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Abstract: The formation of two-phase composite materials by adding inorganic ceramic particles in the organic
matrix is a hot and difficult point in the current study of high energy storage density. The electrostatic energy storage
characteristics of the material are determined by its internal electric field distribution. For pure polymer materials,
the internal electric field is uniformly distributed in a uniform external electric field environment, but when the
inorganic particles are filled to form a composite material, the local electric field of the material will be distorted,
which will affect the dielectric properties of the composite material. In this paper, the electric response properties of
particles with different shape, including sphere, fiber and disk and its special arrangement has been systematically
studied. The results show that both the shape and the spatial arrangement of the particles in the polymer matrix af-
fect the local distribution of electric field. For spherical particles, there will exist be field concentration up and be-

low the particle. For fibers, the field caused by the terminal surface bound charge should not be neglected when the
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aspect ratio is not large enough. At last, three three-dimensional simulation models of composites with spherical,

fiber and disk particles have been established. It is indicated that composites with fiber particle possess the highest

effective permittivity, while the disk particle is the lowest under the same concentration. The investigation of this

paper is of great significance to understand the microscopic mechanism of energy storage.

Keywords: composites; particles shape; local electric field distortion; high energy density; effective permittivity
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Fig.1 Illustration of local electric field in

ceramic particles/polymer composites
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((a) Spherical particle; (b) Fiber particle; (c) Disk particle)
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Fig.3 Local electric field distribution and corresponding bound charge density of inorganic particles/polymer composites with different shape of

inorganic particles in a uniform external electric field environment: ((a), (b)) Spherical particle; ((c), (d)) Fiber particle; ((e), (f)) Disk particle
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Fig. 4 Electric field distribution of inorganic particles/polymer

composites with different radius of sphere particles
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Fig. 10 Electric field distribution of inorganic particles/polymer composites with different shapes of inorganic particles (15vol%)

((a) Spherical particle; (b) Fiber particle; (c) Disk particle)
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Table1 Geometric and dielectric parameters of inorganic
particles/polymer composites in FEM simulation

Parameter Value
Model size/pm 10x10x15
Applied voltage/pV 15
Normalized permittivity of organic matrix 1
Normalized permittivity of inorganic particles 10
Radius of spherical particles/pm 0.8
Length of fiber particles/pm 7

Radius of fiber particles/um 0.3
Radius of disk particles/um 1.5
Thickness of disk particles/pm 0.3
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Fig. 11 Effects of inorganic particles volume fraction on effective

permittivity of inorganic particles/polymer composites
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