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Abstract: Poly(vinylidenefluoride-co-chlorotrifluoroethylene) P(VDF-co-CTFE) polymer was attached to methacrylic acid
(MAA) in the presence of 1,8-diazabicyclo[5,4,0Jundec-7-ene(DBU) catalyst to prepare P(VDF-co-CTFE)-MAA copolymer.
The modified P(VDF-co-CTFE)-MAA was polymerized with 2-sulfoethyl methacrylate (SEMA) monomer in the presence of
4’ 4’-azobis(4-cyanovaleric acid(ACVA) initiator by free radical polymerization to form the proton conducting membrane.
The ratio of the SEMA was increased in the membrane to increase the presence of the acidic group. The maximum IEC
value that was observed at 50% SEMA was around 0.82 meq/g, which is consistentwith the water uptake value. The highest
proton conductivity achieved by P(VDF-co-CTFE)-MAA/SEMA membrane with 50% SEMA was approximately 0.041 S/cm.
This indicates that the available ionic group for the proton conduction increases with the increase in the SEMA in the
membrane.
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1. Introduction possible applications to energy conversion units such
as batteries, fuel cells, solar cells, electrochromic dis-

The incorporation of metal salt in the polymer ma- play devices and facilitated transport membranes[1-4].
trix or polymer backbone linked covalently is usually Specially proton conducting polymer electrolytes, which
known as polymer electrolytes. Due to the excellent have negatively charged groups attached to the poly-
electrochemical properties, solid polymer electrolytes mer backbone, are extensively used in the fuel cell ap-
have recently been of technological interest for the plications such as polymer electrolyte membrane fuel

cells (PEMFC) or direct methanol fuel cells (DMFC)
[5-8].
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Many investigations have been carried out on proton
conducting polymer electrolyte membranes for the ap-
plications to fuel cells over the last decade[9-12]. The
easier transportation of proton ions is very important
for fuel cell applications. Thus, proton conducting pol-
ymer electrolyte membranes usually contain pendant
cation exchange sites such as sulfonic acids (SO3).
The most commonly used proton conducting polymer
electrolyte membranes in fuel cells applications are
DuPont’s Nafion® membranes consistingof a hydro-
phobic fluorocarbon backbone and hydrophilic sulfonic
pendant side chains. These structures produce a micro-
phase-separated morphology of membranes and thus
they exhibit excellent thermal, mechanical and electro-
chemical properties. However these membranes have
the following demerits such as high cost, high cost per
unit power, high methanol crossover and reduced pro-
ton conductivity at high temperature/low humidity con-
ditions. Thus many efforts have been made to the de-
velopment of alternative polymer electrolytes to per-
fluorinated membranes[13-21].

In this work, a novel proton conducting membrane
consisting of poly(vinylidenefluoride-co-chlorotrifluoro-
ethylene) P(VDF-co-CTFE), methacrylic acid (MAA)
and 2-sulfoethyl methacrylate (SEMA) is prepared. The
P(VDF-co-CTFE)-MAA/SEMA membranes were devel-
oped by linking the P(VDF-co-CTFE) with MAA mon-
omer and in turn polymerizing with SEMA by free
radical polymerization. The resulting membrane was
characterized by Fourier transform infrared (FTIR) spec-
troscopy to check the successful polymerization. The
electrochemical properties like ion exchange capacity
(IEC), water uptake and proton conductivity were re-
ported.

2. Experimental

2.1. Materials
Poly(vinylidenefluoride-co-chlorotrifluoroethylene)
(P(VDF-co-CTFE)) was provided from Solvey chemicals.
Methacrylic acid (MAA), 1,8-diazabicyclo[5,4,0]Jundec-
7-ene(DBU), 2-sulfoethyl methacrylate (SEMA), 4°,4’-

azobis(4-cyanovaleric acid(ACVA) and N-methyl-2-
pyrrolidone (NMP) are procured from Aldrich chemicals.

2.2. Synthesis of P(VDF-co-CTFE)-MAA

In a 250 mL round flask, 4.0 g P(VDF-co-CTFE)
was dissolved in 30 ml NMP at 80°C. When the pow-
ders were dissolved completely, the temperature of the
reaction flask was lowered to room temperature. And
then, 4 mL MAA was added into the solution. After
preparing homogeneous solution, 4.0 mL DBU was
added into the reaction flask and the colorless reaction
solution became black. The reaction flask was sealed
with a rubber septum and pure nitrogen was purged
for 30 minutes. The flask was immersed in an oil bath
at 50°C and the reaction was allowed to proceed for
6 h. After reaction, the resultant polymer was pre-
cipitated into a large amount of methanol for 2 times.
The aquatic layer was removed and a dark brown lig-
uid was obtained. Finally, the polymer was collected
bycentrifugation and dried in an oven overnight at
50°C.

2.3. Preparation of P(VDF-co-CTFE)-MAA/SEMA
Membranes

To prepare the P(VDF-co-CTFE)-MAA/SEMA mem-
brane, a different amount of P(VDF-co-CTFE)-MAA
was dissolved in 3 mL NMP, and then the different
amount of SEMA was added with stirring, followed by
0.015 g ACVA. The detailed composition of each
component is presented in Table 1. The mixture was
stirred for 1 day and poured into a glass dish. Finally,
the dish was put into an oven at 80°C for 24 h and
the solution became a membrane. Pouring some water
into the glass to peel the membrane off and a light
brown membrane was obtained. The prepared mem-

branes were stored in water until ready to be used.

2.4. lon Exchange Capacity (IEC)

IEC of the membranes was measured by the classi-
cal titration method. The membranes were soaked in
1.0 M NaCl solution for 24 h before measuring IEC.
The protons released due to the exchange reaction with
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Scheme 1. Synthesis of P(VDF-co-CTFE)-MAA copolymer.

Na ions were titrated against 0.01 M standardized
NaOH solution, using phenolphthalein indicator. The
experimental IEC of the membranes was calculated us-

ing the following equation.

IEC (mEq/g) = — > Nnaon__
Weight (polymer) N

where X is the volume of NaOH consumed and
Nnaon 18 the normality of NaOH.

2.5. Water Uptake

Water uptake was determined by weighing vacuum
dried membrane and fully equilibrated membrane with
water. The surface of the membrane sample was quick-
ly wiped with an absorbent paper to remove the excess
of water adhering to it and the sample was then
weighed. The water uptake of the membrane was de-

termined from

water uptake (wWt%) = Wy - Wy x 100

Wy 2

where Wy, and Wy are the weights of wet and dried
membranes, respectively.

2.6. Proton Conductivity

A four-point probe method was used to measure the
proton conductivity of the membranes using homemade
conductivity cell. Before the measurement of proton

conductivity, the prepared membranes were equilibrated
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Fig. 1. FT-IR spectra of pristine P(VDF-co-CTFE), pris-
tine MAA and P(VDF-co-CTFE)-MAA copolymer.

with deionized water. Complex impedance measure-
ments were carried out in the frequency range 1 Hz-8
MHz at 25°C, using a ZAHNER IM-6 impedance
analyzer. The impedance spectra of the membranes can
be used to generate Nyquist plots, and the proton con-
ductivity was calculated from the plots[21,22].

2.7. FT-IR Measurement

FT-IR spectra were recorded Excalibur Series FTIR
(DIGLAB Co.) instrument between the frequency range
of 4,000 to 400 cm™ using ATR facility.

3. Results and Discussion

The synthesis process of P(VDF-co-CTFE)-MAA co-
polymer is presented in Scheme 1 The chlorine linked
to the P(VDF-co-CTFE) is attached to the carboxylic

group by condensation reactionin the presence of DBU
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Scheme 2. Preparation of P(VDF-co-CTFE)-MAA/SEMA membranes.

catalyst to form an ester link. Fig. 1 shows the FTIR
spectra of pristine P(VDF-co-CTFE), pristine MAA and
P(VDF-co-CTFE)-MAA copolymer. The pristine P(VDF-
co-CTFE) exhibited strong absorption band at around
1,203, 1,178, and 1,151 cm'l, which are attributed to
the crystalline chains of P(VDF-co-CTFE). After the
formation of the ester linkage in P(VDF-co-CTFE)-
MAA, the new absorption bands are observed at 1,693,
1,645 cm™ due to the carbonyl group (C = O) and the
C = C double bond of the MAA.

The preparation scheme of P(VDF-co-CTFE)-MAA/
SEMA membranes is presented in Scheme 2 The prep-

aration composition of the P(VDF-co-CTFE)-MAA/
SEMA membrane is presented in Table 1 Because the
membranes with SEMA content above 50% showed
poor mechanical properties, the membranes with 0~
50% of SEMA were prepared and characterized. The
acrylic monomer of the P(VDF-co-CTFE)-MAA poly-
merized with the acrylic monomer of SEMA by free
radical polymerization in the presence of thefree radi-
cal initiators ACVA. The successfulpolymerization was
confirmed by FTIR study. Fig. 2 represents the FT-IR
spectra of P(VDF-co-CTFE)-MAA, pristine SEMA and

the composite membranes with different ratio of

Table 1. Composition for the Preparation of P(VDF-co-CTFE)-MAA/SEMA Membranes

SEMA wt% P(VDF-co-CTFE)-MAA (g) SEMA (g) ACVA (g) NMP (mL)
10% 0.27 0.03 0.015 3.0
20% 0.24 0.06 0.015 3.0
30% 021 0.09 0.015 3.0
40% 0.18 0.12 0.015 3.0
50% 0.15 0.15 0.015 3.0
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Fig. 2. FT-IR spectra of pristine SEMA, P(VDF-co-CTFE)-
MAA copolymer and the P(VDF-co-CTFE)-MAA/ SEMA
membranes with different ratios of SEMA.
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Fig. 3. IEC values of P(VDF-co-CTFE)-MAA/SEMA mem-
branes with different ratios of SEMA.

SEMA. The absorption bands at 1,631 em’ and 1,678
em” of the SEMA, 1,647 cm™ and 1,693 cm” of the
P(VDF-co-CTFE)-MAA attributed to the C = C double
bond disappeared after reaction indicates the successful
polymerization between SEMA and P(VDF-co-CTFE)-
MAA in the presence of ACVA free radical initiators.
In addition, with the increase of SEMA amount, the
peak at ~1,040 cm’ attributed to O = S = O group
became stronger. This implied that the incorporation of
the SEMA group increase with the increase in the
amount of the SEMA monomer.

Fig. 3 shows the IEC values of the P(VDF-co-CTFE)-
MAA/SEMA membranes as a function of SEMA con-
centration. By increasing the amount of the SEMA in
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Fig. 4. Water uptake of P(VDF-co-CTFE)-MAA/SEMA
membranes with different ratios of SEMA.

the P(VDF-co-CTFE)-MAA/SEMA membranesfrom 10
to 50 wt% the IEC value increased from 0.07 to 0.82
meq/g due to the increased in the charged group in the
membrane. At 50 wt% of SEMA group in the mem-
brane, it exhibited 0.82 meq/g of IEC value which is
close to the IEC value of Nafion 117. The higher val-
ue of IEC of the P(VDF-co-CTFE)-MAA/SEMA mem-
brane indicates the presence of large amount of sul-
fonic group inthe membrane.

The water uptake of the P(VDF-co-CTFE)-MAA/SEMA
membrane with different amount of SEMA is repre-
sented in Fig. 4 The water uptake value at 10 wt% of
SEMA is around 21%. The water uptake increased al-
most linearly with increase in SEMA concentration up
to 50% SEMA with a value of 79%. The water uptake
is consistent with the IEC value as presented in Fig. 3
This is mainly due to the fact that water uptake is lin-
early proportional to the concentration of ionic SOs’
groups, i.e. IEC value.

The proton conductivities of the P(VDF-co-CTFE)-
MAA/SEMA membrane at room temperature as a
function of the concentration of SEMA is presented in
Fig. 5 The proton conductivities are mostly dependent
on the presence of the SEMA or acidic SOs™ group as
presented in Fig. 5 The conductivity was around
0.0024 S/cm at concentration of 20 wt% SEMA. The
maximum proton conductivity achieved was around
0.0414 S/cm for SEMA concentration of 50%. The
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Fig. 5. Proton conductivity of P(VDF-co-CTFE)-MAA/
SEMA membranes with different ratios of SEMA.

tendency of the increase in the proton conductivity is
similar to the IEC value as presented in Fig. 3, which
is due to the increase in the acidic SOs group avail-
ability in P(VDF-co-CTFE)-MAA/SEMA membrane.

4. Conclusion

The hydrophobic, mechanically and thermally strong
polymer, P(VDF-co-CTFE) was covalently linked to
the acrylic monomer MAA through the functional
chlorine group in the presence of DBU catalyst. Then
P(VDF-co-CTFE)-MAA polymer was converted to pro-
ton conducting P(VDF-co-CTFE)-MAA/SEMA polymer
electrolyte membrane via linking to SEMA through
MAA by free radical polymerizationreaction in the
presence of ACVA initiator. ThelEC value increased
continuously with the increase in the SEMA concen-
tration in the membrane. The maximum IEC value was
0.82 meq/g at 50% SEMA, which well correlates with
the water uptake results. The highest proton con-
ductivity of P(VDF-co-CTFE)-MAA/SEMA membrane
was 0.041 S/cm at 50% SEMA.
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