55 Hs @"2%\ Vol.55 No.5
202545 H Electric Welding Machine May 2025

DOI: 10.7512/j.issn.1001-2303.2025.05.11
X905 MY WA T A
W, ARG, BEE, X &, AR, KEMK

TR MRl 5 TRZEE, I8 #M 213200
M OE: X0FE&RMAS ZKBEAMNE LMY RARFY, ERIEB b AME T HEBAAL R TR @EE ™ T A
# F 4L (hydrogen induced cracking, HIC) 9] 2 . & A A, fif o £ 5 K 30, K K T X900 % ZANE R B gk E iR
ERAAVCABZETHASEA ., EREAVN, BERLABREEI I, X0 FERMNAGHEME P —Kfe kA
REEAECATEGT AR, REACAEEMNI0mA-cm 23 F) 25 mA-cm 2, &7 K & 4 DAk 1.19x107
cm’-s ' 3 A E] 2.23x107 em?-s' 5 KA B AR AN BR M 2R R JE 69 3G e, TR SR JE I e, A YR B ) K m T BA
BBAT A MR, AN ERE o AR 1.61x10° mol - L' 3 Ar 5] 2.43x107° mol - L', & # % 4k Dop #AH AN 1.39x107
cm’ss ' A F] 2.23x107 cm® s M A A EUAR B EI I AR T T ARG E KM, ARS8 B ETHEAR
BPRBIA, BB EEE] TS5 °CHY, AP KA MK Dy T8 3.69x107 cm?es™! . F iR AT A PR K AR TER K KR 55, &
Fés 55 09 SR B )
KB X0 F LA FURE; A7 AL ARBt
REISES: TG457.6 SCHRARIRED: A XEHS: 1001-2303(2025)05-0082-07

Research on Hydrogen Diffusion Behavior in X90 Pipeline Steel

SHEN Mengdie, YAN Chunyan®, TIAN Zhanpeng, WU Chen, ZHOU Lingchuan, ZHANG Shenglin
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Abstract: X90 pipeline steel is typical steel of the third generation of high-grade pipeline steel, which may face serious hy-
drogen induced cracking (HIC) problems during the service process of long-distance oil and gas transmission pipelines. The
hydrogen permeation behavior of X90 pipeline steel under different solution concentrations, temperatures and hydrogen
charging current densities was studied using the dual-cell hydrogen permeation test. The results showed that with the in-
crease of hydrogen charging current density, the time taken by the primary and secondary cycles to reach the steady-state
current density was shortened. When the hydrogen charging current density increased from 10 mA-c¢cm™ to 25 mA-cm™, the
hydrogen diffusion coefficient D, increased from 1.19x107 ecm*+s™ to 2.23x1077 cm?®+s™'. With the concentration of acidic
solution on the cathode side increasing, the hydrogen concentration on the cathode side increased, and the kinetic force of
hydrogen diffusion increased, leading to the enhancement of hydrogen permeation behavior. The hydrogen concentration on
the cathode side ¢, increased from 1.61x107 mol-L™" to 2.43x10~ mol-L™, and the hydrogen diffusion coefficient D, in-
creased from 1.39x107 cm?®+s™ to 2.23x1077 cm?*+s™". As the temperature of the hydrogen-filled solution increased, the hydro-
gen atoms could gain greater kinetic energy. At the same time, the hydrogen evolution reaction was more intense at higher
temperatures. When the temperature reached 75 °C, the hydrogen diffusion coefficient D.could reached 3.69%107 cm?+s™".
At high temperatures, the effect of hydrogen traps on hydrogen capture was greatly weakened, and the density of hydrogen
traps was significantly reduced.
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Table 1 Chemical composition of X90 pipeline steel (wt. %)

C Si Mn P S Cr Ni Nb
0.051 0259 1.709  0.005 0.002 0.034 0288 0.090
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Fig. 1 Microstructure of X90 pipeline steel
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Fig.2 Experimental device of dual-cell hydrogen permeation test
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Table 2 Parameters of hydrogen permeation tests

5 HEHE/(mA-em™)  HSO,HE/(mol-L™")  JREE/ C
1 10 0.5
2 15 0.5
3 20 0.5
25
4 25 0.5
5 25 0.1
6 25 0.2
7 25 0.5 50
8 25 0.5 75
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Table 3 Parameters of hydrogen permeation tests under different experimental conditions
No i o @ A D € Ny N, N
/(mA-ecm™) /(mol-L™") /(mA-em™) /(mol-cm™+s) /(em?s') /(mol-em®) /(mol-cm®) /(mol-cm™) /(mol-cm?)
1 10 0.5 25 1.85%107 2.44x107 1.19x1077 2.05%1073 7.346x107" 3.966x1072 6.950x107"
2 15 0.5 25 2.46x107™ 3.24x107° 1.52x107  2.14x107° 6.022x107"  3.259x107  5.696x107"
3 20 0.5 25 3.08x107* 4.07x107 1.77x1077 2.29%107 5.511x107"! 3.716x107 5.508x10""
4 25 0.5 25 4.10x107 5.41x107° 2.23x1077 2.43%107 4.651x107" 2.261x107* 4.648x107"
5 25 0.1 25 1.70x107* 2.24x107 1.39x1077 1.61x107° 4.938x107" 2.114x107? 4.727x107"
6 25 0.2 25 2.89x107 3.81x107° 1.86x1077 2.05x1073 4.711x10™ 2.943x107* 4.708x107"
7 25 0.5 50 4.99x107* 6.59%x107° 2.56x1077 2.57x107 4.267x107" 2.194x107* 4.265x107"
8 25 0.5 75 7.99x107* 1.06x107* 3.69x1077 2.86x107 3.304x107? 2.165x107* 3.302x107"
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Fig.3 Variation of hydrogen permeation curves with hydrogen charging current density
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