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Abstract: This work aims to synthesis low cost new membrane applied for generation of environmentally friends
energy via fuel cell. Different ratio of glycidyl methacrylate to polyvinyl alcohol were used for membranes casting.
Reinforcement of the membranes was carried out by alumina powdered with ten percent of the mixture cast.
Gamma irradiation doses were applied on the cast mixture for compatiblization and finally cross-linking. Chemical
properties of the prepared membranes were discussed using FTIR while mechanical characteristics were reviewed
by measuring their hardness. Thermal behaviors of the prepared membranes were studied using thermal gravimetric
analysis, differential scanning calorimetry (DSC) and morphological structures were investigated via scan electron
microscope (SEM). The membranes' water uptake were performed prior to evaluate their ion exchange capacities.
The AC impedances were measured with different frequency values. The AC conductivities reached to 5.2 x 107
simon/cm which confirmed the membranes usage in fuel cell applications. Raising up temperature to 80°c increase
the electrical conductivity to 9.6 x 107 simon/cm which exceed that of Nafion by 62%. Chemical stability of the
membranes assured their availability for such application.
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Introduction shows great potential for application in the production

Proton exchange membranes (PEM) are key of biodegradable film,
components in many electrochemical processes: Most researchers have selected inorganic
electro dialysis, water treatment, energy storage in materials by modification methods because the roles
electrolysers and Redox systems and fuel cells of inorganic materials are to improve the water
(PEMFC) which have been recognized as promising retention in membrane, allowing an increase of fuel
new energy conversion technologies for clean power cell operation temperature in conjunction with low
sources. Commercially available perfluorinated PEM, external humidification conditions as well as the
such as Nafion®, are commonly used due to their reduction of methanol crossover [27,28]. Recently,
excellent chemical and oxidative resistance as well as Kim et al. [29] prepared a cross-linked PVA/SiO,
high proton conductivity, in the range of 0.1 S cm ™. hybrid polymer membrane containing sulfonic acid
However, their drawbacks are high cost and low groups (sulfosuccinic acid, SSA) for acidic DMFC
operation temperature and have motivated researches applications. It was found that the ionic conductivities
on alternative proton conducting membranes to the and methanol permeabilities of PVA/SiO, hybrid
perfluorinated membranes for high temperature polymer membrane were 10~ to 10> S cm ' and 10
PEMFC applications [1,2] As a standard membrane to 107" cm® s, respectively. Moreover, Kim et al. [30]
material, Nafion is widely applied for PEMFCs. But also prepared and examined the organic—inorganic
when it is operated under low humidity condition, the hybrid polymer membrane based on PVA / PAA /
proton conductivity will decrease with reduced water silica for DMFC. These hybrid polymer membranes
content due to the shrinkage of the hydrated ionic also showed similar results for the ionic conductivity
clusters [3—12]. To enhance the water retention of and methanol permeability. However, they did not
Nafion® and related membranes under low humidity present any DMFC electrochemical results [31-33].
conditions, many previous works focused on AlL,O; phase was chosen in this work because it has a
incorporating some hygroscopic oxide particles into large specific surface area, well-defined pore size
membrane matrix [13-15]. distribution, and stability in a wide temperature range

Polyvinyl alcohol (PVA) membranes have been [34]. It is also able to stabilize and disperse the active
studied [16-21] Because of the good film-forming phase adequately [35]. An increase in the heating
property, chemical resistance property and low cost. temperature generates transformation to the other
Also, PVA was used to improve certain properties of transitional-phase aluminas such as 3, 6 and a-Al,O4
other polymers or membranes [22-25]. It is a synthetic with changes in the pore structure to accommodate
polymer with a planar zigzag structure [26] , which is densification [36-38]. Alumina is typically used in
water-soluble on account of its elevated polarity. PVA the form of nano-particles providing with high surface
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area and activity, and excellent chemical stability. The
addition of hydrophilic ALO; fillers into the polymer
matrix reduces the crystallinity of the PVA polymer,
therefore increasing the amorphous phases of PVA
polymer matrix, resulting in an increase of its ionic
conductivity. As we know, when Al,O; filler used as a
stiffener material added to the PVA matrix, the
mechanical properties of the Q PVA/ALO;
nanocomposite polymer membrane greatly enhance
The thermal property, dimensional stability, and
swelling ratio could also be improved.[39]

Glycidyl methacrylate (GMA) has a hydrolysable
ester group that can be beneficially modified by
polymer analogous reactions to get a wide range of
functionalized polymers. It also has a reactive epoxy
group, which, due to its efficient binding nature, acts
as a ‘molecular anchor’ for active molecular species.
The epoxide ring on opening generates new functional
groups that find uses in ion exchange, chelate
formation and as pseudo-affinity ligands [40,41].

The present work aims to synthesis low cast
membranes efficiently used in fuel cell unit. GMA was
mixed with different ratio to PVA and reinforced with
alumina powdered. Different doses of gamma
irradiation were used for crosslinking the cast mixture
to prepare the membranes. Characterizations of
membranes were such as FTIR, SEM, TGA, DSC,
water uptake, ion exchange capacity and chemical
stability were performed. Electrical conductivity
measurements were carried out in the temperature
range 25 to 80 °C.

2. Experimental
2.1. Materials:

Commercial polyvinyl alcohol powdered was
purchased from OPTCo, Egypt.

Reagent grade, glycidyl methacrylate of purity
99.9% was supplied by Aldrich, Germany, other
chemicals such as solvents, alkali acids and....etc.,
were reagent grade. Alumina powdered micro-
particles was produced by oxford, India.

2. 2. Preparation of grafted membrane:

To prepare the PVA solution, the polymer was
first homogenized with distilled water for 30 min and
then dissolved at 90°C [42] with magnetic stirring for
a further 30 min. These solutions were then mixed
together adequately to obtain two concentrations of
PVA (20 g PVA/ 100 g macromolecules) and
homogenized until the temperature reached 90 and
then to 55°C, always with magnetic stirring. Casting
was carried out using different ratio (10 %, 20%, 30%)
of glycidyl methacrylate to be mixed with poly vinyl
alcohol solution. The mixture was poured into glass
petridish with10 cm dimension and irradiated with
different doses (10 and 20 KGy) of gamma. Before
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carrying out the characterizations, the films were
conditioned in desiccators with saturated solutions of
silica gel at 25°C for at least seven days, except for the
samples for the TGA analysis which were conditioned.
All the characterizations were made in an
air-conditioned room (T = 25°C) with a relative
humidity between 55 and 65 %, always in triplicate.

Moisture content (MC)

Moisture content (MC) was determined
according to a method described [43, 44]. Film
samples were weighted (W,) into glass dishes, dried in
an air-circulating oven at 105°C for 24 h and weighted
again (W;). Moisture content for each film was
determined in quadruplicate by Eq. (1).

W, -W;
MC= x 100 Eq. A1
W,
Swelling ratio (S)

The swelling characteristics of the different
specimens were studied in triplicate at different times.
All the films were weighted (Wd) and immersed in 30
mL of deionized water for specific time intervals at
room temperature. The samples were removed from
the swelling medium, wiped with a piece of paper to
absorb excess water on the surfaces and reweighted
(Ws). The swelling ratios of the samples were
calculated from Eq. (2).

Ws-Wd
S= - x100 ...l Eq. A2
wd
Ion Exchange Capacity:

Determination of Ion Exchange Capacity (IEC)
The acidified membranes were dried under vacuum at
120 °C for 24 h. Each membrane was weighed, and
then stirred in an excess, known volume of 0.1 M
NaOH for 12 h to ensure that the membrane was
completely neutralized. Excess NaOH was then
titrated using 0.01 M acetic acid and a
phenyolphthalein indicator. IEC was then calculated
based on the weight of the acidified membrane and the
moles of NaOH consumed during neutralization of the
membrane, determined by difference. IEC was
determined in triplicate (three separate titrations) and
reported as the average.

Vraon % 0.1

IECexperimemal =
Myry
The equivalent weight (EW) was calculated from
the following equation, which is reported as [45, 46]
1000
EW =

(Eq.A.4)
IEC
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2.4. Chemical stability

The chemical stability was characterized using a
H,O, aqueous solution [47]. For this purpose, the
membrane with a size of 3 cmx 3 cm was immersed in
the 3 % H,0, aqueous solution at 60°C. During the
immersion, the membranes were intermittently taken
out of the solution and weighed after wiping off the
excess surface water. The durability time, which was
defined as the lasting time till the weight loss get
started in the H,O,. The hardness can be measured as a
function of time (120 minutes) to evaluate the
availability of the membranes.

2.5. Conductivity

Prior to conductivity measurements, the
membranes were first transformed into protonic or
acidic form. The proton conductivity of the membrane
was measured with HIOKI LCR Hi-Tester,
Model:3532, Japan by using a frequency range of 20
Hz— 1 MHz. The impedance studies were conducted
using temperature ranges from ambient to 80 °C. The
resistance (R) was obtained from the intercept of the
impedance curve with real axis at high frequency end.
The ionic conductivity (o) was calculated according to
the following equation:

o (@ em ™) = L
where L is the thickness of the membrane sample, 4 or
(wr2) the sample surface area and R the resistance.

2.6. Scientific Equipments:
2.6.1. FTIR characterization:

The functional groups of the casted membrane
were studied using Mattson 1000, Pye-Unicam,
England.

2.6.2. Scan Electron Microscope (SEM)

Investigation and magnification of the casted
membrane surface was carried out by SEM, JEOL-
JSM-5400, Japan.

2.6.3. Thermal gravimetric analysis

Shimadzu TGA -50, Japan, was used to
characterize the thermal stability of the casted
membrane.

2.6.4. Hardness tester
Samples of were cut for 3 x 3 cm for
hardness test. The measurement was carried out
according to (ASTM D 2240, 2000) by manual
analogue instrument with pin produced termed
Baxio, UK.The unit of hardness is expressed in
(Shore A).
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2. 7. Gamma irradiation

Gamma irradiation was carried out by *°Co
gamma rays with a cylinder irradiation chamber. All
irradiations were performed at ambient temperature
(about 45°C at the chamber).

3. Results and Discussion
Theoretical approach

The idea of using an organic cation exchange
membrane as a solid electrolyte in electrochemical
cells was first described for a fuel cell by Grubb in
1959. At present the polymer electrolyte fuel cell
(PEFC) is the most promising candidate system of all
fuel cell systems in terms of the mode of operation
and applications. As shown in Fig.A, a PEFC consists
of two electrodes and a solid polymer membrane,
which acts as an electrolyte. The polymer electrolyte
membrane is sandwiched between two platinum
porous electrodes such as carbon paper and mesh.
Some single cell assemblies can be mechanically
compressed across electrically conductive separators
to fabricate electrochemical stacks. In general, PEFCs
require humidified gases, hydrogen and oxygen (or air)
as a fuel for their operation [48].

PEMFCs have a layered structure and
therefore the water transport process in each
individual component should be taken into account in
relation to the overall management of water in
PEMFC:s. The electrochemical reaction at the anode is

H = 2H +2e (1
whereas that at the cathode is
120, +2H +2e= H20 @)

The overall reaction in the PEMFC is therefore
H2 +1/20,=H20 3)

To model water transport in an operational single
PEMFC, the thermal balance described by an energy
equation for the electrochemical reaction should be
considered, because the current density in the cell is
not uniform, resulting in inhomogeneous heat release
and the presence of temperature gradients. Such in
homogeneities can be found in both the through-plane
and in-plane directions. Nevertheless, to simplify the
representation of water transport in each cell
component of an operational PEMFC, in this section
we will only consider equations for water transport
under isothermal condition in the through-plane
direction [49]

3.1. Membrane characterization
3.1.1. FTIR Characterizations:

Infrared spectral (IR) analysis is a powerful tool for
identifying the nature of bonding and the presence of
different functional groups in a sample by monitoring
the vibrational energy levels, which are essentially the
fingerprint of different molecules [50,51].
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Evidence of blending and network formation
has been provided by the characterization of the
synthesized casted membrane. The IR spectra of the
membranes, prepared by blending Glycidyl
methacrylate, with partially hydrolyzed polyvinyl
alcohol, are given in Fig. 1. The resulting hydrogen
bonding between hydroxyl groups produces a wide
hydroxyl stretch at 3323 cm™ have been seen in figure
l-a,b and ¢ while it appear at 3345 cm™ for figure
1-d,e and f The C-O stretch appears at 1120 cm™,
is typical for secondary alcohols. The vibrational
bands observed at 2958, 2360 and 1250 cm ' for
figure 1-a,b and c and it appeared at 2944, 2360 and
1265 were ascribed to —CH3 asymmetric, symmetric
stretching and symmetric bending vibrations of PVAc
respectively. The vibrational peak at 944 cm™' was
assigned to CH bending vibration and the peak at 579
em' for 10 KGy irradiated membranes while it was at
556 cm™ was assumed to be linked with CH3 (C-O)
group. The C-H wagging modes of vibration were

confirmed by the presence of band at 739 cm ™' [52,53].

Disappearance of the peaks related to epoxy ring
confirmed their opening. The intensity of 10 KGy
irradiated membranes have less intensity which may
due to higher water content.

3.1.2. 1.Thermal behavior
3.1.2. 1. Thermal gravimetric analysis (TGA)
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Figure 2: TGA thermogram of Poly glycidyl
methacrylayte/PVA blend membrane reinforced
with alumina powdered.

a)20 Poly GMA in the cast membrane at 10 KGy.
b)10 Poly GMA in the cast membrane at 20 KGy,
¢)20 Poly GMA in the cast membrane at 20 KGy.
d)30 Poly GMA in the cast membrane at 20 KGy.

As a result, the weights of the polymer
specimens decreased. The determination of this loss in
weight is the principle of different variant of
thermogravimetric analysis (TGA). The temperature at
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which the polymers lose weight is called the thermal
resistance of polymer [54-56]. Thermograms of the
PGMA / PVA casted membranes at different
irradiation doses were studied using
thermogravimetric analysis. These thermograms are
discussed for investigate the thermal stability of the
membranes.

Figure 2-a has seen could be differentiated into
four divisions. First division showed thermal stability
reached to 137 °C at which the loss of weight was
4.7 %. This result may be due to loss of water content
through the membranes. Second division was ranged
from 220 to 292 °C at which loss of weight was
decreased from 91 % to 82 %. After which the third
division described fast loss of weight which reached to
34 % at the temperature range from 292 to 436.7 °C.
The fourth zone showed the thermograms tail at which
the least value of weight was 29 % that was due to
raising the temperature to 550 °C.

Figure 2-c (20 % GMA of the casted membranes)
has the same behavior as it has the same composition
while it differed with irradiation dose (20 KGy). The
of curve's tail reached to 33% instead of 29 % which
represented with figure 2-a.

10 % GMA content of the casted membranes
showed more or less thermal stability. The working
temperature at which loss of weight reached to 4 %
was 76 °C. The second zone expressed convex curve
between 76 and 208 °C at which loss of weight
reached to 77.7 %. The last division (curve's tail)
illustrated decrease of the weight to 62 % by heating
to 550 °C.

Figure 2-d showed less thermal stability than 2-a
and c this curve could be differentiated into 5
divisions. First of which described the working
temperature of the casted membrane at which loss of
weight was 5 % resulted as raising the temperature to
117 °C. The second division showed slow weight
loss to 91 % at the temperature range 117 to 170 °C.
side peak (convex curve) have been seen by raising
temperature to 231 °C at which weight decreased to
80 %. The fourth division showed slow loss of weight
to 68 % which was due to increase the temperature to
304 °C. the fifth division illustrated the curve's tail
through which the loss of weight reached to 39% by
raising the temperature to 540 °C.

These results confirmed the usage 20 % PGMA /
80% PVA through the fuel cell applications as they
have maximum thermal stability and wide range of
working temperature.

3.1.2.2. Differential scanning calorimetry
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Figure 3: DSC thermogram of Poly glycidyl
methacrylayte/PVA blend membrane reinforced
with alumina powdered.

a)20 Poly GMA in the cast membrane at 10 KGy.
b)10 Poly GMA in the cast membrane at 20 KGy,
¢)20 Poly GMA in the cast membrane at 20 KGy.
d)30 Poly GMA in the cast membrane at 20 KGy.

DSC was employed to determine the thermal
behaviour of the solid polymer electrolytes results of
the differential scanning calorimetry (DSC) analyses
partially confirmed the FTIR analyses. Normally, a
highly cross linked polymer would be completely
amorphous, i.e. the DSC thermograms of these types
of material would not present endothermal events.
Nevertheless, the thermograms of all the films
produced in the present study were typical of partially
crystalline materials [57], as also observed in the work
of [42] for glutaraldehyde cross linked gelatin films.
Classically, phase transitions are considered to be
strongly dependent on the cross linking degree of the
polymers [58]. However, no effect was observed on
any of the phase properties, except for the glass
transition temperature determined.

20 % of PGMA of the casted membranes showed
nearly no difference in the thermograms behavior
while using different doses 10 and 20 KGy gamma
irradiation dose. 10 % PGMA ratio while using 20
KGy irradiation dose showed more or less regular
curve which may due to less compatibility of PVA and
GMA through the membrane. 30 % PGMA casted
membrane showed more crystalline form due to deep
Tc and wide range of the peak's bottom.

A possible explanation for the decrease of
thermal stability was described by Neto et al. [59,60].
It might be the formation of intra crosslinking
reactions between PVA chains with GMA, which by
its turn interferes with previously existing attractive
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hydrogen bonds, in those regions where crosslinking
occurred. As a consequence, the crosslinked PVA's
structure weakened, reducing its thermal stability.

Morphological structure of the casted membranes
have been illustrated in the figure 4. There are 2
factors affecting their surface structure: first of which
is gamma irradiation have very important role for
homogenization and complete crosslinking of the
casted membranes. Figure 4-a showed porous network
diffused through whitish spots. It suggested that PVA
predominant than GMA shared through the
membranes. Porous of the membranes have been
obviously seen which attempt strongly passage of
electrolytes and so high electrical conductivity. Figure
4-d showed nearly the same appearance while differed
in some manners such as more regular distribution of
whitish spots through the composite membranes. It
attempts that more compatibility and better
crosslinking. Figure 4-b and 4-e showed whitish color
could be seen with nearly no white spots or any
change in color. It may due to maximum homogenous
pattern and approximately no differentiation between
PVA and poly-GMA shared in synthesized membranes
while figure 3-e showed more homogenous manner.
This figure attempt 20 % GMA of the membranes is a
magic ratio at which maximum compatibility — have
been attained.

Figure 4-c and 4-f showed more or less
differentiation of the of the casted membranes into two
plates, first of which its color is white while the
second is darker (whitish). Pores, large channels and
long threads have apparently seen. These observations
attempted that; less compatibility of the synthesized
membranes. Figure 4-f showed less homogenous
structure than that of 4-c.

Figure 3-d,e and f showed thinner threads and
network than that of 4-a, b and ¢ which may due to
less water content of the membranes matrix. These
features conduct less water uptake for more exposing
irradiation doses' casted membranes and more
facilitation of electrolytes passage. These
observations leading to higher electrical conductivities
of 4-d,e and f than 4-a,b and ¢ and recommend their
usage in fuel cell applications.

There are no dots of any color have been seen
which attempt alumina have corporate between the
molecular spaces of the two shared polymers
(Poly-GMA and PVA) or it may migrate into deeper
surface of the membranes.

3.2. Hydrophilicity:
3.2.1.Moisture content
3.1.3. Morphological properties:
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Figure 4: Scan electron microscope of Poly glycidyl
methacrylayte/PVA blend membrane reinforced
with alumina powdered

a) 10 KGy and 10 % PGMA, b) 10 KGy and 20 %
PGMA, ¢)10 KGy and 30 % PGMA, d) 20 KGy
and 10 % PGMA, e) 20 KGy and 20 % PGMA, f)
20 KGy and 30 % PGMA.
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Figure 5: Moisture content of Poly glycidyl
methacrylayte/PVA blend membrane reinforced
with alumina powdered.

The ratio of GMA content in the membrane
influenced effectively on the moisture content of the
films. However, the films produced with higher PVA
showed higher values for moisture content (1.2 % for
10 KGy irradiation dose while it reduced to 0.9 % by
exposing them to 10 KGy) as seen in figure 4.
different values were observed by Silva et al, [61]
working with films based on gelatin with PVA blends.
However, these same authors observed that films of
pure PVA were less hygroscopic than gelatin films.

3.2.2.Water Uptake

Water uptake is an important property for PEMs
which needs to be seriously considered, because the
loss of water is anticipated to bring two negative
impacts on cell performance: decreased proton
conductivity and degraded membrane-catalyst
interface [62—65].
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Figure 6: Water uptake of Poly glycidyl

methacrylayte/PVA blend membrane reinforced
with alumina powdered

It is one of the important characteristic
properties for the casted membranes, which confirmed
the successful incorporation of hydrophilic group
inside the membrane. The water and methanol uptakes
capabilities that in turn related to the membranes
electrochemical properties were also determined. In
this study, the swelling behavior for the casted
membranes consist of ratio of the binary
constituent ,and irradiation doses investigated in term
water uptake and hydration number, i.e. the number of
water molecules per opened ring of GMA. The
percentage water uptake with different ratio of GMA
in the membranes in Fig. 6. It can be seen that the
sorption of water by phosphate group by the opened
ring of GMA's membrane increases with the increase
of GMA ratio till 20% while it reduced after which.
The water uptake increase to 65 wt.% as the ratio of
GMA increases to 20 % while it reduced to 38 % by
raising its ratio to 35% at 20 KGy. The same behavior
has attained by reduce the gamma irradiation dose to
10 KGy while the maximum water uptake was 58%
and it reduced to 29% by decrease the GMA content to
35 % . The increase in water uptake for all membranes
samples can be reasonably attributed to the increase in
the hydrophilicity imparted to the membrane from the
increases in the GMA yield besides the presence of
hydroxyl group of PVA. Such behavior is due to the
effect of the suppression of the swelling by the porous
hydrophobic membrane matrix structure. The water
uptakes of Nafion 117 membrane were found to be
about 20 wt.% under the same condition which less
than that of the casted membranes. Incorporation of
alumina has very important role for controlling water
and methanol passage through the prepared
membrane.
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3.2.3. Ion exchange capacity and porosity

Sample No. Glycidyl methacrylate % IEC (meq/g.) Equivalent
oy Area
Irradiation dose
10 KGy 20 KGy
1- 10 0.91 1099
2- 20 1.06 943
3- 30 0.77 1299
4- 10 0.97 1033
5- 20 1.12 893
6- 30 0.89 1123
Table 1 listed the IEC values and the equivalent membrane versus electrical conductivity = was

area of the casted membranes. The membranes
showed the highest IEC value of 1.12 mmolg™' at 20
KGy irradiation dose compared with that exposed to
10 KGy of 1.06 mmolg™" while Nafion®/Si02 of 0.87
mmolg . The increased IEC value illustrated that a
little more acid sites resulting from increasing the
GMA ratio to 20 % while the value reduced by
increasing their value to 30 %. Opening the GMA ring
besides the hydroxyl group of PVA have very
important role for increasing the IEC value. The
enhanced acid property was expected to promote the
membrane proton conductivity at various conditions
[66—68]. On the contrary, alumina within membranes
have nearly no effect on IEC due to the existence of
non-proton-conductive Al,O; particles. Obviously, this
result was unfavorable to cell performance under wet
condition.

According to previous report [69,70], the
possibility of preparing membranes with tailored
equivalent weight (EW) can be achieved through the
implementation of radiation induced finally
crosslinking. This is due to the fact that the variation
in the EW can be obtained via varying the GMA ratio
which in turn, reflected on the amount of mentioned
functional groups anchored into the membrane matrix.
A high IEC will result in a low EW of the membrane,
while low GMA Ratio leads to high EW. Thus, the
acquired EW values are in harmony with the
aforementioned discussion that shows a decreasing
trend with increasing grafting yield. Meanwhile, the
corresponding EW value of Nafion 117 membrane is
approximately to 1073 g/eq which is higher than the
prepared membrane and so recommend their usage in
the desired application.

3.3. Electrical characterization:
3.3.1. AC impedance of the membrane with no
humidity

The previous results showed exposing 10 KGy
irradiation dose for the cast each of IEC and water
uptake have a larger value than that exposed to 20
KGy. On the contrary electrical conductivity have
versus behavior. Ratio of GMA through the cast
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illustrated in figure 7.
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Figure 7: Electrical conductivity of Poly glycidyl
methacrylayte/PVA blend membrane reinforced
with alumina powdered

The ionic conductivity increases with increase
the GMA ratio in the cast membrane. Membranes with
values of 10 % GMA ratio and above record an ionic
conductivity as high as 107 simon cm'. The
threshold ionic conductivity value is given by the
membrane with (GMA ratio ) of 20 %, viz., 5.2 x10™
simon c¢m . This ionic conductivity is comparable to
that of a Nafion 117 membrane, which was found to
be 5.3x10* simon cm ' under the same experimental
conditions. The dependence of the ionic conductivity
of cast membranes on the GMA yield is probably
caused by the increase in both function groups
(Hydroxyl of PVA and opened ring in GMA)
associated with the amount of the sorbed water. This
indicates that the incorporation of more GMA conduct
decrease of EC which may due to less compatibility of
the GMA and PVA shared through the cast membrane.
Since there is a relation between the water sorption
and the ionic conductivity based on the concept of
ionic domain percolation, the high-ionic conductivity
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demonstrated by these membranes at high GMA yields,
i.e., Ratio about 20 % GMA suggests that the water
swollen ionic domains in the membranes form a
network structure. Irradiation dose has very important
role on the membrane that affect severely on EC.
Increasing the irradiation dose resulted in more
compatibility while reduce the water content captured
through the network matrix which may facilitate the
ionic motion. These reasons conduct raising the EC
value for the operation of proton exchange membrane
fuel cells (PEMFCs) at high temperature and low
relative humidity provides several advantages than
lower temperature cells:

(1) Low CO catalyst poisoning.

(ii) Better water management.

(iii) High system efficiency.

(iv) Increase rates of reaction and diffusion.

Therefore, the development of PEM, which has
high proton conductivity at high temperatures and low
relative humidity, is great importance in high
temperature PEMFC research and development.
[71,72].
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Figure 8: Effect of temperature on Electrical
conductivity of Poly glycidyl methacrylayte/PVA
blend membrane reinforced with alumina
powdered

Proton hopping and vehicular diffusion are
believed to be the predominant modes of proton
conduction in the ionomer membranes [73,74]. An
increase in temperature increases conductivity as it
strongly affects both mechanisms: hopping as well as
diffusion becomes faster. Notably, the conductivity
also increases with the dilution of charge carriers
(increasing water content of the samples). An increase
in conductivity, when increasing water content of the
membranes is caused by an increase in proton mobility.
But in the PEMFC operating range (25 mhr—80°C)
conductivity increases only about 25% by temperature
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increase with 15°C (25 to 40°C). Increasing
temperature with 20°C from 40 to 60°C and 60 to 80°C
resulted in increasing conductivity by 20%.
Conductivity increases nearly by an order of
magnitude with increasing water content. Therefore,
water content and the related proton mobility are
identified as the key parameters affecting membrane
conductivity. At 100% RH and 80 °C, Nafion/silica
membrane shows a proton conductivity of 9.6 x 107
simon cm ', compared to 0.080 simon cm™' for recast
Nafion 117. It has been reported that in the production
of hybrid alumina-cast membranes, the presence of
inorganic alumina domains could interfere with the
structure of the ionic clusters and accordingly reduce
the proton conductivity measured at high water
activity. Nevertheless the presence of mesoporous
alumina has not disrupted the proton transport
pathway in the present study. The
temperature-dependent conductivities of the prepared
membranes were plotted at RH = 100 % (Fig. 8). The
water present in the membranes might be acting as a
well connected network for proton hopping. But the
situation is different at nearly 30 % RH, i.e. when
the water content of Nafion is diminished significantly.
In this case the activation energy for Nafion increases
to 19.3 kJ mol-1, indicating a change in the
conductivity mechanism; but, for functionalized
hybrid membranes, Ea does not change too much
because water is effectively retained in these
membranes, favoring vehicular diffusion of protons
[75-77].

3.4. Membrane durability

Membrane durability

0 20 40 60 80 100 120

Time (Min.)

140

Figure 9: Effect of time on durability of of Poly
glycidyl methacrylayte/PVA blend membrane
reinforced with alumina powdered

The membrane used in fuel cell acts as a carrier
for proton transport and as a barrier to provide
effective separation between the anode and cathode.
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The former requires the membrane to be as thin as
possible, while the latter requires the membrane to be
strong enough to avoid damage during the membrane
electrode assembly (MEA) fabrication, and during the
fuel cell operation. Especially in a DMFC, one side of
the membrane is exposed to the liquid methanol
solution, and the other side is exposed to the dry gas.
Different swelling on the two sides will accelerate the
degradation of the fuel cell membrane. In many cases,
it is found that the degradation of the fuel cell is not
only caused by the lower chemical stability, but by
mechanical damage.

Evaluation of the mechanical properties were
measured as a function time for 20% GMA ratio and
20 KGy irradiation dose. Hardness measurements
showed decrease their value by increasing the heating
time of with hydrogen peroxide. These results attempt
the availability of the membrane and their durability
through the 2 hours however; it noticed more
applicability via the first 45 minutes at decrease the
stability not exceed 27% from the original value.

Conclusion

The target of the work is to synthesis cheap
membranes have high availability for using through
the fuel cell unit. Mixing of Glycidyl methacrylate
with different ratio of (10, 20 and 30 %) to PVA and
10 % alumina powdered for reinforcement the
membranes. Different gamma irradiation doses (10
and 20 KGy) were used for achieving high
compatibility and finally crosslinking.
Characterizations of the membranes were performed
chemically (FTIR), thermally (TGA and DSC) and
morphologically (SEM). Water uptake and ion
exchange capacity (IEC) measurement exceed the
result attained by Nafion with 28% (for IEC). AC
electrical conductivity was 5.2 x 107 which is well
comparable with that of Nafion (which was 5.3 x 10?).
Raising temperature to 80°C conducted increase the
conductivity by 64 % which is strongly recommend
the membranes application into fuel cell unit.
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