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ABSTRACT

Manufacturing development of a membrane electrode assembly (MEA), the
most vital component of a proton exchange membrane (PEMFC) is important to
optimize the PEMFC performance. The proper formulation of catalyst ink compositions
is one way to optimize the PEMFC performance. It can maintain the balance of mass
and ion transport in the catalyst layers, leading to the best catalyst utilization. Thus, the
objective of this thesis is to determine the proper catalyst ink formula for MEA
fabrication by 20 kHz ultrasonic spraying. This also was carried out for the first time.

The experiment in this work was separated into two sections for studying
PEMFC performance. The first is the examining the best solvent types for MEA
fabrication. And the second is the studying effect of Nafion contents in catalyst typical
10%Pt/C, 20%Pt/C and 40%Pt/C for MEA fabrication. In the first section, the solvent
and Nafion contents were investigated when using 20% Pt/C catalyst, and the Pt loading
was kept constant at 0.3 mg/cm® The solvent typical Isopropyl alcohol (IPA),
tetrahydrofuran (THF), and ethanol were selected and the Nafion were varied the
contents of 20wt.%, 25wt.%, 30wt.% and 35wt.% in each solvent. The catalyst layers
of MEAs were analyzed the morphology using both in — plane and cross — sectional

scanning electron microscopy (SEM) images. The results showed that the thickness of



the catalyst layer depended on the type of solvent. The catalyst layers formed by IPA,
THF, and ethanol provided the thicknesses of 28, 22, and 18 um, respectively.
Polarization curves were used to determine the fuel cell performance. MEA made by
ethanol gave the best performance compared to MEAs fabricated by IPA and THF. It
provided a current density of 697.02 mA/cm? at a cell potential of 0.6 V. For individual
solvents, the optimal Nafion contents were found to be 20, 25, and 30 wt.% for ethanol,
IPA, and THF, respectively.

In the second section, the Pt/C catalysts, with concentrations of 10%, 20% and
40% by weight, were used, and the Pt loading onto the MEAs was kept constant at 0.3
mg/cm?. Nafion contents were considered from 15% to 35 wt.%. The morphologies of
the MEAs were evaluated by SEM like the first section, in which the agglomeration of
Pt/C particles was imaged, and a secondary pore in the catalyst layers was revealed. The
cross — section images showed that the thickness of the catalyst layers depended on the
Pt/C concentration. The electrochemical surface area (ECSA) of those Pt/C
concentrations and various compositions of Nafion contents were examined by cyclic
voltammetry. Polarization curves were also measured and showed that the Nafion
contents of 25 wt.%, 20 wt.%, and 15 wt.% gave the best performance for 10 wt.%, 20
wt.%, and 40 wt.% Pt/C catalysts, respectively. This indicates the Pt concentration is
dependent on the Nafion content; the greater the weight of platinum in the catalysts, the
less Nafion ionomer is required to optimize the electrochemical reaction. The data
shows the same results regardless of the MEA fabrication techniques, operating

conditions and Pt loadings.
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