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Abstract 

 

In this study, composites of carbon nanotubes and zinc matrix have been fabricated by a powder metallurgy 

method. Firstly, CNT and Zn powders with sizes in the range of (4.5-6.7) nm, respectivel are dispersed at 

various weight contents (in the range of (2.0% -.1.0 %) in polyester polymer as solvent to get (polyester 

/CNT-Zn) Nano composite of about 2 mm thickness. The effects of different multi-walled carbon nanotubes 

(CNTs) contents on the ac conductivity and dielectric properties of the composites were investigated. Ac 

conductivity measurements of multi-walled carbon nanotubes (CNTs) reinforced polyester have been 

evaluated. AC conductivity was examined in the frequency range from (100-400k) Hz at ambient 

temperature.An enhancement of Ac-conductivity, in accordance to percolation theory, was evidenced 

increasing the weight content of the conductive Nano-filler .The experimental results indicate that the 

frequency dependent behavior of CNT-Zn /polyester Nano composite can be modeled by R-C circuit, 

permittivity of material increase with increasing of CNT content. .Also, the results showed that the addition to 

the zinc matrix of 1% by volume of carbon nanotubes caused increases in the ac conductivity. 

Keywords:A.C Conductivity,  NanComposite Polymer, Dielectric Constant. 
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1. Introduction 

Investigations into conductive polymers have attracted great scientific interest because of their high 

application potential [1–3].from these materials, the CNT-based composites, which may be one of the most 

promising applications, have been intensively studied using different matrix materials, polymers, ceramics 

and metals[4].Polymer/carbon nanotube (CNT) composites are expected to have good process ability 

characteristics of the polymer and excellent functional properties of the CNTs. The critical challenge, 

however, is how to enhance dispersion and alignment of CNTs in the matrix. Here, we review recent 

progress and advances that have been made on: (a) dispersion of CNTs in a polymer matrix, including 

optimum blending, in situ polymerization and chemical functionalization; and (b) alignment of CNTs in the 

matrix enhanced by ex situ techniques, force and magnetic fields, electro spinning and liquid crystalline 

phase-induced methods. In addition, discussions on mechanical, thermal, electrical, electrochemical, optical 

and super-hydrophobic properties; and applications of polymer/CNT composites are included. Enhanced 

dispersion and alignment of CNTs in the polymer matrix will promote and extend the applications and 

developments of polymer/CNTnanocomposites [5]. The unique structure and excellent properties of carbon 

nanotubes (CNTs), (both single-walled and multi-walled(SWCNTs and MWCNTs)) has prompted intensive 

study for potential engineering applications, for example for CNT conductive composites, in the electronics, 

automotive and aerospace sectors with uses such as electro static dissipation [6]. The presence of 

conductive particles in an insulating material changes the composite system’s electrical conductivity. For low 

filler content, the conductivity remains at the level of the unfilled insulating matrix. However, with increased 

conductive load, an abrupt and significant increase occurs at critical filler content. The critical concentration 

(or percolation threshold) determines the insulator-to-conductor transition. Carbon nanotubes (CNTs) have 

excellent electrical, mechanical and electromechanical properties. When incorporated into polymers, high 

electrical conductivity can be achieved in the formed nanocomposites even at very low CNT volume fraction 

(often below 1% wt). In addition, the electrical conductivity of the CNT nanocomposites is sensitive to 

mechanical strain, resulting in potential applications for strain sensing  .The electrical behavior of CNT based 

polymer nanocomposites has been extensively explored with emphasis on several aspects, such as 

insulator-conductor transition (percolation threshold) and the relationships between conductivity and function 

of filler volume ratio, CNT orientation and dispersion, CNT treatment and processing conditions [7].In 

general, the electrical behavior of polymer/CNT composites can be explained according to percolation theory 

and tunneling effect. However, despite broad investigation on CNT polymer nanocomposites, fundamental 

understandings of these properties are still lacking, such as percolation mechanism. Also, the effects of 

thermal strain, loading modes and CNT fictionalization on the electromechanical response are yet to be fully 

elucidated. To this end, further experimental and theoretical investigations are needed. In this work multi-

walled CNT/polymer nanocomposites were successfully fabricated. Their electrical behavior, in particular the 

conductivity under DC (direct current) and AC (alternating current) conditions were investigated [8]. 

 

Experimental Part 

CNT –Zn powder can be used for the preparation of nanocomposites Polyester polymer matrix was prepared 

by mixing resin and hardener in  ratio 3:1.CNT powder with sizes in the range of (4.5-6.7) nm was prepared 

by arc discharge technique .This powder is dispersed with Zinc powder in polyvinyl alcohol (PVA) solution 

methanol solution under magnetic agitation to reduce the maximum size of the aggregates. After the 

methanol is evaporated, we obtained CNT-Zn powder which is directly added to polyester resin hardener 

mixture .Finally the samples were placed between two metal plates under pressure to reduce porosity 

forming during hardening. Before electrical measurements, the surfaces of the specimens were mechanically 

polished to minimize the influence of surface flaws, mainly the porosity. The prepared samples were coated 

using masking system using Al electrodes of thickness 200nm were evaporated from tungsten filaments for 

fabricating Al/(CNT-ZN)- Polyester/Al sandwich structures. The capacitance was measured using Hp. 4274 A 

and 4275 A programmable automatic RCL ( model, Hewlett. Packard) meter at different frequency range 

from 100Hz-400 kHz at room temperature in a container for the determination of dielectric constant. Ac 
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measurements were also carried out using similar equipment at varying frequencies these were purposely 

for the establishment of graphs of capacitance, dielectric loss and conductivity as functions of frequency. 

 
Result and Discussion 
Fig.1 shows the variation of capacitance as functions of frequency for CNT-ZN/Polyester at different CNT 
concentration . Noticeably, the fall in capacitance is very rapid in the initial frequency, starting between 
100Hz-4KHz and then slowly decreases at a frequency 4KHz-400KHz for all the samples. These results give 
the approximate dielectr ic  constants which vary with temperature in decreasing manner. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 was obtained at different ranges of frequency 100Hz-400 kHz for 

CNT-Zn /polyester composite. It can be observed from figure that that dielectric loss decreases with 

-Zn content and modes of 

variation are associated with the presence of loss minimum at higher frequency for all samples. It has been 

pointed out [9] that the influence of filled content of CNT –Zn  on the dielectric constant is strongly attributed 

to the increase of lattice defects of the materials at high concentration making space charge polarization 

dominant.  
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Fig.1: Variation of capacitance with frequency at different concentrations of CNT-Zn /polyester 

composite 

Fig.2: Variation of dielectric loss versus frequency for different concentrations of CNT-Zn /polyester 

composite 
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A.c conductivity 

The variation of a.c conductivity with frequency of the CNT-Zn/polyester nanocomposite at different 

concentration filer of CNT-Zn was observed from Fig.3. As can be seen from Fig. 1, the amount of CNT in 

the composites strongly influences on the ac conductivity. The conductivity behavior can be divided 

according to the measured frequency. In the low frequencies region, the conductivity is constant and is taken 

to be the dc conductivity . Theoretically, this behavior may be modeled by transport taking place through the 

random free-energy barriers [10].When the frequency is increased, It is observed that the frequency 

variations of conductivity in the former graph is strongly related to a power law[ 11 ] :  

ac = As--------------------------------------------(1) 

where,  exponent  s  is  found  to  be  temperature dependent, A being a constant independent of  frequency  

but  dependent   on temperature and  is angular frequency exponent (s ) dependent on the transport 

mechanism ,while at higher frequencies, the conductivity tends to stability. The phenomenon has been 

ascribed to relaxations caused by the motion of electrons or atoms. Such motion can involve hopping or 

tunneling between equilibrium sites [12]. Inspection of results indicates that ζa.c. increases with increasing 

of CNT-ZN contents. 

From these dependences we could estimate that the power law parameter s in above Equations close to 1. 

This supports the idea that polaron hopping plays an important role in charge carrier transport in materials 

with low resistivity in a broad range of relative humidity conditions. The variation of a.c. conductivity with 

frequency for the ZnO  thin films is shown in Fig.3  It is  seen  that the a.c.  conductivity increases with the 

increase of frequency and temperature. The a.c.  conductivity  is found to depend on the frequency it  was 

related to  the correlated  barrier  hopping  type  (CBH)  mechanism . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The complex dielectric constant of a material medium is representing by two parts: ε = εr + εi, where εr is the 

real part (dielectric constant) and εi the imaginary part (dielectric loss). The ratio between έ and ε˝ define a 

loss tangent tan δ = ε˝ / έ. The corresponding real and imaginary parts of a.c. conductivity obey the following 

relations [ 13 ] 

ζa.c.=εο ω εr(ω) --------------------------------(2) 

 

whereεο is permittivity of free space(= 8.85 x10-12 F/m). The frequency dependence of εr and εi part of 

dielectric constant at various CNT-Zn content , for the investigated nanocomposite is presented in Fig. (4) 

and Fiq.(5), respectively. 

 

Fig. 3 Variation of a.c conductivity with frequencies at different concentration filer of 

CNT-Zn 
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In general features are the rapid decrease of dielectric constant with both parts with increasing the frequency 

and reaches a constant value for all samples at room temperature due to the interfacial polarization only. The 

decreases of Ɛ with increasing frequency is the expected behavior in the most dielectric materials and this is 

due to dielectric relaxation involves the orientation polarization which in turns depends up on the molecular 

arrangement of dielectric to be material. So at higher frequencies , the rotational motion of the polar 

molecules of dielectric is not sufficient rapid for the attainment f equilibrium with the field , hence dielectric 

constant seems to be decreasing with frequency[14]. Very large values of dielectric constant are observed, 

especially at low frequency. This can be attributed to the fact that the electrode blocking samples is 

dominated mechanism at low frequency region [15].Also, it is clear from these figures that the values of εr 

decrease while values of εi increase by increasing CNT and Zn contents. This indicates that, the increases of 

CNT and  Zn contents play a considerable role in dielectric constant. Fig.6 represents the relaxation time of 

the CNT-Zn/polyester nanocomposite at different concentration filer of CNT-Zn as a function of frequency 

.From this figures,we can see that the relaxation time decreases with increasing of frequency and CNT-Zn 

content in polyester matrix 

 

 

 

Fig. (4): Frequency dependence of εr of dielectric constant for CNT-Zn/polyester nanocomposite at 

various annealing temperatures 
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Fig. (5): Frequency dependence of εi of dielectric constant for CNT-Zn/polyester nanocomposite at 

various annealing temperatures 
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Conclusion 

composites of carbon nanotubes and zinc  matrix have been successfully fabricated by a powder metallurgy 

method The  A.C.  conductivity results show that all  samples  strong temperature and frequency 

dependence where the exponent (s) decreases by increasing annealing  temperature and the  Corelated  

barrier hopping model is the most suitable  for describing the a.c. conduction mechanism in the samples. 

Finally  other  conduction  parameters  have  been interpreted on the basis of CBH mode. The  dielectric 

constant (ε) and loss factor (tan δ) were found to be  influenced  by  CNT contents.   

 

References  

Shirakawah.,Angew. Chem., 113 (2001), 2642. 

Macdiarmid A.G., Angew. Chem., 113 (2001), 2649. 

Heeger A.J., Angew. Chem., 113 (2001), 2660. 

Yi Huang a, Ning Li a, Yanfeng Ma a, Feng Du a, Feifei Li a, Xiaobo He b,Xiao Lin b, HongjunGao b, 

Yongsheng Chen a science direct , 

The influence of single-walled carbon nanotube structure on the electromagnetic interference shielding 

efficiency of its epoxy composites Carbon,45 (2007) 1614–1621 

Xiao-Lin Xie, Yiu-Wing Mai and Xing-Ping Zhou, Reports, 19 (2005), P. 89-112 

Bull. Mater.Sci. Indian Academy of Sciences. Carbon nanotube reinforced polymer composites 30, No. 4, 

August 2007, pp. 379–3867 

Pham, G. T., Y.-B. Park, Z. Liang, C. Zhang and B. Wang "Processing and modeling of conductive 

thermoplastic/carbon nanotube films for strain sensing." Composites Part B:Engineering 39(1), 

(2008).  P.209-216.- 

A. Allaouia, S. Baia,b, H.M. Chengb, J.B. Baia, Composites Science and Technology, Mechanical and 

electrical properties of a MWNT/epoxy composite 62 (2002) p.1993–1998 

K. L. Chopra, .Thin Film Phenomena. (McGraw-Hill), New York, (1969). 

Jeppe C. Dyre, J. Appl. Phys. 64, (1988), p.2456. 

Wang, R.; King, L.L.H.; Sleight, A.W. (1996). Highly conducting transparent thin films based on zinc oxide. J. 

Mater. Res. 11(7):1659-1664 

Wang, R.; King, L.L.H.; Sleight, A.W. Highly conducting transparent thin films based on zinc oxide. J. Mater. 

Res. 11(7), (1996). P.1659-1664 

S.R. Elliot, Phil. Mag., B46, (1982),p. 123. 

0.00E+00

1.00E-03

2.00E-03

3.00E-03

4.00E-03

5.00E-03

6.00E-03

7.00E-03

5 7 9 11 13 15 17
Lnw

R
el

ax
iti

on
 T

im
e 

se
c

Pure

0.20%

0.40%

0.8%

1

Fig. (6): Frequency dependence of Relaxation time for CNT-Zn/polyester nanocomposite at various 

annealing temperatures 



Minar Journal, 2020, Volume 2, Issue 3                                                                  | 34 

 

 
 

September 2020, Volume 2, Issue 3 
 p. 28-34 

 

H. M. Zeyada, F. M. El-Taweel, M. M. El-Nahass, and M. M. El-Shabaan, “Effect of substitution group on 

dielectric properties of 4H-pyrano quinolone derivatives thin films,” Chinese Physics B, vol. 25, no. 

(2016) 7, Article ID 077701,  

HarithI.Jafer ,FarahT.MohammedNoori and EkramA.Al-ajaj "Electrical and dielectric Properties f Kevlar –

Carbon Hybrid Filer/Epoxy Laminated Composite ,Baghdad Science Journal, V.1, (2011) pp148-

154. 

Abbas R.A. "Studying Some Dielectric Properties and Effective Parameters of Composite Materials 

Containing of Novolak Resin" Journal of engineering and Technology,25(8)( 2007)p.277-288 

 

 

 


