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ABSTRACT: A series of six composite membranes was prepared with two polymer electrolytes and three inorganic fillers, namely,
silica, titania, and zirconia by a solution casting method. Two polymer electrolytes, that is, anion-exchange membranes, were prepared
from polystyrene-block-poly(ethylene-ran-butylene)-block-polystyrene (PSEBS) and polysulfone by chloromethylation and quaterniza-
tion. A preliminary characterization of the ionic conductivity, methanol permeability, and selectivity ratio was done for all of the pre-
pared composite membranes to check their suitability to work in direct methanol alkaline membrane fuel cells (DMAMEFCs). The
DMAMEFC performance was analyzed with an in-house fabricated single cell unit with a 25-cm?® area. Maximum performance was
achieved for the composite membrane quaternized PSEBS/7.5% TiO, and was 74.5 mW/cm? at 60°C. For the comparison purposes,
a commercially available anion-exchange membrane (Anion Membrane International-7001) was also investigated throughout the
study. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

The direct methanol alkaline membrane fuel cell (DMAMFC) is
another fuel cell that has generated interest with regard to port-
able electronic devices with the potential to offer 10 times
higher power densities than current lithium-ion rechargeable
batteries. Although there are several different types of fuel cells,
the DMAMEC offers the most promising alternative for porta-
ble power applications because it is a low-temperature device, it
is environmentally benign, and its fuel is portable and inexpen-
sive. Therefore, considerable research effort has been focused on
miniaturizing and improving the efficiency of the DMAMFC.
Nafion membrane appears to be a popular membrane electro-
lyte for direct methanol fuel cell (DMFC) or proton electrolyte
membrane fuel cell (PEMFC) applications. However, at present,
two major technical problems in DMFCs still restrict their per-
formance and application. One problem is the crossover of
methanol through the electrolyte membrane. The other is the
slow methanol oxidation kinetics on the anode catalyst. More-
over, the high cost of Nafion membranes impede the market
penetration of DMFCs. Research and developmental activities
have focused keen interest on the development of alternative
polymer electrolyte membranes,’ but little interest has been
shown in alkaline-based membranes.>

© 2012 Wiley Periodicals, Inc.
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It has been known for a long time that the anodic oxidation of
methanol in alkaline media is more feasible than in acidic
media.*® Then, whereas most researchers have tried every
possible way to improve the performance of DMEFCs, an
increasing number of researchers are turning their interest
to DMAMECs.>™"" Compared to DMFCs in acidic media,
DMAMECs have a number of potential advantages.””'* First, it
is well known that methanol oxidation in alkaline media is
kinetically faster than that in acidic media. Second, methanol
oxidation catalysts are less sensitive in alkaline media than in
acidic media; this could lead to the use of less expensive non-
precious metal catalysts, such as Ni or Ag. In addition, the
charge carrier in DMAMEFCs is an anion, and it moves from the
cathode to the anode during fuel cell operation; this is opposite
to the movement of protons in acidic membranes. As such,
the direction of the electro-osmotic drag is reversed, and this
reduces the methanol permeation rate.

To date, various anion-exchange membranes (AEMs) have been
synthesized and characterized, including grafted polymers,”"?
crosslinked copolymers,'*'® random copolymers,'*™® pyridin-
ium-type polymers,'” and block copolymers.’>*' Note that de-
spite different AEM chemical structures, the covalently attached
cations in all of these polymers were based on ammonium. So
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far, among all of the cations investigated, the quaternary ammo-
nium cation has received the most attention. Other cations in
AEMs have also been recently investigated, including phospho-
nium,* sulfonium,? guanidinium,24 and imidazoilum.>>~*"

In the past, very limited literature reports were made to develop
anionic composite membranes with metal oxides as fillers for
alkaline fuel cells. Wang et al.?® prepared a hybrid polymer
membrane for an alkaline direct ethanol fuel cell based on
poly(vinyl alcohol) and 3-(trimethyl ammonium) propyl func-
tionalized silica (designated as Q—SiO,). The highest reported
peak power density of direct ethanol fuel cells with an alkaline
composite hybrid membrane was 50 mW/cm® at 60°C. Wu
et al.” synthesized silica/poly(2,6-dimethyl-1,4-phenylene oxide)
hybrid AEM for alkaline fuel cells and obtained a peak power
density of 32 mW/cm? at 50°C.

So far, to the best of our knowledge, no attempt has been made
to develop composite polymer electrolyte membranes based on
quaternized polystyrene-block-poly(ethylene-ran-butylene)-block-
polystyrene (QPSEBS)* and quaternized polysulfone (QPSU)**!
with inorganic additives for DMAMFC applications. In the
following account, the fabrication, ionic conductivity, methanol
permeability, selectivity ratio, and DMAMFC performances of
the prepared QPSEBS and QPSU composite membranes are dis-
cussed. In this study, we focused on low cost, good mechanical
stability, adequate ionic conductivity, and lower methanol per-
meability to satisty the needs of DMAMEFCs.

EXPERIMENTAL

Materials

Silica (10-15 nm; CAS no. 7631-86-9), titania (10—15 nm; CAS
no. 13463-67-7), and zirconia (10-15 nm; CAS no. 1314-23-4),
with a purity of 99% each, were purchased from Sigma Aldrich
(USA). Other chemicals, including cyclohexane, methanol, so-
dium hydroxide, potassium hydroxide, and dimethylformamide,
were purchased from E-Merck (India). All were analytical grade
and were used as received. Pt and Pt—-Ru on a carbon support
were purchased from Arora-Mathey Pvt., Ltd. (India). Polytetra-
fluoroethylene binder (CAS No. 9002-84-0, 60 wt % dispersion
in water) and isopropyl alcohol were purchased from Sigma-
Aldrich. Carbon cloth was obtained from Cobat Carbon, Inc.
(Germany). The Anion Membrane International-7001 (AMI-
7001) AEM was purchased from Membranes International, Inc.
The important properties of AMI-7001 are given in Table I. All
of the experiments were carried out with double-distilled water.

Fabrication of the Composite Membrane

The polymer electrolytes, that is, QPSEBS and QPSU, were dis-
solved in their respective solvents, cyclohexane and dimethylfor-
mamide. Different proportions (2.5, 5, 7.5, and 10%) of inor-
ganic nanofillers (TiO,, SiO,, and ZrO,) were added to this
solution and stirred for about 24 h. Each solution was then sub-
jected to ultrasonication for about 15 min, subsequently poured
onto a clean Petri dish, and dried at 60°C for 8 h to obtain the
membrane with desired thickness.”'

Ionic Conductivity
The ionic conductivity of the membrane was determined with
alternating-current impedance spectroscopy. Before testing, the
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Table I. Important Properties of the AMI-7001 Membrane

Functionality Strong base AEM

Polymer structure Polystyrene crosslinked with

divinylbenzene

Functional group Quaternary ammonium group

Thickness 450 = 25 um
lon-exchange capacity 1.3 + 1 mequiv/g
Water absorption 17%

lonic conductivity 1.72 x 1072 S/em
Thermal stability 90°C

Chemical stability range pH =1-10

OH™ form of the membrane was hydrated in deionized water
for 24 h. The testing device with the membrane was placed in
deionized water to maintain the relative humidity at 100% dur-
ing the measurements. From the difference between the resist-
ance of the blank cell and the one with membrane separating
the working and counter-electrode compartments, the resistance
of the membrane was calculated and converted to conductivity
values with the following formula:

Conductivity = L/RA

where R is the sample resistance (), L is the wet sample thick-
ness (cm), and A is the sample area (cm?).

Methanol Permeability

Methanol permeability measurements” "~ were carried out with a
diffusion cell. The diffusion cell was divided into two chambers,
in which one chamber (compartment B) was filled with deion-
ized water and the other chamber (compartment A) was filled
with 20 wt % methanol mixed with a 1M KOH aqueous solu-
tion. Before testing, the prepared membranes were hydrated in
deionized water for at least 24 h. A membrane with a particular
surface area (square centimeters) was sandwiched by O-rings and
clamped tightly between two bottles or compartments. A mag-
netic pellet was kept active in the glass diffusion cell during the
experiment. The concentration of methanol diffused from com-
partment A to compartment B across the membrane was exam-
ined with a digital refractometer (Atago India Instruments Pvt.
Ltd., Mumbai, India). An aliquot of 0.20 mL was sampled from
compartment B every 15 min. Before the permeation experiment,
a calibration curve for the value of density versus the methanol
concentration was prepared. The calibration curve was used to
determine the methanol concentration in the permeation experi-
ment. The methanol permeability was calculated from the slope
of the straight-line plot of methanol concentration versus permea-
tion time. The methanol concentration in compartment B as a
function of time is given in the following equation:

32,33

Cp(t) = (A/V)(DK/L)Cy(t — 1)

where C is the methanol concentration (mol/L), A and L are
the polymer membrane area (cm?) and thickness (mm), respec-
tively, and D and K are the methanol diffusivity and partition
coefficient between the membrane and the solution, respectively.
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Figure 1. Schematic representation of the methanol permeability setup. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

V and t are the volume of methanol solution (mL) and time (s)
respectively. The product DK is the membrane permeability (P),
and to, the time lag, is related to the diffusivity (D) as follows:

ty =L*/6D

A schematic representation of the methanol permeability setup
is shown in Figure 1.

Selectivity Ratio

An electrolyte membrane, particularly for DMAMFC, should
have two important properties: the ionic conductivity should be
maximum, and the methanol diffusion should be minimum.
Hence, the higher the ratio of the ionic conductivity to the
methanol permeability (referred to as the selectivity ratio) is, the
better the membrane performance in DMAMEFCs will be. This
selectivity ratio is an indication about the performance of the
electrolyte membrane.

Hydrolytic and Alkaline Stability Tests

The boiling water test (hydrolytic stability test) was carried out
by immersion of the membrane in water and the heating of the
water to its boiling point, whereas in the alkaline stability test,
the membrane was immersed in a 5M sodium hydroxide solu-
tion over a period of time.
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An alkaline stability test (or durability test) was performed to
analyze the durability of the membrane in the fuel cell condi-
tion. The durability of the polymer membrane, which under-
goes degradation normally when a fuel cell is operated, can be
determined with this method. This test helps to accelerate the
degradation process; this thereby indicates the mechanical and
chemical stability of the membrane over a long period of time
in the fuel cell operating conditions.

Fabrication of the Membrane Electrode Assembly (MEA)

for CH;0H/O, Fuel Cells

The MEA is one of the most important components impacting
the overall performance of DMAMFCs. The MEA structure is
composed of an electrolyte membrane coated by a catalyst on
both the anode and cathode sides and sandwiched by a gas dif-
fusion layer. Carbon cloth is the most widely used material for
the gas diffusion layer. After the preparation of the diffusion
layer, catalyst slurry ink was prepared with the help of carbon-
supported Pt-Ru (Pt-Ru/C) and Pt (Pt/C) catalyst with load-
ings of 0.5 and 0.375 mg/cm?, respectively, for the anode and
cathode, respectively. Then, a suitable amount of double-dis-
tilled water and isopropyl alcohol were mixed well with an
ultrasonicator (Model Equitron, India). After ultrasonication,
the black catalyst slurry was coated onto the respective diffusion
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Table II. Experimental Conditions for MEA and DMAMFC Operation

DMAMFC Anode Cathode
Catalyst Pt-Ru/C Pt/C
Catalyst loading (mg/cm?) 0.375 0.5
Active area (cm?) 25 25
Fuel/oxidant 2M CH3OH + 05
1M KOH

Flow rate (mL/min) 20 40
Relative humidity (%) 77 77

Cell temperature (°C) 60 60

layers. The prepared anode and cathode were dried in a vacuum
oven at 100°C for 2 h and then in a muffle furnace at 350°C
for 6 h (Table II). The prepared composite membranes were
sandwiched between the prepared anode and cathode electrodes
and hot-pressed at 80°C at a 1.5-ton pressure for 2 min.

Fuel Cell Performance Study

The basic cell consisted of an AEM sandwiched between the
two electrodes. The fuel cell was supplied with 2M methanol
with 1M KOH as a fuel into the anode and oxygen as an oxi-
dant into the cathode with a constant flow rate of 20 and 40
mL/min, respectively, at 60°C under ambient pressure condi-
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tions. Methanol at the anode released six protons along with six
electrons and CO,. The released electrons passed through an
external circuit to reach the cathode. Simultaneously, the OH™
diffused through the membrane to the cathode to react with
oxygen and the returning electron. CO, and water were the
products produced at the anode.

The direct-current voltage current source was used to monitor
the electrical current from the cell. The experiment was con-
ducted with 2M methanol at a flow rate of 20 mL/min in the
anode side, and in the cathode side, O, with a flow rate of
40 mL/min was maintained. The produced current was moni-
tored with a direct-current voltammeter (K-PAS, India). A
polarization curve was drawn with current density on the x axis
and the obtained voltage on the y axis. The pictorial representa-
tions of the assembled DMAMEC setup and its electrochemical
reaction are shown in Figure 2.

RESULTS AND DISCUSSION

QPSEBS and Its Metal Oxide Composites

Ionic Conductivity. Ionic conductivity is defined as the capabil-
ity of the transportation of ions that determines the power gen-
eration of a fuel cell. With the introduction of quaternary am-
monium groups to the polymer chain, the hydroxyl ion
conducting ability was introduced. Impedance value measure-
ment of the ion-exchange membranes at room temperature and
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Figure 2. Pictorial representations of the assembled DMAMFC setup and its electrochemical reaction. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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Table III. Ionic Conductivity, Methanol Permeability, and Selectivity Ratio Values of QPSEBS and Its Metal Oxide Composite Membranes

Membrane lonic conductivity (S/cm) Methanol permeability (cm?/s) Selectivity ratio (Ss/cm®)
AMI-7001 1.72 x 1072 225 x 10°° 0.76 x 10*
QPSEBS 151 x 102 214 x10°° 0.71 x 10*
QPSEBS/2.5% TiO» 1.63 x 1072 2.06 x 10°° 0.79 x 10*
QPSEBS/5% TiO» 1.69 x 102 1.87 x 10°° 0.90 x 104
QPSEBS/7.5% TiO» 1.78 x 1072 1.76 x 10°° 1.01 x 10*
QPSEBS/10% TiO» 1.74 x 1072 1.75 x 10°° 0.99 x 104
QPSEBS/2.5% SiO» 1.67 x 1072 211 x 10°° 0.79 x 10*
QPSEBS/5% SiO» 173 x 102 2.03 x10°° 0.85 x 104
QPSEBS/7.5% SiO» 1.81 x 1072 1.89 x 10°° 0.96 x 10*
QPSEBS/10% SiO» 1.86 x 102 1.82 x10°° 1.02 x 104
QPSEBS/2.5% ZrO» 1.69 x 1072 2.03 x 10°° 0.83 x 10*
QPSEBS/5% ZrO» 1.77 x 102 197 x10°° 0.90 x 10%
QPSEBS/7.5% ZrO» 1.80 x 102 1.90 x 10°° 0.95 x 10*
QPSEBS/10% ZrO» 184 x 1072 1.79 x 10°° 1.03 x 104

100% humidity was taken. To examine the conductivity, the
quaternized membrane and corresponding composite mem-
branes were first soaked in a 1M KOH solution for 24 h to con-
vert it into an OH™ form, and then, it was washed several times
with deionized water. After the free KOH was completely
removed, the conductivity of the membrane was measured. The
conductivity values are shown in Table III. The ionic conductiv-
ity of the membrane increased with increasing inorganic filler
content. This may have been due to the higher number of water
molecules adsorbed by the nanofillers, which promoted the
Grothus and vehicle-type mechanisms. A higher amount of
adsorbed water molecules solvated the moieties of a polymer to
a greater extent and became responsible for the higher ionic
conductivity. The composite membrane with 10 wt % SiO,
showed a higher conductivity of 1.86 x 10> S/cm at 100%
hydrated condition, among all of the studied membranes.

Methanol Permeability and Selectivity Ratio. The methanol
permeability is the product of the diffusion coefficient and
sorption coefficient, in which the diffusion coefficient reflects
the effect of the surrounding environment on the molecular
motion of the permanent and the sorption coefficient correlates

the concentration of a component in the fluid phase.***

The ionic conductivity and methanol permeability are the two
electrochemical properties that determine the efficiency of
DMAMEFCs. When the quaternized polymer membrane contacts
the aqueous medium, OH™ ions can combine with water mole-
cules and form a complex. Quaternary ammonium groups cre-
ate effective pathways for the transportation of ions. However,
in the meanwhile, the methanol molecule can also permeate
through the broad hydrophilic channels that are created for the
ion migration.’®*” So a considerable effort has to be devoted to
achieving high ionic conductivity and lower methanol perme-
ability for high-efficiency DMAMFC performance.

The methanol permeability of the QPSEBS membrane was
found to be 2.14 x 107° cm?/s in a 2M methanol solution,
whereas the commercially available AEM (AMI-7001) had a
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methanol permeability of 2.25 x 10~° cm®/s. However, Nafion,
a cation-exchange membrane, had a methanol permeability of
2.23 x 1077 cm?*/s. This showed that the methanol permeabil-
ities of the QPSEBS and AMI-7001 membrane were approxi-
mately one order of magnitude lower than that of the Nafion
membrane. It was probably that the polystyrene-block-poly(eth-
ylene-ran-butylene)-block-polystyrene (PSEBS) matrix had less
methanol affinity than the perfluorinated hydrocarbon polymer,
and the nonionic block could act as a barrier to methanol.

Low methanol permeability is an important requirement for a
membrane in DMAMECs. The results of methanol permeability
of the composite membranes based on QPSEBS and its metal
oxide composites are shown in Table IIL. It is evident from Ta-
ble IIT that the methanol permeability decreased with the incor-
poration of metal oxides (TiO,, SiO,, and ZrO,) in the quater-
nized polymer matrix. It is known that methanol permeates
through hydrophilic ionic channels and that OH™ ions are
transported by hopping between ionic sites. Therefore, the
methanol permeability decreases because of the incorporation of
metal oxides, which act as a material for blocking methanol
transport, whereas the ionic conductivity increases.

In DMAMEC applications, the ratio of the ionic conductivity to
methanol permeability (selectivity ratio) is a characteristic pa-
rameter for evaluating the fuel cell performances of membranes.
In general, membranes with a higher ionic conductivity and
lower methanol permeability are more suitable for DMAMEFCs.
The selectivity ratios of QPSEBS and AMI-7001 were found to
be 0.71 x 10* and 0.76 x 10* Ss/cm’, respectively. In the case
of the composites, QPSEBS/10% ZrO, exhibited a higher selec-
tivity ratio (1.03 x 10* Ss/cm’) than the rest. A higher selectiv-
ity ratio is favored for DMAMFC operation. The composite
membrane possessed a greater selectivity ratio than the AMI-
7001 membrane and could have a great impact on the
DMAMEC field.

Hydrolytic and Alkaline Stability. The hydrolytic stability of
the membranes was investigated by the introduction of the
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Figure 3. DMAMEFC performance curves of (a) QPSEBS/TiO,, (b) QPSEBS/SiO,, and (c) QPSEBS/ZrO, with AMI-7001. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

membranes into boiling water. It was found that the QPSEBS
and nanocomposite membranes withstood the boiling water
conditions without any physical deformation; this indicated that
the polymer structures of QPSEBS and the nanocomposite
membranes had good hydrolytic stability. Hence, these results
clearly reveal that the prepared composite membranes possessed
good mechanical and chemical stabilities for use in fuel cells.

DMAMEC Performance Study

The DMAMEFC performance of the QPSEBS, AMI-7001, and
QPSEBS/metal oxide composites was investigated with Pt—-Ru/C
and Pt/C as the anode and cathode catalysts, respectively, as
depicted in Figure 3. The current—voltage curves showed
improved performance in the QPSEBS/metal oxide composites
compared to the bare QPSEB and AMI-7001 membranes when
the DMAMEFC was operated at 60°C. The open-circuit voltage
(OCV) of QPSEBS was found to be 0.65 V, and a maximum
power density of 46.5 mW/cm® was achieved at a current den-
sity of 150 mW/cm?, whereas AMI-7001 showed an OCV of
0.69 V and a maximum power density value of 43.75 mW/cm®
at 60°C. However, among all of the other composite mem-
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branes, maximum performance was obtained from QPSEBS/
10% SiO,, that is, the maximum OCV was found to be 0.75 V,
and a maximum power density of 74.25 mW/cm? was found at
a current density of 175 mW/cm?. Hence, the composite mem-
branes prepared from TiO,, SiO,, and ZrO, were preferably
used in DMAMECs.

QPSU and its Metal Oxide Composites

Ionic Conductivity. One of the most important parameters
that govern the suitability of a polymer electrolyte membrane
for use in fuel cells is its ionic conducting ability. The ionic
conductivity of pristine QPSU (Table IV) was found to be 0.72
x 1072 S/cm. In the case of the composites, there was an
increase in the ionic conductivity with increasing content of
metal oxides, that is, TiO,, SiO,, and ZrO,. This increasing
trend could be explained by the presence of metal oxides that
acted as Lewis acid sites to provide extra water to the mem-
brane. Also, the membrane ionic conductivity was affected by
the ion concentration and mobility, hydration levels, and poly-
mer structure or chain mobility.”® To date, the influence of
metal oxide components on the membrane conductivity has
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Table IV. Ionic Conductivity, Methanol Permeability, and Selectivity Ratio Values of QPSU and Its Metal Oxide Composite Membranes

Membrane lonic conductivity (S/cm) Methanol permeability (cm?/s) Selectivity ratio (Ss/cm®)
AMI-7001 1.72 x 1072 225 x 10°° 0.76 x 10*
QPSU 0.72 x 1072 2.63 x10°° 0.27 x 104
QPSU/2.5% TiO» 0.80 x 1072 251 x10°° 0.32 x 10*
QPSU/5% TiO, 0.93 x 1072 227 x 107 0.41 x 10*
QPSU/7.5% TiO» 1.05 x 1072 2.01 x 10°° 0.52 x 10*
QPSU/10% TiO» 1.24 x 1072 1.92 x 10°° 0.65 x 10*
QPSU/2.5% SiO» 0.98 x 102 232 x10°° 0.42 x 10*
QPSU/5% SiO» 117 x 1072 214 x10°° 0.55 x 10*
QPSU/7.5% SiO» 1.39 x 1072 1.94 x 10°° 0.72 x 10*
QPSU/10% Si0» 163 x 1072 1.86 x 10°° 0.88 x 10*
QPSU/2.5% ZrO» 0.86 x 1072 239 x 10°° 0.36 x 10*
QPSU/5% ZrO» 0.98 x 102 218 x 10°° 0.45 x 104
QPSU/7.5% ZrO» 1.22 x 1072 1.92 x 10°° 0.64 x 10*
QPSU/10% ZrO» 1.51 x 1072 1.74 x 10°° 0.87 x 104

the formation of conductive and hydrophilic ionic clusters and
channels (as found with the perfluorosulfonic acid polymer
electrolytes) and, thus, decrease the ionic conductivity.’** On

been investigated extensively and debated, but there is still no
agreement. On the one hand, a crosslinked metal-O-metal net-
work may limit the mobility of the conductive ions and hinder
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the other hand, hydroxyl groups [-metal (OH)] from metal
oxides have a strong bonding ability with H,O molecules; this
favors water retention and, therefore, ion transfer.*' Hence, an
increase in ionic conductivity with increasing content of metal
oxides in this study could be explained by the formation of
metal bonds (—OHs) from metal oxides.

Methanol Permeability and Selectivity Ratios. The methanol
permeability of AMI-7001 was tested for comparison purposes
and was found to be 2.25 x 10~ ° cm?/s (Table IV). When com-
pared with AMI-7001, the permeation of methanol in the case
of QPSU was higher. However, with the introduction of inor-
ganic fillers, there was a remarkable decrease in the methanol
permeability. The resistivity to the flow of methanol in the
case of the composites became better than those of QPSU and
AMI-7001 when the concentration of metal oxide went beyond
5 wt %.

The selectivity ratios of the AMI-7001, pristine QPSU, and
composite membranes are given in Table IV. The pristine QPSU
electrolyte membrane exhibited a selectivity ratio of 0.27 X
10* Ss/cm’; this was lower than that of AMI-7001. On the other
hand, the composite membranes exhibited a comparable selec-
tivity ratio with AMI-7001. This indicated that there was an
excellent reduction in the methanol permeation at the expense
of a meager amount of ionic conductivity.

Hydrolytic and Alkaline Stabilities. The property of ion
exchange capacity (IEC) was measured after the hydrolytic and
alkaline stability tests. The entire membranes exhibited a loss of
IEC ranging from 0.76 to 1.73% only. Hence, these membranes
possessed good mechanical and chemical stabilities and were
also viable candidates for working in fuel cell applications.

DMAMEC Performance Study

The polarization and power density curves of QPSU and the
composite membranes, obtained from the DMAMFC with Pt—
Ru/C as the anode and Pt/C as cathode catalyst, are presented
in Figure 4. We made the measurements by feeding methanol
and oxygen as a fuel and oxidant, respectively, at 60°C. The
DMAMEC with the QPSU/10% SiO, composite membrane gave
better performance than those with QPSU, AMI-7001, and
other composite materials in terms of both OCV and power
density. The OCV of QPSU/10% SiO, was 0.69 V. The power
density of the cell increased with the current density and pre-
sented a maximum power density of 72.5 mW/cm* for 10%
Si0O,. The increased fuel cell performance was due to the incor-
poration of hygroscopic metal oxide fillers. Metal oxide species
improved the mechanical properties of the membranes because
specific interactions between inorganic and organic components
improve water management.*> Moreover, the inorganic particles
form a new membrane structure inhibits the direct permeation
of reaction gases.”> Furthermore, higher peak power densities
are anticipated with the use of thinner membrane samples (<70
um) and optimized electrodes (coated in ionomers that had
better chemical compatibility to the membranes). A lower
membrane thickness was achieved with the adjustment of the
concentration and viscosity of the casting solution and the
choice of suitable Petri dishes.
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CONCLUSIONS

Collectively, it could be inferred that the various inorganic
fillers used to fabricate composite membranes showed good
ionic conductivity; this is very important for consideration as
an electrolyte in fuel cells.

From this investigation, we concluded that the composite mem-
branes acted as an excellent replacement for the commercially
available AEM (AMI-7001) in DMAMEFC because of the appre-
ciable reduction in the methanol permeation and the higher
selectivity ratio of this membrane compared to QPSEBS and
QPSU.

They offered a better output in the DMAMFC compared to
AMI-7001, virgin QPSEBS, and QPSU.

Maximum performance was achieved for the QPSEBS/7.5%
TiO, composite membrane, 74.5 mW/cm?” at 60°C.
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