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Abstract: Chemical reactions occurring in a PEMFC are dominated by the physical conditions and interface properties,
and the reactions are expressed in terms of impedance. The performance of a PEMFC can be simply diagnosed by
examining the impedance because impedance characteristics can be expressed by an equivalent electrical circuit. In this
study, the characteristics of a PEMFC are assessed using the AC impedance and various equivalent circuits such as a
simple equivalent circuit, equivalent circuit with a CPE, equivalent circuit with two RCs, and equivalent circuit with
two CPEs. It was found in this study that the characteristics of a PEMFC could be assessed using impedance and an
equivalent circuit, and the accuracy was highest for an equivalent circuit with two CPEs.
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Fig. 1 Cole-Cole plot
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Fig. 2 Various equivalent circuits
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Fig. 4 Schematic diagram of the experimental apparatus
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Table 1 Experimental conditions

Catalytic electrode Anode: 5x5 cm?2, 0.3mg Pt/cm?2

(Pttype FC) Cathode: 5x5 cm?, 0.3mg Pt/cm?
Operating pressure 1 bar
Operating temperature 40~90 °C
Frequency Range 10000 ~ 1 Hz

Fuel : 994 cm¥min
Flow rate (2an0=14, no-humid)
(Constant)

Air: 1958 cm¥min
(Acat=11, no-humid)

0.8 -— dry gas start

5\,

o
o
T

Operating Temperature :40 ~ 90 C
Current: 10 A [Constant )
Operating Pressure

Flow Rate : 1.0 bar [Constant ]
énode A=14 (994cc/min)

Voltage V [V]
o
N
T
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T
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10 15 20
Time t [min]
Fig. 5 Change of operating voltage with operating time
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Fig. 6 Curve fitting of Cole-Cole plot and measured AC
impedance(operating pressure & temperature: 1

bar, 70C)
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Table 2 Circuit constant in simple equivalent circuit

FC 718 57132 HE 901

Table 6 Error between experiment and curve fitting

Omin 3min 7min 11min 19min
Ry, Q | 0.0037 | 0.0080 | 0.0172 | 0.0198 | 0.0196
R, Q | 0.0067 | 0.0095 | 0.0196 | 0.0408 | 0.0423
C, F | 0.5476 | 0.2281 0.1950 | 0.2281 0.2262

Table 3 Circuit constant in equivalent circuit with CPE

Omin 3min 7min 11min 19min

Simple
0.0002 | 0.0011 0.0035 0.0069 | 0.0062
equivalent circuit

Equivalent circuit
with CPE

0.0002 | 0.0010 | 0.0028 0.0057 | 0.0050

Equivalent circuit

omin amin min 1 11min 1 1omin with two RCe | ©:0002 | 0:0005 | 0.0019 f 0.0028 | 0.0031
R, Q@ 0.0037 | 0.0080 | 0.0172 | 0.0198 | 0.0196 Equivalent circuit
_ 0.0001 | 0.0003 | 0.0006 | 0.0006 | 0.0011
R, @ 0.0067 | 0.0095 | 0.0196 | 0.0408 | 0.0423 with two CPE
T Fs"" | 0.6360 | 0.3770 | 0.4803 | 0.5072 | 0.5053
P 0.9755 | 0.9237 | 0.8552 | 0.8497 | 0.8479 0.05 1 15 T
1< Dry Gas Start s
c ! o
— . o = 0.04] ! 12§
Table 4 Circuit constant of equivalent circuit with two [N ! -
- (%)
RCs ¢ 0.03f 1 9 8
& 1 5
Omin 3min 7min_| 11min_| 19min x ! g
@©
S 0.02} 1 o 6 8
R, Q | 0.0002 | 0.0089 | 0.0169 | 0.0372 | 0.0384 5 . =
2 Ra - Ca 8
C, F | 43140 | 0.1437 | 0.2745 | 0.3443 | 0.3527 2 001} 1 - Re = Cc 3
@ 2 Rc
R, 0 | 0.0037 | 0.0080 | 0.0172 | 0.0198 | 0.0196 . %3’
0 = 0 o
R, Q | 0.0065 | 0.0035 | 0.0098 | 0.0279 | 0.0270 0 2 4 6 8 10 12 14 16 18 20 O
C, F | 05985 | 11.400 | 8.9370 | 7.4010 | 7.3650 Time £ [min]

Table 5 Circuit constant of equivalent circuit with two

CPEs

Omin 3min 7min 11min 19min
R, o | 0.0021 0.0097 | 0.0184 0.0460 0.0487
T, Fsk) 2.0790 0.5176 | 0.7716 0.8205 0.8228
P, -] 0.9780 0.8375 | 0.7431 0.7429 0.7456
R, Q| 0.0037 0.0080 | 0.0172 0.0198 0.0196
R, Q| 0.0051 0.0018 | 0.0185 0.0291 0.0295
T, Fs® 1.9820 9.1460 | 14.830 10.090 12.320
P, -] 0.9253 1.2580 | 0.8104 1.0100 0.9820

43 ARMX|Q J7|SX35H T
o 42 Hol uFe 7 57k R
IR PowiE AndA e 7sA sl #g
AGe AAEAT WA we Srtsze 7}
2AFe] Folo} kS Fig. 7 ¥ Table 2 o] YERATE
A7kl 74} &4 Rsol 9F Ret o] ko]l F7)ska

m

o~

e g A 4 olth =Y, cdl o @
Oﬂoi et AEe] glrh olZle Axw=vt
= }% of whe} wkgHA o] A (Cdl #HA)!VskaL,

[}

2 9lg] WA (Rer) o] TV Aow AT
?lﬁ}. CPE & u8d S7tga 7t Axle] An=
Fig. 8 ¥} Table 3 ©] YEFITE Rsol ¥ Ret &
d TS| 2 sAskA Albe] A et 3

Fig. 9 Change of resistance and double layer capacitance
of equivalent circuit with two RCs

0.05 > Dry gas stat 15 o
= Yy 1 %
= 0.04 {12 =
© 1<
X 0.03 49 &
o 4 3
S 0.02 -6 E
g S
» T ©
by o
8 0.01 13 w
4 o

<: 1 O
0 0

0 2 4 6 8 10 12 14 16 18 20
Time ¢t [min]

Fig. 10 Change of resistance and CPE parameter of

equivalent circuit with two CPEs

=7}st
otk @,

CPE A4 T & #aste 31E& &<
CPE A P & Ax7l 1a¥
o}

|
et 1 Bk 3 AopA]= Blo] G o]
A2 HY AR ATRS} A d5xEEe =
e Aol WAst AE7F ofstE i S ¢
F Atk o] E713 R o] &8O FE Table 6 9
¥AISE AE AT curve fitting A7 T Adhes
A grlesitt.
2 Jhe] AABFE g S7F3R S AIE Fig.

S 9 ks QAT AselF AYR A7)

9 S Table 4 o UEhdch ¥ F7lE R olgow
F 3 %S Relsll A9% & A HAk

°H
o]



902
75 AHlel A= Ra<Re, Ca>Ce o] AIRE F7F 5
Ao+ Ra<Re, Ca<Cc = W3}l o2 HE
7hEed Aleh 2 ojkeE 53 Hlalste] A=
=] AE7E vlad Fesithes As AT}
oL N ThEEH Mk Aa= =)
Ao Q3] BEdk Az AE7A] =dehA e
-0 2 o] AZIT} 3 Table 6 ¢ curve fitting ©)
A= Y% gaste] A5 gl 238k itk
A Ero 2 2 Jje] CPE & 1Lel¥ 73 =9
A3E Fig. 10 3} Table 5 o YERATH & 2=
ARERFoRM o= 9l JfAE S0 Hslolw
At AdsxHe] Ead A, vl 8H-ol digh
ZAgto] 7H5 3tk Ra, Re, Re #hS A7+ 73}
A Srkstal = Aol FldEn ThEE
31

O I~
d
=0
— -

AN
AEfel A= Ra<Re, Ta>Tc, Pa=1, Pc#l %3,
7}5 AEjoll A= Ra>Re, Ta<Te, Pa=1, Pc#tl &
Hrh olggt 54& Hole AL ded 2 79
73 =

(R o2

NG4S XSt 543,  curve
fitting ¢ QA& B AFox mEI vE
T/l ERG PY AS 3E YERIUTH
o|ZHE 2 7|9 CPE & 1#3 S7I8|ZE o] &
oM AsA e SA4zIdo] 7tsd FoRE
Abs )
5. 2 2

T 7hE A stA dad s ASY T R
£ o]&ot] AudA 54 H7t R Xdde] #sh
ATE TS
-2 A 2HAA F 7ME 4o Thed 2%
v Ae~70TCslen, 1dgs 5] of
sle| &= FE 5Ty dad 7|l o=
&9 AstE AlmEh

2 7§¢] CPE &
glal|Mo] 7hestdlon A5 k3 7 SR
A3E BATH

- AxR FUbe ewA gRE fEsslon,
CPE A5 Wst=RE dA=30e & #dA 3
d3tdHlE 5T 5+ AT
oo RHEH duHzel FUIRE o] &%

AmndA 5497 H dspxido] 7beEs gl

doon, gt AndAe A LAxANA

972 AN A 8ol

ikl

P

Ao
ror

(1) Park, K., Ji, H. and Bae, J., 2006, “Study of
Operation Strategy for Hybrid PEM Fuel Cell and
Supercapacitor,” Trans. Of the KSME B, Vol. 30, No. 8,
pp. 756~763.

(2) Itagaki, 2005, “Analysis of Electrochemistry
Impedance Using Equivalent Circuit,” Toyo Co.,
Technical Seminar 2005.

(3) Gomadam, P. M. and Weidner, J. W., 2005, “Analysis
of Electrochemical Impedance Spectroscopy in Proton
Exchange Membrane Fuel Cells,” Int. J. Energy
Research, 2005, Vol. 29, pp. 1133~1151.

(4) Meland, A.-K., Bedeaux, D. and Kjelstrup, S., 2005,
“A  Gerischer Phase Element in the Impedance
Diagram of the Polymer Electrolyte Membrane Fuel
Cell Anode,” J. Phys. Chem. B 2005, Vol. 109(45), pp.
21380~21388.

(5) Kohei, L., et al., 2004, “Transient Response Analysis
of Polymer Electrolyte Fuel Cell Considering
Equivalent Electric Circuit and Mass Conservation,”
IEEJ Transactions on Power and Energy, Vol. 124, No.
3, pp. 485~495.

(6) Matsushita Electric Industrial Co., Ltd., 2002,
“Development Project of PEMFC System,” NEDO
Annual Report 2002, pp. 21~29.

(7) Itagaki, et al, 2004, “Curve Fitting Method of
Impedance,” Electrochemical and Physical Chemistry,
Vol. 72, No. 08, pp. 550~556.

(8) Oh, G. H, K Lee,.-J.,, Nam, J. H. and Kim, C.-J.,
2009, “Computational Fluid Dynamics Study on
Performance Variation of PEMFC with Serpentine
Flow Fields According to Humidity Condition,” Trans.
Of the KSME B, Vol. 33, No. 8, pp. 604~612.

(9) Lee, D.-r. and Bae, J., 2006, “Study for the effect of
inlet humidity condition from PEMFC simulation,”
Proceedings of the KSME Spring Annual Meeting, Jun.
2006, pp. 1777~1782.

(10) Kim, H.-i., Nam, J. H., Shin, D., Chung, T.-Y. and
Kim, Y.-G., 2009, “Experimental and Numerical
Assessment of Liquid Water Exhaust Performance of
Flow Channels in PEM Fuel Cells,” Trans. Of the
KSME B, Vol. 33, No. 2, pp. 85~92.

(11) Toshiba International Fuel Cells Co., 2002,
“Development of High Power and Long Life Cycle,”
NEDO Annual Report 2002, pp. 53~78, 88~96,
102~111, 116~131.



