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irradiated with gamma quanta

pp. 46-52

PACS: 42.70.-a; 42.70.Jk; 52.38.Ph; 77.55-g

SPECTROSCOPIC STUDY OF STRUCTURES OF HDPE POLYMER AND HDPE/GaAs
COMPOSITE FILMS IRRADIATED WITH GAMMA QUANTA

N.N. Gadzhieval, G.B. Akhmedova?, R.A. Mammadov?, G.l. Muradova!l
Hnstitute of Radiation Problems, MSE AR

?Institute of Physics, MSE AR
nushabafereh@gmail.com

Abstract: This study presents the results of optical (UV-Vis) and Fourier Transform Infrared (FTIR)
spectroscopy analyses of structural changes in HDPE polymer and HDPE/GaAs composite films
irradiated with gamma quanta at doses of 100, 200, and 300 kGy at room temperature. Gamma
irradiation of the initial polymer and its composite films was found to induce the formation of optical
absorption bands at 220 and 280 nm, as well as FTIR transmission bands at v= 1650 and 1715-1735 cm™",
indicating the presence of C=0O (carbonyl) and C=C (polyene) groups. It was established that
HDPE/GaAs composite films exhibit greater radiation resistance than HDPE polymer in the absorbed
dose range of 100-300 kGy.
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1. Introduction

Polymer composite materials such as polymer-semiconductor fillers are of special interest.
The introduction of new fillers typically enhances the practical applicability of composite
materials. The addition of semiconducting fillers into the polymer matrix leads to changes in its
structure and properties. From this perspective, it is important to study composites based on high-
density polyethylene (HDPE) and gallium arsenide (GaAs) semiconductor compounds. Using
these materials as modifying additives for polymers can lead to the production of new composites
with different electro physical, dielectric, thermal, optical luminescent and mechanical properties.
It is important to note that there is a lack of sufficient scientific information on the study of these
composites in the literature [1-6].

Currently, radiation technologies are widely employed to enhance the physical and
chemical properties of polymers and their composite materials in high-tech applications. lonizing
radiation leads to irreversible physical and chemical changes in the structure of these materials at
the macromolecular level. Obtaining a comprehensive dataset on the structural changes and
properties of polymer-semiconductor composite systems under the influence of ionizing gamma
radiation will facilitate the development and production of multifunctional composites. This will
enable the development and production of new polymer composite materials with tailored
properties for electronic devices and systems, as well as the creation of specialized electrical
insulation systems and high-voltage technologies. These materials also allow for effective
radiation protection. These materials also provide effective radiation protection for space vehicles,
navigation devices, and the instrument panels of special devices operating in a high-radiation
background.
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The fact that HDPE is taken as a matrix is due to its extensive study. The use of GaAs
semiconductor as a filler is due to its unique structure. In addition, GaAs exhibits radiation
resistance.

The investigations of structural changes, optical, and electrophysical properties of
HDPE/GaAs composite films were studied as a function of filler concentration. However, the
structural changes in this composite due to the gamma radiation have not been sufficiently studied.
Therefore, this paper presents the results of optical and FTIR studies on the structural changes in
HDPE/GaAs composite irradiated with gamma radiation.

2. Technique of experiments

High-density polyethylene (PE 2 NT11-285D, Russia, Kazan), with a melting point of
130 °C and a density of 947 kg/m?, was selected as the polymer matrix. GaAs semiconductor was
used as the filler. HDPE and HDPE/GaAs films were obtained using the high pressing method
[3, 6].

HDPE and HDPE/GaAs films with a thickness of approximately 100 um were irradiated
with gamma radiation using an MRX-y-20 (®°Co) gamma device, with an exposure rate of
dd/dt=1.06 Gy/s. The samples were irradiated at doses of 100, 200, and 300 kGy at room
temperature.

The optical absorption spectra of these films were measured using a UV-VIS
spectrophotometer (Varian Cary 50 Scan) in the wavelength range of A =200-800 nm. The spectra
were obtained for the absorbance of the polymers and composites as a function of wavenumber.

Fourier-transform infrared (FTIR) transmission spectra of these films were recorded using
a Varian 640 FTIR spectrometer at room temperature in the v =4000-400 cm™! frequency range.
The spectra were obtained for the polymers and composites as a function of wavenumber.

The variation before and after irradiation was compared, and peak analysis was performed
to study the changes in the position and relative intensity of the bands.

3. Results and discussion

Figures 1 and 2 show the optical (UV-VIS) absorption spectra of initial (unirradiated) and
gamma-irradiated HDPE polymer and HDPE/4 mass % GaAs composite. The choice of the mass
content of micro particles (4 mass %) of GaAs is based on the fact that at this content, the degree
of crystallinity has a value of K=70% [1, 2, 5].

From figures 1 and 2 clearly show that the unirradiated HDPE polymer and its composites
do not exhibit absorption bands in the studied wavelength range (A =200-800 nm). On the other
hand, the spectra of irradiated HDPE polymer (Fig.1) and HDPE/GaAs composite films exhibit a
shoulder band in ~220 nm. This band is attributed to the C=O group in the molecular
macromolecule (carbonyl). This indicates that the band gap width decreases with irradiation, while
the absorption coefficient increases with irradiation [5, 7-10].
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Fig. 1. Absorption spectra of the initial and gamma-irradiated HDPE polymer (a)
and HDPE/GaAs composite (b) films.

It should be noted that the absorption band shifts towards longer wavelengths with an
increasing gamma irradiation dose. Gamma irradiation induced the cleavage of C-C bonds and the
dehydrogenation of polymeric chains (i.e. the escape of hydrogen atoms), leading to the formation
of conjugated —C=C- bonds (A =280 nm). The increase in the number of conjugated —-C=C- bonds
with increasing gamma irradiation dose results in a shift of the absorption band towards longer
wavelengths. The behavior is generally interpreted as being caused by the formation of extended
systems of conjugated bonds, i.e., the possible formation of carbon clusters [1, 5, 10-15]. The
absorption bands in ~ 280 nm are associated with the electronic m—n* transitions occurring in the
unsaturated centers of the molecules, i.e., in compounds containing double or triple bands, as well
as in aromatics. The excitation of m-electron requires less energy; hence, transition of this type
occur at longer wavelengths.

We have obtained dose dependences of the intensities of the optical absorption bands C=0
in HDPE polymer (1) and HDPE/GaAs composite (2) films (Fig. 2).
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Fig. 2. Dose dependence of the intensity of optical absorption band at A = 280 nm.
1 - HDPE and 2 — HDPE/GaAs.
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For HDPE polymer and HDPE/GaAs composite films irradiated with 1.2 MeV gamma
rays, new bands were detected at 1650 and 1715-1735 cm™!, attributed to the formation of —-C=C—
(polyene) and polymer oxidation, and the formation of (carbonyl) C=0 groups [1, 3, 5, 16-20].
The formation of C=0 (carbonyl) and C=C (polyene) groups in the Fourier-IR transmission spectra
is also confirmed by the appearance of transmission bands with maxima at v=1715-1735 cm™
and v= 1630 cm™, respectively (Fig. 3a and 3Db).
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Fig. 3. FTIR transmission spectra of HDPE polymer (a) and HDPE/GaAs (b) composite films, irradiated
with gamma absorption doses of 100, 200, 300 kGy, in frequency range v = 1600—-1800 cm ™.

As seen in Figures 3a and 3b, increasing the gamma irradiation dose in both samples leads
to a redistribution of C=0 and C=C groups. At the same time, the position of the C=C band remains
unchanged (v=1650cm™); however, the maximum of the C=0O band shifts toward higher
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frequencies by Av=20 cm™ (from 1715 to 1735 cm™). The observed shift apparently indicates the
formation of decomposition products of various carbonyl groups (such as carboxylic acids,
aldehydes, and ketones) resulting from the rearrangement and reconstruction of macromolecular
radicals [5, 16, 20—24]. Analysis of the intensities of these bands as a function of gamma irradiation
dose indicates that, in the absorbed dose range of 100-300 kGy, the HDPE/GaAs composite
exhibits higher radiation resistance than HDPE.

4. Conclusion

For the first time, structural changes caused by the influence of gamma irradiation of initial
HDPE and HDPE/GaAs composite films at doses of 100, 200, and 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=0 and —-C=C-
groups. The formation of C=O (carbonyl) and C=C (polyene) groups in the Fourier-IR
transmission spectra is also confirmed by the appearance of transmission bands with maxima at
v=1715-1735cm™ and v=1630cm™!, respectively. Analysis of the intensities of optical and
FTIR bands as a function of the gamma irradiation dose indicates that, in the absorbed dose range
of 100-300 kGy, the HDPE/GaAs composite films exhibit higher radiation resistance than HDPE
polymer films.
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CIHHEKTPOCKOIIMYECKOE UCCJIEJOBAHUE CTPYKTYPbI IOJIMMEPA I19BII
1 KOMITIO3UTHBIX ILTEHOK IABII/GaAs, OBJTYUEHHBIX TAMMA-KBAHTAMHA

H.H. I'agxuesa, I'.b. Axmenosa, P.A. Mammanos, I'.I. Mypanosa

Pe3rome: llpencraBnensl pesynbrarhl onthdecknx (Y®D-pumumas crektpockonus) u Dypre-UK-
CIIEKTPOCKOMHsI, CTPYKTYPHBIX m3MeHeHud B mojumepe [IOBII (monusTHiieH BBICOKOW IJIOTHOCTH) U
KoMIo3uTHEIX TeHkax [[DBII/GaAs, o0my4éHHBIX ramma-kBaHTamMu mpu go3zax 100, 200 u 300 xI'p
MpH KOMHATHOH Temreparype. YCTaHOBIEHO, YTO TaMMa-OOJIydeHHWe WCXOJHOTO TIOIMMepa |
KOMIIO3UTHBIX IJICHOK TPUBOJUT K (POPMHUPOBAHHIO TIOJIOC ONTHYECKOro noromeHus npu 220 u 280 HM
u nonoc npomnyckanus B WMK-o6mactu npu v = 1650 u 1715-1735cm™), uro cBumeTensCTByeT 0
¢dopmupoBanun kKapOoHMWIEHBIX (C=0) n momneHoBbix (C=C) rpymm. YCTaHOBJIEHO, YTO KOMIO3HUTHEIE
mieakn [I19BI1/GaAs obmamator HanOONbIIEH pagualliOHHON CTOMKOCTBIO B JWAa30HE IMOTIIOMEHHBIX
103 100-300 k['p mo cpaBHeHuto ¢ moaumepom [1DBII.

Knrouesvie cnoga: xoMIo3ut, raMmMa-u3ilydeHue, OIJIOIEHUE, IPOIyCKaHUE.

QAMMA KVANTLARI ILO SUALANMIS YSPE VO YSPE/GaAs KOMPOZIT NAZIK
TOBOQOLORININ QURULUSUNUN SPEKTROSKOPIK TODQIQi

N.N. Haciyeva, G.B. 9hmadova, R.A. Mammadov, G.I. Muradova

Xiilasa: Bu isdo otaq temperaturunda 100, 200 vo 300 kQr dozalarda gamma kvantlar ilo siialanan
YSPE polimer vo YSPE/GaAs nazik tobagalarinds bas veran qurulus dayisikliklorinin optik (UV VIS)
vo Furye iQ (FTIR) todgiqatlarmin noaticolari toqdim olunur.. Miioyyen edilmisdir ki, ilkin polimer vo
onun kompozit nazik toboagelorinin gqamma slialanmasi noticesinds 220 vo 280 nm dalga
uzunluglarinda optik udulma zolaglari, eloco do v = 1650 vo 1715-1735sm™'-do FTIR buraxma
zolaglarmin amola galir ki, bu da karbonil (C=0) va polien (C=C) gruplarinin formalagmasini gostarir.
Tadgiqat naticalori gdstarmisdir ki, 100300 kQr intervalinda YSPE/GaAs kompozit nazik tobaqalori
Y SPE polimerina nisbaton daha yliksok radiasiya davamliliga malikdir.

Acar sozlar: kompozit, gamma siialanma, udulma, buraxma.
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