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 Background:In this research, many samples have been prepared by adding  
titanium nanoparticles to the poly vinyl alcohol and poly vinyl acetate with different 

weight percentages (o, 4, 8,12 and 16) wt%.Objective: The effect of titanium 

nanoparticles concentration on the D.C and A.C electrical properties have been 

investigated.Results: showed that the D.C electrical conductivity of such 

nanocomposites increased with increasing of weight percentages of titanium 

nanoparticles, and the activation energy changed with increasing of titanium 
nanoparticlesconcentration.Conclusion: The A.C electrical properties show that the 

dielectric constant and  dielectric loss of the nanocomposites decrease with 

increasing the frequency of applied electrical field and they increase with the 
increase of the concentration of the titanium nanoparticles. The A.C electrical 

conductivity increases with increasing the concentration of titanium nanoparticles,  

increases with the increasefrequency, and almost constant at high frequency. 
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INTRODUCTION 

 

Although many people probably do not realize it, everyone is familiar with polymers. They are all around 

us in everyday use, in rubber, plastics, resins and in adhesives and adhesive tapes, and their common structural 

feature is the presence of long covalently bonded chains of atoms. They are an extraordinarily versatile class of 

materials, with properties of a given type often having enormously different values for different polymers and 

even sometimes for the same polymer in different physical states (David, I., 2002). In the recent years 

conjugated conducting polymers have been main focus of research throughout the world. Since the discovery 

led by 2000 chemistry Nobel winners, Shirakawa, Macdiarmid and Heeger, the perception that plastic could not 

conduct electricity has changed Nowadays, conducting polymers also known as conductive plastics are being 

developed for many uses such as corrosion inhibitors, compact capacitors, antistatic coating, electromagnetic 

shielding and smart windows; which capable to vary the amount of light to pass(Al – Adam, G. and H.A, 

1983).Composites are used in making solar cells, optoelectronic device elements, laser, diodes and light 

emitting diodes (LED), industrial applications in aircraft, military and car industry (Richardon, M., 1977).PVA 

is one of the earliest and best known polymers, it was seen to use in a variety of applications and is currently 

used extensively in semiconductors applications (Al – Adam, G. and H.A, 1983). Conductive polymeric 

composites obtained by the addition of metal powders to thermoplastic polymers represent an important group 

of engineering materials, with a great number of applications, such as discharging static electricity, heat 

conduction, electromagnetic interference shields, electrical heating, and converting mechanical signals to 

electrical signals. These materials are inexpensive, offer better corrosion resistance than metals, and in most 

cases require only one-step processing, compared to the great number of steps involved in metal processing. 

Additionally, the conductivity level can be “fixed” in order to satisfy the various requirements of the end user 

(Sofian, N.M.,et al., 2001). Polymers can act as electrical insulators, which is the basis for their application in 

many areas, but in certain cases the electrical conductivityof polymeric materials are required, and such 

materials are attractive for applications and the development of friction– antifriction materials. They provide 

inherent electromagnetic interference (EMI) and radiofrequency interference (RFI) shielding to protect 

aerospace components (Majeed Ali Habeeb, 2013).Enjoy minutes titanium nanoparticles qualities make them 

useful in the uses of visual and electrical insulators, anti-bacterial and chemical stability as well as high catalytic 

properties useful in industrial applications Kalobbag, chock materials ,auxiliary materials and stimulation of 

photosynthesis, titanium strong and light weight, but also high resistance to corrosion. Thus, it can be used in 
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military and space applications,it is the main applications of the particles of titanium nanoparticles are anti-

microbial, antibiotics , antifungal medications, space materials, used in aluminum alloys, optical filters, paint, 

nanofibers, bandages, wires and textiles (Jelinska, N.,et al., 2010). 

 

Experimental  part: 

The samples have been prepared by casting method.The materials used in this paper are polyvinyl acetate 

(PVAC) and polyvinyl alcohol(PVA) as a matrix and titanium nanoparticles as filler. The polyvinyl acetate and 

polyvinyl alcohol (70 wt.% polyvinyl alcohol, 30 wt.% polyvinyl acetate) were dissolved in distill water. The 

titanium nanoparticles was add to the polymer matrix by different weight percentages are (0,4,8,12 and 16) 

wt.% . The resistivity was recorded by temperature from (30 to 80)
0
C by using keithley electrometer type (2400 

C).The volume electrical conductivity σV defined by (Ramaiah, K. and V. Raja, 1999):  
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1            (1) 

A=guard electrode effective area.  

R=volume resistance  

L=average thickness 

 The activation energy was calculated using equation (Mott, N.F. and E.A. Davis, 1979): 

 

σ = σ0exp  −
Eact

KBT
    (2) 

 

Where  σ is electrical conductivity at T temperature , oζ  is electrical conductivity at absolute zero of 

temperature, ((KB=1.38×10
-23

J/K)) is Boltzmann constant and Eact is activation energy. 

The dielectric properties of nanocomposites were measured using LCR meter in the frequency(f) 

range100Hz-5MHz at room temperature. The dielectric constant ,έ can be calculated by using the following 

expression (Majeed Ali Habeeb, 2013): 
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Where: Cp is capacitance, d is sample thickness and A is surface area of the sample, whereas for dielectric 

loss can be calculated using equation: 
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Where tanδ is dissipation factor . The AC conductivity σaccan be calculated by the following equation: 


 εεwa.cζ         (5) 

 

RESULTS AND DISCUSSIONS 

 

Figure (1) shows the volume D.C electrical conductivity for (PVA-PVAC-Ti) nanocomposites as a function 

of titanium nanoparticles concentration. From this figure we can see that the electrical conductivity is increased 

with increasing of concentration of titanium nanoparticles. This behavior attributed to the increase of the ions 

charge carriers (Wiley, J., 1976). 

 
Fig. 1:Variation of D.C electrical conductivity with (Ti) nanoparticles wt.% concentration for (PVA-PVAC-Ti) 

nanocomposite at 30
o
 C. 
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Figure (2) shows the variation of D.C electrical conductivity of (PVA-PVAC-Ti) with temperature. The 

volume electrical conductivity increases with increasing of temperature this is means that these materials have 

resistance of negative thermal coefficient (i.e. that resistance decrease with temperature increased). The 

explanation of this behavior is the polymeric chains and impurity ions act as traps to make charge carriers 

moving by hopping process. The conductivity of all samples will increase because of the increasing charge 

carriers and its movement. (Wiley, J., 1976), these results are similar to the results reached by the researchers in 

this behavior (Abdul-Hussein, O.A., 2006). 

 

 
 

Fig. 2:Variation of D.C electrical conductivity with temperature for  (PVA-PVAC-Ti) nanocompoitesfilms. 

 

Figure (3) show that the variation of Ln D.C electrical conductivity with inverted absolute temperature of 

nanocomposites, the activation energy was determined from equation (2).The activation energy has high values 

at low concentration while at high concentration it has low values, these due to increase the local levels in the 

distance between conduction band and valence band ,this is consistent with the findings of the researchers 

(Abdul-Hussein, O.A., 2006).The decrease in activation energy with increasing titanium 

nanoparticlesconcentration shown in figure (4). 

 

 
 

Fig. 3:Variation ofLn D.C eiectrical conductivity withinverse absolute temperature for (PVA-PVAC-Ti) 

nanocomposites. 
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Fig. 4:Variation activation energy for D.C electrical conductivity with nanoparticles Ti wt.% concentration for 

(PVA-PVAC-Ti) nanocomposites. 

 

Figure (5) shows the variation of the dielectric constant of (PVA-PVAC-Ti) nanocomposites with the 

frequency. The figure shows that the dielectric constant is decreased with increasing of frequency which 

attributed to decrease the space charge polarization (Jacghelin, I., Kroschwitz, 1988). Also, we can see the 

dielectric constant is increased with increase of titanium nanoparticlesconcentration which due to increase the 

charge carries numbers (Maher, H.R. AL-humairi, 2013), as shown in figure(6). 

 

 
Fig. 5:Variation of the dielectric constant of (PVA-PVAC-Ti)nanocomposites with  frequency. 

 

 
 

Fig. 6: Variation ofDielectric constant with concentration of titanium  nanoparticles wt.% at 1000 Hz for (PVA-

PVAC-Ti) nanocomposites. 
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The effect of frequency on the dielectric loss of (PVA-PVAC-Ti) nanocomposites for different 

concentration of titanium nanoparticlesis shown in figure (7). The dielectric loss is decreases with increasing the 

frequency which due to decrease the dipoles in nanocomposites (Ahmed Hashim, 2012). The dielectric loss is 

increased with the increase of the weight percentages of titanium nanoparticleswhich attributed to increase the 

numbers of electrons in nanocomposites which is increase the electrical conductivity of polymer matrix (Maher, 

H.R. AL-humairi, 2013), as shown in figure (8). 

 

 
 

Fig. 7:Variation of the dielectric loss with frequency for (PVA-PVAC-Ti)   nanocomposites. 

 

 
 

Fig. 8: Variation ofDielectric loss with concentration of titaniumnanoparticles wt.% at 1000 Hz for (PVA-

PVAC-Ti) nanocomposites. 

 

The variation of A.C electrical conductivity of nanocomposites as a function of frequency is shown in 

figure(9). The A.C electrical conductivity is increased with increase of the frequency which attributed to the 

electronic polarization and the charge carriers which travel by hopping (Ahmed Hashim, 2012). The A.C 

electrical conductivity is increased with increase of the concentration of titanium nanoparticles, as shown in 

finger(10), which attributed to increase the numbers of charge carries (Gurland, J., 1982). 
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Fig. 9:Variation of A.C electrical conductivity with frequency for (PVA-PVAC-Ti) nanocomposites. 

 

 
 

Fig. 10:Variation of A.C electrical conductivity  with  titanium nanoparticles wt.% concentration at 1000 Hz for 

(PVA-PVAC-Ti) nanocomposites. 

 

Conclusions: 

1- D.C electrical conductivity for (PVA-PVAC-Ti) nanocomposites increased with increasing of 

temperature and titanium nanoparticles wt.% concentration. 

2- Activation energy of (PVA-PVAC-Ti) nanocomposites decreases with increasing of the titanium 

nanoparticles wt.% concentration. 

3- The dielectric constant of (PVA-PVAC-Ti) nanocomposites is decreased with increasing of the 

frequency and it increases with increasing of the titanium nanoparticles concentrations. 

4- The dielectric loss of nanocomposites decreases with increasing of the frequency and increasing with 

increasing of the titanium nanoparticles concentrations. 

5- The A.C electrical conductivity of nanocomposites is increasing with increasing of the frequency and 

concentrations of titanium nanoparticles . 
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