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ABSTRACT 
 

The proton exchange membrane is a fundamental part of the fuel cell. Up to now only Nafion® 

from D upont® is t he best m embrane because o f its co nduction p roperties, s o it b ecomes 

necessary to develop new materials improving its conduction, but also mechanical and absorption 

properties. O n t his w ork the use of a  biopolymer called chitosan is p roposed a s less-expensive 

and e nvironmentally-friendly a lternative membrane for p roton e xchange membrane fuel c ells. 

The evaluation of chitosan membranes with different molecular weight was made using Nafion® 

117 as control, the variables for the biopolymer were: high, medium, low and practical grade, all 

with sulfite groups l ike proton conductors from activation w ith H 2SO4, this evaluation included 

thermal s tability, proton conductivity and water absorption. Results indicate proton conductivity 

increases w ith molecular w eight and thermal s tability shows t emperature at  which the m aterial 

is completely d ecomposed. The molecular weight difference is t he energy u sed to b reak bonds, 

while the weight lowers the peaks decrease, it applies to all weight except for the medium which 

was the smallest. The water absorption was the same for the different molecular weight.  
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1.  INTRODUCTION 

 

The p roton e xchange membrane is an i mportant component for the f uel ce ll, b ecause i t 

separates the r eactant g ases, transports the pr otons from a node to c athode; to c ompliment its 

function the membrane needs t o h ave high c onductivity, go od f uel barrier pr operties, high 

mechanical strength, thermal and chemical stability, electronically non-conducting, and low cost. 

This me mbrane is  a solid p olymer e lectrolyte,  w hich in presence of water, t he n egative 

ions are r igidly held w ithin t he s tructure, only t he positive ions contained w ithin t he membrane 

are mobile and are free to carry positive charge through the membrane, in the polymer electrolyte 

membranes fuel cell, the protons are the hydrogen ions. 

Nowadays, the Nafion® (Dupont) composed by a perfluorinated backbone with side chains 

that a re terminated b y strong ac id S O3H g roups, i s t he be st membrane but it  is e xpensive, 

depends o n w ater f or c onduction a nd is unstable at temperatures above 1 00°C. For t hat 

reason it is necessary to develop new materials with better properties, like chitosan. 

 The ch itosan is a p olyelectrolyte d erived from chitin, s upporting material for t he 

crustaceans, insects, e tc, through a  de acetylation p rocess. It’s t he s econd biopolymer most 

abundant in nature, only after the cellulose. It is inert, hydrophilic, and insoluble in water, alkali 

and o rganic s olvents. Its solubility in d ilute or ganic a cids a llows for ge l formation in va rious 

configurations, membranes included. (1) 

The chitosan itself doesn’t h ave c onductivity, only in an a cid medium t hrough the 

protonation of the –NH2 groups  (1) at operation conditions in a fuel cell the membrane should be 

crosslinked in order to ensure physical and chemical stability in the presence of water. 
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2. METHODOLOGY 

 

2.1 Preparation of  membranes and activation 

2.1.1 Nafion 117 

This me mbrane Nafion 117 ® (N117) was supplied by  F uel Cell S tore, is act ivated by 

dipping for one ho ur i n a  s olution o f 3%v H2O2 and H 2SO4 2M a t 70°C-80°C interspersed b y 

deionized water at the same conditions.  

 

 

2.1.2    Chitosan membranes  

To p repare m embranes, 1 g  of c hitosan s upplied by S igma Aldrich, in f our d ifferent 

molecular weight: high (CH), medium (CM), lo w (CL) and practical (CP) grade was diluted in 

100 mL o f a cetic acid dur ing 1 h a pproximately. T he t ime for d issolution increases w ith t he 

molecular w eight, an d al so the time f or filtration, which is  the ne xt s tep, f inally dissolutions 

filtered were dried at room t emperature. The neutralization, was induced with Na OH 2M for 5 

minutes and then the membranes were dipped in H2SO4 0.5 M for 24h, for being cross-linked and 

protonated, which decreases the crystallinity according to mechanism explained by Mukoma, et. 

al. [1] showed in the following scheme. 
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Scheme a) crosslinked chitosan membranes  (1) 

 

2.2 Characterization of  membranes 

2.2.1 Proton conductivity 

In order to know the proton conductivity o f t he chitosan membrane and to compare it with 

Nafion® 117, the four-point-probe conductivity cell was m easured with a  potenciostate PAR-

2273, w ith a  c ell home-made, the material o f electrodes used was stainless st eel, s upported o n 

Teflon®. The impedance spectra of membranes were obtained at open circuit potential (Eoc). The 

amplitude of the signal perturbation was 10 mV, the frequency range scanned was from 100 Hz 

to 1  Hz. The measurements w ere p erformed at  room temperatures o f interest un der 100 % of 

relativity humidity. 

 

2.2.2 Thermal Stability 

For the t hermal s tability T GA-DSC an alysis w as made by m eans TA I nstruments  S DT 

Q600 V 20.9 Build 20  in experiment r ange from 24 to 400°C in a nitrogen at mosphere. I t w as 

used to know thermal decomposition of the membrane and to know the optimal t emperature for 

membrane electrode assembly, as for Nafion 117.  
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The TGA, thermal gravimetric analysis, was made with a mass ranging between 5 – 15 mg 

of e ach membrane, in a n alumina p an. T he cu rve o btained shows a  mass loss a s a  function o f 

temperature. 

For differential scanning calorimetry (DSC) characterization, the sample was weighed on a 

microbalance in a a lumina p ans, s canned w ith t he heat f low measured versus t emperature i n 

nitrogen atmosphere. 

 

2.2.3 Water absorption  

Three pieces of membranes were hydrated for 24 hours with deionized water, the mass was 

measured with a Mettler T oledo an alytical balance, an d dry i n desiccators f or 2  d ays and 

weighted again. 

 

3.  RESULTS 

 

3.1. Proton conductivity 

The impedance spectra o f membrane are shown in figure 1 (a-d). In t hese figures the real 

and imaginary components of Nyquist diagram show the membrane resistance.  



 

  
 

6 
 

 
Figure 1. Nyquist spectra of membranes at 25°C and 100% of relativity humidity: a) Nafion® 117, b) Chitosan low 

molecular weight, c) Chitosan high molecular weight and d) Chitosan practical grade. 
 

One electric c ircuit was employed, figure 2 . T he electric c ircuit was used t o s imulate the 

impedance response of those spectra. Then the equivalent circuit for membranes is a resistance R0 

that accounts for the proton resistance in series with a c ircuit in parallel. This parallel circuit i s 

made u p o f a r esistance R p that r epresents a p olarization resistance in p arallel w ith a co nstant 

phase element (CPE). T his R p(CPE) c ircuit is associated to inter-phase b etween the membrane 

and stainless steel electrodes. 
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Figure 2. Equivalent circuit showing the proton resistance in series with R(CPE) circuits. 

 

Table 1  shows t he best-fit values o f electrical elements in figure 2 with t he e xperimental 

impedance spectra and using the Boukamp EQIVCT fitting program. The electric circuit allows a 

good fit (χ∼10-3-10-4) to experimental impedance spectra. 

 
Table 1 Best-fit values of impedance spectra of the membranes and electric circuits in fig. 2. 

Sample R0 

Ω 

Rp 

Ω 

CPE 

(F/(cm2 sn1-1)) 

n1 

N117 205 20 3.12x10-5 0.73 

CL 2724 600 1.44x10-5 0.67 

CH 1847 584 3.7x10-5 0.54 

CP 2141 615 2.9x10-5 0.58 

 

Knowing t he r esistance R0 from t he g raphics, an d t he v arious t hickness an d ar eas, t he 

proton c onductivity was calculated. T he resistance, R 0, is associated t o membrane-structure, 

where t he p rotons, in t his ca se ar e moved between t he stainless st eel electrodes because o f t he 

potential d ifference. The pr oton conductivity, K, w as ca lculated from R 0 by means o f t he 

following expression: 

 

 
 

Where: K is the proton conductivity [S cm-1], l is the length between electrodes [1 cm], A is 

the area [cm2] and R0 is the resistance [ohm]. The values of the conductivities of the membranes 

(1) 
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are given in Table 2. In this Table the proton conductivity increases while the molecular weight 

increases, and it could be related with the number of functional groups in this cases the SO4
- due 

to the bigger size of the molecule, and has more branches in which this groups could be bonded. 

The proton conductivity of the chitosan membranes differs in one order of magnitude from those 

for Nafion®, and the conductivity increases with the molecular weight. This only can be seen in 

the high and low molecular weight, in the practical grade the cause for high conductivity could be 

that i t i sn´t t otally p ure an d t he molecular w eight i s n ot d efined. A lso t here w ere d ifferences 

between the thicknesses, in future studies it should be controlled. 

 
Table 2. Conductivity of the membranes obtained as a function of impedance spectroscopy.  

Membrane K 

[S cm-1 ] 

N117 7.7 x10-2 

CL 3.73x10-3 

CH 9.2x10-3 

CP 7.44x10-3 

 

 

3.2. Thermal Stability  

In the figure 3 the (a) lines describe the loss of weight and the (b) curves area the derivative 

of heat f low, joining both, the behavior is s imilar in t he four cases, despite that h igh molecular 

weight shows the largest peaks. For all the cases the first loss of weight (I) is between 40-100°C 

of 8 %, and is cau sed b y w ater ev aporation, the two p eaks of D SC seen ar e en dothermic. T he 

second stage shows a loss of weight in a little range of temperature with peaks of bigger energy, 

that is t he first s tep for d egradation o f t he material ( 28% loss o f w eight), the s econd s tep w as 

slower with an endothermic peak followed by an exothermic (50% loss of weight), after that, all 

the membrane is expected to be converted completely into carbon due to the nitrogen atmosphere 

during operation. By comparing results with those reported by P. Mukoma et al. (1) the behavior 

of the crosslinked chitosan is almost the same in nitrogen. 
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Figure 3. Compare (a) TGA- (b) DSC curves of chitosan of different molecular weight. Three peaks were showed 

first the evaporation of water, and the other two peaks area degradation of the chitosan in two steps. 

 

The cu rves low a nd p ractical grade are v ery s imilar, in co ntrast the medium  t he high 

molecular w eight s amples p resent the m inimum an d maximum r espectively in e nergy 

requirements for t heir t ransformations.. So, the d ifferences between t he four molecular weights 

are the energy required for break bonds, but all events occur in the same range of temperatures. 

 
3.3. Water absorption 
 

The results obtained for the water uptake of the membranes are shown in Table 3.There is 

no d ifference in water absorption related with the molecular weight or thickness. The thickness 

was measure b y a M itutoyo micrometer. But w ith r eference t o N afion ® , c hitosan membranes 

prepared showed a lmost 20% more water uptake.  A  minor deviation from real values must be 

taken due to the lack of micrometric control of the thickness for each sample in dried process. 

 

 

 

a 
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Table 3. Water uptake capacity 

 
MOLECULAR 

WEIGHT 
%w THICKNESS 

(mm) 
N117* 33% 0.175 

CL 51% 0.143 
CH 55% 0.217 
CP 54% 0.166 
CM 50% 0.370 

*Data from [1] Mukoma et al. with temperature water controlled at 27°C 
 

4. CONCLUSION 

 

The pr oton c onductivity increases in a  di rect p roportion t o molecular w eight. In r eference t o 

thermal s tability, the e nergy t o br eak the c hemical bond in t he s tructure, shows a  f irst 

decomposition for all the molecular weight studied, with an exo and then an endo peak. Chemical 

analysis like FTIR should confirm exactly the chemical changes involved in each thermal event. 

Meanwhile, the chitosan membranes st arts degradation be fore Nafion® [1] that is between 150-

210°C, where the energy is greater as the mass loss, then, for its use in fuel cells, temperatures for 

electrode-membrane as semblies must b e less t han 1 40°C in o rder t o av oid d ecomposition. 

According to the reference [1] Nafion ® s tarts degradation between 270 a nd  300 °C, which is a 

disadvantage according to the product of Dupont ®. 
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