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Preparation of pore-filling membranes for polymer electrolyte fuel cells and their cell
performances

*Young-Woo Choi, Gu-Gon Park, Sung-Dae Yim, Mi-Soon Lee,
Tae-Hyun Yang, **Chang-Soo Kim

Abstract : Anion exchange polymer electrolyte pore-filling membranes consisting of the whole hydrocarbon
materials were prepared by photo polymerization with various quaternary ammonium cationic monomers and
characterized on the properties for applying to solid alkali fuel cell (SAFC). Hydrocarbon porous substrates such as
polyethylene were used for the preparation of the pore-filling membranes. The hydroxyl ion conductivity of the
polymer electrolyte membranes prepared in this research was dependent on the composition ratio of an electrolyte
monomer and crosslinking agents used for polymerization. Furthermore, these pore-filling membranes have commonly
excellent properties such as smaller dimensional affects when swollen in solvents, higher mechanical strength, lower
fuel crossover through the membranes, and easier preparation process than those of traditional cast membranes.
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1. Introduction KOH(l). That is why it can be called as solid alkaline fuel

cells (SAFCs) as shown in Fig. 1. The use of AEMs
prevents undesirable formation of carbonate/bicarbonate
in the liquid alkaline solutions due to CO2 reactions from
the oxidant gas stream at cathodes of AFCs. For good
SAFC operations good membrane-electrode assemblies
(MEAs) are required. An MEA consists of a membrane,
two electrodes, and two pieces of gas diffusion layer
(e.g., carbon paper, felt or cloth). One of main
components in MEAs is a membrane,

Limitation of the use of acidic polymeric lectrolytes
(e.g.,in polymer electrolyte membrane fuel cells and
direct methanol fuel cells) - - (i) slow lectrode-kinetics,
(ii) CO poisoning of Pt and Pt-based electrocatalysts at
low temperatures and (iii) high costs of the membrane,

catalyst - - can be overcome by using alkaline polymeric ie.,

electrolytes (i.e., anion-exchange membranes, AEMs). It
is well known that electro-kinetics of oxygen reduction in
an alkaline medium is much enhanced in comparison
with an acid medium as shown in the following
equations:

Anode H, +20H — 2H,0 +2e Ei=—0.83V (1)
Cathode 1/20,+ H0 +2¢ —20H  Eo=0.40V (2)

It leads to use non-precious catalysts (e.g., Ni, Ag,
perovskite-type oxides, etc.) U4 Fuel cells using AEMs
have the electrochemical and structural analogy with
alkaline fuel cells (AFCs) except the use of solid-state
electrolytes instead of liquid alkaline solutions, e.g.,

anion-exchange membrane. AEMs with good properties
such as high OH —conductivity and good thermal and
chemical stability are essential. Many researchers have
reported anion-exchange membranes
applications 13751 because most commercial available
AEMs are too much thick (200 - 00m) for fuel cell
applications and have problems on (i) the chemical
stability, i.e., nucleophillic displacement by the hydroxyl

for fuel cell
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ions for the quaternary ammonium functional groups and
(ii) the thermal stability of styrene-type backbone.
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Fig. 1. A schematic diagram of =olid alkaline fuel cells {SAFC=) using anion-
exchange membranes.

A new concept of ion exchange membranes has
been developed in which a controlled amount of
polyelectrolyte was anchored within the pores of a
porous membrane®. The general principle behind
this new concept of a pore-filling electrolyte
membrane is predicted on combining the most
desirable properties of two materials, which are a
porous substrate and a polymer that fill the pores
of the base substrates. The porous support in
these membranes functions as an inert “rigid” host
or shell that constrains the polyelectrolyte, and
limiting its swelling, thus provides mechanical
strength for the membrane.

Yamaguchi et al. have proposed a pore-filling
electrolyte membrane concept for fuel cell
applications, that was originally developed for
liquid separation®. The pore-filling electrolyte
membrane is composed of two materials: a porous
substrate having pore sizes of one micron or less,
and a polymer that fills the pores of the substrate,
as shown in Fig. 2. The porous substrate must be
completely inert to liquid fuels and gas. In
addition, the substrate must be mechanically
strong, to homogeneously suppress the swelling
of the filling polymer in it. To achieve this, pore
sizes should be small. Small amounts of water can
be contained in the filling polymer electrolyte for
hydroxyl ion migration. The filling polymer
exhibits hydroxyl ion conductivity, and the porous
substrate matrix mechanically prevents excess
swelling of the filling polymer, which can
otherwise lead to high fuel crossover.
Hydrocarbon materials were employed because of
their low cost and environmental friendliness,
unlike perfluorinated carbons. In addition, the
substrate matrix restricts the change in membrane
area between the dry and the swollen state.
Several Dbenefits of pore—ﬁlling electrolyte
membranes have been confirmed® © @419,

Porous substrate

; filling electrolyte

Pore-filling electrolyte membrane

Fig. 2. The

concept of the
membranes”.

pore-filling

Hence, in this research, we report the work
done on the preparation methodology of
pore-filling electrolyte membranes by
particularly using all hydrocarbon polymers and
solid alkaline fuel cell performances with the
membranes. The physico-chemical properties of
the prepared electrolyte membranes such as
swelling behavior, ion exchange capacity and ionic
conductivity were also investigated in correlation
with the electrolyte composition.

2. Experimental

2.1. Membrane preparation

A microporous high-density polyethylene film
was used as the substrate. The substrate was
obtained from Asahi Chemicals Co. Ltd., and was
of 25 xm thickness, 70 nm mean pore diameter,
and 47% porosity. An anhydrous monomer
containing sulfonic acid was employed as a proton
conducting electrolyte. The pore-filling
membrane is produced by impregnating a mixed
solution of a quaternary ammonium based
electrolyte monomer, several crosslinking agents
and a photoinitiator into a microporous polymer
support,  polymerizing the monomer, and
simultaneously photocrosslinking the polymer to
form a  chemically crosslinked  polymer
electrolyte membrane which is also physically
crosslinked with the porous substrate.

2.2. lon exchange capacity (IEC)
The ion exchange capacities (meg/g) of the

prepared pore-filling membranes were determined
by acid-base titration technique. The dried
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membrane samples (5 cm X 5 c¢m) in acid form
were equilibrated in 50 ml of 0.5 M KOH
overnight at room temperature with frequent
stirring. The amount of hydroxyl ion released in
the solution was then titrated with 0.05 M HCL
After titration, the membrane samples were
converted into base form again by boiling with 3.5
M KOH for 3 h and washed free of base. The
membrane samples were then dried in vacuum
oven (1.333224 x 10> Pa [1 Torrl, 60 <)
overnight. The dry weight of the membranes was
determined after keeping it in a desiccator at
ambient temperature over fresh silica gel for 30
min. The ion exchange capacity (IEC) of the dry
membrane per unit mass (meq/g) was calculated
from the following relationship:

Ve < 0.05
IECexperimental = —ran e @.D
mdry

where Vyg is the volume of HCI consumed and
Mary, the mass of the dried sample. The degree of
quaternary amine was defined as an ion exchange
capacity (IEC) equivalent to one quaternary
amine group per the repeat unit of electrolyte
monomer:

> 100

experimental

IEC]

theory

Quarternay amine yield(%) =

)

where [ECmesry IS the ion exchange capacity
calculated from the content of electrolyte
monomer which was given by the following
equation:

EC _ 9.62Y
et = 100 + 1.77Y 2.3)
where Y is the concent of the electrolyte
monomer into the pore-filling membrane. The
equivalent weight (EW) was calculated from the
following equation.

EW=1c ©2.4)

2.3. Water uptake and change in
membrane area ratio

The water uptake of the prepared membrane
was measured by soaking the samples overnight
in water at 25 C. The samples were then taken
out of the water, and any excess surface water
wiped off using wet filter paper. Then, the

swollen sample weight was measured. The water
uptake, ¢ (%), in the sample is defined by Eq.
(2.5). For the membranes, the substrate weight
was subtracted to evaluate the water uptake of
the filling polymer

ws — wd
by = ——2 % 100

where w'%, is the swollen polymer weight, and
w%, is the dry polymer weight. The membrane
area was measured in water, and the change in
membrane area ratio between the swollen state
and the dry substrate, ¢. (%), was evaluated.
The entire membrane area was measured,
including that of the substrate

Y d
qba _ 1‘;1emd_ Ssub % 100
53, 2.6)

where S’hem 1S the membrane area in swollen
state, and S%y is the dry substrate area.

2.5. OH" conductivity measurements

The prepared membranes (5 cm x 5 cm) were
dipped ¢n distilled water at 25 C for 1 hour and
was then interposed between two glass
substrates, to which a rectangular platinum
electrode was fixed, without removing water
from the surface. The alternating current
impedance of the membrane was measured at 100
Hz - 4 MHz to determine the proton
conductivities of the membranes.

2.6. Performance of fuel cells

Solid Alkaline fuel cells (SAFCs) were
fabricated using the membranes to be the
conductivities of  0.005 - 0.025 S/cm.
Specifically, each of the membranes was joined to
two electrodes containing Pt/C (1 mg/cm?),
respectively, in order to construct a membrane
electrode assembly(MEA) having an effective
area of 10cm’. The membrane electrode
assembly was mounted on an apparatus for
evaluating the performance of a unit cell. Fully
humidified hydrogen gas and air (or oxigen gas)
were allowed with stoichiometric flow rates
through the fuel electrode and the air electrode at
60 C, respectively, to determine the performance
of the fuel cell.
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3. Summary

Anion exchange polymer electrolyte pore—filling
membranes consisting of the whole hydrocarbon
materials were prepared by photo polymerization
with various quaternary ammonium cationic
monomers and characterized on the properties
for applying to solid alkali fuel cell (SAFC).
Hydrocarbon porous  (SAFC). H (on ps
polyethylene were usolifor ton with vation of
the pore—filling membranes. The hydroxyl ion
conductivity of the polymer electrolyte
membranes prepared in this researon was
dependdroxon the como sition vatio of an
electrolyte monomer and cr sslinking agdros
usolifor polymerization. Furthermore, these
pore—filling membranes have commonly
exced croxproperties (on ps smad crersmcrsional
affects when swod c¢r in solvdros, highcre
mechanical strength, lower fuel crossover
through the membranes, and easier preparation
process than those of traditional cast
membranes.
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