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The conductivity of any material is related to its atomic or molecular structure. The 

electrons of an atom exist in different energy states corresponding to different orbits 

around the nucleus. Quantum mechanical considerations permit only a certain number of 

electrons in a given radial orbit. The electrons in a given circle include a shell. On the off 

chance that a circle is filled, extra electrons can't enter that shell nor have a vitality related 

with that dimension. The furthest shell contains the valence electrons, whose circles are 

generally not filled and are in charge of compound holding. As two iotas attach to one 

another, their interpenetrating electrons may part into valence groups and conduction 

groups. These groups are isolated by a hole or vitality distinction. The extent of the vitality 

hole decides the conductivity of the material. In profoundly conductive materials (e.g., 

metals), the valence band isn't filled and covers the conduction band. In this way, there are 

various vitality levels into which an electron can be energized.  

Keywords 
Conduction behaviour, Epoxy-carbon, 
Composites, electrical, properties. 
 

 

 

 
1. Introduction 

In Epoxy-carbon Composites, where a conducting species 

is added to an insulator, there are three possibilities i.e. no 

contacts between particles, close proximity, and physical 

contact. At the point when the leading particles are detached, 

the conductivity of the composite is changed just somewhat. 

The composite stays just a separator, in spite of the fact that 

there might be critical change in its dielectric properties. At the 

point when the conductive particles are in nearness, electrons 

can hop ineffectively directing or non-leading holes between 

the particles, in spite of the fact that with trouble, by burrowing 

or bouncing, in this way making current stream [1].  

 

Under these conditions, the expansion of a little outer 

vitality raises a portion of the valence electrons into the 

conduction band, where they are allowed to stream. This kind 

of conduction is alluded to as band conduction. For less 

conductive materials, e.g., graphite, the valence band is filled, 

yet the vitality hole is small to the point that it tends to be 

effectively bounced. Materials directing by this system are 

alluded to as semiconductors. At the point when the valence 

band is filled and the vitality hole is too huge to even consider 

being effectively bounced, the materials are separators [2,3].  

 

The dielectric study is performed on specific temperature 

and a few frequencies; this is especially intriguing a direct 

result of the idea of polymeric frameworks which have long 

chain and high atomic weight. It is notable that the greater part 

of the dielectric properties, for example [4], dielectric steady, 

scattering component, and flexible scattering consistence in 

polymeric materials and are dispersive even at low frequencies 

[5]. 

 

2. Factors affecting the conduction behaviour of Epoxy-

carbon Composites 

Filler Conductivity  

Conducting polymer composites formed with more 

conducting filler has higher conductivity than one made with 

filler with a lower conductivity. Thus, composites made with 

metallic fillers, which have high volume conductivity will be 

more conductive than those made with nonmetallic fillers such 

as carbon black, once enough filler has been added to form a 

conductive network. Similarly, highly conductive metals such 

as silver will be more effective fillers than less conductive 

metals such as stainless steel [6].  

 

Filler Concentration  

The relationship between resistivity of conducting polymer 

composites and filler concentration is quite interesting and 

extremely important to understand, because there exists a very 

narrow range of filler concentration where the composite 

changes from an insulator to a conductor. A run of the mill 

bend of resistivity and volume convergence of filler is appeared 

in Fig. 1.5. It tends to be seen from the Fig. 1.5 that up to a 

basic filler focus, resistivity of the by and large epoxy-carbon 

composites is not really diminished by the filler [7]. In the locale 

of basic fixation, resistivity drops pointedly. Further increment 

in filler fixation keeps on decreasing the resistivity of the 

composite, however at a much lower rate. At low filler focus, 

too little filler is available to shape a conductive system; that is, 

not very many of the particles are almost or entirely contact 

with other conductive particles. Thus, the conductive way 

incorporates numerous huge holes between filler particles, 

where conduction over the exceedingly resistive grid pitch is 

essential. The epoxy-carbon composite resistivity is dictated by 

protecting polymer network material. At the basic fixation, 

subject to filler morphology and different components, the 

quantity of interparticle contacts increments strongly over a 

restricted scope of filler focus. The conductive way presently 

comprises of a system of filler particles that either are 

contacting or are isolated by exceptionally little holes and the 

resistivity falls strongly subsequently. When a broad 

conductive system has framed, further increments in filler 

fixation increment the normal cross segment of the conductive 

system by expanding the quantity of parallel pathways and the 

volume resistivity bit by bit falls in like manner [8].  
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Aspect Ratio of Filler  

For given conductive filler, the basic focus is delicate to its 

perspective proportion, which is characterized as the 

proportion of the long measurement to the short component of 

the filler particles. For instance, the proportion of a round and 

hollow bar is equivalent to its length isolated by its 

measurement. By and by, the viewpoint proportion can 

fluctuate from 1, for circular particles, to a few hundred or more 

for strands [9]. The state of the plot of resistivity versus filler 

fixation relationship (Fig. 1) stays about equivalent to the 

viewpoint proportion changes. Notwithstanding, organize 

development starts at lower filler focuses as the angle 

proportion increments, with the goal that the bend in Fig. 1 is 

moved to one side. The impact of perspective proportion on 

system arrangement can be found in Fig. 2 which shows three 

PC recreations of two-dimensional composites. In every one of 

these casings, the filler particles involve 20 zone percent and 

have the equivalent haphazardly relegated positions and 

directions, however their perspective proportion changes from 

edge to outline. At an angle proportion of 1, request; most 

particles are not in contact with some other filler particles. 

Some extra interparticle contacts are made at a perspective 

proportion of 4. At the point when the perspective proportion is 

expanded to 64, the particles are joined into a powerful system 

that contains various conduction ways [10].  

 

The actualities talked about in this investigation depended 

completely on the past writing contemplates, thusly, finding out 

the validity of the reactions was recognized as the constraint of 

the examination. 

 
Fig. 1: Relationship between volume concentration of filler and 

resistivity of composite 

Materials [11]

 

 
Fig 2: Aspect ratio in epoxy-carbon composites [12] 

 

Packing Density  

The efficiency of continuous network formation for a 

particulate material is inversely related to how densely it packs. 

Those that pack densely are inefficient network formers, while 

those that pack loosely are efficient network formers [13].  

 

3. Various Electrical Properties 

The various electrical characterizations which are done on 

epoxy-carbon/glass composites (particulate and fibrous type) 

are shown in Fig.3 [14]. 

 
Fig 3 Various electrical characterizations done on epoxy-carbon composites 
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Electrical and dielectric properties of epoxy-carbon 

composites  

Dielectric materials are categorized into organic polymers, 

inorganic ceramics, filled and unfilled polymeric thin films, 

ceramic films and dielectric composites. Polymer dielectric 

movies show exceptionally high dielectric quality 

(>300Kv/mm), lower dielectric misfortune (<0.01), and 

sufficient mechanical adaptability [15]. Single-stage polymers 

take out complexities emerging from blending and scattering 

that are common in the multi-stage frameworks, at the same 

time, they are subject to low dielectric permittivity or steady 

(<4) and working temperature (<2000C). Fired dielectrics will in 

general have high dielectric permittivity (>100) however 

moderately low dielectric quality (<50Kv/mm). Expanding their 

dielectric quality is one of the difficulties [16] furthermore, 

objectives in advanced dielectrics look into. The nearness of 

grain limits, porosity, pollutions, surface imperfections, and 

substance crumbling makes fired dielectrics come up short at 

generally low field stresses (<10kV/mm) [17]. 

 

 
Fig. 4: Dielectric constant versus Breakdown voltage of various materials [18]. 

 

4. Conclusion 

Studies of the dielectric properties of polymers have 

increased importance because it provides an understanding to 

movement of molecular chains and its applications in electrical 

and electronic engineering. Epoxy resins are exceptionally 

cross connected shapeless polymers utilized for protection in 

electric transformers, switchgear, turning machines, and so 

forth. Polymers have an exceptionally low convergence of free 

charge bearers, in this way are non conductive, due to its 

straightforwardness to electromagnetic radiation, they are not 

reasonable for utilized as a fenced in areas for electronic 

hardware since they can't shield it from outside radiation. 

Likewise they can't keep the departure of radiation from the 

segment.
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