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Abstract :

In this research, the impact of adding nanoparticles to epoxy that are represented by
(copper oxide (CuO), nickel oxide (NiO), and chromium oxide (CrO)) was examined. The
manual method of forming was employed to create epoxy and nanofiber composites with
different weight ratios, mechanical tests and thermal checks were conducted for all of the
prepared composites. The outcomes of the impact test demonstrated that the extra weight
of the reinforcements increased the strength of epoxy, the highest value of durability was
achieved with the composite Ep-15% CuO, which was equal to (J/m 0.34). The results of the
hardness test demonstrated that the harderness of epoxy increases as the weight ratio of the
reinforcements increases, the highest hardness was achieved for the composite (EP-%Cu0),
which has a thermal conductivity coefficient of (76.4) HB. The effect of the weight ratio of
the reinforcements on the thermal properties of all polymeric composites was also studied,
and the results showed that the thermal conductivity of all polymeric composites increases
as the weight ratio of the reinforcements increases. The highest value of this property was
achieved for the composite (Epoxy-CuO), which has a surface that is both uniform and
spread out, the effect of the weight ratio on the microstructure of the composite is also stud-
ied, and the results showed that the surface is smooth and lacks cracks.
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1- Introduction

Engineers and designers have a pas-
sion for the effective way materials are
engineered and used in multiple differ-
ent industries. Because they are pro-
duced through multiple different pro-
cesses that are based on structural and
design principles that are compatible
with functional performance. Along-
side the analysis of their failures re-
garding this performance, researchers
in mechanical engineering and struc-
tural materials seek to create structures
that have both aesthetics and corrosion
resistance in terms of strength and du-
rability[1]. Experts in the field of mate-
rials science (such as metals, ceramics,
and polymers) have recognized that
there is a difference in the properties
of available materials and the behav-
1or that results from environmental and
practical conditions on the functional-
ity of materials[2].

Metals have multiple beneficial
thermal and electrical properties, they
are highly resistant to corrosion and
have a long lifespan, in addition to be-
ing magnetic. Other metals have the ca-
pacity to act and form, but their chem-
ical susceptibility to corrosion is low.

Regarding ceramic materials, they are
inorganic and non-metallic substances
like carbides, nitrides and oxides. Ce-
ramic materials have low thermal and
electrical conductivity, and are consid-
ered to be insulating. They have a rep-
utation that is derived from their brit-
tle nature and thus their low resistance
to pressure. However, these materials
have a high hardness and a large ca-
pacity for compressive stress, they are
also very chemically inert (chemically
Inert). As such, ceramic items are not
utilized on a daily basis. Because of its
higher pressure than other metals, it 1s
capable of withstanding high tempera-
tures[3] .

Lightweight organic  polymers
(Wight Light) have a high degree of
malleability similar to plastics.[4] Plas-
tics are composed of different types
of adhesive molecules, which are
produced via a polymerization pro-
cess in order to create large molecu-
lar structures of organic compounds
with a high degree of polymerization.
They’re referred to as elastic materi-
als, and their structure can expand and
return to original state after being re-
moved. Polymers have a low conduc-
tivity for electricity and heat, so they
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are an insulating material for electrici-
ty, and compared to metals, they have
a higher density, greater elongation,
more corrosion resistance, and have a
lower hardness. It’s not considered to
be solid. However, when the pressure
1s applied to it, it will stretch and then
the elongation will evolve over time.
As aresult, its effectiveness is primari-
ly derived from temperature[5,6].

2- Practical part

2-1 Materials used

a- Matrix Materals

Epoxy resin was employed as the
base material for polymeric compos-
ites, the resin type (Nitofill, EPLV) is
manufactured in (Fosroc Jordan), and
the components are composed of A and
B, where A is the resin itself, and B is
the hardener of the resin ( Metapheny
Diamic), and is considered to be a
transparent liquid with a medium de-
gree of polymerization and a high de-
gree of adhesion. When it is added with
a hardener, 1t becomes solid.

b- Reinforcement Materals

The used nanooxides were prepared,
which are chromium oxide(CrO), nick-
el oxide(N1O) and copper oxide(CuO).

The oxides have been prepared to

follow the following steps:-

1. Initially, chromium, nickel and
copper nitrate are obtained as raw ma-
terials. Usually these chromium nitrate
and nickel nitrate come in the form
of green crystals and copper nitrate is
blue.

2. Chromium-nickel and copper ni-
trate is heated in the presence of air
(oxygen) inside a suitable crucible
or vessel. It must be ensured that the
temperature rises slowly to avoid the
formation of undesirable intermediate
products..

3. After heating 1s complete, the
product (oxide) 1s allowed to cool. It
produces green powder for chromium
and nickel and black powder for cop-
per.

2-2 Impact Test Instument

For the purpose of estimating the
energy required to break the material’s
fracture, the impact resistance of the
material can be determined. Employ
the impact measuring device - Garbi
(Charpt and Test) as depicted in Fig-
ure (1) and created by Test Mechines
Inc. AMITYVLIE,New Yourk)(TMI
Mechine in the U.S.A) and located at
the University of Technology / Depart-
ment of Applied Sciences.
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Figure (1) Shock Tester Images

2-3 Hardness Test Instrument

The toughness of the samples was
determined by the Shore (D) method,
and the device used in this test is (Shore
D Hardness Tester TH210) and is lo-
cated at the University of Technology/
Department of Applied Sciences, it is
a manual device that contains a spring
that is loaded with stitches that resem-
ble needles that penetrate the surface
of the sample and then recorded the
number that appears on the device’s
screen (recoil method, the energy that
is absorbed is displayed on the screen).

Vs

Figure (2) Shore D hardness tester pictures

2-4 Thermal Conductivy Test In-
strument

Use a tablet device designed by the
company (Griffen & George) located at
the University of Baghdad’s/ College
of Science’s/ Department of Physics,
the design of which is shown in Fig-
ure 4. It consists of three disks (A, B,
C) and an electric heater (Heater) that
1s connected to the electrical circuit in
order to place the sample between the
two disks (A, B) and the electric heat-
er is placed between the disk (B, C)
and when the power is turned on, the
electric heater is used to heat the last
disk and the temperature of the second
highest is recorded (Ta, Tb, Tc).

Figure (3) Thermal conductivity
tester (Li tablet).




121 ||

dudlyell deolall - du il duls - dolellg dugy Ul Olwljadl dloo
02025 yI31-elyjaoJl pg e - Jgllsxdooll - ggyiiollg guoladl saell

2-5 Scanning Electron Microscopy
(SEM)

1s a powerful analytical tool that is
used to investigate the internal com-
position and surface characteristics
of pre-prepared samples. Before the
exam, the sample must be prepared
in a proper way to yield the greatest
possible results, such as attaching the
sample to a conductivity layer and cov-
ering it with this. SEM provides spe-
cific information about the topography
of the sample’s surface, including the
size, shape and distribution of granules
or microstructures in the cadastral sys-
tem.

3-Results and discussion

3-1 Impact test results

The impact test is one of the most
important dynamic mechanical tests
that assess the durability of materials
for impact, the purpose of this test is to
determine the actual energy required to
break the sample, and the method for
doing so was based on the idea that some
of the existing primary energy, such as
the kinetic energy of thehammer, was
transferred to the sample before the
fracture occurred and the energy was
then absorbed[7]. The sample is based

on the composition of the concrete’s
components and their resistance to ex-
ternal pressure applied to them, this in-
formation is relevant when determin-
ing the sample’s composition[8]. Also,
we observed that the impact strength
of the EP-CuO composite was greater
than the other composites’ due to the
strong chemical bond between the base
material and the reinforcing material,
this chemical bond is responsible for
the enhanced mechanical properties
observed in the composite, as well as
the lowest values were obtained at Ep-
CrO, and through Figure (4) we also
observed that the EP-CuO composite
possessed a lower durability than the
other composites.
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Figure (4) Impact test results for epoxy fortified with nanoxide particles

J

3-2 Hardness test results

The hardness test of the type (Shore)
was selected for the purpose of add-
ing nanoparticles of oxide (CuO, NiO,
CrO) to the epoxy at a ratio of (5, 10,
15)% Solvents’ figure (7). The amount
of copper oxide added to the epoxy was
greater than the amount of secondary
particles, and this was because of the
shape of the particles, their size, and
the ease of attachment to the epoxy.
This led to an increase in the hardness
of the material, which in turn restricted
the movement of the chains of polymer
and increased the hardness of the pre-

pared material. We also observed that
the EP-CrO composite’s hardness val-
ues are lower than the other compos-
ites’ hardness values, this may be the
cause of this. It’s the consistency of the
polymeric composite’s fuse or the lack
of uniformity between the base ma-
terial and the type of augmented par-
ticles, both of which will impede the
flow of the liquid base material into the
environmental spaces and thus reduce

the hardness of the prepared material
[9,10].
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3-3 Thermal Conductivitiy Coeffi-
cient

The thermal conductivity (k) of
epoxy resins reinforced with oxide
nanoparticles (CuO, NiO, CrO) was
calculated using the Lee’s Disc meth-
od in percentages (5, 10, 15), where
Figure (6) shows the highest values
When epoxy resins are reinforced with
copper oxide, since the nanoparticles
essentially do not contain voids, their
thermal conductivity becomes larger,
and the lowest values in the compounds
of different reinforcement ratios EP-
CrO, they have the following values
The values of thermal conductivity are

lower than those of epoxy resins con-
taining copper oxide or nickel oxide,
because the presence of these nanopar-
ticles in the matrix reduces the degree
of entanglement between the molecular
chains, which gives them greater free-
dom of movement, thereby increasing
their ability to vibrate, which leads to
an increase in the thermal conductivity
values of the composites. In addition,
these nanoparticles can density the
components of the composites, reduc-
ing the number of voids formed during
the manufacturing process of the com-
posites, thereby increasing the thermal
conductivity values[11,12]
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3-4 The results of the scanning
electron microscope test
when mixing epoxy with oxides
(CuO, NiO, CrO) have been micro-
scopic images of copper oxide more
homogeneous to the surface and there
is a clear diffusion of copper oxide
molecules with epoxy, the reason is
that a chemical reaction occurs be-
tween the materials. Epoxy is an or-
ganic polymer while copper oxide is
an inorganic mineral compound. When
mixed, chemical bonds form between
the epoxy and the copper ions in the
oxide. These chemical bonds help to

disperse copper oxide molecules ho-
mogeneously within the epoxy mate-
rial. This uniform distribution of met-
al particles improves the mechanical
properties of the resulting composite
material, such as hardness and tensile
and compressive resistance.[13,14) In
addition, copper oxide molecules play
a role in improving the thermal prop-
erties of the composite material. They
act as “coordination” sites for thermal
vibrations within the material, increas-
ing the degree of glass transition and
improving thermal conductivity as in
Figure (7).
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Figure (7) \
Microscopic images
of prepared samples

(epoxy-oxide ).

4-Conclusions
In this study, the effect of adding
nanoparticles (copper oxide, nickel
oxide, and chromium oxide) to epoxy
was investigated. Mechanical tests and
thermal analyzes were performed on
epoxy-nanocomposites with different

weight ratios. The results showed that
increasing the proportion of nanoparti-
cles improved the mechanical and ther-
mal properties of the epoxy, with the
Ep-15% CuO composite achieving the
best performance in terms of impact
The thermal
conductivity of the polymeric compos-

resistance and hardness.
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ites also increased with the increase in
the reinforcement ratio, and the Ep-
oxy-CuO composite was the highest
in this property. Microscopic analyzes
showed a clean, crack-free surface of
the composites.
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