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Abstract

The aim of this research was to prepare and study a number of
polymer composite materials based on unsaturated polyester resin as a
matrix material, reinforced with oxides (aluminum oxide, zinc oxide, and
copper oxide) at weight ratios (1%—10%). To determine the efficiency of
these composites, the effect of varying reinforcement ratios on the
mechanical and thermal properties was studied, as was the effect of
temperature on the behavior of these composites. A series of mechanical
and thermal measurements were conducted on all samples prepared and
processed at different temperatures (7, 25, 80, and 150°C). Mechanical
measurements were limited to hardness, impact resistance, elastic
modulus, and compressive strength. Their thermal properties were studied
using thermal conductivity, thermogravimetric analysis (TGA), and
isothermal thermal analysis (IGA). Scientific results have proven that
increasing the weight percentages of reinforcing materials increases the
mechanical and thermal properties in general, depending on the type of
reinforcing material, its strength, and the method of its distribution within
the base material. This 1s in addition to the nature of the reinforcing
material's surface and the strength of its interfacial bonding. These factors
lead to variations in the mechanical and thermal properties of the
prepared polymer composite. The results of the study showed an increase
and improvement in the mechanical properties of unsaturated polyester
after reinforcing it with (Al2Os, ZnO, CuO) according to the weight
percentages added to the unsaturated polyester. When processing the
polymer composites at temperatures (7, 25, 80, 150) °C, an increase was
found in some properties at high temperatures (80, 150) °C. The increase
varied depending on the reinforcing material added to the unsaturated

polyester. Regarding thermal properties, we note that the thermal
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conductivity coefficient of polyester increases after reinforcing (Al.Os,

Zn0O, CuO). In general, and in varying proportions depending on the

nature of the added fortifying material. As for thermogravimetric analysis

measurements, the practical results revealed the following:

1.

The thermogravimetric analysis curves of unsaturated polyester
reinforced with aluminum oxide were higher than those of
unreinforced polyester and polyester reinforced with zinc oxide and

copper oxide at various temperatures.

In general, additives to polyester can be considered to have a
significant impact on the thermal behavior of the base polyester, as

these materials are mostly thermally stable and behave similarly to

fillers when added.

As for the scanning electron microscope measurements, the results

revealed the following:

1.

When observing the outer surface of the base polyester with an SEM,
no pores or cavities were found indicating its porosity. However, the
surface was actually smooth, proving that the base polyester surface is

crystalline and non-porous.

. When reinforcing the unsaturated polyester with the added oxides

(aluminum oxide, copper oxide, zinc oxide), no noticeable differences
were evident in the images compared to the base polyester, except for
some solid particles or clumps present, resulting from the fine

particles of solid materials added to the original polyester.

The infrared spectra results also showed the following:

1.

The infrared spectral data for the base polyester showed varying bands
at different wavelengths. These bands are attributed to the most

important functional groups present in the original polyester.
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2. The samples reinforced with (aluminum oxide, zinc oxide, and copper
oxide) did not show any noticeable change, indicating that the

behavior of these materials is purely that of fillers, as these materials

are chemically stable.
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