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Abstract — The performance of polymer electrolyte membrane fuel cells(PEMFC) has investigated by varying composition
of the electrodes which consist of catalyst and proton-conductive ionomer. Their performance appeared to be significantly
affected by the total amount and the distribution of the ionomer in the electrodes. The best performance was obtained when the
ionomer content was 1/3 of the total amount of the catalyst(by weight); but, 1/4 of the ionomer was inside the catalytic layer
and 3/4 at the interface between the catalytic layer and polymer electrolyte membrane. The performance of the electrodes was
also influenced by the preparation method of catalyst inks which were composed of solvent, catalyst powders and ionomer
solution, in such a manner that the so called “colloidal method” showed better results than did the conventional “solution
method”. The former method appeared to secure continuity of the ionomer network and also a higher porosity in the catalytic
layer, resulting in a higher proton conductivity and a less mass transfer resistance. The effect of preparation methesls was inv
tigated by employing the various electrochemical analysis techniques.
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Fig. 1. Effect of ionomer contents in the electrode on the cell perfor-
mance. Pt/C=20 wt%, solvent=IPA, H/O,=1/1 atm, and T=8C°C.
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Fig. 3. Cyclic voltammograms as a function of ionomer distribution in

the catalyst layer(scan rate 50 mV/s), Pt loading= 0.7 mg/én
20 wit% PtC, Ca./An. = NyH,, at 80°C and 1 atm.
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Table 1. Roughness factors of electrodes with Nafion distribution

lonomer distribution

in 0 1/12 1/6 1/4
on 1/3 1/4 1/6 1/12
Roughness factor 28.56 35.51 27.51 27.48

Fel o] st S S8 SuEel 71 5] tasste] @
/1A% QR T A Aol F/ksh] MR 202 B,

A9, oloien 8 B ARdY REaNe i 2 QA 2
ofub ehakaL, A718HeH WAL A s it o5
szlo] oz e S FuF BHe) XS 49 o]0
el AR FojE W BEHEN A2 o] Qirle] YEg
2 FYTOoH Fhole ADL Gl B AAES Yehiy] 1)
9l Aoz Helt},

3-2. M=ol ©XIE WF gkl st

dubg o 2 Aol GXH= W] o] BEHE A3 A5l &
718A At 28 Curtis S[111 Sue] o] F/1ErE Sn)Z9)
FAT FALA 9-g71AQ) Abae] Fate] ofEHYURA H T wEpA,
52 AY Ao TR Q8 Wt o] §-Fo] sopivia g vl 9l
o} wEpa] B dreals #HAe] Fulg FA wFiEs dokEy]
8] Aol @A E WFEe 0.1 mglerfeld 1 mglen®Zh<] WEkA A
o) e AXA S WelE ARt Fig. 45 W SX o] e
AR A% #slE UERd 02 400 mA/cnfeldte] v AW T o
Ao A= FHlEA Fo] F7FErE AR Fo] 57181%R 21, 400 mA/
en? ode] e AFAE ZANAME 0.1 mgleriol Al 0.4 mg/eniiA]

= Wgslake] Zvlele) wa) Aol FlE o), W 1.0 mg/
el e F4 3

=
oy p
g9
ot
[e3
S
3
3
Q
o
=8
o,
o
o,
i
i
i
Y,
2
0
Y
ot
o,
of¥
N
N
9‘L
N

—m— 0.1 mg-Pt/cm2
—@— 0.2 mg-Ptcm’
—A— 0.4 mg-Pticm’
—+— 0.7 mg-Pticm’

2

?, 0.8 —%— 1.0 mg-Pt/cm
I
5
46 07‘
[=3
S 06
0.5 ‘..
N
Sy
0.4- "

d T ¥ T T T 4 T T T T T T
0 200 400 600 800 1000 1200 1400
Current density (mA/cmz)

Fig. 4. Effect of the Pt loading on the cell performance. lonomer content
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Table 2. Physical properties of electrodes

Properties Pt/C-Nafion agglomerat€atalytic layer
Solvent size (nm) thicknesgm)
IPA avg. size 550 20

polydispersity 0.044
NBA avg. size 736 40
polydispersity 0.487
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Fig. 12. Distribution of platinum and sulfur on the cross section of the electrodes analysed by EPMA.
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Fig. 13. SEM photographs of the cross-sectional area of the MEAs.
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