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Low-Hardness Welding Consumables for Onshore Ammonia Tanks
Kosuke YAMAGUCHI
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Abstract

Ammonia’s expanding use—as a chemical raw material and fertilizer feedstock, as well as a next-generation,
zero-CO, energy carrier—is driving a surge in demand for large storage tanks. However, steel in liquid ammonia
environments is susceptible to stress corrosion cracking (SCC), and controlling weld hardness is a critical
issue. This article introduces low-hardness welding consumables developed for ammonia tanks: the flux-cored
wire TRUSTARC™ DW-K50EA; the horizontal submerged-arc wire/flux pair TRUSTARC™ US-50EA/
TRUSTARC™ PF-50EA-H; and the piping TIG filler metal TRUSTARC™ TG-SXINA. These products deliver
excellent impact toughness between —60C and —40C while enabling low-hardness, high-efficiency welding.
They also support the upscaling and mass production of ammonia tanks and contribute to improved structural
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soundness and reliability.
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Table 1 Required mechanical properties of weld metal for onshore
ammonia tanks

Tensile properties Notch toughness
0.2%PS TS Hardness
(Mlg a) (MPa) Absorbed energy
Targets Min.325 Min.440 Min. 47 J at -40°C Max. 220 HV
JISG 3126 . . Min. operating temperature
SLA325A Min.325 440~560 is -45°C
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Table 2 Applicable standard for welding consumable

Welding Wire dia.
consumables (mm)

T]%%?]E?&S:M 1.2 JIS Z 3313 T495T1-1CA-N2-U

Applicable standards

£3 BAESEOLERS (mass%) *
Table 3 Chemical composition of the deposited metal (mass%)

C Si Mn P S Cu Ni
0.06 0.25 1.08 0.007 | 0.006 0.01 1.00
*1 Location: Center of the deposited metal
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Table 4 Mechanical properties of the deposited metal

Tensile properties™ Notch toughness™

Absorbed energy (J) Hardness™
0.%]’8 I\IF? ]j‘/l (Brittle fracture: %) (HVS)
(MPa) (MPa)| (%) -60°C -50°C -40°C
97 (45) 92 (40) 142 (25)

130 (25) 121 (35) 133 (25)| 165~194
65 (50) 133 (35) 137 (25)| Avg. 182
Avg. 97 (43)|Avg.115 (37)|Avg.137 (25)
*1 Test condition is according to JIS Z 3313
*2 Base metal: JIS G 3106 SM490A 20 mmt; Buttered with TRUSTARC™ DW-K50EA
*3 Welding condition: 270 A-29 V: Heat input=1.5 kJ/mm
*4 Shielding gas: 100%CO, (25 L/min)
*5 Size of test specimens is based on JIS Z 3111
Tensile test specimen: Round tensile specimen, Dia.=10.0 mm, G.L..=50 mm
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*6 Measurement at macro-section, 1 mm below the surface

460 | 535 |30
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Table 5 Diffusible hydrogen test results

Polarit CTWD*| Diffusible hydrogen content (mL/100g)
Y (mm) | N=I | N=2 | N=3 | Avg
DCEP" 25 31 [ 31 | 35 [ 32

*1 Test method: JIS Z3118, gas chromatography method

*2 Welding condition:270 A-28 V-350 mm/min; 1.2 mm wire dia.

*3 Shielding gas: 100%CO, (25 L/min); Welding atmosphere: 21°C X20%RH
*4 Contact tip to work distance
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Table 6 Test condition of both side butt joint welding

Wire TRUSTARC™ DW-K50EA (1.2 mm)

Welding equipment | ARCMAN™ PORTABLE KI-700

Base metal JIS G 3126 SLA325A, 38 mm' x (150+150) mm" x 600 mm"
Welding position | Vertical up (3G)

Polarity DCEP

Ist pass:150 A22 'V st -60°_,
2nd pass~:180 A~200 A 23~24 V

Ist side: 4layers 6passes
2nd side: 3layers 3passes 2nd

Ist side: Avg.2.2 kJ/mm

‘Welding condition

20 18 R=6
P .32 /47
ass sequence £
Root gap=4 60°

i #)- Ceramic backing b umable was used
Heat input 2nd side: Avg.1.8 kJ/mm ) Mzr;micnga[cbz::f cl?irp;?::;]ma e
Preheat and o
Interpass Temp. 100~150°C Dimension of groove
CTWD"! 20 mm (Cap pass: 18 mm)

Torch angle™ Approx. 0°
PWHT None (As welded)

*1 Contact tip to work distance
*2 Backhand angle: 15°

R7 KI700 23408 L 72 w840
Table 7 Welding conditions generated by ARCMAN™ PORTABLE

KI700

Welding | Layers | [ERe e | Vpad® | NeRibe
(A) \% (mm/min) (mm)

1-1 150 22 75 7.8

2-2 200 24 124 11.7

Ist 3-3 190 23 160 5.7
3-4 190 23 160 5.7

4-5 190 23 108 114

4-6 190 23 128 11.4

1-1 180 23 150 8.0

2nd 2-2 200 24 166 10.6
33 190 23 130 163
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Table 8 Bead appearance, macrostructure and radiographic test
results

Bead
appearance

Macro
structure

Radio- Satisfactory
graphic JISZ 3104
test class 1

£ BHEBEOLENS (mass%) "
Table 9 Chemical composition of weld metal (mass%)
C Si Mn P S Cu Ni
0.06 0.33 1.28 | 0.007 | 0.005 | 0.04 0.90

*1 Location: Center of weld metal
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Table 10 Mechanical properties of weld metal

| N Notch toughness™ Hardness™
Tg?ilu?_ts.t;?;% Loca Absorbed energy (J) (HVS)
(Mlga) -tion™?|  [Brittle fracture (%)] Surf c
350 —10°C urface | Center
91(50)|  130(25)
. 105(45)  125(35)| 190~214
o 106(50) 133 (30)| Avg.203
Broken at Avg.101 (48) Avg.129 (30) 178~206
éasr:[fgt;) 87(43)|  126(10) Avg.192
B 121(35)) 123 (20) 178209
84(40)) 143 (10)| Ave.199
Avg. 94 (40)| Avg.131 (13)

*1 Size of tension specimen: 20 mmt X 30 mml (according to JIS Z3121)
*2 Location of specimen: [F] 6.5 mm below 2nd surface, [B] 6.5 mm below Ist surface
*3 Size of impact test specimen is based on JIS Z 3111
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*4 [Surface] Measurement at macro-section , Imm below 2nd surface
Measurement at macro-section , Imm below 1st surface
|Center|] Measurement at macro-section, center of weld metal
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Table 11 Applicable standards for welding consumables

Welding Wire dia.
consumables (mm)

R AR .
[TIUS-SOEA™ |2.4,3.2,4.0,48) s ol o
[TIPF-50EA-H™ - JIS Z 3352 SAFBI

Wire-flux - AWS A5.23 F7A8-EM12K
combination

*1 Polarity: DCEP
*2 [T]: TRUSTARC™

Applicable standards
JIS 7.3351 YS-S3

R12 FHEROLFMS (masste) >
Table 12 Chemical composition of the deposited metal (mass%)

Wire-flux
combination

[Polarity| C Si [Mn| P S | Cu | Ni

[T]US-50EA,

[T]PE-50EA-H* DCEP | 0.06 | 0.23 | 1.48 [0.013]0.001| 0.11 | 0.01

*1 Location: Center of the deposited metal

*2 Base metal: JIS G 3106 SM490A, 25 mmt

*3 Welding condition: 525 A-30 V-420 mm/min; Ext.=30 mm; 4.0 mm wire dia.
*4 [T]: TRUSTARC™

R13 B ERORMIGTEL >
Table 13 Mechanical properties of the deposited metal

Tensile properties™| Notch toughness™
Absorbed energy (J) Hardness™s
Of/KgPS 1\3[? E/l (Brittle fracture: %) (HV10)
( 8.) ( a)( 0) -80°C -60°C -40°C
192(39)| 208(25)| 187 (30)
178 (40) 237 (20) 230 (18)| 168~220
449 15291351 4551y 220(28)]  282( 0) Ave. 208
Avg. 171 (43)| Avg.222 (24)| Ave.233 (16)

*1 Test condition is according to AWS A5.23
*2 Base metal: JIS G 3106 SM490A 25 mmt
*3 Welding condition: 525 A-30 V-420 mm/min; Ext.=30 mm; 4.0 mm wire dia.
*4 Size of test specimens is based on AWS B4.0
Tensile test specimen: Round tensile specimen, Dia.=12.7 mm, G.L.=50.8 mm
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*5 Measurement at macro-section, | mm below the surface
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Table 14 Diffusible hydrogen test results

Diffusible hydrogen content (mL/100g)
N=1 | N=2 | N=3 | N=4 | Avg.

Wire-flux
combination

Polarity

[TJUS-50EA,
[T]PF-50EA-H"
*1 Test method: AWS A4.3, gas chromatography method
*2 Welding condition: 550 A-30 V-350 mm/min; Ext.=30 mm; 4.0 mm wire dia.
Redrying condition: 350°C X 1 hr, Welding atmosphere: 10°C X 76%RH
*3 [T]: TRUSTARC™

DCEP™?| 4.9 3.9 4.4 4.6 4.4

R15 AERAIT
Table 15 Test condition of both side butt joint welding

Wireflux Wire: [TJUS-S0EA (3.2mm dia.), Flux: [T]PF-S0EA-H
combination
Base metal JIS G 3126 SLA325A, 38 mm'x (150+150) mm¥ x 1000 mm"

Welding position | Horizontal (2G)

Current (Polarity)

400~450 A (DCEP)

Arc voltage

24-25V

Pass sequence

Lst: 4layers 7passes
2nd: Slayers 20passes

Dimension of groove

Heat input Avg.1.7 kJ/mm
Preheat Temp. 100~110°C
Interpass Temp. 100~150°C

Torch angle™ Approx. 23°
PWHT None (As welded)

[back chipping: Machining]

*1 [T]: TRUSTARC™
*2 forehand, backhand

angle: 0°

F16 Y— FAMBL Wi~ 2 08 & OVBUHE st

Table 16 Bead appearance, macrostructure and radiographic test

results

2nd bead appearance Macrostructure Radigg;‘:. phic
= =l et e ]
i e st e e it Satisfactory
——— JIS 7 3104
e — datRd
i i i P}

FR17 BREEBEOLFES (mass%)

Table 17 Chemical composition of weld metal (mass%)
Location C Si Mn P S Cu Ni
2nd side™| 0.07 | 0.24 1.39 | 0.012 | 0.002 | 0.13 0.05
Istside™ | 0.08 | 0.26 | 1.33 | 0.011 | 0.002 | 0.14 | 0.09

*1 7mm bellow 2nd side surface
*2 7mm bellow st side surface

K18 HHAROBEMYEE ™

Table 18 Mechanical properties of weld metal

Tensile properties™ Notch toughness™ Hardness™

Loca Absorbed energy (J) (HV10)

a
-tion™! (](]%;/P"z)s (I\—/ll-l§a) (}:‘/l) (Brittle fracture: %)
0

Surface | Center

30°C 60°C 30°C
133@0)  235(18) 211 (19)
172(35)]  298( 0)) 288 ( 0)[163-239
Fop 51205751320 14535)  240(15)) 240 (18)/Avg.201
Ave, 157 (37) Ave.258 (11) Avg, 246 (12) 161~208
205(23)] 219(1%)  225(12) Avg.186
185(35)  244(23)  291( 0)/168-24
B | 5311386135 16933)|  216(13)  280( 0)|Ave.206

Avg. 186 (30)| Ave. 226 (17)| Avg.265 ( 4)

*1 Location of specimen: [F] 7 mm from 2nd side, [B] 7 mm from Ist side
*2 Size of test specimens is based on JIS Z 3111
Tensile test specimen: Round tensile specimen, Dia.=6.0 mm, G.I..=24 mm
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*3 [Surface] Measurement at macro-section , | mm below 2nd surface
Measurement at macro-section , I mm below Ist surface
[Center] Measurement at macro-section, center of weld metal
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Table 19 Applicable standards for welding consumable

Welding Rod dia. .
consumable (mm) Applicable standards
TRUSTARC™ 20.2.4.32 JIS Z 3316 W49A4U 0
TG-SXINA T AWS A5.28 ER70S-G

£20 Ast:
Table 20 Test condition of horizontally fixed pipe welding

TIG rod (Dia.) TRUSTARC™ TG-SX1NA(2.4 mm)
Pipe JIS G 3460 STPL380 (10.3 mm thickness, O.D 318.5 mm)
Welding position

Horizontally fixed pipe (5G)

Root pass: 120 A (13 V)
Hot to Cap pass: 180 A (14 V)

Spasses - 5layers

Welding current

Pass sequence

Shielding gas 100%Ar

Back shielding None

Preheat temp. None (RT)

Interpass temperature 100~150°C

PWHT None (As welded)
L 007~

Root
10.3 Gap=4,

®318.5 mm
|
i l

........... \ ! [ES——.

T [mm] We]ding'direclion
Groove configuration and welding direction

F21 U= FAMBL Wi~ 2 0B & OVRUHLE 8 albrs

Table 21 Bead appearance, macrostructure and radiographic test

results
6~5 o'clock 5~3 o'clock 3~2 o'clock 2~12 o'clock
g )
Bead
appearance
Macro
structure
i
Radio- Satisfactory
graphic JIS 7 3104
test class 1

#£22 HHEIBOLFS (mass%) ™!
Table 22 Chemical composition of weld metal (mass%)
C Si Mn P S Cu Ni Mo
0.03 | 0.68 | 1.11 | 0.004|0.006| 0.12 | 0.48 | 0.09

*1 Location: Center of weld metal

R23 HHEAR OB

Table 23 Mechanical properties of weld metal

3
Tensile Notch toughness
Absorbed energy (J) 3
strength of - o Hardness
ESIS] (Brittle fracture: %)
butt joint L 'E e (HV10)
(MPa) [Lateral Expansion: mm)]
-60°C -40°C
520 63 (60) [1.58] 222 (11) [2.46]
(Broken at 168 (47) [2.53] 183 (29) [2.34] | 134~188
Base metal) 72 (76) [1.73] 258 ( 0)[1.97]| Avg.151
Avg.101 (61) [1.28] |Avg.220 (13) [2.26]

*1 Size of tension specimen: 10.3mm! x 20mm? (according to JIS 7 3121)

*2 Size of charpy impact test specimen: 10mm" x 7.5mm?®, 2mm V-notch
(subsize specimen)

*3 Measurement at macro-section, center of weld metal
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