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A Performance Study on the Optimum Operating
Conditions of 10W PEMFC

Gu-young Hwang bo

Department of Mechanical Engineering, Graduate School

Pukyong National University

Abstract

Recently energy crisis and environmental problems have been raised as
the important problem :for future human society. Korea .has also entered

activity on the alternative-energy. as a_member of ‘the-G20.

In 1970th, alternative energy was just used on the meaning that could be
substituted for fossil fuel. But alternative energy has signified as Clean
Energy of Renewable Energy, New Energy, Green Energy and so on
because of environmental pollution by use of fossil fuel and atomic energy
after 1980. From 1997, alternative energy has been developing by Law for
Promoting the Dissemination of New and Renewable Energy and it was

separated into 8 Renewable Energies (Solar, Photovoltaic, Biomass, Wind



Power, Small Hydro Power, Geothermy, Ocean Energy, Waste Energy) and

3 New Energies(Fuel Cell, Coal Liquefied Gas, Hydrogen Energy).

Among them, fuel cell will be the role of a new breakthrough in the field
of new and renewable energy. Especially, PEMFC(Proton Exchange
Membrane Fuel Cell) is most frequently used fuel cell due to its drive that
can be used in low temperature condition. But it doesn’t have definite
drive condition of the stack. Therefore, its final price will be gone up
because it can't turn.-out goods on a mass.  production basis. To

compensate the defect, variety of study will be necessary.

The purpose of this study i1s to find out basic materials for its
commercialization. As one means to this end, we had certified ideal
performance 'curve ' based on ratio of stoichiometry' on hydrogen and
oxygen. And also, we had analyzed optimum stack drive condition on the
PEMFC which has arsingle cell of 10W class .based .on the change of

temperature 50, 70, 80 and 60~ celsius degree.

In consequence, Ay =1.8, Ay, =1.5 and temperature 70C was the

optimum operating condition in this study.
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Nomenclature

A A oy A [k]/mol]
ey [k]/moll

o] A (96485[C1)
A9 [V]

A [A]

AFEE [Alcr]

A=}

o

olH 7t =& 4 (6.022 x 10°[ 2 =}/mol])
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2.2 PEMFCY 93¢ +x

2.2.1 PEMFC9 93

PEMFCE 49 A (F7DE A52 dto] @178 TN 7= d87X ]
w1 98 Fig.l¥ Z2th $£47F AnodeZ 22 E0]7}A Membraneol| <3|
o] Z3txo] HAtel olxo=® FHrt o] o] Membranes & ¥3lA
CathodeZ 2.2 o] E3tA T A= ol& FslA| Xata F=2 I8 dVE

S A7 o] WheE Tk o] uERd o Uk

Anode : 2H,—>+A4H " +4e- [2-1]

Cathode : O, +4e™ +4H —2H,0 [2-2]

Fuel O, from Air

Heat

Water

Catalyst

Ancode :H.,(g) — 2H* + 2e-
Cathode : 1/20,(g) + 2H* + 2e- — H,O(l)

Total : H,(g) + 1/20,(g) — H,O(l)

Fig. 1 Reaction system and inner structure of PEMFC
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2.2.2 PEMFC¢ +x
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Current collector

Cathode fuel inlet

Anode fuel inlat

Flow field channel block  ©as diffusion layer End plate

Fig. 2 Structure of PEMFC stack
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2.3 PEMFC¥| 7] &0]&

2.3.1 713 249 (0CV)

et 2o,

flo

PEMFC<®] 7]2-2<Ql Hdbkg-
1
H, + 9 O,—H,0 [2-3]

BSE A e BAE A2 Ao AZ HEhE,

AG = AHEAY G - 1gEA G [2-4]

°
il
o
2
ftlo

‘e gon GEW o3 2
Ag;= AR g~ RSB g [2-5]

2 23& 2 250 A7,
Agy=(g,) HyO— (g,) Hy —

(91) O, [2-6]

17]4 Ag,& Table 20] VERRT

_14_



— 1 . .
Table 2 Ag; of HQ+§OQHHQO reaction on various temperature

AAFE 29 4" | 2%[T] Ag,[kJ/mol
o} A 25 -237.2
o} 7] 80 -228.2
7h2~ 80 -226.1
72 100 -225.2
7p2 200 -220.4
7k 400 -210.3
7k 600 -199.6
7} 2 300 -188.6
AR 1000 -1774

o

of &=4o] glom RE F]Ae] AfoUxrt AEoz W}

2N 79 Az7) ¢F-2E 3. o, N2 olH7l=25 0l F= dgd

o452 1mol] Al @shO64s[CholTh. & M Aol ATt (S,
1602 x 107°[C]) o o, ~%l3le]-& 5 ofef ek

—2Ne= —2F  [C(Coulomb))
[2-7]

ES dsdxe Azt de o, AFdes a2 At wet PFaix=

[2-8]

_15_



[-41:1
12
N
sl
18
r\I
oo
©
A
=
N
N
ol
of
ol
)
N
N
2
e
rlo
o
i
i
rir
iy
>
1o
>

it

+
%0,
)

Ag= —2F+ E

[2-9]
o] 2 5]
_ Ay,
E="oF [2-10]

Example(80C ol A & 2}8f=

o =

E_ Ag, | 228.2 1,000, L8 [V]
2F 2 - 96485
o] 71 RAl FAo

Ao] A d 5/ x| o7 A F(EMF @ Electromotive force)
%

flo

7}

12

M8 =4 (0CV) S ThebiL

_16_



2.3.2 485" A9 System AA 7|z

e

7}

Au2A ofdlel @

gk 7=

=
=

SERET R

N
n

o
o

N
Ho

il

ok
N
Ho
o
o
olo

4
<

o

puze)

o
ol

2H, + 0,—2H,0

- 9] HEgol Al 2mole] F47F 1mole] 44

]

fiTe)
%/

=2 Imol3 4F ¢

S

A 2 ole] Axot o

il

Mo

Mo

Ho

VC

oy
e

ﬂnﬂo

R

g

X

ki3

A Azgel A g F

M, 06~0.7VE 714 4 gl

ol o

- Vb e

_17_



ol

§ a7le] AR} o) %
I e 1.602x1019C<}

I

°

!

bbol

°©

4FXx 0,

3}

ko)

]

bobel Ata Ao o

Fap(a A

A

S

°©

2]

1 =98] olR7LEE S 6.022x10237] 2] &)

ZARA] V, =0.65VE A&t
P10 A

u. st 3719 AL F
F

o

A

)
J=

o2 y

N

el
o
fife)

3

X

[2-11]

S A =

o

o o

=]

Al

(D7F =31, Aelsd
olt}. n 7 ¢

1

olm

bbeldael o e

[}
A8 P =V, XI Xn

o] &

)

2] 2-11° whs)shdd

o e

[2-12]

_18_



[2-13]

25g A

o

=

+o]
ka

°

$ 44

14 erhu

e Ak R 32x10-3
[kg/s] = 8.29%10-8 Pe /Vc

J|

4V o F

321077 « P,

kg/s® W7

REE

=

=

0,

mol/s
A, AR ZA 0.65V

-
5 ) 2
5o NN 0
: m | = ™
o 5 o o e
P& =, T p)
%P g L = o)) o °
HA_I ﬂwo .MG.u oM o 0 il
N 3 e = oF M oF at
Ho = . — S ~
ap 2 G y/ a3 NoE
W - my o Ho oF
&y 7 Al |~ S0 T e ol
| N X Jr o o
NI S B ot v
= Ju V ) %) ‘Q -~ (8} VC OW
& | o Ix AN N X Ho &
+f X S| < W X 9 o= 5
m B = < &
| N S | ! Ho = 90 X = m
: % | o Ko ~ X5
0l 1= N o = olo ! ~ | o oF
V X - ~ S o
B ) I o o 1 NI = e
= i3 o X X 03
-y o P N = o= o RO
T\ s 2 = = kW
INTEY o IR T M
Y a W e W o=
(TN LT g M B
N e 0 ) ,.lr . ~
45k g PEEE S o
[ ~ o Ho of b op
gl MM /mo Mo M.m o A — “X_.rﬁ N ROu
= oF o o A or B o
| O | |

_19_



B ft3/min)

5

e 1795&

Ho

7o) s revlel Fu[4 2-1419] Aol

2-13°1 ¢

Ho

Ny

A 24"

9

Al
ol

s},

T8

1, PEMFCol| A

Mo

%

E
=

ojth. 4 2-53 2-6

[kg/s]

V.

P
8.265¢ Tk Pe

P
= el To= > )\ X = —
3BT* 10 7

FTE5S

[2-15]

[kg/s]

e

Vc

P

=(3.57X10° "X A—8.29x10 %) x

& 5 AEF

gk,

S $4b

B
o)

N

0
X

K
o)

b

X

oltt.

2 2-113} 2-12¢ A4,

_20_



HQ ]“g‘aok:ﬁ, [mol/s] [2-16]
R A #E 2get
]_Q_Ek Pe
H2 o o — 2F « V; . F [mol/s} [2*17]
- Fa EAFE 202x107°kg/mol O] EE A ARG Th Zrt
aap 202X107F . B, ~ B
HA %= oV F =1.05x10"8x 7 [kg/s] [2-18]
- o] g2 sepdEolnt
- o] FAL FaE AR FE ARAANA T A& bt A
Ta/drt ek ERbad Al e =T
oh 29 A
- FadRdA g = TS AR Imolel HlE=E Fo] AdHT.
2 2-115 A&3d,
Pfﬂ
= A= SV e F [mol/s] [2-19]
Bo BahE2 18.02x10 °kg/mol o] B =
P€
=0 AR =9.34x10"" < o+ [kg/s] [2-20]

C
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Fig. 5 Definition of effective operating region
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Fig. 6 10W PEMFC

Table 3 Specification of 10W PEMFC stack

Membrane NR 212

GDL E-Tek
Number of cells 1

Area 25crr
Power 10W

Reactants hydrogen/air
Weight about 1.8kg

Dimension 6.5 cm (L) x 11 cm (W) x 11 cm (H)
Cooling required




MFC 1
Ha >< Vi % o
3 | Anode |
N2 ' - Cathde
Vet >
" MFC 2 %
Air ' . iﬁ;

Fig. 8 PEMFC test station
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r7oua | OKIKUSUN  coccrmonc toan PLZ70UA | | SIKIKUSON  cLccrronic Loao PLZ70UA

Fig. 9 Electric load(KA} PLZ-70UA)

Table 4 Measurement range and accuracy of the measurement

devices of the test facility

Measurement device Measurement range and accuracy

Current range: 0 A ~ 45 A

Accuracy : £0.2.% of full scale
Electric load

Voltage range ~0 V ~ 150 V
Accuracy : £0.2 % of full scale

<Anode>
Full scale : 1 L/min

Accuracy : 0.2 % of full scale
<Cathode>

Full scale : 5 L/min

Accuracy : 0.2 % of full scale
Range : -200C ~300C
Accuracy : 05 T

Mass flow controller

T-Type thermocouple
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Table 5 Operating conditions

Gas supply
N H, Air A
o
Condition . 43 gz . % 2; -{i_‘.:_
> | (£ /min) (C) (£ /min) ) (%)
casel 1 2.8
case2 | 1 0.12 60 15 4.4 60
case3 2 56
cased 1 2.8
caseb || 1.2 0.14 60 15 44 60
caseb 2 5.6
Changes | case7 1 2.8
in gas cased | 14 0.17 60 I'5 44 60
supply case9 2 56 100
hwahakya | casel0 1 2.8
ngronbi | casell | 16 | 0.19 60 | 15 44 60
casel? 2 56
casel3 1 2.8
casel4 | 1.8 0.21 60 o] 4.4 60
caselb 2 5.6
casel6 1 2.8
casel7-| 2 0:24 60 15 4.4 60
casel8 2 56
Changes | casel9 50 50
MBS ase20| 18| 021 | 0 | 15 | 44 70 | 100
temperature
caseZl 30 30
Reference
data case22 | 16 0.19 60 1.75 5 60 100
comparison
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