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ABSTRACT

A comparative study on thermal properties of ganmzaliated PADC-American Acrylics track detectordene in
dose range of 1610 Gy. TGA studies reveal that due to gamma exposweehermal stability of the detector
decreases at a dose higher tharffG. It is also observed that the post-gamma moespdsure of the detector has
got more significant effect on thermal stabilityeththe pre-gamma mode of exposure. Due to etchintpeo
detector, thermal stability of the detector dece=adrastically at a dose of A®Gy. The weight loss by the detector
upon heating is found to be endothermic in natund #akes place in the temperature range of aroure’G.
However, due to gamma exposure, this endothermitsition takes place at a lower temperature of ah@50C.
Chemical etching of the detector leads to furthewdring of this endothermic transition. The amoohtheat
involves for the endothermic process of weight isgsund to be around 5.66 J/g for the pristinenpée, whereas
for irradiated sample of f0Gy, it is found to be 20.95 J/g.
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INTRODUCTION

Interaction of radiation with polymers lead to diént structural modifications such as chain soigsichain
aggregation, formation of double bonds and moleceitaission, and consequently, many of their phystoemical
properties like optical, electrical, mechanicalggtical and track properties are modifiedd. In view of this,
studies onapplication of radiation on polymeric materials arke great importance as they allow for desired
improvements in polymer propertigsmong the different studies on polymeric materitigrmal studies are one of
the most useful as the different thermal propexifes polymer are strongly dependent on their irgkstructure of
the polymer. Since exposure to radiation is knosvhe one of the major factors that change the tsiraicproperties
of polymers, it was considered to be worthwhilestady the modifications of their thermal propertiise to
irradiation. A survey of the literature indicatdst the thermal characterization of irradiated pwys have been
studied by different authors [9-15]. However mosthe authors have either studied polymers irradidiy heavy
ions or by lower doses of gamma radiati6eeping this in mind, the present paper presentsildeof thermal
studies on gamma irradiated PADC-American deteataposed to very high doses of gamma radiationtgua
dose of 18Gy). In one of our earlier observations we haveflyrreported [11] that due to gamma irradiatitine
thermal stability of different polymers are sigoéntly modified. Therefore, as a case study, ia pnesent work a
detailed study on modifications of thermal propestiike its stability, exothermic and endotherméhéviour while
loosing weight, ect. are presented for PADC-Amariécrylics detector.
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It had been observed in one of our earlier stutliasthe etch-rates of PADC detector are greatbred by gamma
exposure at the dose of®18y [16-17]. Normally for track formation, the chiamal etchant attacks the functional
groups of the track detector, which subsequentigdeto formation of tracks. Thus there is a pobilihat due to
etching, there might be a change in thermal stghilf the detector. Through this piece of work anparative
assessment has been attempted to understandférertik in thermal properties of un-etched andeetatetectors.
However, since it has been observed by our eaiigties that etch rates are greatly altered ondy daes 10Gy,
present study has been restricted to this dose only

MATERIALSAND METHODS

Irradiation of the Detectors

Seven samples of the detector (thickness 650 umdendity 1.32 g ci, Manufacturer: American-Acrylics
Corporation) of sizes (3 x 3 énwere prepared. After cleaning and drying the dasexposure was done from a
®Co gamma source having a dose rate of 3.0 kGy/&.tifire required for exposure varied from 12 s tariyel4
days in order to deliver the required doses inréimge of 16to 10 Gy. The errors in doses range from 8% for low
dose (10 Gy) to about 1% for high doses. One sstfingt exposed at normal incidence to fission ffinagts from a
252Cf source (having a half-life of 2.65 years andivétiés of 57 x 1G fissionmin and 184 x 10 alpha
particlegmin) and then, together with the unexposed (secertivas subjected to various doses of gamma rays.
The first and second sets of detectors are gegdeathed as post-gamma and pre-gamma exposurectiegbein

this study. Exposure to fission fragments frofi"&f source was done for track registration.

Thermal Studies

After the gamma exposure, thermal studies were wded using a TA Instruments, Model : Q600 SDT &)
DSC. Small pieces (0.26 0.25 cnf) of the samples were made from the gamma expasaglss (pre-gamma set),
and thermal studies were done at a constant heatiagf 28C/min. All the detectors were heated up to a végh h
temperature (varied from one detector to anotherhat in the process of heating they lost moshefr weight.
This heating resulted in TG curves, in which theéghtloss was recorded as a function of temperaftine change
of heat flow observed during weight loss was reedrds a function of temperature which gave the @HhA DSC
thermogram. All the studies were done for bothidfath pre and post-gamma exposed detectors.

In order to understand effect of etching on therpralperties, same studies were repeated for theetdetector
exposed to 10Gy. The detector exposed to fission fragments amdequently exposed to gamma dose 8640
(post-gamma) was etched for 20 minutes. Afterrsteg the etched sample was then used for therimdies.

RESULTSAND DISCUSSION

The results of thermogravimetric studies on gammaaliated detector are presented in Fig.1. It seoled that due
to gamma exposure, thermal stability of the detectmnges significantly. However the most significehanges
are observed at doses higher thah G@. Even though the changes start at doses hthhar1d Gy, however, we
observed that there is not much significant chandmth pre or post -gamma exposure mode of thectattill the
dose of 18 Gy. The drastic change in the thermal stabiliketaplace at a dose of®i®y for post-gamma exposed
detector.

It is interesting to observe that at a dose &G0 the post-gamma mode of exposure had much grefiget than
the pre-gamma one. As seen in Fig.1. the post-gaexpased sample loses its weight completely atiehntower
temperature than the pre-gamma one. This mightuleetal the fact that in the case of post-gammagdétector is
first exposed to fission fragments and alphaiglag. Exposure to these charge particles leadsigsioning of the
polymeric chain. This effect is further enhancee tb exposure to gamma radiation agdtris also clear from the
thermogram that the pristine sample loses its cetapleight at around 435, which is not the case for the exposed
one. The detector loses its complete weight atrat@®48C for the exposed detector fi®y, Post-gamma) dose,
which means thermal stability of the detector dases drastically which is probably due to scissigmf the
polymeric chain. Scissioning of the polymeric chééads to decrease in the average molecular weigthe
detector, which leads to decrease in thermal diabil the sample. Since there is no significardrale observed at
the lower doses of irradiation (both pre and pashiga exposure), the weight loss pattern is not shiowthe
thermogram.
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Fig.2. TGA Thermogram of gamma irradiated and etched Detector

Fig.2. is the TGA thermogram for the etched deteatwl unetched detector (post-gamma) exposed®tGiL0 From
these results, it is clear that the thermal stighdf the detector decreases due to chemical ejcifis shown in
Fig.2, the detector looses its complete weightratiad 328C for the etched sample as compared to’G4sf the
un-etched sample. This decrease might be due tteefudecrease in the molecular weight of the potyamain due

to chemical etching. Normally exposure to radiatieads to

many broken segment in the polymer malims

scissioing is further enhanced due to chemicatktt@hus chemical etching leads to decrease inageemolecular
weight of the polymer and accordingly the stabitifithe polymer decreases.

In order to understand about both qualitative andntpative changes in heat involved during the weighs
processes, DTA and DSC studies are performed fibr fo@stine and samples irradiated with gamma diseth pre
and post mode). Similar studies are carried outHe detector etched at®@which was exposed to 1By (post-
gamma). Fig. 3 shows the DTA thermogram of pres@nd irradiated PADC detector (post-gamma) detecide
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thermogram clearly indicates that the pristine cteteundergoes an endothermic transition at aretG@C. This
behavior remain same till the dose of BYy. But at the dose of 1@y, the endothermic peak is observed at a much
lower temperature of around 3%5and at the highest dose of 1By, this transition is observed 38D This may
explained as due to gamma exposure, scissorinigeohain takes in the polymer matrix which probdbbds to
weight smaller molecular chains/segments in thgmel matrix. Due to smaller fragments in the polymmeatrix,
weight loss process starts earlier for the expastector than from the pristine one. Higher isdbee, more is the
scissioning of the polymer chain, which leads &ghit loss at lower temperature.
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Fig.3. DTA thermogram of gamma irradiated PADC-American Acrylics Detector

DTA curve of the etched detector along with thetaned one is shown in Fig. 4. The endothermic biehaf the
detector is found to be changed due to chemichiregc The etched detector shows the endothermicecatr much
lower temperature i.e at 3%5 than the unetched one at 325This means the detector looses its weight aetow
temperature as compared to the unetched one. Tigist rhe possible due to chemical attack of the aith
Exposure to radiation leads to scisssioning ofctien which further leads to formation of many drohhins.
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Fig. 4 DTA thermogram of gamma irradiated and etched detector
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Once the detector is subjected to etching, the atrattack of the etchant dissolved away the danfeggments of
the polymer matrix. This probably leads to the iun of molecular weight of the polymeric dete¢tand weight
loss starts at much lower temperature for etchéectt®. In order to understand the amount of heailved during
the endothermic process of the weight loss,
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Fig. 5 DSC thermogram of gammairradiated and pristine detector

DSC studies of the pristine and irradiated detewtas carried out. Fig.5 shows the DSC thermogranthef
detectors. The amount of heat involves for the gmatmic process of weight loss is found to arourtb 9/g for the
pristine sample, whereas for irradiated samplas,faund to be 20.95 J/g.

CONCLUSION
On the basis of present study the conclusions éas made as follows

1. TGA studies reveal that due to gamma exposurehthiental stability of the detector decreases at & dhigher
then 160Gy and the effect is more significant for post gaamemposed detector only at the higher doses.

2. The pre-gamma and post-gamma exposure mode of engpdses not seems to have very significant etiect
the lower doses.

3. The weight loss process of PADC-American Acryliesedtor is endothermic in nature.

4. Due to exposure, the detector looses its weighivetr temperature and accordingly the endothernaigsition
is observed at a lower temperature.

5. Due to etching, the thermal stability of the detectecreases and accordingly endothermic transiiobserved
at lower temperature.
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