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ABSTRACT

The thermal behavior of pristine and y-irradiated CR-39 polymer (upto a maximum dose of 1800
kGy) has been studied using Thermogrametric analysis. The changes in degradation activation
energy, frequency factor, entropy of activation, free energy of decomposition and rate coefficient
have been analyzed as a consequence of y-irradiation. The results clearly indicate the lowering
of thermal stability of CR-39 as an effect of y-irradiation. Such a reduction in thermal stability
has been tried to be correlated with the induced structural changes as revealed by FTIR
spectroscopy.
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INTRODUCTION

The polymers, now days, have gained interest cfarebiers worldwide in various fields of
science and technology. The reason being, besmé@aghexcellent inherent properties[1], their
characteristics can be altered to suit specifizireqnents by various treatments e.g. chemical
doping, heat treatment, ion implantation[2-4] étcaddition,y-irradiation has been proved to be
a significant tool [5] for such modifications. & well known thaty-irradiation can amend the
electrical, optical, thermal properties etc of tpelymeric materials by changing their
morphology through various processes of chain istisgy and cross linking [6-8].

CR-39 (monomer composition:;1£1,50;) is a high grade amorphous optically transparent

polymer widely used as nuclear track detector. @esimany other applications in optical
devices etc., it finds significant applicability iission related studies. In such studies, the
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polymer gets exposed to high doses of neutrons, #edl gamma radiations [9-10]. Thermal
behavioral analysis of CR-39 as an effect-afadiation is an important study in this directio

MATERIALSAND METHODS

The samples (1cm x 1cm) were cut from 1Q00 thick sheet of CR-39 (TASTRAK, Bristol,
England). The irradiation to these samples wadethout at a dose rate of 1.5 kGy per hour
using®°Co gamma source in air for different times to achithe total doses of 60, 900 and 1800
kGy respectively, utilizing the exposure facilityadlable at Bhabha Atomic Research Centre
(BARC), Mumbai, India. Thermograms for the pristing well as irradiated samples were
recorded at a linear heating rate of 10°C/minhia temperature range ~30-600°C using Q600
TA Instruments. The ATR-FTIR spectra were recordedhe absorption mode using Bruker
Model Vertex 70 wittZnSe crystal, in the wave number range ~ 600-2000 c

RESULTSAND DISCUSSION

3.1. Thermogravimetric analysis

Thermal degradation is a very important proces<iwhelps in determining the influence of the
polymer morphology on the thermal stability, thetimpim temperature of operation and the
activation energies related to the degradation ggees [11-12]. Thermogravimetric analysis
(TGA) has been proved to be reasonably rapid aecigeg method for the determination of such
kinetic parameters related to the degradation peEse[13].

In order to study the effect afirradiation on these kinetic parameters, TGA thmyrams of
pristine and gamma irradiated samples of CR-39ffdrent doses have been recorded and are
presented in Figurel.
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.Figure 1: TGA thermogramsfor pristine and y-irradiated samples of CR-39 polymer
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The corresponding DTG thermograms have been pexsenfigure 2.
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Figure2: DTG thermogramsfor pristineand y-irradiated samples of CR-39 polymer

Figure 1 clearly indicates that degradation prodessristine as well ag-irradiated CR-39
polymer proceeds in three steps which is again @ugg by the occurrence of three peaks in the
corresponding DTG thermograms presented in figure 2

From TGA thermograms, various kinetic parameters defyradation reaction have been
determined by adopting most commonly used methddoobwitz —Metzger [9, 10, 12-15].

3.1.1. Determination of activation energy

The activation energies of virgin andrradiated samples of CR-39 corresponding to tlagom
degradation process®{step) have been deduced using the expression [15]

m[m[“—‘*])= Eel (D)

whereWj is the initial weight,W is the remaining weight at temperature T ,i€the activation
energy, R is gas constant abd= T-Ts with Ts as the reference temperature corresponding to
W/W, = 1/e.

In the light of the equation(1), the activatioresgy E can be calculated from the slope of the

linear fitted line between In(In(¥/ W)) and6 as illustrated in Figure 3, for virgin and
irradiated samples at doses 60, 900 and 1800kGy.
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Figure 3: Plots of In(In(W/W)) vs. 8 for pristine and y-irradiated samples of CR-39 polymer

The values of activation energies so determinegfistine as well ag-irradiated samples have
been enlisted in Table I. There is a clear cutese in the values of activation energy with the
increasing irradiation dose. Such a decrease magtthéuted to the initialization of chain
scissioning, possible evaporation of volatile sgiteups resulting in significant reduction of
packing density, reorganization of molecular areangnts etc. in the polymeric sample which
signifies the decrease in thermal stability of ploé/mer [9-10, 16]

3.1.2. Determination of frequency factor
The corresponding values of frequency factor ferwingin and the-irradiated samples of CR-
39 have been determined by substituting the valfiastivation energies in the expression [15]

-(2)

ART? E,
= 5o )

"B B T\RT,
where A is the frequency factor afds the constant rate of heating.

The values of frequency factor so determined atediin Table I. It is apparent from table | that
corresponding to the decrease in values of activagnergy, the values of frequency factor also
decreases. Such a decrease in the frequency fagtofies the decrease in the rate of reaction.
This may be due to the scissioning of the polymehains destructing the interstates which
slows down the reaction as a resuly-ofradiation [16].

3.1.3. Determination of entropy of activation
The difference between the entropy of the transistate and the sum of the entropies of the

reactants is called entropy of activatiax&] and is calculated as [12]
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.(3)

AS = 2.303Rlog (:-j

where h is Planck’s constant and k is Boltzmanrstzont.

The calculated values of entropy of activatia®) are listed in Table 1. The evident decrease in
the values of entropy of activation with the in@ean they dose again supports the relative slow
nature of reaction [16].

3.1.4. Determination of free energy of change of decomposition:
Free energy of change of decompositiat) is given as the difference between the enthafpy
the transition state and the sum of the enthalpidbe reactants in the ground state. It may be
considered to be the driving force of a chemicattien.AG determines the spontaneity of the
reaction. The values &G are calculated using the expression [12]

AG = E, — T.AS . (4)
The values so obtained are listed imldal.The positive values oAG signify the non
spontaneity of the degradation reaction [16].

3.1.5. Determination of rate coefficient
The rate coefficient (K) can be calculated usingh&nius equation [12]

K =Aexp (— e (5)

)
RT,

The calculated values of rate coefficients arestisin Table 1. The decreasing trend in these
values again confirms the slow nature of reactigh mcreasingy dose [16].

S.No. | Gamma dose E. A AS AG K
(kGy) (kJ/mol) (sh (I/mol/K) | (kI/mol) | (s
1. Pristine 142.7 9.6E1( -41.2 169.7 0.40
2. 60 116.9 7.5E8 -81.5 170.2 0.33
3. 900 95.7 1.2E7 -115.7 171.3 0.97
4. 1800 83.8 3.9E6 -124.6 159.9 0.27

Table 1: Values of various kinetic parametersfor virgin and y irradiated CR-39 polymer

3.2. FTIR Analysis

FTIR-ATR spectra of pristine angrirradiated CR-39 polymer are presented in figureAd
number of sharp intense bands at 785, 1240 and dW3%ave been observed in the spectrum
of pristine CR-39 polymer. These bands correspand@-H bending, C-O-O stretching and
C=0 stretching respectively. The other small initgnisands at 1395 and 1460 Croriginates
from C-H bending modes while the bands in the mdi®00-1200 ciare due to C-O stretching
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mode vibrations whereas the band at 937 corresponds to =C-H out of plane bending mode
vibrations. The occurrence of these bands confitmesmonomer structure of CR-39 polymer
[17].
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Figure4: FTIR-ATR spectraof virgin and y- irradiated samples of CR-39 polymer

It is clearly evident from figure 4 that the peaksthe region 935-1200 cfrstart broadening
with increasing dose of-irradiation. This may be attributed to the breakafj chemical bonds
and the possible elimination of low molecular gaaesd volatile radicals as an effect of
irradiation [18]. This signifies the initializatioof chain scissioning in CR-39 polymeric samples
which becomes more and more prominent corresportditige increase ip-dose. This may be
responsible for the reduction in thermal stabgisya consequencefrradiation [9, 18].

CONCLUSION

The decrease in activation energies for thermatadtgion and other related kinetic parameters
like the frequency factor, entropy of activatiordaate coefficient with the increasing doseyef
irradiation clearly indicates the reduction in thet stability of CR-39 as an effect of
irradiation. The reduction in thermal stability miag correlated with the morphological changes
induced in the polymeric sample as a consequengeircddiation as confirmed using ATR-
FTIR spectra.
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