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Abstract

This thesis aims to prepare and study a group of polymer
composite materials based on unsaturated polyester resin as the matrix,
reinforced with materials such as eggshells, animal bones, and fish scales
at varying weight ratios. To evaluate the performance of these
composites, we investigated the effects of the weight ratios of the
reinforcing materials on their mechanical and thermal properties, as well
as the thermal effects on the behavior of these composites. A series of
mechanical and thermal tests were conducted on all prepared and
processed samples at different temperatures (150, 80, 25, and 7) °C. The
mechanical tests included impact resistance, hardness, compressive
strength, and elastic modulus. The thermal properties were assessed using
thermal conductivity measurements and thermogravimetric analysis
(TGA) along with isothermal analysis (IGA) techniques. The results of
the study showed an improvement and increase in the mechanical
properties of unsaturated polyester after reinforcement (with eggshells,
animal bones, and fish scales), depending on the weight ratios of
reinforcement added to the unsaturated polyester. When processing the
polymer composites at temperatures (150, 80, 25, and 7)°C, a decrease in
some properties was observed at high temperatures (150, 80)°C. The
decrease was at varying degrees depending on the reinforcement
materials added to the unsaturated polyester. Regarding the thermal
properties, we observed that the thermal conductivity of polyester
decreased after the reinforcement process (with animal bones and fish
scales) in general, and at varying rates depending on the type of
reinforcement added. We also found that the thermogravimetric analysis
(TGA) curves of unsaturated polyester reinforced with eggshells, bones,

and scales at different temperatures yielded the same TgA value as pure
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unsaturated polyester. In general, it can be said that the additives added to
polyester significantly affect the thermal behavior of polyester. The
reinforcers did not affect the degree of decomposition of the polymer
before and after reinforcement, as it decomposes at approximately 400°C.
These reinforcers are relatively thermally stable, so their addition behaves
like fillers. Scanning electron microscope (SEM) images of the external
surface of the original polyester showed no cavities or pores indicating its
porosity. Rather, the surface was smooth, indicating that the original
polyester is crystalline and not porous. Meanwhile, images of unsaturated
polyester reinforced with solid materials (eggshells, bones, and scales)
showed a significant difference from those of the original polyester,
showing a nearly homogeneous distribution of the reinforcers, which
appeared in the form of solid particles or clumps. The infrared spectrum
of the original polyester showed the presence of different bands at
different wavelengths. These bands belong to the most important
functional groups present in the original polyester. However, the models
supported by (eggshells, bones, scales) did not show a clear change,
which confirms that the behavior of these materials is only fillers, as

these materials are inert and chemically stable.
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