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Tab. 1 Chemical composition of X70 pipeline steel

JOHR C Si Mn P S Cr

Ti Nb \% Ni Cu Mo Fe

B/ % 0.05 0.24 1.6 0.01 0.001 0.26

0.015 0.043 0.003 0.01 0.02 0.002 Ny
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Fig. 1 Change of open circuit corrosion potential of the samples with

and without hydrogen charging with time in 0. 03 mol/L NaHCO,+
0. 000 1 mol/L NaCl solution
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Fig. 2 Anodic polarization curves of hydrogen-charged samples
in 0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl solution under

0 T and 0. 4 T magnetic field
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Fig. 3 Surface morphology of hydrogen-charged samples after
polarization in 0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl
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Fig. 4 Current density-time curves of hydrogen-charged and
uncharged samples in 0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl
solution at —0. 2 V potentiostatic polarization under 0 T and 0.4 T

constant magnetic field conditions
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Fig. 5 Current density-time curves of hydrogen-charged samples in
0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl solution at —0.2 V
potentiostatic polarization under applying and removing

magnetic field

WK 6 Fin: A6 0 T g 0.4 T [EERIS &M F
—0.2 VIEHRAAA 1200 s J5.0 TG FRER
TRRE R T ) i P o A B 35T, AT R B B R 3
22 HRSFRE /NI i s DA R R STk B /b i
F R S AN B AT UL DR A IR R A X
;0 T #Ed T 50 &0aRE 2 1w ) B R S ik, 5 1
PR 2 A PHAR T e A HE BRBE AL IX ), 0.4 T Wi
T AR A TS AT 43 AT A U TR R
KV 1o WA H B0 350 o s s A » 7 o5l 22 [R] A7 AR
BifEIX ;0.4 T #idg T R dilE R E BB 0 T B
TR AR R 2P IR Tl s (22 A A TS PR AR XL JF HL
T AR K i) T A0 1 B0 S8 18 s o S 3 A X K
AN BRI R, FEER, —0.2 V ATER 2 ik
Ml 2 a5 b X AR AR TZ LA, T AR AR S F AR R o, 3
2 DR A A [R] A A 77 R Yo I A [] ) e R 3 TR 2
DR 7E 0 e 57 T A il 2 A 25 AN ERAE B A7 IX 7] H,
R B4 JE AT S A ] R 55 A [) RS X T F A AR Ak 1Y)
SR,

Kl 7 5K 8 A SR AL 0.8 V HLAL,
ANV 25 A0 1) R I8 2880 8- [i) 4% 5 S B Rl o7 4
F ML 2R itk IX . & 7 w0 FEfERa i
T AR FEEARE AL T Al A 1 78 SRR I H U %

. 'ag,“,‘,‘.g{.: .
a0 a8

(o) RREEIXH, 04T (d) S, 04 T
E6 0T50.4THESESRESIKET 0. 03 mol/L NaHCO; +
0.000 1 mol/L NaCl & —0.2 V {BEAIHAL 1 200 s ;5
FEFHR
Fig. 6 Surface morphology of hydrogen-charged and uncharged
samples after —0. 2 V potentiostatic polarization for 1 200 s
in 0. 10 mol/L 0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl
solution under 0 T (a,b) and 0.4 T (c,d) magnetic field
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Fig.7 Current density-time curves of hydrogen-charged and
uncharged samples in 0. 03 mol/L NaHCO;+0. 000 1 mol/L
NaCl solution at 0. 8 V potentiostatic polarization under
0 T and 0. 4 T magnetic field
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Fig. 8 Current density-time curves of hydrogen-charged samples in

0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl Solution at 0. 8 V
potentiostatic polarization under applying and removing

magnetic field
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Fig. 9 Current density-time curves of hydrogen-charged and
uncharged samples in 0. 03 mol/L NaHCO; +0. 000 1 mol/L NaCl
solution at 1. 25 V potentiostatic polarization under 0 T and 0.4 T

magnetic field
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Fig. 10 Current density-time curves of hydrogen-charged samples in
0. 03 mol/L NaHCO; +0. 000 1 mol/L NaCl Solution at 1, 25 V
potentiostatic polarization under applying and removing

magnetic field
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Fig. 11  Surface morphology of hydrogen-charged and uncharged
samples after 1. 25 V potentiostatic polarization for 1 200 s in
0. 03 mol/L NaHCO; +0. 000 1 mol/L NaCl solution under
0T (a, b) and 0.4 T (c, d) magnetic field
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Fig. 12 Current density-time curves of hydrogen-charged and
uncharged samples in 0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl
solution at 1.7 V potentiostatic polarization under 0 T and 0. 4 T
magnetic field
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Fig. 13 Current density-time curves of hydrogen-charged samples
in 0. 03 mol/L NaHCO,;+0. 000 1 mol/L NaCl solution at 1.7 V
potentiostatic polarization under applying and removing

magnetic field
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Fig. 14 Surface morphology of hydrogen-charged and uncharged
samples after 1.7 V potentiostatic polarization for 1 200 s in
0. 03 mol/L NaHCO;+0. 000 1 mol/L NaCl solution
under 0 T (a, b) and 0.4 T (¢, d) magnetic field
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Effects of Magnetic Field and Hydrogen on Anodic Reactions and Pitting of
Pipeline Steel in Weakly Caustic Solution
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(1. Institute of Materials, School of Materials Science and Engineering, Shanghai University, Shanghai. 200072, China;
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Abstract: The effects of magnetic field on the anodic dissolution rate and pitting corrosion of X70 pipeline steel with and
without pre-charged hydrogen in 0. 03 mol/L. NaHCO; +0. 000 1 mol/L NaCl solution were studied by electrochemical test and
surface morphology observation. The results show that in test solution, the open circuit potential of the non-hydrogen charged
X70 (non-H) sample was in the active dissolution zone of the potential-pH diagram. The open circuit potential of the hydrogen
charged X70 (H-X70) sample was about 20 mV more negative than that of non-H sample. After imposing a 0. 4 T magnetic
field, the peak current density significantly increased, and there was a significant positive shift in the transition potential of the
sudden drop after the peak current density, delaying the transition to the stable passive state. When potentiostatically polarized
in the active dissolution zone, a 0. 4 T magnetic field increased the current density of both the H-X70 electrode and non-H
electrode, resulting in obvious pitting corrosion on the surface and local accelerated dissolution on both sides in the horizontal
direction of the polarized H-X70 electrode. Applying a magnetic field during potentiostatic polarization in the passivation zone
generally increased the current density of H-X70 electrode.
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