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Development of Exclusive Welding Consumables for Corrosion-resistant Steel Plates
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Abstract

Itis also necessary to have developed and deliver welding consumables suitable for a new feature
of developed base metal when the steel plates are launched. Development achievements of exclusive
welding consumables are introduced in connection with recently developed corrosion-resistant steel
plates. The first one is welding consumables for exclusive use of high corrosion-resistant steel for
crude oil tankers (NSGP™-1 & 2). The second one is welding consumables for exclusive use of
coating cycle extension steel (CORSPACE™) which has superior atmospheric corrosion resistance
under defects of paint film. It was confirmed that the weldability and welding performance of the
welding consumables as mentioned above were equal to those of an existing popular welding
consumable.
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Example of welding consumables used exclusively for corrosion-resistant steel plates

Type of corrosion-resistant steels

Developed steel plates

Developed welding consumables: product names

High corrosion-resistant steel
for crude oil tankers

NSGP™-]1, NSGP™-2

FCAW: NSSW SF-1-GP, NSSW SM-1F-GP
SAW: NSSW NSH-50M x NSSW NSH-1RM x NSSW Y-DL (3 electrodes)

Coating cycle extension steel

CORSPACE™

SMAW: NSSW L-55-PX, NSSW L-60-PX

FCAW: NSSW SF-1-PX, NSSW SM-1F-PX

FCAW: NSSW SF-60-PX, NSSW SM-60F-PX

GMAW: NSSW YM-26-PX, NSSW YM-55C-PX, NSSW YM-60C-PX

SAW: NSSW YF-15 x NSSW Y-D-PX, NSSW YF-800 x NSSW Y-D-PX
SAW: NSSW YF-15B x NSSW Y-DM3-PX, NSSW NF-820 x NSSW Y-D-PX
SAW: NSSW YF-15B x NSSW Y-DM-PX, NSSW NF-820 x NSSW Y-DM-PX

S-TEN™ |
Sulfuric-acid/hydrochloric-acid

SMAW: NSSW ST-16M
FCAW: NSSW SF-1ST
SAW: NSSW Y-1ST x NSSW NB-1ST

dew-point resistant steel
S-TEN™ 2

SMAW: NSSW ST-16Cr
FCAW: NSSW FC-23ST
GMAW: NSSW FGC-55

Nickel-based high weather-resistant
recl NAW-TEN™ 1[5
stee

SMAW: NSSW CT-50N, NSSW CT-60N
GMAW: NSSW YM-3N

FCAW: NSSW SF-50WN, NSSW SF-60WN
SAW: NSSW NF-320M x NSSW Y-3NI

Seawater corrosion resistant
MARILOY™
(undersea) steel

SMAW: NSSW RS-55
GMAW: NSSW YM-55RSA
FCAW: NSSW SF-55RS
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IMQO's criterion
fgr corrosion-resistant steel

Corrosion rate (mm/year)

NSGP-1

X1 FAZESE (NSGP-1) ERERBDERIRE DL
Comparison of corrosion rate between developed steel
(NSGP-1) and conventional steel plate

Conventional steel
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Bo*nd Bond

Base metal
Weld metal |fz

Base metal

o
Conventional welding consumable;
NSSW SF-1

2 BERERED NSGP-1 A4S DORiE ~ 7 D854k
Macrostructure of welds of NSGP-1 after corrosion test

Exclusive welding consumable;
NSSW SF-1-GP
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Typical chemical compositions (principal elements) of deposited metal of exclusive welding consumables for NSGP-1 and NSGP-2

Chemical iti 7 Ceq (ITW)*
Welding method Welding consumables emical compositions (mass’o) eq (IIW)
C Mn P S (mass%)
FCAW NSSW SE-1-GP 0.05 1.16 0.017 0.006 0.305
NSSW SM-1F-GP 0.04 1.46 0.018 0.013 0.347

* Ceq (IIW) = C+Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5

%R 3 BEEBOHEMHNMEED—B5
Typical mechanical properties of deposited metal of exclusive welding consumables for NSGP-1 and NSGP-2

Plate thickness | Wire diameter Heat input Tensile test Charpy impact est
Welding consumables (mm) (mm) (kJ/mm) 0.2% proof stress | Tensile strength | Charpy absorbed energy at 0°C
YS (N/mm?) 7S (N/mm?) vE, (J)
NSSW SF-1-GP 20 1.2 1.8 553 613 111
NSSW SM-1F-GP 20 1.2 1.7 524 598 66
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Groove shape of welds
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Humid stage
I 50°C and 100% relative humidity, 6 h duration

Salt application stage

Immersion at ambient conditions
Salt solution; 0.5% NaCl, 0.1% CaCl,,
0.075% NaHCO;, pH 8, 15 min

Dry stage

60°C and 50% relative humidity, 17.75 h duration
A 4

4 SAE J 2334 HERY 1 7L DEEO
Test cycle condition of SAE J 23349
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NSSW FCM-1F NSSW SF-1-PX

5 BESEOMEMAEDLS
Comparison of corrosion-resistance of weld metals

# 4 CORSPACE EHAEMANO—E
List of exclusive welding consumables for CORSPACE

Tensile strength rank Covered electrodes

Flux cored wire

Submerged arc welding materials

Solid wire

of CORSPACE All position

All position

Fillet Butt Fillet

SS400-CORSPACE

SM400-CORSPACE

SM490-CORSPACE
SM490Y-CORSPACE
SBHS400-CORSPACE

L-55-PX YM-26-PX

SF-1-PX

SM-1F-PX YF-15 x Y-D-PX YF-800 x Y-D-PX

SM520-CORSPACE YM-55C-PX

YF-15B x Y-DM3-PX  NF-820 x Y-D-PX

SM570-CORSPACE
SBHS500-CORSPACE

L-60-PX YM-60C-PX

SF-60-PX

SM-60F-PX  YF-15B x Y-DM-PX  NF-820 x Y-DM-PX

#roH 8 fE 4 F #t 54095 (2017)
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Typical chemical compositions and mechanical properties of deposited metal of exclusive welding consumables for CORSPACE

Chemical compositions (mass%) Tensile test Charpy impact test
0.2% proof  Tensile Test Absorbed
Product names JIS . .
C Si Mn P S Ni Mo Sn stress strength  temperarure energy
YS (N/mm?) 7S (N/mm?) 7T (°C) vE, (J)
L-55-PX Z 3211 E4916-U 0.07 0.61 1.10 0.012 0.003 — — 503 607 =30 145
Z 3211
L-60-PX 0.07 0.56 1.07 0.010 0.006 0.70 0.24 612 700 -20 126
E57J16-N1IM1U
YM-26-PX Z 3312 YGWI11 0.08 0.39 097 0.005 0011 — — 483 571 0 133
YM-55C-PX 73312 YGWI18 0.06 046 1.02 0.004 0.010 — 022 521 606 0 140
Z 3312
YM-60C-PX 0.05 048 1.06 0.004 0.010 — 023 554 629 =5 127
G57JAIUC3MIT
Z 3313
SF-1-PX 0.06 044 1.19 0.013 0.006 — — 539 612 0 136
T49J0T1-1CA-UH5
Z 3313
SM-1F-PX 0.05 0.54 146 0018 0.014 — — 510 597 0 64
T49J0T1-0CA-UHS
Z 3313
SF-60-PX 0.05 0.55 1.57 0.011 0.006 0.53 — 595 665 -5 78
T57J1T1-1CA-N1-UH5
Z 3313
SM-60F-PX 005 057 180 0014 0010 — — "4 56 642 s 81
T57J1T1-0CA-G-UHS
73183
YF-15xY-D-PX . 0.07 045 1.54 0.016 0.006 — — 511 601 0 93
S50J2-H (applicable)
7 3183
YF-800xY-D-PX . 0.04 0.68 1.55 0.009 0.011 — — 415 534 0 49
S501-H (applicable)
73183
YF-15BxY-DM3-PX . 0.08 0.31 1.76 0.013 0.006 — 0.21 553 6438 0 108
S532-H (applicable)
73183
NF-820 xY-D-PX . 0.05 0.63 1.83 0.007 0.011 — — 478 588 0 81
S532-H (applicable)
73183
YF-15BxY-DM-PX . 0.08 0.31 1.70 0.013 0.005 — 0.37 595 699 -20 67
S624-H4 (applicable)
Z 3183
NF-820xY-DM-PX 0.06 0.59 1.81 0.005 0.011 — 0.40 564 662 -5 70

S582-H (applicable)
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