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Abstract 

 

In the present investigation polymer membranes were synthesized from the styrene-

acrylic ester resin modified with sulfonation reaction and vanadium pentoxide 

loaded (V2O5) to evaluate its use as an electrolyte in a fuel cell. The results showed 

that in a general way when applying the sulfonation process to the unmodified 

membrane its properties of water retention, ion exchange and mechanical resistance 

are improved due to the polar character of the sulfonic groups which allows a high 

interaction with the water molecules facilitating the transport of protons. The 

presence of V2O5 in loaded and sulfonated membranes improved ion exchange 

capacity due to the new added groups. In these membranes, V2O5 restricts the 

movement of the polymer chains so the mechanical resistance was improved and 

water retention decreased a bit, however, these results present high potential for 

application in fuel cells. With the FTIR analysis was corroborated the presence of 

the new components in the unmodified membrane. 
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1. Introduction 
 

   At present most of the energy produced worldwide is obtained from the 

combustion of fossil sources, such as oil, coal and natural gas. The excessive use of 

these non-renewable energy sources causes the generation of polluting gases (NOx, 

SOx, particulate matter, among others) which affect the environment and health  
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through acid rains, ozone depletion, melting of the poles and others. For this reason, 

different alternatives called renewable or clean energies have been developed to 

mitigate the problems associated with fossil fuels. Within this group are the fuel 

cells, which are devices with high efficiency and without emissions of polluting 

gases [1]. They work by means of oxidation-reduction reactions through an 

electrolyte that is composed of polymeric material. Nowadays, Nafion membranes 

made from perfluorosulfonic acid are widely marketed but they have certain 

disadvantages such as high costs and low proton conductivity at temperatures 

greater than 80 °C due to dehydration of the membrane [2]. It has been found that 

carrying out processes of sulfonation tends to improve certain properties such as 

water absorption, ion exchange and mechanical resistance [3]. In the present work, 

proton exchange membranes were synthesized from copolymer of styrene - acrylic 

ester, applying sulfonation and addition of vanadium pentoxide to modify its 

physicochemical properties. 

 

2. Materials and Methodology 
 

2.1 Materials 

 

   To develop this research a resin of the copolymer styrene – acrylic ester 

(RECOL® CRYL) was used, commercialized by the RECOL Company. Distilled 

water as solvent. Acetic anhydride 98% (manufactured by Carlo Erba), sulfuric acid 

95-97% (manufactured by MERCK), hydrochloric acid, sodium chloride, sodium 

hydroxide were also used for the preparation and characterization of the 

membranes. 

 

2.2 Methodology 

 

   An unmodified membrane was prepared, two sulfonated at 1 and 3 hours, and 

four membranes loaded at 2% and 4% (% w/w) sulfonated 1 and 3 hours 

respectively, to obtain a total of seven synthesized membranes. In the first instance, 

the unmodified and the loaded membranes were prepared, which were subsequently 

sulfonated. The unmodified membrane was obtained by dissolving 10 g of the 

styrene - acrylic ester copolymer in 100 mL of distilled water, this solution was 

subjected to stirring for 30 minutes for the correct dispersion of the polymeric 

material. The membrane loaded at 2% was obtained by dissolving 0.204 g of 

vanadium pentoxide in 100 ml of distilled water, stirring for 30 minutes and then 

10 g of the copolymer was added maintaining the agitation for 30 more minutes. A 

similar procedure to the one described above was repeated but this time increasing 

the amount of vanadium pentoxide to 0.4166 g which represents the percentage of 

load of 4%. The two types of solutions prepared (unmodified and loaded) were 

transferred to Petri dishes, adding 25 mL of solution in each one of them; 

subsequently said containers were placed on a level surface and left there for 7 days 

to allow complete evaporation of the solvent. A method of heterogeneous 

sulfonation was applied [4], in which the prepared membranes were immersed in  
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the sulfonating agent (acetyl sulfate) for 1 and 3 hours; afterwards, the membranes 

were removed from the solution and washed with distilled water until obtaining a 

neutral pH in the washing waters. This procedure was applied to two unmodified 

membranes and to the membranes loaded with vanadium pentoxide, resulting in 

sulfonated membranes and loaded- sulfonated membranes. 

 

2.3 Characterization of the membranes 

 

   For the water uptake test, a sample of the each membrane was weighed (Wd), and 

immersed in distilled water for 24 hours, then excess water is removed with 

absorbent paper and the wet sample is weighed (Ww), with this values is obtained 

the percentage of water absorption [5]. The ion exchange capacity (IEC) was 

calculated using a classical method of titration where samples of the membranes 

were immersed in a 1 M HCl solution for 24 hours to bring them to protonic form, 

after which time they were washed with large amounts of distilled water to remove 

excess acid. Subsequently the membranes were placed in a 0.1 M NaCl solution for 

24 hours, and then the solution was titrated with 0.01M NaOH [6].  

 

   The mechanical properties of the membranes such as tensile strength, resistance 

to deformation and Young's modulus were analyzed using the test equipment EZ-S 

Universal Shimadzu at a constant speed of 250 mm/min. It was possible to identify 

the interaction between the sulfonic groups, the load and the polymeric network 

obtaining the infrared spectrum in the range of lengths of wave between 4000 cm-1 

and 500 cm-1 for each membrane through a Nicolet 6700 Fourier transform 

spectrophotometer. 

 

3. Results and discussion 
 

   Fig. 1 shows the 7 types of membranes synthesized, each characterized by water 

uptake, ion exchange capacity, FTIR analysis and mechanical tests. 

 

3.1 Water uptake 

 

   Sulfonated membranes 1 hour and 3 hours have the highest water uptake of 28.9% 

and 30.8% respectively, as observed in Fig. 2a, due the sulfonic groups (SO3H
-) 

added by the sulfonation process are hydrophilic and polar, which favors the 

formation of hydrogen bonds with the water molecules, facilitating the retention of 

water [7]. In the loaded and sulfonated membranes there is a general decrease in the 

capacity of water absorption, which is attributed to the vanadium pentoxide 

presence that despite being hydrophilic the percentage added exceeds its saturation 

level, blocking the internal channels of the membrane and therefore the sulfonic 

groups, since when there is an excess load, it behaves like a ceramic filling, thus 

decreasing its capacity to swell and retain water [8]. Although there is a decrease in 

the water retention capacity of loaded and sulfonated membranes, these still have  
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values superior to those of the commercial membrane Nafion 117, which has water 

uptake of 18.7% [9]. 

 

 
 

 

Fig. 1: Prepared membranes: a) Unmodified (UM), b) Sulfonated 1 hour (S 1h), c) 

Sulfonated 3 hours (S 3h), d) Loaded 2% - Sulfonated 1 hour (L 2% - S 1h), e) 

Loaded 2% - Sulfonated 3 hours (L 2% - S 3h), f) Loaded 4% - Sulfonated 1 hour 

(L 4% - S 1h), g) Loaded 4% - Sulfonated 3 hours (L 4% - S 3h). 

 

3.2 Ion exchange capacity 

 

   Fig. 2b shows that the sulfonated membranes 1 hour and 2 hours have a greater 

ion exchange capacity, 0.976 and 1.02 meq/g respectively, compared to the 

unmodified membrane that has 0.542 meq/g, this occurs because the sulfonated 

membranes present a very good water retention, and water provides the means for 

proton transport mechanisms to occur within the membrane, such as the Grotthuss 

mechanism and vehicular transport [10].  

   The loaded and sulfonated membranes have high ion exchange capacity, 

furthermore, it is seen that this property increases slightly with the increase in the 

percentage of load and hours of sulfonation, this can be attributed to a greater 

density of ionic positions contributed within the polymer chains, resulting in a 

greater number of functional groups available for exchange [11]. This group of 

combined membranes exceeds the ion exchange of the commercial membrane 

Nafion 117, which has IEC of 1.02 meq/g [9]. 

 

3.3 Mechanical test 

 

   Table 1 shows the data obtained when realizing the mechanical tests, which 

include breaking force, maximum elongation strength and Young's module. It is 

observed that increasing the sulfonation time proportionally improves the 

mechanical properties of the unmodified membrane due to the addition of sulfonic 

groups, which increase the rigidity of the bonds between the molecular chains [12]. 
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Fig. 2: a) Water uptake for each membrane. b) Ion exchange capacity for each 

membrane. 

  

Table 1. Results of the mechanical test. 

 
Membrane 

type 

Breaking force 

(N) 

Maximum elongation strength 

(N) 

Young's module 

(N/mm2) 

UM 24,1 27,7 1,7 

S 1h 47,9 48,1 8,3 

S 3h 52,8 54,0 11,7 

L 2% - S 1h 63,8 63,8 14,9 

L 2% - S 3h 64,4 65,4 16,1 

L 4% - S 1h 69,4 71,8 18,9 

L 4% - S 3h 70,0 72,8 19,0 

 

 

   Similarly when sulfonic groups are combined with vanadium pentoxide in the 

loaded and sulfonated membranes these results increased even more since the load 

is usually grouped and embedded in the existing channels within the polymer 

network, restricting the movement of the polymer chains and therefore increasing 

the mechanical resistance in a general way [13]. 

 

3.4 FTIR analysis  

 

   Fig. 3 presents the infrared spectra for each membrane type synthesized. It is 

observed that the unmodified membrane shows characteristic signs of styrene ester 

acrylic resin such as the CH group around 3000 cm-1, the C=C group of the aromatic 

ring at 1558-1500 cm-1, the carbonyl group C=O at 1732 cm-1 and the vibration in 

700 cm-1 and 760 cm-1 symmetric and no symmetric out of plane ring bending of 

styrene [14]. 
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Fig. 3: Infrared spectrum for each membrane 

 

 

   Sulfonated and loaded-sulfonated membranes present new signals as a result of 

the modifications made. In the sulfonated membranes 1 hour and 2 hours the signal 

is observed around 1126 cm-1, 1217 cm-1 and 3450 cm-1 in the spectrum, these peaks 

are assigned to the stretching vibrations of the S=O and O-H of the sulfonic group 

(SO3H
-), respectively [15]. Also, it is observed the signal located in the lower peak 

near 2800 cm-1 which suggests the presence of the added load, which indicates that 

this was enough to cause a change in the structure of the resin [10]. 

 

4. Conclusions 
 

   In the present research work, proton exchange membranes were synthesized from 

styrene-ester acrylic ester copolymer modified with sulfonation and addition of 

vanadium pentoxide. Through the FTIR analysis could be corroborated the 

modification to the polymer with the presence of the sulfonic groups and the load 

in the infrared spectra. For the sulfonated membranes, the water uptake, ion 

exchange capacity and mechanical properties increase with increasing the 

sulfonation time due to the hydrophilic and polar character provided by the addition 

of sulfonic groups. In the loaded and sulfonated membranes, increasing the 

sulfonation time also increased the water uptake, IEC and mechanical properties 

showing a good interaction between the V2O5, the sulfonic groups and the polymer. 

Despite the water uptake in the loaded and sulfonated membranes is lower than 

sulfonated membranes, the results demonstrate that the loaded and sulfonated 

membranes have high potential to perform as electrolyte in a fuel cell. 
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