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In the given paper were investigated structure and electrophysical properties of PVDF+PbS/CdS nanocomposites.
Distribution and the size of PbS and CdS nanoparticles in the polymer matrix has been studied by scanning electron
microscopy (JEOL JSM-7600 F). The structure of the nanocomposite samples was investigated by the X-ray diffraction
spectroscopy. The dependence of dielectric permittivity at frequency and temperature was investigated. It was shown that
the dielectric permittivity of PVDF+PbS/CdS nanocomposite samples was increase in small nanoparticles content. Further
increase in the concentration of the filler leads to decrease in the dielectric permittivity. The subsequent decrease in
dielectric permittivity at higher nanoparticles content can be explained by the increase in defects in the structure of the
nanocomposite.
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1. INTRODUCTION

Nanocomposite materials are widely used in the areas
of photonics, electronics, catalysis, energy storage, and
biotechnology [1-7]. Polymer nanocomposites are
receiving a fast-growing interest due to their large
tunability of dielectric constant and easy processing. The
dielectric properties are usually tuned by properly
selecting the identity, shape, property of fillers, and
engineering the interfaces between fillers and matrix [8].
Most of the current studies on dielectric polymer
composites focus on the enhancement of the dielectric
permittivity. From the point of view of increasing the
composite’s effective dielectric constant, the availability
of inorganic fillers with dielectric constants on the order
of hundreds and even thousands makes it very appealing
to introduce them into polymers, which generally possess
dielectric constants less than 10. However, the resulting
composites’ effective dielectric constants generally fall
short of expectations. Specifically, since the filler has a
much greater permittivity than that of the polymer
matrix, most of the increase in the effective dielectric
constant comes through an increase in the average field
in the polymer matrix, with very little of the energy being
stored in the high permittivity phase [9]. The aim of this
work is investigated structure and electrophysical
properties of PVDF+PhS/CdS nanocomposites determi-
ne dielectric constant and dielectric loss, as a function of
temperature and frequency.

2. EXPERIMENTAL PART

2.1 Materials

The polar polymer PVDF has the density of
1.78 g/cm?® at 25 °C and the melting point is 177 °C. Lead
acetate Pb(CH3COOQ),, cadmium chloride (CdCl,x
2,5H,0), NaxSx9H,0, (1-hexadecyl) trimethylammo-
nium bromide (CigH42BrN, 98%), DMF have been
purchased from Sigma Aldrich.

2.2 Characterization
Distribution and the size of PbS and CdS nanopar-

ticles in the polymer matrix has been studied by scanning
electron microscopy (SEM, JEOL JSM-7600 F).

X-ray diffraction analysis was performed with
Rigaku Mini Flex 600 XRD diffractometer at ambient
temperature. In all the experiments, Cu K a radiation
operating at 15 mA and 30 kV was used. The samples
were scanned in the 20-70° range of Bragg angle 26.

The frequency dependences of the dielectric
permittivity and dielectric losses tangent were measured
at a temperature T =298-433 K in the frequency range
f=102-106 Hz using the dielectric spectroscopy
(MNIPIE7-20).

2.3 Synthesis of Nanocomposites

Firstly PbS and CdS nanoparticles were synthesized
by coprecipitation method in colloidal system [10].
Polymer composite materials were prepared as follow:
PVDF was solved in DMF solution at room temperature,
then nanoparticles of PbS and CdS were added to the
polymer solution at a constant concentration of 3% and
stirred for two hours to obtain a homogeneous mixture.
The mixture was transferred to a Petri dish and dried,
during 24 h. Thin films of nanocomposite were obtained
from these samples by hot pressing at the melting
temperature of polypropylene and a pressure of 15 MPa.
The films after hot pressing were cooled in water at a
cooling rate of 200 °C/min.

3. RESULTS AND DISCUSSION

Figure 1 (a), (b) and (c) shows the SEM images of
PVDF+PbS/CdS nanocomposites with 3 wt%, 5 wt%
and 10 wt% of PbS/CdS nanoparticles respectively.
As seen in the figures, the size of nanoparticles in the
polymer matrix in the range of 48-83 nm, 73-88 nm and
79-90 nm in respectively. It is clear that with increasing
content of nanoparticles in the polymer matrix, the size
of nanoparticles also increases. Figure 2 reports the EDS
analysis for the nanocomposites. From the EDS spect-
rum, it can be seen that the PbS and CdS are clearly
shown.
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Figure 1. SEM images of PVDF + 3% PbS/CdS (a),
PVDF +5% PbS/CdS (b), and PVDF +10% PbS/CdS (c)
nanocomposites
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Figure 2. EDS spectra of PVDF+PbS/CdS nanocomposite

Figure 3 shows X-ray diffractograms of pure PVDF
and PVDF+PbS/CdS nanocomposite. As can be seen, the
diffractogram of PVDF+PbS/CdS nanocomposite exhi-
bits at 20 the peaks 25.2 (100), and 43.65 (220) characte-
ristics of CdS and those ones 30.01 (200) and 53.70°
(222) characteristics of PbS. Other peaks in the diffracto-
gram belongs to the surfactant CTAB, which coats and
stabilizes the surface of nanoparticles [10].
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Figure 3. X-Ray diffraction patterns: 1 — pure PVDF,
2 — PVDF+PbS/CdS nanocomposites

Figure 4 shows the frequency dependences of the
dielectric permittivity (a) and dielectric loss tangent
(b) of the pure PVDF and PVDF+PbS/CdS nano-

composites.
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Figure 4. a) Addiction of dielectric constant of pure
PVDF and composites PVDF+PbS/CdS on frequency

b) Frequency dependence of the dielectric loss tangent
of pure PVDF and PVDF+PbS/CdS nanocomposites
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It can be seen in Figure 4 (a) that the incorporation
of nanoparticles in the polymer matrix leads to the rise
of the dielectric permittivity of the nanocomposite in
low consentration content. The decrease in the
dielectric permittivity at higher PbS/CdS contents is
associated with an increase in defects of the composite
structure and decreasing of polarization. As can be
seen from the Figure 4 (b), with the increasing
frequency, the value of tan (d) of the PVDF+PbS/CdS
nanocomposite increases. The sharp decrease in the
dielectric loss with increasing of frequency can be
explain due to high frequency energy losses.

Figure 5 shows the temperature dependence of the
dielectric permittivity of the PVDF+PbS/CdS nano-
composites measured at a frequency of 1 kHz. It is shown
that the value of the dielectric permittivity varies slightly
with increasing temperature.
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Figure 5. Dependence of dielectric permittivity of composites
PVDF+PhS/CdS on temperature

4. CONCLUSION

In the present work, structural and dielectric
properties of PVDF+PbS/CdS nanocomposite has been
investigated. The SEM analysis demonstrated the size of
nanoparticles in the polymer matrix is 5-10 nm, 12—
18nm, 18-34 nm for 3%, 5%, and 15% respectively. The
structure of the nanocomposite has been investigated by
XRD spectroscopy. The dielectric permittivity decrease
with increasing consentration of nanoparticles. It is can
be explain by the increasing defects in the structure of the
nanocomposite. Dependence of dielectric permittivity of
composites on temperature also was investigated. It is
shown that the value of the dielectric permittivity varies
slightly with increasing temperature.
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PVDF+PbS/CdS HAHOKOMITIO3UTTEPIHIH K¥YPbLJIBIMbI MEH
SJEKTPOPU3UKAJBIK KACUETTEPI

A.A. HoBpy3o0Ba
Baky memnexemmik ynueepcumemi, baxy, Ozipoaiiscan

byn 6asunamaga PVDF+PbS/CdS HaHOKOMNO3UTTEpIHIH KYpPBUIBIMBI MEH JJIEKTPO(GHU3UKAJIBIK KACUETTEPIH 3epPTTey
yceinbiIFal. I[lomuMep matpunackiHgarsl PBS sxoHe CdS HaHOOeIIEKTEepiHIH Tapalybl MEH MOJIIIEepIH 3epTTey
ckaHepiaeymi 31ekTpoHasl Mukpockonus (JEOL JSM-7600 F) apkputel sxyprizinni. HaHoxoMnosuT yarinepiHig
KYPBUIBIMBIH 3€PTTEY PEHTTeH-TU(PPAKIHSIBIK CIIEKTPOCKOIHNS 9MiCIMEH JKYPTri3iaai. JIM3aeKkTpiik o TIMIUTIKTIH KUUTIK
IeH TeMmmepaTypara toyennumiri 3epaenerni. PVDF+PBS/CdS HaHOKOMIO3WT YATLICPIHIH JUIICKTPIIK OTIMIIIT
HaHOOeJIIEKTep i MeIepi a3 0oJFaH Ke3/e JKOoFapbUIaFaHbl KepceTireH. TONTHIPFBII KOHIEHTPAIMSICHIH OJIaH 9pi
apTTHIPY AMAIEKTPIIIK OTIMILUTIKTIH TOMEH/ICYiHe anbln Keneai. HanoOemmekTepaiH Ko Memepi Ke3iHae JUAIeKTPIiK
OTIMIUTIKTIH OJJaH 9pi a3al0bIH HAHOKOMITO3UT KYPBUIBIMBIHIAFEI aKayJiap CaHBIHBIH apTyBIMEH TYCIHIIpyTe O0Iabl.
Tyiiin ce30ep: Ousnekmpnix emiMOLLIKMiy 21eKmMpoPuU3UKATbIK Kacuemmepi, NOIUSUHULUOEH (MOPUOI, NOAUMEPTIK
nanoxomnosum, PbS, CdS.

CTPYKTYPA U DJEKTPO®U3INYECKHUE CBOMCTBA
HAHOKOMIIO3UTOB PVDF+PbS/CdS

Hogpy3oBa A.A.
Bakunckuii 2ocyoapcmeennwtit ynusepcumem, baxy, Azepoaiiosycan

B nmaHHOM moOKnajge MpencTaBIeHBI HCCIENOBAHMS CTPYKTYPBHl U AIIEKTPO(PU3UUECKUX CBOHCTB HAHOKOMIIO3UTOB
PVDF+PbS/CdS. HccrnemoBanme pactpeneneHust u pasmepa Hanodactuil PbS m CdS B monmmepnoit matpuie
IPOBOJIIIIOCH C MOMOIIBI0 CKaHHUpyomeil anexTpoHHo Mukpockormuu (JEOL JSM-7600 F). M3yuenue cTpyKTypbl
00pa3oB HAHOKOMIIO3UTa MPOBOIMIIOCH METOJIOM PEHTTeH-TU(PPAKIIMOHHON CIIEKTPOCKONHH. M3yydanach 3aBUCUMOCTh
lllflaﬂeKTpI/I‘IeCKOFI MPOHUIIAEMOCTH OT YaCTOThI U TEMIICPATYPHI. breuto TMOKa3aHO, YTO AUDJICKTPHUYCCKasA MPOHUITAEMOCTD
oOpasioB Hanokommo3uta PVDF+PbS/CdS yBenmuuuBamace mHpu MajoM COJCpKaHWU HaHodacTull. JlanbHeifmee
YBEJIMYCHUE KOHIICHTPAIMU HATIOJHUTENS IIPUBOANT K YMEHBIICHUIO AUDJIEKTPHUYECKON MpoHHuiaeMocTH. JlanbHeiiniee
YMEHBIICHNE JHAJIEKTPUYECKON IPOHHUIIAEMOCTH TPH OOJIBIIEM COJEPKAaHWM HAHOYACTUI] MOXET OOBSICHATHCS
YBEUYCHUEM KOJIMYECTBE AC(PEKTOB B CTPYKTYpPE HAHOKOMITO3HTA.

Knrwouesvie cnosa: snexmpousuueckue c80UCMBEA OUIIEKMPULECKOU HPOHUYAEMOCHU, NOTUBUHUIUOEH HMOpUO,
noaumepuwlii Hanokomnosum, PbS, CdS.
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