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Abstract  
Polycarbonate is an engineering plastic which is used in medical products such as dialysis filters. 

One of the important features seen in the radiation sterilization of the filters is the effect of 

radiation on their polycarbonated bodies. In this work the effect of gamma radiation (60Co) and 

electron beam on the physico-chemical properties of polycarbonate has been investigated at the 

sterilization dose range (15, 25 and 37 kGy). The results of FTIR analysis and mechanical 

properties were similar for both types of radiation sources in all absorbed doses, demonstrating no 

significant changes occur in the chemical structure of polycarbonate after irradiation. According to 

the results of colorimetric analysis, the electron beam-irradiated samples had lower yellow index 

than the gamma-irradiated samples. This minor colour change also decreases over time when the 

samples are stored in a dim environment. From the results, sterilization of these dialysis filters is 

suggested by electron beam. 
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Introduction  
It is common to apply ethylene oxide gas to sterilize 

dialysis filters. But today, the toxicity and 

carcinogenicity of ethylene oxide gas has been proven. 

Therefore, the producers try to replace ethylene oxide 

gas method with radiation sterilization. Some 

physicochemical changes may occur in the 

polycarbonated body of the filters during radiation 

sterilization method which is vital to be considered. It 

has been reported that cross-linking predominates at 

small doses and main chain scission happens at higher 

doses [1]. Based on the studies, the physical and 

mechanical properties of polycarbonates generally do 

not change much at low doses (up to 50 kGy), but a 

yellow colour appears during irradiation, which is not 

acceptable for the manufacturers of this device [2, 3]. 

The color change in irradiated polycarbonate is in direct 

correlation with polycarbonate grade, additives and also 

irradiation method and conditions [4]. Hence, although 

several works have been done about the effect of 

irradiation on polycarbonate before, here a case study 

was made. In this research the effect of two kinds of 

irradiation source, gamma and electron beam, on an 

Iranian commercial dialysis filter has been investigated. 

 

Experimental  

Materials and methods 
Dialysis filter was provided from an Iranian Co. The 

changes of chemical structure in polycarbonate samples 

were investigated by FTIR spectrophotometer. The 

yellow index of the samples was measured by using 

colorimeter in 10 degree with D65 light source 

according to ASTM D2244. Tensile testing was carried 

out according to ASTM D638 using Hiwa 200 tensile 

machine. The irradiations at doses of 15, 25 and 37 kGy 

were carried out in Gamma cell-220 with a dose rate of 

1.91 Gy/s and also in a high-energy 10 MeV electron 

accelerator, Rodotron TT200 with a dose rate of 19.2 

kGy min−1 at room temperature and air atmosphere. 

 

Results and discussion  
Figure 1 shows the FTIR spectra of pristine 

polycarbonate film  and irradiated samples. It shows 

absorption bands related to C-H stretching band of 

methyl group in 2969 cm-1, carbonyl  stretching band in 

1773 cm-1, C-O-C stretching band in 1206 cm-1 and 

aromatic C-H band in 999 cm-1. The observed bands of 

unirradiated, gamma and electron beam irradiated 

samples at 15, 25 and 37 kGy were nearly identical, 

indicating no significant changes are observed in 

molecular structure as a result of irradiation doses or 

irradiation method, confirmg previous studies [2]. 

 



 

Figure 1. FTIR spectrum of pristine   polycarbonate film 

 and irradiated samples  

Table 1. Mechanical properties of samples 

 
Mechanical properties of samples were shown in table 

1. No remarkable changes are observed in the tensile 

strength and elongation at break of pristin and irradiated 

samples at doses of 15, 25 and 37 kGy. 

It is well known that the interaction of gamma rays with 

polycarbonate leads to chain scission and creation of 

phenyl and phenoxy radicals [4]. The trapped phenoxy 

radicals are long lived and absorb light in the visible 

region, causing the polymer to appear yellowish. But the 

amount of color change depends on polymer grade and 

irradiation method.    

Figure 2 demonstrates the colour changes in the gamma 

and electron beam irradiated filter at different doses.It is 

observed that with increasing absorbed doses more color 

changes occur. Also, when the sample is irradiated with 

gamma, here is more colour changes compared with 

electron irradiation. The amount of color changes has 

been shown in figure 3 and 4.  

As the color change of polycarbonate is nearly 

reversible during storage, the samples were stored in a 

dim environment  for 108 days. The results demonstrate 

that the yellow index of irradiated samples decreases 

after 108 days. More reduction in color changes are 

observed after one month in all absorbed doses.  

 

Conclusions  
Effect of two kinds of irradiation sources, gamma and 

electron beam, has been studied on a commercial 

dialysis filter. FT-IR analysis as well as mechanical 

properties showed that the chemical structure of the 

polycarbonate applied in the dialysis filter does not 

change significantly in gamma and electron beam 

sterilization methods.  

 

 

Figure 2. Gamma and electron beam irradiated 

commercial sample 

 

 
Figure 3.  Yellow index of gamma irradiated samples 

stored in a dim environment 

 
Figure 4 Yellow index of electron beam irradiated 

samples stored in a dim environment 

 

Colorimetric analysis reveal that gamma-irradiated 

samples have more yellowness index than electron beam 

irradiated ones. Also, the results demonstrate that the 

yellow index of irradiated samples decreases 

remarkably after one month. According to results, in 

comparison of gamma and electron beam irradiation 

methods, electron beam is preferable for sterilization of 

this commercial dialysis filter.  
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