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GUO Ying, YANG Shangyu’, ZHOU Cong, ZHU Lei

Offshore Oil Engineering Co., Ltd., Tianjing 300462, China

Abstract: Although hot wire TIG welding significantly improves the deposition rate compared with TIG welding, it is still
inadequate compared with submerged arc welding. Adding hydrogen to the shielding atmosphere of hot wire TIG welding
can further improve the melting efficiency, but hydrogen can also deteriorate the joint properties and lead to defects such as
hydrogen cracking. In this paper, the effect of hydrogen on the joint properties and low-temperature toughness of 9Ni steel
for TIP-TIG (TT welding) welded LNG storage tanks was investigated, and the microstructure and mechanical properties of
the joints were analyzed by optical microscope, scanning electron microscope and universal testing machine. The results
show that the welding efficiency and low-temperature toughness of TT welding with hydrogen in the protective atmosphere
is increased, and the optimal ratio of the gas mixture is 98% argon + 2% hydrogen, and under 98% argon + 2% hydrogen
protective gas, the Mo content in the precipitation phase of the weld decreases significantly, and a large amount of Mo is sol-
idly dissolved in the matrix, and the increase of the Mo element in the matrix enhances the cohesion of the grain boundaries,
and plays a hindering role in the expansion of the crack, Its fracture at the presence of large and deep tough nest and high de-
convolution step, so that its low temperature toughness to reach the highest; and with the increase in hydrogen content to

8%, in the weld generated microporosity destroys the continuity of the material, resulting in a reduction in the weld low-
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temperature impact absorbed energy, which impairs the low-temperature toughness of the molten metal.
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Table 1 Chemical Composition of X7Ni9 steel (wt. %)

C Mn P S Si Cu Ni Cr Mo Nb
0.052 0.76 0.004 0.0001 0.18 0 9.34 0.01 0 0.014
F2 XTNI9WE 1R

Table 2 Mechanical properties of X7Ni9 steel

PrfbEgE ~196 °CH LV ufr
R /MPa R /MPa /% AN
676 714 24.5 186
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Table 3 Chemical composition of ERNiCrMo-4 wire (wt. %)

C Si  Mn P S Cr Mo Fe W Cu Ni
0.01 0.01 0.54 0.005 0.001 15.55 163 5.52 132 — 58.76

%4 ERNiCrMo-4 22 122 RE
Table 4 Mechanical properties of ERNiCrMo-4 welding wire

ERE  HReRE PR R bl
/°C /MPa /MPa 1% /]
-196 513 750 41 98,99,95
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Fig. 1 Schematic diagram of TIP-TIG welding principle
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Fig.2 Schematic diagram of groove
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Table 5 Welding parameters
. SRR T Epar iy RLLHE BHBME FEAE B HAETA .
WA L . . . &
/A N /mm - min /m*min /(°) 1%/s /(°+s7") /kJ+mm

200~240 14~16 80~100 2.38 13 0.7 130 0.95 K
4l Ar 340~360 14~17 160 2.62 12~14 0.6 100 1~1.32 i
200~220 12~16 200~250 2.53 20 0.7 50 0.4~0.44 ]
190 15~18 120 2.47 12 0.4 130 0.95~1 FTI%
98%Ar+2%H, 240 18~22 130 2.8~3.85 12~18 0.5 130 1.2~1.6 bigi

190 15~19 110~120 293 17 0.25 30 1.02~1.1 =
200 17~20 120 2.47 12 0.4 130 L1~1.15 FTI%
95%Ar+5%H, 220~253 16~20 130~150 2.8~4.4 15~17 0.5 150 0.9~1.7 Wi
180 18~19 110~120 2.57 17 0.25 30 0.9~1.2 T
200 18~20 120 3.06 13 0.4 130 1.1~1.2 K
92%Ar+8%H, 190~240 18~21 110~160 2.8~4.1 15~22 0.5 130 0.8~1.4 W
180 18~21 110~120 2.67 17 0.25 30 0.9~1.1 A
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Table 6 Low temperature impact test data of joint(-196 °C)
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Table 7 Low temperature drop hammer test data

R WelieRt AR PRY TR

B
/°C 2 1 1 %

4 Ar -196 2506 997 1709 73
98%Ar+2%H, -196 3363 858 2768 87
95%Ar+5%H, -196 3100 629 2471 82
92%Ar+8%H, -196 2913 595 2318 80
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Fig.3 Macroscopic morphology of welded joint
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Table 8 Fusion ratio of welded joint
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4 Ar 81 53 7
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Fig. 5 EDS surface scan results of precipitated phases with different hydrogen content
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Table 9 Components of metal precipitates in weld seams (at. %)

KRGS Fe Ni Cr Mo C w

4fi Ar 14.7 29.3 10.7 33.8 7.0 4.7
98%Ar+2%H, 19.8 40.2 10.8 7.4 18.3 3.4
95%Ar+5%H, 28.6 35.0 8.5 12.2 11.6 3.5
92%Ar+8%H, 15.2 36.4 10.8 13.5 18.0 3.6
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El6 92%Ar+8%H, 54 T 184% SEM W2 57
Fig. 6 SEM microstructure of weld with 8% hydrogen content
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Fig.7 SEM morphology of weld impact fracture
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Tab. 10 Precipitated phase composition (at. %)

HFEGi Fe Ni Cr Mo C w
4l Ar 100 263 12.5 36.0 10.9 43
98%Ar+2%H,  29.5 39.9 9.8 3.6 14.3 2.9

95%Ar+5%H, 30.6 28.6 12.1 5.8 17.5 5.4
92%Ar+8%H, 37.3 25.4 13.4 6.7 11.5 5.7
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