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ABSTRACT: The work aims to investigate the effect of applied potentials on the pitting and repassivation behavior of 316L
austenitic stainless steel. Cyclic polarization, potentiostatic polarization and electrochemical impedance spectroscopy tests were

selected to study the effect of series potential and mixed potential on pitting sensitivity of 316L austenitic stainless steel. In
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addition, SEM and XPS were used to observe the pitting morphology and analyze the elemental concentration of passivation
film. At 60 C, the passive region of 316L austenitic stainless steel in saturated CO, and 10 g/L NaCl test solution was
—0.394~0.168 V, but when the potential was between —0.100~0.168 V, there was a certain current fluctuation, namely
metastable pitting zone. The current density of 316L stainless steel in passive region was very small, slightly increasing with the
increase of potential and the pit was not observed on the sample surface after polarization. However, the current density of 316L
austenitic stainless steel in metastable pitting region was high and obvious pitting appeared on the samples. In the mixed
polarization with potential from 0.1 V to —0.1 V, the current density droped sharply and eventually stabilized at a lower current
value. Meanwhile, the results of XPS showed that the Cr and Mo concentration increased with the potential transition, but the Fe
element was selectively dissolved in this condition. Cr and Mo are corrosion resistance elements, and the existence of the oxides
or hydroxides can promote the local repair of passivation film. Therefore, the surface of 316L stainless steel presents

repassivation behavior, the stability of the passivation film is enhanced and the corrosion resistance is improved with the
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transition to low potential.
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Tab.1 Chemical composition of 316L austenitic stainless steel
wt%

C Si Mn P S Cr Mo Ni Fe
0.022 047 1.07 0.024 0.001 18.5 2.13 11.0 Bal.
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Fig.1 Cyclic polarization curves of 316L austenitic stainless

steel in saturated CO, solutions containing 10 g/L NaCl at 60 C

2.2 fEEAIIRAL 2R

316L M [CARANGFEAAEAS [F A7 T 146 FL A AR 1k
MEAEE R WK 2 FoR o FEWALBIRIIR B B, ANIE HLA
ISR BN N R S e B = A
VLT P L FEL 22 e L | T T R ) A B R MG SR A —
FERAHCHE , &R PO %, O 5 WA PR A RO,
T B — JZ AR H A Al AL 200

TERLAL DXAR A, R I8 2 5 A A B ] ) B T
TR, 40 s FRRETE—MRAL. BOFERHEITE, A
[F] FL 57 T 4 L 3 2 B R/ MR R 0.2 V<=0.1 V<0.0 V,
I G AL DX AR AR RS, e 286 8 Bt A/ o R A7 %) - g T 34
o 7E N RRAS s b X AR IS, FL P28 BE AE 20 s J TG
ETFF, 3200 s Z )Rk EI R KME 1260 pA/em®, FE
JEI, LU B ARSI RS, R T AN
AR T AL R e 2e, JE R T Ak v AL, ik
BEF I B R T s G A K A S s A
¥, SECRRE SR,

TEIRA XAk, BT 1800 s( EPTE 0.1 V ALK ),
M2k s 5 RS S X — 2, i R LT E
800 pA/em’; 7EJ5 1800 s ( Bjitifin—0.1 V HAzHT ),
P B TV R, AR AEAE 1.0 pA/em® 247 o X1
AR 2 1 A B A b T ARG L N R B, ik
FERMAA T RIS, S0 % &R,



- 290 - *z m ¥ AR 2020 4F- 7 H
__ 1600 PR pa— R P r——02v

L1400 F & - 0.1V N 20F 01V

§ 1200} §200r oy § ~ oV

I5F - 0.1~—0.1V

S 1000} oy S 150 g o

2 800F ~ 01V Z z

£ 600f “ 0V g 100 g sf

3 I ~ 0.1V 3 S

g 400 - 01~0.1V 2 s0f g 0

E 2007 c g 5-st

&) oL . . . % i s O 0t . . . Q ) ) ) ) X

0 500 1000 1500 2000 2500 3000 3500 0 10 30 40 50 3180 3190 3200 3210 3220
/ t/s t/s

tls
a FL U BE- I T h 22

b BIHA Y BE Y HeL L BE- I R 22

c TR PR R -k (A 2%

e I N LR A R E U ERER R
Fig.2 Constant potential polarization curves at different potentials: a) current density versus time;
b) current density versus time in initial stage; c) current density versus time in stable stage
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rization potential condition; b) Nyquist diagram of metastable
pitting region at polarization potential condition
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Tab.2 Parameters of equivalent circuit

v R, O R, Or R¢ R L
/(Q-cm?) Yo/(Q om?-s™) n /(Q-em?) Yo/(@ " -om?-s™) 1y /(Q-em?)  /(Q-em?)  /AH-cm)

-0.2 1.72 3.56x107° 0.98 382 9.37x107° 0.70 3.57x10* — —

-0.1 3.29 8.05x107° 0.92 371 8.51x107° 0.61 3.05x10* — —
0.1 3.34 — — — 5.78x107° 0.91 213 3.38x10%  3.53x10°

0.1~—0.1 2.07 9.21x107° 0.70 378 3.56x107° 0.98 3.53x10* — —
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Fig.5 Pitting morphology at different applied potentials
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Tab.3 Elemental percent results of potential polarization in mixed region

Elemental percent of passive film/%

Potential No. Applied potential/V Time/s -
Cr Fe Ni Mo
Matrix 1# — — 18.47 68.41 10.98 2.12
01V 2# 0.1 1800 50.44 46.90 Not detected 2.65
3# -0.1 1800 55.85 44.14 Not detected 10.81
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Fig.7 Elemental percent of passivation film components of 316L
austenitic stainless steel under polarization in mixed zone
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