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IR-Fourier spectroscopy was used to study structural changes in y-irradiated high density polyethylene
composites with GaAs and GaAs<Te> semiconductor fillers at room temperature. From the dose dependence of the
crystallinity degree of the HDPE/GaAs and HDPE/GaAs<Te> composites, it was found that the HDPE/GaAs<Te>
composites are more radiation-resistant in the absorbed dose region @, = 5...150 kGy compared to the HDPE/GaAs
composites. The observed change in the degree of crystallinity is associated with a change in the supramolecular

structure of y-irradiated composites.
PACS: 541.183:539.26; 537.84:621.315.92

INTRODUCTION

The preparation of new polymer composites largely
depends on the nature of the filler, the shape, size,
nature of the distribution of particles and the degree of
interaction between the constituent components [1, 2].
Typically, new fillers lead to more practical applications
of the composite material. From this point of view,
polymer composite materials such as polymer-
semiconductor fillers are of particular interest. The
introduction of semiconductor fillers in a polymer
matrix leads to a modification of its structure and
properties [3-6]. In this aspect, composites based on
high density polyethylene (HDPE) with semiconductor
compounds GaAs and GaAs<Te> are of interest. This is
due to the fact that these semiconductors have a peculiar
crystalline and band structure and are promising
materials in micro and optoelectronics. HDPE-GaAs
composite films are widely used as neutron detectors [7,
8]. Therefore, it seems interesting to study the effect of
radiation, in particular, y-radiation on the structure of
composites HDPE-GaAs and HDPE-GaAs<Te>. Note
that in the literature there is virtually no information on
the HDPE-GaAs and HDPE-GaAs<Te> composites.
Such studies were first conducted by us and their results
are reflected in [9]. Based on optical, IR-Fourier, and
Raman-Fourier spectroscopic studies, it was shown that
a change in the absorption coefficient and crystallinity
of the polymer is interconnected with a change in its
supramolecular structure.

This work is a continuation of the cycle of these
studies and is devoted to studying the effect of
y-radiation on the structure of composite films of
HDPE-GaAs and HDPE-GaAs<Te> by IR-Fourier
spectroscopy. This method allows you to follow the
structural changes due to the introduction of a
microparticle into the composition of the polymer
matrix, and to identify the patterns associated with them
[10, 11].

TECHNIQUE OF EXPERIMENTS

In this work, a homogeneous mixture was prepared
by mechanical mixing from HDPE powders and GaAs
and GaAs<Te> semiconductors (with particle sizes of
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~50 pm). Then it was subjected to hot pressing at
T =413 K with a holding time of 15 min and cooled to
room temperature for 30 min. This method allows to
obtain HDPE films with a uniform distribution of
microparticles in the volume of the polymer, which is
important for optical and spectral studies. The uniform
distribution of microparticles in HDPE films was
controlled by the background of the IR-Fourier
absorption spectra. The thickness of the initial and
y-irradiated composite films was d =50...100 um. The
content of the introduced amount of GaAs and
GaAs<Te> microparticles varied from 1 to 10 mass%.
For the study, samples with a maximum crystallinity of
HDPE-2 mass % GaAs and HDPE-6 mass% GaAs<Te>
were selected. The choice of these samples is due to the
fact that the degree of crystallinity reaches a maximum
at these concentrations [12].

The IR-Fourier absorption spectra of the composites
before and after y-irradiation were recorded on a Varian
640 FT-IR spectrometer at room temperature in the
region of wave numbers 4000...400 cm™. Structural
changes in the initial and y-irradiated composite films
were observed in the region of wave numbers
v=750...700 cm™®, corresponding to  pendulum
vibrations of the CH, group of PE.

The degree of crystallinity of the samples was
calculated taking into account optical densities,
according to the expression

1.4+ (D730/D720)

1+ 0.4(D730/D720)
the 730 cm™ band characterizes crystalline regions, and
the 720 cm™ band characterizes crystallites+amorphous
interlayers [13].

Samples were irradiated with y-quanta from a ®°Co
source at room temperature with a dose rate
d®,/dt = 1.06 Gy/s. At the same time, the absorbed dose
was @, = 5...150 kGy.

RESULTS AND ITS DISCUSSION

Fig. 1 show, as an example, the IR-Fourier
absorption spectra of unirradiated composites HDPE-2
mass % GaAs and HDPE-6 mass % GaAs<Te> (curves
1) and irradiated y-rays with a dose of 75 kGy (curves
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2) and 150 kGy (curves 3). The choice of the mass
content of microparticles (2 and 6 mass %) of GaAs and
GaAs<Te> is due to the fact that in these contents the
degree of crystallinity has a maximum value [9, 12].
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Fig. 1. IR-Fourier spectra of the initial (1)
and y-irradiated dose of 75 (2) and 150 kGy (3)
of HDPE/GaAs composites (a)
and of HDPE/GaAs<Te> composites (b)

As can be seen from Fig. 1, with an increase in the
absorbed dose, the intensities of absorption bands with
maxima of 730 and 720 cm™ are redistributed. It is seen
that in polymer composite films, the intensities of the IR
bands of crystalline — 730 and amorphous — 720 cm™
phases change as compared to the intensities of the
bands of the initial unirradiated films. changes in
Kirrag/ Kinit Values for HDPE/GaAs composites (curve 1).

The dose dependences of the relative degree of
crystallinity of Kia/Kini in the absorbed dose range
@, =5...150 kGy of HDPE/GaAs and
HDPE/GaAs<Te> composites are shown in Fig. 2.
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Fig. 2. Dose dependences of the relative crystallinity
of the HDPE/GaAs (1) and HDPE/GaAs<Te> (2)
composites

As can be seen from the figure, the Kia¢/Kinie Values
for HDPE/GaAs and HDPE composites/GaAs<Te> with

an increase in the absorbed dose to @, = 80 kGy
decrease. The dose dependence consists of a linear
(2, =5...100 kGy) region. In this case, the rate of
change of K;¢/Kinit values for HDPE/GaAs composites
(curve 1) is ~ 1.4 times higher than the rate of change of
Kirrad/Kinit  Values for HDPE/GaAs<Te> composites
(curve 2). At values ¢@,=80...150 kGy, the
Kirrad/Kinit = T (@) curve goes to saturation. Comparison
of dose dependences indicates that HDPE/GaAs<Te>
composites are  more radiation-resistant  than
HDPE/GaAs composites.

The observed features are associated with the
formation of radiation defects in the HDPE matrix and a
change in the interaction at the interface. Due to
changes in interfacial interaction, the supramolecular
structure (SMS) of the polymer changes [13]. The active
centers created in the matrix after y-radiation interact
with the surface of gallium microarsenide GaAs and
gallium microarsenide GaAs doped with tellurium
(GaAs<Te>), which leads to a change in the degree of
crystallinity and, accordingly, the structure of the
composites.

CONCLUSION

The possibility of using IR-Fourier spectroscopy for
structural changes in polymer composite materials with
semiconductor microparticles when exposed to
y-radiation is shown. From the dose dependence of the
relative  crystallinity of the HDPE/GaAs and
HDPE/GaAs<Te> composites, it was found that the
HDPE/GaAs<Te> composites are more radiation-
resistant in comparison with the HDPE/GaAs
composites in the region of the absorbed dose
@, =5...150 kGy. The observed change in the degree of
crystallinity is associated with a change in the
supramolecular structure of y-irradiated composites.
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BJIMAHUE y-OBJIYYEHUSA HA CTPYKTYPY KOMIIO3UTOB ITOJIUDTUJIEHA
BBICOKOM IJIOTHOCTHU C HATIOJTHUTEJISAMMU GaAs U GaAs<Te>

H.H. I'aoxcueesa, I.b. Axmeooesa

Meron MK-¢pypbe-crieKTpoCKONUM NPUMEHEH NpPU HM3YYE€HHH CTPYKTYPHBIX H3MEHEHUIHl B Y-OOIyYeHHBIX
KOMITIO3MTAaxX MONMATHICHA Bbicokod ImioTHoctd (IIOBII) ¢ monmynpoBomHuKOBbIMH HamonuutensiMu GaAs u
GaAs<Te> npu komHaTHOH Temmeparype. 110 1030BOH 3aBHCUMOCTH CTENEHH KPHCTAJUTMYHOCTH KOMIIO3UTOB
[19BI1/GaAs u II9BII/GaAs<Te> ycraHoBiaeHo, uTto kommo3utel [IDBII/GaAs<Te> mno cpaBHEHHIO C
kommosutamu [IOBIT/GaAs sBnsitoTcss Oojee  pajuMallMOHHO CTOWKMMHM B OOJNAacTH IIOTJIOIIEHHOW JIO3BI
@,=5...150 xI'p. Habmromaemble H3MEHEHMs] CTENEHH KPUCTAIIMYHOCTH  CBSI3aHBI C  HM3MEHEHHEM
HaJIMOJICKYJISIPHOH CTPYKTYpPHI Y-00Iy<IeHHBIX KOMIIO3UTOB.

BIIJIUB y-OITPOMIHEHHSA HA CTPYKTYPY KOMIIO3UTIB ITOJIIETUJIEHY
BUCOKOI IIIJIBHOCTI 3 HATIOBHIOBAYEM GaAs I GaAs<Te>

H.H. I'aoscuesa, I.b. Axmeoosa

Mertox IY-dyp'e-ciekTpocKorii 3acTOCOBAaHO NP BUBYCHHI CTPYKTYPHHX 3MiH Y Y-ONPOMIHEHHX KOMIIO3HTaxX
noniermieny Bucokoi miimsHOcTi ([IEBII) 3 HamiBmpoBigHukoBuME HamoBHIOBadamu GaAs 1 GaAs<Te> mpu
KIMHaTHIH Temrmeparypi. 3a J030BOI0 3alleKHICTIO CTyHeHs KpucraiigHocti kommosuTiB IIEBII/GaAs i
INEBII/GaAs<Te> BcraHoBjeHo, mo kommno3utd [IEBII/GaAs<Te> y mopiBusHHI 3 kommno3utamu [IEBII/GaAs €
OimpIn pafianiiiHo-cTiikumMu B obnacTi mornuHeHoi fosu @, =5..150 x['p. CnocrepexyBani 3MiHH CTyNeHS
KPHUCTAJIYHOCTI TOB'SI3aHi 31 3MIHOIO HAJIMOJIEKYJISIPHOI CTPYKTYPH Y-ONPOMIHEHUX KOMITO3UTIB.



