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In this investigation, electrochemical characteristics and damage behavior of 316L stainless steel polymer
electrolyte membrane fuel celPEMFC) were analyzed by potentiodynamic and potentiostatic tests in cath-
ode operating condition of PEMFC. As the result of potentiodynamic polarization test, range of passive
region was larger than range of active region. In the result of potentiostatic test, damage depth and width,
pit volume, and surface roughness were increased 1.57, 1.27, 2.48, and 1.34 times, respectively, at 1.2 V
compared to 0.6 V at 24 hours. Also, as a result of linear regression analysis of damage depth and width
graph, trend lines of damage depth and width according to applied potentials were 16.6 and 14.3 times
larger, respectively. This demonstrated that applied potential had a greater effect on pitting damage depth
of 316L stainless steel. The damage tendency values were 0.329 at 6 hours and 0.633 at 24 hours with
applied potentials, representing rapid growth in depth direction according to the test times and applied
potentials. Scanning electron microscopy images revealed that surface of specimen exhibited clear pitting

damage with test times and applied potentials, which was thought to be because a stable oxide film was
formed by Cr and Mo.

Keywords: PEMFEC, Metallic bipolar plate, 316L Stainless steel, Electrochemical characteristics, Corrosion

behavior

1.ME AZolM Aweb, nas B 1EES s A88A
2 A QY 23] A B AT ARES aLEAt

FHT ArdAE 7= 3HARE AY 197 daid ArdAe] Agsks S Ut A s
uAlgler FEREL 3Tt [1]. 53], +4 A83A shaL Qlvh ABA g3k flaide vl a8
t Ras) RS HSHOR WA 7] U oi@ BA side] Aesht. 53, draAe] Fo T
Arkshz Aotk o]gf st A AHA= AEA, & AFE F skl B2 A9 vl gelA] & vEs
7 Zeol 6 £ B a0k OIS 5 AAe SIE) [45), 2719 elee te 208
2 AR F 23A A AsdAE doRos 5t 5 (Graphite) == EAETAZ AZEHS o,
w2 kR ulE 9 Y Sy Sued BAL ok

"Corresponding author: ksj@mmu.ac.kr [6]. Z1EiA A w5 2AS ol 8 wElwel v #
NEF: AAA, AR 2 Aol S7kstal itk [7]. el AR 1A Qe

451



DONG-HO SHIN AND SEONG-JONG KIM

olehy, 13 T3 2 =5 Al T 316L AEQ
272 A7toln, Z1A14 sketA S54do)

=]
=

H,S0,8} HF7} &3+ 7ol 2= [9
7oA 316L AEI12] A7
WA 87k Aol 1w
B4R 2ol theket AE|Ql g Aol
A& A8l ke [10-12].

[e)

o=
Y. Yang e al-& H,80,9) 555 WG 3lo] 18z}

= dTeren, H,80,0 S5 S S AR

glopa B SRRl RSkl [13].
b, F71AQ AR 3161 AE|lE] Aol tigte] pH,
A2 JHA

:

< P e

A
=
4 A7) A el g JFE mAE
Atk [14]. 283l Kim ef alo] 3
Tol wEE @A dafjd dsdA e A F
T vt RET A9 G2 A% Ao] oF 1.

5y
o
oy
o
)
&
L
_O|L
38
o
oft
P
=]

15]. Y. Wang et al-> il
Rl SRS I e S B e R e s o R et e Sy
& el 3161 NEQIE Y] A el A=
P&l Hstel A7isketd Alds Fal A-silon,
b7t FR1EE B elA 3161 AHIRIF AT WA
dol o $rsivhs AdE vERT [16).

el R A ARAAE g A7) B
)

-

AG3H] dom, i Ao uje} & Fyio] M
o} wEhA AFHA] 55 BT AAQ] 316L AH|SL
27yl Fal el wix|= #E Al 9 Ak Wis)

3k

lo &

o] Jel At A5} Aot

 AFellME A A ARAA] S s
7oA 316L ~HIRIFAZFE] A7)318H4 543 &4
AsS A=t 788 w5 oA H-(United state
department of energy, US DOE)A 1743 A& AR
alom, Al A7E 9l ZHg ASke MR ako] A

APANBE FHAL.

Boodto] AR 316L AEIQIE AT 3l8hA 24
2 Table 1°] YEFSITE 2 AlEHL2 1em x 1em?
2712 Ad & 7hE Aldde] Felds ddsiele

Table 1. Chemical composition of 316L stainless steel

], o ZA] HZI-& ARGl RISt vREEE Al
AL AR o] g3to] # 600 7FA] T Anfsiod
ow, oMEN THTE MA F Iy d2TleN 1Y
B Az

316L ~HIRIZ|AZS] A7]|318H4] Ao rs 49
AR 2 AT S AT AEE A
H]= A A2 (FR/VCP, Biologicys ©]€-31%1 o, 3
A B AL gsieinh 3 WT Fa) Ale] 2 A
S 1em™F 80 wEAIZ oW, 7]FE A2 Ay
AgCl (sat. by KCl) A=<, o= 2em x2cem 27]2
W Z kS A5l th DOESIA A4 ek A8 Z70
2} 0.1 ppm HFll H,SO,E ©]§-3te] pH 302 k& 4
GNE Alxste] ARSI ek, w5 e oF
A S Fds] St AFE A A 0)E 3
BF ] EIpAFoH, AF Fol ARE TR
F-+(Bubbling)3F3iTh. 18]1 5809 L5 80°C
FAAZALE FAAETAIES 308 B A & A=
A9 7% <025 VellA 1.6 VAl 1.0 mV/se] FARSE
2 Tl wetk FALdE=Ae) MEAS T
+0.25V Mo Tafel 9)4H-& o]gato] F-21:91¢k
HAAFUES AFESISITh AN FAA TS AIFA]
ZF 6, 12, 2407 9 A8 9] 0.6, 09, 1.2VE HF
2 3%l 3089 st AlTkE TH - AR
1x 348 7ok AREEAFEE S S AlE
AlE A 9] wigre] wE 7]5EE] RS
H)wal7] 918k Origin pro 95 o]&-ste] 2} Wit
T ABIFAREATUE ofo] WA))g k=St
S AIE AR A A 9] W] W Y] shehy A
T wAE] flste] AALTAAE Al 53 A
Egke] $E DFIAIRKG, 12, 2447HO R tFe] 3
ks AEsith A3 T8 F FARAAYA
(Scanning electron microscope, SEM)Z} 3D &%75 #|°]
A du)gow & is B W 2SI

o~

.

el 8 L

ot

3 AP Y 2N

f

EA A AndA] T e Az ey
= 316L 2HIQlg]2Zel tiske] 0.1 ppm HFel|l H,SO,
= o83t pH 30% BHE g Aol Alg A3 Ul
28 A9 el mE ArisketA] AldE sl

Fig. 1 8l Table 2= A§ 581X 316L 2~ES1E]
27kl Aigt FAAETAIY Aioltt. R A

Cr Ni Mo Mn Si

P C N Al S Fe

316L 16.7 10.19 2.03 1.05 0.603 0.282

0.034 0.023 0.012 0.003 0.003 Bal.

452

CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.6, 2021



ELECTROCHEMICAL CHARACTERISTICS AND DAMAGE BEHAVIOR IN CATHODE OPERATING CONDITIONS OF 316L STAIN-
LESSSTEEL WITH TEST TIME AND APPLIED POTENTIAL IN METALLIC BIPOLAR PLATES FOR PEMFC

1.5

1.0

Potential, E/V vs. Ag/AgCl

0.5

210 2.5x107

15x10°

0.0 -

Current density, mA/cm’

Potential, E/V vs. Ag/AgCl

O—————0-O=0000]

4 3 2

10° 10 10 10
Current density, mA/cm’

Fig. 1. Potentiodynamic polarization curves of 316L
stainless steel in DOE standard solution

Table 2. Result of potentiodynamic polarization test

Data Value
Corrosion potential -0.325V
Corrosion current density 1.254 x 10° mA/cm?
Primary passivation potential -0.085V

Min. current density in range of passivity 4.681 x 10° mA/cm?
0.606 V
9.726 x 10° mA/cm?
9.083 x 10* mA/cm’
9.929 x 107 mA/cm?
1.402 x 10" mA/cm?
0.509 MPY

Pitting potential

Current density at pitting potential
Current density at 0.6 V (Ag/AgCl)
Current density at 0.9 V (Ag/AgCl)
Current density at 1.2 V (Ag/AgCl)

MPY for corrosion current density
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Fig. 2. Current density-time curves after potentiostatic
experiment with experimental times and applied potential
for 316L stainless steel in DOE standard solution
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applied potential for 316L stainless steel in DOE standard solution
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stainless steel in DOE standard solution
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Table 3. Damage tendency and corrosion rate calculation process for graph of applied potential - depth, width
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Table 4. Damage tendency and corrosion rate calculation process for graph of experimental time - depth, width

Time Applied Slope of trend line  Slope of trend line Damage mh
potential for damage depth for damage width tendency K

6h 0.370

12h 0.6V 0.148 0.373 0.397 0.262

24h 0.209

6h 0.432

12h 09V 0.189 0.462 0.409 0.264

24h 0.246
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Fig. 7. Pitting corrosion depth per unit of potential and time after potentiostatic experiment with experimental times and
applied potential for 316L stainless steel in DOE standard solution
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Fig. 8. Volume measurement of pitting corrosion after potentiostatic experiment for 316L stainless steel with test times and
applied potential in DOE standard solution
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Fig. 10. Analysis of depth histogram after potentiostatic experiment with experimental times and applied potential for 316L
stainless steel in DOE standard solution
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