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ABSTRACT: Chitosan (Cs) is an attractive material with outstanding properties such as excellent film-forming
properties, biodegradability, and ease of chemical modification. The Cs membrane is usually applied as part of the
proton exchange membrane (PEM) material in fuel cell applications. The drawbacks of the Cs membrane can be
surmounted by applying the hydrophilic/plasticizer agent and combining the modified heteropoly acid filler. In this
research, the Cs membrane was successfully fabricated using a solvent-evaporation method with the incorporation
of mesoporous phosphotungstic acid (m-PTA) and glycerol (gly). The outstanding performances were obtained by
the Cs/gly-1/m-PTA membrane, which had the first degradation temperature up to 200 °C, chemical stability with
the lowest weight loss at 18.334+0.762%, and the highest proton conductivity at 5.13 mS/cm. The other performances
exchange capacity (IEC) at 2.949+0.022 mmol/g, and water and methanol uptake at 89.05+£0.092% and 1.26+0.031%,
respectively. In comparison to the pristine Cs membrane, which exhibits lower proton conductivity and higher methanol
permeability at 2.40 mS/cm and 1.003x10~> cm?/s, respectively, the addition of m-PTA filler and gly as a plasticizer
agent increases the performance of the chitosan properties used in direct methanol fuel cell membranes.
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INTRODUCTION

A fuel cell is an alternative piece of equipment that
converts chemical energy to electricity through a redox
reaction and has excellent conversion efficiency as long
as the fuel is supplied [1]. Direct methanol fuel cell
(DMFQ) is one of the fuel cell types with water and
methanol as fuels. The advantages of DMFC usage
are easy operation and storage, low emission, high
energy density, and low cost of fuel [2]. Although the
DMFC operates at low operating temperatures up to
80°C, some challenges should be tackled such as the
proton exchange membrane (PEM), catalyst, anode,
and cathode. PEM is one of the important components
in fuel cells that provide proton pathways [3]. The
challenges of PEM itself include thermal and chemical
stability, methanol permeability, proton transfer in the
membrane, and water retention capability [4]. Out-
standing water retention can manage the proton trans-
port of the membrane, increasing its conductivity [5].
Moreover, the high methanol crossover is not favorable
in fuel cells due to low fuel efficiency. High proton
conductivity and low methanol permeability are some
parameters that need to be fulfilled for developing a
novel composite membrane [6].

Nafion is the commercial membrane for a fuel cell
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that is commonly used as a PEM for DMFC. Although
Nafion also suffers high methanol crossover during
the long-term and high-temperature operation of fuel
cells [7] at room temperature, Nafion has a methanol
permeability of 1.44x107° cm?/s and 7.92x107° cm?s
at 70°C. The increasing value of its permeability also
affects the membrane selectivity [8]. The properties
of its materials, including the polymer, considerably
prevent the excess of methanol crossover [9]. Alterna-
tive polymer materials have been developed, including
cellulose, carrageenan, and chitosan. Those polymers
are classified as biopolymers that have biocompatibil-
ity, low-cost material, and high water retention due to
their hydrophilicity [10].

Chitosan (Cs) is the most abundant biopolymer
after cellulose which is isolated from the Crustaceans
with a degree of deacetylation >75% [7]. Cs is de-
sirable as an alternative PEM due to its compatibility,
biodegradability, less toxicity, ease of modification,
and good film-forming properties [9]. High methanol
permeability is also achieved by pristine Cs membrane,
which decreases their efficiency. The permeability
of a pristine Cs membrane is 4.24x107° cm?/s with
low thermal stability [10]. However, the addition of
inorganic filler such as polyoxometalate material can
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diminish the permeability, as reported in the previous
study that the addition of phosphotungstic acid (PTA)
into nanocrystalline cellulose (NCC) membrane can
diminish its permeability to 8.28x10~7 cm?/s and
boost its conductivity to 13.17 mS/cm [7]. Due to
the leaching process during the operation, PTA was
modified to mesoporous PTA without decreasing its
performance. The thermal stability was obtained un-
til 450°C, and it was applied to a lithium-ion bat-
tery that obtained the capacity of 872 mAh/g for
100 cycles [11]. PTA chemically acts as a donor
proton and is classified as a strong Bronsted acid,
which is very useful to improve the proton transfer in
PEM [12]. Furthermore, the plasticizer agent can be a
solution to improve the interaction between polymer
and inorganic filler. More interactions involved in
the membrane structure make the membrane more
homogeneous and cause less agglomeration [13]. The
enhancement of water absorption was also shown in
the previous study that the addition of glycerol (gly)
into sodium alginate/sulfonated graphene oxide can
increase its water uptake to 137% with a power den-
sity of 13.6 mW/cm? [4]. Another study was also
conducted utilizing the Cs/Alginate (Alg) membrane
with various plasticizer agents, including phosphoric
acid, sulfuric acid, and glycerol. The result showed the
enhancement of its performances and properties, such
as the Cs/Alg membrane without the plasticizer agent,
and the increase of its power density from 237 mW/m?
to 365 mW/m3. The addition of phosphoric and
sulfuric acids increased the tensile strength to 7.7 and
7.6 N/mm?, respectively. It also showed that gly
exhibited the most flexibility with 6.8 N/mm? and
8.9% for its tensile strength and elongation, respec-
tively. The decreasing intermolecular attraction and
increasing polymer mobility led the film to be more
flexible [14]. The composite Cs:NH,I:Zn(IT)-complex
membrane showed improved ionic conductivity and
dielectric properties with increasing gly concentration.
The composition of 30 wt.% gly exhibited the highest
dielectric constant with an optimum ionic conductivity
0f1.17x107* S/em [15]. Gly is the common plasticizer
for biopolymers including Cs. The presence of gly
in the Cs membrane prepared via a heat-mechanical
treatment method increased the water uptake and
elongation at a break, which reached 40% [16].

High surface area and sulfonate groups support
proton transfer in the membranes, as mentioned in
several previous studies that they had higher proton
conductivity than commercial Nafion. The SPEEK/-
MOF membrane had an optimum conductivity of
104 mS/cm at room temperature operation [17], the
SPEEK/sSrZrOB@TiO2 membrane had an ionic con-
ductivity of 120.9 mS/cm at 80°C [18], and the
SPEEK/sBH/SnO, membrane had a conductivity of
92.01 mS/cm at 80°C [19]. Based on the short review,
this research is to present a study of a novel Cs/m-PTA
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membrane with the addition of gly as a plasticizer to
improve the membrane properties, including its proton
conductivity and methanol permeability. The thermal
and chemical stability of the membrane are also in-
vestigated. Moreover, the effects of plasticizers on the
membrane are evaluated in terms of its morphology.

MATERIALS AND METHODS
Materials

Chitosan was synthesized in the previous study with
a degree of deacetylation >275% [7,9]. All chemicals
including Pluronic F127, mesitylene, potassium chlo-
ride, phosphotungstic acid, methanol, ethanol, glyc-
erol, sodium hydroxide, sodium chloride, hydrogen
peroxide, and iron (II) sulfate (FeSO,) were obtained
from Merck, Darmstadt, Germany. Aquadest and ultra-
high purity nitrogen gas were obtained from a local
company in Surabaya, Indonesia.

Preparation of m-PTA

The polyoxometalate-based filler was prepared
through the hydrothermal method with 2 steps of
calcination. Initially, copolymer blocks of Pluronic
F127, mesitylene, KCl, and PTA were added to
aquadest and stirred at room temperature for 4 h. The
mixture was warmed at 35 °C for 24 h and followed by
hydrothermal heating at 100 °C for 72 h. The residue
was dried at 70 °C, followed by washing with ethanol
repeatedly. The residue was calcined at a heating rate
of 2°C/min until 250 °C. The second calcination was
conducted at 350°C for 24 h with airflow [11]. The
dried powder was further analyzed and denoted as
m-PTA.

Fabrication of Cs/gly/m-PTA membranes

The Cs/gly/m-PTA membranes were fabricated using
the solvent-evaporation method. Initially, 2 g of Cs
powder was dissolved in 2% (v/v) acetic acid. Then,
the Cs dope solution was gradually added to the gly
and m-PTA fillers. The dope solution was cast on the
acrylic plate and dried at room temperature. The dried
membrane was washed using a 1 M NaOH solution
to avoid the over-swelling of the membrane in water.
Then, the membrane was neutralized with aquadest
and dried at room temperature. The compositions of
gly in the membranes are listed in Table 1.

Table 1 Compositions of the membranes.

Membrane Cs Gly m-PTA Acetic acid
wt.%) Wt.%) (Wwt.%) (wt.%)
Cs 2 - - 98.00
Cs/m-PTA 2 - 0.20 97.80
Cs/gly-0.25/m-PTA 2 0.25 0.20 97.55
Cs/gly-0.50/m-PTA 2 0.50 0.20 97.30
Cs/gly-0.75/m-PTA 2 0.75 0.20 97.05
Cs/gly-1/m-PTA 2 1.00 0.20 96.80
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Characterization methods

The functional groups of all materials were evaluated
using the Fourier transform infrared (FTIR) 8400S
(Shimadzu, Kyoto, Japan), and the pellet containing
the sample and KBr powder was scanned at a range
of 4000-400 cm™. The crystal phase of the mem-
branes was also analyzed using X-ray diffraction (XRD)
Xpert MPD (Malvern Panalytical, Worcestershire, UK)
scanned from 0-60°C using Cu Ka radiation. All
samples were analyzed at 40 kV and 30 mA. The
morphology of the membranes was characterized using
a scanning electron microscope and energy dispersive
X-ray (SEM-EDX) Zeiss Evo MA-10 (Carl Zeiss AG,
Jena, Germany) with an accelerating voltage of 20 kV/
The thermal stability of the membranes was evaluated
by thermogravimetric analysis (TGA) Pyris 1 Analyzer
(PerkinElmer Inc., Massachusetts, USA) with a heating
rate of 5°C/min from 25-500°C. The N, adsorption-
desorption analysis was only conducted to evaluate
the pore size of the m-PTA. The m-PTA powder was
degassed at 300 °C for 3 h to remove the absorbed gas
by m-PTA, and the measurement was conducted in a
vacuum environment. The data was collected using
the Quantachrome NovaWin gas sorption instrument
(Quantachrome Instruments, Florida, USA).

Membrane properties characterization

Proton conductivity

The proton conductivity of the membranes was eval-
uated using electrochemical impedance spectroscopy
(EIS) Autolab PGSTAT204 (Metrohm AG, Herisau,
Switzerland). The analysis was conducted at room
temperature and was hydrated. The membranes were
immersed in water for 24 h and placed between the
2 electrodes that were attached in a Teflon block. The
analysis was scanned at the frequency range of 0.1 Hz
to 1 MHz at the oscillating voltage of 10-100 mV.
The measurement of proton conductivity is shown in
Eq. (1).

o=L/(RxA) (D

where o is denoted as proton conductivity (S/cm), R
as the resistance (2), and L and A as the thickness (cm)
and surface area (cm?) of the membrane, respectively.

Methanol permeability

The permeability measurement was conducted using
2 compartments containing distilled water (compart-
ment A) and 2 M methanol solution (compartment B).
The membrane was initially placed between those
compartments before the solution was poured into
the compartments and it was stirred constantly. The
solution in compartment A was taken gradually every
30 min. The steps were repeatedly done until 360 min,
and the permeability of the membranes was measured
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using Eq. (2).
P =(ACs/At)x [(d x V,)/(Ax Cg)] 2

where ACp/At is denoted as the slope of methanol
concentration in compartment B as a function of time
(M/s), P is the membrane permeability (cm?/s), A is
the surface area (cm?), d is the membrane thickness
(cm), V, is the water volume in compartment A (cm?),
and Cy is the methanol concentration in compart-
ment B (M).

Membrane selectivity

The membrane selectivity was obtained from the ratio
of proton conductivity and permeability of the mem-
brane. The high selectivity is obtained due to the high
proton conductivity and low methanol permeability.
The high selectivity is favorable for DMFC application.
The selectivity of the membrane is measured as written
in Eq. (3).

S=o/P 3)

where S is denoted as selectivity (Ss/cm®), o as
proton conductivity (S/cm), and P as the methanol
permeability (cm?/s).

Water and methanol uptake

The membranes were initially weighed and immersed
in the distilled water and methanol in the separated
glassware. The membranes were soaked for 24 h at
room temperature. After immersion, the membranes
were gently dried with tissue paper and weighed again
denoted as wet membranes. The water (WU) and
methanol uptake (MU) of the membranes were mea-
sured using Eq. (4).

Uptake (%) = [ (Wiyet — Wary)/Wary | X 100%  (4)

where Wy, (g) and (W,,., (g) are denoted as the weight
of membranes before and after immersion in distilled
water or methanol.

Ion exchange capacity (IEC)

The IEC of the membrane was evaluated by the titra-
tion method. The dried membrane was soaked in the
1 M NaCl solution for 24 h. Then, the membrane
was removed, and the solution was titrated using
0.01 M NaOH with phenolphthalein as the indicator.
The IEC was measured using Eq. (5).

IEC (mmol/g) = (VNaon X Myaon)/Wary ~ (5)
where Vy,op is denoted as the titrated volume of NaOH

(ml), My,oy is the molarity of NaOH (M), and Wy, is
the weight of the dried membrane (g).
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Oxidative stability (OS)

The chemical stability of the membrane was evaluated
using a Fenton reagent containing 3% of H,0O, and
2 ppm of FeSO,. The dried membrane was initially
weighed and then soaked in the Fenton reagent for
1 h at 80°C. The membrane was weighed again, and
the weight loss of the membrane before and after
immersion in the Fenton reagent was determined using
Eq. (6).

0S (%) = [(W, —W,)/W; ] x 100% (6)

where W; (g) and W, (g) are the weight of the
membrane before and after immersion in the Fenton
reagent, respectively.

RESULTS AND DISCUSSION
The characteristics of m-PTA filler

The XRD spectra of PTA and m-PTA filler are shown
in Fig. 1, which indicates the transformation of PTA to
mesoporous form according to its crystal phases. The
significant transformation of PTA to m-PTA is exhibited
by the sharp peaks of the m-PTA diffractogram, which
revealed an arranged structure of m-PTA due to the
self-assembly of the PTA molecules and hydrothermal
processes during the synthesis [11]. Furthermore, the
typical peak of m-PTA filler is shown at the (222)
plane at 20 = 27°. The other peaks are also detected,
including the planes of (110), (200), (220), (330),
(510), and (611) [20]. Fig. 1c also confirms the pres-
ence of the mesoporous feature in m-PTA, as shown in
low-angle XRD that only showed a sharp peak. The
different patterns of pristine PTA and m-PTA are due
to the self-assembly process and ion exchange at the
beginning of the reaction between K™ and H' that
occurred in KCl and H,PW,,0,, [11].

The result of the isotherm method showed the pore
diameter and surface area of the m-PTA filler. The pore
diameter of m-PTA was achieved at 3.71 nm with a
surface area of 9.621 m?/g. The range of mesoporous
pore diameter between 2-50 nm of the prepared m-
PTA is included in the range of mesoporous mate-
rial [21]. The large surface area of m-PTA also revealed
the decline of the blockage process in the m-PTA pores
by the tungsten molecule [11]. It is also denoted that
the m-PTA filler is classified as the type-IV isotherm
model according to its hysteresis loop indicating the
differences in concentration of N, gas absorbed and
N, gas desorbed at a steady pressure [20]. The type-
IV isotherm can also indicate that the PTA transformed
into its mesoporous structure. The isotherm model is
shown in Fig. 2a.

The morphology of m-PTA indicates a clear spheri-
cal pattern with an average particle size of 730 nm that
was created during the synthesis, and Pluronic F127
acts as the template of PTA [12]. The template was
removed during the calcination at high temperature,
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and the PTA molecules remained in a spherical struc-
ture [22]. Moreover, the pores of m-PTA were created
as a result of the effective screening of PTA molecules
by the surfactant [11]. The morphology of the m-PTA
filler is shown in Fig. 2b and Fig. 2c.

The characteristics of Cs/gly/m-PTA membrane

The FTIR spectra of Cs/gly/m-PTA are shown in Fig. 3
which exhibit the bands of PTA and Cs. The bands
of PTA are detected in 1026 cm™ and 1376 cm™*
indicating the functional group of W=0O and PO,
respectively [23]. The Cs bands were also found in
the wavenumber of 3354, 2872, 1644, and 1586 cm™!
denoted as —O—H, —C—H, and —C=0 groups, respec-
tively [7]. The —C—N group also appeared in the
Cs bands at a wavenumber of 1022 cm™'. However,
the interaction of gly within the Cs and PTA resulted
in a rising in the peak intensity of —OH and —C—H
groups due to the hydroxyl and alkyl groups of gly
incorporated into the membrane structure [4]. The
broadening peaks of —O—H and —C—H in Cs indicate
the functional groups only achieved from the Cs it-
self [24].

The diffractogram of the membranes is shown
in Fig. 4 which reveals the significant differences be-
tween the Cs membrane, Cs/m-PTA, and Cs/gly/m-
PTA membrane. The Cs membrane only shows 2 major
peaks at 20 = 10° and 26 = 20°, demonstrating the
typical peaks of Cs [9]. Furthermore, the addition of
m-PTA gives rise to new crystalline phases in the Cs
membrane. The characteristic peak of m-PTA at 20 =
27° represents a (222) plane found in both Cs/m-PTA
and Cs/gly/m-PTA membranes. However, the incorpo-
ration of gly in the Cs/m-PTA structure can improve the
amorphous character of the membrane as well as the
Cs itself, as shown in Fig. 4c [25]. The shifting of the
m-PTA peaks in the Cs/gly/m-PTA membrane is due
to the possible interaction of PTA and gly molecules
incorporated into the Cs polymer backbone, which
exhibited the changing of its crystalline features [23].

The morphology of the membranes is shown
in Fig. 5 with the mapping elements of the membranes.
It showed the Cs membrane only possessed N, O, and C
elements. However, the Cs/m-PTA and Cs/gly/m-PTA
have additional elements, including O, B and W that
are obtained from PTA molecules [11]. The addition
of gly can avoid the agglomeration of the inorganic
filler that is shown by the Cs/gly/m-PTA membrane.
Its surface shows more homogeneity than the Cs/m-
PTA membrane which clearly shows the agglomeration
between PTA and Cs. Moreover, all membranes show
a dense structure due to the fabrication method of the
membranes. The solvent-evaporation method tends to
create a non-porous membrane due to the slow phase
inversion by airflow at ambient temperature [26].
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Fig. 1 XRD of PTA and m-PTA filler. Wide angle XRD of (a) pristine PTA, (b) m-PTA, and (c) low angle XRD of m-PTA.
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Fig. 2 Characteristics of m-PTA filler. (a) N, adsorption-desorption of m-PTA, (b) morphology of m-PTA at a magnification of
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Fig. 3 FTIR spectra of composite membranes. (a) Cs
membrane, (b) Cs/m-PTA, and (c) Cs/gly/m-PTA composite
membrane.

The properties of Cs/gly/m-PTA membrane

The properties of the membranes were evaluated for
their stability and uptake including thermal and chem-
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Fig. 4 XRD of composite membranes. (a) Cs membrane,
(b) Cs/m-PTA, and (c) Cs/gly/m-PTA composite membrane.

ical stability as well as water and methanol uptake.
The thermal stability of the Cs/gly/m-PTA membrane
is shown in Fig. 6a and Fig. 6b. The membrane shows
an improvement in its stability, and the first degrada-
tion indicates the membrane only lost its weight by
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Fig. 5 Morphology of the membranes by SEM-EDX.
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Fig. 6 Properties of the membranes. (a) TGA profile, (b) DTG profile, (c) oxidative stability, (d) water uptake, and (e)

methanol uptake of the membranes.

around 15 wt.% until 225 °C. As a comparison, the Cs
membrane lost its weight by 20 wt.%. The first degra-
dation of the Cs membrane is assigned to the loss of
its water content and weakly bonded molecules [27].
This phenomenon can be affected by the addition
of m-PTA filler. The m-PTA filler itself only has a
weight loss and cannot lose its weight above 10 wt.%
until 450°C showing the thermal stability character-
istic [22]. As mentioned in the previous study, the
Keggin structure of PTA started to collapse at the higher
temperature than 450 °C, resulting in the WO, and PO,

molecules [11].

The oxidative stability of the membranes is shown
in Fig. 6¢ which shows that the Cs/gly-1/m-PTA mem-
brane has the lowest weight loss among the other
membranes. Its weight loss for 1 h at 80°C is
18.33%0.762% compared to the pristine Cs membrane
the weight loss of which is 37.01+£0.547%, followed by
the Cs/m-PTA membrane at 24.33+0.346%. The rea-
sons for the decreasing value of its weight are affected
by the outstanding interaction between biopolymer,
gly, and m-PTA filler. Many chemical interactions are
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Table 2 Performances of the membranes.
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Membrane Methanol IEC Proton Selectivity Reference
Permeability (mmol/g) Conductivity (Ss/cm®)
(cm?/s) (mS/cm)

Cs 1.003x107° 0.698+0.105 2.40 2.39%10? This work
Cs/m-PTA 7.806x107° 0.788+0.087 3.30 4.23x10? This work
Cs/gly-0.25/m-PTA 7.372x107° 1.091+£0.122 3.61 4.89x10? This work
Cs/gly-0.50/m-PTA 5.984x107° 1.225+£0.132 4.34 7.25x10? This work
Cs/gly-0.75/m-PTA 2.021x107° 1.606+0.091 4.83 2.39x10° This work
Cs/gly-1/m-PTA 1.982x107° 2.949+0.022 5.13 2.58x10° This work
Pristine Cs 1.050x107* 0.230+0.067 2.86 - [9,23]
Cellulose/PTA 3.540x1077 0.359 0.11 2.99x102 [34]

involved in creating a durable membrane that is chem-
ically stable [28]. Furthermore, the polyoxometalate-
based filler can protect the Cs biopolymer from fur-
ther oxidation by forming a highly stable molecular
network as the gly can as a plasticizer that develops
cross-linked polymer chains [27].

The water and methanol uptake of the membranes
are shown in Fig. 6d and Fig. 6e, respectively. The
water uptake of the membranes was improved with
the addition of gly to the membranes. The highest
water uptake was obtained by the Cs/gly-1/m-PTA
membrane at 89.05+0.092%, and the lowest was the
Cs membrane at 50.32+1.033%. The improvement
of its water uptake was influenced by gly in that
more hydroxyl groups were attached to the membrane
structure giving more hydrophilic sites in the mem-
brane [29]. In addition, the methanol uptake of the
membranes tends to decrease with the addition of m-
PTA and gly. According to the previous study, the
polyoxometalate-based filler and enhanced interaction
between gly and m-PTA in the membrane can develop
long diffusion pathways for the methanol to avoid
the loss of fuel in the membrane and maintain fuel
efficiency [30]. Low methanol uptake and high water
uptake are favorable for the PEM in DMFC [7]. In
this research, the lowest methanol uptake was Cs/gly-
1/m-PTA at 1.26+0.031% with Cs and Cs/m-PTA at
10.84+0.121% and 10.33%0.079%, respectively.

The performances of Cs/gly/m-PTA membrane

All performances are listed in Table 2 including proton
conductivity, methanol permeability, IEC, and selec-
tivity. The methanol permeability of the membranes
shows a diminishing permeability trend with the addi-
tion of gly and m-PTA. The homogeneously dispersed
filler creates a methanol barrier network with long
diffusion pathways in the membrane [6]. Since the
diffusion method was applied for PEM, the longer
diffusion pathway is preferable for PEM and can be
achieved by cross-linking between polymer, gly, and
filler [31]. The result of permeability is in agreement
with the methanol uptake value. With the addition of
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gly and m-PTA, the methanol permeability and uptake
dropped to a lower value. The permeability of the
Cs/gly-1/m-PTA is 1.986x107° cm?/s as compared to
the Nafion 115 which is 5.65x10~> cm?/s [20].

The trend in IEC denotes that the enrichment
of hydrophilic groups increases the IEC of the mem-
branes. The highest IEC was also achieved by Cs/gly-
1/m-PTA which can be affected by the extra hy-
drophilic groups obtained from gly. The improvement
of IEC is very important to improve the proton conduc-
tivity of the membrane as well [32]. The IECs of Cs
and Cs/gly-1/m-PTA membranes were 0.689+0.105
and 2.949+0.022 mmol/g, respectively. It denoted
more than twice the increment from Cs. At the same
operating conditions, Nafion only achieves its IEC at
0.860 mmol/g [33].

The proton conductivity of the Cs/gly-1/m-PTA
membrane shows improvement compared to the Cs
membrane. The improvement could be due to the
high surface area of m-PTA which increases the charge
per unit area facilitating the proton transfer of the
membranes [11]. Moreover, the excess of hydrophilic
groups supported by gly gives the new proton channel
for H* to transfer through the membrane easily [4].
However, the proton conductivity of Cs/gly-1/m-PTA
is still lower than that of Nafion 115 at room tem-
perature (28 mS/cm) [33]. The selectivity of the
membrane was also affected by methanol permeability
and proton conductivity. The high conductivity and
low permeability generate high selectivity for the mem-
brane [20]. In this research, the selectivity of Cs/gly-
1/m-PTA is higher than that of the Cs membrane at
2.58x10° Ss/cm®, and with the addition of gly, the
selectivity also increased. The possible interaction, fuel
permeation, and proton conductivity mechanism are
shown in Fig. 7.

CONCLUSION

In this research, the composite membranes of
Cs/gly/m-PTA were successfully fabricated using the
solvent-evaporation method and achieved an improve-
ment in fuel cell performances. The Cs/gly-1/m-
PTA membrane is the membrane that achieved the
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Fig. 7 Possible interaction and mechanism of the conductivity and fuel permeation.

lowest methanol uptake and permeability. The highest
proton conductivity of the membrane is 5.13 mS/cm,
which is better than the unmodified Cs membrane.
Furthermore, the addition of m-PTA and gly can im-
prove the thermal and chemical stability of the Cs
membrane. Both water uptake and the IEC of the
membrane increase with the addition of gly. In this
research, the high selectivity of Cs/gly-1/m-PTA was
also achieved, along with low permeability and a high
proton conductivity value.
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