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Abstract: 

The polysiloxane – ZnO nanocomposites 

were prepared by solvent casting method in 

triethanolamine and tetrahydrofuran 

solvents. The prepared nanocomposites were 

characterized by X-ray's diffraction for 

structural study and surface morphology was 

carried by scanning electron microscopy. 

The XRD spectra indicate that the pure 

polysiloxane is amorphous in nature and 

ZnO nanoparticles structure remains same 

even after dispersion in polysiloxane. 

Further, the DC conductivity shows that the 

conductivity increases with increase in 

temperature due to tunnelling phenomena. 

Among all nanocomposites, 0.3 wt % shows 

the high DC conductivity of 3 х 10-2 S/cm. 

The dielectric study was carried out by two 

probe method. It is observed that 0.3 wt % 

of shows the low imaginary permittivity 

value of 576 F/m due to the dipole 

polarization effect. The nanocomposites of 

0.3 wt % of shows the lowest tangent loss 

value of 0.1 due to the non-debye's type of 

relaxation process where the charge carriers 

are relaxed at the higher energy state for a 

longer time. 
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1. Introduction 

Sol–gel chemistry (metallo-organic precursors, 

organic of phase dispersion of the metal M in 

siloxane–metal oxide solvents, low processing 

temperatures, mixing at the molecular based 

matrices depends strongly on the nature of the 

metal level) permits the introduction of organic 

moieties or molecules and on the M/Si ratio. 

Inorganic and organic compo- oxide–siloxane 

based hybrids generally exhibit a less efficient can 

then be mixed at the nanometric scale in virtually 

degree of dispersion than silica based or zinc oxide 

based any ratio, leading to hybrid organic–

inorganic nanocomposites [1- 4]. Polysiloxane 

(PS) nanocomposites have unique properties such 

as corrosion resistance, chemical inertness, heavy 

metal ion adsorption, anti-grafting and high 

permeability of gases made a potential candidate 

for various technological applications. The 

inorganic nanoparticle gaining a wide attention in 

scientific communities is due to change in physical 

and chemical property down to the size [5]. It is 

well known that the polysiloxane have low surface 

energy, high dielectric and high temperature 

resistance up to 760 ᴼC made suitable for 

insulation, electronic coating, automobile gaskets, 

sealing and lubricating greases. However, there is 

a great challenge in maintaining the transparency 

which is depends on the concentration of filler, 

solvent used, preparation methods and curing 

temperature [6].  

The nanocomposites of polysiloxane have been 

prepared by high intense ultra sonication in 

tetrahydrofuran (THF) media. Further, the 

prepared nanocomposites were characterized by 

X-ray's diffraction (XRD) method and scanning 

electron microscopy (SEM) for structural and 

surface morphology analysis. The temperature 

dependent DC conductivity was carried out by two 

probe method. 
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2. Materials and Method    

2.1 Materials  

All chemicals used for the preparation of 

nanocomposites are analytical grade. The 

polysiloxane (99.99 % pure), Zinc oxide (ZnO), 

triethanolamine (TOEA) and tetrahydrofuran 

(THF) was purchased from Sigma Aldrich, India.  

 

2.2 Synthesis of polysiloxane – ZnO 

nanocomposites 

The nanocomposites films were prepared by 

solution casting method. 5 gm of polysiloxane was 

dissolved in 150 ml of tetrahydrofuran (THF) and 

stirred for 72 hrs to obtain a clear solution. Then 

0.1, 0.3 and 0.5 wt % of ZnO and 0.25 ml of 

triethanolamine (TOEA) were mixed with the 

above solution with high intense ultra sonication 

until dissolution takes place. The homogeneous 

mixture then poured in to a round Teflon mould 

and dried in room temperature to remove the 

solvent and later heated with 50 ºC to form dried 

thin film of nanocomposites. In similar procedure, 

pure polysiloxane thin film was prepared as 

following in preparation of nanocomposites [7 – 

9].           

 

3. Characterization  

The X-ray's diffraction study was carried 

out by using Philips X-ray diffractometer for the 

range of 10ᴼ to 80ᴼ at the rate of 2ᴼ per second 

with CuK radiation of wave length λ= 1.5406 Å. 

The surface morphology of the nanocomposites 

was characterized by Scanning electron 

microscopy model of Philips XL 30 ESEM 

spectroscopy. The nanocomposites films were 

fixed onto the carbon coated copper grid and 

introduce into the microscopic sample holder for 

the image scanning.  

Further, the temperature dependent DC 

conductivity was studied using indigenous two 

probe Kelvin set up from room temperature to 220 

ºC using Keithely source meter by applying silver 

paste both the side for better connectivity.  

 

4. Results and discussion      

4.1 X-ray's diffraction study  

Figure 1 shows the X-ray's diffraction pattern of 

pure polysiloxane and polysiloxane – ZnO 

nanocomposites for different weight percentages 

(0.1, 0.3 and 0.5 wt %). It is observed that the pure 

polysiloxane (PS) is showing a broad peak around 

23º which indicate that the polysiloxane is having 

amorphous in nature. The broad peaks appeared at 

23º is due to the diffraction occurs at the 

interplanar spacing of the polymer. The 

polysiloxane – ZnO nanocomposites for different 

weight percentages shows the characteristics peaks 

of ZnO in polysiloxane at 26.30º, 33.22º, 42.12º 

and 51.23º are corresponding to the plan of (100), 

(1002), (101), (102), (110), (103), (112) and (201) 

respectively, which is matched with reported data 

[10, 11]. The crystallite size of the polysiloxane – 

ZnO nanocomposite is calculated by using Debye 

Scherrer equation and it is found that the crystallite 

size is around 13nm. It is aloes important to note 

that that the ZnO structure is not distracted even 

after incorporating in polysiloxane.   

 

 
Figure 1 (a, b) shows that the XRD spectra of 

polysiloxane and polysiloxane – ZnO 

nanocomposites 

 

4.2 Scanning electron microscopy  

Figure 3 (a – b) shows the SEM image of pure 

polysiloxane, ZnO and polysiloxane - ZnO 

nanocomposites. From the image of pure 

polysiloxane (a), it is observed the polysiloxane 

film is having very smooth surface without any 

crack or agglomeration at the polymer films 

interface. It is also interesting to note that the 

solvent aging effect does not appears on its surface 

and therefore its surface is very smooth. Figure (b) 

shows the ZnO nanoparticles doped in 

polysiloxane matrix in tetrahydrofuran solvent, the 

nanoparticles embedded in to the matrix without 

any formation of crack. The nanocomposite films 

are dried at 50 ºC for an hour in presence of 

helium gas the solvent aging effect almost 

negligible as a results surface of the 

nanocomposites appeared very smooth with 

embedded of ZnO in nanocomposites.         

 

 
 

Figure 2 (a, b) shows the SEM image of pure 

polysiloxane and 0.3 wt % of polysiloxane – ZnO 

nanocomposites 
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5. DC conductivity 

Figure 4 shows the DC conductivity of 

polysiloxane and polysiloxane - ZnO 

nanocomposites with different weight percentages 

as a function of temperature from 40 ºC to 220 ºC. 

It is observed that the conductivity of the 

polysiloxane and its nanocomposites increases 

with increase in temperature as well as weight 

percentages of ZnO in polysiloxane up to 3 wt %. 

The gradual increase in conductivity is due to the 

tunnelling of charge carriers from one conducting 

site to another. Among all the nanocomposites, 0.3 

wt % of polysiloxane – ZnO nanocomposite show 

high conductivity of 3 х 10-2 S/cm in compare to 

other nanocomposites. It is also important to note 

that the after 0.3 wt % conductivity decrease due 

to the blocking of charge carriers at the interface 

of the polymer nanocomposites [10-13].      

 
Figure 3 shows the DC conductivity of 

polysiloxane and polysiloxane – ZnO 

nanocomposites 

 

Dielectric Study 

 
Figure 4 variation of real permittivity against 

applied frequency 

 

Figure 4 shows the real part of permittivity of 

polysiloxane and polysiloxane - ZnO 

nanocomposites as a function of applied frequency 

from 50 Hz to 5 MHz. It is observed that the real 

permittivity value decreases with increase in 

applied frequency up to 103 Hz after that its almost 

remains constant which is may be due to the dipole 

polarization where the polarization occurs due to 

the Si – O and Zn – O along with symmetry axis. 

The zinc oxide nanoparticles have many hydroxyl 

ions due to the hydrophilic nature of nanoparticles 

and high surface area to the volume ratio causes 

high surface energy [17]. Among all the 

nanocomposites, 0.3 wt % of polysiloxane - ZnO 

nanocomposite shows lowest real permittivity of 

400 F/m  may be due to the two reason i.e., 

homogeneous distribution of ZnO nanoparticles in 

polysiloxane matrix and negligible solvent aging 

effect causes smooth surface. However, after 0.3 

wt % of ZnO in the polysiloxane matrix 

dramatically increase the real permittivity value 

due to the blocking of charge carriers at the 

interface.   

 
Figure 5varation of imaginary permittivity 

 

Figure 5 shows the imaginary part of permittivity 

of polysiloxane and polysiloxane - ZnO 

nanocomposites with different weight percentages 

as a function of applied frequency from 50 Hz to 5 

MHz. The similar behaviour is observed like a real 

part of permittivity for polysiloxane and 

polysiloxane - ZnO nanocomposites except have a 

smaller in a magnitude of imaginary permittivity. 

Among all the nanocomposites, 0.3 wt % of shows 

the low imaginary permittivity value of 576 F/m 

due to the dipole polarization effect and 

distribution of ZnO nanoparticles in polysiloxane. 

 

Figure 6 shows the variation of tangent loss as a 

function of applied frequency for different weight 

percentages of ZnO in polysiloxane. It is observed 

that the tangent loss value decreases with increase 

in frequency up to 103 Hz after that it's almost 

constant for all compositions. Among all the 

nanocomposites, 0.3 wt % of shows the lowest 

tangent loss value of 0.1 due to the non-debye's 

type of relaxation process where the charge 

carriers are relaxed at the higher energy state for a 

longer time. Hence, 0.3 wt % of polysiloxane – 

ZnO nanocomposite can be used as low k – 

dielectric materials electrochromic and 

electrochemical device, capacitor, varistor etc 

http://www.jetir.org/
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Figure 6 shows the tangent loss as a function of 

applied frequency  

 
Figure 7 the ac conductivity of polysiloxane - ZnO 

nanocomposites 

 

Figure 7 shows the variation of ac conductivity 

for different weight percentages of ZnO in 

polysiloxane as a function of frequency. It is 

observed that the conductivity of pure 

polysiloxane and its nanocomposites increase with 

an increase in frequency. The conductivity of the 

nanocomposites depends on the several factors 

such as size and shape of the nanoparticles, 

distribution factor, the orientation of nanoparticles 

in a polymer matrix, surface morphology, grain 

boundary which define the bulk resistance of the 

samples. Therefore, it is very carefully illustrated 

the solvent casting process without any aging 

effects results in smooth surface morphology that 

influences the conductivity [18]. Among all the 

nanocomposites, 0.3 wt % shows the high 

conductivity of 0.05 S/cm due to the low dielectric 

constant and tangent loss due to the favorable 

surface morphology without any agglomeration or 

cracking on the surface and also null solvent aging 

effect [19]. Therefore, these nanocomposites can 

be potential candidates for the self-cleaning 

coating materials in superhydrophobic glass, 

capacitors, varistor etc. 

 

 

 

 

 

 

 

6. Conclusion 

The polysiloxane – ZnO nanocomposites have 

been prepared by solvent casting method in 

triethanolamine and tetrahydrofuran solvents. The 

structural study was carried out by X-ray's 

diffraction. The XRD pattern shows that the 

structure of ZnO in polysiloxane and it is found 

that the crystallite size is around 13nm. The SEM 

image of TiO2 shows rod like structure embedded 

in polysiloxane with smooth surface morphology 

without any crack or agglomeration. The 

temperature dependent conductivity shows that the 

conductivity increases with increase in 

temperature as well as ZnO weight percentage up 

0.3 % in polysiloxane.  Among all 

nanocomposites, 0.3 wt % shows the high DC 

conductivity of 3 х 10-2 S/cm due to the tunnelling 

phenomena.. Therefore, these nanocomposites can 

be potential candidates for many high dielectrics 

engineering applications.   
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