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ORIGINAL STUDY

Preparation of Nanoparticles and Study of the Effect
of Some of Their Physical Properties on Epoxy
Polymer

Aya N. Abdullah a,*, Niran F. Abeduljabbar b

a Physics Department, College of Education for Pure Science, Kirkuk University, Kirkuk, Iraq
b Physics Department, College of Education for Pure Science, Tikrit University, Tikrit, Iraq

Abstract

Nanoparticles were prepared by the laboratory thermal method from copper, magnesium, and zinc oxides. Different
nanoparticles were added to epoxy at weight fractions of (0, 2, 4, 6, 8, 10) wt. %. The structural results from X-ray
diffraction showed the appearance of epoxy in a random system, and when reinforced with nanopowders at higher
addition ratios, we find the appearance of nanoparticles in a clear crystalline form, while the SEM results showed an
increase in consistency and homogeneity with each increase in the proportions of nanoparticles, which appeared
clearly during the EDX examination. The hardness of Shore type D was the best at 10 % for all particles, as it was
(90.2HD) for (EP-10 %CuO), (88.56HD) for (EP-10 %MgO), and (87.5HD) for (EP-10 %ZnO). As for the impact resis-
tance, magnesium oxide nanoparticles showed the best value at 10 % at (12.3 kJ/m2). It was found that the thermal
conductivity value reached its highest at the EP-10 %CuO ratio of (0.5528 W/m.K), while for the EP-10 %ZnO com-
posite at the same concentration its value was (0.4683 W/m.K), while it was the lowest in the EP-10 %MgO composite at
the same addition ratio and reached (0.0453 W/m.K). It was found that the thermal conductivity value reached its
highest at the EP-10 %CuO ratio of (0.5528 W/m.K), while for the EP-10 %ZnO composite at the same concentration its
value was (0.4683 W/m.K), while it was the lowest in the EP-10 %MgO composite at the same addition ratio and
reached (0.0453 W/m.K).

Keywords: SEM, Thermal conductivity, Thermal method, XRD

1. Introduction

E poxy has emerged as one of the most notable
polymers due to its exceptional properties,

such as electrical insulation, chemical resistance,
and high stiffness [1]. During the 20th century,
composite materials experienced a revolutionary
transformation driven by advancements in mate-
rials science, positioning polymers as essential
components in the design of engineering systems
[2]. However, limitations inherent in the traditional
structure of epoxy, such as susceptibility to crack
propagation and subpar performance under dy-
namic stresses, have motivated researchers to
explore methods to enhance its performance [3].

Nanomaterials possess a remarkable capacity to
improve the critical properties required in indus-
trial applications, particularly those necessitating
high resistance to mechanical stresses and elevated
temperatures [4]. Although polymeric materials
have been widely employed across various in-
dustries, their mechanical and structural properties
remain inherently weak, necessitating reinforce-
ment with ceramic nanopowders [5]. Epoxy, known
for its high tensile strength and resistance, benefits
significantly from reinforcement with nano-
materials, enabling its application in industrial
and medical fields [6]. Reinforcement using labo-
ratory-prepared nanopowders, particularly via
thermal methods, represents a promising industrial
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approach. This technique strengthens the stiffness,
hardness, and impact resistance of epoxy-based
composites, resulting in materials with excellent
and versatile polymer matrices [7].
Incorporating nanopowders of ceramic oxides,

such as copper oxide, magnesium oxide, and zinc
oxide, into polymeric materials, including epoxy,
markedly enhances their mechanical properties, as
well as their thermal and chemical stability [8].
Nanoparticles excel in filling inter-spaces within
polymer chains, reducing molecular mobility, and
reinforcing internal stacking between polymer and
nanoparticles [9]. Consequently, composites derived
from integrating nanoparticles with polymers
exhibit superior structural characteristics. These
materials are particularly suited for applications in
aviation, space, and the automotive industry, where
lightweight, high mechanical strength, and toler-
ance to high temperatures are critical [10].
Nonetheless, this technology is not without chal-

lenges. One notable drawback is the extended time
required for nanopowder preparation through pro-
cesses involving magnetic mixing, continuous stir-
ring, and sustained heating to convert salts or
nitrates into their final nano forms [11]. The thermal
method, however, holds significant promise for
producing nanoparticles with extensive applica-
tions. Its key advantages include low production
costs, the simplicity and availability of required
devices in most laboratories, and the ability to pro-
duce nanomaterials in large quantities within a
reasonable timeframe [12,13]. The present study
aims to explore the impact of incorporating ceramic
nanopowders into epoxy at varying reinforcement
ratios. It focuses on analyzing structural properties
using scanning electron microscopy (SEM) and X-
ray diffraction (XRD) techniques, in addition to
evaluating thermal conductivity at each reinforce-
ment level. The objective is to gain insights into the
behavior of epoxy reinforced with nanoceramic
powders and assess its potential for various indus-
trial applications.

2. Raw materials and expremantal part

The base material of the composite was epoxy type
(Sikadur 52) consisting of epoxy with hardener, of
Egyptian origin and produced by (Sika Egypt for
Construction Chemicals). The reinforcement mate-
rials were nanoparticles produced from hy-
drated materials nitrates, which were hydrated
copper nitrate (Cu(NO3)2$3H2O) with a molecular
weight of (241.60), hydrated magnesium nitrate
(Mg(NO3)2$6H2O) with a molecular weight of
(256.41), hydrated zinc nitrate (Zn(NO3)2$6H2O) with

a molecular weight of (297.47), and all of these salts
were produced by (Laboratory Reagent) of Spanish
origin. Polyvinylpyrrolidone (PVP) type (Povidone
K30) with molecular formula (C6H9NO)n and
average molecular weight (40,000 avg.) produced by
the English company (Glentham Life Sciences).
The practical side involved utilizing the thermal

method to produce nanoparticles from copper,
magnesium, and zinc hydrated salts. This method
began by dissolving 3 g of PVP in 100 moles of
deionized water using a magnetic stirrer equipped
with a magnetic capsule, ensuring no heat was
applied until the polymer material was fully dis-
solved [14]. Subsequently, 5 m mol of copper hy-
drated salts, equivalent to 1.28 g, were added as per
Equation No. (1) below. The calculated weight of
copper hydrated salts was mixed with the PVP so-
lution at 50 �C for 1 h until complete dissolution.
The magnetic capsule was then removed, the stirrer
turned off, and the solution was left at 85 �C for
(5e6) hours to yield a semi-glassy solid material.
The resulting material was ground into powder and
thermally sintered in a Korean-made Muffle oven at
600 �C for 3 h to produce ready-made nanopowder.
The same steps were repeated for magnesium and
zinc salts in multiple experiments to achieve the
required amount of nanopowders. The subsequent
step involved reinforcing the resulting powders into
epoxy with specified weight fractions, ensuring the
ratio of epoxy to hardener was maintained at
(3:1).Equation No. (2) was employed to calculate the
required weight fractions [15]. The mixing mold,
designed with dimensions (10 cm � 10 cm) featuring
a glass base and plastic edges, was prepared. Metal
powders were incorporated into the epoxy at weight
fractions of (0, 2, 4, 6, 8, 10) wt. % for each type of
powder. The mixing process was continued until
achieving complete homogeneity between the
powders and epoxy. The resulting mixture was
poured into the mold to form a layer and left un-
disturbed for 15 days to ensure chemical stability
between the composite materials, while carefully
removing any air bubbles generated during casting.
After the curing period, the castings were removed
and subjected to heat treatment in a thermal oven at
100 �C for 30 min. This treatment aimed to finalize
the hardening process, relieve stresses, reduce
moisture content, and enhance mechanical proper-
ties. The castings were then cut according to the
required specifications for various tests within the
practical framework. The cutting process was per-
formed using a (CO2 System RD) laser with a ca-
pacity of 130 Watts. The final samples, reinforced
with nano copper, magnesium, and zinc oxides, are
shown in Fig. 1.

142 AL-BAHIR JOURNAL FOR ENGINEERING AND PURE SCIENCES 2025;6:141e151



Number of moles¼ Weight
Molecular Weight

ð1Þ

wt%¼ wp

wp þwm
� 100% ð2Þ

wt : The weight fraction of the reinforcement
material.
wp;wm: Weight of the powder and base material.

3. Theoritacal part

3.1. FE-SEM and XRD test

The structural analyses were performed using
scanning electron microscopy (SEM) and X-ray
diffraction (XRD) to determine the particle size and
identify the composition of the nanopowders used
in the experimental study. The SEM analysis was
conducted using a TESCAN MIRA3 microscope of
French origin, while the XRD measurements were
carried out with a Phillips Xpert PA Analytical sys-
tem of Dutch origin. These tests were performed on
all the primary powders, including CuO, MgO, and
ZnO.

3.2. Hardness Shore D test

Hardness is generally defined as the resistance of
a material surface to pressure applied to it, i.e. the
result of force to area. Shore hardness was used
because it is suitable for hard plastics as in the case
of epoxy reinforced with nanomaterials. The speci-
fications of the device used were a point drill with a
diameter of (1.4 mm) and an end with a diameter of
(0.1 mm) and the angle of the drill was at 30�. A
pressure force is applied by the point drill on the
surface of the samples, which gives a direct reading
on the digital device screen, and the amount of any
deviation represents the value of the scratch on the
surface of the samples [16].

3.3. Impact test

In order to conduct the impact resistance test
using the Charpy Test, the sample is placed

horizontally and hit with a hammer with a specific
weight, and the impact resistance value is calculated
using equation (3) after the samples are cut into
dimensions of (55 mm) in length, (10 mm) in width,
and (10 mm) in height, according to the standard
specifications for the impact test [17]. The test was
repeated five times.

I:S¼ E
A

ð3Þ

Where: I.S: Impact strength (KJ/m2), E: Fracture
energy (KJ), A: Area of the specimen (m2).
The fracture energy was calculated using equation

(4) shown below [17]:

E¼mgh ð4Þ

Where: m: Mass of the weight (kg), g: Acceleration
due to gravity (9.806 m/s2), h: Falling distance of the
weight (m).

3.4. Thermal conductivity

Polymers are distinguished by their physical
structure, which plays a crucial role in defining their
mechanical and physical properties, such as trans-
parency, strength, and flexibility, making them
suitable for a wide range of industrial applications
[18]. The internal molecular structure significantly
influences the resistance of polymers to stress,
melting, and decomposition under various environ-
mental conditions, thereby reducing cracking and
enhancing their stability. Thermally, polymers
exhibit low thermal conductivity, making them an
excellent choice for thermal insulation. Their ther-
mal properties are determined by factors such as
thermal conductivity (k), glass transition tempera-
ture (Tg), and crystal melting point (Tm), all of which
influence their ability to withstand and transfer heat.
In polymers, heat is transmitted through conduction,
convection, and thermal radiation. The rate of heat
transfer is directly proportional to the temperature
difference between the hot and cold bodies
(T1 < T2), a principle that is vital in designing
insulation materials for various applications. The

Fig. 1. Sectioned samples of (a - EP-CuO, b - EP-MgO, c - EP-ZnO).
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thermal conductivity of polymers is typically
measured using the “Lee disk”method, as described
in Equation (5) [19]. This technique involves
placing the polymer sample between an electric
heater and metal disks, then measuring the resulting
thermal changes until a steady-state condition is
achieved. The obtained data is analyzed using
mathematical equations that incorporate key ther-
mal parameters, such as temperature, thickness, and
radius, to accurately assess the material's perfor-
mance and optimize its properties for diverse in-
dustrial applications.

k
��

TB�TA

ds

��
¼ e

�
TAþ2

r

�
dAþ I

4ds

�
TAþ 1

2r
dsTB

�
ð5Þ

Where: e: The thermal energy per unit area of the
disk per second (W/m2. K) which can be found from
equation (6) below [17,18]:

IV¼pr2eðTAþTBÞ þ 2pre
�
dATAþds

�
1

2ðTA þ TBÞ
�

þdBTBþdCTC

�

ð6Þ

Where: (TA, TB,TC): The temperatures of the three
discs (A,B,C) (�C). d: Thickness of each disc (mm). r:

Half of each disc (mm). I: Heating current (Ampere).
V: Voltage applied to the heater (Volt).

4. Result and discussion

4.1. Scanning electron microscope testing of
composite

Fig. 2 presents scanning electron microscope
(SEM) images coupled with energy-dispersive X-ray
(EDX) spectroscopy for the primary nanopowders,
including copper oxide (CuO), magnesium oxide
(MgO), and zinc oxide (ZnO). The images were
captured at a scale of 10 mm, a magnification power
of 5KX, and an electron beam intensity at a voltage
of 7 kV. Fig. 1-a illustrates the copper oxide (CuO)
nanopowder, revealing an irregular grain
morphology accompanied by agglomeration and
clustering of nanoparticles with rough edges. These
surface clusters are primarily attributed to in-
teractions between the surface forces of the grains
[19]. Fig. 1-b displays the magnesium oxide (MgO)
nanopowder, characterized by its plate-like struc-
ture with sharp grain edges. This morphology con-
tributes to high strength and cohesion, which in
turn enhances the mechanical properties of com-
posite materials. The observed agglomeration and
clustering in MgO nanoparticles can be attributed to

Fig. 2. Scanning Electron Microscope images (SEM) and X-ray energy spectroscopy (EDX) of the three nanopowders (a-CuO, b-MgO, c-ZnO).
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their nanoscale nature [20]. Fig. 1-c shows the zinc
oxide (ZnO) nanopowder, which appears in the
form of semi-spherical and irregular granules,
alongside evident nano-agglomeration. Such gran-
ular nano-structures are typically employed in ap-
plications requiring high stress tolerance and
improved mechanical properties [21]. The EDX
spectroscopy analysis of the three primary nano-
powders confirms the high purity of the synthesized
nanomaterials, produced via the thermal method.
The absence of noticeable impurities in the spectra
highlights the success of this fabrication technique
in producing high-purity nanomaterials under
relatively simple laboratory conditions [22,23].
Fig. 3 shows the scanning electron microscope

images at different reinforcement ratios of nano-
copper oxide powder (0, 2, 4, 5, 6, 8, 10) Wt. % added
to the epoxy. We find that the copper oxide particles
are gradually spread on the epoxy substrate with
each addition. This consistency increases to reach
the best crystal consistency at the ratio (EP-10 %
CuO). The image highlights the integration of the
particles within the polymer, with some possible
agglomerations and surface defects, reflecting a
homogeneous distribution of the particles within
the matrix. Fig. 4 shows the scanning electron mi-
croscope images at different reinforcement ratios of
nano-magnesium oxide powder (0, 2, 4, 5, 6, 8, 10)
Wt. % added to the epoxy. The best scanning elec-
tron microscope (SEM) image of the sample (EP-
10 % MgO) shows the distribution of magnesium
oxide (MgO) particles at 10 % within the epoxy

matrix (EP). The image shows a relatively homoge-
neous distribution of particles with a clear decrease
in agglomerations, reflecting good integration of
MgO particles into the polymer matrix [24]. Fig. 5
shows the SEM images at different reinforcement
ratios of ZnO nanopowder (0, 2, 4, 6, 8, 10) Wt. %
added to the epoxy. The best SEM image of the (EP-
10 % ZnO) sample shows the distribution of 10 %
ZnO particles within the epoxy matrix (EP). The
image highlights the presence of clear agglomera-
tions of particles with a rough surface, indicating a
relatively heterogeneous integration of ZnO into the
polymer matrix [25].
The X-ray diffraction (XRD) results for the three

nanopowdersdnano copper oxide, nano magne-
sium oxide, and nano zinc oxidedare presented in
Figs. 6e8, respectively. Additionally, Tables 1e3
provide detailed data on diffraction angles, peak
broadening (midpoint width), crystal size, Miller
indices, and phase type for each nanopowder.
Fig. 6 illustrates the X-ray diffraction pattern of
nano copper oxide (CuO), which adopts a mono-
clinic crystal system, in accordance with the inter-
national reference card (00-901-6326). The
characteristic diffraction peaks at 2q ¼ 35.5� and
2q ¼ 38.7� indicate a high degree of Crystallinity in
the material. Table 1 further confirms the high
purity of the nano copper oxide, revealing its
monoclinic structure. The observed nanoscale
crystal sizes, along with the sharp diffraction
peaks, indicate a well-crystallized structure,
contributing to superior mechanical and chemical

Fig. 3. Scanning electron microscope (SEM) images of (EP- %CuO) composites with different reinforcement ratios (a-0 %, b-2 %, c-4 %, d-6 %,
e-8 %, f-10 %).
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properties, making CuO suitable for various in-
dustrial and technical applications. Fig. 7 presents
the X-ray diffraction pattern of nano magnesium
oxide (MgO), where the most prominent peak
corresponds to the Miller index (200) at 2q ¼ 43�

with high sharpness. The XRD analysis confirms
that nano MgO crystallizes in a cubic crystal sys-
tem, as verified by its match with the international

reference card (00-100-0053). The high Crystallinity
of the MgO nanoparticles enhances their suitability
for diverse industrial applications. Table 2 provides
a precise structural analysis, indicating that the
cubic crystal structure is highly ordered, with
nano-scale crystal sizes ranging between 30.0 and
45.0 nm. These characteristics make nano MgO
ideal for a wide array of industrial and research

Fig. 4. Scanning electron microscope (SEM) images of (EP- %MgO) composites with different reinforcement ratios (a-0 %, b-2 %, c-4 %, d-6 %,
e-8 %, f-10 %).

Fig. 5. Scanning electron microscope (SEM) images of (EP- %ZnO) composites with different reinforcement ratios (a-0 %, b-2 %, c-4 %, d-6 %,
e-8 %, f-10 %).
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applications. Fig. 8 displays the X-ray diffraction
pattern of nano zinc oxide (ZnO), which exhibits a
hexagonal crystal system, as confirmed by its
alignment with the international reference card
(00-101-1258). This crystal structure is typical of
ZnO, with the strongest diffraction peak occurring
at 2q ¼ 36.3�, corresponding to the Miller index
(101). The dominance of this diffraction plane

suggests that it is the most frequently occurring
orientation within the hexagonal system. Table 3
confirms that nano ZnO possesses a high-purity
hexagonal crystal structure with crystallite sizes
ranging between 18.0 and 42.0 nm. These structural
properties make ZnO highly suitable for a broad
range of applications in both industrial and
research domains [26e28].

Fig. 6. X-ray diffraction of nanocrystalline copper oxide powder CuO.

Fig. 7. X-ray diffraction of nanocrystalline Magnesium oxide powder MgO.

Fig. 8. X-ray diffraction of nanocrystalline zinc oxide powder ZnO.
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4.2. Shore hardness affected by changing
reinforcement ratios

The hardness test of type (Shore D) was con-
ducted for epoxy before and after reinforcement
with nanoparticles at different weight percentages
(0 %, 2 %, 4 %, 6 %, 8 %, 10 %) of (CuO, MgO, ZnO)
as shown in Fig. 9, to study the effect of the weight
percentage of reinforcement on the hardness of
pure and reinforced epoxy. The results showed that
the hardness of pure epoxy increases significantly
when reinforced with nanoparticles, and increases
further with increasing the weight percentage of
reinforcement. This improvement is due to the na-
ture of the nanoparticles in terms of shape, size and
hardness, and to their easy penetration between the

spaces between the polymer chains, which leads to
increased compactness of these chains and reduced
their movement, thus increasing the hardness of the
prepared material. The results also showed that the
composite reinforced with CuO (EP-CuO) has
slightly higher hardness values compared to other
composites [29]. This can be explained by the vis-
cosity of the polymer composite melt and the high
homogeneity between the matrix and the reinforced
nanoparticles, which reduces the penetration of the
liquid matrix into the pores and interstitial spaces in
the composite, thus increasing the hardness of the
material. On the other hand, the concept of hard-
ness is a measure of the resistance of a material to
plastic deformation caused by external stress. Since
ceramic nanoparticles such as CuO have high
hardness, their addition to the epoxy increases the
hardness of the material due to the improvement of
its resistance to plastic deformation. This explains
the gradual increase in hardness with increasing the
weight percentage of reinforcement [30]. For the EP-
MgO and EP-ZnO composites, they showed the
lowest hardness values compared to the other
composites. This difference in hardness is due to the
nature of zinc oxide (ZnO), which has a relatively
lower hardness compared to MgO, CuO [31]. In
addition, increasing the weight percentage of rein-
forcement reduces the percentage of the base ma-
terial within the composite material, which weakens
the bond between the reinforcement material and
the base material, thus reducing the positive effect
on the hardness of the material [32].

4.3. Impact test affected by variable nano-additions

The effect of rapid and static stresses on composite
materials such as epoxy resin was studied as shown
in Fig. 10 which gives the relationship between
impact strength and variable nanoparticle addition
ratios, where the results showed that the material
exhibits ductile behavior under static stresses, but
appears brittle under rapid stresses. The impact
strength of pure epoxy reinforced with nanoparticles
was studied using the Charpy Impact Test to deter-
mine the absorbed energy required for fracture
when adding nanoparticles at different weight ratios
(0 %, 2 %, 4 %, 6 %, 8 %, 10 %) of CuO, MgO, ZnO.
The results showed that the absorbed energy
required for fracture of pure epoxy increases
significantly after reinforcement with nanoparticles,
which led to a significant improvement in impact
strength. In the case of pure epoxy, failure occurs
due to the breakdown of bonds between polymer
chains as a result of the rapid growth of initial cracks
towards the surface, as these bonds depend on van

Table 1. X-ray diffraction parameters of copper oxide nanopowder.

Powder 2q
(Degree)

(FWHM) Crystal
size (D)

Miller
coefficients
(hkl)

Phase
system

CuO 32.5 0.15 42.8 nm (110) Monoclinic
35.5 0.20 36.0 nm (002) Monoclinic
38.7 0.18 39.5 nm (111) Monoclinic
48.7 0.22 34.0 nm (20-2) Monoclinic
53.5 0.25 31.5 nm (020) Monoclinic
61.0 0.17 38.0 nm (202) Monoclinic
66.5 0.19 37.0 nm (113) Monoclinic
68.2 0.30 28.0 nm (311) Monoclinic
72.5 0.35 25.0 nm (302) Monoclinic
75.0 0.40 22.5 nm (004) Monoclinic

Table 2. X-ray diffraction parameters of Magnesium oxide nanopowder.

Powder 2q
(Degree)

(FWHM) Crystal
size (D)
(D)

Miller
coefficients
(hkl)

Phase
System

MgO 36.86 0.18 38.0 nm (111) Cubic
42.9 0.15 45.0 nm (200) Cubic
62.4 0.20 40.0 nm (220) Cubic
74.6 0.25 35.0 nm (311) Cubic
78.6 0.30 30.0 nm (222) Cubic

Table 3. X-ray diffraction parameters of zinc oxide nanopowder.

Powder 2q
(Degree)

(FWHM) Crystal
size (D)

Miller
coefficients
(hkl)

Phase
System

ZnO 31.8 0.20 39.0 nm (100) Hexagonal
34.4 0.18 42.0 nm (002) Hexagonal
36.3 0.25 34.0 nm (101) Hexagonal
47.5 0.22 36.5 nm (102) Hexagonal
56.6 0.30 30.0 nm (110) Hexagonal
62.9 0.35 28.0 nm (103) Hexagonal
66.21 0.36 26.62 (200) Hexagonal
68.0 0.40 25.0 nm (112) Hexagonal
69.1 0.45 22.0 nm (201) Hexagonal
72.4 0.50 20.0 nm (004) Hexagonal
76.0 0.55 18.0 nm (202) Hexagonal
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der Waals forces that require low energy to over-
come [33]. However, when epoxy is reinforced with
nanoparticles, these particles contribute to the stress
tolerance and prevent crack growth within the ma-
terial, which increases the impact toughness.
Increasing the weight percentage of nanoparticles
enhanced the mechanical properties of epoxy by
reducing the gaps and dislocations that form during

the forming process. The physical and chemical
interaction between the reinforcement and matrix
material also significantly improved the internal
bonding and increased the material's ability to
withstand stresses. Moreover, the nanoparticles act
as strong stress centers that hinder crack propaga-
tion, which increases the material's strength [34]. The
results showed that the impact toughness varies
depending on the type of nanoparticles used. The
composite reinforced with (EP-CuO) recorded the
highest impact toughness values, thanks to the
strong interfacial bonding and physical and chemical
interaction between CuO and epoxy [35]. CuO
nanoparticles, due to their ceramic nature, have high
stress resistance and significantly improve the me-
chanical properties. In contrast, the composite rein-
forced with (EP-MgO) recorded the lowest impact
toughness values, indicating that the interfacial
interaction between MgO and the matrix is less
strong compared to CuO, while the (EP-ZnO) com-
posite had the lowest among the composites. Based
on the results, it can be concluded that nanoparticle

Fig. 9. The relationship between hardness Shore D and the variable proportions of nano-additions.

Fig. 10. The relationship between impact strength and the variable
proportions of nano-additives.

Fig. 11. The relationship between the percentages of different nano-additives (EP- %CuO, %MgO, %ZnO) and thermal conductivity.
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reinforcement is an effective way to improve the
impact toughness of epoxy, especially when using
nanoparticles such as CuO that contribute signifi-
cantly to strengthening the material and preventing
crack propagation. These results highlight the
importance of selecting the appropriate type of
nanoparticles and focusing on improving the inter-
facial bonding to achieve superior mechanical
properties in composite materials [36,37].

4.4. Effect of different nano additives on thermal
conductivity values

Fig. 11 shows the effect of adding nanopowders of
copper (CuO), magnesium (MgO), and zinc (ZnO)
oxides on the thermal conductivity of epoxy at
different reinforcement ratios (0 %, 2%, 4%, 6%, 8%,
and 10 %). The figure shows that copper oxide (CuO)
is the most efficient in improving the thermal con-
ductivity, as the thermal conductivity coefficient in-
creases significantly with increasing reinforcement
ratio, thanks to its high thermal conductivity and
good integration of particles within the polymer ma-
trix, which forms an effective thermal network. Zinc
oxide (ZnO) shows average performance, as the
thermal conductivity coefficient gradually improves
with increasing concentration, but it is less efficient
than CuO due to its larger energy gap and different
physical properties [38,39]. In contrast, magnesium
oxide (MgO) shows poor performance, with a
decrease in thermal conductivity at low ratios (0e2%)
and stabilization at low values with increasing con-
centration, which is attributed to its poor thermal
conductivity and ineffectiveness in forming a thermal
network within the polymer [31]. In general, the
figure shows that the improvement of thermal con-
ductivity depends on the intrinsic properties of ox-
ides, with CuO being the most efficient choice in
improving the thermal performance of polymer [40].

5. Conclusions

The results of this study demonstrate that the
incorporation of nano-sized CuO, MgO, and ZnO
significantly affects the microstructure, mechanical
properties, and thermal performance of epoxy
composites. SEM and EDX analyses confirmed the
high purity of the nanopowders and their integra-
tion within the epoxy matrix, with CuO exhibiting
the most uniform distribution, followed by MgO,
while ZnO showed the highest degree of agglom-
eration. The hardness increased with higher rein-
forcement ratios, with CuO-reinforced composites
(EP-CuO) exhibiting the highest values due to
strong interfacial bonding, whereas MgO and ZnO

composites had relatively lower hardness. Impact
strength tests revealed that EP-CuO displayed the
highest toughness, effectively preventing crack
propagation, while EP-ZnO exhibited the lowest
impact resistance. Thermal conductivity improved
significantly with CuO, making it the most efficient
thermal enhancer among the tested materials. ZnO
showed moderate thermal performance, whereas
MgO had the least impact on thermal conductivity.
These findings confirm that nanoparticle reinforce-
ment is an effective strategy for enhancing epoxy
composites, with CuO emerging as the optimal ad-
ditive for applications requiring superior mechani-
cal strength and thermal performance. Future
research should focus on optimizing nanoparticle
dispersion and exploring hybrid nanofillers to ach-
ieve enhanced multifunctional properties.
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