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Local Corrosion Behavior of 3161 Stainless Steel Studied by Scanning
Electrochemical Microscope
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Abstract: The potentiodynamic polarization curve of 3161 stainless steel in NaCl solution was obtained by
electrochemical test, and the characteristic potential was determined. The local corrosion behavior of stainless steel
at different characteristic potentials in NaCl solution was studied by scanning electrochemical microscope. The
results show that after polarization at the open circuit potential (—0.1 V), no obvious electrochemical active point
was found in the surface scan image, and the substrate background current changed little, indicating good stability
of the passivation film. After polarization at the self corrosion potential (—51.2 mV), there was an electrochemical
active point in the surface scan image, but the peak current decreased and the substrate background current was
stable with a slight decrease. indicating the existence of self passivation behavior in stainless steel. After polarization
at a typical passivation potential (100 mV), the surface underwent continuous initiation and passivation of
metastable pitting; the background current of the substrate first decreased and then remained stable; the degree of
surface self passivation was higher. After polarization at the pitting potential (568 mV), steady-state pitting pits
appeared on the surface, and after polarization stopped, the pits were passivated; the substrate background current

decreased compared to that before polarization, indicating an enhanced stability of the passivation film in the non-pit areas.
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Table 1 Chemical composition of 316L stainless steel

JLHR C S S P Mn Ni Cr Mo Fe

JREEL/ % 0.02 0.92 0.005 0.025 1.42 12.95 17.86 2.79 4%

1 316L AFMKERSRHAR

Fig.1 As-soluted microstructure of 316L stainless steel
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Fig.2 Schematic of scanning electrochemical microscope working

principle
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Fig.3 Cyclic voltammetry curve of probe in 1 mmol.L™"' FeMeOH~+

1 mol-L™" NaCl solution
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Fig.4 Probe approaching curve (a) and line scan current curves under different spacings between probe top and stainless steel substrate
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Fig.5 Potentiodynamic polarization curve of 316L stainless steel in

1 mol.L™" NaCl solution
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Fig.6 SECM surface scan images of 316L stainless steel immersed in 1 mmol. L™ FcMeOH~+1 mol- L™ NaCl solution at open circuit

potential for different time intervals
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Fig.7 SECM surface scan images of 316L stainless steel immersed in 1 mmol.L ™" FeMeOH-+1 mol-L ™" NaCl solution at self corrosion

potential for different time intervals
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Fig.8 SECM surface scan images of 316L stainless steel immersed in 1 mmol.L ™" FcMeOH~+1 mol.L ™! NaCl solution at typical passivation

potential for different time intervals
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Fig.9 SECM surface scan images of 316L stainless steel before (a) and after (b) polarization in 1 mmol.L™" FeMeOH~+-1 mol- L™ NaCl

solution at pitting potential

2.3 AEREEFGHTHHLERRE S

B 10 W i, AEEE SRR, K 10 AT,
WA HL A AR IS ] 5 B0 A0 BSIR ZS Z T A7 — 2 1Y
M, TEIFEEHLL T, JEIR TS S B IR AR
KT AR N B F BT 3161 AN
EFFEBEAIF T 1 mmole L7 FeMeOH + 1 mol*
L' NaCl ¥ h 2 80 B4 i it 8 ik M fig . 1B CL
I AR —E FEEE L HI S5 T AN 0l A B i R
FH BRI Ry AR A R R FE & CL R, Blidk
JEH AR MnS e 224 5 CU kAR N 45 5
JI 7 s T LR T A T A% i DT H 3 SECM THT 41 4
PG v 0 DG (R 3L AR G ok R 7 R A Ak
Jo - FENRE S AR oA B R R AR i LAk
S VE LU R AR B Bk B RRE , BRI AR
SETEINGE . MR E AL L TR AR AR BRI S
MAEMALRIRT 3 h W RIRBERER, 3 h 5 A LRR AR
FE S UL IR B AN N 3R T Se itk 7E g

72

Pz —E R T R AT G » AN 5 40 3% 1 B A I
FR AR P — A i

L6y
g LA

12} M

Sz
g 081 A\\_«‘
£

04} ALY, AT
0 1 ! 1 ! ]
0 12 3 4 5 6
i8]/

10 FEBRUEZFHTERETSERINETLHE
Fig.10 Curves of substrate background current under different

polarization conditions

(1) 316L AEEMTE NaCl 79 T 04 3h i i i 4k
MR 2 A B B B TS AR X Bk X S e AR X, R



ML EH

II)_S‘L

A

S
&

:24
s

VL A TN BT BT 3161 RN B3R B 4RAT A

MATERIALS FOR MECHANICAL ENGINEERING

HRE %ﬁ?ﬁ%”j‘jﬁ%%'fﬁ (—0.1 V), E F%/L’EEEL{—L [6] LI X R, ZHANG Q H, MENG X Z, et al. Effect of
(—51.2 mV) \EH‘#A:U%¥4£ Eﬁ'fﬁ (100 mV) LJ &,'.J—C_"\fb’fﬂ EEL pretreatments on the hydrogen evolution kinetics of pure
. titanium using impedance and SECM technologies [ J .
ﬁL (568 mV). Corrosion Science,2021,191:109726.

(2) 316L AEEMAEIFHHLAL T T 1 mmol -1 [7] SIMOES A, BATTOCCHI D, TALLMAN D. et al
FeMeOH-+1 mol+ L ' NaCl ]”ﬁ' ?& EP *& ﬂQE s SECM Assessment of the corrosion protection of aluminium
EE%E{%@*E Eﬁ N B/\J EE/fJC%‘"{ﬁ’l‘/i"‘ ‘lf_:T\ . %Ff@ T;'f% substrates by a Mg-rich primer: EIS, SVET and SECM study
%%ﬁﬁ% , %m%%&ﬂ%%% , %E%@,{kﬂ%ﬁﬁﬁﬂﬂg [J]. Progress in Organic Coatings,2008,63(3) : 260-266.
FasE b 7 BB FRALIS A b () O TUTRNBIRIZA NP G IR R

e L S BB 2% LLAERRIEL D). BUM 71T K 2016,

- Eﬁ‘ﬂﬁ%{ﬁ HE).J—:T\ ’{giEmja{EEE‘{m‘lg%{E& ’%JEE H A EE‘ ZHOU Y R. Macro-micro electrochemical comparative study

?]ﬁi%\ EP%B% ’ ‘%%K%%ﬁﬁ El %@'fjﬁﬁ—}ﬂ‘j ’ %@’“ﬁﬂﬁ E/‘J on failure process of electrodeposited Ni metal coating and Ni-P

e ,Y{ﬁﬂ%@’f{ EE{TLT*&’HQE L ZE T H BT alloy coating[ D]. Hangzhou: Zhejiang University, 2016.

%'\?S,“J—i/fm E(qu%ﬁﬁﬁﬁz_lﬁ%%‘,ﬂ: , %Eﬁﬁ?% Eg‘\zﬁflﬁlg%,ﬂi& [9] XIADH,WANG J Q,WU Z,et al. Sensing corrosion within

E%T@iﬁ% i %‘:Zﬁ E %@ﬂﬁ%ﬁﬁ_{% v%@'f‘tﬂj‘% E"Ji%x%‘lﬁf an artificial defect in orAgamc coating using SECM[ J]. Sensors

. N s and Actuators B:Chemical,2019,280:235-242.

b AT AR o PR AFRRBELE 1107 g g i 2 O 22 0B DL

Jig e, T S BRAS S ST AR 1 S ARl i AR 2010,

1{,%}?@%"‘% %ﬁﬁﬁ*&’fkﬁﬁ%ﬁ?ﬁ%,%@%ﬂiﬁﬁiﬁ SHU M Y. Preparation of enamel coating from titanium

fmﬁ%@ﬂ:ﬂ%ﬁ@i%\ﬁlrijgio tailings and its corrosion electrochemical behavior [ D .

Shanghai: Shanghai University,2019.
S 3k [11] IZQUIERDO J, MARTIN-RUIZ L, FERNANDEZ-PEREZ B
M, et al. Scanning microelectrochemical characterization of

[1] ZHANG QH,LIXR,LIU P;et al. Quantitative study of the the effect of polarization on the localized corrosion of 304
kinetics of hydrogen evolution reaction on aluminum surface stainless steel in chloride solution [ J 1. Journal of
and the influence of chloride ion[]]. International Journal of Electroanalytical Chemistry,2014,728:148-157.

Hydrogen Energy, 2021, 46(80) : 39665 39674. [12] LISTER T E.PINHERO P J. The effect of localized electric
[2] 3L SECMRF 7075 5 At NaCl TG LA P 7 fields on the detection of dissolved sulfur species from type

HPFELDL. S LR, 2017. 304 stainless steel using scanning electrochemical microscopy

LIU Z W. Electrochemical corrosion behavior of SECM on [17. Electrochimica Acta, 2003,48(17) : 2371-2378.

7075 aluminum alloy in NaCl solution[ DJ. Ganzhou: Jiangxi C13] 24, B 5 L R 1 A B 0 (i A v o 6 B o e 2

University of Science and Technology,2017. BRI, 3 « LA A2, 2018,

[3] ZHANG QH,LIUP,ZHU Z ], et al. Quantitative analysis of LI T. Corrosion electrochemical study of medical high
the polarization behavior of iron in an aerated acidic solution nitrogen nickel-free austenitic stainless steel in simulated
using SECM[ ] . Electrochemistry Communications, 2018, 93 body fluid[DJ. Jinan: Shandong University, 2018,

LT [14] XUSIRL. SECM XF 7075 §8 4 4 NaCl WS WL AL 22 5 b
[4] INDIRA K, NISHIMURA T. SECM study of effect of FFNBRFEID. B IT P T A2, 2017,

chromium content on the localized corrosion behavior of low- LIU Z W. Electrochemical corrosion behavior of SECM on

alloy steels in chloride environment[ ] . Journal of Materials 7075 aluminum alloy in NaCl solution[ D]. Ganzhous Jiangxi

Engineering and Performance,ZO](?,ZS(lO) :415774170. University of Science and Technology2017.

[5] ASSERGHINE A, MEDVIDOVIC-KOSANOVIC M, NAGY (157 Fibk. ERaEZE B s R0 S LI K B 5E 717, Mkt
L. et al. In situ monitoring of the transpassivation and 41,2015, 29(23) : 79-85.
repassivation of the passive film on nitinol biomaterial by SHI L. ZHENG Z J» GAO Y. Mechanism and rescarch
scanning  electrochemical microscopy [J 1. Electrochemistry methods of pitting corrosion of stainless steels[ ]J]. Materials
Communications,2019,107:106539. Review.2015.29(23) : 79-85.

}yﬁv//;\slzf,; e i e A A e A s A N N i A N 2N N2 A N N A e N N i S S S ) /;\‘x\j&/’;v\,"//[\lf//l\i'&)ﬁx\j&;;\*\j’//;\ﬁ//;\SZ;\*JZ;\‘SZ;\Y:_/}

4 [2

R R R A R 1T A R R F) B IJE

AN a8 N N

N

N

73



