
INTRODUCTION

The operation of radiations on polymer
composites is of great importance with a view to
achieve some desired improvements in polymer
properties1-4 that cannot be achieved by chemical
courses. It is also worthwhile to study the
modifications in the structure and optical properties
of polymer due to irradiation. However, the
effectiveness of these changes produced depends
on the structural conformation of the polymer
as well as the experimental conditions of
irradiation5-6.
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ABSTRACT

The script allocates the influence of neutron irradiations on the structural and optical properties
of CR-39. The structural properties of the polymer have been examined using the FTIR spectrum of
the pristine and neutron beam irradiated polymer. The studies reveal the increase the intensity of
some bands with neutron irradiation pointing the increase in the unsaturated behavior of the polymer.
The optical properties analyzed using the UV-Vis spectra made it evident that CR-39 gets easily
influenced at a fluence of 1016 n/cm2. The glassy characteristics of the polymer also found to diminish
with increasing neutron irradiation. Significant variations in the property profile of the polymer have
been observed at higher neutron fluence.
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Since the introduction of CR-39 as a solid
state nuclear track detector7-8, many authors have
shown keen interest to use CR-39 in neutron
dosimetry9-11 and neutron detection12-13. But so far a
very little attention has been paid to study the
influence of neutron irradiation on the structural,
optical and etching properties of the polymer14-15.
The behavior of neutrons in the matter is different
to that of alpha and beta particles as they don’t
carry any charge and exerts no columbic forces on
either orbital electrons or the nuclei. Hence forth,
neutrons to affect matter, they must either strike the
nuclei or come close enough to interact with nuclear
forces.
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The present investigation have been made
to study the influence of neutron irradiation on
optical and structural properties of CR-39 and to
study the variation in optical response of the polymer
with neutron fluence so as to facilitate neutron
dosimetry with an easy and less time consuming
process.

Experimental technique
Pieces of CR-39 of 230mm procured from

Pershore Mouldings Ltd were washed, dried and
packed in polyethylene sachet of 1x3cm2 and sent
to BARC, Mumbai. The irradiation has been carried
out in the thermal column of APSARA at a flux of
1011neutrons/cm2/sec. The samples were exposed
to different fluence ranging between 1014 to 1018

neutrons/cm2. UV-VIS and FTIR spectral studies of
the pristine and neutron irradiated polymer have
been made with the help of Shimadzu 1601 UV-VIS
spectrophotometer and Perkin Elmer 8000 FTIR
Spectrophotometer, respectively.

RESULTS AND DISCUSSION

The color transformations along with the
morphological changes have been observed in CR-
39 with the increase of neutron fluence. The plasticity
of the polymer has been found to increase with
neutron fluence that can be attributed to the changes
in the tensile strength of the polymer. It can also be
ascribed to the formation of the low-molecular
weight degradation products which acts as
plasticizers for the polymer16. The polymer originally
transparent and glassy got the brownish tinge on
neutron irradiation that may be due the trapping of
free radicals and ions. The presence of trace amount
of impurities and additives may further enhance
discoloration17-18 have also reported the color
transformation of CR-39 in case of ³-irradiation of
the polymer.

FTIR and UV-VIS spectral studies of the
pristine and neutron irradiated CR-39 have been
made to study the structural and optical changes to
analyze the reaction mechanism causing such a
great changes in the morphology of the polymer
and are discussed.

FTIR Spectral Analysis
The structural changes induced in the

polymer have been analyzed by the relative
changes in the band intensities of the functional
groups present in the monomeric unit of the polymer
(fig. 1). A strong absorption band from carbonate
ester bond (>C=O) at 1725cm-1 along with some
other bands at 3542, 2984, 2368 and 1650cm-1

corresponding to free –OH, methyl or methylene
stretching , CO2 and double bonded carbons
conjugated to carbonyl groups respectively have
been observed for pristine CR-39. The peaks at 1581
and 2214cm-1 notify the presence of [-(C=O)-C=C]
and CºC species indicating the partial
polymerization of the monomer. The intensity of the
bands has been found to increase with neutron
fluence pointing the increase in the unsaturated
behavior of the polymer. The band corresponding
to carboxylate ions found to disappear with
increasing neutron fluence. The increase in the
intensity of the band corresponding to CO2 and the
decrease in the intensity of >C=O band have also
been observed. It may be due to the cleavage of
chain at carbonate linkage causing the production
of CO2 and carboxylic acids. Thus this linkage may
be assumed as radiation sensitive linkage. Chung19

has also reported the degradation of the gamma
irradiated polycarbonates at carbonate linkage and
evidences the release of CO2. The broadening of
>C=O band with neutron irradiation has been
observed and may be due to the inter-hydrogen
bonding. Shift of –OH band towards lower
frequencies also evidences the hydrogen bonding
and the bondage of free –OH group to other free
radicals and ions. The increase in the intensity of
the –OH band may attributed to the abstraction of –
H atom from the back bone of the polymeric unit
and the formation of alcohols and carboxylic acids.

Table 1: The variation in etching parameters,
band gap and Urbach’s energy with neutron

fluence in case of CR-39

Neutron fluence Band gap Urbech’s energy
(n/cm2) energy (eV) (eV)

0 5.18 0.43
1014 4.74 0.48
1015 4.21 0.37
1016 4.36 0.34
1017 3.85 0.40
1018 3.60 0.25
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The increase in the intensity of CºC also points out
the knock out of hydrogen atoms from the polymeric
chains by neutron collision. The generation of CO2

and –OH group has been also been observed and
reported by Malek and Chong20 and Yamauchi et
al.21 during the ³-rays exposure of CR-39. The
constancy in the intensity of C-O-C stretch indicates
the stable nature of chain around that linkage.

UV-VIS Spectral Analysis
UV-VIS spectral studies are helpful in

determining the direct band gap energy of the
polymers. The UV-VIS spectra of pristine neutron
irradiated CR-39 is shown in fig. 2. It is evident from
the figure that the absorption edge is shifting
towards longer wavelength with increasing neutron
fluence.

The band gap and Urbach’s energies of
the pristine and neutron irradiated polymers have
been calculated and are reported in table 1.  The
band gap energy of the polymer has been found to
decrease with neutron fluence which indicates the
decrease in the resistivity of the polymer. The
authors22 have already reported the decrease in
the resistivity of CR-39 and Makrofol-KG with ion
irradiation. Sonkawade et al.23 have also reported
improvement in the crystallinity of pani with gamma
and neutron irradiation. The decrease may be
attributed to the production of free radicals and hot
molecules.

The study of Urbach’s tail, the exponential
band tail in non-crystalline materials is important in
understanding the electronic transport
phenomenon in these materials. The electronic
density of states of amorphous solid is altered from
that of the crystalline solid with broadened peaks
and decays into the optical band gap of the solids
and originates from the strains in the network
sufficient to push states past the band edges into
the gap. The energy associated with such diffusion
is termed as Urbach’s energy and is used to study
disordering processes in solids. The Urbach rule
contributes to important information about dynamic
properties of elementary excitations in materials.
The Urbach’s energy of CR-39 has been found to
decrease with neutron fluence (Table 1), indicating
the decrease in the strain of the network of the
polymer and the reduced length of disorder in the

Fig. 1: FTIR spectra of pristine (a)
and neutron exposed (b-f) CR-39

Fig. 2: UV-VIS spectra of pristine
and neutron irradiated CR-39
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forbidden band. The reduced energy concluded the
reduction in hydrogen evolution in the polymer
matrix and its bondage to some free radicals. The
variations in the tensile strength of the LDPE due to
weather conditions have also been discussed by
Tuasikal et al.24.

CONCLUSIONS

The polymer is found to get influenced by
the neutron irradiation at higher fluence. The
variations in the properties are first evident from the
color transformations of CR-39. The band gap of
the polymer have been found to associate with the
À’!À* transitions and the variations may have been
induced due to the production of free radicals in the
polymer matrix, that cause transitions associated
with À’!n states.
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