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Abstract

Epoxy resin and a mixture with unsaturated polyester resin (UPE) were prepared as the
matrix materials. The preparation technique included preparing circular and square molds
with different weight ratios. Standard samples (40 mm diameter) were prepared for thermal
conductivity tests. The results of the thermal conductivity test of the mixture showed that it
decreased from (0.014) to (0.013) significantly, which helps in thermal insulation. The
decrease in its thermal conductivity means that the structure of the base material is irregular.
Hardness test was performed on samples made of epoxy resin with unsaturated polyester
resin, and the best hardness reading was (64.5), but when replacing the unsaturated polyester
resin with a higher percentage of epoxy resin, the ratio was (30.6), so the value (30.6) is the
best hardness value. The test results show that the highest hardness value is (64.5), as for the
results of the differential scanning calorimetry measurement. From these curves, it is clear
that the value of the glass transition temperature increases from 50 to 179, and the value of
the glass transition temperature decreases from 171 to 145.
Keywords: Thermal conductivity, Hardness, Mechanical characteristics, Differential
scanning calorimetry (DSC).

1. Introduction

Polymers are considered one of the most important materials used in industries. Polymers
are used to improve mechanical and thermal properties. Mechanical properties are used
because they are inexpensive (1-4). Some factors affect the mechanical properties of
polymers, including particle size (5, 6) , amount, and type of additive. Polymers have several
properties, including low weight and density (7) and very high resistance. Polymers have
good mechanical properties, and through these properties, they help us use them in
industry(8,9) . Epoxy resin has high temperature resistance(10). Polymers are mostly used to
protect the surface of materials(11). The mechanical properties of materials are improved by
mixing(12). That is why epoxy resin is used in industry, because it is highly insulating(13). In
2023, researcher Rehab R. studied the preparation of a wooden furniture treatment coating
using mixtures (epoxy and unsaturated polyester) reinforced with pistachio shells. She used
mixtures of epoxy and unsaturated polyester reinforced with nano powder from pistachio
shells. The mixtures showed that the best mixtures are Blendl and Blend2. The two coatings
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were applied to two types of teak and Javanese wood, and she noticed a big difference in the
results (14) . In 2016, Researcher Safaa studied some physical properties of epoxy reinforced
with nanoparticles, using epoxy material, in different mixing ratios, to prepare
nanocomposites of epoxy, to study the physical properties (15). The study aims to prepare
polymer compounds that have mechanical and thermal properties that help us in industries.

2. Materials and Methods

2.1.The Materials

2.1.1. Epoxy Resin (EP)

Epoxy resin is considered one of the most important materials, to produce a material used in
industries, mixing epoxy resin with other materials helps to improve the mechanical and
thermal properties, epoxy turns into a solid material, by adding a hardener to it (17-19).
epoxy resin was used, which was manufactured by Emirates Industrial Resins Company

Limited.
Table 1. The Characteristics of Epoxy resins. (EP)

Properties Epoxy resins(EP)
Sheif Life 2 Year
Color pale yellow,Clear
Mixing Ratio A:component B:2:1
Viscosity 200cps
Pot Life 30 Minutes

2.1.2.Unsaturated polyester resin(UPE)
Unsaturated polyester resin is obtained from Saudi Industrial Resins Co. Ltd. The unsaturated

polyester resin is mixed with hardener to turn into a solid material(19-21).
Table 2. The Characteristics of Unsaturated Polyester Resin

Properties Unsaturated polyester resin(UPE)
Percent Solids 61-70%
Viscosity 450-700 cps
Acid Value 18-24
Flash Point Rang C 33

2.1.3. Preparation of Silicone Molds
Silicone molds were cast to obtain the sample shapes according to international specifications
(ASTM standard) for each test, as shown in Figure 1.

Figure 1. Silicone molds for the tests (a) Hardness (b) thermal conductivity.
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2.2. Methods

Epoxy resin was prepared and hardener was added to it in a ratio of (1:3) and mixed for half
an hour, then unsaturated polyester resin was used and hardener was added to it in a ratio of
(2:98) and mixed, after which epoxy resin was mixed with unsaturated polyester resin and
mixed for ten minutes, and Figure 2 is a picture of the samples.

Figure 2. A photograph of polymer blends (EP+ UPE)

Table3: Shows percentage of polymer blends  (EP+ UPE)

Sample No EP UPE
100%EP+ 0% UPE 18.75 0
80%EP+ 20% UPE 12 2.88
60%EP+40% UPE 6.75 0.31
40%EP+ 60% UPE 3 0.71
20%EP+ 80% UPE 0.75 1.25
0%EP+100% UPE 0 1.96

3. Results and Discussion

Thermal conductivity is one of the tests used to determine the thermal properties of
polymers. The materials are mixed and placed in a circular mold (22, 23) then tested in a
special device. The results are placed in a specific matrix, and thermal conductivity is
determined (24, 25). The results of the thermal conductivity test of the mixture showed that it
decreased from (0.014) to (0.013) significantly, which helps in thermal insulation. The
decrease in its thermal conductivity means that the structure of the base material is irregular
(Figure 3).
Surface hardness testing was performed on the prepared samples using a Shore-D digital
hardness tester. This device measures the width or area of the cavity as well as its depth. Six
readings were taken for each sample. Unsaturated polyester resin has high hardness(26).
Hardness of pure Unsaturated polyester resin increases to the highest values, due to the
compatibility between the base material and the reinforcement materials (27, 28). Hardness
test was performed on samples made of epoxy resin with unsaturated polyester resin, the best
hardness reading was (64.5), but when replacing unsaturated polyester resin with a higher
percentage of epoxy resin, the ratio was (30.6), so the value (30.6) is the best hardness value.
The test results show that the highest (Figure 4).
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Differential scanning calorimetry (DSC) is a quantitative measurement of heat flow used to
measure the temperature of a sample or time. This device is used to determine the behavior of
a material with increasing temperature, as the curve gives information about the glass
temperature, which changes the resin from a solid (glassy) liquid to a viscous liquid (29).
From these curves, we determine the glass transition temperature. The glass transition
temperature depends on the strength of the bond. The glass transition temperature decreases
at the vacuum temperature (31, 32). Through these curves, it is clear that the glass transition
temperature value increases from 50 to 179, and the glass transition temperature value
decreases from 171 to 145. In the first curve, there is a clear decrease in temperatures, and the
temperature begins to rise until it reaches the fourth curve, then the temperature decreases
again from the fifth curve, and then decreases to the sixth curve (Figure 5).
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Figure 3. Shows thermal conductivity values of samples. (EP+UPE)
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Figure 4. Shows hardness values of samples. (EP+UPE)
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Figure 5. Shows the glass transition temperature values of the samples. (EP+UPE). Glass transition temperature

of the sample (5). Glass transition temperature of the sample( 6)

4. Conclusion

By studying pistachio shell powder, the following results can be reached: The results of
the thermal conductivity test of the mixture showed that it decreased from (0.014) to (0.013)
significantly, which helps in thermal insulation. The decrease in its thermal conductivity
means that the structure of the base material is irregular.. Hardness test was performed on
samples made of epoxy resin with unsaturated polyester resin, the best hardness reading was
(64.5), but when replacing unsaturated polyester resin with a higher percentage of epoxy
resin, the ratio was (30.6), so the value (30.6) is the best hardness value. The test results show
that the highest As are for the results of the differential scanning calorimetry. Through these
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curves, it is clear that the value of the glass transition temperature increases from 50 to 179,
and the value of the glass transition temperature decreases from 171 to 145.
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