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Abstract

This paper investigates the mechanisms of fatigue crack propagation in X80 high-grade pipeline
steel and its welded joints under alternating current (AC) and direct current (DC) interference in
hydrogen-containing environments. Low-cycle fatigue tests on single-edge-notched specimens were
conducted coupled with in-situ electrochemical hydrogen charging. The fracture morphology, crack
propagation paths, and microstructural evolution were systematically analyzed using scanning elec-
tron microscopy (SEM) and electron backscatter diffraction (EBSD). The results indicate that under
interference-free conditions, the welded joint exhibits superior fatigue performance compared to
the base metal due to its acicular ferrite microstructure, with cracks propagating intergranularly.
DC charging (5 mA/cm?) significantly accelerates crack growth, leading to brittle transgranular
fracture and a severe reduction in fatigue life. AC charging also degrades fatigue performance, but
to a lesser extent than DC. The damage mechanism under AC interference is a superposition of an-
odic dissolution and cathodic hydrogen charging, with both corrosion products and brittle features
observed on fracture surfaces. The cathodic hydrogen effect becomes more dominant with increas-
ing current density. This study elucidates the differential damage mechanisms under AC/DC inter-
ference, providing experimental basis for assessing the service safety of buried pipelines under
stray current interference.
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Table 1. Chemical composition of X80 pipeline steel (wt%)
= 1. X80 BLINIILERK 53 (wt%)

TR C Mn Si P S Ni Cu
wt% 0.463 1.94 0.28 0.07 0.008 0.08 0.002
TR Mo Al Ti Nb N Cr Fe
wt% 0.2 0.07 0.04 0.07 0.013 0.29 Balance

PRREREL R GTAW (B4 M SRR 315) 5 FCAW-S (B R4 25 g 2 iU B & T 2h%, &
N D1016 mm x 15.3 mm. PN 47 £3°00 VI, LR 1.0+ 0.5 mm, XA 3.5+
1.0 mm [14].
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Figure 1. Dimension drawing of fatigue crack growth specimen (mm)
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Figure 2. da/dN-AK curves of X80 pipeline steel base metal and welded
joint in air

2. X80 EHL N FIRIEIZLET [ HI da/dN-AK %%

P da/dN-AK HIZE I E 2L BUIXIREAT &N G, DISRAGBEM ARE5R A C m A Paris HIZRT7
FE, BARIUGEHE WA 2.

Table 2. Fitting data of Paris formula
%% 2. Paris ARXIUE BB

X 45 Paris ¥ % C Paris # # m Paris Hh £k 7 12
i8] 2.55% 107 1.36 da/dN =2.55 x 1076 (AK)!3¢
PRk 8.39 x 1078 2.25 da/dN = 8.39 x 1078 (AK)?%
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3.2. WEWTOMS

B34 H 7 S AU (SEM) S 25 5 b 27 1R RE A IR 134T 0082, 468 Rt 18] 3 P o BRI 1 S B gAY
[ AE AR BRWT 2L, AT WLIE IR B 0 e KB Sy @ 7 ) 2B LR 55 4. RIS, Wi DR Ai
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Figure 3. Fracture morphology of X80 pipeline steel specimens in air: (a) (b) base metal; (c) (d) welded joint (junction region
of weld zone and coarse-grained heat-affected zone (CGHAZ))
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Table 3. EDS elemental analysis on fracture surfaces of fatigue specimens of welded joint in air

3. BEESLAETSSPRRTIAAFRET O/ EDS TR

TLE wt% JLE wt%
C 4.86 Cr 0.12
N 1.31 Mn 1.67
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=
Al 0.06 Fe 90.28
Si 0.28 Ni 1.13
P 0.06 Cu 0.00
S 0.07 Nb 0.05
Ti 0.09 Mo 0.00
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Figure 4. da/dN-AK diagrams of X80 pipeline steel base metal under
different hydrogen charging conditions
4. FEIFZEEHT X80 ELNEF 18I da/dN-AK

Table 4. Fitting data of Paris equation for X80 pipeline steel base metal under different hydrogen charging conditions

£ 4. TEFREEHT X80 EL N AY Paris ARINESHIE

AT R Paris # % C Paris ¥ #l m Paris {1k )72
KA 2.55%x 1076 1.36 da/dN = 2.55 x 1076 (AK)!-3
LM FLE(S mA/cm?) 4.93 x 107 0.81 da/dN =4.93 x 1075 (AK)*8!
L FE(20 mA/cm?) 1.02 x 107 0.65 da/dN = 1.02 x 107* (AK)*65
B FEE (5 mA/cm?) 6.57 x 107 0.51 da/dN = 6.57 x 107* (AK)*5!

WHFE A REW] . ER 78 (DO e ™ 5, RV AE B A LR 3 (5 mA/em?) T, ELfLTEA M
SURIINGE T B ARSI RS &, Paris WAL C IR T 2~3 MR, W57 A B4k . MAZ
TR A(AC) IR RAT P BRI, AR FIRE BRAR 1 AR B 5T P RE,  (HIL SR L 58 T (R & it
R EIR A A SR B B 5 mA/em? BN 20 mA/em?, BRMIIZRE RE 1 —8 BT,
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Figure 5. da/dN-AK curves of X80 pipeline steel welded joints under different
hydrogen charging conditions

Bl 5. FRIFZESFEHT X80 Bk iRIFIEREKAY da/dN-AK [E

Table 5. Paris equation fitting data of X80 pipeline steel welded joints under different hydrogen charging conditions
5. TEIFZEEMT X80 BLIRIZHIELE Paris RXMAKIE

A Paris # % C Paris # #l m Paris {2k 2
RAA 8.39 x 1078 225 da/dN = 8.39 x 1078 (AK)>%
TR FE(S mA/em?) 4.04 x 107 0.99 da/dN = 4.04 x 1075 (AK)"*°
HIRFEEA(S mA/cm?) 3.73x 1074 0.51 da/dN = 3.73 x 107* (AK)S!
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Figure 6. Fracture morphology of X80 pipeline steel base metal under different hydrogen charging conditions:
(2) (b) uncharged; (c) (d) AC of 5 mA/cm?; () (f) AC of 20 mA/cm?; (g) (h) DC of 5 mA/cm?

6. REIFREFMT X80 BEL MM MIETIONIRE: () OARFES; (c) (d) SmA/em? 3Z3HE; (o) ()20
mA/em? 357 ; (g) (h) 5 mA/em? B

Table 6. EDS elemental analysis of corrosion products on fracture surfaces of base metal specimens after hydrogen charging
with 5 mA/cm? alternating current

6. BMTE 5 mA/cm? B3R IR T ST IR AFRT OB R M~ 498 EDS TR

TLE wt% at%
Fe 86.11 36.0
(0] 13.89 64.0
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Figure 7. Fracture morphology of welded joints of X80 pipeline steel (interface between weld zone and coarse-
grained heat-affected zone, CGHAZ) under different hydrogen charging conditions: (a) (b) without hydrogen charg-
ing; (c) (d) 5 mA/cm? alternating current; (¢) (f) 5 mA/cm? direct current

B 7. TRIFTEEHET X80 ELIMIEIEIEL(REX SHRAMX(CCGHAZ) X R XE) M OF5RE: (a)
OERFES; (c) (d) 5 mA/cm?3TR; (e) (f) SmA/cm? Bk
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Figure 8. Grain orientation and grain boundary distribution at crack tips of X80 pipeline steel base metal
under different hydrogen charging conditions: (a) (b) uncharged; (c) (d) 5 mA/cm? DC charging; (e) (f) 5
mA/cm? AC charging; (g) (h) 20 mA/cm? AC charging

8. FRIZEHMT X80 BELMEBM ALK ENENEAFRAFTHE: (a) (b) RFES; () d)5
mA/cm? HERERTEET; (e) () 5SmA/m? ASRERTET; (2) (h)20mA/cm? FIASRERFE T
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Figure 9. Grain orientation and grain boundary distribution at the crack tip of X80 pipeline steel welded joints
under different hydrogen charging conditions: (a) (b) uncharged; (c) (d) 5 mA/cm? DC; (e) (f) 5 mA/cm? AC
9. FEIFFEFMHT X80 BEL ML RLUR BRI ENEME T DE: () (b)) KFES; (¢)(d)
5mA/cm? Hift; (e) () 5 mA/cm? 337
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