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ABSTRACT 

An attempt is made to study the effect on dielectric properties of Multiwalled Carbon Nanotube (MWCNT) and  

Carbon Black (CB) reinforced epoxy composites. For that MWCNT & CB (of different weight %) reinforced 

epoxy composite were prepared by dispersing the filler in resin. Samples were prepared by solution casting 

process and characterized for their dielectric properties such as dielectric constant (ε') and AC conductivity 

(σac). The main objective is the investigation of the dielectric properties of the prepared samples at different 

weight % of the two different filler at changed temperatures and frequency. There are two mechanisms of 

electrical conduction, first the leakage current obtained by the formation of a percolation network in the matrix 

and the other by tunneling of electrons formed among conductors nearby (tunneling current); here we are 

getting conduction by the first mechanism. Dielectric constants of the prepared composite increases with 

increase in temperature and decreases with an increase in frequency from 0.5 kHz to 10 kHz  The peak height of 

the transition temperature decreases with increasing frequency. This study shows that the type of filler can 

modify considerably the electrical behaviour of epoxy nanocomposites. 
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I. INTRODUCTION  

Carbon Nanotube (CNTs) is in focus now days due to their exceptional electrical, mechanical, and thermal 

properties. Reinforcement of small amounts of nanotubes in an insulating polymeric matrix found to render the 

electrical properties of the composite. The electrical properties of the polymer composites may vary from those 

of an insulating material to conductive composite with filler network depending on the concentration, property 

of the conducting fillers and dispersion of conducting fillers in polymeric matrix [1]. Recently, carbon 

nanotubes are being very much investigated by the researchers globally with keen interest for the industrial 

applications. Since their discovery in 1991, CNTs have attracted enormous attention in research for their 

properties and their use in wide industrial applications. Single-wall nanotubes (SWNTs) were widely recognized 

in regard of their predicted properties among all types of CNT’s. The remarkable properties of SWNTs are 
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limited in usage because of their high cost and low yield of production. Multiwall carbon nanotubes (MWCNTs) 

are one of the most common and widely used nano filler for enhancing the conductivity of the polymer 

composites. MWCNT consist of multiple rolled layers (concentric tubes) of graphene shown in fig. 2 with 

several concentrically aligned tubular graphene sheets, and the typical diameter in the range 8-30 nm [2]. 

Multiwall carbon nanotubes can be used as reinforcing fillers for different components of composite materials 

with polymer, metal or ceramic matrices [3] as chemical sensors by using laterally grown MWNT [4, 5] as 

components of catalytic activity [6, 7] as electromagnetic interference shielding materials [8, 9, 10] for 

biomedical applications such as selective drug delivery [11, 12]. The most important applications of the CNTs 

are in the reinforcement of the different types of polymer (thermosetting and thermoplastic) matrix composites 

due to their high electrical, mechanical and extraordinary thermal conductivity. 

The intrinsic potential of carbon nanotubes as reinforcing filler in elastomeric materials is very interesting. 

Despite a poor dispersion, small filler loading improves substantially the electrical and mechanical behavior of 

the soft matrix. Bokobza et al [13] showed that, the high electrical conductivity of carbon nanotube-filled 

composites obtained at a relatively low volume fraction is one of the major attributes of carbon nanotubes since 

that allows retaining the desired mechanical properties. In polymer composites, dispersion of the used filler as 

well as interfacial interactions of the matrix and filler has been shown to be essential parameters for enhanced 

properties. The biggest challenge nowadays is to obtain a homogeneous dispersion of carbon nanotubes in a 

polymer matrix. This is because of the Vander Waals interactions between individual tubes which often lead to 

significant aggregation or agglomeration, and causes the reduction of the expected property improvements of the 

resulting composite [13]. The conduction mechanism in CNT composites has been explained by considering that 

conductive path formed due to the CNT filler, causing the material to convert from an insulator to a conductor.  

These conductive paths are formed in the composite when the CNT concentration ɸ increases over a threshold 

value ɸc. The dependency of the conductivity ζ on the filler concentration is described by the percolation theory 

and by a scaling law of the form 
t

co )(   where ɸc is the percolation threshold and t an exponent 

depending on the system dimensionality [14]. The electrical property of the MWCNT-epoxy composites also 

depend upon many factors i.e. length and alignment of MWNT, curing of composite [15], dispersion of MWNT 

in epoxy etc. In recent decades CNTs have been intensively studied as a promising candidate for epoxy resins at 

low content. If the filler content is not sufficient for making the percolation network then in that case at the onset 

of percolation, the charge transport follows a thermal fluctuation induced tunneling mechanism, in which the 

electrons through the thermally induced fluctuating potential barrier formed by a thin insulating polymer layer 

separating MWCNTs aggregates.  

Among the available fillers, carbon black (CB) has been widely used because of its ability to give high electrical 

conductivity to an insulating polymer at relatively low filler content and low cost. Conductivity of an insulating 

polymeric material using CB as filler is enhanced by free electron transport through a continuous network in the 

polymermatrix. Carbon black as filler is used to reduce the tunneling distance and increase the number of 

tunneling contacts,which have to be overcomeby charge carriers, determining the overall conductivity [16–18]. 

 Recent investigation has shown that epoxy/nanocomposites exhibit some advantages for both mechanical and 

dielectric properties when compared with pure resin system [19–21]. An enhancement in the electrical 
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properties of the epoxy nanocomposites can be attributed to the relaxation processes. The relaxation processes 

correlate to dipolar orientation effects or space charge migration [22,23]. The dielectric effect of the epoxy 

nanocomposites is due to the charge mobility and interfacial polarization. At lower temperatures, polar side 

groups enhance the electrical performance of the system. Interfacial polarization is the result of the 

heterogeneity of the systeme.g., mobile charges assembled at the polymer–filler interface form large dipoles. 

The volume concentrations of the conductive charges are proved crucial parameter governing the electrical 

behaviour of the polymer composites [24]. When the filler content is low, the mean distance between charge 

particles or clusters is large and conductance is limited due to the presence of the dielectric polymer matrix. At a 

critical volume fraction (or percolating threshold) of the filler, a physical path is formed in a way that the current 

can flow, percolating the whole system [25]. The effect of CB on the network structure of epoxy composites, 

like volume fraction of the network, the extent of CB reinforcing, and the interparticle distance between 

conductive particles, has been investigated in detail for thermally cured and as prepared samples. It is found that 

the conductivity of an insulating epoxy matrix increases continuously with CB content and is well explained by 

percolation theory. The temperature dependence of the dielectric response has been analyzed below and at near 

the epoxy glass transition temperature for various CB concentrations. 

The aimof the present study is to obtain new information on the dielectric properties of MWCNT – epoxy and 

CB–epoxy composite under different conditions of different temperatures and frequencies. In addition,we 

attempt to give extensive experimental results that may lead to a better understanding of network structure and 

electrical properties of MWCNT–epoxy and carbon black–epoxy composites for practical applications as 

heating devices and/or conducting composites. 

 

II.  EXPERIMENTAL 

2.1 Materials 

Epoxy resin contains one or more epoxide groups that serve as cross-linking points when the resin reacts with 

the hardener to form long chains, the polymerization. The hardener has an impact on the matrix structure and the 

cross linking ratio and by this way the molecular motions. 

                   

     Fig 1(a) Structure of unmodified epoxy pre-polymer resin                    Fig 1(b) structure of a hardener 

The thermosetting matrix used in this study was a room temperature cured epoxy resin, provided by M/s Atul 

Pvt. Ltd. Valsad, India. Figure 1 (a - b) shows the structure of unmodified epoxy pre-polymer resin and structure 

of a hardener. The density of the resin, cured at room temperature was 1.15 g/cm
3
. Industrial grade Multi-wall 

nanotube (1205YJ) was purchased by Nanostructured & Amorphous Materials, Inc. USA has Purity more than 

95%,  outside diameter 10-20 nm,  inside diameter 5-10 nm,  length 10-30 μm, specific surface area 180-

230 m
2
/g, bulk density 0.04-0.05 g/cm

3
. 
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Multi-walled carbon nanotubes (MWCNTs), possessing unique mechanical, thermal and electrical properties, as 

well as excellent processing flexibility and relatively low cost, are ideal nano-fillers for manufacturing low-cost, 

high-performance nanostructured composite materials.  Fig 2 shows the Multi-walled carbon nanotube. The 

introduction of MWCNTs into polymers can remarkably enhance the mechanical properties, endow the 

composites with high electric conductivity, and improve abrasion performance and flame resistance of the 

resulting composites. Normally, all these advantages are considerably affected by the dispersion of MWCNTs in 

the polymer matrix.  

 

Fig. 2 Multiwall Carbon Nanotube 

Carbon black (CB) is an amorphous form of carbon with a structure similar to disordered graphite fig. 3. 

Various features of carbon black are controlled in production by partially combusting oil or gases. The carbon 

black used in this study was Ketjenblack EC-600 JD (Supplied by Akzonoble) with a total surface area, BET 

1400 m2/g, diameter 36 nm, apparent bulk density 0.12 g/cm3, iodine absorption 1000-1100 mg/g, pore volume 

DBP 480-510 ml/100g and ash content < 0.1 (as specified). CB is widely used as a reinforcing filler to improve 

dimensional stability, as a conductive filler to produce conductive polymer composites (CPCs).  

 

Fig. 3 Carbon Black Surface chemistry 

2.2. Composite preparation 

Composites filled with different wt% of MWCNT & CB were prepared by the solution casting process. 

MWCNT & CB both were dispersed individually in the epoxy resin heated at 60
 o

C for 30 minutes in an 

ultrasonic bath sonicator for 30 minutes without any chemical functionalization or surfactant, then reheated the 

resin/filler mixture at the same temperature and time for reducing the viscosity and kept in a sonicator for 

another 30 minutes. Increased sonication time may damage the filler. For the homogeneous dispersion of filler 

in resin, the filler epoxy mixture was stirred by using a lab stirrer at 200 rpm for 60 minutes. The hardener is 
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then added in the dispersed filler-epoxy mixture at room temperature. This mixture was cured at 110 
o
C for 2 

hours. The resin/hardener ratio in this preparation was kept 10:1. 

2.3. Test sample preparation 

Specimens having a different wt % of MWCNT & CB filled epoxy composites were prepared. The test 

specimens were cut from the sheets in the sizes of 1 mm thickness and 10 mm diameter. Uniformity of surface 

was obtained by polishing the specimens. Both sides of the specimens were coated by using air drying type 

silver conducting paint in such a manner that both the surfaces should not connect electrically with each other. 

The test specimens were then annealed at 60 
o
C for 10 minutes and then kept in between the electrodes of the 

sample holder for various measurements. 

 

III. CHARACTERIZATION 

3.1. Dielectric measurements 

 The dielectric properties of materials play a key role in the practical performances of integrated circuits. A basic 

understanding of dielectric properties is therefore needed for engineers and scientists working in semiconductor 

industries. One important property of dielectric materials is the dielectric constant (permittivity). Dielectric 

constant  (ε') is a measure of the ability of a material to be polarized by an electric field, and closely related to 

the capacitance (C) i.e. the ability to store electric charge. Capacitance (C) and tan δ values were measured by 

using a Wayne Kerr 6500B Impedance Analyzer in the temperature range from 30
o
C to 185

o
C at different 

frequencies (0.25 kHz to 5 kHz) keeping the heating rate constant at 2
 o

C/min. Dielectric constant (ε') of the 

composite has been calculated by using the following relation 

  
Co

C
'                  (1) 

Where C and CO are the capacitance with and without dielectric, respectively; CO in pF is given by   

pf
d

A
Co

)08854.0(
  

Where A (cm
2
) is the area of the electrodes and d (cm) the thickness of the sample. 

 

In dielectric analysis, the sample is placed between two parallel electrodes. By applying a sinusoidal voltage, an 

alternating electric field is created, due to which polarization is produced in the sample, which oscillates at the 

same frequency as the electric field, but has a phase angle shift. The phase angle shift is measured by comparing 

the applied voltage to the measured current, which is separated into capacitive and conductive components [26, 

27]. Measurements of capacitance and conductance are used to calculate: 

(i) Real part of permittivity (apparent permittivity) ε', which is proportional to the capacitance and 

measures the alignment of dipoles. 

(ii) Imaginary part of permittivity (loss factor) ε'', which is proportional to the conductance and represents 

the energy required to align dipoles and move ions. 

(iii)  Dissipation factor, tan δ = ε''/ ε'. 

AC conductivity (ζa.c.) was calculated from the relation  
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ζa.c. = ε0 ω ε' tan δ       (3) 

where ε0 is the permittivity of free space, tan δ the dielectric dissipation factor and ω the angular frequency. 

At lower and intermediate frequencies ε' and tan δ values in MWNT reinforced epoxy composites are due to the 

contributions of orientation, space charge and interfacial polarization. Contribution of orientation polarization 

decreases at high frequency because the molecules do not have time for orientation which is evidenced by the 

decrease in ε' and tan δ of composites with frequency. 

 

IV. RESULTS AND DISCUSSIONS 

4.1. Dielectric Constant (ε')  of EP-MWCNT nanocomposites 

Figure 4 (a - f) shows the variation of dielectric constant (ε') with temperature (T) a) pure epoxy (EP-00), (b) 0.5 

wt % MWCNT, (c) 1 wt % MWCNT, (d) 1.5 wt % MWCNT, (e) 2 wt % MWCNT and (f) 2.5 wt % MWCNT  

composite at 0.5, 3, 5, 8 and 105 kHz respectively. It can be ascertained that the dielectric constant (ε') of 

composites is closely related to the frequency, Figure 4 (a) shows that dielectric constant (ε') increases with 

increase of temperature from 30 
o
C to 180 

o
C and decreases with an increase in frequency from 0.5 kHz to 10 

kHz. At low frequencies, all the dipole groups in the epoxy molecular chains can orient themselves, resulting in 

higher dielectric constant. When the frequency of ac voltage increases, the polarization fails to settle itself 

completely and the values of the dielectric constant of epoxy resin begin to drop approaching at very high 

frequencies. The peak height of the transition temperature (Tt ) decreases with increasing frequency. At lower 

temperatures ε' values at different frequencies merged. Figure 4 (b) shows that dielectric constant increase with 

increase in temperature and decreases with the increase of frequency from 0.5 kHz to 10 kHz. It is observed that 

the ε' increases initially with temperature up to 100 
o
C after that it decreases up to 150 

o
C and again increases up 

to 185 
o
C Figure 4 (c) shows that the dielectric constant (ε') increases initially with temperature up to 100 

o
C and 

then decreases with temperature until it increased at 150 
o
C. The same trend can be seen in Figure 4 (e) with the 

difference that in this curve the value of the dielectric constant (ε') increases up to 8.5 at 110 
o
C for 0. 5 kHz  

frequency. The reason behind the increase in ε' after 150 
o
C may be, when the temperature is lower than a 

transition temperature (Tt ) of the composite the expansion of the polymer matrix will separate the MWCNT 

fillers which contributes for the conducting path by the electron tunneling before. As the interfaces between the 

MWCNTs and the polymer matrix will increase by increasing the temperature, the dielectric constant will 

increase. When the temperature is higher than Tt, the epoxy crystalline phase begins to melt, transforming to the 

rubbery flow region. This will make it easier for the fillers to connect or transfer the electron tunneling with 

each other. Therefore interfaces between the MWCNTs and the polymer matrix will decrease hence, the  
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(a)                                                                            (b) 

     

(c)                                                                            (d) 

     

(e)                                                                            (f) 

Fig 4(a-f) Shows the variation of dielectric constant (ε') with temperature (T) for (a) pure epoxy, (b) 0.5 wt % 

MWCNT, (c) 1 wt % MWCNT, (d) 1.5 wt % MWCNT, (e) 2 wt % MWCNT and (f) 2.5 wt % MWCNT  

composite at 0.5, 3, 5, 8 and 10 kHz respectively 

dielectric constant will decrease. On the other hand, the electrons will capture more energy when the 

temperature increases, and they can overcome the potential barrier easily. So the dielectric constant decreases 

with increasing temperature. However, the nomadic electrons will get larger energy and agglomerated on the 
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interfaces at higher temperatures. The polarization will be enlarged, even exceed the influence of MWCNTs 

again. The dielectric constant increases again [28]. 

4.2. Dielectric Constant (ε')  of EP-CB nanocomposites 

The volume concentration of the fillers in composites has been proved to be a crucial parameter governing the 

dielectric behaviour of the polymer composites. Figs. 5 (a-f) shows the effect of frequency and temperature on 

the dielectric constant (ε′) of the prepared CB–EP composites for (a) pure epoxy, (b) 0.5 wt % CB, (c) 1 wt % 

CB, (d) 1.5 wt % CB, (e) 2 wt % CB and (f) 2.5 wt % CB  composite at 0.5, 3, 5, 8 and 10 kHz respectively. 

When the content of filler in polymer matrix is low the dielectric constant (ε′) of the EP– CB composite changes 

slightly at all frequencies (Figs. 5). The composites exhibit insulating properties due to the large mean distance 

between charged particles (carbon black as filler) or clusters and limited conductance due to the presence of the 

filler in polymer matrix. The conductive CB particles form a finite cluster in the epoxy matrix hence the 

conductive network paths cannot form in the matrix due to the physical barriers between the gaps. These gaps 

hinder the flow of charge carriers through the epoxy matrix. A small increase in conductivity of polymer 

composite may be attributed to the transportation of the small number of charged particles through the polymer 

matrix without having any continuous conductive path [29-31]. At a critical volume concentration (or 

percolating threshold) of the filler, a physical path percolating thewhole system is formed within the matrix in 

away that the current can flow [25]. It is evident from the graphs of Figs. 5 that the volume fraction of the filler 

affects the dielectric constant (ε′) of the polymer composite considerably. 

The peak height at the transition temperature decreases with increasing frequency as shown in Figs. 4 (a-f) and 5 

(a-f). At low frequencies the mobile ions accumulate at the interface which gives a high value of dielectric 

constant as it is a measure of stored charge directly related to charge carriers. Also, all the dipole groups in the 

epoxy molecular chains can orient themselves at low frequencies again resulting in higher dielectric constant 

(ε′). With an increase in the frequency of ac voltage, the polarization fails to settle completely and the values of 

dielectric constant of epoxy resin begin to drop at the higher frequencies. At high frequencies, periodic reversal 

of the electric field occurs so fast that there is no room for excess ion diffusion in the direction of the field and 

polarization due to charge accumulation decreases, leading to the decrease in dielectric constant.There are two 

mechanisms of electrical conduction. One is when the conductors in composites connect with each other to form 

conductive routes, and the other is that the conductors in composites do not connect with each other, but their 

distances are so small that the electrons can be transmitted through electron tunnels formed among conductors 

nearby. Obtained current in first mechanism is named as a leakage current and in second the resultant current is 

named as a tunneling current. Generally, being higher the leakage current makes more contribution to 

conductivity than tunneling current. Hence for the leakage current, the content of filler should be high so that a 

network is formed in the matrix. Thus, the conduction mechanism of the composites is closely related to both 

the dispersion and the content of conductors. Specifically, when the content of MWCNTs is very small, that is, 

the content of MWCNTs in the composites is not sufficient to make the connecting networks; hence their 

conduction mechanisms are due to the tunneling of electron [32]. 
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(a)                                                                            (b) 

     

(c)                                                                            (d) 

     

(e)                                                                            (f) 

Fig 5(a-f) Shows the variation of dielectric constant (ε') with temperature (T) for (a) pure epoxy, (b) 0.5 wt % 

CB, (c) 1 wt % CB, (d) 1.5 wt % CB, (e) 2 wt % CB and (f) 2.5 wt % CB  composite at 0.5, 3, 5, 8 and 10 kHz 

respectively 

Analyzing figure 4 and 5 it can be concluded that the dielectric constant (ε') of CB-EP samples are having the 

higher values as compared to the MWCNT-EP samples at 2 wt % CB in epoxy matrix. 

4.3. AC conductivity (ζac)of EP-MWCNT nanocomposites 
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Figure 6 (a-f) show the plots of AC conductivity (ζac) with Temperature (T) for (a) pure epoxy, (b) 0.5 wt % 

MWCNT, (c) 1 wt % MWCNT, (d) 1.5 wt % MWCNT, (e) 2 wt % MWCNT and (f) 2.5 wt % MWCNT  

composite at 0.5, 3, 5, 8 and 10 kHz respectively. These plots show that the AC conductivity increased with 

increasing temperature and frequency. The inset curves clearly show the variation of the AC conductivity with 

temperature and frequency up to 160 
o
C. It is observed that AC conductivity (ζac) of all the five samples 

increases with the increase in temperature and that confirms the negative coefficient of resistance behaviour. 

The AC conductivity of the sample increased with the increase in wt% of the MWCNT. This behaviour also 

suggests that the electrical conduction is increasing at the higher temperature which may be again due to the 

increase in the segmental mobility of the polymer molecules. 

     

(a)                                                                            (b) 

     

(c)                                                                            (d) 
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(e)                                                                            (f) 

Fig 6(a-f) Shows the plots of AC conductivity (ζac) with Temperature (T) for (a) pure epoxy, (b) 0.5 wt % 

MWCNT, (c) 1 wt % MWCNT, (d) 1.5 wt % MWCNT, (e) 2 wt % MWCNT and (f) 2.5 wt % MWCNT  

composite at 0.5, 3, 5, 8 and 10 kHz respectively 

4.4. AC conductivity (ζac)of EP-CB nanocomposites 

Figs. 7 (a-f) shows the effect of filler concentration of carbon black on the AC conductivity (ζac) with different 

frequencies for the batches of prepared samples. The inset graph of these plots shows that, AC conductivity 

increases with increasing filler concentration and temperature. The increase in ζac is more for the higher filler 

concentration as compared to the pure epoxy. This increase in ζac starts from50 °C for different filler 

concentrations. Before this temperature the ζac value remains almost the same for all the filler concentration 

samples. 

       

(a)                                                                            (b) 
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(c)                                                                            (d) 

     

(e)                                                                            (f) 

Fig 6(a-f) Shows the plots of AC conductivity (ζac) with Temperature (T) for (a) pure epoxy, (b) 0.5 wt % CB, 

(c) 1 wt % CB, (d) 1.5 wt % CB, (e) 2 wt % CB and (f) 2.5 wt % CB  composite at 0.5, 3, 5, 8 and 10 kHz 

respectively 

Figs. 5 and 6 show the dependency of the AC conductivity (ζac) on the frequency for different wt % fillers. The 

increase in conductivity by increasing the frequency and temperature is a common response for polymeric and 

semiconductor samples [33]. The reason for this increase in AC conductivity (ζac) is tremendous increase of the 

mobility of charge carriers in the polymer composite. It is observed from the inset graph of Figs. 5 and 6 that 

AC conductivity (ζac) suddenly increases after 80 °C (approximately) at 0.5 kHz. This is because Tg (glass 

transition temperature) of epoxy is around 75 °C, and below that temperature the AC conductivity increases 

gradually but the increase is not appreciable. Above Tg, epoxy comes in amorphous phase, and sudden changes 

are observed in conductivity. For higher frequencies, (i.e., 5 kHz and 10 kHz) ζac values are suddenly increasing 

after 50 °C for both batches of prepared samples. 

4.5. Dielectric constant and AC Conductivity with log f 

Figure 7(a), 7(b) and 8(a), 8(b) shows the variation of ε' and (ζac) with log f (frequency) for both batches of 

prepared samples at 100 
o
C respectively. It was observed that the ε' decreased with increasing frequency and a.c. 

conductivity increased with increasing frequency. The change of ε' at lower frequency region is higher than that 

of at high frequency. In AC conductivity an interesting point was observed that the sudden increase seen in the 
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value at 1 kHz frequency for EP CNT 0.5 whereas a gradual increase in the value of EP CNT 0.1 and EP CNT 

0.3. 

    

Fig 7(a) & 7(b) Shows the variation of dielectric constant (ε') and AC Conductivity (ζac) with log f (frequency) 

for (a) pure epoxy, (b) 0.5 wt % MWCNT, (c) 1 wt % MWCNT, (d) 1.5 wt % MWCNT, (e) 2 wt % MWCNT 

and (f) 2.5 wt % MWCNT  composite at 100 
o
C  

     

Fig 8(a) & 8(b) Shows the variation of dielectric constant (ε') and AC Conductivity (ζac) with log f (frequency) 

for (a) pure epoxy, (b) 0.5 wt % CB, (c) 1 wt % CB, (d) 1.5 wt % CB, (e) 2 wt % CB and (f) 2.5 wt % CB  

composite at 100 
o
C 

It is clear from the figure that ε′ values decrease with the increase in the log (f) for all prepared filler 

concentrations. The ε′ values are approximately the same for 2 and 2.5 wt % CB-EP composite. The change of ε′ 

at lower frequency region is higher than that of at high frequency. The atomic and electronic polarizations are 

instantaneous polarization components, the effect of which is seen only at high frequencies. The dipole or 

orientation polarization occurs due to the presence of polar groups in the material. The interfacial polarization 

arises due to heterogeneity, which is higher at lower frequency. Hence, the higher values of ε′ at low frequency 

can be explained in terms of interfacial polarization. As observed the ζac value increases with increase in log 

(f).With all filler concentrations, the increase of frequency increases AC conductivity, which is due to increase 

in the hopping of conducting electrons present in filler. At higher frequencies this hopping frequency could  not 

match the applied field frequency.  
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V. CONCLUSIONS 

The small quantity addition of filler can modify considerably the electrical behaviour of a epoxy nanocomposite. 

The conduction mechanism of the polymer nanocomposites is closely related to both the dispersion of the filler 

as well as the contents of the filler. At low weight % of MWCNT in epoxy composites, the conduction was due 

to the charge transport which follows through a thermal fluctuation induced tunneling mechanism in place of 

percolation network formation. The type of filler plays an important role in the conduction mechanism. Here in 

this study the carbon black as a filler enhances the dielectric constant (ε') of the prepared sample more as 

compared to the Multiwalled carbon nanotube, which can effect the industrial production of the epoxy 

nanocomposites. MWCNT is costly as compared to CB, hence using CB as filler we are getting the higher 

dielectric constant (ε'). At low weight % of MWCNT in epoxy composites, the conduction was due to the charge 

transport which follows through a thermal fluctuation induced tunneling mechanism in place of percolation 

network formation. 
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