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ABSTRACT 

Acid doped polybenzimidazole membranes have emerged as an efficient electrolyte for high temperature polymer electrolyte 
membrane fuel cells (HTPEMFCs). The long term stability of polybenzimidazole membranes has been recognized as an 
important issue for commercial applications. Here, we report the oxidative degradation of polybenzimidazole membranes. The 
photoirradiation of poly(2,2'-ethylene-5,5'-bibenzimidazole) (PBIE) under accelerated photodegradation conditions was carried 
out by ultraviolet (UV) rays (λ > 300 nm) and characterized by Fourier transform infra red (FT-IR) spectroscopy, scanning 
electron microscopy (SEM), wide angle X-ray diffraction (WAXD) and contact angle measurements (CAM).  The thermal 
properties of PBIE membranes were studied by differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) 
which revealed a lowering in thermal stability after photodegradation. FT-IR spectra revealed high absorbance in the carbonyl 
region in photoirradiated membranes whereas SEM showed nano structures / defects on the polymer film surface. CAM results 
showed enhancement in hydrophilic behavior and WAXD revealed increase in amorphous nature upon irradiation. Copyright © 
2014 VBRI press.  
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Introduction  

Polymers are one of the most extensively and widely used 
materials today. Polymeric materials have gained 
importance because of the wide scope of chemical 
modifications.  In the several past decades, millions of tons 
of advanced materials for high end applications with a 
potential for commercialization have been synthesized. 
These synthetic materials have been associated for a long 
time with the present global environmental issues of water 
pollution, retardation in soil fertility and threat to habitat of 

marine and aquatic animals [1-5]. To overcome some of the 
environmental issues, it is necessary to study the factors 
responsible for the reduction of performance of the 

materials and engineer them for better performance [6]. The 
study of polymer degradation and stabilization is one of the 
multipurpose processes by which one may modify the 
materials to overcome the environmental concerns 

regarding safe disposal and decomposition of polymers [7-

9]. In polymer electrolyte membrane fuel cells (PEMFCs), 
acid doped polymer membranes (Nafion, PBI, etc.) are 
used as an electrolyte to enhance the fuel cell performance 

[10].  These polymer electrolyte membranes (PEMs) are 
used in highly humid and acidic environments at elevated 

temperatures [10, 11]. The reduction in fuel cell efficiency 
has been observed on prolonged usage which is a major 
hurdle in large scale commercialization. It is generally 
accepted that the degradation of polymer membranes is one 

of the probable factors for performance deterioration [12-

16]. There is immense scope to investigate the factors 

responsible for the membrane degradation [10].  
 Besides fuel cell applications, because of their 
high thermal and mechanical strength, PBIs are used in the 
manufacture of protective thermal clothings, components 
for nuclear and aerospace industries, adhesives and 

composite materials [17, 18]. Due to highly dense packing 
and small pore size, these membranes find application in 
other high temperature tasks and gas separations. 
Degradation studies of PBI-based polymer membranes have 
been reported by chemical, thermal and computational 

methods [13-16, 19-23]. Oxidative degradation of the fuel 
cell membranes have emerged as a major factor responsible 

for performance degradation of the fuel cells  [10, 24].  
Degradation studies play significant role in the 

evaluation of performance of the polymer materials. It 
provides useful information about material’s stability, 
degradation behavior, mechanism of degradation, 
mechanical changes which occur during the course of their 

application [25]. The information regarding the weak 
bonded linkages of the polymer chains, which are prone to 
degradation, could be assessed by the degradation studies. 
Such weak linkages may be transformed into stronger ones 

by chemical modifications [8]. On the other hand, 
accelerated degradation studies may also be used as a tool 
for faster disposal of materials. Photodegradation is favored 
among few popular methods of accelerated degradation 
studies. Photodegradation may be achieved by high energy 

-rays, X-rays and UV rays. Among them, -rays and X-
rays are highly energetic and destructive in nature whereas 
comparatively softer UV rays are widely used for photo-

degradation studies [26]. Radicals such as hydroxy radicals, 
peroxy radicals and the oxygen diradicals are easily 

generated and damage polymer chains on photoirradiation 

[2, 13, 25-28]. Photodegradation changes may be easily 
monitored by FTIR spectroscopy in the hydroxyl and 

carbonyl regions [21-23]. Consequent mechanical changes 
like tensile strength, modulus and morphological changes 
like development of cracks, fractures, holes have been 

reported for several polymers [29, 30].  
 

 
 
Fig. 1. Molecular structures of (a) PBIE and (b) mPBI.  

 
In the present work, the accelerated photodegradation 

studies were undertaken to evaluate the stability of PBIE 
membrane for various high performance applications in 
oxidizing conditions. The structures of PBIE and 

conventional mPBI are shown for comparison (Fig. 1). The 
accelerated photo degradation under UV irradiation and 
stability of PBIE membranes are thoroughly discussed. 
Based on the results obtained, a mechanism of degradation 
is being proposed.  
 

Experimental 

Materials and methods 

3,3’-Diaminobenzidine (DAB ≥ 99 %, Sigma Aldrich, 
USA), succinic acid (SA ≥ 99 %, Sigma Aldrich, USA), 
polyphosphoric acid (PPA ≥ 84 %, Merck, India) and 

formic acid (FA ≥ 98 %, Baker, India) were used for the 

synthesis and preparation of PBIE membrane [31]. 
Poly(2,2'-ethylene-5,5'-bibenzimidazole) (PBIE) polymer 
was received as gift from Membranes and Separations 
Group, CSIR-National Chemical Laboratory, Pune, India. 
PBIE was synthesized by solution polycondensation 
method as described by Bhavsar et al. who  also report the 

properties significant to fuel cell applications [31]. Polymer 
films of 55 μm thicknesses were prepared by solution 
casting method using formic acid (5% w/v) solution. The 
polymer films obtained were vacuum dried at 80 

º
C for 72 

hours. Samples of PBIE films (2 cm × 4 cm) were used for 
further studies. 

For photoirradiation study, PBIE samples were clamped 
on a rotating vertical shaft inside the UV irradiation 
chamber at 55 

º
C in SEPAP 12/24 Instrument 

(manufactured by Materiel Physico Chemique, Neuilly, 
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France) with a constant flow of filtered air. PBIE samples 
were irradiated by UV radiations having wavelength above 
300 nm. Four mercury vapour lamps were employed as UV 
source and located at four corners of the chamber lined 
with highly reflective aluminium coatings. Samples were 
irradiated for 0, 10 and 25 hours and further irradiated at 
regular interval of 25 hours for a total of 250 hours. The 
irradiated samples were taken out at regular intervals for 
characterization. 

 
Characterization 

Virgin and irradiated polymer films were characterized by 
FTIR, XRD, DSC, TGA, SEM, and contact angle 
measurements. Samples were scanned by attenuated total 
reflectance (ATR) in absorbance mode using GX Perkin 
Elmer FT-IR instrument to investigate the chemical 
changes that occurred due to UV-rays. Each sample was 
given 32 scans at a resolution of 4 cm

-1 
in the range of 4000 

cm
-1

 to 600 cm
-1

. Each spectrum was ATR corrected using 
Perkin Elmer system software before plotting. Inherent 
viscosities (ηinh) were measured at a polybenzimidazole 
concentration of 0.2 g dL

-1
 in 98% H2SO4 at 35 ± 0.1

 º
C 

using an Ubbelohde suspended level viscometer.  
 

 
 
Fig. 2. FTIR spectra of UV irradiated poly (2, 2’- ethylene -5, 5’-
bibenzimidazole) membranes. 
 

Differential Scanning Calorimetric (DSC) 
measurements were performed on DSC-Q10 TA instrument 
at a heating rate of 10 

º
C min

-1
 under nitrogen purge of 50 

ml min
-1

. 3-6 mg of samples in sealed aluminium pans were 
used. The heat-cool-reheat programme was applied for the 
DSC measurements. Thermogravimetric Analysis (TGA) 
was performed on STA 6000 Perkin Elmer instrument to 
study thermal degradation behaviour of PBIE. 3-8 mg of 
samples were heated from 30 

º
C to 900 

º
C at a heating rate 

of 10 
º
C min

-1
 in air with gas flow of 50 ml min

-1
. 

Scanning electron microscopy (SEM) was performed on 
the Quanta 200 3D SEM at low vacuum mode in the range 
of 0-200 Pa, operating at 20 kV using Large Field Detector 
(LFD). To capture better images the samples were sputter 
coated with 10 nm thick layer of gold using a Polaron SC 
6420 sputter coater. Virgin and UV irradiated samples were 

scanned at various resolutions. Contact angle measurements 
were performed on the RAME-HART NRL-Model CA 
goniometer instrument fitted with Cannon camera. 
Deionized water was used and the measurements were 
performed in triplicate. Rigaku Dmax 2500 diffractometer 
was used for wide angle X-ray diffraction (WAXD) 
measurements. Cu Kα wavelength was used for all the 
measurements. The generator was operated at 40 kV and 
150 mA. Samples were scanned in the diffraction angle 
(2θ) range of 5

º
 to 90

º 
with a scan rate of 4

º 
min

-1
.  

 

 
 
Fig. 3. (a) FTIR ATR spectra of PBIE membranes showing absorption in 
the carbonyl region (b) Second differential of FTIR ATR spectra of PBIE 
showing absorbance in the carbonyl region (c) Fitted FTIR ATR spectra 
of PBIE in the carbonyl region after 250 h of UV irradiation. 
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Results and discussion 

Oxidative degradation of PBIE membranes 

FTIR spectroscopy is best suited for the real-time analysis 

of polymer degradation [32, 33]. It is well known that UV 
radiations have sufficient energy for bond scissions and 
degradation processes proceed via free radical generation. 
FTIR ATR spectra of virgin and photo-irradiated samples 

of the PBIE from 3620 - 780 cm
-1

 range are shown in Fig. 

2.  
 

 
 

Fig. 4. (a) FTIR spectra of PBIE membranes showing absorption in the 

hydroxyl region (b) Second differential of FTIR spectrum of poly(2,2’- 
ethylene -5,5’-bibenzimidazole) PBIE showing absorbance peaks in the 
hydroxyl region (3530 cm-1 to 3350 cm-1). 
 

The formation of various byproducts containing 
carbonyl groups like ketones, acids, esters and hydroxides 
along with hydro peroxides have been observed during 

photodegradation of polymers [30, 34]. This is clearly 
reflected in the FTIR spectra of photo irradiated PBIE 

samples in the carbonyl region (Fig. 3a). No peaks were 
observed for carbonyl group in 1670 - 1800 cm

-1
 range for 

virgin PBIE, while gradual evolution of the broad peak was 
observed with photo-irradiation. The evolution of broad 
stretching peak in the carbonyl region (1670 - 1800 cm

-1
) is 

an evidence of oxidative photodegradation of PBIE 

polymer [19]. The second derivative of the FTIR ATR 
spectrum of the samples strongly supports the formation of 

various carbonyl functionalized groups (Fig. 3b). The 
strong signals at 1673 cm

-1
, 1686 cm

-1
, 1703 cm

-1
 and 1718 

cm
-1 

correspond to the C=O stretching vibrations of ketones 
and carboxylic acids which were formed as a result of 

photo irradiation [35].  
The formation of the carbonyl functional groups 

promotes chain scissions, which may result in the lowering 
of molecular weight. The peak at 1626 cm

-1
 is attributed to 

C=C and C=N stretching vibrations of aromatic rings [15, 

18, 36]. The peak at 1329 cm
-1

 is assigned to the C−N 

stretching vibrations of aromatic tertiary amines [37].  The 
strong to weak signals observed in the range 1725 − 1743 
cm

-1 
is attributed to the formation of a small amount of 

aldehyde terminated chains. The absorption peaks in the 
range 1770 − 1810 cm

-1 
were assigned to the formation of 

the aryl carbonates. The  peaks in the carbonyl region (Fig. 

3c) are attributed to the formation of polar functional 

groups [38]. The absorption peak at 1636 cm
-1 

is attributed 
to O-H bending vibrations.  The peak at 1655 cm

-1
 is 

assigned to ketones with conjugation or quinine like 
structures or amides.  

 

 
 

Fig. 5. Growth of (a) carbonyl (C.I.) and (b) hydroxyl indexes (H.I.).  

 
Similar changes may be observed in the hydroxyl region 

also. FTIR spectrum (Fig. 4a and b) shows growth of 
hydroxyl peak and its second derivatives. The peaks at 
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2920 cm
-1

 and 2850 cm
-1 

correspond to the asymmetric and 
symmetric C-H stretching vibrations, respectively, which 
belong to the aliphatic methylene group of PBIE. The 
decrease in the intensity of these C-H stretching vibrational 
peaks was observed due to the photodegradation of PBIE 
membranes. The intensity and broadness of signals in the 
carbonyl and hydroxyl region was found to increase with 
increase in the time of UV irradiation which is an evidence 
of the formation of wide range of functional groups like 

ketones, ethers, esters, acids and hydroxyls [30]. 
Additionally, peak at 3608 cm

-1
 in irradiated samples is 

attributed to the O-H stretch of hydroxyl groups which 
showed increase in the absorbance with the increase in UV 

irradiation time [31, 39]. The hydroxyl index (H.I.), may be 
explained as the ratio of the absorbance at two different 
wave numbers (A3510 / A860) while the carbonyl index (C.I.) 
may be defined as the ratio of absorbance at two different 
wave numbers (A1715 / A860). 

 

 
 

Fig. 6. Thermal analysis of PBIE, before and after UV irradiation (a) DSC 
thermogram of PBIE (in nitrogen) and (b) TGA thermogram of PBIE (in 
air). 
 

The hydroxyl index (H.I.) and carbonyl index (C.I.) 

increased as a function of irradiation time (Fig. 5a and b) 

up to initial 50 hours and then tend to decrease till 250 

hours of irradiation. This shows that maximum absorption 
of radiation takes place because of the presence of large 
number of unsaturated bonds which later tend to reduce in 
number due to photo-oxidation and hence the absorption. 

The C. I. also reveals that the maximum surface 
oxidation occurred within few hours hence the carbonyl 
groups formed initially are either transformed to other 
functional groups or cross-linked or degraded on prolonged 
irradiation. The broad signal in the 3350 cm

-1
 to 3430 cm

-1
 

range with a peak maximum at 3398 cm
-1 

is assigned to 
non-hydrogen bonded N-H stretching vibrations as 
observed in their second derivatives. The signal at 3145 cm

-

1 
is attributed to the N-H stretching vibrations, which occur 

due to N-H-N hydrogen bonding. Aromatic C-H stretching 
vibrational signal is observed at 3050 cm

-1
. The current 

approach is highly effective in predicting degradation 
results in very short time. Photoirradiation results are also 
in accordance with the results of other degradation 
methods.  
 
Thermal properties of PBIE membranes 

The thermal transitions occurring in amorphous and 

crystalline polymers have been discussed at length [40-43]. 
DSC analyses of virgin and irradiated PBIE samples 
revealed its amorphous nature and Tg was clearly observed 

as an endothermic heat flow curve (Fig. 6a). It is evident 
from the graph that virgin PBIE shows two different Tg 
transitions at 257

 º
C and 310

 º
C. These two different Tg 

values may be attributed to the incompatibility between 
aromatic and aliphatic segments of the polymer chains.    
The lower Tg corresponds to the aliphatic segments whereas 
higher Tg to the aromatic segments. The lowering in Tg may 
also be observed with the increase in UV irradiation time. 
This may be attributed to the chain scissions and partial 
change in aromatic rings of polymer due to photo-oxidation 

[44]. The Tg values showed overall lowering in Tg of PBIE 
with increase in UV irradiation time and summarized in 

Table 1.  In the case of 250 h irradiated samples, the 
increase in the lower Tg value from 257

 º
C to 266

 º
C may be 

attributed to the increased chain stiffening resulting from 
the association of the formed functional groups on aliphatic 
segments. On the other hand, the marginal lowering in the 
higher Tg value from 310 

º
C to 305

 º
C may be attributed to 

reduction of interchain interactions of aromatic segments.  
 
Table 1. DSC, TGA and inherent viscosity data obtained for PBIE 
membrane. 
 

Irradiation Time 

(h)

Tg1 

(oC)

Tg2 

(oC)

WLT 

(oC)

IDT 

(oC)

ηinh 

(dL g -1)

0 257 310 185 450 0.96

250 266 305 205 415 0.89
 

 
The degradation behaviour of virgin and photo-

irradiated films in air is clearly observed in TGA curves 

(Fig. 6b). It may be observed that water loss temperature 

(WLT) differs in both cases (Table 1). This may be 
attributed to the change in the PBIE affinity towards water 
due to photo-oxidation. Further, virgin polymer exhibited 
an initial decomposition temperature (IDT) of 450 

º
C which 

is observed to decrease to 415 
º
C in 250 h UV treated 
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polymer films. This may be attributed to the change in 
molecular structure and molecular weight of PBIE as a 
result of free radical oxidative degradation.  The change in 
thermal behaviour of polymers as a function of molecular 

weight has been described by Grassie et al [45].  Viscosity 
measurements showed a minor decrease in the inherent 
viscosity of PBIE during photo-irradiation process. The 

decrease in ηinh (Table 1) may be directly related to the 
decrease in the molecular weight of the polymer.  
 

 
 
Fig.  7. Contact angle pictures of PBIE (a) before UV irradiation and (b) 
after 250 h UV irradiation. 

 

Table 2. Contact angle measurement data of PBIE membrane. 

Irradiation Time 

(h)

Contact Angle 

(in degree)

0 72

100 69

200 65

250 63  
 

 
 

Fig. 8.  SEM images of PBIE (a) before UV irradiation and (b) after 250 
h UV irradiation. 
 

Surface analysis of PBIE 

Contact angle measurements are significant from the 
perspectives of the adsorption kinetics and surface energy 

changes [46]. Contact angle measurements are also 
applicable in determining the material’s surface affinity 

towards liquids [47]. For the virgin and 250 hour UV 
irradiated samples, the contact angles of 72

º
 and 63

º
 were 

observed (Fig. 7a and b). From the contact angle 
observations, it may be concluded that the contact angle 
decreases with increasing irradiation time in PBIE 
membranes. These results also confirm that there is an 
increase in the hydrophilic behaviour of PBIE films after 
UV treatment, which may be attributed to the formation of 
polar functional groups on the exposed polymer surfaces 

[48, 49]. The contact angle values are summarized in Table 

2. These results are in agreement with the results obtained 
by FTIR spectroscopy. 

Scanning electron microscopy was used to study the 
morphological changes on the surface of the membranes 

due to the UV irradiation of PBIE films [50]. Surface 
damages were not observed prior to UV irradiation whereas 
nano cracks, fractures and holes were observed after photo 

degradation (Fig. 8a and b). From the development of these 
nano structures it may also be concluded that PBIE polymer 
surface becomes rough and may be subjected to mechanical 

and chemical degradations [51, 52]. There may be 
remarkable loss in the mechanical properties of the 
membranes on prolonged radical attack under oxidizing 
environments which may further result in severe 

performance degradation of polymer membranes [19, 53, 

54]. The increased roughness on the surface may also be 
partially responsible for changes in contact angles 
described above. SEM results obtained are supported by 
contact angle measurements and FTIR results. The contact 
angle measurements and SEM results provide extremely 
useful information about the surface degradation on the 
membrane. The present photodegradation study has 
advantage to other studies because in it surface changes 
occur only due to irradiation, hence degradation effects of 
the other factors like solvents, impurities and humidity may 
be overcome. 
 

 
 
Fig. 9. The WAXD traces of poly (2, 2’- ethylene -5, 5’-bibenzimidazole) 
taken at 0, 100 and 200 h of photoirradiation. 

 
Wide angle X-ray diffraction (WAXD) analysis of PBIE 

Wide angle X-ray diffraction patterns indicate amorphous 
nature of PBIE polymer films. In the WAXD plots of the 
samples it was observed that the intensity of peak maxima 

at 2θ = 21.0
º
 decreased with increased irradiation time (Fig. 

9). This may be attributed to the destruction of some 

packed regions in the PBIE polymer [55, 56]. Also, the 
shift in peak maxima from 2θ = 21.0

º
 to higher Bragg’s 

diffraction angle 2θ = 23.1
º
 was observed. This shift in 

Bragg’s diffraction angle is due to the lowering of d-
spacing (dsp) from 4.29 Å in virgin PBIE to 3.92 Å in 

degraded PBIE (Table 3).  
 
Table 3. WAXD data obtained for PBIE membrane. 

Irradiation Time 

(h)

Diffraction Angle (2θ)

(At peak maxima)

d-spacing

(dsp)

0 21.0 4.29

100 22.8 3.98

200 23.1 3.92  
 
The reduction in dsp may be attributed to the 

consequence of random chain scissions occurring during 
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photoirradiation by the attack of free radicals [56]. In the 
case of virgin PBIE membranes, H-bonding between 

imidazole units results in lower d-spacing [31]. After 100 h 
of irradiation, there is no significant change in either 
amorphous peak maxima or dsp in the PBIE samples 
observed.  
 

 
 
Fig. 10. Proposed mechanism of photo-oxidative degradation of PBIE, (a) 

benzimidazole units acting as sensitizer in oxidative degradation, (b) 
generation of singlet state oxygen from triplet state molecular oxygen with 
the help of benzimidazole units (c) detailed mechanism of photo-
oxidative degradation of PBIE under the influence of polychromatic UV 
rays. 
 

Degradation mechanism of PBIE 

FTIR results suggest photo-oxidative degradation of PBIE 
membranes. To explain this, a degradation mechanism of 
PBIE based on the FTIR results is being proposed. It is 
known that the triplet state of molecular oxygen (

3
O2) is not 

effective as an oxidizing agent. Only singlet state (
1
O2) may 

act as strong oxidizing species. The fundamental problem is 
to generate singlet oxygen in order to oxidize the polymer. 
The singlet oxygen may be generated by the use of 
sensitizers, which may transfer energy to molecular oxygen 
from their triplet excited state. The transferred energy must 
be sufficient enough to pair the unpaired electrons of the 
triplet state oxygen (

3
O2   → 

1
O2).  

In the proposed mechanism as shown, we assume that 
the benzimidazole unit of PBIE acts as sensitizer and 
facilitates the generation of singlet state oxygen (

1
O2) from 

the triplet state of the molecular oxygen (
3
O2) (Fig. 10 a 

and b). Since the polymer chains contain a number of 

benzimidazole units (1), there may always be an excess of 
sensitizing activity in the presence of UV light.  Under such 
circumstances, the highly reactive singlet state oxygen (

1
O2) 

may selectively react with the more substituted imidazole 
part of the benzimidazole unit to give very unstable bicyclic 

peroxide adducts (2). These adduct with four member non 
aromatic heterocyclic rings with peroxide linkage and high 

angle strain may undergo further structural changes (Fig. 

10 c).  

The cyclic peroxide (2) may immediately transform into 

adduct (3) by undergoing concerted reaction mechanism. 
This is a more stable intermediate having free nitrosyl and 
ketone groups formed due to cleavage of two fused rings.  
The formation of this intermediate is in accordance with the 

FTIR results and may be easily observed in Fig. 2 showing 
growth as the carbonyl absorption. It is further supported 
by the carbonyl index, which gives clear indication of 
carbonyl growth over a period of time. The carbonyl groups 
are known to promote chain scissions, which further reduce 

molecular weight of the polymer.  Thus adduct (3) 

promotes chain scission of the polymer which results in an 

unstable carbon radical intermediate (4) and a more stable, 
low molecular weight aldehyde terminated aromatic adduct 

(5). This carbon free radical further propagates to give 

peroxide radical intermediate (6) after reacting with the 
singlet state molecular oxygen. This peroxide radical-
terminated adduct may get stabilized by hydrogen 
abstraction from the adjacent carbon atom resulting in the 

formation of a more stable carbon radical intermediate (7). 

The carbon radical intermediate (7) may rearrange to give 

more stable alcohols (8) and ketones (9). The proposed 
mechanism is in agreement with the characterization data. 
The formation of various oxidation products in detail is 
also proposed in the mechanism. 

 

Conclusion 

From the present photo degradation study of PBIE 
membranes, it may be concluded that PBI polymer 
degrades by an oxidative mechanism of degradation. Major 
changes were observed in the carbonyl region of the FTIR 
spectrum. Contact angle measurements are in agreement 
with FTIR results and show a decrease in contact angle and 
an increase in surface energy due to the formation of polar 
functional groups on the surface of PBIE membranes. The 
thermal degradation study indicated a lowering of the 
degradation temperature which was attributed to the 
lowering of molecular weight as a result of chain scissions 
in polymer. SEM results showed development of nano 
fractures, nano cracks and holes. WAXD analysis showed 
gradual shift of broad diffraction peak maxima towards 
higher diffraction angle which indicates amorphous nature 
of the degraded polymer. Based on these observations, a 
degradation mechanism has been proposed. Since, the 
results obtained by UV irradiation of PBIE are in 
accordance with those reported by thermal and chemical 
degradation, it is concluded that photo (UV) degradation 
may be used as a suitable method to study the accelerated 
degradation of polymers applicable in fuel cells, gas 
separations and other high performance applications. These 
results indicate that UV irradiation process may also be 
used for surface modification of PBIE membranes. 
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