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ABSTRACT  
 
A comparative study on thermal properties of gamma irradiated PADC-American Acrylics track detector is done in 
dose range of 101–106 Gy. TGA studies reveal that due to gamma exposure the thermal stability of the detector 
decreases at a dose higher than 104Gy. It is also observed that the post-gamma mode of exposure of the detector has 
got more significant effect on thermal stability then the pre-gamma mode of exposure. Due to etching of the 
detector, thermal stability of the detector decreases drastically at a dose of 106 Gy. The weight loss by the detector 
upon heating is found to be endothermic in nature and takes place in the temperature range of around 3750C. 
However, due to gamma exposure, this endothermic transition takes place at a lower temperature of around 3500C. 
Chemical etching of the detector leads to further lowering of this endothermic transition. The amount of heat 
involves for the endothermic process of weight loss is found to be around 5.66 J/g for the pristine sample, whereas 
for irradiated sample of 106 Gy, it is found to be 20.95 J/g.   
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INTRODUCTION 
 

Interaction of radiation with polymers lead to different structural modifications such as chain scission, chain 
aggregation, formation of double bonds and molecular emission, and consequently, many of their physico-chemical 
properties like optical, electrical, mechanical, chemical and track properties are modified [1-8]. In view of this, 
studies on application of radiation on polymeric materials are of great importance as they allow for desired 
improvements in polymer properties. Among the different studies on polymeric materials, thermal studies are one of 
the most useful as the different thermal properties of a polymer are strongly dependent on their internal structure of 
the polymer. Since exposure to radiation is known to be one of the major factors that change the structural properties 
of polymers, it was considered to be worthwhile to study the modifications of their thermal properties due to 
irradiation. A survey of the literature indicates that the thermal characterization of irradiated polymers have been 
studied by different authors [9-15]. However most of the authors have either studied polymers irradiated by heavy 
ions or by lower doses of gamma radiation. Keeping this in mind, the present paper presents details of thermal 
studies on gamma irradiated PADC-American detectors exposed to very high doses of gamma radiation (up to a 
dose of 106 Gy).  In one of our earlier observations we have briefly reported [11] that due to gamma irradiation, the 
thermal stability of different polymers are significantly modified. Therefore, as a case study, in this present work a 
detailed study on modifications of thermal properties like its stability, exothermic and endothermic behaviour while 
loosing weight, ect. are presented for  PADC-American Acrylics  detector. 
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It had been observed in one of our earlier studies that the etch-rates of PADC detector are greatly altered by gamma 
exposure at the dose of 106 Gy [16-17]. Normally for track formation, the chemical etchant attacks the functional 
groups of the track detector, which subsequently leads to formation of tracks. Thus there is a possibility that due to 
etching, there might be a change in thermal stability of the detector. Through this piece of work a comparative 
assessment has been attempted to understand the difference in thermal properties of un-etched and etched detectors. 
However, since it has been observed by our earlier studies that etch rates are greatly altered only at a does 106 Gy, 
present study has been restricted to this dose only. 

 
MATERIALS AND METHODS 

 
Irradiation of the Detectors 
Seven samples of the detector (thickness 650 µm and density 1.32 g cm-3, Manufacturer: American-Acrylics 
Corporation) of sizes (3 x 3 cm2) were prepared. After cleaning and drying the samples, exposure was done from a 
60Co gamma source having a dose rate of 3.0 kGy/h. The time required for exposure varied from 12 s to nearly 14 
days in order to deliver the required doses in the range of 101 to 106 Gy. The errors in doses range from 8% for low 
dose (10 Gy) to about 1% for high doses. One set was first exposed at normal incidence to fission fragments from a 
252Cf source (having a half-life of 2.65 years and activities of 5.7 × 103 fission/min and 1.84 × 105 alpha 
particles/min) and then, together with the unexposed (second) set was subjected to various doses of gamma rays. 
The first and second sets of detectors are generally termed as post-gamma and pre-gamma exposure respectively in 
this study. Exposure to fission fragments from a 252Cf source was done for track registration. 
 
Thermal Studies 
After the gamma exposure, thermal studies were conducted using a TA Instruments, Model : Q600 SDT and Q20 
DSC. Small pieces (0.25 × 0.25 cm2) of the samples were made from the gamma exposed samples (pre-gamma set), 
and thermal studies were done at a constant heating rate of 200C/min. All the detectors were heated up to a very high 
temperature (varied from one detector to another) so that in the process of heating they lost most of their weight. 
This heating resulted in TG curves, in which the weight loss was recorded as a function of temperature. The change 
of heat flow observed during weight loss was recorded as a function of temperature which gave the DTA and DSC 
thermogram. All the studies were done for both for both pre and post-gamma exposed detectors. 
 
In order to understand effect of etching on thermal properties, same studies were repeated for the etched detector 
exposed to 106 Gy. The detector exposed to fission fragments and subsequently exposed to gamma dose of 106Gy 
(post-gamma) was etched for 20 minutes.  After cleaning, the etched sample was then used for thermal studies. 

 
RESULTS AND DISCUSSION 

 
The results of thermogravimetric studies on gamma irradiated detector are presented in Fig.1. It is observed that due 
to gamma exposure, thermal stability of the detector changes significantly. However the most significant changes 
are observed at doses higher than 104 Gy. Even though the changes start at doses higher than 104 Gy, however, we 
observed that there is not much significant change in both pre or post -gamma exposure mode of the detector till the 
dose of 105 Gy. The drastic change in the thermal stability takes place at a dose of 106 Gy for post-gamma exposed 
detector. 
 
It is interesting to observe that at a dose of 106Gy, the post-gamma mode of exposure had much greater effect than 
the pre-gamma one. As seen in Fig.1. the post-gamma exposed sample loses its  weight completely at a much lower 
temperature than the pre-gamma one. This might be due to the fact that in the case of post-gamma, the detector is 
first  exposed to  fission fragments and alpha particles. Exposure to these charge particles leads to scissioning of the 
polymeric chain.  This effect is further enhanced due to exposure to gamma radiation again.. It is also clear from the 
thermogram that the pristine sample loses its complete weight at around 4250C, which is not the case for the exposed 
one. The detector loses its complete weight at around 3480C for the exposed detector (106 Gy, Post-gamma) dose, 
which means thermal stability of the detector decreases drastically which is probably due to scissioning of the 
polymeric chain. Scissioning of the polymeric chain leads to decrease in the average  molecular weight of the 
detector, which leads to decrease in thermal stability of the sample. Since there is no significant change observed at 
the lower doses of irradiation (both pre and post gamma exposure), the weight loss pattern is not shown in the 
thermogram. 
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Fig.1. TGA Thermogram of gamma irradiated PADC-American Acrylics Detector 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig.2. TGA Thermogram of gamma irradiated and etched Detector 

 
Fig.2. is the TGA thermogram for the etched detector and unetched detector (post-gamma) exposed to 106 Gy.  From 
these results, it is clear that the thermal stability of the detector decreases due to chemical etching. As shown in 
Fig.2, the detector looses its complete weight at around 3200C for the etched sample as compared to 3480C of the 
un-etched sample. This decrease might be due to further decrease in the molecular weight of the polymer chain due 
to chemical etching. Normally exposure to radiation leads to many broken segment in the polymer matrix. This 
scissioing is further enhanced due to chemical attack. Thus chemical etching leads to decrease in average molecular 
weight of the polymer and accordingly the stability of the polymer decreases. 
 
In order to understand about both qualitative and quantative changes in heat involved during the weight loss 
processes, DTA and DSC studies are performed for both pristine and samples irradiated with gamma doses (both pre 
and post mode).  Similar studies are carried out for the detector etched at 700C which was exposed to 106 Gy (post-
gamma).  Fig. 3 shows the DTA thermogram of pristine and irradiated PADC detector (post-gamma) detectors. The 
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thermogram clearly indicates that the pristine detector undergoes an endothermic transition at around 4000C. This 
behavior remain same till the dose of 104 Gy. But at the dose of 105 Gy, the endothermic peak is observed at a much  
lower temperature of around 3750C and at the highest dose of 106 Gy, this transition is observed  3500C. This may 
explained as due to gamma exposure, scissoring of the chain takes in the polymer matrix which probably leads to 
weight smaller molecular chains/segments in the polymer matrix. Due to smaller fragments in the polymer matrix, 
weight loss process starts earlier for the exposed detector than from the pristine one. Higher is the dose, more is the  
scissioning of the polymer chain,  which leads to weight loss at lower temperature.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3. DTA thermogram of gamma irradiated PADC-American Acrylics Detector 
  
DTA curve of the etched detector along with the unetched one is shown in Fig. 4. The endothermic behavior of the 
detector is found to be changed due to chemical etching. The etched detector shows the endothermic curve at much 
lower temperature i.e at 3250C than the unetched one at 3250C. This means the detector looses its weight at lower 
temperature as compared to the unetched one. This might be possible due to chemical attack of the etchant. 
Exposure to radiation leads to scisssioning of the chain which further leads to formation of many small chains. 
 

 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
 

 
 

 
Fig. 4 DTA thermogram of gamma irradiated and etched detector 
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Once the detector is subjected to etching, the chemical attack of the etchant dissolved away the damage fragments of 
the polymer matrix. This probably leads to the reduction of molecular weight of the polymeric detector, and  weight 
loss starts at much lower temperature for etched detector. In order to understand the amount of heat involved during 
the endothermic process of the weight loss, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  DSC  thermogram of gamma irradiated  and pristine detector 
 

DSC studies of the pristine and irradiated detector was carried out. Fig.5 shows the DSC thermogram of the 
detectors. The amount of heat involves for the endothermic process of weight loss is found to around 5.66 J/g for the 
pristine sample, whereas for irradiated samples, it is found to be 20.95 J/g.   
 

CONCLUSION 
 

On the basis of present study the conclusions has been made as follows  
 
1. TGA studies reveal that due to gamma exposure the thermal stability of the detector decreases at a dose higher 
then 104Gy and the effect is more significant for post gamma exposed detector only at the higher doses. 
2. The pre-gamma and post-gamma exposure mode of exposure does not seems to have very significant effect at 
the lower doses.   
3. The weight loss process of PADC-American Acrylics detector is endothermic in nature.  
4. Due to exposure, the detector looses its weight at lower temperature and accordingly the endothermic transition 
is observed at a lower temperature.  
5. Due to etching, the thermal stability of the detector decreases and accordingly endothermic transition is observed 
at lower temperature. 
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