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Abstract: To clarify the differences in hydrogen embrittlement sensitivity in different regions of X52 pipeline steel TIG
welding joints, systematic research was conducted using methods such as electrochemical hydrogen charging combined with
tensile tests, microstructure characterization, and hydrogen permeation testing. The results show that after hydrogen charg-
ing, there is no significant change in the strength of each region of the joint, but the plasticity significantly decreases. Among
them, the elongation rate of the weld bead decreased the most (48.6% after 15 h of hydrogen charging), followed by the heat-
affected zone (48.3%), and the base material the least (26.1%). Microstructure analysis shows that the weld bead is mainly
composed of acicular ferrite and M/A components, has a higher dislocation density, and contains a larger number and size of
Al O; inclusions (3~6 pm). Hydrogen permeation test results show that the hydrogen diffusion coefficient of the weld bead
is the lowest (Deff=4.06x10"° cm’+s™') and the hydrogen trap density is the highest (N=8.01x10~° mol-cm™), indicating that
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hydrogen atoms are more likely to accumulate in this area and induce hydrogen-induced cracking. Fracture analysis shows
that the fracture mode of hydrogen-charged samples is mainly quasi-cleavage brittle fracture, and the crack sources are
mostly around inclusions, showing a "fisheye" characteristic morphology. Comprehensive analysis shows that in the TIG
welding joint of X52 pipeline steel, the weld bead is the most sensitive area to hydrogen embrittlement, followed by the heat-
affected zone and the base material. This study reveals the intrinsic relationship between the different hydrogen embrittle-
ment behaviors in different regions of the welding joint and its microstructure and hydrogen trap distribution, providing ex-
perimental evidence for the safety assessment of pipeline steel welding structures under hydrogen transport environments.

Keywords: X52 pipeline steel; TIG welding joint; hydrogen embrittlement susceptibility; hydrogen trapping; inclusions;
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Table 1 Chemical composition of X52 pipeline steel and welding

material (wt. %)

R C Si Mn S Ni
X52 0.130 0.260 1.050 0.0052 0.045
FBFRE2Z 0.0406 0.398 1.357 0.0048 0.0837
Mk Cr Cu Nb Ti Mo
X52 0.050 0.087 0.0019 0.0130 0.026
HWME2Z  0.123 0.121 0.045 0.0101 0.068
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Table 2 Manual welding process parameters

PRge MMERE MESRE BMEEIE G

i ViRES /A N /(mm-s™") /(L+min™")
FIIRKR 180~280  20~23 1.00~1.58
WA TIG  120~200  20~23 0.41~0.76 25~35
i T AR 100~160  21~24 0.63~0.87

E1 BEEIEASHERRE
Fig. 1 Macroscopic metallographic photograph of welded

joint

1.3 BRIBELAME

il I K AE L D) H ] 25 AR, T S el
LA, WL T 1) 3 B TR . S8 BUBRRE IS ARIK
il FH 80#~2000# 10 48 % 43 AH 12X AF 25 T 17 1 L 0F
B WP AUHIE S S8 BE S , FHOAS IR AR A% (DW5S. 3.5,
2.5.1.0.5) M4 RlA B I, 2l H R 2
BRI Ry 1k, IR JE K 2B G 78 WA 8 R
PEA TR, 2 )5 10 FH 4% il R TS A VA TR0 b F 2
ko fHH GX71 8] AL 4 4 8 338t S VEGA3XMU
RIFH 1 ol S B SRR (1) S PR 2 1
14 SEERK

PR TR SR A= A, AW
40.5 mol/L i) H,SO 7 W +1 g/L BB IK (CHLN,S )R
BRI, FTEE LTS 50 mA/em?, 78 20 FE HUR L
iR e =i (7 FH B S0 B A 7 L2 R 1Y) o
FromtE R e & X I, AR B A4S, BRI A
JREIZE W VEAFE ., & Sh 10 h 15 h =/ AR A
], Gn &l 2a it , R RE 4/ R BRAR , Pt I R BH
e, i RE TR A LS T L 76 0.5 h N HEAT R X
TR SRR PG R X DL R R 8% HEAT R AR 5
P e () RS AN 2¢ s .

KA R ST RSB E A R EA
AR E A RE A 2 TR LR, L Pt R AR



100 G

BHAR , 2R A BARR , 380RE )R 5F 20 mmx 10 mmx2 mm,
B AT AT KRS 0 T TS 25 2000 H |, -4
B R R SRR, FERE i 0 — 0 2 T AT B
PR YRR VA WA TRV TR (45 /L 1Y NiCl - 6H,0+
250 g/L 1Y NiSO,+ 6H,0+40 g/L () HiBO; ) , i #5 H I
K 4 mA/em?, B [i] &y 6 min. 4% 8 J5 7F 0.2 mol/L
NaOH i H1 LA 0 V ik 15 5B R AT 5x107 A,
RS A X 5 A AR A, H A [A] A 10 mm,
WE b iR, SR TR, 2 B
50 mA/cm?, B EE A 15 h, % 0.5 mol/L H,SO,+
2 g/L BRMR 2 B /K WA A F AR BRUR 1) 1 2
B AR SR SRR B AR 45 6 A
T AR SR TR AR, B R A
HG B 15 F0 SV R A R I U g R
5x107 A HFaE T AT R EB E I, 52 it
JE IH VAR LB E MR IR Z

2 HERS5H5H

2.1 BRALRSH
K FEE AL AN TR] X 8k 2 f 2 2 ) SEM A
WE 3R MWW 534 ] DL (UL 3a) , K842
HE R (BM) G2 X (HAZ) 51758 (WM) £7
TETH WA 1 PR, 45 X IR 21 25 S o 3 X R B
U5 T I TG 24 2o i v AN ] DX 3k 22 177 %) 0 AL 3R
() (b

7

E2 (a)fiEFERS; (b) SIS EIRE; (o) R R
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Fig.3 Microstructures and SEM images of different regions in without hydrogen welded joints
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Table 3 Calculation results of hydrogen diffusion coefficients
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Fig. 5 Energy spectrum analysis of inclusions in welding joints
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Fig. 6 Fracture morphology without hydrogen charging
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