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Fuel cells are considered to be the promising alternatives to conventional power engines. In our 
investigation, we have synthesized blend membranes of sulfonated poly(ether ether ketone) 
(SPEEK) and poly(ether ethersulfone) (PEES) for electrochemical and especially Direct Methanol 
Fuel Cell applications (DMFC). The ion exchange capacity, water and alc
durability were found to be promising for its application. When compared to SPEEK, since the 
methanol absorption is low, the methanol permeability was also found and it was suitable for 
applications in DMFC. The membranes were characterize
UTM, SEM and XRD. From the FT
interact with PEES. TGA gave an idea about the thermal stability of the membrane. The 
membranes were stable up to 200°C which is very 
obtained from DMA. The UTM studies clearly revealed an appreciable mechanical behaviour. The 
tensile strength of the blend with 10% PEES exhibited the maximum tensile strength of 19.25 
MPa. From the XRD studies, t
membranes was found to be in the order of 10
The performances of the membrane
membranes at
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INTRODUCTION 
 

Recently, the fuel cells have emerged strongly as a viable 
alternative source of power conversion owing to their high
energy efficiency and eco-friendly nature [1, 2]. Among the 
different types of fuel cells, the Direct Methanol Fuel Cell 
(DMFC) looks to be an ideal power source for various 
household as well as industrial applications. Though Proton 
Exchange Membrane Fuel Cells (PEMFC) offers a better 
power output when compared to DMFC, the safety issues
much while handling hydrogen in the case of PEMFC as there 
are possibilities for hydrogen to explode when it crosses the 
critical limit of 4% in the atmosphere. The storage of 
hydrogen and its transportation also arise critical issues.As a 
result, the DMFC proves to be the best option in which liquid 
methanol is used as the fuel instead of hydrogen gas at the 
anode. The proton exchange membrane (PEM) as electrolytes 
in fuel cells have been well established over the past two 
decades and are successfully commercialized as electrical 
power sources in spacecrafts and submarines [3,4]. The 
polymeric membrane that has been commercialized at present 
is perfluorosulfonic polymers and is severely hindered by the 
hiccups that include (i) high cost of the membrane
results in an increase in the overall cost of the fuel cell, (ii) 
non eco-friendly nature due to the fluorine background, (iii) 
loss in proton conduction at elevated temperatures due to the
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ABSTRACT 

Fuel cells are considered to be the promising alternatives to conventional power engines. In our 
investigation, we have synthesized blend membranes of sulfonated poly(ether ether ketone) 
(SPEEK) and poly(ether ethersulfone) (PEES) for electrochemical and especially Direct Methanol 
Fuel Cell applications (DMFC). The ion exchange capacity, water and alc
durability were found to be promising for its application. When compared to SPEEK, since the 
methanol absorption is low, the methanol permeability was also found and it was suitable for 
applications in DMFC. The membranes were characterized by means of FT
UTM, SEM and XRD. From the FT-IR studies, the sulfonic acid grouping of SPEEK was found to 
interact with PEES. TGA gave an idea about the thermal stability of the membrane. The 
membranes were stable up to 200°C which is very well suitable for DMFC. The Tg values were 
obtained from DMA. The UTM studies clearly revealed an appreciable mechanical behaviour. The 
tensile strength of the blend with 10% PEES exhibited the maximum tensile strength of 19.25 
MPa. From the XRD studies, the crystalline nature was studied. The proton conductivity of the 
membranes was found to be in the order of 10-3 S/cm which is optimum for application in DMFC. 
The performances of the membrane-electrode assembly (MEA), in DMFC, using the blend 
membranes at room temperature and 60 °C were evaluated by single cell test and are found to be 
350 and 590 mA/cm2, respectively. 
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evaporation of water and (iv) dependence on relative humidity 
in maintaining appreciable proton conductivity [5] and (v) 
high methanol permeability especially in DMFC which limits 
its application as electrolyte membranes. To overcome these 
limitations of the perfluorosulfonic acid membranes, focus of 
the fuel cell researchers fell on alternative polymer 
membranes that could be a perfect replacement for Nafion in 
DMFC. From the application and commercial point of view, 
any membrane even the one without fluor
but having high temperature resistance, mechanical strength 
and high proton conductivity would be an ideal replacement 
[6]. In the past years, attention was given to aromatic 
hydrocarbon based polymers that include polysulfone [7
sulfonated polyether ether ketone [10
polyphenylene oxide [6, 13], polybenzimidazole [14
sulfonated polyether ether sulfone [17] as an ideal substitute 
for the perfluorinated polymers. Among the various materials, 
SPEEK membranes have been demonstrated to exhibit stable 
performance comparable to Nafion in a fuel cell under a low 
temperature of 50oC for more than 4,300 hours [18]. To 
further enhance the SPEEK membranes for use in high 
temperature fuel cells, several approaches like pol
inorganic hybrids, polymer-polymer blends, cross
techniques have been used [19
investigations, we synthesized composite membranes of 
SPEEK with inorganic acids like phosphotungstic acid and 
silicotungstic acid [5, 25, 26]. 
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a sulfonated polymer having appreciable proton conductivity 
in combination with a non-conductive engineering 
thermoplastic has become a very popular contemporary 
approach to the development of improved PEM materials. 
Aromatic polymers such as poly(ether ethersulfone) (PEES) 
are important engineering plastics that display excellent 
resistance to oxidation as well as hydrolysis. The work 
described herein considers blends of SPEEK with PEES. 
SPEEK was proved to have excellent thermal stability, 
mechanical strength, good proton conductivity, durability etc., 
and PEES was chosen due to the ether linkages that it possess 
in order to improve the flexibility of the resulting blend 
membrane. Also the hydrophobic nature of PEES is 
considered for lowering the diffusion of methanol. Various 
parameters like Ion Exchange Capacity (IEC), water/ alcohol 
absorptions, durability were found to be promising. The 
thermal stability was analyzed by means of TGA and the 
blends were found to be stable up to 220oC. The XRD 
technique was used to study the variation in the crystalline 
behaviour of SPEEK upon adding PEES. The Tg values were 
obtained from DMA. The tensile strength and percentage 
elongation were found to be appreciable as determined by 
UTM. The proton conductivity of the blend membranes were 
found to be in the order of 10-3 S/cm. The performances of the 
Membrane Electrode Assembly (MEA), in DMFC, using the 
blend membranes at room temperature and 60 °C were 
evaluated by single cell test and are found to be 350 and 590 
mA/cm2, respectively. 
 

MATERIALS AND METHODS 
 
Materials and Chemicals 
 
PEEK was procured from Victrex, England and was dried 
overnight at 100°C before use. PEES was obtained from 
Sigma-Aldrich, USA. Catalysts (Pt and Pt-Ru) were purchased 
from Arora Matthey, India. Sulfuric acid and N-Methyl 
pyrollidone (NMP) were obtained from SRL Chemicals, India 
and were used as received. 
 
Preparation of blend membrane 
 
Initially, polyether ether ketone was sulfonated and the 
detailed procedure was reported earlier [5]. To prepare the 
polymer blend membranes, a desired amount of SPEEK was 
dissolved in NMP. Then, calculated amount of PEES 
dissolved in NMP in a separate beaker was slowly added to 
SPEEK solution under stirring and it was heated to 50oC for 6 
hours with continuous stirring. The homogenous solution 
obtained was filtered and poured onto a clean, dry petri dish. 
The solution was kept in a hot air oven at 90°C for 12 hours. 
The obtained membrane was clear, pale brown and 
transparent. It was removed from the petri dish by immersing 
the dish with membrane in deionised water for 2 hours. It was 
then boiled in hot water for 30 min and was stored for further 
investigation. The variations in the composition of the 
different blends are given in Table 1. 
 
Characterization 
 
The ion exchange capacity (IEC) indicates the number of milli 
equivalents of ions in 1g of the dry polymer. It was determined 
by titration method. The membrane in its acid form was 

weighed and then soaked in an aqueous solution containing a 
large excess of KCl in order to extract all the protons from the 
membrane. The electrolyte solution was then neutralized using 
a dilute Na2CO3 solution of known concentration (0.01N). The 
EW (equivalent weight) values were calculated from the dry 
weight of the membrane divided by the volume and the 
normality of the Na2CO3 solution. The IEC values were 
expressed as number of meq. ofsulphonic groups per gram of 
dry polymer. The amount of solvent intake by the membranes 
was studied. The dried membranes were weighed and soaked in 
water and methanol separately and allowed to get equilibrated 
at room temperature for 24 hours, above which the weight was 
constant. The swollen membranes were then quickly weighed 
after blotting the surface water and the values noted. The 
swelling degree was determined using the formula, 
 

Mwet   -   Mdry 
SW  =  ——————-    x   100    % 

           Mdry 
Where, 
Mwet = Weight of wet membrane, 
Mdry = Weight of dry membrane. 
 
The methanol permeability is a serious factor which reduces 
the efficiency of the fuel cell particularly in Direct Methanol 
Fuel Cell (DMFC). The permeation not only allows the 
methanol fuel to the cathodic compartment but also mixing of 
the fuel and the incoming oxidant (Oxygen) at the cathode. 
This drastically reduces the performance of the fuel cell. The 
methanol permeability of the blend membranes was analyzed 
using a diaphragm diffusion cell, consisting of two glass 
bottles that can be interconnected with a capacity of 50cm3 as 
reported by Tiezhu Fu et al [27]. The membrane can be 
clamped between the two compartments. Initially 25ml of 
deionised water was taken in compartment A and 25ml of 
20% v/v methanol was taken in the compartment B. As a 
result of concentration difference between the two 
compartments, methanol flux arises across the membrane. The 
increase in the methanol concentration with respect to time in 
compartment A was followed using a PAL II digital 
refractometer. The measurements of proton conductivity, σ 
(S/cm) of the membranes were carried out using 
AutolabPotentiostatGalvanostat impedance analyser.  
Membranes with required dimensions were cut and pre-treated 
with 0.01N Sulfuric acid and kept in water for 100% 
hydration. Then it was placed between two silver electrodes 
with an area of 1.33 cm2 with a uniform pressure applied to 
hold the system. The cell set-up is Ag/SPEEK + PEES/Ag. 
The resistance offered by the membrane was calculated and 
then converted to conductivity values using the formula; 

 
σ    =   L / (R x A) 

 
Where, σ is the conductivity in S/cm, R is the resistance 
offered by the membrane in ohms, L is the thickness of the 
membrane in cm and A is the area of the membrane in cm2.  
The FT-IR spectra (450cm-1 – 4000cm-1) of the dried 
membranes were recorded using a Perkin Elmer FT-IR 
spectrometer at 25 ± 2°C. Prior to the measurement, the 
samples were dried at 100°C for an hour in order to remove 
moisture. XRD measurements were performed using X’ Pert 
Pro diffractometer. The dried samples were mounted on an 
aluminium sample holder. The scanning angle ranged from 1° 
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to 80° with a scanning rate of 2° per min. All the spectra were 
taken at ambient temperatures (25 ± 2 ° C). The crystallinity 
noted by XC, corresponds to the fraction of crystalline phase in 
the investigated sample. XC and the average crystallite size are 
related structural parameters of materials since both are 
extracted from the width of a corresponding reflection peak of 
XRD pattern. There is an empirical relation between XC and 
β002 and the relation is given as, 
 

β002 x 3√ XC = KA 

 
where, XC is the crystallinity degree, is the full width of the 
peak at half intensity of  β002 reflection and KA is a constant, 
0.24. For checking the durability of the blend membranes, the 
following procedure was adopted. Initially, a 4ppm ferrous 
ammonium sulfate in 3% H2O2 was freshly prepared and the 
temperature of the solution was maintained at 80°C. The blend 
membrane with the dimension of 0.5 cm2 was cut and soaked 
in the solution. The time required for the physical 
disintegration of the blend membrane is carefully noted down 
and reported. TGA analysis is mainly carried out to determine 
the thermal stability of the blend membranes. The change in 
weight of the membrane with increase in temperature at a 
heating rate of 20°C/min in the range of the temperature 
between 30°C and 800°C in nitrogen atmosphere is followed 
using a SDT Q600 US analyser. The dynamic mechanical 
measurements were made using the Dynamic Mechanical 
Analyzer 242C instrument supplied by NETZSCH, Germany. 
The temperature ranged from 150°C to 250°C with the heating 
rate of 5°C/min at a frequency of 1 Hz. The mechanical 
properties were obtained from Hounsfield Universal Testing 
Machine. The samples were cut into a size of 5 mm x 50 mm 
as reported earlier [5] with a thickness of 60 microns. The 
cross head speed was set at a constant speed of 10 mm/min. 
For each sample, at least three measurements were made and 
the average value was reported. 
 
MEA Preparation 
 
Membrane electrode assembly (MEA) was obtained by 
sandwiching the SPEEK/PEES blend membrane between the 
anode and cathode. For DMFC, the electrocatalysts used were 
40 wt% Pt:Ru (1:1) on Vulcan XC-72 and 20 wt% Pt on 
Vulcan XC-72 in the anode (loading 0.5 mg/cm2) and cathode 
(loading 0.5 mg/cm2), respectively. The catalyst layer is 
obtained by mixing the catalyst, isopropy alcohol (IPA), 
deionized water and Nafion solution as binder and coated on 
the carbon cloth. The electrodes were of 5 cm x 5 cm (area = 
25 cm2). The MEA was fabricated uniaxially by hot pressing 
the anode and cathode onto the membrane at 100 °C with a 
pressure of 150 kg/cm2 for 3 min. 
 
Single Cell Test 
 
Performance of the membranes was measured with DMFC test 
station. A single cell with a 25 cm2 active area was used for the 
experiment. The external load was applied by means of an 
electronic load which is manually controlled. The fabricated 
MEA was placed in the test cell and the bolts were tightened 
with an equal torque on each bolt. The experiment has been 
conducted with 2M methanol at a flow rate of 20 mL/min in 
the anode side and in the cathode side, O2 with a flow rate of 
40 mL/min is maintained. 

RESULTS AND DISCUSSION 
 
Ion Exchange Capacity 
 
The ion-exchange capacity plays a vitalrole in deciding the 
water uptake and proton conducting ability of the blend 
membranes. The IEC values obtained for Nafion 117, virgin 
SPEEK and the various blends are given in table 1. IEC values 
gradually decreased with increase in the content of PEES. 
Actually, the H+ ions available in the sulfonic acid groupings of 
SPEEK are responsible for the ion-exchange property. When 
the content of PEES is increased in the blend, the effective 
concentration of SPEEK and hence the SO3H grouping of 
SPEEK in the blend decreases. This may be the reason that 
could be attributed to the decreasing trend in the IEC values 
with increasing concentration of PEES. However, the IEC 
values of all the blends were higher than that of Nafion 117. 
 

Table 1. Composition and Properties of Blend Membranes 
 

Membrane 
Code 

% Composition 
SPEEK:PEES 

IEC, 
millieqiv/g 

Absorption, % Durability, 
hours Water Methanol 

Nafion 117 
SE 0 
SE 2 
SE 4 
SE 6 
SE 8 
SE10 

- 
100:00 
98:02 
96:04 
94:06 
92:08 
90:10 

0.91 
1.30 
1.21 
1.16 
1.08 
1.00 
0.91 

16.65 
14.14 
11.54 
9.26 
8.07 
6.57 
5.62 

18.46 
15.16 
10.20 
8.69 
7.16 
6.54 
5.83 

>8.00 
6.45 
7.10 
7.25 
7.50 

>8.00 
>8.00 

 

Table 2. Proton Conductivity, Methanol Permeability and Selectivity 
Ratio 

 
Membrane Code Proton 

Conductivity, x 10-3 
S/cm 

Methanol 
Permeability, 

cm2/s 

Selectivity Ratio, 
Sscm-3 

Nafion 117 
SE 0 
SE 2 
SE 4 
SE 6 
SE 8 
SE 10 

29.5 
12.46 
10.39 
8.06 
6.04 
4.80 
3.76 

2.65 x 10-6 
1.46 x 10-5 

6.87 x 10-5 

2.91 x 10-6 
7.53 x 10-6 
2.61 x 10-7 
5.85 x 10-7 

1.11 x 103 
8.53 x 102 

1.51 x 102 
2.77 x 103 
8.02 x 102 
18.39 x 103 
6.43 x 103 

 

Table 3. Crystallinity of SPEEK and blends with PEES 
 

 
 
 
 
 

 
Figure 1. XRD patterns XRD Spectra of SPEEK with (a) 2% 

PEES (b)4%PEES (c)  6% PEES (d) 8% PEES and  
(e) 10% PEES 

Membrane Code Crystallinity 
SE 0 
SE 2 
SE 4 
SE 6 
SE 8 
SE 10 

1.0542 
1.2032 
1.0053 
0.9550 
0.9550 
0.9509 
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Figure 2. TGA curves of SPEEK blended with (a) 2%PEES (b) 
4% PEES (c) 6% PEES (d) 8% PEES and (e) 10% PEES

 
Solvent Absorption 
 
The results of water/alcohol absorptions are given in 
The absorbed water molecules play an important role in the 
proton conducting ability of the blend membranes. The 
absorbed water acts like a canal for the passage of protons from 
the anode to the cathode of the fuel cell. However, excess water 
 

 
Figure 3. DMA patterns of SPEEK blended with (a) 2% PEES 
(b) 4% PEES (c) 6% PEES (d) 8% PEES and (e) 10% PEES

 

 
Figure 4. FT-IR Spectra of blends of SPEEK with (a) 2% PEES 

(b) 4% PEES (c) 6% PEES (d) 8% PEES and (e) 10% PEES
 
uptake can lead to the deterioration of the mechanical 
properties of the membranes. This will limit 
applications of the membrane in fuel cells. The process of 
sulfonation increases the water absorbing capacity as the 
sulfonic acid groups are hydrophilic in nature.
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The results of water/alcohol absorptions are given in Table 1. 
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conducting ability of the blend membranes. The 
absorbed water acts like a canal for the passage of protons from 
the anode to the cathode of the fuel cell. However, excess water  

 

DMA patterns of SPEEK blended with (a) 2% PEES 
6% PEES (d) 8% PEES and (e) 10% PEES 

 

IR Spectra of blends of SPEEK with (a) 2% PEES 
(b) 4% PEES (c) 6% PEES (d) 8% PEES and (e) 10% PEES 

uptake can lead to the deterioration of the mechanical 
properties of the membranes. This will limit the practical 
applications of the membrane in fuel cells. The process of 
sulfonation increases the water absorbing capacity as the 
sulfonic acid groups are hydrophilic in nature. 

Figure 5. Mechanical properties of SPEEK 
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 Figure 6. Polarization curve of SPEEK/PEES blend membranes 
with different PEES (2-10%) content at room temperature.

0 50 100 150 200 250 300

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

Current Density (mA/cm

V
o
lt
a

g
e

 (
V

)

 Figure 7. Polarization curve of SPEEK/PEES blend membranes 
with different PEES (2

 
On the other hand, polysulfones are not hydrophilic, but are 
quite hydrophobic [17]. On increasing the content of PEES in 
the blend, there is a gradual reduction in the water absorption 
as evidenced by the results reported in table 1. The
trend may be attributed to the hydrophobicity of PEES. A 
similar trend was observed with methanol also. But the 
methanol absorption was found to be lower than the water 
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On the other hand, polysulfones are not hydrophilic, but are 
quite hydrophobic [17]. On increasing the content of PEES in 
the blend, there is a gradual reduction in the water absorption 
as evidenced by the results reported in table 1. The decreasing 
trend may be attributed to the hydrophobicity of PEES. A 
similar trend was observed with methanol also. But the 
methanol absorption was found to be lower than the water 
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absorption indicating that theprepared blends can play an 
efficient role as an electrolyte membrane in the case of direct 
methanol fuel cell wherein methanol is used as the fuel. The 
absorption capacity for the industrial standard, Nafion 117, was 
found to be higher than SPEEK as well as the blend 
membranes. A better absorption of water could be beneficial, 
but in the case of methanol it could be critical. This is because 
an increase in the absorption of methanol could also result in a 
higher methanol permeation. 

 
Methanol Permeability 
 
The methanol permeability of Nafion 117, SPEEK and the 
blend membranes are given in table 2. When compared with 
Nafion, the permeation of methanol in the case of SPEEK is 
higher. PEES is a hydrophobic polymeric material. So, one 
could expect a decrease in the methanol permeation upon 
loading it with SPEEK. As expected, there is a decrement in 
the permeation of methanol through the membrane. The 
methanol permeability of the blend membranes SE 8 and SE 10 
are one order lower when compared with Nafion 117. 

 
Proton Conductivity and Selectivity Ratio 
 
The proton conductivity was studied by means of impedance 
spectroscopy and the results are given in table 2. In accordance 
with the IEC values and water absorption results, there is a 
decrease in the proton conducting ability. The decreasing trend 
may be attributed to two major factors, (i) there is a decrease in 
the amount of exchangeable protons (SO3H protons) with 
increase in the content of PEES and (ii) there is a reduction in 
the water absorption with increase in the content of PEES. 
When compared to the virgin SPEEK membrane, all the blend 
membranes have a lower proton conducting ability. However, 
the proton conductivity of Nafion 117 was found to be superior 
when compared with the blend membranes which could be due 
to the higher water absorptive capacity of Nafion. The protons 
present in the absorbed water could also be effective in 
improving the proton conductivity. 
 

An electrolyte membrane particularly for DMFC should have 
two important properties; the proton conductivity should be as 
high as possible and the methanol diffusion should be as low 
as possible. That is to say, the higher the ratio of proton 
conductivity to methanol permeability (referred to as the 
selectivity ratio), the better the membrane is. The selectivity 
ratio of pristine SPEEK as well as the blends are given in table 
2. The pristine SPEEK electrolyte membrane exhibited a 
selectivity ratio of 8.53 x 102 Sscm-3 while the blend 
membranes exhibited a higher ratio. The higher selectivity 
ratio of the blend membranes when compared with pristine 
SPEEK indicate that they are better candidates as electrolyte 
membranes for DMFC.Infact, the selectivity ratio of the 
blends with 8% and 10% PEES content are slightly higher 
than Nafion indicating that they can be successful as a 
replacement of Nafion 117 in the case of DMFC. 

 
XRD Analysis 
 
Figure 1 shows the XRD pattern of the blend membranes. 
PEEK is semi crystalline [28]; however SPEEK is amorphous 
perhaps due to the introduction of the sulfonic acid groups that 

could induce disorderliness to the polymer structure. In the 
case of the polymer blends, there is a broad peak developing 
between 2θ= 10° and 30°. This may be due to the introduction 
of PEES with SPEEK material. The crystallinity of SPEEK 
and the blends with PEES are given in table 3. Except SE 2, 
the other blends exhibited lower crystallinity when compared 
to SPEEK. The lower crystallinity indicates that the blends are 
more amorphous and hence exhibit a better flexibility when 
compared to SPEEK. 
 
Durability 
 
In the durability study, the time taken for the physical 
disintegration of the various blend membranes was studied 
and the results are shown in table 1. It is evident from the 
figure that there is a gradual increase in the withstanding 
ability of the blends with increase in the PEES content. The 
possible reason could be that there is an interaction between 
the two constituent polymeric materials as evidenced by FT-
IR. The blends with PEES content higher than 6 showed 
durability similar to Nafion 117. 
 
Thermogravimetric Analysis 
 
The TGA patterns of the blend membranes are given in figure 
2. In the case of SPEEK, three-stage degradation was observed. 
The first weight loss upto 150°C may be attributed to the loss 
of physically and chemically bound water molecules along 
with some trace amount of solvent that remains in the blend 
membrane. The second loss between 220°C and 375°C may be 
due to the loss of the sulfonic acid groupings present in 
SPEEK. The final degradation that occurred between 475°C 
and 600°C may be due to the degradation of the polymer 
backbone. The blends also display a similar behaviour. 
However, the residue that remains at 900°C in the case of blend 
membranes was slightly higher than that of virgin SPEEK 
membrane. This increase in the amount of residue at 900°C 
may be due to the decrease in the effective concentration of the 
sulfonic acid groupings with increase in the content of PEES. 

 
Dynamic Mechanical Analysis 
 
The DMA pattern of the blend membranes are given in figure 
3. The tangent delta (tan δ) is the dissipation factor which is 
defined as the loss modulus over storage modulus. This 
parameter provides an indication of the strength of the 
material’s ability to store and dissipate energy. A high tangent 
delta value indicates that the material is dissipating most of the 
energy supplied to it and hence the materials possess a high 
damping properties and viscous behaviour. On the other hand, 
a low tangent delta indicates that the material is storing most 
of the energy supplied to it and hence show low damping 
properties and elastic behaviour. The peak of the tangent delta 
plot as a function of temperature provides a less ambiguous 
value of glass transition temperature when compared to DSC. 
The DMA of SPEEK suggested that the glass transition 
temperature was around 160°C which was consistent with the 
values reported elsewhere [29,30] DMA study ensures a good 
compatibility among the constituents, SPEEK and PEES, in 
the blend. The Tg values tends to increase with increasing 
content of PEES. The Tg values of the polymer blends namely 
SE 2, SE 4, SE 6, SE 8 and SE 10 were found to be 122°C, 
132°C and 178°C, 202°C and 208°C respectively.  With 
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increase in the content of PEES in the polymer blend, the Tg 
values were found to be increasing. The increase in the Tg 
values may be attributed to the higher Tg values of PEES (Tg 
= 192°C) when compared to SPEEK. 
 
FT-IR 
 
The FT-IR spectra of the blend membranes are given in figure 
4. There is a broad envelope in the high energy region 3445 
cm-1. It includes the OH stretch of SO3H group of SPEEK and 
C-H vibrations of the aromatic ring. The C=O vibration gives 
its peak at 1600 cm-1. The asymmetric O=S=O stretch of the 
sulfonic acid occurs close to 1300 cm-1. There is a band at 1015 
cm-1 which is due to the symmetric O=S=O stretch. 

 
Mechanical Properties 
 
The tensile strength and percentage elongation at break of 
SPEEK and the blend membranes are given in figure 5. The 
two polymers are compatible with each other and hence an 
increase in the tensile strength is observed with increasing 
content of PEES, thus making the membrane stiffer. On the 
other hand, the percentage elongation decreases with 
increasing content of PEES. Once again, as the membranes are 
getting more and more stiffer with the addition of PEES, the 
membranes resist to elongate much and hence break without 
much elongation. 
 
Performance Evaluation 
 
Figs. 6 and 7 show the polarization curve of the single cell (25 
cm2) SPEEK/PEES blend membranes with different PEES (2-
10%) content. The performance of the single cell was measured 
at room temperature and 60 °C. Fig. 6 shows the performance 
of the single cell at room temperature with increasing content 
of PEES from 2% to 10%. The performance of the single cell 
increased with increase in PEES content. It can be seen that the 
highest cell current density of 700 mA/cm2 is obtained at 0.2 V. 
The same effect, increase in the performance with increase in 
PEES content, is observed when the cell is operated at 60 °C. 
At 60 °C as shown in figure 7, the single cell delivered a 
maximum output current density of 750 mA/cm2 around 0.35 
V. The results clearly indicate that the blending of PEES with 
PEEK decreases the methanol crossover thereby increasing the 
performance of the fuel cell. 

 
CONCLUSION 

 
In this paper, the preparation and characteristics of the 
SPEEK/PEES blend was reported. The IEC, water and 
methanol absorptions, and proton conductivity were found to 
be decreasing withincreasing content of PEES. The XRD 
spectra clearly revealed a very good compatibility between the 
two polymers. There is a decrease in the crystallinity with 
increasing content of PEES indicating a more flexible 
character. Durability of the blends increased with increasing 
dosages of PEES. The tensile strength was found to be in an 
increasing trend when the content of PEES was increased in the 
polymer blends. The thermal studies revealed excellent 
stability of the polymer blends upto 200°C indicating its 
suitability for DMFC as an electrolyte blend membrane. Even 
though, the proton conductivity of the blend membranes are 
less than that of pristine SPEEK, they exhibit a better 

selectivity ratio than SPEEK. The performances of the 
membrane-electrode assembly (MEA) using the blend 
membranes at room temperature and 60 °C in DMFC were 
evaluated by single cell test and are found to be 350 and 590 
mA/cm2 at 0.4 V, respectively. 
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