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Abstract
Proton exchange membranes were prepared by natural latex and vinyl acetate-ester
acrylic for determining its use in a fuel cell. The time of sulfonation reaction of two
and three hours were used, and the vanadium pentoxide was also used as load.
Sulfonated and loaded membranes have highest values of water uptake and ionic
exchange capacity, while membranes without load are more stables than loaded
membranes. FTIR spectra analysis was carried out for determining the
characteristic functional groups of the each membrane. Sulfonated membranes
during three hours have the highest mechanical properties such as tensile stretch,
and elongation.
Keywords: Proton exchange membrane, sulfonation, fuel cell, vanadium pentoxide

1 Introduction
80% of the world's energy is generated by fossil fuels, however, it is known
that they are finite resources, in addition their combustion is harmful to the
environment due to greenhouse gases and the constant emissions that contribute to
the problem of global warming [1]. This problematic has generate the development
of new energy sources, in actuality, many alternative energy sources are studied
such as, solar energy, wind energy, among others, the evolution of these depend on
economic and environmental factor, and the capacity of supply the whole world.
Fuel cell is also an attractive alternative for energy generation, due to its advantages
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of clean and efficient conversion systems. Furthermore, this devices have high
potential at temperature range of 60 to 100 C° [2]. Fuel cells produce energy
converting chemical energy into electrical energy using hydrogen making them
more friendly with the environment, because do not produce CO2 emissions. In its
structure it has a polymer electrolyte between two electrodes (anode and cathode)
[3]. Currently, many researches about fuel cell and proton exchange membrane
have been developed with the final purpose that obtain a new proton exchange
membrane for used in fuel cell. The commercial electrolyte as Nafion® 117 by
Dupont [4] shows chemical stability and strong thermal resistance [5], but it has a
high cost [6]. By other side, another type of polymers as Vinyl Acetate – Acrylic
Ester, insatured polyester and rubber natural, acrilic ester – styreneme, and SEBS
(styrene – ethylene- butadiene – styrene) are studied to syntheze membranes [713] employing sulfonation method and differents type of load.
In this research was performed the synthesis and characterization of the proton
exchange membrane by rubber Natural and Vinyl Acetate–Acrilic Ester.
Furthermore, membranes were sulfonated and loaded with V2O5, to determine the
water Uptake, ionic exchange capacity, mechanicals properties, and oxidative
stability and to define the potential for using in a fuel cell.

2 Materials and Methods
2.1 Materials
The materials used for preparation of membrane were natural rubber and vinyl
acetate- ester acrylic. Pentoxide vanadium was used for loading membranes.
Sulfuric acid and anhydride acetic were used for preparing sulfonant agent and
methanol to stop the reaction of sulfonation. Chlorohydrin acid, sodium chloride,
sodium hydroxide, and oxygen peroxide were used for characterization.
2.2 Membrane preparation
For preparing sulfonated membranes, first 10 g of polymers (5gr of natural
Rubber and 5 gr of ester acrylic – Vinyl acetate) are solved in 100 ml of distilled
water, by other side sulfonant agent is prepared in dichloromethane 4.76 ml, then,
anhydride acetic is added in an ice bath for 10 minutes, after 2.63 ml of sulfuric
acid is added it is cool for 10 minutes, subsequently sulfonate agent is added slowly
in polymer solution in a ball and is mixed for two or three hours according. The
reaction is stopped by adding 100 ml of methanol to precipitate the polymer and
finally is filtered and wash to neutralize. For preparing the membranes the polymer
is dissolved in a solution of toluene 10% W/V, in agitation for 6 hours. Then, the
solution is poured into a Petri dish and the solvent is expected to evaporate. For
membranes loaded, after the shake of the polymer sulfonated the load is added and
shake for 16 hours to dissolve the load.
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2.3 Characterization methods
Water uptake for membranes was determinate by the immersion of the samples with
area 10 x 10 mm in distilled water at room temperature for 24 hours, then liquid in
the surface of the membrane was removed and weighed (wet weight), previously to
this, samples are dried in the oven for 1 hour and weighed (dry weight) [14]. By
other side, ionic exchange capacity was measured by titration, samples previously
weighed and in its protonated form were submerged in 1M HCl solution for its
sodium form during 24 hours to exchange the H+ ions with Na+ ions, then the H+
exchanged within solution were titrated with 0.01M NaOH solution [15].
For determining the oxidative stability, samples was submerged in H2O2 36%
during 7 days and weighed every 24 hours. Also, FTIR was carried out in
spectrophotometer to identify functional groups. By other side, mechanicals
properties is carried out to in the universal testing machine EZ-S Shimazu.

3 Results and Discussions
3.1 Membranes Prepared
Figure 1 shows six type of membranes synthetized, sulfonated 2 hours (S2H),
sulfonated 3 hours (S3H), sulfonated 2 hours and loaded 2% (S2HL2%), sulfonated
2 hours and loaded 4% (S2HL4%), sulfonated 3 hours loaded 2% (S3HL2%) and
sulfonated 3 hours loaded 4% (S3HL4%). Membranes sulfonated 2 and 3 hours are
white and translucent; while membranes sulfonated and loaded have an orange
color, characteristic of the vanadium pentoxide.

Figure 1. Membranes Prepared, (a) S2H, (b) S2HL2% (c) S2HL4% (d) S3H (e)
S3HL2% (f) S3HL4%
3.2 Water uptake
Figure 2 shows the water uptake for each membrane prepared, it is observed
that the water uptake increases with increasing the sulfonation time and with the
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vanadium pentoxide addition. This same behavior it observed in [16] where the
sulfonation time is modified. Sulfonation reaction adds SO3H+ groups in the
polymer chain, which have hydrophilic characteristic that permits the formation of
hydrogen bonds with the water molecules [17]. Furthermore, the values reported in
this research are near to Nafion 117 reported by [18] that present 21% water uptake
values.
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Figure 2. Water Uptake
3.3 Ionic Exchange Capacity
Figure 3 shows ionic exchange capacity for each membrane, it is observed that
the time of sulfonation and the loaded addition increase the ionic exchange capacity
for membranes due to the formation of the actives sites that permit the transference
of the protons [12], by the Grotthus mechanism where the sulfonic groups have the
transference agent that is to say they are H+ donors, in addition, the acid
functionalities, such as sulfonics acid groups contribute to the proton conduction in
a membrane which is proportionately linked to IEC [19]. Sulfonated and loaded
membranes presented highest values due to the higher density of ionic positions in
the polymeric matrix that generate a greater number of functional groups for the
exchange [20]. By other side, it is observed that the IEC present same behavior that
the water uptake respect with the addition of the load.
3.4 Oxidative Stability
Figure 4 shows the oxidative stability where it is indicated the variation of
weight of polymer immerse in H2O2. Sulfonated membranes are more stables than
loaded membranes, due to the oxidative properties of the vanadium pentoxide.
Loaded molecules tend to be added to the hydrogen peroxide forming V-OH links,
doing the weight of the samples change. To prevent that the H2O be absorbed by
the membranes, the samples were dried in an oven vacuum before weighing them.
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Since this effect occurs in this type of membranes, by the hydrophilicity of the
sulfonics groups and vanadium pentoxide [17].
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Figure 3. Ionic Exchange Capacity
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3.5 FTIR
Figure 5 shows the functional groups for each membranes carried out by FTIR
spectrum. For each spectra, peaks nearly 837 cm-1 corresponding to stretching of
C=O bond of the isoprene present in natural latex, the peak in region 2929-2962
cm-1 can be attributed to C-H bond by Vinyl ester, [21]. 1730-1750 range has charac-
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teristic peak of high density vibration of C=O by the carbonyl group. The peak in
the region 1150-1300 corresponding to low density vibrations of C-O bond, this
groups are present in the esters [21]. By the addition of V2O5, the characteristic
peak for V=O is found at 1024 cm-1, however this values is overlapped by the
interaction of the sulfonic groups that present a peak in 1022 cm-1 corresponding to
symmetrical stretching vibration of O=S=O bond [14]. Furthermore, it is observed
a peak more intensity in S3H membrane than S2H membrane.
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Figure 5. FTIR Spectrum
3.6 Mechanicals Properties
Table 1 shows mechanical properties for each membranes, is observed that
S3H membrane presents the highest of tensile stretch, displacement and break
values; these characteristics confirmed that the addition of sulfonic groups to
membrane get better the mechanical properties. In addition, this property is related
with the water uptake, since these membranes present the values lowest, due to the
water uptake is an important characteristic but decrease the mechanical resistance
in the membrane [9]. Loaded membranes present lowest values, however it is
observed that a greater amount of load improvement these values, due to the
thickness of the membranes increases with the addition.
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Table 1. Mechanicals Properties
Sample
S2H1
S2HL2%
S2HL4%
S3H
S3HL2%
S3HL4%

Tensile Stretch
(N/mm2)
7,2
5,0
8,2
15,3
3.3
4.2

Displacement
(mm)
64,1
38,9
3,3
83,8
7,5
4,6

Break
(N)
5,0
3,5
4,4
9,9
1,2
1,8

4 Conclusions
Proton exchange membranes were prepared in this research, modifying the
sulfonation time and the vanadium pentoxide percentage. The sulfonated membrane
at three hours presents highest water uptake and ionic exchange capacity, being
these the more important characteristics of proton exchange membranes for fuel
cell, although mechanicals properties have low values in comparison with
commercial membranes of Nafion 117, this not determinate its use in a fuel cell.
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