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AC-Electrical conductivity and dielectric properties of MultiWalled 

Carbon Nanotube- Acrylonitrile Butadiene Styrene composite 

(MWCNT/ABS) has been investigated with MWCNT additive of 

different concentration percentage. The study showed that electrical 

conductivity σ, obeys power law with the frequency exponential factor 

S less than one and  indicate dielectric loss, ε'' not equal to constant. 

At lower concentration of Carbon Nanotubes, the dielectric constant ε' 

and dielectric loss ε'' remain constant with increase in frequency but at 

high concentration, ε' and ε''  decrease with an increase in frequency of 

which indicated that high concentration Carbon Nanotubes play a vital 

role in increasing dielectric constant and dielectric loss. 
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Introduction:- 
Carbon elements are essential for living bodies coupled with their technological application in the field of 

electronics especially organic molecular electronics and bio-electronics.  

 

Since the discovery of carbon isomers for electronics devices application, a number of research works have been 

carried out with a remarkable and satisfactory result. Carbon nanotubes are new class of carbon isomers which are 

categorized into single wall nanotube, multi wall nanotube and their ropes or bundles (El-Nahass et al. 2016; Kaneto 

et al. 1999).  

 

MultiWalled Carbon Nanotubes (MWCNTs) have probe excellently due to their thermal, electrical and mechanical 

properties. MWCNTs are influential additive to enhance polymer and also an additive to reinforced electrical 

conductivity in polymer insulation such as polycarbonate (PC), polypropylene (PP), polyethylene (PE) and 

polymethyl methacrylate (PMMA). The aspect ratio of carbon nanotube when used as conduction nanofiller 

provides a room for the formation of electric conduction array in the insulating polymer domain at low concentration 

of nanofiller (Hussien 2011; Lu et al. 2007; Samkana et al. 2013; Abd El-Rahman et al. 2016; El-Nahass et al. 

2016).  

 

Dielectric materials become a great subject to study electrical behavior of materials which their application is found 

to be in industrial devices like microwave filters, dynamic access memory telecommunication and voltage controlled 

oscillators (Kabir et al. 2001; Izgorodina et al. 2009; . Kuang and Nelson 1998; Gittings et al. 2009; Wen and Chung 

2001; Badr et al, 2011; El-Khaled et al. 2016; Cuervo et al. 2014; Es-Souni et al. 2003). Dielectric constant and 
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dielectric loss or dissipation factor are very crucial quantities in microelectronics equipment devices designing. 

These quantities with respect to frequency are the most sensitive and desirable to study polymer structures (Yadav et 

al. 2010; Cvejić et al. 2008; Dinulović and Rašuo 2009; Botta et al. 2007; Liu et al. 2008). Active electro-polymer 

nanocomposites are of great choices for several applications because of their remarkable mechanical and electrical 

properties, high dielectric constant and high electrical conductivity.  

 

This polymer material possesses vital characteristics which include electric conductance and polarization that 

brought to useful effects on dielectric properties. The two kinds of systems for dielectric polarization are charge 

carriers and dipole systems in which a range of relaxation process together with their metal-insulator, electrode-

electrolyte, semiconductor-insulator and similar kind systems interfacial phases (Ramani et al. 2015).  

 

AC conductivity, σac, give information concerning internal structure of materials at relatively low conducting region, 

it also differentiate between free band conduction where σac decreases with increasing frequency and localized 

conduction in which σac increases with increase in frequency (Abd EL-Rahman et al. 2016). AC conductivity 

measurements have been widely in application to investigate the ionic motion nature in ionically conducting 

substances because it is assumed that it is responsible for this kind of conduction. It is also well known that, the 

electrical behavior of ionically complex conducting materials with respect to frequency generate two domains of 

behavior namely; nearly constant loss (NCL) in which dielectric loss is almost constant and universal dielectric 

response (UDR).  The ac conductivity dependence on frequency, σac(ω), obeys the power law equation defined as 

the UDR given in Eqn. 1: 

σac(ω) = Aω
S
         (1) 

Where: A-Constant and S-Frequency exponent. Whereas, when the value of S=1, it implies ε
''
= Constant, 

independent of frequency (El-Mallah 2012). 

 

The dielectric relaxation gives fact about conduction mechanism, microstructure of nanocomposite materials (El-

Ghanem et al. 2013), translational adjustment and orientation of the moving charges present in the dielectric 

medium. The transferred energy into the dielectric material is as a result of the electric field applied which depends 

on the dielectric material physical properties. More so, the variation of dielectric figures is attributed to dielectric 

polarization parameters like ionic, orientation and electronic polarization (Abd EL-Rahman et al. 2016).  

 

EXPERIMENT DETAILS:- 

Materials: - 

ABS; Acrylonitrile-Butadiene-Styrene, (Cycolac Ex-39, Specific gravity 1.03, and MFI 1g/10min) was obtained 

from SABIC Innovation Plastics. NC7000 was Carbon Nanotubes used in this study which is provided by Nanocyl 

S.A., Belgium. From the manufacturers, the carbon nanotube is multiwall-made using chemical vapor deposition 

method (CVD) with an average diameter of 9.5nm and length of 1.5mm. 

 

Composite Preparation:- 

Before mixing of the nanocomposites, the filler and the polymers were dried up under vacuum for 12 hours at 130
o
C 

and 80
o
C respectively, after then the nanocomposite preparation of MWCNT/ABS was carried out by mix-melting 

in a batch mixer from Thermo Scientific, Germany, by which the nanocomposite was filled with 0wt%, 0.75wt%, 

1wt% and 2wt% MWCNT.  

 

The compounding was taking at 50 rpm, 210
o
C for 12mm; 9 min for polymer mix with filler melting and 3 min for 

pure polymer melting. During melt compounding, an increase in viscosity is observed with nanofiller loading as also 

showed by El-Ghanem et al. 2013. The plates were compressed for ac measurement using Carver compression mold 

obtained from Carver Inc. USA, to have plates of thickness 1.1mm which were then annealed at 220
o
C, 25 MPa 

pressure for 10 min in the molder. 

 

Results Analysis:- 

AC Properties Measurement: 

Impedance: - 

An impedance is a complex number that consists of two parts; real part (Z') and the imaginary part (Z'') as in 

equation 2.  

Z = Z' + jZ''                  (2) 

Where the real part is the resistance, the imaginary part is the loss factor or the reactance and       j = √-1 
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Figure 1 indicated a characteristic behavior of an insulator for which Z' decrease with an increase in frequency for 

the nanocomposite with filler concentration below the threshold frequency and unfilled ABS. The figure also shows 

a transition of Z' on frequency, whereas nanocomposite transition behavior is observe to be from frequency 

independent (Resistive) to frequency dependent (Capacitive) and the cut-off frequency increases with concentration 

of MWCNT as also indicated in another study (Al-Saleh et al. 2013).  
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FIG. 1:- Real part (Z') as a function of MWCNT concentration and Frequency 

 

The imaginary impedance magnitude (Z'') was presented in figure 2, in which the value increases with an increase in 

frequency where at the end, it merges at the high frequency region. This indicates that at lower frequency region, 

there is an effect due to the presence of space charge polarization. This finding came similar to the literature 

somewhere (Chintaparty and Reddy 2016).  
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FIG. 2:- Imaginary part (Z'') as a function of MWCNT concentration and Frequency 

 

 

Frequency Dependence: - 

Figures 3 and 4 present the response of frequency to dielectric constant, ε', and dielectric loss, ε'', respectively. In the 

figures, the dielectric constant values and loss factor remain constant with increase in frequency at lower 

concentration of CNT but shows increase in frequency with decrease of ε' and ε'' at high concentration CNT. This 

indicates that dipole arrange themselves along field direction at low frequency to enhance total polarization 

(Orientation, Atomic and Electronic), similar results were obtained by El-Mallah 2012; Vivek et al. 2010 for 

dielectric constant. Moreover, as the frequency increases, the field changes at high speed which make it difficult for 

the molecular dipole to align thereby reduce their contribution to the polarization. This finding came similar to the 

literature elsewhere (Ganaie et al. 2014).  
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 FIG. 3:- A graph of frequency dependence of dielectric constant for the MWCNT concentration 
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FIG. 4:- A graph of frequency dependence of dielectric loss for the MWCNT concentration 

 

The peaks present in figure 4 of dielectric loss appear as a result of the rotational relaxation of the CNT molecules in 

the composite and because nanotube is a lighter material, it reorients at high frequency, this observation was abreast 

with Javed et al. 2006. 

  

The dielectric curve vs. frequency (Fig. 3) shows no peaks as the curve is smoothing slippery compared to figure 3, 

this is due to the fact that, there are two losses type of dielectric. The first is due to the flow of the real charge into 

the dielectric called conduction loss and the second is due to the rotation of molecules/atoms in the alternating 

current field called dielectric loss. As a result of this, the MWCNT/ABS composite conduction is dominance at low 

frequency by resistance, as such, much conduction loss is produced. The production of this loss give rise to the 

sample temperature in the ac field and causes a disorder in the motion of the charge carriers that breaks the regular 

arrangement slowly at the composite interface as shown in figure 3 (Mei-Juan et al. 2009).  
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FIG. 5:- Dielectric constant, ε', and dielectric loss, ε'', versus concentration of MWCNT 

 

Dependent composition of dielectric constant, ε', and dielectric loss, ε'' with respect to MWCNT concentration is 

presented in figure 5. It is shown in the figure that ε' and ε'' both increase with MWCNT concentration. This clearly 

indicates that, high concentration CNT play a vital role in increasing ε' and ε'' due to defect states increase, the same 

result was obtain by Ganaie et al. 2014 using Glassy Alloys. 

 

AC Electrical Conductivity: - 

The ac electrical conductivity dependence on frequency for MWCNT/ABS composite is shown in figure 6. It is 

evident from the figure that the conductivity increases with frequency increase. This is due to the ac electrical 

conductivity characteristics of CNT which solemnly depend on CNT content in the composite. The conductivity 

increase with increasing CNT content, whereas, the highest conductivity was found with 1% concentration which 

may be due to partial substitution of CNT, similar was also found by Rahman et al. 2014 using Gadolinium 

substitute Cobalt ferrite.  
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FIG. 6:- The frequency dependence of ac conductivity for MWCNT/ABS samples 

 

The conductivity is frequency dependent for 0%, 0.75% and 2% and the corresponding circuits of the 

MWCNT/ABS composites comprise of parallel RC circuit, because a capacitor is equivalent to the open circuit at 

low frequency circuit state. Since no charge goes through the insulating dielectric surface then, the conductivity is 

entirely dependent on resistance, as such the conductivity of MWCNT/ABS composite does not have effect with 

frequency. However, as in the case of 1% concentration, the conductivity is independent on frequency as it respond 

to the complete polarization of CNTs due to resistive conduction through the bulk composite. Similar result was also 

recorded by Mei-Juan et al. 2009.  

 

Conclusion:- 
AC-Electrical conductivity and dielectric properties of MultiWalled Carbon Nanotube- Acrylonitrile Butadiene 

Styrene composite (MWCNT/ABS) has been investigated. The conductivity increases with increasing CNT content 

and frequency increase due to the ac electrical conductivity characteristics of CNT which solemnly depend on CNT 

content in the composite. The study also showed that electrical conductivity σ, obeys the power law σac = Aω
S
 with 

the frequency exponential factor S < 1 that indicate ε'' not equal to constant and depends on frequency. The 

dielectric constant ε' and dielectric loss ε'' remain constant with increase in frequency at lower concentration of CNT 

but shows increase in frequency with decrease of ε' and ε'' at high concentration which indicated that high 

concentration CNT play a vital role in increasing dielectric constant and dielectric loss 
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