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Abstract — To develop a membrane electrode assembly (MEA) with lower Pt loading and higher performance in pro-
ton exchange membrane fuel cells (PEMFCs), it is an important research issue to understand interfacial structure of Pt/C
catalyst and ionomer and design the catalyst layer structure. In this study, we prepared short-side-chain Nafion-based
ionomer dispersion using propylene glycol (PG) as a solvent instead of water which is commonly used as a solvent for
commercially available ionomers. Cathode catalyst layers with different ionomer content from 20 to 35 wt% were pre-
pared using the ionomer dispersion for the fabrication of four different MEAs, and their fuel cell performance was eval-
uated. As the ionomer content increased to 35 wt%, the performance of the prepared MEAs increased proportionally,
unlike the commercially available water-based ionomer, which exhibited an optimum at about 25 wt%. Small size
micelles and slow evaporation of PG in the ionomer dispersion were effective in proton transfer by inducing the for-
mation of a uniformly structured catalyst layer, but the low oxygen permeability problem of the PG-based ionomer film
should be resolved to improve the MEA performance.
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2-1. PG 7[dt 0|2 SElH 4l 0| E&5t MEA M=
SolvayAF2] Aquivion PW79S (coarse powder, PFSA eq. wt. 790
g/mole SO;H, Sigma-Aldrichyg ]2 0] 2. =H 2] A= B2 = A}
G3I3ieh. 118 o] e o] 3 wi%Zt ¥ =% 50 mL A= el
2 Z=2HAZ2]F (Propylene glycol, C;HgO,, Sigma-Aldrich) §-
UHE 9] 100~120 °CollA 5AIZE F<F Wk A]7[HA 23] <]
/\1—_?_01]}\1 Al 01] »gx]— qu]_oﬂr/]. 13] &HHE_A E]—/\ _Aoﬂ 46.4
wt% o] 4kE PYC (TEC10ESOE, Tanaka Kikinzoku Kogyo
KK)E ARSIt 371 Sulls A2 S8l Hl€ PG 7|
REol @ v} Bl s 9lal] & 7N 8 U] o] - (Aquivion
D79-25BS, PFSA eq. wt. 790 g/mole SO;H, liquid, dispersion, 25%
in water, Sigma-AldrichyE 22 ARESIATE & 74 0] =W E A}
&3 375 Fuls] A5 71E ArelA HA sk 241 25 wi%
o] 1= TS ARESIGITE PG 7INE o] @1 E ARE-SE BV
FHuj3-2] Aol o] e RS 22} 20, 25 30, 35 Wt%= &
ZJsje] ATk, BE MEA] 425 Sol5 8 71 414 o]
2ew) 25 wite A g 3T A $917] sl W S o]
Sww] ulEE 28] FIE ) ZejelS et w2 3
A2 Fol & B SelelE Fulskic 20)H S) 92 &)
£ Te) Belo]= PO B2 BE 9] T F 100°C A
T @BelA AEBIGITE FAFE 0.10:0. 007 mg/em’p,, 3715
0.1540.006 mgfem?, AN 163 BAZE Aelshgich. 1A
320212 Nafion HP (20 pm, DuPont) % Ak% 3F1.21, 135°C, 3 MPa
of ol U2 BE ol P Fol5S AR A 92
HAksto] fra WA 25 em®e] MEAE ﬂl;o}iiﬁ}. TH]E MEA?]

T AFES- Table 13} 2t}

22. 50 H HSe| 7= 24 I MEAS| HY[SRN Sy 24
1> 52 %%i—, ZH] (Micromeritics, ASAP2020)E ©] 83}
46.4 wt% PY/C Zm| 2] v| ¥ A} 52 52 348 S5SIcE &
0] 3 TS B e $15to] FAMIARAN]Z(SEM, S4700,
HITACHI)Z ©]-83}91.0m, o] 21w FEfelie] ol uff ik o] 2.
] 9] frA o 8hA] 272 FA] 3 4d’E %] (Dynamic light scattering,
DLS, Zetasizer nano zs, Malvern, UK)E ©]-&3}o] Z7g3}3iTh. A
Z¥ MEAS] 1171388 As =48 935te] Adedx 71 Zx
(CNL Inc.)Oﬂ’H 9] A = uﬂ7}0}"*13} 9] Ao 29k =
7142152 10BC (SGL Inc.) A< =l 4l AH-st
ok Al 25 80 °C th7 | 4 Z=xd ol % EH@: 100%S} 50%
715 e EE jlﬂ-(i}. +A oF2H]=15/2. 5) o] A¥e %

>,
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= H 171 O
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AR 7 A RE Algskaat it Sha] & mHAS S fleto] SALHATHE o] 85t
Table 1. Specification of prepared MEAs
Solvent Ionomer Contents (wt%) Pt Loading Amounts (mg/cm?)
Ionomer Membrane
Anode Cathode Anode Cathode Anode Cathode
Water 25 0.102 0.152
Nafion 20 0.098 0.144
(short side chain, Water 25 25 0.104 0.151 HP (20 pm)
EW 790) PG 30 0.107 0.145
35 0.106 0.153
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Fig. 1. (a) N, adsorption and desorption isotherms and (b) BJH
desorption pore size distribution of the commercially avail-
able Pt/C catalyst.
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Fig. 2. Hydrodynamic diameter of the 25 wt%, 3 wt% Nafion ion-
omer dispersed in water and PG.
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Fig. 3. Surface morphology of the catalyst layers prepared with (a)
water and (b) PG-based Nafion ionomers observed by SEM.
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Fig. 5. HFR-corrected I-V polarization curves of MEAs prepared
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gle cell at 80 °C (a) 100% and (b) 50% RH.
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