Material Sciences #8122, 2014, 4, 211-217 Hans i
Published Online September 2014 in Hans. http://www.hanspub.org/journal/ms
http://dx.doi.org/10.12677/ms.2014.45030

Dielectric Effect of Distributed Curie

Temperature in a Model of
Cubic Core-Shell Grain

Jing Wu?l, Wanqiang Cao?, Xunzhong Shang?”

School of Physics and Electronic Science, Hubei University, Wuhan

’Hubei Collaborative Innovation Center for Advanced Organic Chemical Materials, School of Materials Science
and Engineering, Hubei University, Wuhan

Email: *xzshang@hubu.edu.cn

Received: Jul. 15", 2014; revised: Aug. 14", 2014; accepted: Aug. 25", 2014

Copyright © 2014 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

A model of cubic core-shell grain with the distribution of the Curie temperature is proposed for
simulation of the polyhedron core-shell structure to obtain the size related dielectrics. When the
shell is a very thin layer with low dielectric constant, the shell has the grain-size effect: dielectric
constant decreases and the peak moves to low temperature. When the shell is thick with different
dielectric peak from the core one, the contribution of the core to the dielectric constant is a linear
relation to the square of it size. The distribution of the Curie temperature will move dielectric
peak to high temperature with dropping dielectric constant, and the temperature relation of im-
permeability in paraelectric phase can not be expressed by the power-law. Ferroelectrics will have
high stability of relation of dielectric constant with temperature for the combination of the shell in
linear distribution and the core in Gaussian distribution. It is the square of spontaneous polariza-
tion in ferroelectrics that has the same function as dipole in dielectrics for contribution to the
complex dielectric constant, and therefore a temperature dependent dielectric loss of the distri-
bution of the Curie temperature is derived.
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Figure 1. Under the conditions of different distribution
width in the second order phase transition (a) Dielectric
impermeability, (b) Dielectric constant, (c) Relation of
squared polarization with temperature. In the numerical
simulation for Eq. (8) Tco = 200, ag = 0.001, e/ = 0.8

E 1 TRNSHEEFET_METNE) NTERSE,
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AV EERRIU T T = 200, ap = 0.001, ap/ff = 0.8
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Figure 2. Influence of Curie temperature distribution with core-shell
structure on the dielectric constant in cubic model. (a) Curve 1 is re-
sult of a linear distribution of the Curie temperature; curve 2 is a re-
sult of distribution of Curie temperatures in linear shell and gaussian
core with AT, = 10 and p? =0.5; (b) Curve 1 is result of a uniform dis-
tribution of the Curie temperature; curve 2 is a result of distribution
of uniformed shell and gaussian core with AT, = 10 and p? =0.5
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