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Abstract This work is expected to introduce a new class of polymer nanocomposite that might find thermal applications.
The objective is to develop new class of nanocomposites by incorporating nanoparticles (TiO, — ZnO) reinforcing phases
into a polymeric resin. Thermal properties included thermal conductivity, effiusivity, diffusivity; heat capacity and thermal
resistance have been studied for PMMA as a matrix reinforced in terms of volume fraction of TiO, and ZnO nanoparticles.
Ultrasonic dispersion technique is used to prepare the nanocomposites specimens follow with cold casting technique using
flash Teflon molds according to standard conditions. Mathis technique is used to measure thermal properties. Thermal
conductivity, thermal effusivity and thermal diffusivity results show that the values were increased by succession of volume
fraction of fillers. Heat capacity and thermal resistance results show that the values were decreased progressively by

succession of volume fraction of fillers.
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1. Introduction

The main reason behind the wide spread use of polymers
is their unique set of properties such as toughness, light
weight, low cost, and ease of processing and fabrication.
Even though polymers are not the panacea of industry’s
material problems, their unique set of properties have made
them one of the important classes of materials finding their
way into the electronic industries [1].

The combination of two different materials, for instance
polymeric, is a simple route for combining the attractive
features in order to enhance the deficient characteristics of a
particular material [2]. Many common examples of
composite materials can be found in the world around us.
Wood and bone are examples of natural composites [3].
Recent and successful examples of improved properties that
can be achieved by using these procedures are offered by
adding to a polymeric phase of organic and inorganic filler,
for instance hyper branched polymers and hybrid organic —
inorganic nanofillers [4, 5].

In particular, polymer composites reinforced with
inorganic fillers of dimensions in the nanometer range,
known as nanocomposites, have attracted great interest
from researchers, due to unexpected synergistic properties
derived from the two components. The most studied
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polymer nanocomposites (PN) are composed of
thermoplastic ~ or  thermosetting matrix. ~ Numerous
applications in the field of electrical engineering require
high thermal conductivity, such as insulating materials for
power equipment, electronic packaging and encapsulations,
computer chips, satellite devices and other areas where
good heat dissipation is needed, and this is even more
important for polymers reinforced with different types of
fillers.

Improved thermal conductivity in polymers may be
achieved either by molecular orientation or by the addition
of highly heat conductive fillers [6]. Temperature, pressure,
density of the polymer, orientation of chain segments,
crystal structure, the degree of crystallinity and many other
factors may affect the thermal conductivity of polymers [7].
In recent years, extensive researches have been performed
upon the reliable thermal characteristics of PMMA
reinforced by nanoparticles for thermal insulating
applications [8-14].

2. Theoretical Considerations

Thermal conductivity can be measured using several
different instrumental techniques. One of these is the
differential scanning calorimetry (DSC) as well as the
Mathis technique. DSC is a thermal analysis technique
which measures heat flow into or out of a material as a
function of temperature or time [15, 16].

Measurement of glass transition temperature, melting
point, crystallinity, and degree of cure are specific examples
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of some of the more common DSC measurements. The
Mathis TCi is based on the modified transient plane source
technique.
Thermal conductivity can be calculated using the
equation [17]:
dH dT
—=—AA— €))
dt dx
Where: H, Heat (J), ¢, time (sec), 4, thermal conductivity
(W/K. m), T, temperature (K), x, height of test specimen
(m), and 4, cross sectional area of test specimen (m?).
The thermal diffusivity equation (m’/ s) is:
A
o= ()
Cp-p

Where: C,: specific heat capacity (J/km. k), p: density of
sample (km / m®). The effuisivity equation (Ws”/ m?. k) is:

&= M-p'Cp 3)

The thermal resistance equation (km. k /J) is:

dx
R==
7 (4)
3. Experimental Work

Nanocomposites are prepared by dispersing nano TiO,-
ZnO kinetically using ultrasonication technique. To achieve
better state of dispersion first the nanoparticales were
treated with alcoholic medium (ethanol or acetone) for the
deagglomeration of the nanoparticle bundles. The treated
nanoparticles are then added to the PMMA resin and
sonicated for 2 hours at room temperature. Then the mixture
is cured under vacuum at (363K) for 10 hours followed by
hardener addition by using simultaneous magnetic stirring
(100 rpm), for an hour to homogenization.

The prepared samples are treated at (353K) for 6 hours in
the oven to remove the moisture contents of the samples.
The samples are placed between two metal plates under
pressure to reduce porosity forming during hardening, before
mechanical and thermal measurements. The surfaces of the
specimens are mechanically polished to minimize the
influence of surface flaws, mainly the porosity. To prepare
the nanocomposite samples, molds are made from Teflon.
The mold smeared by wax before the mixture is poured into
the mold after homogeneity. To calculate the weight of
analyzed materials sensitive electronic balance was used.

The third generation of Mathis technology expands the
capabilities of this rapid, non-destructive thermal
conductivity and effusivity testing instrument to a whole
new level. The system has broad testing capabilities (0.0-
100) W/m.K in a wide range of temperatures (—323K to
573K). The TCi can be equipped with one or two sensors
for increased capacity, and provides accurate thermal
analysis of solids, liquids, powders and pastes in less time
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than any other instrument — only 5 seconds. And because
the procedure is non-destructive, samples remain intact
undisturbed and reusable after testing.

The Mathis TCi is based on the modified transient plane
source technique. It uses a one-sided, interfacial, heat
reflectance sensor that applies a momentary, constant heat
source to the sample. The thick samples are placed directly
on the wetted sensor, using an aluminum foil in between in
reference according to standard conditions [15]. Aluminum
foil is recommended to distribute the heat more evenly over
the sample area. Both thermal conductivity and effusivity
are measured directly and rapidly, providing a detailed
overview of the thermal characteristics of the sample
material.

4. Results and Discussion

Thermal properties of the different volume fractions were
measured by Mathis TCi technique. The results are
summarized in table (1) showed that the results of thermal
conductivity (A) were increased with increasing volume
fraction of nano TiO, and ZnO. Thermal conductivity was
improving from 0.22 (W /m.k) for PMMA matrix to 0.44
(W /m.k) for 5 Vol. % of nanoparticles, this because of a
good distributions of the fillers and a good thermal
conductivity for materials reinforced PMMA matrix
according to literature [18].

Table 1. Thermal properties by DSC and Mathis TCi
Vol.% 1w /);n. k) ws'/‘/smz.k mn?z/ s (J/lfgp.k) mz.ll: W
PMMA 0.22 586 0.141 1334 0.0181
1% 0.31 680 0.207 1269 0.0153
2% 0.31 684 0.21 1199 0.011
3% 0.36 735 0.24 1181 0.012
4% 0.31 681 0.21 1108 0.009
5% 0.44 814 0.30 1075 0.007

Thermal effusivity (¢) and diffusivity (8) were increased
with increased volume fractions of nanoparticles. The
enhancements of thermal conductivity, thermal effusivity
and diffusivity can be explained according to the effect of
TiO, and ZnO nanoparticles reinforced the PMMA matrix,
where the polymer materials show a weak thermal
conductivity. Thermal conductivities of insulating polymer
materials are usually 1-3 orders lower than those of
ceramics and metals due to the chain-like structure of
polymers; the heat capacity consists of the contribution of
two mechanisms: lattice vibrations and characteristic
vibrations, which originate from internal motions of the
repeating unit. The lattice vibrations are acoustic vibrations,
which give the main contribution to the thermal
conductivity at low temperatures. The characteristic
vibration of the side groups of the polymer chains are
optical vibrations, which become visible at temperatures
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above 100 K generally, the thermal conductivity of
amorphous polymers increases with increasing temperature
in the glassy region and decrease slowly or remains
constant in the rubbery region.

Heat capacity (C, ) results which was dropped from
1334(J/ Kg. K) in PMMA to 1075.62 (J/ Kg. K) in 5 vol. %
of nanoparticles due to their low heat capacity. Thermal
resistance (R) results were decreased from (0.0181 m%K /W)
for PMMA to (0.007 m”>.K /W) for 5 vol. % of nanoparticles.
This because of the thermal resistance is reverse of thermal
conductivity, so increasing volume fractions of TiO, — ZnO
lead to decreasing of heat capacity of nanocomposites.

5. Conclusions

Thermal effusivity, thermal conductivity and thermal
diffusion increase with increase percentage of nanoparticles
(TiO, — ZnO) values. The heat capacity and thermal
resistance decrease with increased volume fraction of
nanoparticles.
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