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In order to synthesize the polymer composite system of the PCTFE-CuS/ZnS, the nanodispersed ZnS
was synthesized by hydrothermal method afterwards heterostructures of CuS/ZnS were obtained using
ion-substitution mechanism. The concentration dependence of the real and the imaginary components of
the complex dielectric permeability and electrical conductivity of synthesized samples were investigated.
Obtained composites have high values of the dielectric permeability at high frequencies and conductivity
at low frequencies. At 50 % (molar) substitution of Zn ions by Cu the percolation threshold was

determined at the volumetric content of CuS about 0.06.

Keywords: composite materials, disperse filler, polychlorotrifluoroethylene, zinc sulfide, electrical

conductivity
INTRODUCTION
Zinc sulfide (ZnS) is  wide-bandgap
semiconductor  material which has  two
polymorphs, namely cubic sphalerite and

hexagonal wurtzite. The sphalerite with a bandgap
energy of 3.72eV is stable at room temperature
while the wurtzite with a bandgap energy of
3.77 eV [1] is a metastable phase, meanwhile the
bulk cubic ZnS can transform to the hexagonal
structure over 1020 °C. ZnS is widely used in
photocatalytic processes [2], sensors, ultraviolet
light-emitting diodes, in infrared optical windows
[3] and in LCD monitors technology [4].

In order to create materials that effectively
interact with electromagnetic radiation, semi-
conductor nanoparticles of ZnS and CuS/ZnS
heterogeneous system were synthesized.

MATERIALS AND METHODS

Samples of nanodimensional ZnS were
synthesised by hydrothermal method as follows:
2 mmol of Zn(CH;COO),-2H,0 and 4 mmol of
CS(NH;), were dissolved in 40ml of
ethylenediamine, ethanolamine and deionised
water (1:1:18) at ambient temperature under
continuous stirring. Then the mixture was placed in
the Teflon-lined autoclave of 50 ml volume and
was heated at 433 K for 6 h. Heterostructures of
CuS/ZnS were obtained by substitution of Zn ions
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by Cu ions at 353K for 1h. Precipitate of
nanoparticles was washed with distilled water and
dried at 333K in oven. The PCTFE-CuS/ZnS
system was prepared by mixing of polychlorotri-
fluoroethylene (PCTFE) with the semiconductor
powder of CuS/ZnS by grinding in the mechanical
mill to form a homogeneous mixture which
thereafter was compressed at the polymer melt
temperature.

Crystal structure was determined using X-ray
analysis (DRON-4-07, Lomo, USSR) in the
emission of copper cathode with nickel filter in
Bragg—Brentano geometry. The real (c') and
imaginary (c") components of the complex
electrical conductivity (c*=c'+ic") at low
frequencies (0.1, 1 and 10 kHz) were measured
using the immittance meter E7-14 by two-contacts
method in the temperature range from 298 to
425 K. The real (¢') and imaginary (¢") components
of the complex permittivity in microwave (MW)
range were measured using an interferometer at a
frequency of 9GHz [5]. The frequency
dependence of the electrical conductivity was
measured by an impedance spectrometer
Solortron SI 1260 (Solortron analytical, UK) in the
frequency range 10°-10° Hz.

RESULTS AND DISCUSSIONS

Identification of the structural characteristics
was performed using diffraction patterns. XRD
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graphs show diffraction peaks which indicate the
formation of cubic ZnS (JCPDS 80-0020). The
crystallite size was 8.2 nm (Fig. 1 curve 1).
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Fig.1. X-ray diffraction patterns: I — ZnS, 2 -

0.3 CuS/ZnS, 3 - 0.5 CuS/ZnS

XRD patterns of 0.5 CuS/ZnS show diffraction
peaks which corresponding hexagonal CuS (Fig. 1,
curve 3). Heterostructure 0.5 CuS/ZnS exhibits
additional reflection peaks at low angle (12.4°)
corresponding to the orthorhombic structure ZnS in
plates form [6, 7].
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Fig. 2. Temperature dependence of the logarithm of
electrical conductivity of synthesized samples: /
—7ZnS, 2 - 0.15 CuS/ZnS, 3 - 0.25 CuS/ZnS, 4 —
0.3 CuS/ZnS, 5 - 0.5 CuS/ZnS

In the presence of the crystal structure of CuS
with posistor type conductivity on the surface of
ZnS along the entire length of the sample, the
temperature  dependence of the electrical
conductivity of the heterostructure CuS/ZnS should
also have a metallic character [8]. For the test
samples CuS/ZnS in the temperature dependence
of electrical conductivity with increasing amounts
of CuS decrease in the angle of inclination of the
curves was observed (Fig.2). XRD analysis of
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0.3 CuS/ZnS shows that reflections corresponding
CusS is not observed (Fig. 1) and the copper sulfide
on the surface ZnS is in the amorphous state and its
amount is not sufficient for the formation of the
crystalline structure. The electrical conductivity of
the  heterostructure 0.3 CuS/ZnS has a
semiconductor character. With further increase
amount of CuS on the surface of ZnS the crystal
structure of CuS was formed and the temperature
dependence of the electrical conductivity changes
from semiconductor to metal (Fig. 2).
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The dependence of &' (/) and &" (2) on the
content of nanocrystalline CuS in hetero-
structure CuS/ZnS (a) and in the system
PCTFE-0.5 CuS/ZnS (b) at a frequency of
9 GHz

As shown in Fig. 3 g, for the real part of the
dielectric permittivity at microwave frequencies in
almost linear increase in values in a semi-
logarithmic scale was observed. Its low value can
be explained by a low bulk density of the measured
samples which during the measurement does not
exceed 0.5 g/em’. Slope of the curve of the
concentration dependence of the imaginary
component of the dielectric permittivity at the
appropriate content of 0.2 may indicate the
beginning of the formation of branched cluster.
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With the introduction of highly dispersed
heterostructure 0.5 CuS/ZnS in polymer, values of
the real and imaginary components of the complex
permittivity increase that may be associated with
the manifestation of interfacial interaction of
polymer and filler.
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Fig.4. Dependence of electric conductivity for the
system PCTFE-0.5 CuS/ZnS on volume
content CuS

Fig.4 shows the dependence of electrical
conductivity at 1kHz for the system PCTFE-
0.5 CuS/ZnS on the content of CuS. For these
systems a percolation threshold is described by the
equation: o(®) = 00o(®-0,)', where ®, — the content
of filler in the composite, which corresponds to a
percolation threshold, ¢ — is exponential quantity and
oy — the electrical conductivity of the conductive
component. The value of percolation threshold for
the system PCTFE-0.5 CuS/ZnS was determined at
the volumetric content of CuS about 0.06.

The frequency dependence of the real
components of the electrical conductivity of
semiconductor ~ system  PCTFE-0.5 CuS/ZnS
(Fig. 5) show reduced of dependence conductivity
values on frequency with increasing content of
nanocrystalline CuS. After achieving percolation
threshold the values of conductivity are inde-
pendent of frequency in the range studied (Fig.5
curves 1-4). When the volume content of CuS is
less than the percolation threshold (Fig.5
curves 5,6) the real part of the complex
conductivity ¢' increases monotonically with
increasing frequency and after 5-10° Hz there is a
sharp increase in the value of ¢' due to the resonant
process that corresponds to the change between
capacitive and inductive nature of impedance of the
composite.

The real component of the conductivity can be
described by the degree dependence which
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corresponds to the jumping mechanism of charge
transfer between particles (Fig.5 curve 5, 6) and
given as an equation ¢' = o'pc (1+( @/ ®y)"), where
o'pc — the DC conductivity, oy — the frequency of
jump of the charge and n — the dimensionless
parameter [9].
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Fig.5. The frequency dependence of the real

components of the electrical conductivity (c')
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Fig. 6. Diffuse reflection spectra (a) and

transformation reflectance spectra using the
Kubelka-Munk functions (b) (I — ZnS, 2 —
0.15 CuS/ZnS, 3 - 0.3 CuS/ZnS)
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Diffuse reflection spectra of the synthesized
samples ZnS and CuS/ZnS are shown in Fig. 6 a.
Converting spectra in coordinates (chv)® and hv
(Fig. 6 b) allows to determine the energy bandgap
by extrapolating the linear region on the energy
axis hv. For synthesized semiconductor ZnS
bandgap is 3.4 eV. Position of the valence and
conduction bands of the CuS and the ZnS in the
heterostructure promotes absorption in the visible
region of the optical spectrum [10].

CONCLUSION

In order to synthesize the polymer composite
system of the PCTFE-CuS/ZnS, the nanodispersed
ZnS was synthesized by hydrothermal method
afterwards heterostructures of CuS/ZnS were
obtained using ion-substitution mechanism. The
concentration dependence of the real and the

imaginary components of the complex dielectric
permeability and electrical conductivity of
synthesized heterostructures CuS/ZnS  were
investigated. Exploration dependence €' and €" on
content CuS on the surface of nanodispersed ZnS
showed that content of 0.5 CuS, obtained by ion
substitution, is sufficient for further introducing
heterostructure in polymer.

For polymer system PCTFE-0.5 CuS/ZnS
percolation threshold was determined at the
volumetric content of CuS about 0.06. Of high
values of £'=70 and €"=125 was achieved when the
volume content of CuS is 0.15 due to the optimal
distribution of the conducting phase in the
composite and the effective use of the skin effect
for the absorption of electromagnetic radiation.

Enexrpodiznuni BractuBocti rerepoctpykrypu CuS/ZnS i cucremu CuS/ZnS-IITOXE
C.JI. IIpokonenko, I''M. I'yns, C.M. Maxwno, ILIL I'opouk
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TiopomepmanvHum Mmemooom CUHME308AHO HAHOPOIMIpHULL ZnS, 2emepocmpykmypu CuS/ZnS
WAXOM  UOHHO20 O0OMIHY mMA BUSOMOBIEHO NONIMEPHI KOMRO3UMu HA ix ocHosi. Jlocniddceno
KOHYESHMPAYIUHY 301eHCHICMb OICHOI ma YA8HOI CKIA008UX KOMNIIEKCHOI OieieKmpuiHoi NPOHUKHOCMI
ma enexmponposionocmi cunme3osanux 3pasxie. Cunme3o6ani KOMNO3UMU MArOMb BUCOKI 3HAUEHHS.
OdieneKmpuyHoi NPOHUKHOCMI V' BUCOKOYACMOMHOM) OIAna3oHi ma NpoGiOHOCI HA HU3LKUX YACTMOMAX.
Ipu 50 % 3amiwenni tionie Zn Ha tionu Cu docsenenus nopozy nepxoasayii 6 cucmemi IITOXE-CuS/ZnS
8ioOysaemucs npu 06’ emnomy emicmi CuS 0.06.

Knwuosi cnoea: xomnozummui mamepianu, OUCNEPCHUL HANOBHIOBAY, NONIMPUDMOPXIOPEMUTIEH,
Cyab@io YUHKY, eeKmpOonposiOHiCb

JuiekTpoduznyeckne cBoiicTBa rerepoctpykrypbl CuS/ZnS u cucrembr CuS/ZnS-IITOXI
C.JIL IIpokonenko, I'.M. I'yusi, C.H. Maxno, ILIL. I'opoux

Hnemumym xumuu nosepxnocmu um. A.A. Yyiiko Hayuonanvuoi akademuu nayx Ykpaumsl
ya. I'enepana Haymosa, 17, Kues, 03164, Ykpauna, sprokop @yandex.ru

TuopomepmanvHvim Memooom CUHmME3UPOBAHbL HaAHOpasmephulll ZnS, cemepocmpykmypoi CuS/ZnS
nymem UOHHO20 OOMEHA U U320MOBNEeHbl NOAUMEPHble KOMNO3Umbl Ha ux ocHose. Hccrnedosana
KOHYEHMPAYUOHHASL ~ 3A8UCUMOCHIL  OCUCMBUMENbHOU U MHUMOU — COCMABIIOWUX — KOMNIEKCHOU
OUDNIEKMPUYECKOl  NPOHUYAEMOCMU U DJIeKMPONPOBOOHOCIMU — CUHME3UPOBAHHBIX  0OPA3YO8.
Cunme3supogamntvle KOMNO3UMbL UMEION  GbICOKUE 3HAYEHUS OUDJIeKIMPUYECKOl NPOHUUAEMOCTU 8
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BbICOKOUACOTMHOM OUANA30He U NPosoouMocmu Ha Huskux yacmomax. Ipu 50 % 3amewenuu uonos Zn
Ha uonvl Cu docmudicenue nopoea nepronayuu 6 cucmeme IHTOXE-CuS/ZnS npoucxooum npu o6vemHom
cooeparcanuu CusS 0.06.

Knwuesvie cnoea: xomnosumuvie mamepuanvl, OUCNEPCHLI HANOAHUMENL, NOAUMPUDMOp-

XA0pIMULEeH, CyIb@uo YuHKa, 31eKmponposooHOCHb
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