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Abstract— This thesis encounter with the evaluation and
estimation of thermal conductivity of “Epoxy Composites
Embedded” when filled with boron nitride (BN). These
composites with BN content ranging from 0 to 11.3 vol.% have
been prepared and the thermal conductivities of the samples are
measured experimentally. A numerical simulation using finite
element package ANSYS is used to explain heat transfer process
within epoxy matrix filled with micro-BN and the effective
thermal conductivity values obtained from this method are
validated with experimental results and theoretical correlation. It
is observed that for 11.3 vol% of micro-BN in epoxy matrix, the
increase in thermal conductivity is about 27.82 % while for 30
vol% the increase in thermal conductivity is about 440 % which
is reasonably higher compared to neat epoxy resin. The results
show that the BN particles show a percolation behaviour at 20
vol% at which a sudden jump in thermal conductivity is noticed.
Index Terms— Epoxy Composites,
Thermal Conductivity, FEM, Percolation.
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I. INTRODUCTION
In present time, the role of composite materials is growing
speedily in context of study and uses. “A composite material is
composed of reinforcement (fibers, particles, flakes, and/or
fillers) embedded in a matrix (polymers, metals, or ceramics).
The matrix holds the reinforcement to form the desired shape
while the reinforcement improves the overall mechanical
properties of the matrix. The newly combined materials hence
exhibit better strength than each individual material.
Composites are combinations of two or more materials in
which one of the materials is called the reinforcing phase
which is in the form of fibers or particles embedded in the
other material called the matrix phase.”
Composite materials are normally categorised by the
variety of material applied in a matrix. For any kind of
application, composite materials can be used of all variety.
“The reinforcing material can be either fibrous or non-fibrous
(particulates) in nature. The composite materials have
advantage over other conventional materials due to their higher
specific properties such as tensile, impact and flexural

strengths, stiffness and fatigue characteristics which enables for
structural design applications and are more versatile. Epoxy
resins are polyether resins containing more than one epoxy
group capable of being converted into the thermoset form.
These resins, on curing, do not create volatile products in spite
of the presence of a volatile solvent. The epoxies may be
named as oxides, such as ethylene oxides (epoxy ethane), or 1,
2-epoxide.”
Epoxy resin uses are vast: glues, packaging, building
products (carpeting, pavement & aggregates), laminates,
composites, coverings, moulding & garment concluding. In the
air and spacecraft sector, they recently find applications.
Boron nitride, though, was revealed in the starting of 19th
century, but not declared as industrial material till the rest half
of the 20th century. The atomic radii of boron(B)&
nitrogen(N2) are close to those of carbon(C) and are relatives'
of Carbon(C) in the periodic table-boron and nitrogen in the
paired electron of the external shell have equal quantities. This
is also no shock to hear that the crystal structure of boron
nitride and carbon reveal similarity. Unlike charcoal, graphite
and stone, the hexagonal and the cubic shape of boron nitrides
may be synthesized. The grafted structure equals Hexagonal
boron nitride (h-BN) (see Figure.1). Like graphite, it's plate
with strong lubricating properties including microstructure and
layered structure. h-BN avoids sintering and typically consists
of soft pressing.
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Figure 1.1. h-BN powder
Cubic boron nitride (C-BN) has the similar diamond like
structure and also similar characteristics. In addition, C-BN is
next to the diamond's 2nd hardest stuff. The synthesis of C-BN
first took place in 1957, but the industrial development of CBN has only been produced in the last 15 years.
Hexagonal Boron Nitride (h-BN)
Wenying Zhaoet et.al [55] studied the thermal conductivity
of HDPE BN particles, that is to say HDPE-enhanced BN
particles, in boron nitride (BN) particles fortified with
composites of high polyethylene density (HDPE). For higher
HDPE than for low thermal conductivity of composites; One
bigger. Another greater scale. “The conduit was tested for the
splitting of boron nitride (BN) composites with several specific
forms of carbon and ceramic fibre. The fiber and fiber/ matrix
interface interfaces governed the mechanical strength and
hardening of composites. In view of the structural similarities
between BN and biomass, the mechanical behavior of C / BN
was expected to be comparable to that of C / C. The two
composites include a compact frame matrix and hard carbon
fibre. Cameron G. Gofer et al.[56] also used in the epochal
matrix strongly thermal-driven aluminum (AlN) and borin
nitride (BN) fillers for evaluating the effect of particle size and
relative structure on the thermal conductivity of Honget.al
Jung-Pyo composites. It has a bimodal particle size distribution
that helps to maximize the intensity of particle packing. The
filler matrix structure is extremely temperature-conductive and
offers low thermal resistance along the route thanks to its
capacity to construct conduction networks. HatsuoIshid et.al
uses solid thermal ceramic products in polymers in order to
improve thermal conductivity of in capsulates or substrates. In
the analysis of the physical properties that BN primarily
control its nuclear structure, Jens Eichler et.al. The hexagonal
BN isolator layer with weak van der waals forces which allow
layers to slide easily against each other, and so the h-BN is also
known as white graphite.”
Definition of composite:
A composite is characterized as a material consisting of at
least two components (different phases or phase mixtures)

fused together on the compound interface, in which each
initiates from a different material element that pre-exists.
• Composite states to a material, “as opposed to a
structure or a component, as such a composite material
is used for the fabrication of components of various
shapes or functions, thus it should be distinguished from
a wing or other structure made of several components
bonded together and from an electronic device or
packaging structure made of layered materials.
• The composites are blends of two materials in which the
material known as the reinforcing phase is created by
fibers or particulates, and is integrated into the other
material known as the matrix phase. The matrix's
primary role is Move stresses between fibers or particles
reinforced to defend them from mechanical and/or
environmental harm, whereas fivers or particles in a
composite boost their mechanical properties such as
rigidity to energy, etc.”
The objectives are to take advantages of the superior
properties of both materials without compromising on the
weakness of either. Composite materials have successfully
substituted the traditional materials in several lightweight and
high strength applications. The reasons why composites are
selected for such applications are mainly their high strength-toweight ratio, toughness, high creep resistance and high tensile
strength at elevated temperatures.”
II. LITERATURE SURVEY
The purpose of this literature review is to provide
background information on the issues to be considered in this
thesis and to emphasize the relevance of the present study. This
treatise embraces some related aspects of polymer composites
with special reference to their thermal characteristics. The
topics include brief review on.”
1. Particulate Reinforced polymer composites.
2. Thermal Conductivity of Polymer composites.
3. Thermal behaviour of BN Filled with epoxy resin.
4. Thermal Conductivity Models.
Weidenfeller et al. also studied the impact on thermal
conductivity, thermal diffusiveness and the basic heat ability of
the substances and on the interconnectivity of filler particles.
Polypropane was preparedthe density or thermal transport
characteristics of such polymer composites may differ from
one sample to another with available for trade type pitches by
extrusion and injection molding by different volume portions
of fill material. “Surprisingly, they reported a spectrum from
0.27 W / mk to 2.5 W / mK at 30 volts of thermal conductivity
for prepared polypropane (PP). Percent talc in the (PP) matrix
when the same copper particle conductivity matrix comprising
the same copper fraction amount was 1.25W / m-K in thermal
conduction even though the copper partial thermal conductivity
is around 40 times higher than the talc particle conductivity
value. Tekceet.-Tekceet. Al[51] filler type factor experiments
had a significant effect on plastic thermal conductivity.
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Kumlutas and Tavman [52] performed a number and
experimental analysis on thermal conductivity of filled
polymer composites, but they also shown that thermal
conductivity of particulate matter filled HDPE rises from
0.554W / mK to pure HDPE samples, respectively, by 8% and
16%, to 0.681W / mK and 1.116W / mK respectively, which
reflects 23% and 101% I each by volume fillers. The thermal
conductance of the compounds was calculated using various
methodologies and the experimental outcome for a highdensity polyethylene (HDPE) matrix filled with tiny particules
of up to 16% by volume was compared, and Patnaik et stated
the presence of possible association between thermal
conductivity and wear resistance of filled particles. to the[53].
Sanada et al.[54] researched the microstructure and thermal
conductivity of nano and micro fillers polymer composites,
utilizing A Monte-Carlo method developed by Intelligences to
create a unit cell of randomly dispersed micro fillers in the
MacroPac project.”
The Knowledge Gap in Earlier Investigations
In the past, though a number of studies have been published
on the thermal and dielectric characteristics of particulate
composites, there is a huge knowledge gap that demands a
well-planned and systematic research in this area of polymer
composites. An exhaustive review of the published literature
reveals that:”
•

•

•

Some work only aims to boost the heat conductivity of
polymer instead of adjusting the dielectric& thermal
characteristics of the polymer to match electronic
applications.
While several particles used in the past was employed
as fillers, the bulk of them are “Epoxy or polyimide”
and no data on the epoxy-based composites are
available.
The interaction b/w the efficient composite’s thermal
conductivity matter and the microstructural features
(particle distribution, volume portion, component
properties, particle accumulation, etc.) is not acceptable.

While a significant number of researchers have already
worked on this subject, several questions remain. A detailed
and systematic study on BN filled polymer composites thermal
and dielectric behavior has not yet been carried out adequately.
Therefore, the thermal and dielectric properties of composites
are less studied by particulate fillers like BN
Objective of the Present Investigation
The main objectives of this program is enunciated as
follows:
• Manufacture of a latest type of composites that use
boron nitride (BN)for the reinforcing filler to boost the
thermal characteristics of clean epoxy material.

•
•
•

Calculation of thermal corresponding conductivity of
the finite element (FEM) particulate-polymer composite
device.
FEM research confirmation by direct calculation of
thermal conductivity levels.
The presence and effect of BN material on the thermal
& dielectric characteristics of these BN epoxy
composite material.
III. MATERIALS AND METHODS

In following segment designates materials & processes for
use of these composite materials. Ffollowing chapter also
explains the composite material behaviour and thermal
conductivity measures using empirical methods to determine
thermal conductivity on the basis of the Finite Element model.”
A. Numerical Analysis: Finite Element Method (FEM) &
Ansys:
A powerful computer strategy on tackle a range of realworld engineering issues that are subject to complex domain
conditions are the Limited Element (FEM), initially introduced
in1956 by Turner and others. “FEM was a crucial step in the
creation or simulation of a physical phenomenon in particular
engineering disciplines. A physical phenomenon usually
affects several field variables in the continuum of matter (solid,
liquid, or gas). FEM limits their breakdown to a finite number
of domain (components) sub domains, for which the vibratory
or weighted residual methods are used to produce structural
system approaches. The FEM produces the entire work and has
numerous suggestions within the domains as well. In contrast
to the supposed approximating functions within each section,
FEM reduces the number of unknown functions to that, by
splitting the domain into elements and describing the unknown
field component. These functions in some instances, called
nodes, are represented by field values. Interpolation variables
are also known as characteristics of interpolation. The nodes
usually sit along the boundaries of the organization. The ability
to differentiate between separate realms by finite elements
allows this method useful and realistic resource in several
engineering disciplines to solve problems of limit, original and
Eigen interest. The FEM is a computer process to find
solutions to a wide range of technical concerns, including
tension tests, heat transfer, liquid flows, etc. EOLBREAK For
a variety of mechanical challenge, including static and dynamic
problems, structural (linear and non - linear), thermal motions
and fluids, and acoustic and electromagnetic issues, ANSYS is
a finite element model set.”
B. Normal Stages in FEM:
Finite element method (FEM) includes the below stages:
The governing differential equation (D.E.) of the situation
is transformed into an integral form. There are 2technology to
attain this property:
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C. benefits of finite element method (FEM) over other
numerical methods:
•

FEM have no structural boundations, it can be used for
any region or body with any shape of object.
• Edgepay load and restrictions are also followed.
• Domain’s problem of single material type can easily
analyse or resolved.
• This procedure can be employed for any non-uniform
shape range and all categories of boundary limitations.
• Precision &Accuracy of explanation can be modified
either by choos in gap proximation of higher degree
polynomials or by proper refinement of the mesh.
Algebraic expressions can be simply produced and resolved
on a computer system. Also, a normal determination code can
be produced for the analysis of a high level of situations.
• FEM constructions are nearly resembled the actual
region or body to be analysed.
• From discussion outcome can be modified easily by
mesh refinement process.

•

Finite element method (FEM) is an easy way to
generate elaborated visualizations of a complex problem
structure.

D. Materials:
(a). Material For Matrix:
“Epoxy resins are the most commonly used resins. Epoxy
LY 556 resin, chemically belonging to the epoxide family is
used as the matrix material. The low temperature curing epoxy
resin (Araldite LY 556) and the corresponding hardener (HY
951) are mixed in a ratio of 10:1 by weight as recommended.
They are low molecular weight organic liquids containing
epoxide groups. Epoxy is chosen primarily because it happens
to the most commonly used polymer and because of its low
density (1.1 gm. /cc). Epoxide has three members in its ring:
one oxygen and two carbon atoms. The reaction of
epichlorohydrin with phenols or aromatic amines makes most
epoxies.Low value of thermal conductivity of epoxy is about
(0.363W/m. K).”

Figure 3.2. Epoxy LY 556 resin.
(b). Filler material (BN) :

“Boron nitride is a white solid material in the as produced
hotpressed pattern. It is a low porosity solid and easily
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machined into complex shapes using standard carbide tooling.
The composites are anisotropic in its electrical and mechanical
properties due to the platy hexagonal crystals and their
orientation during the hot press consolidation. Its thermal

Characteristics of Boron Nitride:
Boron nitride (BN) is normally mentioned to as “white
graphite because it is a lubricious material with the same platy
hexagonal structure as carbon graphite. BN is a very good
electrical insulator, offer very high thermal conductivity and
good thermal shocking resistance. BN is stable inert in nature
and reducing atmospheres up to 2800°C, and in oxidizing
atmospheres to 850°C.Three grades are commonly used,
including calcium borate binder system, boric oxide binder
system, and a pure diffusion bonder grade. The boric oxide
contains material (Grade BO) absorbs moisture which causes
swelling and property reduction. The calcium borate contains
material (Grade CA) is moisture resistant. The pure BN
material (Grade XP).”

conductivity and density values are (110W/m .K and
2.34gm/cc respectively).”

E. Methodology:
Fabrication of Composites:
• Composite materials are fabricated through historically
manual-laying techniques to achieve six fillerabsorptions composite samples.
• “Low-temperature epoxy resins”& the respective
HY951 hardener are blended into the 10:1 mixture with
typical 100 μm boron nitride particle scale.
• 0, 1,4,3,35,5.23,7,85,9.04 and 11.3 vol% of boron
nitride are formed with Composites with six separate
compositions.
Casting is kept for around 24 hours after the cups have been
split and the samples have been released at room temperature.
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F. Investigational Purpose of Thermal Conductivity:
While calculating thermal conductivity of several
components, “Unitherm System” 2022 is employed. Polymers,
plastic, composites, lenses, leather, certain metals and other
low-to medium level thermal conductivity materials are
included. Less size specimens are nee
ded for processing. The use of different products will be
tested for non-solids like pasts or liquids. The use of
multifaceted methods can also accurately test thin films. The
findings comply with the standard “ASTM E-1530”.
Working rule of UnithermTM2022:

A model of the material is detained under neath a
“unchanging compressive type load” b/w 2 cultured exteriors,
each part precise at various temperatures range. “The lower
surface is part of a calibrated heat flow transducer. The heat
flow from upper surface passes through the sample, to the
lower surface establishing an axial temperature gradient in the
stack. After attain thermal equilibrium, the temperature
differences across the sample is measured along with the
output from the heat flow transducer. These values and the
samples thickness are then used to calculate the thermal
conductivity. The temperature drops through the sample is
measured with temperature sensors in the highly conductive
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metal surface layers on either side of the sample. The heat
conduction is measured by:”
“Where Q is the heat flux (W), K is the thermal
conductivity (W/m-K), A is the cross-sectional area (m2), T1T2is the difference in temperature (K), x is the thickness of the
sample (m). The thermal resistance of a sample can be given
as,”

This kind of “heat flow transducer” evaluates the value of
the Q in Unitherm 2022 and the temp alteration b/w the bottom
plate and the top plate can be achieved.
IV. RESULTS AND DISCUSSION
The outcomes of arithmetical investigation & researches
carried out for the “Thermal conductivity” of polymer
compounds being studied are presented in this Chapter. The
tests for certain thermal properties and dielectric properties of
these composites are also listed here..

1) Explanation of the situation:
The purpose of operative characteristics of composites is of
supreme position for purposeful design &uses of composites.
“One of the important factors that influence the effective
properties and can be controlled to an appreciable extent is the
microstructure of the composite. Here, microstructure means
the shape, size distribution, spatial distribution and orientation
distribution of the reinforcing inclusion in the matrix. Although
most composite possess inclusion of random distributions,
great insight of the effect of microstructure on the effective
properties can be gained from the investigation of composites
with periodic structure. System with periodic structures can be
more easily analyzed because of the high degree of symmetry
embedded in the system. Using the finite-element program
ANSYS, thermal analysis is carried out for the conductive heat
transfer through the composite body. In order to make a
thermal analysis, three-dimensional physical models with
spheres-in-a-cube lattice array have been used to simulate the
microstructure of composite materials for six different filler
concentrations.
Furthermore,
the
effective
thermal
conductivities of these epoxy composites filled with boron
nitride up to about 11.3% by volume is numerically determined
using ANSYS.”
2) Conventions:
In any investigation of the idyllic case, it will be presumed
that,
1. All composite materials are macroscopically
homogeneous material.
2. Both the matrix and filler are homogeneous and
isotropic locally.
3. The “thermal contact resistance” b/w the filler & the
matrix is almost zero.
4. The composite structure is free of gaps.
5. The situation is grounded on 3D physical prototype.
6. The filler particles are in a “Square periodic array” or
homogeneous dispersed in matrix of material.

A. OPERATIVE THERMAL CONDUCTIVITY (KEFF) OF
BORON NITRIDE (BN) FILLED WITH EPOXY MATRIX
COMPOSITE MATERIALS:
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Figure 4.1. The heat flow direction and the boundary conditions
3) Numerical Analysis:
“In the numerical analysis of the heat conduction problems, the temperatures at the nodes along the surfaces ABCD is
prescribed as T1 (=100º C) and the convective heat transfer coefficient is assumed to be 2.5 W/m2-K at ambient temperature of
27°C. The heat flow direction and the boundary conditions are shown in Fig. 4.1.”
“The others surfaces parallel to the direction of the heat flow are all assumed adiabatic. The temperatures at the nodes in the
interior region and on the adiabatic boundaries are unknown. These temperatures are obtained with the help of finite-element
program package ANSYS. Thermal conductivities of epoxy composites filled with boron nitride particles up to 11.3 % by volume
are numerically estimated by using the spheres-in-cube model. A typical 3-D model showing arrangement of spherical fillers with a
particle concentration of 1.4 vol% within the cube shaped matrix body. The temperature profiles obtained from FEM analysis for
the composites (spheres-in cube arrangement) with particulate concentrations of the values of effective thermal conductivities of
the particulate filled epoxy composites with varied proportions of boron nitride obtained using rule-of-mixture model, Maxwell’s
equation, Lewis and Nielsen’s equation and ROM series model and Geometric model are presented in Table 4.1. It presents a
comparison among the results obtained using these models with regard to the corresponding values of effective conductivity
obtained experimentally.”
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“The simulated values of effective thermal conductivity of
the composites obtained by FEM analysis are presented in
Table 4.3 along with the corresponding measured values. The

findings for spheres-in-cube arrangements are found to be
different as seen in this table.”

Figure 4.2. Comparison of thermal conductivity values obtained from different method
It can be attributed to the alteration b/w FEM virtual
numbers and the numbers received from the Mixture Law and
the Maxwell Model that these trends do not include the filler
particles dispersed within the matrix as studied by FEM. “The
thermal conductivity of epoxy improved from 0.363W / m-K to
0.464W / m-K, with 11.3% with 100 microns of boron nitride

atom. The graph shows that the curve slope is less and the fill
volume fraction is that, which makes the curves representing
the FEM steeper for less filler concentration. It may be due to
the fact that the inter - particle distance reduces, and that lead
chains begin to form, which increase thermal conductivity
equally. of increasing filler concentration. EOLBREAK
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EOLBREAK The Figure. 4.3 provides a descriptive schematic
of thermal conductivity values derived from various methods.
It is noted that the results from the finite - element analysis
using the composite sphere-in-cube model are similar to the
calculated thermal conductivity values for compounds of

different filler amounts. The FEM values are presented in
Table 4.3 for the proportion of failures in experimental values.
The table shows that the errors correlated with simulation
models for sphere-in-cube fall in the 1 - 3% scale.”

Figure 4.3. Comparison of thermal conductivity values obtained from various method

Figure 4.4. Effective thermal conductivity of the composited as function of BN Content
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When we get comparison of practically counted values, it is
noted that while the thermal conductivity value is
underestimated by the Multifunction law, Maxwell 's equation,
Lewis and Niesen 's equation (model of cubic spheres), Lewis
and FEM (model of cubing spheres), FEM (sphere-in-cube)
miscalculates the numbers with respect to experiments. “The
consequence is that FEM (sphere-in-cube) is suitable for a
predictive feature in the calculation of effective thermal
conductivity at a wide range of particle concentrations for a
particulate filled composite of this kind. figure. 4.4 compares
synthetic thermal conductivity measurements of the FEM
(sphere-in-cube) with experimental findings. The variation of
the effective thermal conductivity is also defined in accordance
with the compound boron nitride content. EOLBREAK
EOLBREAK It can be attributed to the difference between the
measured values and the simulated conductivity value that
some of the assumptions made in computational analytics are
not valid. It is assumed that the form of BN is spherical, while
in reality it is irregular. In addition, while boron nitride
particles are supposed to be dispersed in an arranged manner in
the matrix corpus, they are merely randomly spread throughout
the resin. The application of boron nitride increases the thermal
conductivity of epoxy resin. It is encouraging to note. With a
1.4 volume supplement. Thermal conductivity dropped by
around 2.47% and, compared to the strong epoxy resin, by an
addition of 11.3% of BN, thermal conductivity increased by
around 27.82%.”
V. CONCLUSIONS AND SCOPE FOR FUTURE WORK
A. Conclusions
•
•

•
•
•

•

In1st part details produce, by hand-motioning process,
of a variety of epoxy based composites with a microsize boron nitride sample.
EOLBREAK The second section contains an evaluation
of the thermal conductivity of the “Finite element
method (FEM)” used in these composites. The
measurements are performed simultaneously with a
Unitherm TM Model 2022 study, which measures the
thermal conductivity of the composites inside the
laboratory.
It is possible to effectively manufacture hand-lay
composites of the micro shaped BN packed epoxy
composite materials.
To evaluate the thermal conductance of such
composites with various amounts of BN material,
Finite-Element Approach (FEM) may be used gainfully.
"With respect to specific composites from FEM,
efficient thermal conductivity values for a broad variety
of filler materials varying from 1.4 volts are compatible
with the experimental values. To 11.3 vol each. 20
The FEM (sphere-in-cube) thermal conductivity values
are considered more reliable than the measured
numbers.

•
•

•

•

The established ones, including the Law of
Combination, the equation of Maxwell, the model of
Lewis and Nielsen and Bruggeman 's algorithm.
The inclusion of a micro-sized BN ensures that the
thermal conductivity of epoxy resin is greatly improved.
For a 1.4 volume supplement. Division BN improves
epoxy's thermal conductivity by around 2.47%, applied
by 11.3 vol. BN growth rises by nearly 27.82%.
This latest BN-filled epoxy form is ideal for
applications such as computer wrapping, encapsulation,
die (chip) fixings, heat grass, thermal interface content
and electrical cable isolation with improved thermal
conductivity & regulated dielectric persistent.
With the application of BN, epoxy resin increases its
thermal conductivity and enhances its thermal
conductivity thereby.

B. Scope for future work:
This work gives future researchers a wide scope to explore
many other aspects of thermal behaviour. For future research
guidelines include: impact of filler shape and size on thermal
properties of composites Exploring new fillers and polymers
for material development with high thermal conductivity and
low electrical conductivity Discovery.”
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