alloy to the partner material with the better duc-
tility properties. For higher corrosion stress conditions the filler metal should be matched to the hig-
her Mo-alloy base metal or should be over-alloy welded if necessary.

Nickel Base Alloy — Mild Steel /High Temperature Steel / High Strength Steel /Cryogenic
Steel / Tempering Steel
(e.g. C 276 with S235JR /13CrMo4-5 /S460N /14Ni6 /42CrMo4)

There is a whole series of nickel-based filler metals with different alloys available for mixed-metal
joints such as those referred to above. In many cases a filler metal of the same or similar compo-
sition to the nickel-based parent metal is used.

Nickel Base Alloy — Chromium Steel / Austenitic Steel / Heat Resistant Steel

(e.g. C 276 with X12Cr13 /X4CrNi18-10 /X12CrNi25-21)
The conditions of use should be taken into consideration when choosing the filler metal. Normally
a filler metal corresponding to or of similar composition to the nickel-based alloy is used.
Manganese Steel — Mild Steel

(e.g. X120Mn12 with S235JR)
The use of austenitic Cr-Ni filler metals with increased Mn content or over-alloy types is recom-
mended.
Manganese Steel — Austenitic Steel

(e.g. X120Mn12 with X4CrNi18-10)
Austenitic filler metals with increased Mn content or over-alloy types are recommended.
Grey Cast Iron — Mild Steel

(e.g. GGG-40 with S235JR)
Only cold cast iron welding may be taken into consideration. The filler metals are of different com-
position to the base metal and are Ni-Fe-based.
Grey Cast Iron — Austenitic Steel

(e.g. GGG-40 with X4CrNi18-10)

Only cold cast iron welding may be employed. Either Ni-Fe-based types or Cr-Ni-based types with
increased Mn content are used.
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3.5. Welding Technology Details

¢ Overview
A correct welding technology is the essential prerequisite for the fabrication
of welds which meet requirements. This section does not go into all the pos-
sible facets in detail but highlights several points that have often been the
subject of enquiries made by welding-engineering staff. More extensive tre-
atment of this subject would far outstrip the bounds of this manual.

¢ Contents
3.5.1. TIPS FOR PREHEATING ... ..\titttieie e 88
3.52. TIPSFORTACKWELDING . ......otiiiieiieaeann.. 90
3.5.3. TIPS FOR AVOIDING WELDING DEFECTS ................. 91
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3.5.1 Tips for Preheating

Hardness Increase During Welding

Due to the fact that during welding the base metal is always heated to above Ac1 or Ac3 respec-
tively in specific areas of the heat-affected zone, there is always a danger with hardenable steels
of hardness increase and as a result crack formation. The tendency towards hardness increase
with non-alloy and alloy steels depends in particular on the carbon content but also on the content
of other alloys. During welding the speed of cooling from the austenitic range may be so great that
it corresponds approximately to hardening in water.

The cooling speed becomes greater

4 the less heat is inputted during welding,
4 the thicker the material is,
@ the colder the material is.

If the critical cooling speed is reached, one must reckon with the formation of hardened micro-
structures , e.g. martensite. The level of the hardness values is largely determined by the carbon
content.

The hardness increases linear to the rise in carbon content up to approximately 0.45 % C to a value
of around 650 HV. The impact energy in the hardened steel lies above 78 Joule up to 0.12 % and
above this drops off sharply. Above 0.2 % C it lies below 32 Joule. From this one can see that the
value of 0.2 % C approximately represents the limit up to which steels can be welded without
preheating and without the need for special precautions.

If the filler and cover passes are then welded over this root pass, the zones lying below them are
normalised or tempered and the hardness peaks next to the root weld are reduced. However, if
cracks have already occurred beforehand in the transition zone due to postweld hardness increa-
se, then they also remain after applying the cover passes to the weld and may possible lead to frac-
ture of the welded component.

In zones hardened in this way high stresses are set up due to the effect of welding shrinkage
because the material is prevented from reducing them by means of plastic deformation. Over and
above this a multi-axis stress condition is set up in this area particularly in the case of thick cross-
sections which is promoted still further due to martensite formation taking place with increase of
volume. Cracks occur in the transition area if the stresses reach the cohesion strength.

Hydrogen may also be significantly involved in the occurrence of these underbead cracks. If pos-
sible a hardness value of 350 HV should not be exceeded in order to prevent these underbead
cracks with some degree of certainty.

Accurate knowledge of the hardening processes in the heat-affected zone of the steel is especial-
ly important to prevent underbead cracks and for the safety of a welded structure for the reasons
mentioned above. It also appears to be very important prior to welding to be able to predict a pos-
sible hardness increase for a specific steel with a known chemical composition.

Preheating the Material

The preheat temperature is the temperature up to which the workpiece must be brought in the regi-
on around the current welding area prior to laying the first bead.
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Reasons for Preheating

The heat inputted into the workpiece during welding and thus the highest temperature drop that
occurs in the zone between the weld metal and the unaffected base metal may lead to changes in
the material (danger of crack formation). Preheating reduces the temperature drop and ensures
slow cooling. This means that the critical cooling speed which can lead to adverse structural chan-
ges is not reached (low or no hardness increase — no danger of cracking).

Furthermore, there is less shrinkage due to the smaller temperature drop and as a result less
distortions occur. The residual welding stresses are reduced and the hydrogen has more time avai-
lable at higher temperatures for post-alloy diffusion (lower hydrogen contents).

Steel should always be preheated for welding if critical structural changes are to be anticipated.
This also applies to tack welding. The necessity for preheating is the result of the described ten-
dency towards hardness increase of certain steels in the heat-affected zone. After any interruption
of the welding process it is necessary to re-attain the preheat temperature before starting welding
again. However, the rule applicable is that above all critical welds should be welded in one pass
that is without interruption.

Level of Preheat Temperature

The optimum preheat temperature depends on numerous factors. These are for example the che-
mical composition of the base metal, the welding procedure, the diameter and type of filler metal,
the welding speed, the workpiece thickness, the position of the weld joint on the component, the
possibility of heat dissipation, the type of construction, external temperature, etc. Therefore, it is
hardly possible to specify values that are generally applicable. In this case “optimum preheat tem-
perature” is understood to be the temperature that is just high enough so that the critical cooling
temperature is not reached. A temperature that is too low increases the risk of cracking, tempera-
tures that are too high are uneconomical and may have an adverse effect on certain steel grades
(e.g. high-tensile fine-grained constructional steels).

Performing Preheating

Once the correct preheat temperature has been determined, the welding area in question must be
preheated correspondingly. Allowance must also be made for the fact that the heat migrates into
the cold metal. The heat supply must be great enough for the specified temperature to be reached
over the entire cross-section that is both front and back.

With relatively short welds preheating is usually done using the welding torch. Special torches with
air intake or fuel gas/compressed air torches are also used. In addition to preheating in the oven
there is also the possibility of inductive preheating.

The base metal should exhibit the preheat temperature at a distance of 75 mm in each direction.

Checking the Preheat Temperature

Checking the specified preheat temperature is important since it has been shown time and again
in practice that the welder relies more on his instincts. For a large number of cases measuring with
thermo crayons (temperature indicating crayons) is adequate. However, for critical welds accurate
temperature measurement is necessary usually with recording of the temperature curve. In additi-
on to the thermo crayons there are also adhesive thermometers and contact thermometers as well
as devices with which one can measure the preheat temperature without contact and record its pro-
gress.
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3.5.2 Tips for Tack Welding

Tack welds should not be thinner than specified for the root weld and should be subject to the same
quality requirements for welding as are also applicable for the root weld. The length of the tack weld
should not be less than four times the thickness of the thicker of the parts to be joined. For work-
piece thicknesses over 50 mm or for high-tensile materials consideration should be given to increa-
sing the length and thickness of tack welds. This may also include a two-pass weld. Attention
should also be paid to the use of lower-tensile filler metals when welding higher-alloy steels.

For joints that are supposed to be welded using automated or fully-mechanised processes, it is
necessary to include the conditions for fabricating the tack welds in the welding procedure.

If a tack weld is to be included in a welded joint, then the shape and quality of the tack should be
suitable for incorporation into the final weld. It should be fabricated by qualified welders. The tack
welds should be free from cracks and prior to final welding should be cleaned thoroughly. Tack
welds that exhibit cracks should be grooved out. However, crater cracks may also be removed by
grinding. All tack welds that are not to be included in the final weld should be removed.

Any necessary aids that are temporarily attached for the construction or assembly of parts with fil-
let welds should be designed so that are can easily be removed again. The surface of the compo-
nent must carefully be ground smooth again if the aid is removed by cutting or chiselling. It is pos-
sible to demonstrate by means of a dye penetrant test that the metal is not cracked in the area of
the temporary weld.
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3.5.3 Tips for Avoiding Welding Defects

Defects in welds are an unpleasant phenomenon since to some extent they are the cause of extre-
mely cost-intensive weld dressing. In many cases defects and damage may be prevented by taking
simple precautions. Measures such as these may be implemented at various stages of planning
and fabrication. They may range from choosing the best possible filler metal to mastery of the wel-
ding procedure and regular maintenance of the power source.

This subsection does not provide a complete overview of possible welding defects but limits itself
to types of defects that can be prevented by relatively simple measures. In addition to a descripti-
on of the defects and its causes, the following tables also contain possible countermeasures that
may have a favourable effect. Refer to standards, welding guidelines (e.g. of the DVS) and other
literature for more detailed information.

Occurrence and Prevention of Defects

The following list provides explanations for possible unfavourable phenomena when welding steels
and presents measures to prevent these defects. Basically speaking most of the phenomena listed
can be reduced by optimising the chemical composition of steel and filler metal.

The list is not ranked according to the importance of the defects described.

Defects and Causes Countermeasures
HYDROGEN-INDUCED CRACKS

During welding atomic hydrogen diffuses Use filler metals that lead to a very low
into the weld metal and into the heat-affected hydrogen content in the weld metal.
zone. During and after cooling this may lead to Re-dry the filler metal.

crack formation especially in areas of higher Prevent the application of high stress.
internal stresses and high dislocation density Preheat the joint.

(e.g. at grain boundaries in martensite). .
Use low-hydrogen postweld annealing.
Reduce hardness increases in the weld
metal and the heat-affected zone.

DUCTILITY TOO LOW
Generally speaking the ductility of specific parts | Select the optimum welding temperature
of the heat-affected zone compared with the cycle.

base metal is adversely affected by coarse grain
formation or hardness increase.

SOLIDIFICATION CRACKS
Solidification cracks are mainly linked with trace  |Modify the welding parameters so that the indi-
elements such as sulphur and phosphorous. vidual beads become broader and flatter, i.e.

These may be precipitated in the centre of the reduce the depth to width ratio of a bead.
bead during solidification. They are the result of  |Raquce dilution with the base metal.

the formation of low fusion films around the grain .
boundaries. These films reduce the deformability |Reduce the welding speed.

of the weld metal and longitudinal cracks may form|Note: solidification cracks rarely occur in steels
due to shrinkage stresses on solidification of the  |with low proportions of sulphur and phos-

weld metal. phorous.
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Defects and Causes

Countermeasures

TERRACE FRACTURES

If no special measures are taken during

steel production, it is possible for the ductility

of flat products or sections to be distinctly
smaller in the direction of thickness than in

the longitudinal direction. This is determined

by the presence of non-metallic inclusions

that are elongated by rolling. Shrinkage stresses
in the weld metal that act in the direction of thick-
ness may be the reason why these inclusions
open up and as a result fractures occur parallel
to the surface of the sheet metal. Highly stressed
tee butt welds and cross butt welds have a
tendency towards this..

Use steels with specified properties in the
thickness

Avoid sensitive arrangements of welds.
Optimise the sequence of weld beads

Use filler metal with the lowest permissible
strength.

CRACKS DUE TO STRESS-RELIEVE ANNEALING

Carbide or nitride precipitations may occur during
stress-relief annealing if the stress-relief annealing
and/or the steel composition are unfavourable.
This may reduce the steel’s deformability to such
an extent that the stress reduction leads not only
to plastic deformations but also to the formation
of cracks.

Reduce the stress concentration by grin-
ding the bead transitions.

Reduce the proportion of coarse-grain in
the heat-affected zone by a correct
sequence of weld beads.

Use an optimum procedure for heat treat-
ment.

CORROSION — GENERAL ATTACK

Differences in the chemical composition, grain
size and degree of stress between the weld and
the base metal may lead to different rates of
corrosion. In most cases the weld and the
heat-affected zone are attacked in preference.

Choose a suitable filler metal (sometimes
with a higher alloy than the base metal)

Reduce residual welding stresses
Proper dressing of welds (e.g. pickling).

STRESS CORROSION CRACKS

A critical combination of stress, microstructure and
surrounding medium may lead to this form of
corrosion as a result of which all three influencing
factors must always be present at the same time.

Prevent stress concentrations.
Reduce stress in all welds.

Occurrence and Prevention of Pores

Unlike the phenomena mentioned above, it is only possible to influence pores during welding to a
limited extent by means of the chemical composition of the base metal and the weld metal.
Basically there are two possible types of pore formation:

In the liquid condition steel dissolves gases such as hydrogen, nitrogen and oxygen. In metallur-
gical pore formation dissolved gases are precipitated as gas bubbles (Hz, N2, CO, O2) during the
solidification process due to the jump in solubility from the liquid to the solid phase. If the solidifi-
cation speed is greater than the speed at which the gas bubbles up, then the bubbles are entrai-
ned (“frozen”) and are left behind in the weld as predominantly spherical pores. Depending on
the amount of gas available, these pores may also be present in an elongated form. Gas bubbles
occur at the phase boundary between liquid and solid and in slag particles floating in the molten
weld pool.

Mechanical pore formation occurs if gaps or voids filled with gases, e.g. air, are welded over.
If gases that expand due to welding heat are unable to escape completely in another direction, a
pressure builds up that is reduced by the formation of bubbles in the liquid weld pool.
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This effect may be intensified still further by gas-forming substances in the gaps and voids (moi-
sture, greases and oils, components of coating materials, metallic coatings). As a rule mechani-
cally formed pores are linked to the voids that led to their formation.

defects and

count Ires

METALLURGICAL PORES

High nitrogen contents in the base metal
and the filler metal

Use filler metals matched to the base metal
with an increased solvent power for nitrogen
(e.g. increased Cr and Mn contents in aus-

tenitic alloys)

Increase in nitrogen content due to plasma cuts

Grind the cut edge

Inadequate shielding of the arc area
against the atmosphere due to:

- arc being too long

- wrong angle of electrode inclination
- damaged electrode coating

- arc blow effect

Weld with short arc
Weld with steep inclination

Take care to use undamaged and centric
electrode coating

Take care to ensure symmetrical material
connection, weld with alternating current if
possible

Shielding gas flow rate too low due to:
- setting being too low

- leaking line

- capillary hole too small

- preliminary pressure too low for pressure
regulator

Correct setting accordingly
Look for and remedy leaks

Correct assignment of capillaries and pres-
sure regulators

Cylinder and line pressure must correspond
to required preliminary pressure of pressure
regulator.

Inadequate gas shielding due to:
- draft from open windows, doors, etc.

- insufficient gas flow at beginning or
end of welding

- gas nozzle gap too large

- eccentric exit of wire electrode
- wrong shape of gas nozzle

- wrong position of gas nozzle

Prevent drafts, position extraction system
differently

Allow gas to pre-flow or post-flow longer as
appropriate

Reduce gas nozzle gap

Align wire electrode better, arrange contact
tube centrically

Match gas nozzle shape to weld preparation
If possible arrange gas nozzle downstream
of torch seen in direction of welding.

Turbulence due to:

- shielding gas flow rate being too high
- spatter on gas nozzle or contact tube
- turbulent arc

Reduce gas flow rate

Clean gas nozzle and contact tube during
welding breaks

Remedy problems with wire feed, increase
voltage with stuttering wire electrode, ensure
good current transition in contact tube, per-
fect bonding to earth, remove slag from
beads welded previously.
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defects and causes

countermeasures

Thermal up-current or chimney effect
due to:
- weld pool temperature being too high

- workpiece temperature being too high
- unimpeded draft in pipelines

Reduce size of weld pool

Reduce preheat or interpass temperature
(if possible metallurgically)

Seal pipes

Moisture due to:

- moist electrode coating (increased H contents)
- condensation on wire electrode

- moisture on base metal

- leaking water-cooled torch

- condensation on shielding gas nozzle

Re-dry electrodes according to manu-
facturer’s instructions

Equalize temperature of filler metal, store in
a dry place

Dry weld area by skin-drying or preheating

Look for leaks and remedy, dry wire trans-
port hose in case water has got in

Check torch cooling for excess capacity
Weld over arc strikes

Incorrect handling of basic electrodes

Use basic electrode with higher Mn content

Rounding of segregation zones

Reduce penetration by decreasing the arc
power or increasing the welding speed.

Rusty and scaly surfaces

Clean weld area prior to welding

MECHANICAL PORES

Inclusion of air in the area immediately
surrounding the weld

Create opportunities for entrained air to
escape e.g. increase welding gap, use butt
welds instead of fillet or lap welds

Moisture in welding gap, possibly chemically
bonded to rust

Remove moisture by preheating, remove
rust or layers of scale, use butt welds
instead of fillet or lap welds

Layers of grease in welding gap, present either
as contamination or to prevent corrosion or
applied intentionally for lubrication purposes

Remove grease using solvents, increase
welding gap and dry well, use butt welds
instead of fillet or lap welds

Metallic coatings (e.g. tin, zinc)

Comply with recommended layer thicknes-
ses, remove metal coatings if necessary,
increase welding gap, use butt welds instead
of fillet or lap welds

Coating materials (e.g. production coatings)

Choose favourable coating material, comply
with prescribed coating thickness, remove
any layers that are too thick if necessary,
ensure good degasification in the gap, use
butt welds to replace fillet or lap welds
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4 Efficiency and Calculation Guide

¢ Overview

Itis in the nature of a competitive economy that every trader involved works
at achieving the best possible ratio between the profits of his production out-
put and the expenditure it requires. Reduction of costs is a complex task that
affects the most varied areas of the company.

This section attempts to provide an overview in a very brief form of the fac-
tors that affect the economic viability of a weld and offers a simple calculati-
on formula that makes it possible to make a rough estimate of the filler metal
requirements and the welding time.

¢ Contents
4.1 ECONOMIC ASPECTS OF WELDING . . . .o oo eeeeeeeeaans 2
4.2 CONSUMABLE CONSUMPTION AND WELDING TIME . .. ........ 5
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4.1. Economic Aspects of Welding

41.1 Efficient Production
of Welded Joints

Consideration must be given to the most varied criteria in component design to achieve low-cost
production of a component. Above all these include designing the component with a view to func-
tion, stress, material and production. If the component needs to be designed as a welded structu-
re, there are additional factors, which have an impact on the efficiency audit such as the material
and finishing costs of the individual parts and welding costs.

It is not possible to give any generally applicable instructions and solutions for low-cost construc-
tion of welded components although one can define a series of individual basic rules that make the
work easier and save costs. The following list details such rules although the sequence does not
necessarily correspond to the importance of these rules.

« Dimension fillet welds correctly
Keep fillet welds as thin as possible
Take note of fillet weld formation, use deeper penetration
Provide for thin and long fillet welds
Provide for double fillet welds where possible

« Ensure accessibility

« Use economic weld shapes on butt weld
Deposit as little weld metal as possible
Take notice of welding procedure
Check weld preparation angle for MAG welding
Check effect of material on weld shape
Allow for back welds

« Utilise potential cost reductions in production
Specify standard operating times
Analyse times and look for possible ways to make savings

* Reduce the actual welding time
Use more current with same electrode diameter
Use thicker electrodes
Use other types of electrodes
Use other welding consumables
Use procedures with higher output

+ Choose more favourable welding position

* Mechanise Production
Partial mechanisation of the welding procedure used
Replace the existing procedure with a mechanised welding procedure
Use special welding machines
Adapt weld preparations

« Use weld pool backings
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« Do not deposit more weld metal than necessary
Assemble to exact size
Produce more accurate flame cuts
Monitor weld thicknesses and weld reinforcements

* Reduce downtimes
More efficient organisation of production
More efficient organisation of the workplace
Better information provided for welders

« Use jigs

« Prevent or reduce distortion
Plan allowance for distortion, pre-bend
Pre-tension
Draw up welding sequence schedule
Check weld shape and weight of weld
Use procedures with less distortion
Weld from both sides simultaneously
Use thicker sheet metal

* Reduce process-dependent interruptions and weld dressing
Shorten process-dependent interruptions
Make slag removal easier
Reduce spatter formation by choosing correct type of electrode
Reduce spatter formation by choosing correct shielding gas
Prevent spatter by using pulsed arc technique with mixed gas shielding
Set up central gas supply

* Reduce malfunctions in units
Purchase quality products
Operative preventive maintenance
Maintain and care for unit regularly
Take notice of operating instructions

« Save energy costs
Reduce cable losses
Switch off units during breaks
Use energy-saving procedures
Buy energy-saving power sources

« Train and motivate welders
Improve qualifications
Set up performance-related wage system as motivation
Get rid of noxious environmental influences

« Take note of costs and quality
Do not demand higher quality than necessary
Do not produce higher quality than needed
Save unnecessary costs by working conscientiously
Take notice of the effect of defects during weld preparation on the weld quality

+ Design with a view to testing and examination
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4. 1.2 Checklist for Cost Reduction

. Reduce the quantity of weld metal

Reduce the number of welds

Dimension weld cross-sections more accurately

Dimensions weld lengths more accurately

Weld interrupted welds (check permissibility)

Restrict tolerances of fillet weld dimensions

Use deeper penetration

Assemble to more correct size

Weld butt welds from both sides (double-vee weld instead of vee weld)
Reduce weld preparation angle (depending on procedure)

Change groove shape (U-groove butt weld or square-edge butt weld instead of vee weld)
1) Produce more accurate flame cuts, reduce flame cutting distortion

m) Reduce sheet metal thicknesses by higher weld quality (weld strength factor)

Zesegege

z

. Reduce welding times

a) All measures listed in point 1

b) Work with higher deposition efficiency (more current, thicker electrode, high-performance
electrode, other shielding gas

c) Use other welding procedure with higher output

d) Weld in more favourable positions (if necessary use jigs or positioning devices)

e) Use weld pool backing (provide for structurally or use as production aid)

f) Mechanise

9

h

Improve dissipation of welding heat (e.g. in fully automated thin-sheet welding)
Train and motivate welders

. Reduce downtimes and refit times

a) Organise production more efficiently (shorten absences and waiting times)

) Organise welder’s workplace more efficiently

) Inform the welder more effectively

) Ensure good access to the weld

) Get rid of noxious or performance-impeding environmental influences

) Use jigs and fixtures

) Mechanise

) Prevent or reduce distortion (pre-bend, pre-tension, draw up welding sequence schedule,
use procedures with less distortion, weld both sides simultaneously)

Reduce process-dependent interruptions and weld dressing (make slag removal easier,
reduce spatter formation, reduce adhesion of spatter, set up central gas supply)
Reduce malfunction times (purchase quality, operate preventive maintenance, maintain
and care for unit regularly, take notice of operating instructions, train and motivate
welders)

TQZ20 Q00

z =

. Do not waste energy and consumables

a) Save energy (reduce cable losses, switch off unit during breaks, used energy-saving
procedures and units)

b) Be economical with consumables (do not leave electrode stumps too long, prevent gas
losses, watch consumption of spare and wear parts)

. Monitor quality
a) Avoid excessive requirements
b) Prevent defects and quality deficiencies
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4.2. Consumable Consumption
and Welding Time

4.2.1 Calculation of Electrode Consumption

Calculation Formula

For the practical welder it is important to be able to estimate the requirement for stick electrodes or
other filler metals quickly, easily and accurately enough. The following pages illustrate a simplified
method which is intended above all to make an initial estimate possible. An accurate calculation is
not possible using generally applicable tables as the tables would become too complicated and
therefore unmanageable.

The following approach may be used as the calculation formula:
Weight of weld without weld reinforcement

x

Factor for the effect of the welding position (weld reinforcement)
Allowance for back welding (if necessary)
Reference value for the total weight of the weld

0.01894 kg/pcs. = weight of core metal rod deposited (93.2/350,
stub 50 mm, metal recovery 100%)

x

Factor for divergent electrode dimension
Factor for divergent metal recovery

x X X

Factor for divergent stub length

= Reference value for the number of electrodes required

The individual lines of the calculation formula are explained in a little more detail in the following
sections and are provided with summaries in the form of tables. The method of proceeding is
demonstrated briefly at the end of the section using a practical example.

Weight of Weld

The following tables provide an overview of the weight of the weld for different welding procedures
with different types of welds. The weld shapes correspond to the specifications of the standard.
Recommended diameters for rods and electrodes should only be considered as reference values.
The data will be too high above all in the out-of-position welds. The weights of weld metals
correspond as they only relate to the cross-section to be filled.

reference values for gas welding of flat-position joints (one side, without backing)

thickness edge air gap rod deposition weight of welding
preparation diameter rate joint time

mm mm mm kag/h kg/m min/m

0.8 | 0 1.5 0.17 0.024 8.5

1.0 | 0 2.0 0.19 0.024 7.6
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thickness edge air gap rod deposition weight of welding
preparation diameter rate joint time

mm mm mm kg/h kg/m min/m

1.5 | 1.5 2.0 0.25 0.042 10.0

2.0 | 2.0 2.0 0.25 0.048 1.5

3.0 | 25 25 0.36 0.074 12.3

4.0 | 3.0 3.2 0.70 0.17 145

5.0 | 4.0 3.2 0.74 0.265 215

6.0 V 60° 3.0 3.2 0.80 0.35 255

reference values for arc ing of butt welds (without backing, flat)

thickness air gap number electrode  deposition  weight of welding time

of layers dimension  rate joint per layer

mm mm mm kg/h kg/m min/m

1.5 0 1 2.5/250 0.5 0.03 3.6

2.0 0 1 2.5/250 0.61 0.036 35

3.0 2 1 3.2/350 0.53 0.064 7.25

For double-vee welds it is possible to find a usable reference value for back welding on the root
the corresponding vee weld values of half the sheet thickness and
Back welding on the root side of the weld is assessed with approxi-
mately half the weight of the root for sheet thicknesses under 8 mm and the simple weight of the
root for thicker sheets.

side of the weld by doublin
adding the weight of the wel

R

reference values for d I arc welding of fillet welds (one side, horizontal)
thickness number electrode deposition weight of welding time
a of layers dimension rate joint per layer
mm mm kg/h kg/m min/m
3.0 1 3.2/350 1.19 0.085 4.3
4.0 1 5.0/450 1.75 0.145 5.0
5.0 1 6.0/450 2.14 0.21 5.9
6.0 3 4.0/450+ 1.421:1.38 1.+2.1:0.19 1.42.:83
3.2/350 3.1:0.88 3.1: 0.11 3.:75
7.0 3 4.0/450 1.42.1:0.31 1.42.:135
3.1: 0.1 3.:6.8
8.0 3 4.0/450 1.+2.1:0.37 1.42.1:16.1
3.:0.18 3.1:8.6
1.:0.29 1l:12.2
10.0 3 4.0/450 1.42 21:0.31 2.1: 131
3.1: 0.25 3.:10.5
I ... layer
reference values for shielded I arc welding of flat Ids of plates
thickness ace/gap number electrode deposition weight of  welding time
of layers dimension rate joint per layer
mm mm mm kg/h kg/m min/m
4.0 21 2 r 2.5/250 r0.43 r 0.08 ri1.2
¢ 3.2/350 c1.2 ¢ 0.09 c4.5
5.0 21 2 r 2.5/250 r0.48 r 0.085 r10.6
c 4.0/450 c1.41 ¢ 0.105 c45
6.0 21 3 r 2.5/250 r0.52 r 0.08 r9.2
f,c 3.2/350 f,c1.24 f+c 0.14 f+c 6.8
7.0 2.5/1.5 3 r 3.2/350 r0.75 r0.14 r11.2
f,c 4.0/450 f,c 1.38 f+c 0.22 f+c 9.2
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reference values for d I arc welding of flat Ids of plates
thickness face/gap number of electrode  deposition  weight of welding time
layers dimension rate joint per layer
mm mm mm kg/h kg/m min/m
8.0 3/2 3 r 3.2/350 r0.75 r0.16 ri2.8
f 4.0/450 f1.42 f0.13 f5.5
¢ 5.0/450 c1.75 c0.14 c4.8
9.0 3/2 3 r 3.2/350 r0.75 r0.14 r11.2
2f,c 5.0/450 f,c 1.88 f+¢c 0.37 f+c 11.8
10.0 3/2 4 r 3.2/350 r0.75 r0.15 r12.0
3f,c 5.0/450 f,c 1.88 f+c 0.47 f+c 15.0
12.0 3.5/2 5 r 3.2/350 r0.75 r0.17 r13.6
3f,c 5.0/450 f,c 1.93 f+c 0.74 f+c 23.0
15.0 3.5/2 5 r 3.2/350 r0.81 r0.15 ritd
3f,c 5.0/450 fc2.1 f+c 0.91 f+c 26.0

r .. root pass, f .. filler layer, ¢ .. cap layer

For double-vee welds it is possible to find a usable reference value for back welding on the root side
of the weld by doubling the corresponding vee weld values of half the sheet thickness and adding
the weight of the weld. Back welding on the root side of the weld is assessed with approximately half
the weight of the root for sheet thicknesses under 8 mm and the simple weight of the root for thicker
sheets.

Effect of the Welding Position

The welding position has different effects on the execution of a weld. It is not possible to disregard
the welding position for calculating quantities as in affects the weld reinforcement. When estimating
time effects are to be anticipated due to higher downtimes such as cleaning, electrode replacement,
lower current intensities, etc.

The following tables provide rough reference values in the form of multipliers which may be used to
adapt the weight of the weld for horizontal position from the first determination.

factors for divergent welding positions - weight

PB PA PG PE PF PC
vee-weld 1.0 1.0 1.0 1.1 1.15 1.15
fillet weld 1.0 0.95 1.0 1.1 1.05 1.0

factors for divergent welding positions - welding time

PB PA PG PE PF PC
vee-weld 1.0 1.0 1.1 1.87 1.5 1.2
fillet weld 1.0 0.95 1.15 1.65 1.43 1.1

The values highlighted correspond to the reference calculation.

Proportion of Weld Metal for Back Welds

When deciding on a specific weld preparation one should not forget back welding if it is necessary
for quality reasons. There are certain reference points for the consumption of filler metal and the
work time required for back welding. The following list is based on practical values that were gained
from experience in the grooving out of weld roots without major defective parts of the weld.

The additional consumption is specified as a multiplier for the weight of the weld without back wel-
ding. The angle information refers to the weld preparation angle or the angle of bevel preparation for
U-groove welds.
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vee-weld double-vee-weld U-groove weld

thickness a a B

mm 50° 60° 90° 50° 60° 90° 8° 10° 15°
6...11 1.32  1.27 1.15

11...16 124 119 1.1

16...20 1.21 1.18 1.10

21...30 118 114 1.08

20 126 121 1.12 1.18 117 1.16
30 117 114 1.08

40 115 112 1.07 1.10  1.09 1.08
60 1.10 1.08 1.06  1.05 1.04
80 1.05 1.04 1.04
90 1.07 _1.055

100 1.035 1.03 1.025
120 1.04 1.03

Allowance for Divergent Electrode Dimensions

Naturally the core metal rod deposited per electrode changes if other electrode dimensions are used
for performing a weld, i.e. a considerably higher number of thinner electrodes will be required than
of thicker electrodes to fill the same weld volume.

A stub loss of 50 mm was taken into account for the following table and this applies to all dimen-
sions. The metal recovery is 100 % for all dimensions.

diameter length allowance
mm mm factor
1.5 250 6,83
2.0 250 3,84
2.0 300 3,07
25 250 2,46
25 300 1,97
3.2 300 1,20
3.2 350 1,00*
3.2 450 0,75
4.0 350 0,64
4.0 450 0,48
5.0 450 0,31
6.0 450 0,21

* reference for the approach used

Allowance for Divergent Metal Recovery

The metal recovery of a stick electrode is the ratio of the weight of weld metal deposited to the
weight of core rod deposited. It depends on the type of electrode (e.g. contribution of metal flux pow-
der from the electrode coating), the diameter of the electrode (usually somewhat higher with larger
diameters), the welding current (increasing or decreasing slightly with the current depending on the
type of coating) and the welding position (different spatter and burn-off losses).

In practical use it is sufficient to calculate using the multipliers in the following table. The table
allows for standard classification in accordance with EN and the type of coating if greater deviations
are to be reckoned with.
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code type of coating allowance

acc. EN factor
1and 2 [} 1.25
R, RC 1.1

RR 1.05

B 1.0

3and 4 R 0.91
B 0.87

5and 6 RA, RR, B 0.71*
7 and 8 RA, RR, B 0.56*

* With high-performance types Bohler Welding’s brand designation provides a reference to the actual metal
recovery. The multiplier should be corrected accordingly (e.g. 0.62 for FOX HL 160 Ti).

** Reference for the approach used

Allowance for Divergent Stump Losses

When determining the number of electrodes from the required weight of weld metal, allowance must
also be made for the electrode stubs in addition to the losses included in metal recovery. The follo-
wing table shows that with regard to the electrode requirement for a specific quantity of weld metal,
the varying stub losses for which the welder is responsible have a greater effect on the calculation
than variations in the metal recovery of a specific type of electrode.

In the case of stub lengths allowance must be made for the fact that the welder is not always whol-
ly able to influence them. For example restricted access to the weld may easily lead to stub lengths
over 80 mm. In this case the designer is responsible for ensuring good access. Out-of-position welds
also result in longer stubs than welds in the gravity position.

diameter length allowance factor for different stub length
values in mm

mm mm 40 50 60 70 80

15 250 0.95 1.00 1.05 1.1 1.18
2.0 250 0.95 1.00 1.05 1.1 1.18
2.0 300 0.96 1.00 1.04 1.09 1.14
25 250 0.95 1.00 1.05 11 1.18
25 300 0.96 1.00 1.04 1.09 1.14
3.2 300 0.96 1.00 1.04 1.09 1.14
3.2 350 0.97 1.00 1.03 1.07 1.1
3.2 450 0.98 1.00 1.03 1.05 1.08
4.0 350 0.97 1.00 1.03 1.07 1.1
4.0 450 0.98 1.00 1.03 1.05 1.08
5.0 450 0.98 1.00 1.03 1.05 1.08
6.0 450 0.98 1.00 1.03 1.05 1.08

Example for Calculation

A metal sheet with a thickness of 15 mm is to be joined in the horizontal-vertical position. Let the
weld length be 10 m.

A vee weld with a preparation angle of 60 ° is chosen as the weld preparation. For quality assuran-
ce reasons the root will be back welded. A basic stick electrode will be used (the metal recovery code
according to EN is 4). An electrode with o 3.2 mm will be used for the root and an electrode with o
4.0 mm will be used for the filler and cover passes. The stub length is assumed to be 70 mm.
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influencing factor calculated values
weight of weld without weld reinforcement r 0.15x10 = 1.5 kg
f+c 0.91x10 = 9.1 kg
x factor for the effect of the welding position 1.15

(weld reinforcement)

x allowance for back welding (if necessary) 1.19
reference value for the total weight of the weld | r 2.05 kg

f+c 12.45 kg
/0.01894 kg/pcs. = weight of core metal rod 0.01894

deposited (23.2/350, stub 50 mm, metal
recovery 100%)

x factor for divergent electrode dimension r 1.0

f+c 0.48
x factor for divergent metal recovery 0.87
x factor for divergent stub length r 1.07

f+c 1.05
reference value for the number of electrodes r 101 Stk.
required f+c 289 Stk.

r .. root pass, f .. filler layer, c .. cap layer

Explanations

The weight of the weld may be taken from the table “Reference Values for Manual Metal Arc Welding
of Horizontal Vee Welds in Sheet Metal”. This table is already divided into root, filler and cover
passes for assistance. The factor for the influence of the welding position may be found in the
appropriate section. The same applies to back welding of the root in which case the value is chosen
depending on the thickness of the sheet, the shape of the weld and the weld preparation angle.

From this information the total weight of the weld should be determined divided into areas for
different electrode dimensions.

The next line produces the number of electrodes if only one electrode with ¢ 3.2/350 with 50 mm
stub and 100 % metal recovery were to be used. As a thicker electrode is used for the filler and cover
passes, allowance must be made for the altered electrode dimension. Let the metal recovery be 115
%, which would result in a factor of 1/1.15 = 0.87. The altered stub length results in different
effects depending on the electrode length.

The number of electrodes required as a result of division and multiplication is only a reference value
to which a factor must be added for any waste due to bent, contaminated or incompletely used
electrodes.

4.2.2 Estimation of Standard Welding Time

Actual Welding Time

Reduction of the costs by reducing the actual welding time is one of the most important tasks of pro-
duction monitoring. In this case the actual welding time may be estimated within certain limits.
However, a second factor that has just as great a significance for reduction of the overall costs is
increasing the proportion of actual welding time in the overall time.

The approach shown here uses part of the calculation for the requirement of filler metal and the
deposition rate of the individual electrodes.

reference values for total weight of joint in kg
deposition rate of consumable in kg/(h*A)
chosen amperage in A

60 min/h

reference values for welding time in minutes

nix ==un
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The deposition rate is not shown for every single brand as the divergence resulting from the diffe-
rent welding conditions does not justify this level of detail. The following table presents a summary
of deposition rates for different types of coating. In the case of ranges of values the lower value in
each case should be assigned to the lower current intensity limit for this electrode.

deposition rate [kg/(h*A)]
o15mm 020mm o¢25mm 032mm ¢40mm 650mm ©6.0mm

type of stick
electrode

medium coated (rutile)
R 0.01 0.009 0.009-0.015 0.009

RC 0.01 0.010-0.011 0.009 0.009

thick coated (rutile)

RR 0.008 0.008 0.009 0.009 0.01 0.01

RC 0.009  0.009-0.0091 0.009 0.009 0.01 0.01

AR 0.01-0.011 0.011 0.011 0.011 0.011
RB 0.008  0.008-0.009 0.008-0.009  0.009 0.009

thick coated (basic)

B 0.009-0.010 0.01 0.01 0.011 0.011
R(B) 0.009 0.01 0.01 0.011

metal powder type

RR (160 %) 0.012 0.013 0.014 0.015
RR (180 %) 0.014 0.015 0.016 0.016
RR (200 %) 0.016 0.017 0.018

RR (240 %) 0.02 0.021

AR (120 %) 0.012-0.014 0.011 0.011

Example for Calculation

A metal sheet with a thickness of 15 mm is to be joined in the horizontal-vertical position. Let the
weld length be 10 m.

A vee weld with a preparation angle of 60 ° is chosen as the weld preparation. For quality assuran-
ce reasons the root will be back welded. A basic stick electrode will be used (the metal recovery code
according to EN is 4). An electrode with o 3.2 mm will be used for the root and an electrode with
0 4.0 mm will be used for the filler and cover passes. The stub length is assumed to be 70 mm.

Thus the example is identical to the example for estimating the electrode requirement. The electro-
de is specified more particularly as BOHLER FOX EV 50 to obtain a calculation variable.

influencing factor calculated values
weight of weld without weld reinforcement r 0.15x10 = 1.5 kg
f+c 0.91x10 = 9.1 kg

x factor for the effect of the welding position 1.15
(weld reinforcement)

x allowance for back welding (if necessary) 1.19
reference value for the total weight of the r 2.05 kg
weld f+c 12.45 kg

/ deposition rate of consumable in kg/(h*A) 0.010

/  chosen amperage in A r 110

f+c 160

x__ 60 min/h 60
reference values for welding time in minutes| r 112 min

f+c 467 min

.. root pass, f .. filler layer, ¢ .. cap layer

411
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Duty Cycle

The proportion of actual welding time is often referred to as the “duty cycle”. This value
specified in percent does not make any statement as an absolute variable about the efficiency
of a method of working since with high-performance procedures where it is not possible to
reduce the downtimes to the same extent as the actual welding time for example, the duty cycle
may actually drop in percentage despite the total welding time being lower.

The downtimes that reduce the duty cycle may be dependent on the procedure, component,
operating environment and the welder himself. The individual aspects are not dealt with in
greater detail here. In any case an accurate analysis is required to find reference points for
reducing the downtimes.

For the calculation of standard times attempts have been made time and again to specify
reference values for the duty cycle. Values of this type range for example from 5 % for tack
welds in assembly to over 30 % for individual production of machine casings and 55 % for
series production of machine casings up to 70 % for series production of components in turn-
over jigs. One may not overlook in this case that these figures have to be checked individually
for each company or have to be compared with in-house statistics since investigations of
different sizes of company in different sectors showed divergences in the average duty cycle
between 30 and 75 %.

With statistically well-covered duty cycle values the standard time is calculated as follows:

Standard time = actual welding time / duty cycle x 100
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5 Comparison Table for Hardness

Rm Tensile Strength in N/mm?

HV Vickers-Hardness

HB Brinell-Hardness

HRC Rockwell-C-Hardness

R~ HV HB HRC R~ HV HB HRC R~ HV HB HRC
200 63 60 - 545 170 162 - 890 278 264

210 65 62 - 550 172 163 - 900 280 266 27
220 69 66 - 560 175 166 - 910 283 269

225 70 67 - 570 178 169 - 915 285 271

230 72 68 - 575 180 171 - 920 287 273 28
240 75 71 - 580 181 172 - 930 290 276

250 79 75 - 590 184 175 - 940 293 278 29
255 80 76 - 595 185 176 - 950 295 280

260 82 78 - 600 187 178 - 960 299 284

270 85 81 - 610 190 181 - 965 300 285

280 88 84 - 620 193 184 - 970 302 287 30
285 90 86 - 625 195 185 - 980 305 290

290 91 87 - 630 197 187 - 990 308 293

300 94 89 - 640 200 190 - 995 310 295 31
305 95 90 - 650 203 193 - 1000 311 296

310 97 92 - 660 205 195 - 1010 314 299

320 100 95 - 670 208 198 - 1020 317 301 32
330 103 98 - 675 210 199 - 1030 320 304

335 105 100 - 680 212 201 - 1040 323 307

340 107 102 - 690 215 204 - 1050 327 311 33
350 110 105 - 700 219 208 - 1060 330 314

360 113 107 - 705 220 209 - 1070 333 316

370 115 109 - 710 222 211 - 1080 336 319 34
380 119 113 - 720 225 214 - 1090 339 322

385 120 114 - 730 228 216 - 1095 340 323

390 122 116 - 740 230 219 - 1100 342 325

400 125 119 - 750 233 221 - 1110 345 328 35
410 128 122 - 755 235 223 - 1120 349 332

415 130 124 - 760 237 225 - 1125 350 333

420 132 125 - 770 240 228 - 1130 352 334

430 135 128 - 780 243 231 21 1140 355 337 36
440 138 131 - 785 245 233 1150 358 340

450 140 133 - 790 247 235 1155 360 342

460 143 136 - 800 250 238 22 1160 361 343

465 145 138 - 810 253 240 1170 364 346 37
470 147 140 - 820 255 242 23 1180 367 349

480 150 143 - 830 258 245 1190 370 352

490 153 145 - 835 260 247 24 1200 373 354 38
495 155 147 - 840 262 249 1210 376 357

500 157 149 - 850 265 252 1220 380 361

510 160 152 - 860 268 255 25 1230 382 363 39
520 163 155 - 865 270 257 1240 385 366

530 165 157 - 870 272 258 26 1250 388 369

540 168 160 - 880 275 261 1255 390 371
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Rm Tensile Strength in N/mm?

HV Vickers-Hardness

HB Brinell-Hardness

HRC Rockwell-C-Hardness

Rm HV HB HRC Rn HV HB HRC Rn HV HB HRC
1260 392 372 40 1650 506 2030 610

1270 394 374 1660 509 2040 613

1280 397 377 1665 510 2050 615 56
1290 400 380 1670 511 2060 618

1300 403 383 41 1680 514 50 2070 620

1310 407 387 1690 517 2080 623

1320 410 390 1700 520 2090 626

1330 413 393 42 1710 522 2100 629

1340 417 396 1720 525 2105 630

1350 420 399 1730 527 51 2110 631

1360 423 402 43 1740 530 2120 634

1370 426 405 1750 533 2130 636

1380 430 409 1760 536 2140 639 57
1390 431 410 1770 539 2145 640

1400 434 413 44 1775 540 2150 641

1410 437 415 1780 541 2160 644

1420 440 418 1790 544 52 2170 647

1430 443 421 45 1800 547 2180 650

1440 446 424 1810 550 2190 653

1450 449 427 1820 553 2200 655 58
1455 450 428 1830 556 675 59
1460 452 429 1840 559 698 60
1470 455 432 1845 560 53 720 61
1480 458 435 46 1850 561 745 62
1485 460 437 1860 564 773 63
1490 461 438 1870 567 800 64
1500 464 441 1880 570 829 65
1510 467 444 1890 572 864 66
1520 470 447 1900 575 900 67
1530 473 449 47 1910 578 54 940 68
1540 476 452 1920 580

1550 479 455 1930 583

1555 480 456 1940 586

1560 481 1950 589

1570 484 48 1955 590

1580 486 1960 591

1590 489 1970 594

1595 490 1980 596 55

1600 491 1990 599

1610 494 1995 600

1620 497 49 2000 602

1630 500 2010 605

1640 503 2020 607
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5.1. Material Comparison Chart EN - DIN

As many users are still not familiar with the EN designation, this section of the manual
contains recoding from the EN to the former DIN designation. Materials for which no direct
recoding is possible are not listed. Designations based on the chemical composition are also
excluded since the multipliers between DIN and EN standards have remained the same.

www.boehler-welding.com

W-No.  EN-Classification DIN-Classification | W-No.  EN-Classification DIN-Classification
1.0468 C14GAl 15 Mn 3 Al 1.1151 C22E Ck 22
1.0481 P295GH 17 Mn 4 1.1158  C25E Ck 25
1.0482 P310GH 19 Mn 5 1.1178  C30E Ck 30
1.0473  P355GH 19 Mn 6 1.1181 C35E Ck 35
1.8980 S500QGL 5 CuNi 123 1.1005 C3E Ck 4
1.0647 C85 85 Mn 3 1.1186  C40E Ck 40
1.0428 B420N BSt 420 S 1.1191 CA45E Ck 45
1.0464  B500G1 BSt 500 G 1.1195  C45EPb Ck 45 Pb
1.0466 B500G3 BSt 500 M 1.1198  C48EMn Ck 48 Mn
1.0465 B500G2 BSt 500 P 1.1010 C5E Ck 5
1.0438  B500N BSt 500 S 1.1206 C50E Ck 50
1.0302 C10GPb C10Pb 1.1210 C53E Ck 53
1.1545 C105U C 105 W1 1.1203  C55E Ck 55
1.1554 C110U C110W 1.1107 C6E Ck 6
1.1563 C125U C125W 1.1221 C60E Ck 60
1.1573  C135U C135 W 1.1231 C67E Ck 67
1.0403 C15GPb C15Pb 1.1234 C68E Ck 68
1.0402 C22 Cc22 1.1009 C7E Ck7
1.0404 C22GPb C22Pb 1.1248 C75E Ck 75
1.0427  C22G1 Cc223 1.1269 C85E Ck 85
1.0460 C22G2 Cc228 1.1140 C15R Cm 15
1.0406 C25 C25 1.1149 C22R Cm 22
1.0528 C30 C30 1.1163 C25R Cm 25
1.0501 C35 C35 1.1179  C30R Cm 30
1.0502 C35GPb C 35 Pb 1.1180 C35R Cm 35
1.0511  C40 C 40 1.1189  C40R Cm 40
1.0503 C45 C45 1.1201  C45R Cm 45
1.0504 C45GPb C 45 Pb 1.1241 C50R Cm 50
1.1730 C45U C45W 1.1205 C53R Cm 53
1.0540 C50 C 50 1.1209 C55R Cm 55
1.0535 C55 C55 1.1223  C60R Cm 60
1.0537 C55GPb C 55 Pb 1.3991  CoNiCr26-20 CoNiCr 26 20
1.0601 C60 C 60 11122  C10C Cq 10
1.0602 C60GPb C 60 Pb 11132 C15C Cq 15
1.1740 C60U ce60wW 11152  C22C Cq 22
1.0627 C68 C 68 1.1172  C35C Cq 35
1.1520 C70U c70wW 1.1192  C45C Cq 45
1.1525 C80U C 80 W1 1.0310 C10D D 10-2
1.1830 C85U c8s W 1.0413 C15D D 15-2
1.1183  C35G Cf 35 1.0414  C20D D 20-2
1.1193  C45G Cf 45 1.0415 C26D D 25-2
1.1213 C53G Cf 53 1.0530 C32D D 30-2
1.1219 C54G Cf 54 1.0516 C38D D 35-2
1.1249  C70G Cf 70 1.0541 C42D D 40-2
1.1121 C10E Ck 10 1.0517 C48D D 45-2
1.1274 C101E Ck 101 1.0586 C50D D 50-2
1.1130 C12E Ck 12 1.0588 C52D D 53-2
11141 C15E k 15 1.1202 C52D2 D 53-3
1.1135 C16EAIl Ck 16 Al 1.0518 C56D D 55-2
1.1134 C19E Ck 19 1.1220 C56D2 D 55-3
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W-No.  EN-Classification DIN-Classification | W-No.  EN-Classification DIN-Classification
1.0609 C58D D 58-2 1.8854  S420GO1 FStE 420 OS 1
1.1212  C58D2 D 58-3 1.8855 S420G02 FStE 420 OS 2
1.0610 C60D D 60-2 1.8856  S420GO3 FStE 420 OS 3
1.1228 C60D2 D 60-3 24778 CoCr28 G-CoCr 28
1.0611  C62D D 63-2 24779  CoCr28Nb G-CoCr 28 Nb
11222 C62D2 D 63-3 1.0440 S235JRS1 GL-,

1.0612  C66D D 65-2 1.0441 S$235JRS2 GL-A

1.1236  C66D2 D 65-3 1.0513 S315G1S GL-A 32

1.0613 C68D D 68-2 1.0583 S355G1S GL-A 36

1.1232  C68D2 D 68-3 1.0532 S390G1S GL-A 40

1.0615 C70D D 70-2 1.0442  S235J0S GL-B

1.0617 C72D D 73-2 1.0475  S235J2S1 GL-D

1.1242  C72D2 D 73-3 1.0474  $235J2S2 GL-D

1.0614  C76D D 75-2 1.0514 S315G2S GL-D 32

1.1253 C76D2 D 75-3 1.0584 S355G2S GL-D 36

1.0620 C78D D 78-2 1.0534  S390G2S GL-D 40

1.1252  C78D2 D 78-3 1.0476  $235J4S GL-E

1.0622 C80D D 80-2 1.0515 S315G3S GL-E 32
1.1255 C80D2 D 80-3 1.0589  S355G3S GL-E 36

1.0313 C7D D 8-2 1.0560 S390G3S GL-E 40

1.0626 C82D D 83-2 1.8840 S315G4S GL-F 32

1.1262  C82D2 D 83-3 1.8841  S355G4S GL-F 36

1.0616  C86D D 85-2 1.8842 S390G4S GL-F 40

1.1265 C86D2 D 85-3 1.0345 P235GH HI

1.0628 C88D D 88-2 1.0425  P265GH Hll

1.1272  C88D2 D 88-3 1.0435 P285NH H Il

1.0010 C8D D9 1.0445 P295NH HIV

1.0618 C92D D 95-2 1.0873 DCO06 IF 18

1.1282 C92D2 D 95-3 1.0120 S235JRC K.Q.Z St 37-2
1.0373  T550 DR 550 1.0118  $235J2G3C K.QZSt37-3N
1.0374 T620 DR 620 1.0115  S$235J0C K.Q.ZSt37-3U
1.0376  T660 DR 660 1.0128  S275JRC K.Q.Z St 44-2
1.0393 DC13ED ED 3 1.0141  S275J2G3C K.Q.Z St 44-3 N
1.0394 DCO4ED ED 4 1.0140  S275J0C K.Q.Z St44-3U
1.0391 DC12EK EK 2 1.0569 S$355J2G3C K.Q.Z St 52-3 N
1.0392 DCO4EK EK 4 1.0554  $355J0C K.Q.Z St 52-3 U
1.1103  S255NL1 EStE 255 1.1004 C2E Mk 3

1.1104  P275NL2 EStE 285 1.1291  C97E Mk 97

1.1105  S315NL1 EStE 315 2.4661 EL-NiCr29Mo5W  NiCr22Fe20Mo6AICuTi
1.1106  P355NL2 EStE 355 1.0538 E295GF PSt 50-2

1.8911 S380NL1 EStE 380 1.0572  S355J2G3F PSt 52-3
1.8913  S420NL1 EStE 420 1.0303 C4C QSt 32-3
1.8918  P460NL2 EStE 460 1.0213 C7C QSt 34-3
1.8919  S500NL1 EStE 500 1.0214 C11C QSt 36-3
1.8984  S500QL1 EStE 500 V 1.0587 S$355J2G3CuC QSt52-3Cu 3
1.8986  $550QL1 EStE 550 V 1.0971  S260NC QStE 260 N
1.8944  S550G1QL1 EStE 550 V A 1.0970  S260MC QStE 260 TM
1.8987  S$620QL1 EStE 620 V 1.0973  S315NC QStE 300 N
1.8954  $620G1QL1 EStE 620V A 1.0972 S315MC QStE 300 TM
1.8988  S690QL1 EStE 690 V 1.0975 S340NC QStE 340 N
1.8964 S690G1QL1 EStE690 V A 1.0974  S340MC QStE 340 TM
1.8939  S790QL1 EStE 790 V 1.0977  S355NC QStE 360 N
1.8925 S890QL1 EStE 890 V 1.0976  S355MC QStE 360 TM
1.1230 C65S1 spring steel wire FD | 1.0979  S380NC QStE 380 N
1.1250 C65S2 spring steel wire VD | 1.0978  S380MC QStE 380 TM
1.0829  M1000-65A FeV 1000-65 HA 1.0981 S420NC QStE 420 N
1.0555 $355GO1 FStE 355 OS 1 1.0980 S420MC QStE 420 T™M
1.0559  S$355G02 FStE 355 OS 2 1.0983  S460NC QStE 460 N
1.0591 $355G03 FStE 355 OS 3 1.0982 S460MC QStE 460 TM
1.1102  S355G04 FStE 355 OS 4 1.0985 S500NC QStE 500 N
1.8858 S355G05 FStE 355 OS 4 A 1.0984 S500MC QStE 500 TM
1.8822  S355G1M FStE 355 TM 1.0987  S550NC QStE 550 N
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W-No.  EN-Classification DIN-Classification | W-No.  EN-Classification DIN-Classification
1.0986 S550MC QStE 550 TM 1.0805 P235G1TH St 35.8
1.8976  S650MC QStE 650 TM 1.0254  P235T1 St 37.0
1.0708 C10RG2 R10S 10 1.0255 P235T2 St37.4
1.0709 C7RG2 R7S6 1.0315 P235G2TH St 37.8
1.0837 DCO4GT RoSt 4 1.00387  S235JR St 37-2
1.0149  S275J0H RoSt 44-2 1.0169 S235JRCu+CR St37-2Cu 3G
1.0138  S275J2H RoSt 44-3 1.0037  S235JR+CR St37-2G
1.0576  S355J2H RoSt 52-3 1.0116  S235J2G3 St 37-3
1.0122  S235JRG2C RQSt 37-2 1.0166  S235J2G3Cu St37-3Cu 3
1.0170  S235JRG2CuC RQSt37-2Cu 3 1.0116  S235J2G3+CR St37-3G
1.0351  C10W RRSD 10 1.0114  S235J0 St37-3U
1.0347 DCO3 RRSt 3, RRSt 13 1.0338 DCO04 St4, St 14
1.0819 L210GA RRStE 210.7 1.0498 P255G2TH St42.8
1.0459  L240GA RRStE 240.7 1.0256  P275T1 St 44.0
1.0398 DD12 RRStW 23 1.0257  P275T2 St44.4
1.0839 C10WSi RSD 10 Si 1.0044  S275JR St 44-2
11115  C10EW RSD 11 1.0179  S275JRCu St44-2Cu 3
1.0324  C8G2W RSD 7 1.0144  S275J2G3 St 44-3
1.0326  S180G2T RSt 28 1.0144 S275J2G3+CR St44-3G
1.0034  S205G2T RSt 34-2 1.0143  S275J0 St44-3U
1.0208 C10G2 RSt 35-2 1.0408 S255GT St 45

1.0205 C11G2 RSt 36 1.0405 P255G1TH St 45.8
1.0038  S235JRG2 RSt 37-2 1.0050 E295 St 50-2
1.0167 S235JRG2Cu RSt 37-2Cu 3 1.0050 E295+CR St 50-2 G
1.0223 C14G2 1.0580 S355GT St 52

1.3207 HS10-4-3-10 1.0421 P355T1 St 52.0
1.3318 HS12-1-2 1.0581 P355T2 St 52.4
1.3302 HS12-1-4 1.0570 S355J2G3 St 52-3
1.3202 HS12-1-4-5 1.0585  S355J2G3Cu St52-3Cu 3
1.3355 HS18-0-1 1.0585 S355J2G3Cu+CR St 52-3 Cu 3 G
1.3265 HS18-1-2-10 1.0570 S355J2G3+CR St52-3G
1.3257 HS18-1-2-15 S 18 1.0553  S355J0 St52-3 U
1.3255 HS18-1-2-5 S 18 1.0060 E335 St 60-2
1.3247  HS2-10-1-8 S2-1 1.0060 E335+CR St60-2 G
1.3346 HS2-9-1 S 2-9-1 1.0070 E360 St 70-2
1.3348 HS2-9-2 S 2-9-2 1.0070 E360+CR St70-2 G
1.3249  HS2-9-2-8 S 2-9-2-8 1.0307 10 StE 210.7
1.3333  HS3-3-2 S$3-3-2 1.0457 L245NB StE 240.7
1.3343 HS6-5-2 S 6-5-2 1.0242  S250GD StE 250 Z
1.3341  HS6-5-2S S$6-5-2S 1.0461  S255N StE 255
1.3243  HS6-5-2-5 S 6-5-2-5 1.0244  S280GD StE 280 Z
1.3245 HS6-5-2-5S8 S6-5-2-5S 1.0486  P275N StE 285
1.3344 HS6-5-3 S 6-5-3 1.0490 S275N StE 285
1.3246  HS7-4-2-5 S 7-4-2-5 1.0493  S275NH StE 285
1.3342 HS6-5-2C SC 6-5-2 1.0484 L290NB StE 290.7
1.3340 HS6-5-2CS SC6-5-2S 1.0429 L290MB StE 290.7 TM
24623  EL-NiCr23Mo7Cu SG-NiCr23Mo7Cu 1.0505 P315N StE 315
1.1237  C70D3 SKD 70 1.0250 S320GD StE 320 Z
1.1238  C80D3 SKD 80 1.0409 L320 StE 320.7
1.0226 DX51D Sto2Zz 1.0430 L320M StE 320.7 TM
1.0850 DX52D St03Z 1.0529  S350GD StE 350 Z
1.0855 DX53D Sto5Z 1.0562 P355N StE 355
1.0806 DX54D St06 Z 1.0545 S355N StE 355
1.0344 DCO1Cu St12Cu 3 1.0539  S355NH StE 355
1.0354 DCO04Cu St14Cu 3 1.8823  S355M StE 355 TM
1.0312 DCO5 St 15 1.0582 L360NB StE 360.7
1.0318 S180GT St 28 1.0578 L360MB StE 360.7 TM
1.0212  S215GAIT St 30 Al 1.8900 S380N StE 380
1.0211 S215GSiT St 30 Si 1.8970 L385N StE 385.7
1.0035 S185 St 33 1.8971 L385M StE 385.7 TM
1.0032 S205GT St 34-2 1.8972 L415NB StE 415.7
1.0308  S235G2T St 35 1.8973 L415MB StE 415.7 TM
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W-No.  EN-Classification DIN-Classification | W-No. EN-Classification DIN-Classification
1.8902 S420N StE 420 1.8983  S890QL TStE 890 V
1.8825 S420M StE 420 TM 1.8933  S960QL TStE 960 V
1.8975 L450MB StE 445.7 TM 1.1101 S225NL TTSt 35
1.8905 P460N StE 460 1.0702 C10RG1 Uu10S 10
1.8901 S460N StE 460 1.0708 C7RG1 U7se
1.8953  S460NH StE 460 1.0348 P195GH Hl

1.8827  S460M StE 460 TM 1.0160 S235JRG1F UPSt 37-2
1.8977 L485MB StE 480.7 TM 1.0204 C11Gi1C UQSt 36
1.8907  S500N StE 500 1.0121  S235JRG1C uQst 37-2
1.8924  S500Q StE 500 V 1.0164 S235JRG1CuC UQSt37-2Cu 3
1.8904 S550Q StE 550 V 1.0224 C14G1C UQSt 38
1.8978 L555MB StE 550.7 TM 1.1112 C8E1W usD 5
1.8914  S620Q StE 620 V 1.1116  C8E2W UsD 6
1.8931  S690Q StE 690 V 1.0323 C8G1W uUsSD 7
1.8979 L690M StE 690.7 TM 1.0357 S180G1T USt 28
1.0915 R1100Cr StSch 1100 1.0333 DCO3G1 USt 3, USt 13
1.0631  R1200 StSch 1200 1.0028 S205G1T USt 34-2
1.0422  R0550 StSch 550 1.0207 C10G1 USt 35-2
1.0544  R0600 StSch 600 1.0203 C11G1 USt 36
1.0521 R0700 StSch 700 1.0253  P235G1T1 USt 37.0
1.0524  R0800 StSch 800 1.0036  S235JRG1 USt 37-2
1.0623  R0900 StSch 900 A 1.0036 S235JRG1+CR USt37-2G
1.0624  R0900Mn StSch 900 B 1.0217  C14G1 USt 38
1.0341  R0290 StSchStr 1.0336 DC04G1 USt 4, USt 14
1.0021  S240GP StSp 37 1.0334 DD12G1 UStW 23
1.0023  S270GP StSp 45 1.0834 M<35A V <35A
1.0083 S355GP StSp S 1.0833 M>65A V >65A
1.0332 DD11 Stw 22 1.0832 M>65ASi V >65ASi
1.0335 DD13 StW 24 1.0805 M>350-35A V >350-35 A
1.0371  TH50 T50 1.0830 M1070-65A V 1070-65 A
1.0372 TH52 T52 1.0818  M1450-50A V 1450-50 A
1.0375 TH57 T57 1.0831 M1590-65A V 1590-65 A
1.0377  TH61 T 61 1.0800 M250-35A V 250-35 A
1.0378 TH65 T65 1.0801 M270-35A V 270-35A
1.0463  S255NL TStE 255 1.0806 M270-50A V 270-50 A
1.0488 P275NL1 TStE 285 1.0807  M290-50A V 290-50 A
1.0491 S275NL TStE 285 1.0803  M300-35A V 300-35 A
1.0497  S275NLH TStE 285 1.0808 M310-50A V 310-50 A
1.0508 P315NL TStE 315 1.0804 M330-35A V 330-35 A
1.0566  P355NL1 TStE 355 1.0809  M330-50A V 330-50 A
1.0546  S355NL TStE 355 1.0819  M330-65A V 330-65 A
1.0549  S355NLH TStE 355 1.0810  M350-50A V 350-50 A
1.8834  S355ML TStE 355 TM 1.0820 M350-65A V 350-65 A
1.8910  S380NL TStE 380 1.0811 M400-50A V 400-50 A
1.8912  S420NL TStE 420 1.0821  M400-65A V 400-65 A
1.8836  S420ML TStE 420 TM 1.0812  M470-50A V 470-50 A
1.8915  P460NL1 TStE 460 1.0823  M470-65A V 470-65 A
1.8903  S460NL TStE 460 1.0813  M530-50A V 530-50 A
1.8956  S460NLH TStE 460 1.0824  M530-65A V 530-65 A
1.8838  S460ML TStE 460 TM 1.0814  M600-50A V 600-50 A
1.8906  S460QL TStE 460 V 1.0825 M600-65A V 600-65 A
1.8917  S500NL TStE 500 1.0815  M700-50A V 700-50 A
1.8909 S500QL TStE 500 V 1.0826  M700-65A V 700-65 A
1.8926  S550QL TStE 550 V 1.0816  M800-50A V 800-50 A
1.8923  S590QL TStE 590 V 1.0827  M800-65A V 800-65 A
1.8927  S620QL TStE 620 V 1.0817  M940-50A V 940-50 A
1.8928  S690QL TStE 690 V 1.0828  M940-65A V 940-65 A
1.8920 S690G1QL TStE690 V A 1.0840 M<50E VE <50
1.8921 S$690G2QL TStE690 V B 1.0850 M>65E VE > 65
1.8922 S690G4QL TStEB90V C 1.0841 M340-50E VE 340-50
1.8929 S690G3QL TStE690V D 1.0842  M390-50E VE 390-50
1.8938  S770QL TStE 770 V 1.0846  M390-65E VE 390-65




Conversion of Basic Units
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W-No.  EN-Classification DIN-Classification | W-No.  EN-Classification DIN-Classification
1.0843  M450-50E VE 450-50 1.0506 P315NH WSHE 315
1.0847  MA450-65E VE 450-65 1.0565 P355NH WSHE 355
1.0848 M520-65E VE 520-65 1.8930 P380NH WSHE 380
1.0844  M560-50E VE 560-50 1.8932  P420NH WSHE 420
1.0849  M630-65E VE 630-65 1.8935 P460NH WSHE 460
1.0845 M660-50E VE 660-50 1.8937  P500NH WStE 500
1.0851  M800-65E VE 800-65 1.8960 S235JRW WTSt 37-2
1.0360 M>65D VH > 65 1.8961 S$235J2W WTSt 37-3
1.0865 M1000-65D VH 1000-65 1.8963  S355J2G1W WTSt 52-3
1.0363  M1050-50D VH 1050-50 1.0533 E295GC ZSt 50-2
1.0369 M1100-65D VH 1100-65 1.0543 E335GC ZSt 60-2
1.0366  M1200-65D VH 1200-65 1.0633  E360GC ZSt 70-2
1.0861  M660-50D VH 660-50 1.0395 H180B ZStE 180 BH
1.0364  M800-65D VH 800-65 1.0396 H220B ZStE 220 BH
1.0362  M890-50D VH 890-50 1.0397 H220P ZStE 220 P
1.0881 M111-30P VM 111-30 P 1.0480 H260 ZStE 260
1.0856  M111-35N VM 111-35 N 1.0400 H260B ZStE 260 BH
1.0882 M117-30P VM 117-30 P 1.0417  H260P ZStE 260 P
1.0866 M130-27S VM 130-27 S 1.0489  H300 ZStE 300
1.0862 M140-30S VM 140-30 S 1.0444  H300B ZStE 300 BH
1.0857  M150-35S VM 155-35 S 1.0448  H300P ZStE 300 P
1.0865 MO089-27N VM 89-27 N 1.0548 H340 ZStE 340
1.0861 MO097-30N VM 97-30 N 1.0550 H380 ZStE 380
1.0462  P255NH WSHE 255 1.0556  H420 ZStE 420
1.0487  P275NH WSHE 285 1.0574 H460 ZStE 460
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