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Abstract—In this study para-polybenzimidazole (p-PBI) was synthesized by solution polymerization method. The 
synthesized polymer was used to prepare a polymer electrolyte membrane (PEM) via sol-gel method and for characterization. 
The chemical structure of the synthesized polybenzimidazole was confirmed by 1H NMR and FTIR analysis methods. 1H 
NMR and FTIR spectrum of the synthesized polymer is consistent with literature. Thermogravimetric analysis showed that the 
degradation temperature of themembrane is 650oC. 
 
Index Terms—p-PBI, Polybenzimidazole, Polymer electrolyte membrane, Sol-gel. 
 
I. INTRODUCTION 
 
Researches on fuel cell technologies in past 25 years 
have been induced by environmental challenges of 
fossil fuel use, effects of harmful emissions on human 
health and dependence of industrial nations on oil that 
leads to oil crises [1], [2]. Polymer electrolyte 
membrane fuel cells (PEMFCs) attracting most 
attention due to their high power density, high energy 
transformation efficiency and wide range of 
applications in stationary and portable devices among 
fuel cell types [3],[4]. Perfluorosulphonic acid based 
polymer membranesare used frequently in PEMFCs 
because of their high chemical and physical stabilities 
and high proton conductivity at moderate operating 
temperatures. Nafion® membranes are the most 
preferred commercial membranes in PEMFCs. 
However, development of alternative polymer 
electrolyte membranes are under intense development 
because of the drawbacks of Nafion® membranes like 
decrease in proton conductivity at temperatures above 
80oC due to dehydration, humidification requirement 
and high prices [5]-[7].  
 
Polybenzimidazole membranes doped with strong 
acids attracts much attention as an alternative PEM due 
to their stable proton conductivity at temperatures 
higher than 100oC. [6], [7]. The traditional method of 
preparing an acid doped PBI membraneis a three step 
process; PBI synthesis, membrane preparation and acid 
doping.However, in membrane preparation via sol-gel 
method, polymerization solution is casted directly onto 
a glass substrate as soon as the polymerization reaction 
ends. Because of the hygroscopicity of PPA, moisture 
is absorbed into the membrane. So PPA is hydrolyzed 
to PA.Thus membrane preparation and acid doping 
processes occur simultaneously. Excess phosphoric 
acid is dissipated and collected on the surface of the 
membrane. 
 
Traditional membrane preparation step involves 
dissolution of PBI in organic solvents. So meta-PBI 

(m-PBI) is mostly used in PEM studies because of low 
solubility of p-PBI in organic solvents.In this study, 
p-PBI was synthesized and sol-gel method was used 
for membrane preparation[8], [9]. 
 
II. EXPERIMENTAL 
 
A. Materials 
Polyphosphoric acid (PPA) was obtained from Sigma 
Aldrich (115%, H3PO4 basis) and used without further 
purification. 3, 3'Diaminobenzidine (DAB) and 
terephthalic acid (TPA) were purchased from Merck 
and dried prior to use.  N, N–Dimethylacetamide 
(DMAc) (+99%) was purchased from Sigma Aldrich 
and used as supplied. Phosphoric acid (85%) was used 
as received from Riedel-de Haen. Sodium hydrogen 
carbonate and calcium chloride (anhydrous, granular) 
were used as they received from Merck. 
 
B. Polymer Synthesis 
Ajacketed glass reactor which is equipped with a 
mechanical stirrer, nitrogen inlet-outlet and a calcium 
chloride drying tube was used for polymer synthesis. 
200-600 g PPA was added to the reactor as solvent and 
heated to 140oC. Temperature was kept at 140 oC for 
four hours to dehydrate the solvent. DAB was added to 
the reactor and stirred until all the bubbles were 
disappeared and DAB was dispersed homogenously in 
PPA. Equimolar TPA was added to the reactor. 
Temperature was increased to 170oC for two hours for 
dissolution of TPA. Temperature was increased to 
220oC. Polymerization reaction carried out for 24 
hours. 
 
C. Membrane Preparation via Sol-gel Method 
At the end of the polymerization reaction, a portion of 
the dark brownviscous reaction solution was casted 
onto a glass substrate usinga film applicator with a gate 
thickness of 200 ߤ m in air.Hydrolysis process 
(conversion of PPA into PA)was carried out at22±2°C 
and a relative humidity of 40±5% for 24 hours. Excess 
phosphoric acid accumulated at the surface of the 
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membranes was removed. 
 
D. Polymer Isolation 
Rest of the dark brown viscous reaction solution 
poured into deionized water and filtered. Polymer was 
left in 5% (w/w) sodium hydrogen carbonate 
(NaHCO3) solution for neutralization for 24 hours. 
Then polymer was washed with deionized water 
several times and dried in an oven for 24 hours.  
 
E. Characterization 
The 1H NMR spectra of the polymer was recorded on a 
500MHz Bruker AVANCE II NMR spectrometer. 
Groundpolymer were dissolved in deuterated 
dimethylsulfoxide (DMSO-d6) and chemical shifts 
were measured against tetramethylsilane (TMS) as an 
internal standard. Fourier transform infrared (FTIR) 
spectra were recorded in a Perkin Elmer Frontier 
spectrometer. Thermogravimetric analysis (TGA) was 
carried out at heating rate of 10oC/min under nitrogen 
atmosphere, using a Netzsch STA 449 F3 
thermogravimetric analyzer. 
 
III. RESULTS AND DISCUSSION 
 
Fig.1 shows FTIR spectrum of synthesizedp-PBI. N-H 
strechingvibrationbandsareassigned at 3615 cm-1. C-H 
stretching of aromatic ring is assigned at 3055 
cm-1.Peaks at 1552 cm-1represent C=N ve C=C 
strechingvibrationbands (characteristicimidazoleband) 
[10], [11].  
 

 
Fig. 1.FTIR spectrum of synthesized p-PBI. 

 
In the FTIR spectrum of the PBI membranepreparedvia 
sol-gel method represented in Fig.2, the peak observed 
at 3500 cm-1 is assigned to N-H 
strechingvibrationbands. Peaks at 1500 cm-1represent 
C=N ve C=C strechingvibrationbands [10], [11]. Peaks 
observed ataround 570 cm-1and 972 
cm-1indicatesthehydrogenphosphateandphosphoricaci
dgroups. 

 

 
Fig. 2. FTIR spectrum of the PBI membranepreparedvia sol-gel 

method. 

Fig. 3 representsthe NMR spectrum of synthesized 
p-PBI. Proton resonanceobserved at 
13.4ppmconfirmstheexistence of 
benzimidazoleprotons in thestructure [12], [6]. 
Peaksobservedbetween7.6ppmand 9.2 
ppmarisefromthe proton resonances 
oftheotheraromaticgroups.[6], [16].  

 

 
Fig. 3.NMR spectrum of synthesized p-PBI. 

 
TGA curve of the membrane shown in Fig.3 reveals 
that copolymer membrane thermally stable up to 
650oC. TGA curve shows three staged degradation 
behavior. Mass loss of absorbed water is observedat 
about 114oC.Mass loss at about 250oC arises from the 
degradation of phosphoric acid groups. Drastic 
increase of mass loss near 650oC arises from the 
degradation of main chain of the polymer. 

 

 
Fig. 4. TGA curve of the PBI membranepreparedvia sol-gel 

method. 
 
CONCLUSION 
 
Proton transfer from anode to cathode is achieved by 
the movement of the protons over negative charged 
acid groupswhen phosphoric acid doped membranes 
are used in PEMFC applications. TGA result shows 
that phosphoric acid degrades at about 250oC. Thus 
synthesized membrane can be tested in a PEMFC up to 
250oC in further studies.  
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