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Chapter 4
NanoDielectric Theories

ABSTRACT

This chapter sheds light on the recent nanotechnology theoretical models for interphase power law IPL
model, inhomogeneous interphase, and multi-nanoparticles technique. Moreover, this chapter reviews
deliberate hypothetical researches of the effective dielectric constant for polymer/filler nanocomposites
and its reliance on “filler concentration, the interphase interactions, polymer filler dielectric constant,
and interphase dielectric constant.” This chapter also investigates the prediction of the dielectric con-
stant of new nanocomposite materials dependent upon exponential power law model. Thus, this work
moves from the dielectric properties of beginning polymer matrix forward and predicts the dielectric
properties of new nanocomposite materials to be utilized for high voltage and directing materials by
adding specified nanoparticles with polymer matrix.

Exponential control theory model is a great fitting and has enabled us to control rate of change of inter-
phase properties, interphase volume constant and filler particle shape, thereby offering us a wider scope
for works. Hence, this chapter demonstrates novel modern materials improving the dielectric aspects of
new nanocomposite modern materials by interphase power law IPL models. These models take under
record collaborations between the segments of the composite framework in the structure from the begin-
ning interphase regions. The resultant models depend on the permittivity of the filler component, the
matrix part and the interphase area, as well as the volume fractions for each. Furthermore, the reasons
and effects of the interphase region with respect to an assortment from the beginning complex composite
frameworks have been investigated. There is also an investigation of the effects of the composite filler
sorts and filler surface areas, in addition to the dielectric aspects of the interphase area, looking into
new modern materials. This brings about shortages that can additionally be utilized for electrical and
thermal conductivity, magnetic permeability and diffusivity, provided that round inclusions and matrix
are isotropic. This part clarifies recent modern materials improving the dielectric aspects of new nano-
composite modern materials by interphase power theory IPL model. This model takes under account
connections between parts of the composite framework in the manifestation for interphase regions. The
resultant model depends on the permittivity of the filler component, the matrix part, the interphase area,
in addition to the volume fractions of each. The results and effects of the interphase region once an as-
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sortment is made for perplexing composite frameworks are also investigated. Effects of the composite
filler sorts and filler surface areas, as well as the dielectric values of the interphase region are examined
by looking into new industrial materials. This effect can also be utilized for electrical and thermal con-
ductivity, magnetic permeability and diffusivity, given that the round inclusions and matrix are isotropic.

4.1 NANO-DIELECTRIC COMPOSITES

Polymeric composites committed for particles, such as conductive, ferroelectric and alternately metal
particles are some of the vital building materials utilized for resistors, exchanging devices, directing
pastes, segments in the xerographic machine and separators over polymer electrolyte film energy units.
Percolation theory predicts that different values of a percolating framework can be identified with the
likelihood for occupation from beginning locales inside the percolation lattice, eventually perusing
energy law relations. Moreover, the exponents of these control relations are widespread in any case
in the framework. Composite and nanocomposite industrial materials are continuously investigated as
protecting material for electromagnetic compatibility (EMC) and electromagnetic interference (EMI)
applications. In these systems and in particle/matrix conductivities and volume stacking of the particles
in the matrix, the arbitrariness of distribution, poly dispersivity and interfacial thermal resistance play a
role in figuring out the successful conductivity of the composite material (Kanuparthi et al., 2006; Nan
et al., 1997; Wu et al., 2007; Zhang et al., 2005; Zhang et al., 2004).

4.1.1 Percolation Theory

Percolation theory is a general model for the depiction of measurable techniques, and it is a regular
technique in the investigations for pre-breakdown forms within solids. In addition, nanoparticle size
can plan new composite and thermal interface nanocomposite industrial materials by nanotechnology
science which can lead to an enormous upgrade in the magnetic properties of the composite materials,
influencing, in turn, the execution of the modern requisitions. Percolation theory aims at describing the
connectivity properties in irregular geometries and to investigate them for exploration of the physical
procedures. The percolation sorts are shaping a nonstop system of particles in conductive polymeric
composite which can be totally fulfilled. In the innovative technological applications, conductivity for
polymeric composite example can be acknowledged in a circular particle which, in traditional blending
decisions from the beginning particles, is subjected to fundamental matrices to figure out the effective
conductivity of composites, if the incorporation period is scattered in the matrix stage irregular appro-
priation (Salvadori et al., n.d.). It can be formed as follows:

6 =0,(X—X)' (D)
Where,

o, is the proportionality constant,

X is the volume concentration of conducting phase,

x_ is the critical concentration of conducting phase,
t is the exponential factor for percolation and tunneling percolation.
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