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Abstract

This research investigated the corrosion behavior and impedance characteristics of L355 pipeline
steel base metal and welded joints in a strong acidic environment (0.5 mol/L H2SO04 + 0.2 g/L CH4N:S)
through electrochemical polarization curves and electrochemical impedance spectroscopy (EIS) test
methods, focusing on the effects of alternating current (AC) and direct current (DC) current interference
on their electrochemical properties. The results showed that the L355 pipeline steel base metal exhib-
ited superior corrosion resistance compared to the welded joint, AC current had minimal influence on
polarization mechanisms, while DC hydrogen charging significantly shifted the polarization curve neg-
atively and formed a passivation zone (AE = 150 mV), and the self-corrosion current density showed
that the corrosion resistance of the base metal (0.60 x 10-* A/cm?) was better than that of the welded
joint (5.46 x 10-5 A/cm?). EIS analysis revealed that the tolerable arc radius of the welded joint de-
creased after hydrogen charging (from 126.8 Q-cm? to 50.2 Q-cm?), and the charge transfer resistance
(Rt) under DC hydrogen charging conditions was significantly lower than that under AC hydrogen charg-
ing. The corrosion resistance of the welded joint was better than that of the base metal, but they are
more sensitive to hydrogen damage. DC hydrogen charging promoted hydrogen damage through ca-
thodic hydrogen evolution, whereas AC current affected the corrosion process mainly through dou-
ble-layer disturbance.
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Table 1. Chemical composition of L355 pipeline steel (wt%)
& 1. 1355 BB LT R (wi%)

TR C Mn Si P S Ni Cu
wit% 0.463 1.94 0.28 0.07 0.008 0.08 0.002
TLEHR Mo Al Ti Nb N Cr Fe
wit% 0.2 0.07 0.04 0.07 0.013 0.29 Balance
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Figure 1. Metallographic structure photos of the L355 pipeline steel base metal and welded joints: (a) Base metal; (b) Welded

joints
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Figure 2. Schematic diagram of welding dimensions
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Figure 3. Image quality maps of L355 pipeline steel base metal and welded joint: (a) Base metal; (b) Welded joints
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Figure 4. Grain orientation diagrams of L355 pipeline steel base metal and welded joints: (a) Base metal; (b) Welded joints
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Figure 5. Schematic diagram of the electrochemical corrosion experiment
B 5 BUAFEmEEREE

SR R AR AT T UARAGACEE, BN T 1.0 V BIHAL, HEHESE 3 08, DLVEBRARER T 6E
TR A . BEJS, WAFEEIRP IR E 1 1 N, RIS TR NS F AT R B F AL, R AT TG
PRI E . A AETT s LR BIRS G IRAS Ja » A BEREAT 5 82 1 S T BT AR A th Ze il AE T A
KT 1 mV/s FERHESR, J7 R E, S BaEEN-1~1.1 V.

3. SKEERR S
3.1. SEERMTR R P EUIR (L 2R

K 6 IR T L355 B ERANE SR M (0.5 mol/L HaSO4 + 0.2 g/L CH4NoS)H, £ KRBT A M 41
T, BERFEE B EAL(Ecorr = —0.45 V) T % Sk (Ecorr = —0.52 V), HLJ& il B0 255 B B AIG, 26 I G i
PRPESEOL, A HIZE AR IR IX, VBRI VE A B R AT & R

2

—

Potentia(V,SCE)
(=]
T

_ TTTY ERTEPETITTY BRI EETEPETTIT ETErTITT SRS R TIT R
1E-8 1E-7 1E-6 1E-5 1E-4 0.001 0.01 0.1 1

I(A-em™)

Figure 6. Polarization curves of the base metal and welded joints of L355 pipeline steel in a strongly acidic solution
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Figure 7. Polarization curves of L355 pipeline steel base metal under different hydrogen charging conditions in a strongly acidic
environment: (a) Different AC current densities; (b) Different DC current densities
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Figure 8. Polarization curves of L355 pipeline steel welded joints under different hydrogen charging conditions in a strongly
acidic environment: (a) Different AC current densities; (b) Different DC current densities
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Figure 9. Equivalent circuit of the impedance spectrum
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Figure 10. Nyquist curves of the base metal and welded joints of L355 pipeline steel in a strongly acidic environment
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Figure 11. Nyquist diagrams of L355 pipeline steel base metal under different hydrogen charging conditions in a strongly acidic
environment: (a) Under hydrogen charging with alternating current; (b) Under hydrogen charging with direct current
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Figure 12. Nyquist diagrams of L355 pipeline steel welded joints under different hydrogen charging conditions in a strongly acidic
environment: (a) Under hydrogen charging with alternating current; (b) Under hydrogen charging with direct current
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