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Effect of Potential on Corrosion Properties of
Polyaniline/Stainless Steel Bipolar Plates
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(College of Chemistry and Chemical Engineering, Shenyang Normal University, Shenyang 110034, China)
ABSTRACT: To improve corrosion resistance of the bipolar plates of proton exchange membrane fuel cell (PEMFC) at

operating conditions, PANI/316L SS bipolar plates were prepared by electro-polymerization of polyaniline (PANI) thin films on
316L stainless steel (SS) by cyclic voltammetry method using 1-ethyl-3-methyl imidazole ethyl sulfate (EMIES) ionic liquid as
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the polymeric electrolyte. SEM was used to observe the surface morphology, FTIR was used to analyze the structure of
functional groups, and XPS was used to analyze the element composition and bonding state. The potential of PANI/316L SS was
controlled at 0.5, 0.6 and 0.7 V (vs. SCE) respectively by constant potential method to simulate PEMFC cathode potential, and
the changes of open circuit potential, polarization curve and electrochemical impedance spectrum (EIS) after constant potential
polarization were measured. The results show that there are micro-cracks in PANI films. FTIR shows benzene ring, quinone
ring, S=0 and —COOH stretching vibrations. XPS indicates that PANI film contains C, N, O and S elements. The current
density of PANI/316L SS polarization curve fluctuates greatly in the passivation area. Nyquist plots of EIS are composed of high
frequency reactance arcs and low frequency straight lines. The radius of reactance arcs increases with the increase of
polarization potential. It is found that PANI shows intermediate oxidation state structure, both EMIES anion (CH;CH,SOy}) and
oxalic acid anion (HOOC-COQ") is doped in the PANI molecular chains. PANI/316L SS is in anodic polarization state under
PEMFC cathode working potential, and the potential has significant influence on corrosion resistance of PANI/316L SS,
PANI/316L SS shows good corrosion resistance at 0.6 V, and excessive oxidation of PANI occurs when the potential increases to

0.7 V, which results in de-doping of the “counter anion” and decreasing of conductivity and corrosion resistance of PANI/316L SS.

KEY WORDS: polyaniline; bipolar plate; ionic liquid; cyclic voltammetry; potential; corrosion resistance
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Fig.6 Surface morphology of PANI/316L SS and 316L SS before and after polarization at different potentials

=05V
* 06V
407V
v NEW

00000
:::AAA::::....
"sEsmmaaaaad

VYVVVVVVVVYVVYVYYVYY

0.8
0.7
0.6F o
2 iilse
805' .l...
77}
£ 04
53]
03
02+ vVvVVYVYY
0.1 L L
0 600

1200 1800 2400 3000 3600
Time/s
a PANI/316L SS

0.6 =05V
° 06V

0.5F 407V
Oooooooooo..oooo:oNPW

§0.4- AL,

5 4aa

%0.3' AAAAAA‘A“‘AA

14

Z

S0t
LI

0.1F ""sssssEmEmEmEmn
VYVVYVVYVYVYYVYVYYYYVYVYVYVYY

0 600 1200 1800 2400 3000 3600
Time/s
b 316L SS

€7 PANI/316L SS F1 316L SS fH HL{#fkJ5 ) OCP
Fig.7 OCP of PANI/316L SS and 316L SS after potentiostatic polarization

NI T AR AR IS, PANT SO 25 # % 2B AR (R

Bl 2 o biti 2 e R RO

€l 8b Sk 316L SS {HHL AL 4 h 51 3l HL A7 )
Tk, WAk il 26 B 43 S A7 A8 1 A -l Ak ad X
Wi Pl A7 T 1 i T A B X, Ak DX P H T R A

Fhae 0.5 VIREE A 2Rl d i 2 B AR, Blifb HLA X
475 0.6 V FI 0.7 V IR B9 440 HL I 2 R R /)N , Al
A7 X [R) 3 98, 2 BHAE FL 2 AR AR X 3161 SS 520 i
¥, BENWALE AL 3161 SS 1M A U 1Yl
fBRE, 5 SEM Wi 4E 5 —3



- 294 - *x m H O OAR 2021 4F 6
25 2.0
—05V
—06V
200 __o7v 1.5
> NEW
151 >
& gl.o
2 1.0} 7
N g 0.5
53] v 0.
0.5) .
ok 0
_0'5 1 1 1 1 1 1 1 — 1 1 1 1 1 1 1 1 1

-9 -8 -7 -6 -5 -4 -3 -2 -l
1g[J/(A - cm™?)]
a PANI/316L SS

“11 -10 9 -8 -7 -6 -5 -4 -3
1g[J/(A - cm™?)]
b 316L SS

-2 -1

K18 PANI/316L SS il 316L SS 15 B i i 1 5 Az 1k th 2%
Fig.8 Polarization curves of PANI/316L SS and 316L SS after potentiostatic polarization

316L SS Y& it L Yt % B2 L PANI/316L SS B§ /),
Al BEJ& H T 3161 SS 7 1H HL o Al fb i F8 rh e i A= i 1
— AR B AL S, BHAS T A o JER =i, (25
OB AFFE AR T S L o % SR B XU AR T T S H
PR FR ol P ) XU 3R, PANI/316L SS WAL IR
i 316L SS Hid& T FfE PEMFC B btk

2.4.4 BiLFEMRE
M A TE AT ALHET . 5 PANI/316L SS i FE Y
EIS, & ¥ Nyquist &l B =5 45 25 P alORIER A B2k P3R4

1000
60 .
of | ; .
wl BN » :
800 ol ; L a
200 %j \/ . B
({.'\ 104 i .
e 6001 [ .
g 10 0 20 40 60 80 100 120 140 a 4 0 5 V
<400 < 0.6V
N « 07V
+ NEW
200 —— Fitted curve of 0.5 V
—— Fitted curve of 0.6 V
ol —— Fitted curve of 0.7 V
. ) — Fitted curve of NIEW
0 500 1000 1500 2000
Z'N(Q - cm™)
a PANI/316L SSHNyquist/&l
20
_15F .
‘T'E .
Q
c 10F . .
'2 =05V
X . . « 06V
= S5F 407V
N + NEW
vy Fitted curve of 0.5 V
ok Fitted curve of 0.6 V
Fitted curve of 0.7 V
. . . Fitted curve (zf NEW
0 28 56 84

Z'/(x10° Q - cm?)
¢ 316L SSH/Nyquist/F

Al (K 9a), SHAFLMAYIRZHLL, PANI
WZ M EIRAPUIERAR /N, FEEH T PANI 40 F
FErP e R B o T PANT HoAg S,
HOOC-COO il CH;CH,SO, M 7 1E 4L 4u 5> T4 p
352408 PANT S pEE— 4R T Bl A 25
Yol AR N, BE AL AL TS, BPTRER g
WK, 0.7 VIREEAPUIEAR B Ko B B, Ut
BIAEBARHA T AT fE i fb )5, PANI/316L SS
P EA R S, BT m, HpHRE A, Sk

3.5F

3.0
N 251
80
=20

L5F

fodF

75F

-
50F

25F

1 1 1 1 1 1 1 1

1 2 3 4 5 6
log f

b PANI/316L SSHJBodels

—05V
—06V
—0.7V
——NEW

0 1 1 1 1 1

log f
d 316L SSf¥/Bode/&

K19 PANI/316L SS Fl 316L SS fr it ALl AL 5 Y i Ak 2 B BT 3%
Fig.9 EIS of PANI/316L SS and 316L SS after potentiostatic polarization



$50% ol

XGELE R+ VLA Xof SR TR M /AN 5 0 SR A A P R ) 532 i

+ 295 -

TR, 0.5 0.6 V FHT R A X B 45535 5C
A e M T 900, FBLH PANT (1% i 285 B0
0.7 V IR X 453 5 Sl i e f #3450,
FH Y BT TR Warburg BEHTERAE , 7] BE & HL (7 45
1o i PANT #4804k, e b ) S A A e 7 i e e AR
SEJRTA “XBHEF" M PANI 20 F4% b i 2 3 )
WY e i b fb H o S BRSSO  A 4B
7%, ffifs PANI HLBHIE K, mMiAEdrol-Faas K,
PANI/316L SS i F:f%) Bode K (& 9b) A 2 /it E]
FOEL, A X L B )R BT BER A TR Z LA,
AV sty XoF 7 19 EF 0] 5% 80 RT BB SR A 0L HRL 2 L 2 B
P sz LB 0.7 VR A R TR A R B S B A
Warburg BHTEFAER, Wl GES “XTFIES 7" A
A, 3161 SS fHHL AL 5 B Nyquist ElJEATE
AP E 9¢ ), BPTIl 42 KT PANI/316L SS,
XIFH T 316L SS HElIL A4 JE S L P G A= i) 1
FLBHLEE R, SRR, 3161 SS iXAEA Bode & (&
9d) EA 1 DEFHEIF L, TE o-logf M2k |- w4 vy 14 i
o “fie” SR R(RCo) LB BTGRP, 0.5~0.7 V
ANEHARER Bode B 22 514K,

10 & PANI/316L SS 1 316L SS 1A (145 5% i,
PRI, RNIETRHLFE, R NHLTTHH L, CPE,
Jo WL JE S, Ry N Warburg fH#T, CPE, NiZZH
7. IABIES T 1, 0T WL, PANI/316L SS £l 316L
SS PIRIMA R 1Y R BUE Y BEAR AL HR A7 A 3E I mi 3 K

x1

PANI/316L SS /KR 1Y R EUHEUN, 4 8.6~1003 Q,
0.7 Vil FERY Ry BUE I K, TTHESE PANI 1AL A
B2 AN i 2 S ORI A A B AR
fb, EH SRR, Kt PANT /776 /R EDY
316L SS ) R BX{E 153 10*~10° Q, 2t 7 T PANI/316L
SS TR, 1hd WA Bl Tk F 7 A 1) BH R AR B 1 19 [

KR BEAR T BB A 1) 3 FL P
CPE,
R, I I CPE,
—
e -
L
a PANI/316L SS(HiliA#E, 0.5V, 0.6 V)
CPE,
R, I I CPE,
e I S i
—L
b PANI/316L SS, 0.7 V
CPE,
| |
R, |
— R —
—
L
¢ 316L SS

1 10 PANI/316L SS il 316L SS 14 5 1 4544 i, i
Fig.10 Equivalent circuit of PANI/316L SS and 316L SS
system

PANI/316L SS #1 316L SS Nyquist B RI#l & #14E

Tab.1 Fitting data of PANI/316L SS and 316L SS Nyquist plots

Samples RJ(Q-cm?) CPE/(S“Q'em™®) o R/(Q-em®) CPE/S*Q " cm?) «a Wi-R W-T W;-P
NEW 14.58 8.69x107° 0.87 8.60 0.053 0.92
05V 13.39 2.89x107 0.94  14.63 0.139 0.86
PANI/316L SS S
0.6V 14.41 3.30x10" 0.93  82.90 0.043 0.59
0.7V 11.24 4.16x107 0.93 1003 0.004 033 8142 006 0.68
NEW 18.21 10.2x10°° 0.88  6.18x10*
05V 16.68 8.76x107° 0.73 9.73x10*
316L SS s 4
0.6V 18.39 7.67x10" 1.00  9.80x10
0.7V 10.70 437x107° 094  2.22x10°
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Tab.2 Ratio of N atom content to total N content in
different chemical states in PANI before and after
potentiostatic polarization

Samples —N'=/% —N'H—/% —NH—/%
New prepared 45.1 28.1 26.8
0.5V 47.6 21.1 31.3
0.6V 35.2 31.8 33.0
0.7V 34.1 30.4 35.5
3 #Hit

1) 7EZH)8H 0.5 mol/L i BfARI 1.5 mol/L %
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FAAEIR % 87 3161 SS JeiAk | A il PANT i, &
M TR A EL A ) AR A 2 1 34 5 B0 1 S i RS
Y1, B &A C. N, O fil S 4 0%, EMIES [HE F

( CH3CH,SO3 )M EL % [l 2 F( HOOC-COO™ )fE PANI
SRR RSB R
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