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ABSTRACT

Polymer composites are among the most important engineering materials that
have gained attention due to the ability to modify their mechanical, thermal, and
physical properties to suit a variety of applications. Polyurea is a flexible and
durable polymer with high performance, but its properties can be enhanced by
reinforcing it with nanoparticles. This research includes the preparation and study
of a group of polymer composites of polyurea as a base material, in addition to
supporting materials of commercial nanoparticles (nano iron(Ill) oxide a-Fe2O3,
nano copper oxide CuO, nano aluminum oxide y-Al203), as well as the use of
prepared nanoparticles (nano iron(IIl) oxide, nano copper(Il) oxide), and hybrid
nanoparticles (nano iron(Ill) oxide and nano copper(Il) oxide) in different weight
ratios using the manual casting and shaping method at room temperature. Then,
some mechanical properties of these composites were studied, which were
represented by hardness, modulus of elasticity, shock, compressive strength, and
bending strength, as well as thermal properties, which were also represented by
thermal conductivity and thermal stability (TGA), structural properties represented
by the infrared spectrum (FTIR), morphological properties through the scanning
electron microscope (SEM) and the dissecting microscope (S.M), and physical
structural properties (theoretical density (experimental and porous), in addition to
studying the thermal effect on the behavior of these composites during heat
treatments (80, 25, 7) °C. The experimental results showed an improvement in the
mechanical properties mentioned after the reinforcement process with
nanomaterials, whether commercial, prepared, single, or hybrid, compared to the
polyurea before reinforcement. This increase varies depending on the shape and
size of the supporting nanoparticles, their strength, and how they are distributed
and bonded within the base material (polyurea). Furthermore, the surfaces of the
reinforcement materials have a significant impact on the aforementioned
properties. The best percentage was 1%, which was chosen for heat treatment of
the samples. The results demonstrated an increase in the modulus of elasticity and
hardness, a decrease in compressive strength, no impact measurements, and an
increase in flexural resistance when adding nanoiron(Ill) oxide, while it decreased
when adding nanoaluminum oxide. Flexural resistance increased when adding
nanocopper oxide, reaching a percentage of 7%, after which it decreased due to
agglomerations and the heterogeneous distribution of the nanoparticles. The best



thermal conductivity value was achieved when adding nanocopper(Il) oxide,
followed by nanoaluminum oxide. The metallic nature of copper and its ability to
conduct heat were enhanced, while the addition of the prepared nanomaterials also
improved the properties, but they contained impurities that affected the uniformity
of the distribution within the polymer. The hybrids yielded the best results, thanks
to the integration of the physical and chemical properties of the combined
nanomaterials. This means that both materials enhance thermal stability, hardness,
durability, and thermal conductivity. TGA results showed different behaviors in
thermal stability depending on the type of nanoparticles. The addition of
nanoiron(IIl) oxide showed the best thermal stability, followed by nanocopper(Il)
oxide, and finally nanoaluminum oxide. This was due to the stable crystalline
structure and the high ability to enhance intrapolymer bonding of nanoiron(II)
oxide, as well as the high surface area and porosity, which leads to moisture
retention for nanoaluminum oxide and, in turn, potential oxidative reactions within
the material for nanocopper(Il) oxide. Microscopic examination (SEM, S.M.)
revealed the presence of air bubbles and agglomerations resulting from manual
mixing, as well as pores that affected the density. Slight changes in the FTIR
spectra were also observed, especially for samples reinforced with nanocopper(Il)
oxide and nanoaluminum oxide. FTIR, SEM and EDS images of the laboratory-
prepared materials also demonstrated that they were nanomaterials with irregular
shapes.Polyurea also demonstrated resistance to various organic solvents,
demonstrating its chemical stability in various environments.

These results indicate the potential for significantly improving polyurea
performance after the addition of supporting nanomaterials, opening up new
avenues for its application in areas requiring durable and thermally stable
materials, such as protective coatings, thermal and acoustic insulation, and marine
structures.
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