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Anodic Dissolution Behavior of Crack Tip Under Synergistic Effect
of Strain and Polarization
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Abstract: During the service life of metal materials, the tips of their surface cracks undergo local plastic
deformation preferentially under the influence of stress. Additionally, the combined effect of polarization leads
to significant differences in both corrosion behavior and corrosion rate between the crack tip and other zones.
This research employed a custom-designed in-situ loading platform, integrated with scanning vibrating Electrode
technology (SVET) and an electrochemical workstation, to thoroughly investigate the corrosion behavior at
the tips of 316L stainless steel cracks in acidic NaCl solutions. Key conclusions are drawn as follows: The
crack tip 1s a stress concentration zone where increased strain leads to the rupture of the passive film at the crack
tip and rapid localized anodic dissolution of the metal. When the metal is at open-circuit potential or at a low

anodic polarization potential, the newly exposed metal surface at the crack tip can rapidly passivate, causing
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the total current to briefly rise and then swiftly drop. At higher anodic polarization potentials, even if within

the passivation range of 3161 stainless steel, the newly exposed metal surface can’t repassivate, resulting in

sustained anodic dissolution at localized crack tips. Above the pitting potential, not only do pitting corrosion

occur on the 3161 surface, but the newly exposed metal surfaces due to strain also fail to repassivate, making

both the crack tips and pitting sites continual zones of anodic dissolution on the sample surface.
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Tab. 1 Chemical composition of 316L stainless steel

i Ni Cr Fe Mn

N Si C Mo P

L % 12.2 17.9 66.2 0.88

0.068 0.31 0.016 2.4 0.019
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Fig.2 Finite element mesh of tensile samples with SCC cracks
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Fig.3 Photo of the SVET with a stretching device and three-

electrode system, and the design drawing of the in-situ stretching
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Tab. 2 Test condition of each EC-SVET step

R RARAL/mV BRI/ Y TEINBEAS / 6
1 —8 0.88 2.42
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3 250 11.89 13.88
4 450 13.88 19.38
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Fig. 5 The SEM analysis results of the SCC crack before EC-
SVET test

2.2 BgAHINAMETHH

P 6 Ca) AR A YL 0 A RS F AR 235
A, B 6(b) FE 6Cc) 43l & R B i g g FLN
AR AT AR SRR, b ) 9 B MPa



CEVEE 214 1)

JO7 A8 AR A B[R] A T 2R s BB R A T D CE R 45D 251

HIPE 6 RT LU Y, 250 R i i 0. 2896 4 1 78

I, S v L] 8 A4 R T AN AR AR R, AL
2 Uit Fie KV 73K 483 MPa, i % F 3zt 1§ 4 S0 4R i
(4 X IR 2L E 225K TF R ERALIE J JLF- 2 0 MPa.,
AT TR F A BR 1, ax B UE 0. 2804 Y I
AR, EJR AT LAB SE 1Y R SE RN AE | SRR Vi
AT 3 /T A A v A DX

Ca) FERR L) 53413 P

(b) SR 1 5347 1]

(e ZREL 3 AL I3 Afi 4]
V6 i S SR B B 1o 78 53 A 1]

Fig. 6 Stress and strain distribution map for the sample and the

crack tip
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test results at a polarization potential of 450 mV for the strained sample

B 11 HEARZE SR EC-SVET 5L Jm R I RS
SURBTRRIESS R . K 11 s, Ha A —
AUBT, A E 5 10Ce) TS ime S 3.
AURBTAIE SN 11 Fis, HIBHRARN, 3

TR B S AT JE D=9, O FLAE e & 8 T IR AR
ANEM Iy . Kz s T Je 22 it T EDS fig
TS, ZERANE 11C0) fin. B 1100 B, %k
JREEHILE O, S, Si. Cu, Ca Fl Mn, [H Al



RS 214 1D I A8 AR A P TR 20 s B A AT D0 CE R 5D 255

I ZR IR MnS | SiO,, Cu,0 Fl CaO WIRE
Wy TR T A P LA S O 4 T2

RAWGIER , AR TN S A G SE AT
TEI F) 428 B2 5 Pl 1 A ) 8 22—

VR TS

-~

SFEv—

(a) PR AR IR ) SEM I (b) xRy SEM MEA

2 800
&l St JFETASH% TR BETAS%
C 0 38.63 Cr 04.39
2100 A 5 Si 07.83 Mn 01.02
p 03.78 Fe 04.50
?f 1400 H S 02.41 Ni 04.52
28 cl 17.33 Cu 14.68
00 Ca 00.91
Ca & Mn Fe

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 88

[ -4=X

fem/keV
(o) AN ICE K EDS RETE 417

P11 EC-SVET Se8 it ah i fIeAk i) SEM AL
Fig. 11  The SEM analysis results of the SCC crack and the pitting hole after EC-SVET test

3 & it

ACH EBTETE T SVET B9 JE AL i 2%
&, JF¥H S SVET A fb =% TAE S BEA
WFE T Mtk NaClLIE ) (pH=4) 1, 3161 RN
A 24 SCE N 7 AR Ak 3 [R)VE FH T Ay BE B 37 fie
170, 1338 T LU 458

1) ZGUARuf S N F7 FR AR FE A . T
LT, SIS, R ar g Ab Bl Ak AL e i 2 .
T 3161 AR A A o A s feik R, K
WM 2 ok %) A B % 1 2 7 R I ) P PR A A
SVET MIA S5 1 FHAR A - 1X

2) 4 3161 AN A4 2 1f kb T4l Ak i 457 X [R] Py
L AR AR Ak L7 AR IS, 24 804k B T 107 28 7 2
R M R M RE NS PO B Ak, f ik 2 TAR SIS B
DL AE 7 75 35 TR (] 202 SR 335 T - 20k oA A1 ) R
% o SVET 1£ 24804 3t Jo 1% 0 B A2 0 A7 1) BH %
VSR IX

3) 4 3161 A5 H4 2 i b T4l Ak Ha 457 X [ P
L PHAR AR Ak HEL A7 558 e s, 4 804k R T 0L 28 7 2
78 1) 2% R TV PR R Bl AL 5 385 0 A8 R s Je il £k
JECR 40, o fF 3% TR R VA i 5 AR o 28 T HL AL

PLIGE )T IR S M I 4 5 R BRI AE TR
R 1 PHAR 7 i IX

4) 4 3161 ANE5 9 2 TH AL T 3l A7 X ] 7Y
AF, B4 A8 AT SVET I A% & 2 i R4 & A= B
V8 R 1) DX Ay e DX B, 8T 7 A i B 2 v
1 DR TG 3 A i B A BH AR VA A A TR o

S Lk

[ 1]WANG R, ZHOU Q, DU X, et al. Crack mechanism
and experimental verification on straightening of
AZ31B magnesium alloy plate[J]. Scientific Reports,
2023,13(1): 9114.

[2]WUS, GAOZ, LIUY, et al. Effect of cathodic pro-
tection potential on stress corrosion susceptibility of
X80 steel[J]. Corrosion Science, 2023,218: 111184.

[ 3 ]ZHAO K, WANG B, XUE H, et al. Effect of mate-
rial inhomogeneity on the crack tip mechanical field and
SCC growth rate of 52M/316L dissimilar metal
welded joints [J]. Metals (Basel) , 2022, 12 (10) :
1683.

[ 4 JKUANG W, SONG M, FENG X. Insight into the
acceleration in oxidation kinetics ahead of stress corro-

sion crack of alloy 690 in simulated PWR primary water



256 b R A s CASRBREROD

2024 457 2 )

[J]. Corrosion Science, 2020,176: 108943.

[ 5 ]ZHANG X, WANG S, WANG X, et al. The stress
corrosion cracking behavior of N8O carbon steel under a
crevice in an acidic solution containing different concen-
trations of NaCl [J]. Corrosion Science, 2023, 216:
111068.

[ 6 ]GONG K, WU M, LIU X, et al. Nucleation and
propagation of stress corrosion cracks: Modeling by
cellular automata and finite element analysis[J]. Mate-
rials Today Communications, 2022,33: 104886.

[ 71LU Q, WANG L, XIN J, et al. Corrosion evolution
and stress corrosion cracking of E690 steel for marine
construction in artificial seawater under potentiostatic
anodic polarization [J]. Construction and Building
Materials, 2020,238: 117763.

[ 8 ]ZHU R, WANG J, ZHANG Z, et al. Stress corro-
sion cracking of fusion boundary for 3161./52M dissimi-
lar metal weld joints in borated and lithiated high tem-
perature water [J]. Corrosion Science, 2017, 120:
219-230.

[9]1ZHU M, DU C, LI X, et al. Effect of AC on stress
corrosion cracking behavior and mechanism of X80
pipeline steel in carbonate/bicarbonate solution [J].
Corrosion Science, 2014,87: 224-232.

[10] WAN H, SONG D, LIU Z, et al. Effect of alternat-
Ing current on stress corrosion cracking behavior and
mechanism of X80 pipeline steel in near-neutral solu-
tion[J]. Journal of Natural Gas Science and Engineer-
ing, 2017,38: 458-465.

[11]LI Y, YOU Y, LU X. Comparative study on the
crack growth behaviours of E690 steel and heat-
affected zone microstructures under cathodic potential
in artificial seawater based on mechano-electrochemical
effect at crack tip[J]. Corrosion Science, 2022, 198:
110103.

[12] KATONA R M, BURNS J T, SCHALLER R F, et

al. Insights from electrochemical crack tip modeling of

atmospheric stress corrosion cracking [J]. Corrosion
Science, 2022,209: 110756.

[13] GRANDY L, MAUZEROLL J. Localising the elec-
trochemistry of corrosion fatigue [J]. Current Opinion
in Colloid & Interface Science, 2022,61: 101628.

[14] TANG X, CHENG Y F. Quantitative characteriza-
tion by micro-electrochemical measurements of the syn-
ergism of hydrogen, stress and dissolution on near-
neutral pH stress corrosion cracking of pipelines [J].
Corrosion Science, 2011,53(9): 2927-2933.

[15] ZHANG G A, CHENG Y F. Micro-electrochemical
characterization of corrosion of pre-cracked X70 pipe-
line steel in a concentrated carbonate/bicarbonate solu-
tion[J]. Corrosion Science, 2010,52(3): 960-968.

[16] XU H, SUN D, YU H. Repassivation behavior of
316L stainless steel in borate buffer solution: Kinetics
analysis of anodic dissolution and film formation [J].
Applied Surface Science, 2015,357: 204-213.

[17] AHMEDABADI P M, KAIN V, AGRAWAL A.
Effect of plastic deformation on passivation characteris-
tics of type 304 stainless steel[J]. Journal of Materials
Engineering and Performance, 2019, 28 (11) : 7036-
7046.

[18] CHOIJ, KIM S, KANG Y, et al. Compositional evo-
lution of oxide inclusions in austenitic stainless steel
during continuous casting[J]. Steel Research Interna-
tional,, 2014,86(3): 284-292.

[19] JUNG I, DECTEROV S A, PELTON A D. Com-
puter applications of thermodynamic databases to inclu-
sion engineering [J]. ISIJ International, 2004, 44:
527-536.

[20] SUN Y, TAN X, LAN R, et al. Mechanisms of
inclusion-induced pitting of stainless steels: A review
[J]. Journal of Materials Science &. Technology,
2024,168: 143-156.



