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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+PbS/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/cm3 at 25 °C and the melting point is 177 °C. Lead 

acetate Pb(CH3COO)2, cadmium chloride (CdCl2× 

2,5H2O), Na2S×9H2O, (1-hexadecyl) trimethylammo-

nium bromide (C19H42BrN, 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 α radiation 

operating at 15 mA and 30 kV was used. The samples 

were scanned in the 20–70° range of Bragg angle 2θ. 

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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a) 

 

b) 

 

c) 

Figure 1. SEM images of PVDF + 3% PbS/CdS (a),  

PVDF +5% PbS/CdS (b), and PVDF +10% PbS/CdS (c) 

nanocomposites 

 

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 2θ 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]. 

 

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. 

 
a) 

 
b) 

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. 

 

Figure 5. Dependence of dielectric permittivity of composites 

PVDF+PbS/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 НАНОКОМПОЗИТТЕРІНІҢ ҚҰРЫЛЫМЫ МЕН  

ЭЛЕКТРОФИЗИКАЛЫҚ ҚАСИЕТТЕРІ 

A.A. Новрузова 

Баку мемлекеттік университеті, Баку, Әзірбайжан 

Бұл баяндамада PVDF+PbS/CdS нанокомпозиттерінің құрылымы мен электрофизикалық қасиеттерін зерттеу 

ұсынылған. Полимер матрицасындағы PBS және CdS нанобөлшектерінің таралуы мен мөлшерін зерттеу 

сканерлеуші электронды микроскопия (JEOL JSM-7600 F) арқылы жүргізілді. Нанокомпозит үлгілерінің 

құрылымын зерттеу рентген-дифракциялық спектроскопия әдісімен жүргізілді. Диэлектрлік өтімділіктің жиілік 

пен температураға тәуелділігі зерделенді. PVDF+PBS/CdS нанокомпозит үлгілерінің диэлектрлік өтімділігі 

нанобөлшектердің мөлшері аз болған кезде жоғарылағаны көрсетілген. Толтырғыш концентрациясын одан әрі 

арттыру диэлектрлік өтімділіктің төмендеуіне алып келеді. Нанобөлшектердің көп мөлшері кезінде диэлектрлік 

өтімділіктің одан әрі азаюын нанокомпозит құрылымындағы ақаулар санының артуымен түсіндіруге болады. 

Түйін сөздер: диэлектрлік өтімділіктің электрофизикалық қасиеттері, поливинилиден фториді, полимерлік 

нанокомпозит, PbS, CdS. 

СТРУКТУРА И ЭЛЕКТРОФИЗИЧЕСКИЕ СВОЙСТВА  

НАНОКОМПОЗИТОВ PVDF+PbS/CdS  

Новрузова A.A. 

Бакинский государственный университет, Баку, Азербайджан 

В данном докладе представлены исследования структуры и электрофизических свойств нанокомпозитов 

PVDF+PbS/CdS. Исследование распределения и размера наночастиц PbS и CdS в полимерной матрице 

проводилось с помощью сканирующей электронной микроскопии (JEOL JSM-7600 F). Изучение структуры 

образцов нанокомпозита проводилось методом рентген-дифракционной спектроскопии. Изучалась зависимость 

диэлектрической проницаемости от частоты и температуры. Было показано, что диэлектрическая проницаемость 

образцов нанокомпозита PVDF+PbS/CdS увеличивалась при малом содержании наночастиц. Дальнейшее 

увеличение концентрации наполнителя приводит к уменьшению диэлектрической проницаемости. Дальнейшее 

уменьшение диэлектрической проницаемости при большем содержании наночастиц может объясняться 

увеличением количестве дефектов в структуре нанокомпозита. 

Ключевые слова: электрофизические свойства диэлектрической проницаемости, поливинилиден фторид, 

полимерный нанокомпозит, PbS, CdS. 


