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Abstract: In this study, the performance characteristics of a polymer electrolyte membrane fuel cell (PEMFC) were
investigated at low operating temperatures under steady-state and dynamic conditions. The performance of the PEMFC
was analyzed according to the external humidifying rate and air stoichiometry. The ohmic resistance was also
investigated using EIS tests. At the operating temperature of 35 °C, voltage fluctuation occurred to a greater degree
compared to that at 45 °C. Therefore, it was found that the air stoichiometry should be higher than 2.5 for the stable
operation of the fuel cell. In addition, the relative humidity of the reactant gases should be higher than 60 to reduce the

ohmic resistance.
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Fig. 4 Polarization curves with stoichiometry at operating
temperatures of (a) 35°C and (b) 45°C

0.1 T T T T
Operating temperature
c —H&— T=35°C
.% —A— T=45°C
Z  0.01
©
2
©
©
c
]
(2]
S 0.001
S
S
Relative humidity = 100%
H, stoichiometry=1.5
— 2
0.0001 Current density = 0.6 Alcm . .

1.5 25 3.5 45
Air stoichiometry

Fig. 5 Standard deviation of voltage with stoichiometry

E 9 Ao W3zleE AFEE 65°C oA AA
el th ZHEet 35°C 2 E B4 &n

o138 o] ALy} Bukalx| ¢ko} ¢ul Hao] 7|
vebkow, A ert kst wet 9w Ag)



He A% BAFAA wRA AH A

7 : : : :
Operating temperature
6 —A— T=35°C
—6— T=45°C
—&— T=65°C
5 . 4

Ohmic resistance [mQ]

Stoichiometry = (Air) 2.5, (H,) 1.5

2 Current density = 0.6 Alcm? ) ) (a)
40 60 80 100
Relative humidity [%]
12 T T T T

1t 9___9/9//@ 1

10k Operating temperature |
—&— T=35°C
—6— T=45°C

9t —B8— T=65°C 1

5 5=

Mass transport resistance [mQ]

gl J
Stoichiometry = (Air) 2.5, (H,) 1.5
7 Current density = 0.6 A/cm2 ) \ (b)
40 60 80 100

Relative humidity [%]

Fig. 6 Resistance variation with operating temperature
and relative humidity: (a) ohmic resistance (b)
mass transport resistance

0.00 qummmmm=» Stoichiometry = (Air) 2.5, (H,) 1.5 .
Relative humidity = 100%
- 2
002 L Load change = 0.3 - 0.6 A/lcm )
= Operating temperature
= o T=35°C
©-0.04 ¢ v T=45°C
©
o o T=65°C
(=)
=
= 006 f
>
-0.08 -
(0]
-0.10 L L L L L
0 30 60 90 120 150
Time [s]
Fig. 7 Transient response of a PEMFC with operating
temperatures

o] sty AFLE 65°C Aol o
bogEAu Be eEm ad Yy =
= 2

L G B e L

dzAA e ool tgt A

A AT 691

i

Stoichiometry = (Air) 2.5, (H,) 1.5 Relative humidity

_ 2 —A— RH=40% 1
Load change = 0.3 - 0.6 A/cm 5 RH=100%

——o

60 1

Stabilization time [s]

40 1

L L L

35 45 65

Operating temperature [°C]

Fig. 8 Stabilization time with operating temperature and
relative humidity

e 9l
WHetE e, Aok W)
oA S-S 71 (voltage drop=0)2. & 2]
YeRglth ZHeE= 35°C, 45°C 2 65° &2
Ak WkSEo] AEEE 100%%E LAdow,
75 FaF5 SESENE 27 259 152
A3kt AFLES 03 Alem’ oA 0.6 Alem’ 2 A
SIAA AHS S A7 HRE STHHE
H(=0), A5 AES HA Hste] HH olFHaT
& /J(double-charge layer)ol] 2]3l] A]ZFo] X|ol uwje}
Zstol AA38l kst dAsixich olw) HFE
L oWst A5 HA A ATl HSte
ZFo] S 91t s¢(undershoot) O &2 A 2|5}t AHs& =
7} 35°C 4 Wl A5zl 0.019 V oA Ao ub]
45°C ¢} 65°C & woll== 242t 0.015 V ¢} 0.011 V &
sy oA HAe2mrl gadge] et
PEMFC Wj§-9] o] Ex 9 B3 ddgo| o}

e
rlo
>,
N
2
k)

a ™o

ol |0 i = ox
O f pE ol o

1 B



692 A - 3

A seol S7FskSi
Fig. 8 & W&& *LEH-S—E e
o= sk Al

E_Q_I:‘—

=9 ”EHQEE 40%9} 100%% 2
th 37 B Ao stetgERe dREE W
+ Fig. 7 oA 9] =13 Fdatth St st AR
AFLE HE 5 PEMFC Ay Hal Astel 2
o7} Arsee] 98.2% Wtk AX=d ZEe ARt
< H-st Atem Ao, A (1) ol
AR

¢ L) Vi 98 M)

under

o714, A see] A7)=

t=t

st
et ol gelHr)

AV

under

= I/ss - Vmin

~
N
~

shARl, A3 dHeolHE adE AMEE A
of w2 H<te] Wis(fluctuation) o2 13}
gk bt AZHS Febr] otk mEkA <
ol A1+= IBM A}2] SPSS Statistics 21 X~ & 713
&3t 3 A vdE 3ASHE ek <
s ALt
WS- &9 AdFErt 40%% A9, fs
°C oA 35°C & 723l ulgl oFAE A|7lo
oﬂ 37 28 34% 7Askqlvh. PEMFC ] AW
#A7 SN 7= Al e Hes W
2ba7b WRESHAl Ho] FujFol A A
o] ol F7ketAl At o, FAT FdE
e =7k 35°C 4 PEMFC W] <
o] A7] wjzel Wil HMEH 7h5ol
of mdsl=d Aee= Alzre] Fth A
252 7P 45°C 9} 65°C = Folyel wet IH
ol AA g3t Ajzto]l oA
57} 100%81 7 $-oll = ﬂEiE
-0l PEMFC u-o] &4
013 24 AYE ZV}E,

9} 45°C o] ®]aL 0}04 SH4d 3}
o}

oZi tlo & o >

N L
N

E

—

M o2 i B
LAQ_H
5

=
R

ol\
L
o oF

Ol ox Oh o (R oo Mz M r o i RS
ox
ox
=

£
rlo
H

4. &
oA E A2E Al A 5A
oAl mEA M A AdsHAA v EAS
WSRO AUl 7|5 3sttEn o] Wl
uel n#sYh 2 AFARE oo go] &

4 A8
gt 4= Ut
(D) AFEE 12 Ao’ & 7|F22 e &

65°C ©f W3} 34% 7HAFF o, ol FHF
Zastol ulgl PEMFC WH-¢] &4 o]
A3l o] AL} A3 7] wliEolt)
() &71= 38tk H| 7l 2.5 oA 45 = 713
o w}a‘r PEMFC 452 Z&&% 35°C 9} 45°C 9
Al R Z7skgdtl (0.4 V27, ek A &
7 & AFE2E7F 9 35°C 91 Aol A o
Efwitt ol W Ao 54 HdE9E %
ol2HEZ7} FHAshe] PEMFC W wHg-& vt
=] AA stettEr] STk wE A SF A
Al e Sk7] o)t

(3) 22w 35°C €1 7ol dubkA
2H] 249 250 = Aol A
dEEAY ol 2wt 7@
AdEo] FHAste] PEMFC W4-
= 57t AAasiely] "ot &
%
4

e

(e}

2
Orr‘

g

&4
2}
o

[e)

o 2 e o
it oo mw O

e}
H}EF O 2 PEMFC 7} 35°C oA =t
7)1 FErSENE duld %7

1t

|
7dg-oll &=
SHT A AAste]of sk
(4) PEMFC ©] 35°C el 4] Zbs Al Rkg-Eo] A
HFE7F 40%81 749 100%0l n]sle]l @ A go]
40% S7FekaL, S7F F& 45°C 9 65°C oA &
SART AA YEsETh o= 35°C oA s Al
- wkg-o] Eksbx] gfol AAIZMEFO R Qlgh o
a7t A7) witol . WPEW HP%
ol AUEES 60% ooz HAAstolol A
A F7kske AL WAE 4=
(5) EIS A3oA 21 A3lel] H]gte] A %
Aol AA yepETh I A E WSl
A A Aol F7k= wuEgiEd], ol&
AFEES 0.6 Alem® oA ZHsslo] we) Wi =
Aol Ao o] WASA] Zk7| wiEoltt.
6) FAFEHA MSEY] HFHEFET 40%Y
wl, 35°C oAl #% Al 65°C oA} Kt} +A3 A
ZHZ=3kGieh. o] PEMFC W§-¢ dd &
ol F7] o] AtAhTE FuTe] dgdE o
°of B4 A Aggo] #Aaselr] wiEo|th

o TIr o o 8 ol o

O{Nﬁr—u
Mo Lol

= 7|

rie

A= 2012 Ux 2 EdAtd 5o AlYe
2 gl 7= 7HA(KETEP)S] Al ¥ (No.
20124010203250)2F St A Ak A YPS wro}
T3 TAATAA LAY No. 2013068888)2] A



[NIRShe

r:(g
o
g
i
&
O(_l_l‘
rot
2
4
i)
N

ikal
kI
Mo
ok

(References)

(1) O’Hayre, R., Cha, S., Colella, W. and Prinz, F, B., “Fuel
Cell Fundamentals,” Wiley, p. 137.

(2) Song, C., Tang, Y., Zhang, J, L., Zhang, J., Wang, H.,
Shen, J., McDermid, S., Li, J. and Kozak, P., 2007, “PEM
Fuel Cell Reaction Kinetics in the Temperature Range of
23-120°C,” Electrochimica Acta, Vol. 52, pp. 2552~2561.

(3) Williamson, Z., Kim, D., Chun, D., Lee T. and Squibb. C.,
2011, “Experimental Evaluation of Cell Temperature
Effects on Miniature, Air-breating PEM Fuel Cells,”
Applied Thermal Engineering, Vol. 31, pp. 3761~3767.

(4) Cheddie, D. F. and Munroe, N. D. H., 2006, “Three
Dimensional Modeling of High Temperature PEM Fuel

AnAA ] Aol U AFH AT 693

Cells,” Journal of Power Sources, Vol. 160, pp. 215~223.

(5) Mert, S. O., Dincer, 1. and Ozcelik, Z., 2012,
“Performance Investigation of a Transportation PEM Fuel
Cell System,” International Journal of Hydrogen Energy,
Vol. 72, pp. 623~633.

(6) Lee, Y., Kim, B. and Kim, Y., 2009, “Effects of Self-
humidification on the Dynamic Behavior of Polymer
Electrolyte Fuel Cells,” International Journal of Hydrogen
Energy, Vol. 34, pp. 1999~2007.

(7) Tang, Y., Yuan, W., Pan, M., Li, Z., Chen, G. and Li, Y,,
2010, “Experimental Investigation of Dynamic
Performance and Transient Responses of a kW-class PEM
Fuel Cell Stack Under Various Load Changes,” Applied
Energy, Vol. 87, pp. 1410~1417.

(8) Barbir, F., 2005, PEM Fuel Cell : Theory and Practice,
Elsevier, pp. 58~121.



