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h i g h l i g h t s
 Novel anion exchange membranes based on two types of imidazolium ionic liquids were synthesized.
 The properties of the membranes could be tuned by varying the monomer ratios.
 The ionic conductivity of the synthesized membrane is as high as 2.26  102 S cm1 at 30  C.
 All the membranes show excellent thermal and chemical stability.
 A peek power density of 116 mW cm2 of the H2/O2 fuel cell is obtained at 60  C.
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Novel anion exchange membranes (AEMs) based on two types of imidazolium ionic liquids, 1-vinyl-3methylimidazolium iodide [VMI]I and 1-vinyl-3-butylimidazolium bromide [VBI]Br, have been synthesized by copolymerization. The obtained membranes are characterized in terms of water uptake, ion
exchange capacity (IEC), ionic conductivity as well as thermal and chemical stability. The conductivity
reaches 0.0226 Scm1 at 30  C. All the membranes show excellent thermostability. The membranes are
stable in 10 mol L1 NaOH solution at 60  C for 120 h without obvious changes in ion conductivity. Fuel
cell performance using the resulting membrane has been investigated. The open circuit voltage (OCV) of
the H2/O2 fuel cell is 1.07 V. A peek power density of 116 mW cm2 is obtained at a current density of
230 mA cm2 at 60  C. The results demonstrate the brilliant prospect of the developed membranes for
alkaline fuel cell applications.
© 2015 Elsevier B.V. All rights reserved.
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1. Introduction
Fuel cells, which directly convert chemical energy of fuel and
oxidant to electricity, have been believed to provide clean and
efﬁcient energy sources for portable power applications and power
plants [1e3]. As one of the critical component of fuel cell, the
electrolyte membrane has a signiﬁcant inﬂuence on cell performance. The proton exchange membrane fuel cells (PEMFCs)
commonly using Naﬁon® membrane as electrolyte have been well
developed during the past few decades. Despite Naﬁon® membrane
presents excellent chemical and thermal stability and high proton
conductivity, the commercialization of PEMFCs has been impeded
for the high cost of noble metal catalysts and membranes, slow
oxygen reduction kinetics, high methanol crossover (when Naﬁon®
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membrane was used in direct methanol fuel cells) and complex
water management [4e7].
Alkaline anion exchange membrane fuel cells (AEMFCs), using
anion exchange membranes instead of proton exchange membranes, offer important beneﬁts over their acidic counterparts
(PEMFCs). The more facile kinetics of the oxygen reduction reactions in alkaline condition allow for the use of non-noble metal
catalysts in AAEMFCs, such as silver, nickel, and palladium which on
one aspect greatly reduced the cost of fuel cell devices [8,9]. As a
crucial component in AEMFCs, the anion exchange membranes
(AEMs) conduct hydroxide ions from cathode to the anode where
water is produced, which can help simplify the water management.
Moreover, the hydroxide ions move in the opposite direction with
the fuel, which reduce fuel permeability and the cost on other aspects [10,11]. Although AEMFC is developed relatively later, it has
become one of hot research topics in recent years. Various types of
AEMs were obtained by chemical modiﬁcation method from
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commercial available polymers, such as polyethersulfone cardo
[12], poly (phthalazinon ether sulfone ketone) (PPESK) [13], polysulfone [14] and poly(arylene ether sulfone) [15]. Radio grafting
method [16] and polymerization route [17,18] were also used to
prepare AEMs. In many earlier studies, chloromethylation using
chloromethyl ether, followed by quaternization process were unavoidable to prepared quarternized polymers. However, the chloromethylation reagents are considered to be highly toxic and
carcinogenic. Furthermore, the alkyl quaternary ammonium groups
on the side chain could be easily degraded due to nucleophilic
substitution and (or) Hofmann elimi-nationreaction, especially at
high pH and elevated temperature [19].
To date, only a few reports about preparation of AEMs based on
imidazolium ionic liquids (IILs) have been found [20,21]. In this
work, we use the polymerizable IILs as the main materials to obtain
AEMs for two reasons. One is that the polymerizable IILs provide
eC]Ce for free radical copolymerization which effectively synthesize the target copolymers by controlling the monomer ratio in
the reactants. The cationic group of the IILs can provide ionic
conduction for AEMs as well, thus the synthesized polymers can
transfer anion directly, which avoids the process of chloromethylation in the synthetic routs. The other is that the imidazolium cations are more stable than the conventional quaternary
alkyl ammonium cations at high pH and elevated temperature
[22,23] due to the large p bond in the IILs. In this paper, novel AEMs
based on 1-vinyl-3-methylimidazolium iodide and 1-vinyl-3butylimidazolium bromide are reported. The properties of the
synthesized AEMs have been investigated in terms of water uptake,
ion exchange capacity (IEC), ionic conductivity as well as thermal
and chemical stability.
2. Experimental
2.1. Materials
1-Vinylimidazole (99%) was purchased from Meryer (Shenzhen)
Chemical Technology Co., Ltd. Iodomethane (MeI) was obtained
from Shanghai Experiment Reagent Co., Ltd. 1-Bromobutane, styrene, 2,2’-azobisisobutyronitrile (AIBN) were business provided by
China National Medicines Co., Ltd. 1-Vinylimidazole, 1bromobutane, styrene were distilled under reduced pressure
before use. AIBN was dissolved in boiled methanol, recrystallized at
0  C, and then dried under vacuum at room temperature. The other
chemicals were analytical grade and used as received. Deionized
water was used throughout this work.
2.2. Synthesis of imidazolium ionic liquids
A mixture of 1-vinylimidazole (9.1 mL, 0.1 mol) and 1bromobutane (10.8 mL, 0.1 mol) was added to a 100 mL threeneck ﬂask and magnetically stirred at room temperature for 12 h
under nitrogen protection. The liquid product [VBI]Br was extracted
with chloroform and ethyl ether in order to remove the unreacted
1-bromobutane and 1-vinylimidazole, then, dried at room temperature for 6 h under vacuum.
A mixture of 1-vinylimidazole (9.1 mL, 0.1 mol) and methyl iodide (6.4 mL, 0.1 mol) was added to a 100 mL three-neck ﬂask and
magnetically stirred for 6 h under nitrogen protection in an ice
bath. The liquid product [VMI]I was extracted by ethyl ether and
dried at room temperature for 6 h under vacuum. The synthesis
routes of [VBI]Br and [VMI]I are showed in Scheme 1.
2.3. Synthesis of copolymers
The reaction mixture containing [VBI]Br and styrene was added

Scheme 1. Synthesis routes of Ionic Liquids: (a) [VBI]Br (b) [VMI]I.

0

to a three-neck ﬂask using 2,2 -azobisisobutyronitrile (AIBN) as an
initiator (0.2 wt%) and ethanol (EtOH) as a solvent. The mixture was
magnetically stirred at 65  C for 24 h under nitrogen protection.
After the copolymerization completed, the obtained yellowish solid
was washed with ethyl ether for 3 times, again thoroughly washed
with deionized water and dried in a vacuum oven at 65  C for 6 h.
After that, the solid product was washed by tetrahydrofuran and
dried under vacuum at 65  C overnight. Scheme 2 shows the
schematic of the copolymerization of [VBI]Br and styrene. The
copolymer samples of [VBI]Br and styrene with different feed ratios
were labeled as copolymer A, B and C, respectively. The copolymerization of [VMI]I and styrene was carried out using the same
method mentioned above and the schematic of the synthesis route
is shown in Scheme 3. The copolymer samples of [VMI]I and styrene with different composition were labeled as copolymer D, E and
F, respectively.
2.4. Preparation of membranes
A certain amount of copolymers were dissolved in N,NDimethylformamide (DMF) respectively to form a 5e10 wt% solution. The solution was cast onto ﬂat glass plates at room temperature, dried in a vacuum oven at 80  C for 8 h after the deaeration
process under vacuum continuing for 2 h to prepare membrane,
respectively. The membranes that peeled off from the ﬂat glass
plates were kept in 1 mol L1 NaOH solution for 48 h. Finally, the
membranes were washed thoroughly by deionized water to
remove the residual NaOH and stored in deionized water for further
use. The thickness of the dry anion exchange membranes were
controlled between 30 and 60 mm.
2.5. Characterization
The Fourier Transform Infrared spectroscopy (FT-IR) spectra of
[VBI]Br, [VMI]I, resulting copolymers were measured using a
Nicolet FT-IR740SX spectrophotometer (Thermo Electron Corporation, USA) with a resolution 4 cm1. Elemental analyses were
performed on a Vario EL III Elemental analyzer (Elementar Analysen System GmbH, Germany). Thermo-gravimetric analysis (TGA)
was recorded using a TG209F1 system (NETZSCH, Germany) under
a nitrogen atmosphere at a heating rate of 10  C min1 from 30  C to
600  C.
2.6. Water uptake
Water uptake was determined by measuring the variation in the
weight of the OH form membrane before and after immersing in
the deionized water. The OH form membrane was immersed in
deionized water during 48 h at room temperature, and weighed
immediately after removing the free water on the membrane surface with a piece of absorbent paper. Then the wet membranes
were dried at 60  C under vacuum until the constant weights were
obtained. The water uptake was calculated by the following
equation:
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Scheme 2. Preparation of OH form membrane based on [VBI]Br and Styrene.

Scheme 3. Preparation of OH form membrane based on [VBI]I and Styrene.

Ww  Wd
WUð%Þ ¼
 100%
Wd

2.9. Chemical stability

(1)

where WU stands for the water uptake, Ww is the mass of the wet
membrane, and Wd is the mass of the dry membrane.
2.7. Ion exchange capacity (IEC)
The IEC was measured by a standard back titration method. A
piece of dry OH form membrane was soaked in 0.1 mol L1 HCl
solution (25 mL, VHCl, the volume for membranes soaking) at room
temperature for 48 h. The solution was titrated with 0.1 mol L1
NaOH solution (VNaOH, the volume for the back titration). After that,
the Cl form membrane was dried at 60  C under vacuum until the
weight remained constant and measured. The calculation of IEC
was based on the following equation:

IECðmmol g1 Þ ¼

ðVHCl  VNaOH Þ
C
Wd

(2)

where the C is the concentration of HCl and NaOH solutions, and
Wd is the mass of dry Cl form membrane.
2.8. Ionic conductivity
Ionic conductivity is one of the most important properties for
electrolyte membrane. The hydroxyl conductivities of the OH form
membranes were measured by a two-electrode AC impedance
method in a homemade cell. The cell was connected to a Parstat
263 electrochemical equipment (Princeton Advanced Technology,
USA). The membrane sample was sandwiched between the two
stainless steel electrodes and the resistance through the plane was
measured, as described in our previous works [13,16,20,21]. The
impedance spectrum was recorded in the frequency range from
0.1 Hz to 100 KHz. All the membrane samples were soaked in
deionized water for at least 48 h before the test. The ionic conductivity can be calculated as follow:

s¼

l
RA

(3)

where l (cm) is the distance between two potential sensing stainless steel electrodes, R (U) is the resistance of the membrane
sample, and A (cm2) is the surface area of the membrane exposed to
the electric ﬁeld.

Five OH form membrane samples were immersed into 2, 4, 6, 8,
10 mol L1 NaOH solutions at 60  C for 120 h, respectively. The sixth
sample was immersed into 1 mol L1 NaOH solution for 120 h as a
comparison. All the membrane samples were thoroughly washed
by deionized water until the free NaOH inside the samples was
completely removed. The ionic conductivities of six samples were
tested at 30  C to investigate the changes.
2.10. Membrane electrode assembly (MEA)
The membrane electrode assembly (MEA) is made up of an AEM
and anode/cathode electrodes. In this study, membrane A was used
as the AEM for the test. The anode/cathode electrodes consisted of
anode/cathode catalyst layers (Pt/C, 40 wt% Pt, Johnson Mathey)
and diffusion layers (Teﬂon-treated carbon paper, Toray-250). The
ionomer solution (5 wt%) was prepared using the OH form
membrane A, which was mixed with the catalyst powder and isopropanol to prepare the catalyst ink for the electrode. The ink in
which the weight ratio of catalyst to ionomer was 7:3, was stirred
continuously for 24 h until the uniform mixture was obtained. Then
the catalyst ink was sprayed onto the Teﬂon-treated carbon paper
to prepare the resulting electrode with an active area of
2.5  2.5 cm2 and a catalyst loading of 1 mg cm2. The AEM
sandwiched between the anode and cathode electrodes was hotpressed at 0.5 MPa for 5 min at 60  C to obtain MEA for fuel cell test.
2.11. Fuel cell test
The MEA was assembled into a single fuel cell with serpentine
ﬂow channels. The ﬂow rate of H2/O2 was 100 mL min1, and the
humidiﬁcation temperature increased with the test temperature,
both of which were controlled by fuel cell test equipment (GEFC-10,
Guangdong Electronic Technology Research Institute). The single
cell test was performed at 60  C with a humidity of 100% using an
electronic load (ZY8714, ZHONGYING Electronic Co., Ltd).
3. Results and discussion
3.1. Preparation and the FT-IR spectrum of IILs and OH form anion
exchange membranes
The synthesis routes of imidazolium ionic liquids are shown in
Scheme 1, and the details are described in Section 2.3. The reactions
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could be readily carried out due to the strong nucleophilictiy and
steric accessibility of the number 3 position nitrogen atom in 1vinylimidazole and high reactivity of 1-bromobutane and methyl
iodide. Both [VBI]Br and [VMI]I are soluble in water, alcohols and
DMF, insoluble in ethyl ether, chloroform and tetrahydrofuran.
The copolymers for preparing OH form anion exchange
membranes based on two types of imidazolium ionic liquid
monomers were synthesized via free radical polymerization, as
mentioned in Section 2.3. The synthetic routes are shown in
Scheme 2 and Scheme 3. Because of the strong water afﬁnity of
imidazolium ionic liquids, styrene was introduced to the polymer
backbone to adjust the hydrophilic-lipophilic balance of the
membranes. The properties of the copolymers could be tuned by
varying the monomer ratios in the reactants.
The feed ratio of IILs/styrene, nitrogen content of copolymers
and the molar ratio of IILs/styrene in copolymers are summarized
in Table 1. Sample A, B and C were polymerized by [VBI]Br with
styrene, while Sample D, E and F were polymerized by [VMI]I with
styrene. The Nitrogen only existed in the imidazolium cation
groups, hence, the amount of imidazolium groups in the copolymers could be reﬂected by the nitrogen content and controlled
by varying the feed ratio of IILs/styrene. It can be seen in Table 1
that the nitrogen content of copolymers decreased with the
decreasing amount of ionic liquids. All the copolymers and OH
form anion exchange membranes obtained in this work are soluble
in alcohols and DMF, insoluble in ethyl ether, chloroform and
tetrahydrofuran. Thus, the membranes could be prepared by solution casting method mentioned in Section 2.4.
Fig. 1 shows the results of FT-IR spectra analysis of IILs and
membranes. The strong peaks between 2800 and 3000 cm1 are
the characteristics of methyl and methane of the branch of imidazolium cation. The sharp peak at 1572 cm1 is identiﬁed to the
stretching vibration of C]N and the peak at 1162 cm1 is identiﬁed
to the ﬂexural vibration of CeH in the imidazole ring.
The peaks appearing between 760 and 850 cm1 in Fig. 1b and
d conﬁrm the presence of benzene ring. The peaks from 3000 to
3100 cm-1 represent the CeH of benzene ring. The strong absorption peak at 3400 cm1 in the ﬁgure belongs to the stretch vibration
of OeH. The results clearly conﬁrm the successful synthesis of IILs
and the OH form anion exchange membranes.
3.2. Thermal analysis

Fig. 1. The results of FT-IR spectra analysis of IILs and membranes.

in this region of membrane A and D were 282  C and 350  C
respectively. The third weight loss started from 350  C and was
believed corresponding to the degradation of the main chain [24].
No signiﬁcant weight loss is recorded below 200  C, showing that
the anion exchange membranes exhibit a thermotolerant temperature higher than 200  C.

3.3. Water uptake and ionic exchange capacity
Table 2 lists the water uptake of the six OH form membrane
samples. The test method was described in Section 2.6. The water
uptake of ionic exchange membranes reﬂects the hydrophilicity of
the membranes because of the strong hydrophilicity of the imidazolium salt. Thus, it can be observed that the water uptake of the
membrane increases with the increase of the imidazolium cation
group content in the membrane. Membrane D shows a water uptake of 82.7% with the highest content of imidazolium cation
groups.
Table 2 also lists the ionic exchange capacities of the six OH

The thermal stabilities of the developed membranes were
evaluated using thermal gravimetric analysis (TGA). Fig. 2 shows
the TGA curves of OH form membrane A and D. The ﬁrst slight
weight loss (<1.5%) before 200  C was suspected of the loss of residual water or organic solvent (such as DMF) in the samples. The
second weight loss (30%) between 200 and 350  C was considered
to be caused by the degradation of the imidazole group [22]. The
weight loss of membrane D before 300  C was less than that of
membrane A due to the less number of carbon atoms of alkyl in the
imidazolium cation groups. The onset decomposition temperatures

Table 1
The synthetic conditions and the N content of copolymer samples.
Copolymer
sample

Feed ratio of IILs/Styrene
(mole)

N Content
(wt%)

Molar ratio of IILs/
Styrene in copolymer

A
B
C
D
E
F

[VBI]Br: Styrene ¼ 1:1.5
[VBI]Br: Styrene ¼ 1:2.0
[VBI]Br: Styrene ¼ 1:2.5
[VMI]I: Styrene ¼ 1:1.5
[VMI]I: Styrene ¼ 1:2.0
[VMI]I: Styrene ¼ 1:2.5

6.674
5.681
4.646
7.768
7.337
6.286

1:1.8
1:2.5
1:3.5
1:1.2
1:1.4
1:2.0

Fig. 2. Thermo Gravimetric analysis of membrane A and membrane D.
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Table 2
Characterization of copolymers.
Membrane
sample

Thickness
(mm)

Water uptake
(%)

IEC (mmol g1)

A
B
C
D
E
F

45
43
46
48
44
46

56.8
42.9
30.2
82.7
54.8
43.6

1.26
1.10
0.98
1.52
1.48
1.04

s at 30  C

(102 S cm1)

2.26
1.22
0.79
1.32
1.01
0.82

form membranes. It can be observed that an increase in the imidazole group content in the membrane leads to the increase of IEC.
The data in Table 2 shows a clear trend of increasing water uptake
with the enhancement of IEC. Membrane D exhibited the highest
IEC of 1.52 mmol g1 with water uptake of 82.7%.
The ionic exchange capacity of the membrane can be enhanced
by increasing the amount of charged groups in the membrane.
However, this usually coincides with a loss of the mechanical
properties because of excessive water uptake. Therefore, the water
uptake of the membrane should be controlled within a proper
range to get optimal performance.
3.4. Ionic conductivity
Ionic conductivity is believed to be a key property for anion
exchange membranes applied in alkaline AEMFCs. Table 2 lists the
ionic conductivities of the six OH form membranes at 30  C. The
ionic conductivities of the six OH form membranes as a function of
the temperature are shown in Figs. 3 and 4. Membrane A, B and C
are based on the copolymer of [VBI]Br and styrene, and Membrane
D, E and F are based on the copolymer of [VMI]I and styrene. It is
found that at 30  C the ionic conductivities increase with the
increasing content of imidazolium cation groups. This can be
explained that the more imidazolium cation groups, the more OH
charge carriers. Insufﬁcient imidazole functional groups will lower
the conductivity of the membrane whereas excess imidazole
functional groups will lead to poor dimensional stability and mechanical properties of the membrane.
Membranes exhibit an increment in the ionic conductivity when
the temperature continues to increase. The ionic conductivity of
membrane A goes from 2.26  102 S cm1 to 4.92  102 S cm1
while the temperature varies from 30  C to 80  C. This can be
explained that the ions become more active at a higher

Fig. 3. Ionic conductivities of membrane A, B and C as a function of temperature.

Fig. 4. Ionic conductivities of membrane D, E and F as a function of temperature.

temperature and their migration become faster with increasing
temperature. Furthermore, water cluster can offer transport channels for anions inside the anion exchange membrane. The polymeric chain will be more elastic and higher water-absorbing at
elevated temperature, result in a more incompact membrane
structure, wider anion transferring channels and more ions transfer
[25e29]. It can be concluded that the ionic conductivity of OH
form membranes was mainly determined by two factors, the concentration of charge carriers and the water uptake of membranes.
Among these two types of membranes, membrane A and D exhibit
the highest ionic conductivity at a given temperature, with higher
content of imidazolium cation groups and higher water uptake,
respectively.
Fig. 5 is the relationship between ln (s) and 1000/T. From Fig. 5,
it is also can be found that the temperature dependence of hydroxide conductivity follows the Arrhenius equation. According to
the Arrhenius law, the apparent activation energies (Ea) of the
membranes were calculated. The Ea value of membrane A and
membrane D are 12.765 kJ mol1 and 11.240 kJ mol1, respectively.
3.5. Chemical stability and oxidative stability
The chemical stability of anion exchange membranes is

Fig. 5. Arrhenius plots of ionic conductivity for OH form anion exchange membranes.
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considered to be another key property for alkaline AEMFCs. In order
to simulate the working environment of alkaline AEMFCs, the
membranes were treated at a relatively high temperature. Also the
AEMs were immersed into different concentrations of NaOH solution to examine the durability of the cationic groups in the membranes when suffering constant chemical attack under a high pH
conditions. Membrane A and D are used as test subjects in this
work, the details about the measurement are described in Section
2.9. Fig. 6 shows the conductivities of ten samples after treated with
2, 4, 6, 8 and 10 mol L1 NaOH solution at 60  C for 120 h. The
conductivity of membrane A ranged from 2.26 to
2.34  102 S cm1, while that of membrane D ranged from 1.37 to
1.5  102 S cm1. The conductivities slightly increased with the
increasing concentration, which can be explained that the portable
OH inside the membranes enhanced under higher pH conditions.
Compared with the conductivities of the contrast samples,
2.26  102 S cm1 and 1.37  102 S cm1, there are no signiﬁcant
changes can be observed. The results show that the membranes
could tolerate high pH conditions at a temperature up to 60  C.
It is known that the radical oxidation-induced polymer degradation is one of the main reasons that cause deterioration of ion
exchange membranes [30]. So, it is very important to develop anion
exchange membranes with good radical oxidative stability. Fenton's reagent is extensively adopted to evaluate the oxidative stability of the membrane for fuel cell applications. In this work, the
membrane A and D were soaked in 3% hydrogen peroxide containing 4 ppm FeSO4 at 80  C under stirring. Every 24 h, the
membrane samples were taken out of the solution and quickly
weighed after removing the surface liquid with ﬁlter paper. As
shown in Fig. 7, the weights of the membranes remain stable within
120 h. This indicates that the developed membranes possess good
oxidative stability.
Unlike the quaternary alkyl ammonium cationic groups, a
nucleophilic displacement or a Hofmann degradation will not occur
on the imidazolium cationic groups under high pH conditions and a
relatively high temperature. There is no b hydrogen in the 1,3-alkyl
substituted imidazolium cationic groups with a big p bond conjugated system. Therefore, the imidazolium cationic groups could
stay stable under high pH conditions. As a result, the membranes
prepared in this work showed excellent chemical stability and
oxidative stability.

Fig. 6. The conductivities of membrane A and D after treatment with different concentrations of NaOH solution at 60  C.

Fig. 7. Mass of membrane A and D after immersed in Fenton's reagent as a function of
time.

3.6. Fabrication of MEA and fuel cell test
For the MEA fabrication, the OH form membrane A was used as
the alkaline solid polymer electrolyte membrane due to its higher
ion conductivity and better dimensional stability compared with
membrane D. The water uptake of membrane D is too high (82.7%)
to keep stable dimension of the membrane in high humidity environments, as mentioned in Section 3.3. In order to prepare the
ionomer solution, the Cl in the copolymer should be completely
converted to OH, because the Cl would cause the deactivation of
Pt catalyst. A single cell was assembled using Pt catalyst in both
anode and cathode. The cell was tested with pure H2 and O2 under
100% humidity at 60  C and ambient pressure. Fig. 8 shows the
voltageecurrent density relationship and the polarization curves of
the single cell using membrane A. It is observed that the open
circuit voltage (OCV) of the H2/O2 fuel cell is 1.07 V, the high OCV
indicates that the membrane A is a good barrier between the fuel
and oxidant streams [31]. The maximum power density of
116 mW cm2 is obtained at a current density of 230 mA cm2. The

Fig. 8. The voltageecurrent density relationship and the polarization curves of the H2/
O2 fuel cell using membrane A at 60  C.
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voltage of the cell reduces gradually with the increasing current
density. This is only a primary study on the performance of the H2/
O2 fuel cell of membrane A. The great efforts should be focused on
MEA fabrication and fuel cell testing conditions. There is great
potential to improve performance of alkaline AEMFCs.
4. Conclusions
Novel anion exchange membranes based on imidazolium ionic
liquids have been successfully prepared via free radical copolymerization and solution-casting method. The synthetic routes of
IILs and copolymers have the advantages of simple manufacturing
process and low cost, and they are suitable for large-scale industrial
productions. The properties of the copolymers could be tuned by
varying the monomer ratios in the reactants. The chemical structures of the synthesized IILs and membranes are conﬁrmed by FTIR. The TGA curves show excellent thermal stability of these
membranes and the onset decomposition temperatures are above
200  C. A appropriate level of water uptake, high ionic exchange
capacity and ionic conductivity could be achieved. The water uptake, IEC and ionic conductivity of membrane A are as high as 56.8%,
1.26 mmol g1 and 2.26  102 S cm1 at 30  C, respectively. The
ionic conductivity could be enhanced by raising the temperature,
reaching to 4.92  102 S cm1 at 80  C. All the membranes show
excellent chemical stability after treated in high pH concentrations
of NaOH solution at 60  C for 120 h. Membrane A is used in the fuel
cell test and the open circuit voltage (OCV) of the H2/O2 fuel cell is
1.07 V. The power densities of the H2/O2 fuel cell attain a peak value
of 116 mW cm2 at a current density of 230 mA cm2 at 60  C.
These results have demonstrated brilliant prospect of the synthesized membranes for alkaline fuel cell applications. Further work to
optimize the MEA fabrication and fuel cell testing conditions is in
progress.
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