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ABSTRACT:

In this study, a polymeric-based composite material was made using 80% epoxy polyester 20% and unsaturated polyester
resin. The polymeric composites were prepared by manual moulding method by adding a support material of silica
powder to the mixture by weight (0%, 5%, 10%, and 15%) to examine one of the thermal properties which are thermal
expansion. A comparison was made with the polymeric mixture before and after the reinforcement. The results of the
study showed that the coefficient of thermal expansion increases with increasing temperatures, while it decreases at high
temperatures. The results also showed that there is a decrease in the degree of glass transition with an increase in the
concentration of the additive, and it was also noted that an increase in the percentage of silica at 15% decreases the value
of the thermal expansion coefficient compared to other samples.
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1. INTRODUCTION

Polymeric blends are made by the physical mixing of two
or more different polymers to produce a mixture with desirable
mechanical properties. Polymeric blends have witnessed great
interest and rapid growth compared to other polymeric materials
systems because of their high performance in most applications
and their low cost [1-3]. Thermal tests are one of the most
important tests for researchers in polymer science because of
their importance for testing the quality of polymers when used
industrially, and thermal analysis methods are one of the
methods used for examination. Thermal analysis devices were
developed and produced in a variety of ways for D4 Pont-Elmer
Perkin's thermal analysis [4, 5]. Thermal analyses are defined as
a set of analyses through which physical and chemical changes
are measured continuously as a function of temperature when
the material is exposed in a controlled manner to heat
differential thermodynamics and thermomechanical analysis [6,
7].

The method of thermomechanical analysis is one of the
methods concerned with studying the change of thermal
properties as a result of a change in temperature. The
thermomechanical analysis method is used to measure the
mechanical response of polymers when changing temperature
and under specific conditions [8]. Through this method, some
mechanical properties of polymeric compounds can be
measured. The coefficient of thermal expansion of the
polymeric material is measured, and the increase in volume is
measured when the model is exposed to different temperatures.
It is also possible through this method to determine the degree
of glass transition of the material and the degree of softness of
it, as well as the melting point [9]. In 2011, the researcher
(Nabil) and his group studied the effect of polyester moulding
and plasticization on the thermal expansion behaviour using the
* Corresponding author

thermomechanical decomposition TMA technique in order to
study the possibility of using thermal variables from the
longitudinal expansion coefficient and the change in length
through the processes of return and recovery of the polymer to
obtain a mixture or material. Overlapping is ideal for
engineering applications [10]. In the year 2021, the two
researchers ( Ageel and Mohammed ) studied the improvement
of the thermal specifications of the epoxy-talc power composite
using the TMA technique, where the results showed that
increasing the percentage of talc improved the thermal
properties represented by the degree of glass transition, and the
values of the thermal expansion coefficient showed a slight
decline with an increase in temperatures [11].

The research aims to investigate the variation in the
thermal expansion behaviour using thermomechanical analysis
techniques and to improve the thermal properties of the
composite material and the prepared samples used in this
research in order to use them in suitable industrial applications.

2. METHODS

The coefficient of thermal longitudinal expansion is
defined as the change in the length of the model in terms of
temperature [12]. The thermal expansion coefficient is related to
the change in the dimensions of the material when the
temperature changes, so the longitudinal expansion coefficient

is calculated according to the following relationship [13]:
1AL

a = ;E (l)

where a is the longitudinal expansion coefficient, L- is the
original length, L is the new length, and T is the temperature.
One of the important characteristics that determine the
homogeneity of polymeric mixtures is the degree of glass
transition, which is an average of a range of temperatures at
which the polymer transforms from a strong, hard, glassy
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substance into a flexible one [14]. At a temperature less than Ty,
the polymer is a brittle solid, as the particles have a small ability
to move, and plastic deformation can occur when the
temperature is higher than Tq [13, 15].

2.1 Materials Used

The materials used in the research include two main parts:
the matrix and the reinforcing material. The polymeric substrate
is divided into two types: epoxy resin and unsaturated polyester
resin (UPE). As for the precipitant, silica was used as a support
material in the preparation of the polymeric composite material.

2.2 Matrix Material

In this study, two types of resins were used as a base
material, namely: Epoxy resin, which is a thermosetting
polymer and is in the form of a viscous liquid with certain
specifications, including high adhesion ability and low
shrinkage upon drying. In this study, epoxy resin (Quickmast
105) was used, manufactured by Ayla Construction Chemicals
and licensed by DCP English, with a density of 1.04g / cm?3),
and the epoxy resin is converted to a solid state after adding a
hardener of the type Metaphenylen Diamine (MPDA), which is
a liquid substance with a transparent color, in a ratio of (1:3) so
that a reaction occurs between them at room temperature. It
begins with a gelatinous material, and after a certain period of
time, we find that the material hardens at room temperature.
After that, a curing process is performed for a number of hours
in order to reduce the percentage of contractions and increase
the bonding between molecules. The weakness of this polymer
is its high brittleness (Britten's). But the advantage of epoxy is
that it has intertwined chains.

Unsaturated polyester resin, which is manufactured by SIR
Saudi Arabia, is a thermosetting polymer that is in the form of a
transparent thermosetting liquid (with a density of 1.2 g/cm?3),
and this resin can be cured to a solid state after adding to it a
hardener of the type ethyl methyl ketone peroxide (MEKP) as a
hardener of 2g per 100g of resin to turn into a solid at room
temperature.

2.3 Reinforcing Material

Silica material was used as a reinforcement material with a
density of 2.32 g/cm® and a grain size of 35um and it was
obtained through the use of special sieves (shaker sieves) in
order to separate the required size in this work. Table 1 shows
the internal structure of silica by using (XRF) x-ray
fluorescence system.

Table 1: shows the chemical analysis of the elements that are
included in the composition of silica.

Compounds% Chemicals Elements
96.5-98 % SiO2

0.5-1.0 % Al20O3

0.07-0.5 % Fe203

0.1-04 % CaO

0.1-0.15 % MgO

>0.1% Na20

2.4 Preparation Technique

To prepare the mixture sample (80% EP + 20% UPE); a
weight ratio was taken for each resin according to the mixing
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amounts with the hardener using a sensitive scale. For epoxy,
the mixing ratio is 1:3. As for unsaturated polyester, the mixing
ratio is 2 per 100 g. Mix the mixture well with an electric mixer
for 10 minutes. The liquid was poured in the form of a torrent in
the middle of the mould so that it flows to all areas of the mould
in a continuous and regular manner until the mould is filled, and
then we leave the casting for 24 hours at room temperature. We
put the samples in a drying oven at a temperature of 50 °C for 5
hours to obtain the best crosslinking and reduce the internal
stresses formed during shrinkage. The special samples were cut
to perform the thermomechanical analysis examination, with a
length of 20 mm and a diameter of 5 mm.

Table 2: shows the mixture with the percentage of concentration
used in the research.

Composite Type of Material
Material Blend 80%EP/20%UPE
0, 0,
Blend 80%EP/20%UPE
Matrix Blend Reinforced with 5% by
silica 35 um
Blend+ ili Matrix Blend Reinforced with 10% by
en stlica | sjlica 35 pm
particles
Matrix Blend Reinforced with 15% by
silica 35 um

Figure 1: Photograph of the samples.

2.5 Device System (TMA)

The system was used in conducting the thermomechanical
analysis test in the Department of Physics, Anbar University.
The system consists of a model room, a model stand, sensors,
an oven, a controller, a data output unit, a calculator, and a
printer. Figure 2 shows the principle of operation of a
thermomechanical analysis system (TMA) is that when the
sample is placed in the place designated for it in the heart of the
convection oven, which contains thermal sensors, the system
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begins to work automatically by recording the readings
according to the temperature range that was determined and
prepared previously, where the sample begins to expand or
shrink according to the nature of the settings placed, and the
thermal sensors begin to record the change that occurs to the
model along with it. The sample is very accurate and sends
electronic signals to the computer system, which in turn
converts these signals into understandable data and forms by
drawing a shape for the changes that occurred in the sample in
terms of the change in length, temperature, and time.

P 3
Figure 2: The thermomechanical analysis (TMA) system.

3. RESULTS AND DISCUSSION

The study measured the change in sample length from a
polymeric mixture containing silica, focusing on the thermal
range (25-200 °C). Results showed a rise in thermal energy of
particles, causing plastic changes and an increase in sample
basic length. The results of the TMA analysis gave values for
the degree of glass transition Ty, where the mixture (80%
EP/20% UPE) was 99.2 °C. We note from Figure 3 that the
value of Ty for the blends Blend +5% silica is 95.7 °C, Blend
+10% silica is 53.9 °C, Blend +15% silica is 42.5 °C, and this
explains that the addition of silica powder to the mixture works
to complicate the bonding between the polymeric chains. Thus,
it hinders the polymeric chains and restricts their movement,
which makes the polymeric chains need a higher amount of heat
to reach the appropriate degree of freedom of movement and to
move the molecular aggregates [16].
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Figure 3: The glass transition temperature Tg, as a function of
the weight ratios of silica powder.

The presence of the support material inside the mixture
works to weaken the forces between the molecules, which
reduces the energy required to break the bonds. As the increase
in temperature leads to an increase in the movement of the
polymeric chains and the relaxation of the bonds between them,
the transition to the plastic state takes place [17]. Thus, Tq
decreases with increasing the weight fraction of silica powder as
the material changes from less elastic to more elastic [18]. In
Figure 4, the effect of the thermal expansion coefficient on the
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temperature of the prepared superimposed material is shown,
and the rise in the temperature of the superimposed material
above the limits of 100 °C affects the value of the thermal
expansion coefficient. These results are similar to those of
previous research and studies [21, 22].

The expansion coefficient increases with the temperature
of all samples. The increase is up to 100° C then it gradually
decreases, where the material shows low longitudinal expansion
behaviour. This is due to the change in the physical structure of
the material that causes the material to collapse and the material
becoming unresponsive to expansion at high temperatures [19,
20]. It is proven that the 5% mixture has appropriate values for
the coefficient of thermal expansion with temperature.
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Figure 4: thermal expansion coefficients () as a function of
temperature.

As Figure 5 shows, the decrease in the values of the
thermal expansion coefficient of the mixture with the increase
in the weight ratios of silica powder is due to the thermal
stability of the basic nature of the materials used for the
mixture, which are well characterized by thermal stability [17,
19].
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Figure 5: coefficient of thermal expansion (o) as a function of
the weight ratios of silica powder at a temperature of 25 °C.

CONCLUSION

During this research, the most important conclusions were
reached, and they are summarized as follows:
1. The decrease in Tq values occurred when the proportion of
silica powder in the mixture was increased. An increase in the
concentration of the material added to the mixture led to a
decrease in the thermal expansion coefficient, which contributed
to improving the material's resistance to thermal expansion.
2. Variation in the values of thermal expansion with the rise in
temperature, where the values of the expansion coefficient
change after the temperature of 100 °C and the material
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becomes unresponsive to the increase in temperature, which
indicates that the material will be damaged at high temperatures.
Through this method, materials with good thermal properties
were obtained at a low cost.
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