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Introduction

We have developed a novel MEA analysis method for
Proton Exchange Membrane Fuel Cell (PEM FC).

The cdl voltages were firstly analyzed by quantitatively
determining the adivation overpotentials, concentration
overpatentials and ohmic losses. The dfeds of the PTFE
fibril reinforced membrane and caalyst coatingion ex-
change paymers on the cdl performances were darified.

Princeple of the Novel Analysis M ethod

The cdl voltage-current density relationship of the PEM
FC isexpres=ed asfollows, if the overpotentials of the
anode ae negleded.

Cell VOItage: E0' (’7 actt 77 conc) —iR (a)
E, :Theoreticd cdl voltage
I ‘current density( apparent )

N . : adivation overpotential at the cahode

N conc - CONcentration overpotential at the cahode

where

iR : ohmicloss

The relationship between iR free cdl voltage and
logarithm of the current density is expressed in Fig.1.

If we definethe iR free cdl voltage on the Tafel line as
the “Tafel value” at afixed current density, then the

concentration overpotential /7 .o a afixed current

density, for example 1A/cm?, can be obtained by the
difference between the iR free cdl voltage and the “ Tafel
valug” at 1A/cm? The adivation overpotential can be
determined by subtradingiR free cdl voltage from E,.

Results and Discusson

1. Effects of the newly devdoped PTFE fibril reinforced
membrane, Flemion FR30°

Fig.2 showsthe cdl performances of the MEAswith
Flemion®FR30 (30 m) and Flemion®SH50(50 - m).
The cdl voltage analyses of these MEAs arelisted in

Tablel. It was found that thes con. Of Flemion®FR30 at

1.8A/cm? is 60mV smaller than that of Flemion®SH50,
which is attributed to the increased water bad diffusion
from the cahode to the anode through the membrane.

2. Effeds of the atalyst coating ion exchange polymer
Flemion ® (AR1.1)

Fig.3 shows the correlations between the Tafel values of
different Pt loading MEAs at 0.3A/cm? and the logarithm
of Pt caalyst surface aeas measured by the cyclic
voltammetry. It was found that the Tafel values and the
logarithm of Pt catalyst surface aeas have linea correla-
tion, if the MEA fabricaion method and materials are
same. Fig.3 also shows that catalyst coating ion exchange
polymer affeds the kinetics of oxygen reduction readion.
The MEAs with the Flemion ® polymer, which has higher
ion exchange cgadty (1.1m.eq/dry g. resin:ARL.1) than
Nafion® (AR0.91), have higher cell voltages. This reason
will be discussed in terms of oxygen permeabili ty in the

iR free Cell Voltage (V)

on exchange polymers.
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Fig.2 Cell performances of Flemion®FR30 and SH50

membrane A(mV)
L8A/em’ FrR30] S50 (FRBé)-SHSO)
Cell Voltage(mV ) 510 410 +100
Tafel Vdue (mV ) 670 670 0
7 conc (mV) 50 110 -60
iR drop (mV) 110 150 -40

Tablel Cell voltage analyses of Flemion®FR30 and SH50

Tafel valueat 0.3A/cm2 vs Pt surface Area with
different catalyst coating ion exchange polymers

085 Il Il Il |-
N Flemion AR1.1
5 /
< 0.8 +*
3 \
% 3
2 <
g 075 A SN
z 7/ || | Nafion AR0.O1
l_
07 L [T
10 100 1000

Pt surfacearea (cm%cm2MEA)

Fig. 3 Effed of the mating palymers on the cdl voltages



