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The results of optical studies of structural changes in composite HDPE/GaAs and HDPE/GaAs<Te> films 

irradiated with gamma quanta at doses of 100, 200, and 300 kGy at room temperature are presented. It was found 

that gamma irradiation of the initial polymer and their composite films leads to the formation of optical absorption 

bands at 220 and 280 nm, indicating the formation of C = 0 and C = C-bonds. It was established that composite 

HDPE/GaAs<Te> films are the most radiation-resistant in the absorbed dose range of 100…300 kGy.  

PACS: 541.183:539.26; 537.84:621.315.92 

INTRODUCTION 
Polymer composite materials such as polymer-

semiconductor filler are of special interest. Usually, new 

fillers lead to the expansion of the practical usability of 

the composite material. The addition of semiconducting 

fillers into the polymer matrix leads to changes in its 

structure and properties. From this aspect, it is important 

to study the composites obtained on the basis of high-

density polyethylene (HDPE) and GaAs and GaAs<Te> 

semiconductor compounds. Using these materials as 

modifying additives for polymers can lead to the 

production of new composites with different 

electrophysical, dielectric, thermal, optical luminescent 

and mechanical properties. It should be noted that there 

is not enough scientific information on the study of 

these composites in the literature [1–4].  
Currently, radiation technologies are widely used to 

improve the physical and chemical properties of the 

polymer and its composite materials in high-tech 

applications. Ionization radiation leads to irreversible 

physical and chemical changes in the structure of these 

materials at the macromolecular level. Obtaining a data 

package of structural changes and properties of 

polymer-semiconductor composite systems under the 

influence of ionizing gamma radiation will allow the 

development and production of multifunctional 

composites. This will allow to develop and obtain new 

polymer composite materials with desired properties of 

electronic devices and systems, and will also allow to 

make new special types of electrical insulation systems, 

high-voltage technologies. These materials also allow to 

create effective radiation protection. These materials 

also provide effective adiation protection of space 

vehicles, navigation devices, and instrument panels of 

special devices operating in a high radiation 

background. 

The fact that HDPE is taken as a matrix is due to its 

much study. Taking GaAs and GaAs<Te> 

semiconductors as fillers is due to the fact that these 

semiconductors have a special structure. In addition, 

GaAs <Te> is more resistant to radiation than GaAs. 

Investigations of structural changes of HDPE/GaAs 

and HDPE/GaAs<Te> composites, optical and 

electrophysical properties were studied depend on 

concentrate of fillers. However, structural changes in 

these composites due to the influence of gamma rays 

have not been sufficiently studied. Therefore, this paper 

presents the results of optical studies of structural 

changes in HDPE/GaAs and HDPE/GaAs<Te> 

composites irradiated with gamma quanta. 

TECHNIQUE OF EXPERIMENTS 

As a polymer matrix powdered PE 2 NT11-285D 

high density polyethylene (Russia, Kazan) with melting 

point of 130 °C and a density of 947 kg/m
3
 was 

selected. As fillers, GaAs and GaAs<Te> 

semiconductors are used. HDPE, HDPE/GaAs, and 

HDPE/GaAs<Te> films were obtained by the method 

described in [3]. 
HDPE, HDPE/GaAs and HDPE/GaAs<Te> films a 

thickness of about 100 μm were irradiated by gamma 

radiation on a MRX-γ-20 (
60

Co) gamma-device with 

exposure rate dФ/dt = 1.06 Gy/s. The samples were 

exposed to various irradiations up to doses of 100, 200, 

and 300 kGy at room temperature. 

The optical transmission and absorption spectra of 

this films were measured in UV-VIS Spectrophotometer 

Varian-Cary 50 Scan in the of range wavelength 

(200…800 nm). The spectra were obtained for the 

polymers and composites absorbance as a function of 

wave number. 

The variation before and after irradiation was 

compared and the peak analysis was done to study the 

variation in position and relative intensity of the bands. 

RESULTS AND DISCUSSION 

Figs. 1–3 show the optical (UV-VIS) absorption 

spectra of initial (unirradiated) and gamma irradiated 

HDPE polymer, HDPE/ 4 mass% GaAs and 

HDPE/4 mass% GaAs<Te> composites. The choice of 

the mass content of microparticles (4 mass%) of GaAs 

and GaAs<Te> is because of these content the degree of 

crystallinity has a same value [1].  

From Figs. 1–3 it is clear to see that the unirradiated 

HDPE polymer and its composites has not absorption 

bands in the studied wavelength range 
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(λ=200…800 nm). On the other hand, spectra of 

irradiated HDPE polymer (see Fig. 1) and HDPE/GaAs 

composite films showed a shoulder band in ~ 220 nm. 

This band is attributed to the C=O group in molecular 

macromolecule (ketones). This indicates that the band 

gap width decreases with irradiation and the absorption 

coefficient value increases with irradiation [5–8]. 

 
Fig. 1. Absorption spectra of initial  

and gamma irradiated HDPE polymer 

 
Fig. 2. Absorption spectra of initial  

and gamma irradiated HDPE/GaAs composites 

 
Fig. 3. Absorption spectra of initial  

and gamma irradiated HDPE/GaAs<Te> composites 

It should be noted that the absorption band shifts 

towards longer wavelength with increasing gamma 

irradiation dose. Gamma irradiation induced the 

cleavage of C-C-bond and dehydrogenation of 

polymeric chains (i.e. escape of hydrogen atoms) and 

this resulted to the production of conjugated –C=C- 

bonds (λ=280 nm). The increase in the number of 

conjugated –C=C-bond with increasing gamma dose 

irradiation results in a shift of the absorption band 

towards longer wavelength side. The behavior is 

generally interpreted as caused by the formation of 

extended systems of conjugate bonds i.e. possible 

formation of carbon clusters [9–13]. The absorption 

bands in ~ 280 nm are associated to the electronic π→π
*
 

transitions occur in the unsaturated centers of the 

molecules i.e. in compounds containing double or triple 

bands and also in aromatics. The excitation of π-

electron requires smaller energy and hence, transition of 

this type occur at longer wavelength. 

For HDPE irradiated with gamma quanta at 

1.2 MeV, they detected new bands at 1650 and 

1735 cm
-1

, attributed to –C=C-formation and polymer 

oxidation (formation of carbonyl group C=O) [14].  

We have obtained dose dependences of the 

intensities of the optical absorption bands C=O and        

–C=C- in HDPE (1), and composites HDPE/GaAs (2), 

and HDPE/GaAs<Te> (3) (Fig. 4). 

 

 

Fig. 4. Dose dependences of the intensity of optical 

absorption bands at λ = 220 nm (a) and λ = 280 nm (b) 

 

It should be noted that radiation changes in the 

structure of HDPE/GaAs<Te> composites caused by the 

influence of gamma irradiation occur only at a dose of 

300 kGy (see Fig. 4). These changes are accompanied 

by the appearance of a weak shoulder in the absorption 

spectra at λ=220 nm. At the same time, the absorption 

band at λ=280 nm is absent in the spectra. 

Analysis of these dependencies shows that 

composites are more radiation resistant compared to 

pure polymer. Among composites, the most radiation 

resistant are HDPE/GaAs<Te>. Since, in the optical 

spectra of this composite, the absorption band at 

λ~220 nm is blurred, and the band at λ~280 nm is 

completely absent. 

 

 

a 
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CONCLUSIONS 

For the first time, structural changes caused by the 

influence of gamma irradiation of initial HDPE and in 

HDPE/GaAs and HDPE/GaAs<Te> composites at doses 

of 100, 200, 300 kGy at room temperature were studied. 

It has been shown that gamma irradiation of these 

composites leads to the formation of optical absorption 

bands at 220 and 280 nm. These absorption bands 

belong to C=O and –C=C-bonds. Analysis of the 

intensities of these bands depending on the gamma 

irradiation dose indicates that, in the absorbed dose 

range of 100…300 kGy, the HDPE/4 mass% 

GaAs<Te> composite has a higher radiation resistance. 
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СТРУКТУРА КОМПОЗИТІВ ПЕВП/GaAs І ПЕВП/GaAs<Te,  

ОПРОМІНЕНИХ ГАММА-КВАНТАМИ 

Н.H. Гаджієва, Г.Б. Ахмедова, Р.А. Маммадов 

Представлено результати оптичних досліджень структурних змін композитних ПЕВП/GaAs- та 

ПЕВП/GaAs<Te>-плівок, опромінених гамма-квантами до доз 100, 200 та 300 кГр при кімнатній 

температурі. Виявлено, що гамма-опромінення вихідних полімерних та композитних плівок призводять до 

утворення смуг оптичного поглинання при ~ 220 і 280 нм, що свідчить про утворення С = O та –C = C-

зв'язків. Встановлено, що композитні плівки ПЕВП/GaAs є найбільш радіаційно стійкими в області 

поглиненої дози 100…300 кГр. 

 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=iHmq8PkAAAAJ&citation_for_view=iHmq8PkAAAAJ:2osOgNQ5qMEC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=iHmq8PkAAAAJ&citation_for_view=iHmq8PkAAAAJ:2osOgNQ5qMEC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=iHmq8PkAAAAJ&citation_for_view=iHmq8PkAAAAJ:2osOgNQ5qMEC
https://www.sciencedirect.com/science/article/pii/S0168583X11009244
https://www.sciencedirect.com/science/article/pii/S0168583X11009244
https://www.sciencedirect.com/science/article/pii/S0168583X11009244

