Wi - 5 7)3FMICBIAKOBELCONCO HIE B AT - 8% FEATURE : KOBELCO's Steel and Aluminum Technologies and Products for CO, Reduction

(Heffy et

AL CO, Bk & > 7 M s it

A= - 15 AT N & - BEEZAET 2 e (on) - HIBEE A2 aut () - BEEES (et ()

Welding Consumables for Liquified CO, Carrier Tanks
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Abstract

There is a need for the development of welding consumables suitable for liquefied CO, carrier tanks. In this
study, welding consumables have been developed for low-temperature/low-pressure service that ensure
sufficient toughness at —55C and achieve a proof strength of 390 MPa or higher. By adding Ni and refining
the microstructure, a critical crack tip opening displacement (CTOD) of 0.15 mm or greater has been obtained.
Materials with a proof strength of around 500 MPa have also been examined for future upsizing. For medium-
temperature/medium-pressure service, TRUSTARC™ LB-80LSR has been developed, providing a proof
strength of 690 MPa or higher after post weld heat treatment (PWHT) and excellent CTOD performance at
-35TC.
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Fig.1 CO, phase diagram and an example of tank design for
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Table 1 Chemical composition range of deposited metal

C Si Mn Ni Cr Mo Others
0.03 - 0.1- 0.7 - 1.0- Max. Max. Ti B
0.08 0.4 1.5 4.0 0.3 0.4 ?

Unit: mass%

K2 BESBIIBITHEHSMN
Table 2 Welding condition for deposited metal

Welding consumables

SMAW

[ FOW | SAW

Base metal (thickness: 20, 25 mm)

JIS G 3106 SM490A (Buttered by each welding consumables)

Welding position Flat (1G)

Current and polarity DCEP

Welding current 160 A 280 A 525 A
Arc voltage 24V 30V 30V
Heat input 2.1 kJ/mm 1.6 kJ/mm 2.3 kJ/mm
Preheating temperature 95~105°C 100~110°C 140~160°C
Interpass temperature 95~105°C 140~160°C 140~160°C

PWHT condition

As-welded, 580°C x 2 h

Groove configuration

[Thickness, Root gap, Groove angle]
SMAW: A=20mm, B=16mm, C= 20°
FCW: A=20mm, B=13mm, C=45°
SAW: A=25mm, B=13mm, C=30°

SMAW

FCW

SAW
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Fig.2 Microstructure of deposited metal
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Fig.3 Relationship between Ni content of weld metal and A upper
yield strength
3% A upper yield strength = upper yield strength [-60C or lower] -
upper yield strength[RT]
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Table 3 Mechanical properties of deposited metal

Weldi Tensile properties Notch toughness 2
elding
consumables PWHT 0.2%PS TS EL Absorbed energy (J)
(MPa) (MPa) (%) -80°C -60°C
As-welded 194 586 33 158 192
SMAW 580°C x 2 h 478 566 31 155 167
FCW As-welded 492 585 30 93 122
580°Cx 2 h 462 551 32 95 128
SAW As-welded 518 598 30 188 235
580°Cx 2 h 481 569 32 198 218
Target min. 390 min. 510 min. 27

Location of specimen: t/2 (Center of deposited metal)
*1) Size of tension specimen: Dia.=12.7 mm, G.1..=50.8 mm

*2) Size of charpy impact test specimen: 10 mm X 10 mm, 2 mm V-notch
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Table 4 Welding condition of butt joint

Welding consumables SMAW | FCW | SAW

Base metal (thickness: 50 mm) JIS G 3106 SM490A

Welding position Vertical-up (3G) | Flat (1G)
Current and polarity DCEP

Welding current 130 A 200 A 500~550 A, 26~32 V
Arc voltage 24V 24V 26~32V

Heat input 2.7 kJ/mm 1.9 kJ/mm 2.5 kJ/mm
Preheating temperature Min. 100°C

Interpass temperature 140~160°C

PWHT condition

As-welded, 580°C x6 h

60

Groove configuration

2nd side
B
$
[mm] /'\_/' 1st side
50°

[Groove dimension(mm), angle(®)]
SMAW: A=15, B=2, C=33, D=30, X=70
FCW: A=15, B=2, C=33, D=28, X=60

>

SAW: A=15, B=5, C=30, D=24, X=80

>
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Fig.4 Cross-sectional macrostructure of butt joint
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Table 5 Mechanical properties of butt joint

. Tensile properties 2 Notch toughness E
Welding PWHT I.JOC?D 0.2%PS TS EL Absorbed energy (J)
consumables -tion
(MPa) (MPa) (%) Test temp.: -60°C

As F 515 609 27 168

-welded B 544 617 25 195

SMAW 580°C F 494 583 27 169

X6 h B 518 601 32 168

As F 490 599 31 100

-welded B 531 617 28 109

FCW 580°C F 474 567 31 106

X6 h B 478 572 31 69

As F 490 584 34 209

-welded B 520 597 31 194

SAW 580°C F 474 563 36 222

X6 h B 498 587 33 162

Target min. 390 | min. 510 min. 27
*1) Location of specimen: [F] 7 mm from 2nd side surface, [B] 7 mm from 1st side surface

*2) Size of tension specimen: Dia.=6.0 mm, G.L.=24 mm
*3) Size of charpy impact test specimen: 10 mm x 10 mm, 2 mm V-notch

# 6 CTOD il 4
Table 6 CTOD test result

Welding | Test temp. Critical CTOD
consumables Q) PWHT (mm)
_Wgze a 0.30, 1.29
SMAW -
580°C 1.04, 0.49
x6 h
_W?lze . 0.54, 0.39
FCW -60 -
580°C 0.26, 0.52
x6 h
As 0.44, 0.67
SAW -welded
580°C
0.63, 0.76
x6 h
Target min. 0.15

Note) According to WES1108 (2016) (Size: W=B,50 mm)

Notch: Center of weld metal
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Fig.5 Microstructure (upper) and SEM image (lower) of weld metal
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Table 7 Mechanical properties of butt joint of YP500 MPa welding consumables

. Tensile properties 2 Notch toughness 9 Critical CTOD
Welding Loca - "
consumables PWHT tion™ 0.2%PS TS EL Absorbed energy (J) (mm)
(MPa) (MPa) (%) Test temp.: -60°C

As I 533 670 31 127 ~

-welded B 556 653 31 150 034,052
SAW ~
600°C F 537 617 35 175 0.28. 0.95
X6 h B 544 622 33 152 U
Target min. 500 [ min. 610 min. 27 min. 0.15
*1) Location of specimen: [F] 7 mm from 2nd side surface, [B] 7 mm from 1st side surface

*2) Size of tension specimen: Dia.=6.0 mm, G.L.=24 mm

*3) Size of charpy impact test specimen: 10 mm x 10 mm, 2 mm V-notch
*4) According to WES1108 (2016) (Size: W=B,50 mm), Notch: Center of weld metal
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Table 8 Welding condition of butt joint

Welding consumables TRUSTARC™ LB-80LSR
Base metal (thickness: 50 mm) JIS G 3128 SHY685N
Welding position Flat (1G) [ Vertical-up 3G)
Current and polarity DCEP
Welding current 160 A 130 A
Arc voltage 24V 22V
Heat input 1.8 kJ/mm 2.7 kJ/mm
Preheating temperature 140~160°C
Interpass temperature 140~160°C
PWHT condition 620°C x4 h
Groove configuration
2nd side
15
2 2
33
1st side
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Fig.6 Cross-sectional macrostructure of butt joint (a) Flat (1G),
(b) Vertical upward (3G)
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Table 9 Mechanical properties of butt joint of HT780 welding consumables

- ) &) N
Welding Welding Loca oo P’gensﬂe p;ospertles = El::srbzoduegr?exi'e:; )] Critical CTOD (mm) ™
consumables osition -tion™ 470 N ° Test t .1-35°C
P on (MPa) (MPa) (%) Test temp.: -60°C est temp
Flat F 759 815 23 126
0.38, 0.31
SMAW (1G) B 782 830 25 106
Vertical-up F 750 823 22 85 0.25. 0.25
(3G) B 757 825 24 109 T
Target min. 690 min. 780 min. 69 min. 0.15
*1) Location of specimen: [F] 7 mm from 2nd side surface, [Bl 7 mm from 1st side surface

*9) Size of tension specimen: Dia.=6.0 mm, G.L.=24 mm
*3) Size of charpy impact test specimen: 10 mm x 10 mm, 2 mm V-notch
*4) According to WES1108 (2016) (Size: W=B,50 mm), Notch: Center of weld metal
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