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ABSTRACT 

 
   Non isothermal studies were carried out using thermogravimetry (TG) and 
differential thermogravimetry (DTG) to obtain the thermal activation energy of 
decomposition for Bayfol solid state nuclear track detector (SSNTD) before and after 
exposure to gamma doses  at   levels between 5.0 and 100 KGy. Thermo-gravimetric 
analysis (TGA) indicated that the Bayfol detector decomposes in one main weight loss 
stage. Also, the thermal activation energy of decomposition was found to be dependent 
on the gamma dose. In addition, the variation of transition temperatures with the 
gamma dose has been determined using differential scanning calorimetry (DSC). The 
results indicate that the exposure to gamma doses at levels between 10 and 60 kGy 
further enhances the thermal stability of the polymer samples due to the crosslinking 
phenomenon. This suggests that gamma irradiation could be a suitable technique for 
producing a plastic material with enhanced thermal properties that can be suitable 
candidate for high temperature applications. 
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INTRODUCTION 

 
      It is already an established fact that the interaction of gamma radiation with polymeric solid state 
nuclear track detectors (SSNTDs) leads to several changes in the polymer properties due to the induced 
chain scissions and cross-links [1]. Crosslinking generally improves the physical properties of the 
polymer. It increases the tensile strength, Young's modulus, softening temperature and decreases 
solubility, elongation, elasticity, and viscous flow. It may cause embitterment, and it reduces crystallinity 
and therefore increases the light transmission of the polymer. Degradation or scission has the opposite 
effect [2]. These modifications depend basically on the manner in which the incident radiation interacts 
with the type of the polymer used, and they promise many applications in a wide range of industrial fields 
[3]. 

 
Among the physical factors capable of initiating chemical reactions in polymers, temperature is 

important for the thermal stability of polymers and thus for their suitability for service [4]. Thermal 
characterization of a polymer also gives a fairy good idea of the changes that take place in polymers due to 
irradiation, as it provides additional information on their structure [5, 6]. 

 
Numerous investigations have dealt with the changes in physical properties of SSNTDs due to 

irradiation [7-12]. The present study deals with the investigation of the effect of gamma radiation on the 
thermal properties of Bayfol detector aiming to improve its performance to be suitable candidate for 
different industrial applications. 
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2. EXPERIMENTAL 

 
2.1 Samples 

     Bayfol is a Makrofol polycarbonate/polyester blend of 250 µm thickness and density 1.23 g/cm3, 
manufactured by Bayer A.G., West Germany. 

 
2.2 Irradiation Facilities 

A 60Co source (manufactured by the Atomic Energy Commission of Russia) providing a dose rate of 
5.28055 kGy/h was used. The activity is 1x106 Curie and the half life time is 5.3 years. The measurements 
were carried out 24 hours after the irradiation. 

2.3 Experimental Apparatus 
The thermal behavior was investigated using differential scanning calorimetry (DSC) and thermo-

gravimetric analysis (TGA) with a Shimadzu-50 instrument. α-Al2O3 powder was used as a reference for 
DSC measurements. Thermal experiments were carried out on all samples at a heating rate of 10 °C/min 
with N2 as a carrier gas at a flow rate of 30 cm3/min. 

 
3. RESULTS AND DISCUSSION 

 
3.1 Thermo-Gravimetric Analysis (TGA) 
     Thermo-gravimetric analysis (TGA) is widely used to illustrate the thermal stability of polymers 
and determine the kinetic parameters of the thermal decomposition behavior. TGA provides 
quantitative information on the weight change process, while differential thermo-gravimetric (DTG) 
provides the rate of weight loss (dw/dT). TGA was performed for all irradiated and non irradiated 
Bayfol samples in the temperature range from room temperature up to 600°C, at a heating rate of 10 
°C/min. Figure 1 shows the TGA and DTG thermograms for the non-irradiated and irradiated samples. 
It is clear from the figure that the Bayfol detector decomposes in one main weight loss stage. Using 
the TGA thermograms, the values of onset temperature of decomposition To were calculated. Figure 2 
shows the variation of To with the gamma dose. The figure shows a decrease in To until a minimum 
value around the 10 kGy irradiated sample indicating a decrease in thermal stability of the polymer 
samples due to degradation, followed by an increase on increasing the gamma dose up to 60 kGy due 
to cross-linking process. Above 60 and up to 100 kGy it decreases again. The interpretation of these 
results may be that, at the dose range 0-10 KGy, initial scission occurs. At the dose range 10-60 KGy 
the free radicals formed due to scission are chemically active and can be used in some chemical 
reactions that lead to crosslinking mechanism. On increasing the gamma dose above 60 kGy and up to 
100 KGy, more energy is pumped into the molecules and the decomposition becomes more 
randomized thus breakdown increases [5]. 

 
 

 

 

 

 

 

Fig.(1):TGA and DTG thermograms measured in the temperature range from room temperature up to 600oC 
for nonirradiated and gamma irradiated Bayfol samples 
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Fig, (2): Variations of onset temperature of decomposition T0 with the gamma dose 

3.2. Thermal Activation Energy of Decomposition 
      

Evaluation of the thermal activation energy of decomposition is useful for studying the thermal 
stability of the materials. Various thermo gravimetric methods based on either the rate of conversion or the 
heating rate have been reported to determine the thermal kinetic parameters. The method proposed by 
Horowitz and Metzger 1963 [13] has been used in the present study for the measurements of the thermal 
activation energies. In this method TG curves obtained at a heating rate of 10 °C/min are required where 
the following equation is valid: 
 
                  ln {ln [(Wo – Wf) / (W – Wf)]} = Eaθ / R Ts

2  

 

Where Wo and Wf are the initial and final weights of the stage, W is the remaining weight at a given 
temperature T, θ is the temperature difference between T and Ts, and Ts  is the temperature which satisfies 
the equation:  
 
                        [(W – Wf) / (Wo – Wf)] = (1/e) = 0.3679 
 

R is the general gas constant. According to the above equation, a plot of ln [(Wo – Wf) / (W – 
Wf)] against θ leads to a straight-line relationship in the range where the decomposed ratios are equal. 
Hence, the activation energy of decomposition can be evaluated from the slope of the line. Using the 
TGA and DTG curves, values of thermal activation energy of decomposition Ea were calculated for 
non irradiated and all irradiated Bayfol samples and it is variation with gamma dose  represented in 
Fig.(3). From the figure it is clear that Ea shows a decrease until a minimum value around the 10 kGy 
irradiated sample followed by an increase on increasing the dose up to 100 kGy. 
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Fig.(3):Variation of thermal activation energy of decomposition Ea with the γ-dose 

3.3. Differential Scanning Calorimetry (DSC) 

Differential scanning calorimetry (DSC) was performed in the temperature range from room temperature 
up to 500 oC at a heating rate 10 oC/min, on irradiated and non irradiated Bayfol samples. The obtained 
thermograms are given in figure 4. From the figure it is observed that the Bayfol samples are characterized 
by two endothermic peaks due to the glass transition temperature Tg and the melting temperature Tm, 
besides one exothermic peak due to the crystallization temperature Tc. The variation of these transition 
temperatures for Bayfol samples with the gamma dose are shown in Fig 5. 

 

 
Fig.(4) : DSC Thermograms measured in the temperature range from room temperature up to 500oC for 

nonirradiated and irradiated Bayfol samples 

 It is clear from figure (5A) that Tg decreases gradually with the gamma dose due to chain scission within 
the amorphous region. The crystallization temperature Tc exhibited the same trend to that of To with the 
gamma dose, figure (5B), as it shows a decrease until a minimum value around the 10 KGy  
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Fig.(5a):Vriation of glass transition with γ-dose      Fig.(5.b):Variation of crystalinity temp.with γ- dose 

irradiated sample followed by an increase with increasing the dose up to 60 KGy. As the gamma dose 
goes higher up to 100 KGy it decreases again. The decrease in Tc further supports the chain scission due to 
gamma irradiation.  
 
The interpretation of these results can be attributed to the heat that may allow crystals to be formed in the 
Bayfol detector. When the polymer reaches its melting temperature, those polymer crystals begin to fall 
apart, and the chains come out of their ordered arrangements and begin to move around freely. Since the 
gamma radiation induces chain scission and crosslinking processes, and also crosslinking destroys 
crystallinity, then the amount of amorphous and crystalline phases will change, leading to the change in 
the melting temperatures with changing the gamma dose [14,15] 
 
 

 
Fig.(5.c) :Variation of melting temp. with γ-dose 

 
 
 

CONCLUSION 
 

 From the study of the effect of gamma irradiation on the thermal, properties of Bayfol SSNTD one 
can draw the following conclusion:   

 
The changes of thermal properties in irradiated Bayfol detector may be considered as a simple way to 

optimize the quality of the polymer since the processing and application properties of the polymer depend 
very largely on its thermal stability. 

 
TGA indicate that the irradiation of Bayfol detector in the dose range 10-60 kG increases its thermal 

stability, thus increasing the life time of articles made from this polymer. 
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DSC indicates that the irradiated Bayfol detector (10-60 kGy) could be a suitable candidate for 
applications requiring the molding of this polymer at lower temperatures. Also, the polymer is 
characterized by dominate amorphous regions that give a polymer toughness. Thus, the Bayfol polymer 
may be a suitable candidate for industrial applications requiring the bending of this polymer without 
breaking. 
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