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jimmyim@kier.re.kr Abstract >> For the low-Pt electrodes for polymer electrolyte fuel cells (PEMFCs),

njung@cnu.ac.kr the optimization of ionomer content for anode catalyst layers was carried out. A
Received 8 October, 2019 commercial catalyst of 20 wt.% Pt/C was used instead of 50 wt.% Pt/C which is
Revised 20 November, 2019  commonly used for PEMFCs. The ionomer content varies from 0.6 to 1.2 based
Accepted 30 December, 2019 on ionomer to carbon ratio (I/C) and the catalyst layer is formed over the electro-

lyte by the ultrasonic spray process. Evaluation of the prepared MEA in the unit
cell showed that the optimal ionomer content of the air electrode was 0.8 on the
I/C basis, while the hydrogen electrode was optimal at the relatively high ion-
omer content of 1.0. In addition, a large difference in cell performance was ob-
served when the ionomer content of the hydrogen electrode was changed.
Increasing the ionomer content from 0.6 to 1.0 by I/C in a hydrogen electrode
with 0.05 mg/cm2 platinum loading resulted in more than double cell perform-
ance improvements on a 0.6 V. Through the analysis of various electrochemical
properties in the single cell, it was assumed that the change in ionomer content
of the hydrogen electrode affects the water flow between the hydrogen and air
electrodes bounded by the membrane in the cell, which affects the overall per-
formance of the cell. A more specific study will be carried out to understand the
water flow mechanism in the future, and this study will show that the opti-
mization process of hydrogen electrode can also be a very important cell design
variable for the low-Pt and high-performance MEA.
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Table 1. Specification of MEAs prepared with different I/C in
the cathode

Anode Cathode
Tonomer to Pt loading Ionomerto Ptloading ECSA
carbon . 2
’ (mgp *  carbonratio (mgp * (m”*
ratio cm"z) (1/C) cm'z) -1)
1C) &
0.4 46.8
0.6 60.1
0.8 0.135 0.05
0.8 74.5
1.0 72.2
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Table 2. Specification of MEAs prepared with different I/C in
the anode

Cathode Anode

Tonomer to
carbon ratio
I/C)

0.6
0.8
0.8 0.1 0.05

1.0

1.2

Tonomer to
carbon ratio

(1/C)

Pt loading
(mgp. * em”)

Pt loading
(mgp: * cm”)

Vol. 30, No. 6, December 2019

shieh TRl R] ol A= 71A ﬁ/‘EZ{GDL Sigracet”
10BC, SGL Carbon)& 9FZ=Lo] El}4] ARS8
th A e 80T, ASE 100%, tf7|ore] £dz
oA a8t 3715 =0l 3asHHA MEAYS
& 27390tk MEAS] B43LE 9isto] Al Hoke
04, 0.6, 0.8 V& H3A 7= AL vE2s91 2+
Aol 4] 22t 33, 28 10%, 284 fA5k0]
4A7E 52 BASE STt -V AdE5S open
circuit voltage (OCV)oJlA] 0.3 V 7}#] 10 mV/se] A7
252 AL Jlsly 24 E A2 e 2 A1)
dct. dRE F3E $4a9 279 GFe 747
0.35 Umin, 1.5 Umin o]gjt}. LVASS 24 o &
Al Ao A71eksE e s 2

mlo

d

O
_l

_1

H(electrochemical
impedance spectroscopy, EIS)& ARME-3}%ith HFR
e 9o duds 22 10°5x10° HzH ¢l
spol A ZAetele ol FEE ARE LVA
7} o} st dujgAa Ao Tt
FAAHFE A (cyclic voltammetry, CV)2 =74
th OV 23 9lste] BB sk 49
2 7¥z} 02 Umin, 1.0 I/mino]gjom, whe
OCV7} 0.14 V o]3l2 WolH3-S 39l &
Z3Y5kct o] AHLEE 50 mVs,
o1 0.01-1.2 VYTl CVEA 3 Z=20]
O LA 27 Bfo] EIS BEAos
EIS B4 1.0-2x10* Hz®H$]9] Ful4=of 4] *@‘3}
At S=A/A A EIS o] YRy oF2 no
48 Z}7F 1.0 Vmin, 0.35 Vmin®] o2 33}

FAARRS- A)5(hydrogen oxidation reaction,
HOR)S =43}%th. HOR-E OCVoA 0.2 V7IA|
50 mVso] £ Adsh S AR{ dUEE
A3,

Q.L' _10" O_u
{r o ~1N B\

i
AN
o ol 3o

oZiﬁ-‘-{O

>
¥ B
il
x o
oo oE flo

J[N' flo

o
o
——

o
AR

(0

Transactions of the Korean Hydrogen and New Energy Society <<



526 T2t HAHE ARFAIG 43 S50 0L 31t U3

3.1 37152 0| 2ol [HE MEA2| T7|stet

o £y
TEAANE AmAH o)A HORS| whe vh-g<:
T AvbdoR 37|30 ulsle] we uldere 9
Q= Ptk AAR ALS MEAS] 03 uigere 3

7139 25% Fzolth. o] Aol $aTe] HujS
A= 371500 vlste] Qb ©rh B AoA =
ol2 mFsle] F7FoA AutHoE AgEE
50 wt% W Fake] PYC Ful thalo] fraTofe]
ge-g st ZujSo FAS o) A= &Y
4 9l 20 wt% W O] PUC FuiS ARE-EHY
on o] ZujjoA] olelkem FF X3} ATE 5
Falrh 94, 20 wt.% PYC Zfjo] o] @ e ek
of W ool A7]51eHy AL AlmEal
2 A7)3k8 Bajo] golgt 37T o] HujS
Zg3lo] 11 A%5-S A RYIT Table 1042} o]
SAT2 46.4 wt.% Pt/C2}F 0.8 I/CQJ ol - &F
0 (.135 mg/em’2] W HXFS AU FolF
27129 &S 20 wt.%
PYC ZljS Al%s}% ol @t FakS IC 71F0
& 04-1.008 9)3t 4 259 MEAS A 23519tk
o] U;H 5'_7]:L iqu‘{_g] Hﬂ—j- E‘r;(]El:O g‘g]Z:XJQ_i
SaTollo] 28-S 13lo] 0.05 mglem’o] S
= GxFo 2 24t oA Axd AU
25 cm’e] MEA: 14| AIRHE @A oA 100%
A&SE 0] HyAIrS 23 HA 80Ce] Al 2%o
A LV 452 skl
Fig. 1(a)0]] =AIE oA S4 A 5o Alw

B, 3715 Eulj0] o] e glefo] 715t o}
2h A o] FRIFoR Frtste] VC7} 0.8Y T
7P 945 A5S Holw, 1 olw IC IOOM%

£5174 4 4ol th ks 13
=
[e)

fl

ru9 ol

—-

R

PYCO| M= T/C 7]22] 24 o] 2t ?E 7l+«l
50 wt.% PYCF 2 Apo]7F glo] Helrk Fig. 1(b)o

> SRAAUMO|LIX/3tE] =27

Ao} o] 1AF oA olQien| Fleko] wE

A A A= AmHy] oske] TAE 0.8 Alem’

ofl4o] 4 A% FAANE oleit s Ao 2

t]ré‘%q E3E Aol %

Ak YU 7
o]

223 B4 9J5te] 43
N 3715 ZojZ] of

o Ao Aol 7
AFO 2 T/C 0.89|4 A
o] 910] ghefol u}

JZ:‘I

gm ol Z7Hatol

axdto] A At FUE

o A AaRE BelzTh o]l
[e)

o 7]%16]"‘ o= JJ"’/]'E]E} 27 o|eim e

OO R o]@tn] GFS F71 B9 o] o]
o SHAGOR Astol 03]e] Bt Fukse] A
U Ao S0 wakn o

olelet] gfo] A Adeol F=

1.0 ——0.30
0.9 —m—1/C_1.0 |1
—e—1c 038 {0.25
0.8 ﬂ —A—1/C_0.6 |]
< 07 —v—1C_0.4 |]
b o6 \‘\ 4020 T
o 0. P
gos v 0155
O 04
> 03 010 3
© ) -
© 92 gy == {005
0.1

0.0
00 02 04 06 08 1.0 1.2 1.4 1.6 1.8
Current density (A - cm?)

(@

o
o

0.060

—m— Cell Voltage @0.8 Alcm’
—e— HFR @0.8 Alcm®

e
3

n 40.055

o
o

LW - T) YdH

40.050

o
»

Cell Voltage (V)
o
3.}

o
w

0.045
0.4 0.6 0.8 1.0

Ic
(b)
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