
RESULTS AND DISCUSSION 

While on UV irradiation all samples remained physically unaffected, the highest 

gamma-radiation dose of 2 MGy produced enough degradation that 150 μm thick 

PET film and both nanocomposites became brittle and cracked easily with 

exception of biaxially oriented 12 μm thick PET film which remained unaffected.   

Slight shift of maximum temperature to lower values in differential TG 

thermograms of samples irradiated to 2 MGy dose (figure 1) suggests reduced 

thermal stability in comparison to non-irradiated ones. That is consistent with a 

decrease in intensity of some absorptions observed in corresponding ATR-FTIR 

spectra (figure 2). The involved absorptions arise of ester moiety (C=O stretching 

at 1714 cm-1, -COO stretching at 1238 cm-1 and 1116 cm-1, and ester C-O bond 

vibrations at 1091 cm-1). In 150 μm PET and GnD PET nanocomposite UV 

irradiation to 760 J/cm2 dose produced greater decrease of FTIR absorptions 

than gamma-irradiation to 2 MGy dose while nD PET nanocomposite and 12 μm 

pure PET seem to be more resistant. No new peaks were observed and 

methylene conformation (peaks at 1340 cm-1 and 1370 cm-1) was unchanged 

implying that crystalline part was preserved. 

DSC measurements of non-treated samples revealed that the most prominent 

change caused by presence of nanoparticles was the shift of crystallization 

temperature (Tc) to higher values in GnD PET sample (table 1). Both presence of 

nanoparticles and the defects produced by gamma-irradiation may act as 

nucleating agents. That results in increased number of crystallites causing a shift 

of Tc peak to higher values what was most pronounced in nD PET 

nanocomposite (figure 3 and 4). UV radiation caused overall degradation and a 

shift of Tc peak to lower values. The results of measurements at different 

heating/cooling rates show an increase in cold crystallization temperatures (Tcc) 

and a decrease in Tc values with increasing rate. Among the studied samples 

GnD PET had the lowest Tcc and the highest Tc (figure 5) suggesting that less 

energy is needed for the relaxation of the GnD PET amorphous fraction, 

facilitating the cold crystallization. Unlike Tc values of pure 150 μm thick PET, UV 

and 2 MGy gamma-irradiated GnD PET and nD PET Tc values remained almost 

unchanged suggesting that nanoparticles indeed act as nucleating agents. 

CONCLUSIONS 

• All PET samples were relatively stable to gamma-radiation up to 1 MGy dose. 

ATR-FTIR confirmed that crystalline part was stable to irradiation while DSC 

revealed that changes occurred predominately in the rigid segment of 

amoprhous phase. 

• Radiation response of PET nanocomposites varied depending on the their 

composition. Graphene and nanodiamond containing nanocomposite (GnD 

PET) was somewhat less resistant to high dose gamma-radiation than the one 

with nano-diamonds only (nD PET) or pure PET film which had similar stability. 

• Nanodiamonds slightly increased stability of PET to photodegradation while 

additional graphene reduced stability below that of pure 150 μm thick PET film.   

 

Response of some poly(ethylene-terephthalate) based 

nanocomposites to various radiation types 

INTRODUCTION 

The radiation response of polymers and (nano)composites depends on polymer matrix structure and radiation type. The overall outcome can be cross-linking and/or degradation. [1] The addition of (nano)fillers is expected 

to increase radiation stability of polymers. [2] Poly(ethylene-terephthalate), PET is widely used thermoplastic polymer with excellent engineering properties. Unlike its poor photostability the stability of PET to low and 

medium doses of gamma-radiation is relatively high. PET is a semicrystalline polymer and  its monomer unit is relatively rigid so its amorphous phase contains a significant proportion of partially organized segments that 

crystallize at so called cold crystallization temperature. [3] Because that partially organized segment is known to be sensitive to any intervention our main focus of this research was on the behavior of cold crystallization and 

crystallization transformations of PET and its nanodiamond and graphene nanocomposites under influence of UV and high-dose gamma radiation. 
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MATERIALS AND METHODS 

Two PET nanocomposites based on 150 μm thick PET film, one containing 1% of nano-diamonds (nD 

PET) and the other containing combination of 1% of nano-diamonds and 0.5% graphene nanoplatelets 

(GnD PET) [3] were studied in comparison to corresponding pure PET film and to another biaxially 

oriented 12 μm thick PET film. A part of the samples was gamma-irradiated at a dose rate of 7.8 Gy/s in 

ambient conditions at 60Co γ-irradiation facility of Laboratory for Radiation Chemistry and Dosimetry, 

Ruđer Bošković Institute in Zagreb, Croatia. to doses of 0.5, 1 and 2 MGy. Samples were also exposed to 

UV irradiation of 254 nm to dose of 760 J/cm2 also in ambient conditions. The non-irradiated and 

irradiated samples were characterized by: DSC thermal analysis was done on Pyris Diamond DSC 

Perkin Elemer instrument in nitrogen atmosphere at different heating/cooling rates in range from 5 to 40 

ºC/min. Film samples of about 1 mg  weight were put in Al pans and crimped. Fresh sample was used for 

each heating rate experiment. TG thermal analysis was done on TA instruments TGA Q500 2910 

instrument in nitrogen atmosphere at heating rate 20 ºC/min up to 900 ºC. ATR-FTIR spectra were 

recorded using Bruker TENSOR II FTIR spectrophotometer equipped with A225/Q Platinum diamond 

ATR unit. All DSC thermograms were normalized to sample mass and all ATR-FTIR spectra were 

normalized to 1370 cm-1 peak. 

Table 1 Temperatures and enthalpies of cold crystallization and crystallization 

transformations for non-irradiated and irradiated PET films obtained by DSC. 

Figure 1 dTG thermograms and temperatures of the highest degradation rate for non-

irradiated PET films and those irradiated to 2 MGy. 

Figure 4 Partial DSC thermograms 

displaying crystallization peak (Tc) for 

non-irradiated and irradiated PET 

films. 

Figure 2 Partial ATR-FTIR spectra of non-irradiated and irradiated PET films.  

Figure 5 Effect of the heating rate on the cold crystallization temperature (Tcc), 

left and effect of the cooling rate on the crystallization temperature (Tc), right. 

Figure 3 Partial DSC thermograms 

displaying cold crystallization peak 

(Tcc) for non-irradiated and irradiated 

PET films. 


