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Summary

This study included the effect of silica nanoparticles on the structural and
optical properties of a composite consisting of ultra-high molecular weight
polyethylene oxide, copper nanoparticles and silver nanoparticles, the
UHMWPEQO /CuNPs/ AgNPs composite was prepared. Silica nanoparticles
were added in percentages by (0.05, 0.07 and 0.09)wt% to forma UHMWPEO
/Cu/Ag:SiO, composite. The ingredients were mixed is that magnetic stirrer at
room temperature (30 £ 5) °C for two hours until complete homogenization.
Using the casting method, the process of pouring the matrix into a petri dish
with a diameter of 9 cm was done and the solution was left for 10 days until it

was completely dry.

The structural properties of the films were studied by analyzing the
structural properties using Fourier Transform Infrared Spectroscopy (FTIR), the
diagnostic tests proved that the type of interaction between the components of
the nano composite is a physical interaction, and the functional groups of the
components of the superimposed were described by knowing the functional

aggregates to prove the purity of the elements.

The resulting films were also examined by energy dispersive X-ray
spectroscopy (EDX) to analyze the composition of the elements and prove their
purity, as the first sample was free of silica nanoparticles, while the other
sample showed silica nanoparticles, and this proves the purity of the constituent

elements.



The resulting films were examined by field emission scanning electron
microscopy (FESEM) to track the distribution and diffusion of the composite
components before and after the addition of the silica nanoparticles. We note
that the homogeneity of the overlay was maintained and agglomerations or
cracks were prevented in the components of the resulting films with an increase
in the grains size starts from (35.7)nm without adding silica nanoparticles, and
ends in (54.2)nm with the addition of (0.09) wt% silica nanoparticles. Various

shapes were obtained, including spherical, flower and other shapes.

The resulting films were also examined using X-ray diffraction (XRD). It
was found that there is a clear growth in nanoparticles starting from (30.06) nm
for superimposed crystals without silica nanoparticles and continuing to
increase until it reached (37.12) nm which led to an increase in the size of the

crystals, as well as relaxation in the nature of the superimposed materials.

As for the optical properties such as absorbance, reflectivity, and optical
coefficients, all of them increased with the increase in the weight ratios of the
silica nanoparticles. As for the transmittance and energy gap, they decreased
from (3.95) eV to (3.78) eV. These results indicate an improvement in all the

optical coefficients that were mentioned.
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Chapter One General Introduction

1.1 Introduction

In recent years, the use of most polymers was limited to the
manufacture of cheap products which were used for simple purposes.
However, the speedy technical development has required the replacement of
some materials being used in industry with others having better specifications,
consequently, polymers have replaced iron and aluminum for some purposes

that require high temperature and stress [1].

Polymer composites have unrivaled properties like light weight, high
flexibility, and possibility to be produced at low temperature and low cost [2].
The polymers can be divided into two denominations: industrial and natural.
The natural polymers include proteins, cellulose, starches and rubber, either
the industrial polymers include poly(vinyl chloride), polypropylene, nylons
polyethylene, polyvinyl alcohol, polyacrylamide and polyesters poly

carbonate etc.[3].

Over the past few years, a little word with big potential has been rapidly
insinuating itself into the world's consciousness, that word is "Nano".
Nanotechnology is one of the leading scientific fields today since it combines
knowledge from the fields of physics, chemistry, biology, medicine,
informatics, and engineering. It is an emerging technological field with great
potential to lead in great breakthroughs that can be applied in real life.
Nanotechnology tools and techniques enable the fabrication and control of

new nano and biomaterials, as well as nanodevices [4].

Nanotechnology, often known as nanoscale science, is the study of
matter at the nanoscale, which is defined as the range of (1 to 100) nm. A

breakthrough in academic and industrial interest in these nanomaterials over
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the past 10 years has been of interest due to the remarkable differences in
solid-state properties. In Greek, "Nano" means little man, while the Sl unit
"Nano" corresponds to (10"° m) magnitudes, such as nanometers, nanoliters,

nanograms [5].

The nanosciences have attracted a lot of interest for a number of reasons.
Among them, the very large surface to volume ratio showed by many
nanoscaled materials opened novel possibilities in surface-based science, such

as heterogeneous catalysis [6].

Moreover, it has been discovered that the properties of materials change
as their size approaches the nanoscale, or when a portion of certain atoms on
the material's surface becomes significant. For example, inert metals such as
platinum can act as catalysts, semiconductors such as silicon can act as
conductors that become conductive, etc. The applications of nanotechnology
have only increased in recent years, and the highest potential application is in

the field of materials, followed by electronics and medicine [7].
1.2 Polymer Structure

Polymers are large organic molecules (macromolecules) composed of
small structural components (monomers) linked together in a polymerization
process [8]. Each molecule is made up of thousands of atoms that are
connected by covalent chemical bonds, and molecules in polymers are
attracted to one another by forces that vary depending on the polymer type.
Polymers with low temperatures have limited crystal connections because
polymers are made up of big, linked molecules that are difficult to handle. A

linear chain of molecules can only arrange itself in an orderly fashion in a few
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locations. In the solid state, polymers have crystalline and non-crystalline

regions [9].
1.3 Classification of Polymers

Polymers can be classified into different categories based on their
structure, properties, applications, etc . Here are some of the common
classifications of polymers.

There are different kinds of polymers categorized according to their

structure, and as follows [10].

1.3.1 Linear Polymers

Single molecular is the basic structural unit for polymers in a series of
certain lengths that are connected in a linear form. Linear polymers may
include totals twisted that are a part of monomer but without any branch, as

revealed in Figure (1.1a). Such as polyethylene oxide.
1.3.2 Branched Polymers

This type of polymers consists of several branches that could be a Ladder
and Crusader or Comb, which is usually present with various lengths, as

illustrated in Figure (1.1 b). Such as low density polyethylene.

1.3.3 Cross Linked Polymers
This kind of polymers consists of chains from three dimensional linked
together in more than one site and monomers bonding in effective totals that

are chemical bonds, as displayed in Figure (1.1 c). Such as polyvinyl chloride.
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1.3.4 Network polymers
Three-dimensional (3D) networks are made of trifunctional. Examples:

phenol-formaldehyde and epoxies, as in the Figure (1.1d). Such as nylon.

(a) (b)

() (d)

Figure (1.1): Polymeric Chains Types (a) Linear, (b) Branched,
(c) Cross-Linked and (d) Network Polymers [11].

1.4 Nanomaterials
Over the past century, the branch of nanotechnology has greatly
blossomed. Today, many types of research are directly or indirectly related
to nanotechnology. Nanotechnology can be categorized as the development,
synthesis, characterization, and application of materials and devices by
modifying their size and shape at the nanoscale. The prefix nano is

employed as a keyword in every flow, including product advertising. Nano
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IS a combination of physics, chemistry, materials science, solid-state, and
biological sciences, and is derived from the Greek wordnanosor Latin
wordnanus, which meaning "dwarf," as a result, mastery in a single subject
will not enough. Therefore, physics, chemistry, materials science, solid-state
physics [12].

Nanotechnology has a wide range of applications in science and
technology. The difference between nanoscience and nanotechnology is that
nanoscience is concerned with the arrangement of atoms and their
fundamental properties at the nanoscale level, whereas nanotechnology is
concerned with the technology used to administer matter at the atomic level
for the synthesis of new nanomaterials with various properties [13].
Nanotechnology is intriguing. Although the general public is unaware of its
existence in practically all disciplines of engineering, its broad application in
medicine, the environment, electronics, defense, and security is still
growing. Although a lot of work has been done using this technology, there
Is still room for the development of new nanomaterials in various fields for
the advancement of mankind [12].

Nanomaterials have applications in the field of nano technology, and
displays different physical chemical characteristics from normal chemicals
(i.e., silver nano, carbon nanotube, fullerene, carbon nano).

According to the classification, nanostructured materials are classified
as zero dimensional, one dimensional, two dimensional and three

dimensional nanostructures , as shown in Figure (1.2) [14].
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Fig. (1.2): Classification of Nanomaterials (a) 0D Spheres and Clusters,
(b) 1D Nanofibers, Wires, and Rods, (c) 2D Films, Plates, and Networks,
(d) 3D Nanomaterials[14].

Th

Nanomaterials deal with very fine structures: a nanometer is a billionth
of a meter. This indeed allows us to think in both the ‘bottom up’ or the ‘top
down’ approaches Figure (1.3) to synthesize nanomaterials, i.e. either to
assemble atoms together or to disassemble (break, or dissociate) bulk solids
into finer pieces until they are constituted of only a few atoms. This domain
is a pure example of interdisciplinary work encompassing physics,

chemistry, and engineering upto medicine [15].
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Fig. ( 1.3): Schematic Illustration of the Preparative Methods of
Nanoparticles[15].

1.5 Materials used in the Work

Four different materials were mainly used in this work, three of which are

in fixed proportions and the other one is of variable concentration:
1.5.1 Silica Nanoparticle (SiO,)

Silica is another name for silicon oxides - the most prevalent type being
SiO,. It can be found in nature in crystalline form (as quartz sand), and it is
the most abundant component of the earth's crust. Amorphous silica, on the
other hand, is industrially manufactured in a variety of forms - including silica
gels, precipitated silica, fumed silica, and colloidal silica. Within the
construction industry aqueous dispersions of colloidal silica are also referred
to as nano silica and used for example in geotechnical, concrete and other
concrete applications. The term nano silica can also have a wider definition

and include other types of silica in powder form[16].

7
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Silica particles of 1 um were first prepared using sol-gel method and
systematically characterized by Stober and coworkers[16]. Have done
extensive work on the preparation of silica nanoparticles ranging from few
hundred nanometers to several micrometers by the control hydrolysis of
Tetraethyl orthosilicate (TEQOS) in ethanol [17].

The size and shape of silica nanoparticles may be controlled by additives

such as electrolytes, surfactants and organic acids etc [18,19].
1.5.2 Ultra High Molecular Weight Polyethelen Oxide (UHMWPEOQO)

UHMWPEO is a high-molecular-weight and non-ionic polymer. It is
hydrophilic, linear and not cross-linked, and highly soluble in both aqueous
and organic solvents. This repeating unit contains a hydrophobic ethylene
group and hydrophilic oxygen, which is also a hydrogen bond site. PEOs are
synthesized by polymerization of ethylene oxide using a metallic catalyst.
They are available in a very wide molecular weight range, from (200 to 7.0 x
10° )g/mol, and the low-molecular-weight PEO are called PEG. They are

completely soluble in cold and warm water [20,21].
1.5.3 Copper (Cu NPs)

Copper nanoparticle are elongated nanostructures with an average
diameter of( 40-100) nm and length of up to 50 pum. Applications for copper
nanoparticle include battery technology, microelectronics, solar cells, light-
emitting diode (LED) , renewable energy, and medical imaging. Copper
nanoparticle are generally available in most volumes, including bulk orders.
American elements also manufactures copper nanoparticle dispersions in
aqueous and organic solvents such as hexane and ethanol. Copper
nanoparticle could have promising applications in electronics [22].

8
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Optoelectronics, solar cells, photonics, magnetics, genetic engineering,
chemical sensors, and lubrication, due to their unique characteristics such as
high electrical conductivity and thermal conductivity as well as high aspect
ratio and tribological properties. Particularly, copper nanowires often can
effectively improve the mechanical properties, thermal properties, and wear

resistance of polymers such as polystyrene and polyamide [23].
1.5.4 Silver (Ag NPs)

Silver has a distinctive color that lies between white and gray, which is
attributed to it and is said to be silver. It has distinctive properties, as it has the
highest value among metals in terms of electrical and thermal conductivity, as

well as reflectivity[24].

Silver is found in the earth's crust either in the natural elemental free
form, or in the form of an alloy with gold, or within the components of some
minerals such as argentite and chlorargerite. Most silver is obtained as a by-
product of refining and other metals such as gold, copper and lead. Silver is
one of the precious metals as well as from the metals of money, so it was used
to mint coins, alone or sometimes with gold. Although it is more abundant in
nature than gold, the abundance in the form of the natural metal is few. Silver
has many uses, in addition to its use in the field of jewelry, coinage and
financial investments, it has applications in the manufacture of solar panels,
water purification, electronic industries and chemical industries, in addition to
its use in the silverware industry. Silver is purified during the electrolysis of
associated metals, where it is obtained as a high-value by-product. For

example, during purification, copper is deposited on the cathode in its
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production processes, while the silver associated with copper is deposited on
the anode[25]

Silver is taken and purified from impurities by treatment with dilute
sulfuric acid, rich in oxygen, and then by heating with lime or silica magma; It
Is then purified again by electrolysis in a solution of nitrate. At present, silver
Is mostly produced as one of the by-products of purifying copper, lead or zinc
metals by electrolysis; Whereas, in the past, purification was based on the heat

treatment of ingots of ores containing silver, according to the “Parks process”
[26].

1.6 The Methods of Preparation Polymer Films
Methods that can be used to prepare thick and thin films such as [27].

a- Casting Method

To prepare a film in the casting method, a certain amount of polymer
material dissolved in a suitable solvent as water. The polymer solution applied
to a horizontal rotating disc set at a suitable temperature, to obtain a
homogeneous solution, the speed of solvent evaporation must reduce and the
preparation time must be long and this method has been used in this study
where all polymeric materials were casted in (9 cm) diameter petri dishes.
Casting is a process in which molten flows by gravity or other force into a

mold where it solidifies in the shape of the mold cavity.

10
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Other techniques that can be used to prepare thin films such as [27].
b- Spin Coating Method.
c- Dip Coating Method.
d- Langmuir- Blodgett (LB) Method.

e- Electrochemical Method.

1.7 Literature Survey

This section includes previous studies by researchers and the results of

their works:

In (2015), Karar Abdali., [28], studied the enhancement of some physical
properties of polyethylene glycol by adding some polymeric cellulose
derivatives and its applications, the thesis included a study of the physical
properties of Polyethylene glycol (PEG 6000) before and after adding some
cellulose polymer derivatives. The optical, mechanical and electrical

properties of the composite have been studied.

In (2016), Banerjee S. L., et al., [29], studied this investigates a pot
synthesis of silver nanoparticles (Ag Nps) using aqueous solution of chitosan-
graft-poly(acrylamide) (Cts-g-PAAmM) as a reducing agent and polyethylene
glycol (PEG) as a stabilizing agent. The as synthesized Ag Nps was
characterized by ultra violet-visible (UV-Vis), Fourier transform infrared
(FTIR) and X-ray diffraction (XRD) analysis. Field emission scanning
electron microscopy (FESEM). The prepared Ag Nps exhibited strong

antimicrobial  activity against different gram positive bacteria

11
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(Alkaliphilus, Bascill substillis, Lysinibascillus) and gram negative bacteria

(Enterobacter aerogenus, vulnificus and Escherichia coli).

In (2017), Ningning Z., et al., [30], studied the novelty of the ideas
synthesis and application of copper nanowires and silver nanosheet-coated
copper nanowires as nanofillers in several polymers. They found that Cu@Ag
nanowires could effectively increase the thermal stability of the PVC matrix
composites. Moreover, due to the special morphology and microstructure, the
as-prepared Cu@Ag nanowires can effectively improve the mechanical

properties and wear resistance of PVC, UHMWPE.

In (2019) , Bangyao H., et al., [31], studied the effect of Cu, Ag on the
microstructure and IMC evolution of sub5-CuAgNi/Cu solder joints and the
experimental results indicated that with the increase of Cu and Ag. The
researchers concluded that solidus temperature reduced due to the increase of

the eutectic.

In (2019), Shujahadeen B.et al., [32], studied structural, thermal,
morphological and optical properties of PEO filled with biosynthesized Ag
nanoparticles: New insights to band gap study PEO filled with biosynthesized
Ag nanoparticles: New insights to band gap study. In this study a new insight
into the study of bandgap is presented. The solution casting technique was
used in the current study to prepare polymer composites based on
polyethylene oxide (PEO). Correlation relationship was established between
the results of the band gap survey and the XRD analysis. The Ag polymer
composites involved adding suspended AgNPs at different concentrations to a
PEO solution. The PEO:Ag composite films were found to have broad
absorption peaks due to the suspended amorphous AgNPs metallic silver

12
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particles, according to the results of the XRD analysis. The FTIR analysis
provided conclusive evidence of complexation between AgNPs and the PEO
matrix. Then FTIR and XRD. Pure PEO has been found to be associated with
conjugated globules. The AgNPs, there was a decrease in globule size, while
in 30 ml AgNPs, the globules appeared larger in size. Estimation of the optical
band gaps of the membranes required an in-depth investigation of their optical

properties.

In (2020), Ragab H. and Rajeh A.,[33], the chemical generation of silver
nanoparticles was achieved by reducing the concentration of silver salt. To
confirm the existence of nanoparticles, XRD, TEM, and UV-VIS
spectrophotometry were used to characterize the Ag NPs. The casting
technique contributed to the creation of novel Ag/PAM/PVA nanocomposites
films. Analytical tests using XRD and FTIR confirmed the interaction
between the polymer blend and the Ag nanoparticles. The FTIR signal
intensity variations with increasing dopant concentration imply a rise in the
basicity of the major functional groups, indicating the carbonyl group's
potential to behave as a powerful electron donor when interacting with the
Ag+ cation. The high conductivity accompanied by the high concentration of
Ag" was explained in terms of the amorphicity increase. Therefore, these
alterations show that these films are highly sensitive to doping, indicating that

they are suitable for use in optical and electrical devices.

In (2021), Karar A. et al.,[34], studied the effect of silver nano-particles
on structural, optical and electrical properties of casted (polyvinyl alcohol/
polyacrylamide/polyethylene oxide) composites for antibacterial applications
by solution casting method. The diffusion of nanoparticles (NPs) in the blends

was examined using an optical microscopy and a scanning electron

13
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microscopy (SEM). The aggregation of NPs was clearly visible in the high-
weight additives. Optical microscopy, SEM, and FTIR were used to examine
the materials. The absorption spectrum records in the wavelength scope (190-
1100) nm. The optical parameters directly proportional to Ag nanoparticle
additions except for the transmittance and the energy gap were lowered. The
optical parameters show that Ag doping clearly effects on the films

characteristics, the optical constants enhanced.

In (2021), QiH. et al.,[35], studied fabrication of Ag containing
antibacterial PEO coatings on pure Mg. Antibacterial plasma electrolytic
oxidation (PEO) coatings have been fabricated by in-situ incorporation of Ag
particles on pure Mg. It was found that the Ag particles have been partly
oxidized and incorporated into the layer during coating formation process. Ag
containing PEO coatings can strongly inhibit the growth of S. aureus and the
antibacterial efficiency of the coatings is mainly associated with the Ag
concentration in the layer. The antibacterial rate of the coating reaches 99%
and is maintained to be stable when sufficient Ag particles (above 1 wt%) are

incorporated into the layer.

In (2021), Xinzhen F., et al.,[36], studied the antimicrobial and antiviral
behaviors of Ag and Cu nanoparticles (NPs) are well known, and possible
mechanisms for their actions, such as released ions, reactive oxygen species
(ROS), contact killing, the immunostimulatory effect, and others have been
proposed. Ag and Cu NPs, and their derivative NPs, have different
antimicrobial capacities and cytotoxicities. Factors, such as size, shape and
surface treatment, influence their antimicrobial activities. The biomedical
application of antimicrobial Ag and Cu NPs involves coating onto substrates,
including textiles, polymers, ceramics, and metals. Because Ag and Cu are

14
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immiscible, synthetic AgCu nanoalloys have different microstructures, which
Impact their antimicrobial effects. When mixed, the combination of Ag and
Cu NPs act synergistically, offering substantially enhanced antimicrobial

behavior.

In (2022), Ahed A. K,,[37], studied the synthesis and characterization of
PAAmM-PEG blend and the effect of Ag, Sb,O3; Nanoparticles: Structural and
dispersion parameters .This study included the preparation of polymer mixture
films by mixing (PAAmM-PEG) and adding different amounts of nanomaterial
(Sb203, Ag) by casting method. Then, Sh,03, (Ag) was added to the solution
with different content with the same particle size to form samples. The
homogeneity and distribution of (Sb,03;, Ag) nanoparticles in PAAM-PEG-
Sh,0;, Ag films were studied using a light microscope. The optical
microscopy images showed a good dispersion of the nanoparticles with some

agglomeration.

In (2022), Zainab M. J.,[38], studied of the effect of nanowire on
structural and optical properties PVA-PAAmM blend. PVA-PAAM:CuNW
nanocomposites were prepared by pouring the solution in different thicknesses
(120.90) wm and different weight ratios (0.5, 1, 2)wt% of CuNW. The
morphological, structural and optical properties as well as the separation
coefficients of the nanocomposites were studied. Optical microscope images
showed a good distribution of CuNW atoms within the polymeric mixtures of
all nanocomposite films. Scanning electron microscopy (SEM) showed a
uniform shape revealing a rather smooth surface, and increasing the CuNW
ratio in a polymer matrix of PVA-PAAmM:CuNW nanocomposites led to

changes in the surface morphology and increased roughness.

15
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In (2022) Tian W. et al.,[39], studied the effect of Cu-/Ag-activation on
growth and corrosion resistance of electroless plated Ni-film on plasma
electrolytic oxidation coating. Cu activation and Ag activation methods have
been developed. Field emission scanning electron microscopy was used to
characterize the surface morphology and cross-section morphology of films
on Cu and Ag-activated coatings. Compared with the Ag doping coating, a
thicker, compact and more uniform layer film was formed on the Ag doping
coating. Moreover, the results of the electrochemical tests showed that the
film coated with the Ag-doped coating offered somewhat the same corrosion
resistance as the film coated on the Ag-activated coating, and better than the
film on the Cu-doped coating. Hence, the Ag activation method significantly
reduces the cost and, ensures the corrosion resistance of the composite

coating.

In (2022), Karar A., et al.,[40], studied morphological, optical, electrical
characterizations and anti-escherichia coli bacterial efficiency (AECBE) of
PVA/PAAM/PEO Polymer Blend Doped with Silver NPs, Silver
nanoparticles (AgNPs) were mixed with a polymer mixture to enhance them
van granted . A new approach by applying AgNPs in the polymer blend can
improve the physical and antibacterial properties.In the loading process, there
were different amounts of AgNPs in succession Coated with polyvinyl alcohol
(PVA), polyacrylamide (PAAm) and polyethylene oxide(PEO) polymer blend
via casting method. The prepared films were characterized by x-ray and
optical microscopy (OM), electron microscopy (SEM), Fourier transform
infrared (FTIR) and UV / Visible. The OM and SEM images showed that the
AgNPs were well dispersed within the polymer mixed with some weak

groupings. Visual properties were improved after doping.

16
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In (2023), Ehssan Al.B. et al.,[41], studied the effect of green synthesis
bimetallic Ag@SiO, core-shell nanoparticles on absorption behavior
and electrical properties of PVA-PEO nanocomposites for optoelectronic
applications. A green and easy technique for the aggregation of basic
(Ag@SiO;) nanoparticles into the matrix polymer matrix blend. The core
nanoparticles were loaded into ultra-high molecular weight polyvinyl alcohol
(PVA).Polyethylene oxide blended polymer (UHMW-PEOQ) for fabrication of
novel nanocombined guns (NCFs) wusing Casting technique. The
ultrastructural and optical properties of the membranes were investigated
using X-rays fourier transform infrared, visible light microscopy, scanning
electron emission Microscopy (FESEM), UV-vis energy dispersive
spectrometry / Study of structural, optical and electrical properties and XRD

revealed a semi-crystalline nature the degree of crystallinity increased.

In (2023), Camillo L. and Gianfranco R.[42], studied polymer wrapping
onto nanoparticles induces the formation of hybrid colloids. The polymers
stabilize the nanoparticles on which they are wrapped, avoiding coagulation
and unwanted phase separation processes. Circulation gives rise to hybrid
colloids, and is useful in applications with vital purposes. The encapsulation
efficiency is controlled by different contributions, which stabilize the polymer
plugs. They control the properties of the system when surface adsorption of
the hosts is undesirable. Calculations based on the proposed approach have

been applied to the PEO coating on SiO, silica and nanoparticles.
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Chapter One General Introduction
1.8 Aims of the Work

The goal of the work includes several points, the most important of

which are:

1- The main objective of the current study is to develop a new type of film

by casting method that can be used in optoelectronic devices.

2- The study focuses on the effect of incorporating silica nanoparticles
(Si0,) and adding them on to a composite composed of UHMWPEQO/
CuNPs/AgNPs.

3- The use of the casting method in this work to improve the structural and
optical properties of the resulting films, and the development of new

materials with improved properties are necessary to meet these demands.
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2.1 Introduction

This chapter discusses the theory and mathematical relations used to define
some physical properties. These physical properties are generally classified as
structural and optical. These relationships are the basis for understanding and
characterizing materials. In general, physical properties can be classified into two
broad categories, structural and optical. Structural properties refer to the arrangement
of atoms or molecules within a material. Some of the important structural properties
of materials include crystal structure, lattice parameters, and atomic positions. These
properties can be determined using techniques such as X-ray diffraction, neutron

diffraction, and electron microscopy[43].

Optical properties refer to the way that materials interact with light. Some of the
important optical properties of materials include reflectivity, transmissivity, and
refractive index. These properties can be used to understand how light is absorbed,
reflected, or transmitted through a material, and can be measured using techniques

such as spectrophotometry, ellipsometry, and polarimetry .

In addition to structural and optical properties, materials can also be
characterized based on other physical properties such as mechanical, electrical,
magnetic, and thermal properties. Each of these properties can be quantified using
specific techniques and mathematical relations, allowing scientists and engineers to

understand and manipulate the behavior of materials for various applications[43 ].
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2.2 Structural and Morphology Properties

A wide variety of characterization techniques were used to evaluate the material
quality of the thin films before using the films in applications. Structural and
morphological characterizations are methods used to analyze the physical and
chemical properties of materials at the atomic and molecular levels. These techniques
are important in many areas of science and engineering, including materials science,

chemistry, physics, and nanotechnology [44].

Structural characterization techniques provide information about the arrangement
of atoms or molecules within a material. X-ray diffraction, neutron diffraction, and
electron diffraction are commonly used techniques for determining the crystal
structure of materials. X-ray photoelectron spectroscopy (XPS), Auger electron
spectroscopy (AES), and Raman spectroscopy are other techniques that can provide
information about the atomic and molecular structure of materials. Morphological
characterization techniques, on the other hand, provide information about the shape,
size, and surface features of materials. Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) are commonly used techniques for imaging
the surfaces and internal structure of materials. Atomic force microscopy (AFM) and
scanning tunneling microscopy (STM) are other techniques that can provide high-

resolution images of the surface topography of materials [45 ].

Overall, structural and morphological characterizations are important tools for
understanding the properties and behavior of materials at the atomic and molecular

scales, which is critical for developing new materials and improving existing ones.
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2.2.1 Principles of Fourier Transform Infrared Spectroscopy

Fourier transforms infrared (FTIR) a chemical investigative spectroscopy. This

measures the infrared intensity with light wavenumber. The wavenumbers consist of

infrared light that are divided into three regions, far-infrared, mid-infrared and near-
infrared, which are between (4 ~ 400) cm™, between (400 ~ 4,000) cm™ and finally,
between (4,000 ~ 14,000) cm™', respectively [46].

Infrared radiation is permitted to pass through a material in FTIR spectroscopy.

Some of the infrared radiation is transmitted and some is absorbed by the sample.

The resulting spectrum is similar to the sample's molecular fingerprint and contains

information about the various chemical groups and chemical bonds present in the

sample. Two molecular structures never generate the same infrared spectrum like

fingerprints are unique for every person, as shown in Figure (2.1) [46].

IR detector

Fig. (2.1): A Schematic Diagram of the Classical Dispersive FTIR

Spectrophotometer [46].
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2.2.2 Principle of Energy-Dispersive X-ray Spectroscopy

Energy-dispersive X-ray spectroscopy (EDS or EDX) is a technique used in
analytical chemistry and materials science to identify and quantify the elemental
composition of a sample. EDX is typically performed in conjunction with scanning
electron microscopy (SEM), in which an electron beam is focused on a sample and
causes the emission of characteristic X-rays from the elements present in sample
[47].

EDX works by detecting the energy of the emitted X-rays using a detector
placed near the sample. Each element has a unique set of energy levels associated
with its electrons, and when an electron transitions from a higher energy level to a
lower one, it emits an X-ray with a characteristic energy that is specific to that
element. By measuring the energies of the emitted X-rays, EDX can determine the

elements present in the sample and their relative abundances, as in Figure(2.2) [48].

EDX is a non-destructive technology that allows analysis of the elemental
composition of a sample with high spatial resolution, making it useful for a wide
range of applications in materials science, geology, biology, and engineering.
However, the accuracy and precision of the EDX depends on a variety of factors,
including the quality of the SEM instrument, the sample preparation method, and the
calibration of the EDX detector [49].
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Fig.(2.2 ): Schematic Diagram of Energy-Dispersive X-ray (EDX)[49] .
2.2.3 Principle of Field Emission Scanning Electron Microscopy

The field emission scanning electron microscopy (FESEM) is a vital research
and manufacturing instrument that is widely utilized in many industries throughout
the world. The instrument's appeal stems from the necessity to inspect and gather

information about samples whose structure is deteriorating.

The FESEM provides a better level of resolution for examination and inspection
than existing optical microscope techniques. In addition, unlike the optical
microscope, the FESEM has a range of analytical modes, each of which provides
unique information on the physical, chemical, and electrical properties of a certain
specimen, device, or circuit. Because of recent advances that eliminate or at least

minimize sample degradation and contamination, allowing continuous nondestructive
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in-process inspection, the FESEM is currently finding increased uses in research and

production quality control, as shown in Figure (2.3) [50] .
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Fig. (2.3): Schematic Diagram of Field Emission Scanning Electron Microscopy
(FESEM) [51].
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2.2.4 Principle of X-ray Diffraction

X-ray diffraction (XRD) is a powerful technique used to analyze the crystal
structure of materials. It works by directing a beam of X-rays onto a crystalline
sample, which scatters the X-rays in various directions. The scattered X-rays form a
diffraction pattern, which can be analyzed to determine the crystal structure of the

sample.

The diffraction pattern results from the interference of X-rays scattered by
different planes of atoms in the crystal lattice. By measuring the angles and
intensities of the diffracted X-rays, XRD can determine the spacing and orientation of
the atomic planes in the crystal lattice, as well as the size and shape of the unit cell
that forms the crystal structure. XRD is a non-destructive technique that can be used
to analyze a wide range of materials, including minerals, metals, ceramics, and
polymers. It is commonly used in materials science, chemistry, geology, and physics
to identify unknown crystalline materials, study phase transitions, and investigate the

crystal structure of new materials [52].

XRD requires a high-quality X-ray source, such as a synchrotron or an X-ray
tube, as well as a high-quality X-ray detector to accurately measure the diffracted X-
rays. Sample preparation is also important, as the sample must be finely ground and

carefully oriented to produce a high-quality diffraction pattern [52].

The equation and Debye- Scherer equation can be used to indicate the grain size
[53].

D = (0.9 4 )/(B Cos 0) @.1)

2d (hkI) sin@ = 7A (22)
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As:

d: The distance between the two sides' surface.

\: The length of the wave of the incident ray (1.54 A).

n: integer (represents order diffractions).

0: Angle of incidence and reflection of the package X-rays beam and the surface.
(hkl): Millers coefficient

The Bragg reflection is a phenomenon in which X-rays or neutrons are
diffracted by the atoms in a crystal lattice in a way that produces a series of
constructive interference patterns. This phenomenon was discovered by William
Lawrence Bragg and his father William Henry Bragg in 1912 and is named after
them. The Bragg reflection occurs when the wavelength of the incident X-rays or
neutrons is approximately equal to the spacing between the atomic planes in the
crystal lattice. When this condition is met, the X-rays or neutrons are diffracted at a
specific angle, known as the Bragg angle, which maximizes the constructive

interference between the waves reflected by the atomic planes[54].

The Bragg reflection is an important tool in the study of crystal structures, as it
allows scientists to determine the spacing between the atomic planes and the
orientation of the crystal lattice. This information can be used to determine the
arrangement of atoms within the crystal, which is important for understanding the
physical and chemical properties of materials. The Bragg reflection is also used in a
variety of other applications, including X-ray diffraction analysis, crystallography,

and neutron scattering, this can be illustrated in the Figure(2.4) [55].
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2dsind=n A

Aaf

Fig. (2.4): The Bragg Reflection [55].
2.3 Optical Properties

Optical properties of polymers constitute an important aspect in study of
electronic transition and the possibility of their application as optical filters, a cover
in solar collection, selection surfaces and green house [56]. The optical properties of
materials can be defined as any property that involves the interaction between
electromagnetic radiation and light with the matter, including absorption,
polarization, reflection, and scattering effects .

The optical constants fully describe the optical behavior of materials; they are
important and fundamental properties of matter. Knowledge of optical constant of a
film from a given material is basic importance in determining the characteristics of
light transmission in the film. Such knowledge of the optical parameters of the
material is importance when designing devices through which electromagnetic
radiation absorbed or transmitted [57].

Study of the optical properties of polymers increases our knowledge of the type
of polymer internal structure, nature of the bonds and expands the potential scope of

polymer application. Knowing the spectrums of absorption and transmittance of a
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polymer assist in identifying many optical properties in different ranges of
wavelengths. Conducting examination at the ultraviolet spectrum range enables us to
know the type of the bonds, orbital and energy beams. The study at the visible
spectrum range provides sufficient information about the behavior of a matter to solar
applications. The study at the infrared range is very important in knowing the general
structure of a polymer and the elements consisting its chemical structure[58].

The total molecular energy has been broken down into electronic energy (Eee),
vibration energy (E.n), rotational energy (E,,) and transitional energy (Egans). Due to
the change in the distinct energies, the absorbance of an electromagnetic wave results

in a change in the total energy of the molecule [59].
A Eotal = A EyiptA Erott A Ele + AErans (23)

The visible and ultraviolet spectrums are those of electronic absorbance, while
the rest are those of other absorbance. In the absorbance spectrum, the Ege is the
clearest. The photon's reaction with the molecule causes the photon's electrical field
to agitate the electronic structure of the molecule to the point where The photon
vanishes, and its energy is transferred to the molecule whose state has been changed
to excited [60]. As shown in Figure (2.5) shows the energy regions and molecular

energies.
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wavelength frequency

1 km P | 300 kHz

10 m - 30 MHz

10 cm } - 3 GHz

4 e 4 . 300 GHz
m_ | 3%1073 Hz
o4 um } - 3x1015 Hz
1 nm - 3x1077 Hz
10" m + - 3x107° Hz
103 m + V 3x1021 Hz

Fig. (2.5): The Electromagnetic Spectrum Region [61].

2.3.1 Reflectivity(R)

Reflectivity can be obtained from absorption and transmission spectrum in

accordance to the law of conservation of energy by the relation [62].

R+T+A=1 (2.4)

Where:
R: is the reflectance , T: is the transmittance and A: is the absorbance.
2.3.2 Absorbance (A)

The ratio of absorbed light intensity (1) by substance to incident light intensity (l,)
Is known as absorption [63].

A = log— (2.5)
T
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2.3.3 Transmittance (T)

Dividing the intensity of the rays transmitting from the film (I)
over the intensity of the incident rays on it () is called transmittance (T)
and given in equation (2.4) [64].

T=1 (2.6)

2.3.4 Optical Constants
There are many ways to find the optical constants of absorption coefficient,

refractive index, extinction coefficient and optical conductivity
2.3.4.1 Absorption Coefficient (a)

Absorption coefficient is defined as a ratio decrement in incident ray energy flux
relative to distance unit in the direction of incident wave diffusion. The absorption
coefficient (o) is determined by incident photon energy (hv), material characteristics
where electronic transitions are type (n) or (p), and forbidden energy gap gives the
following equation [65].

E= hv (2.7)

When incident photon energy is less than the forbidden energy gap, then photon
will be transmitted and transmittance gives the following equation [65].
T,=(1—-R)?2.e ™™ (2.8)

If the intensity of incident ray (l,) that incident on blend film material of
thickness (t), the intensity of transmittance ray (I) gives by Beer Lambert law.
I=1,e™ (2.9)

The absorption coefficient is measured by cm™.

at = 2.303 log — (2.10)
0

30



Chapter Two Theoretical Part

Where the amount of log (lI/1,) represents the absorbance (A).

The absorption coefficient can be calculated using the following equation: [66].

o =2.303 (7 ) (2.11)
Where (t) represent a thickness of sample.

2.3.4.2 Refractive Index (n)

It is the ratio of light speed in vacuum to its speed in a medium. This index
shows how far a matter is affected by the electromagnetic waves. The refraction
index consists of two parts: real and imaginary. It can be expressed by the following
equation [64].

n=c/v (2.12)
Where (n) is the refractive index , (c) is the light speed in vacuum and (v) is the

light speed in matter. Reflectance (R) can also be defined as the ration of the reflected

ray relation at the borderline between two mediums to the incident ray.

The relation between reflectivity and refractive index is shown in the following

equation [64].
R = (n-1)* +ky* /(n+1)* + k,” (2.13)
Where (ko) is the extinction coefficient.

The rate of absorption of light is directly proportional to the intensity of the
incident light at a specific wavelength, and this physical phenomenon is common and

lead to the decay of the light intensity exponential as it passes.

Refractive index can be expressed by the following equation [64].

n = [4R/(1-R)*~k./]**+(R+1)/(R-1) (2.14)
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2.3.4.3 Extinction Coefficient (ko)

The coefficient of inertia represents the amount of photons absorbed by the
membrane, that is, the energy absorbed by the electrons of the material, and expresses

the following relation [67].
Ko =0 Mdn (2.15)

Where (1) is the wavelength of the incident radiation and (o) absorption coefficient.

2.3.5 Absorption Regions

Absorption regions can be classified to three regions :

A) High absorption region: the absorption coefficient value in this area is about
(o > 104 cm-1) and obeys Tauce equation [68].
B) Exponential region: the absorption coefficient value in this area is about

runback equation [69].
C) Low absorption region: the absorption coefficient value in this area is about
(o0 <10* em™) [70].
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3.1 Introduction

This chapter is devoted to the experimental part, which plays an important role
in determining the results. Where films are prepared (UHMWPEO/Cu NPs/Ag —
Si0,) by casting method. After completing the membrane preparation process, the
structural and optical properties of these films were studied. Figure (3.1) shows the

schematic diagram of the preparation and characterization.

Films Preparation

Matrix Addition
UHMWPEO+ CuNPs+ AgNPs SiO, NPs

Mixing by magnetic stirrer
at (30+5)°C

{

Casting method

Structural and Optical properties

morphology properties

FTIR | EDX || FESEM || XRD ATR | ank, | Eg

Fig. (3.1): Scheme of Experimental Part.
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3.2 Utilized Materials

The mixture used in this work consists of three ingredients: UHMWPEO/Cu
NPs/Ag NPs Composite.

3.2. 1 Ultra Higher Molecular Weight Polyethelen Oxide (UHMWPEOQ)

The polymer was used in a white granular form soluble in distilled water, and
its molecular weight was (3x10° g/mol), with high purity (99.9%). It manufactured
by a company (Central Drug Houses (CDH)).

3.2. 2 Copper Nanoparticles (Cu NPs)

This metal was used with the following specifications, actual particle size
APS (30 nm) , purity (99.9%) , specific surface area(15 m?/g), volume density (0.2

g/cm?), density (8.9 g/cm®), particle shape (sphere) and color (brown).
3.2. 3 Silver Nanoparticles (Ag NPs)

The material with an average grain size of 20 to 30 nm and high purity
(99.95%), silver nanoparticles (Ag) was produced as a powder by Sky Spring Nano

Materials, Lnc.
3.2.4 Silica (NPs)

The addition consists of one material, which is silica nanoparticles, were added
in the form of a powder with an actual particle size APS of 20-30 nm, a purity of
(99.8%) and a spherical shape. The addition process was carried out in different
stages according to the change in the concentrations of nanoparticles of silica with
fixed concentrations of the row materials . the thickness of the obtund films where
computed using digital micrometer to be in the range between 75um and 85um.

The applicable concentrations are shown table (3.1).
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Table (3.1): Weight Percentages of (PEO/Cu NPs/Ag NPS) Nanocomposite
and (SiO;) NPs.

Matrix materials wt% Loadings wt%
UHMW Cu NPs Ag SiO, NPs
PEO NPs
0.96 0.03 0.01 0.00
0.91 0.03 0.01 0.05
0.89 0.03 0.01 0.07
0.87 0.03 0.01 0.09

3.3 Methodology

These techniques have been selected in examination and diagnosis based on the

requirements of knowledge of characteristics.
3.3.1 Fourier Transform Infrared Spectroscopy (FTIR)

Fourier Transform Infrared Spectroscopy is another analytical technique used
in materials science and chemistry. Measures the absorption or transmission of
infrared radiation by a material as a function of wavelength or frequency. By
analyzing the resulting spectrum, we can obtain information about the molecular
vibrations and functional groups present in the material. In the context of our
experiment, FTIR spectroscopy can be used to analyze the chemical composition
and structure of the UHMWPEO/Cu NPs/Ag:SiO; films.

By measuring the absorption or transmission of infrared radiation at different

frequencies, researchers can identify the functional groups present in the film and
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the bonding interactions between atoms. This information can provide insights into
the film's chemical properties, such as its composition, purity, and crystallinity.
Some specific applications of FTIR spectroscopy in your experiment could
include[71].

Identifying the functional groups present in the UHMWPEO polymer, such as
the C-O and C-H groups. Analyzing the bonding interactions between the polymer
and the metal nanoparticles, such as the coordination of the oxygen atoms with the
metal ions. Investigating the presence and bonding of the with SiO, nanoparticles

in the film. Specifications FTIR (vertex 70) instrument made by Bruker.
3.3.2 Energy Dispersive X-Ray Spectroscopy(EDX)

This technique has been used to study the elements, EDX is a non-destructive
technique that can be used to show the purity of materials by multiplying and
analyzing them. It can be used for a variety of purposes in engineering, geology,
and materials science to analyze the elemental composition of a sample at great
spatial resolution. The accuracy of the EDX is however affected by a variety of
factors, including the caliber of the SEM instrument, the method of sample

preparation, and the calibration of the EDX detector [72].

By using a detector situated close to the sample, EDX measures the energy of
the emitted X-rays. Each element has its own set of electron energy levels, and as
an electron changes from one level to another, it emits an X-ray with a
characteristic energy that is unique to that element. The elements contained in the
sample and their relative abundances can be identified by EDX by measuring the

energy of the emitted X-ray. Specifications EDX produced by Oxford.
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3.3.3 Field Emission Scanning Electron Microscopy (FESEM)

Field Emission Scanning Electron Microscopy is a type of high-resolution
microscope that uses the principle of electrons to create high-resolution, three-
dimensional content images of the resulting films surfaces. In contrast to a
conventional scanning electron microscopy (SEM), which typically uses a
thermionic electron source, an FESEM uses a field emission source to produce a

much finer electron beam[73].

The FESEM works by applying a high voltage to a small metal tip, causing
electrons to be emitted from the tip by a process known as field emission. These
accelerating electrons approach the sample, which interact with the surface layer
and create an image. The FESEM can obtain much greater resolution and provide
more detailed images of the sample surface because the electron beam is much
narrower and more defined than conventional SEM, FESEM can be used for a
variety of additional analytical approaches in addition to imaging, such as energy
dispersive X-ray spectroscopy (EDX) and electron diffraction, FESEM is
commonly used in nanotechnology, materials science, and other sectors where

high-resolution surface imaging and analysis is critical [74].

Specifications FESEM (Mera-3) system made by T-scan Co., within (1.2 nm at
30 KV) and (2.3 nm at 3 KV), Place, XRD Laboratory — University of Kashan.

3.3.4 X-Ray Diffraction (XRD)

Through X-ray diffraction (XRD) perusing technique it can analyze the
crystal structure of the material. This is done by shining X-rays on a sample and
measuring the diffraction pattern of the scattered X-rays. The pattern generated by
X-rays reveals information about the arrangement of atoms in the material,

including the type and size of the crystal lattice, the orientation of the crystals, and
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the presence of impurities or defects [75]. This technique was used for the purpose
of knowing the crystal arrangement as well as the crystal size was calculated
before and after the addition of silica nanoparticles as it can generate generation
about its composition, crystal structure, and properties. And XRD can be used to
identify unknown materials, study phase transitions and structural changes in
materials under different conditions, and to improve material properties for specific
applications. It is a non-destructive technique that is widely used in research and
industry to develop new materials and analyze existing ones [76].  Specifications
XRD (X-pert) produced by Phillips Co., (Nikon-73,346) spectrometer
manufactured by Olympus, Place, XRD Laboratory — University of Kashan.

3.3.5 Ultraviolet-Visible Spectrophotometer (UV- VIS)

In order to measure the absorption and transmission of light in the ultraviolet
visible part of the electromagnetic spectrum, a UV-VIS spectrophotometer is a
frequently used device in materials research. We can examine the electrical and
structural characteristics of materials, including membranes and nanoparticles,
using this non-destructive method. A UV-VIS spectrophotometer can be used to
measure the optical characteristics of the UHMWPEO/Cu NPs/Ag-SiO, films
created in our experiment. We may learn about the film thickness, refractive index,
extinction coefficient, and bandgap energy by measuring the absorption or
transmission of light at various wavelengths. These variables, such as the film's
transparency, color, and capacity to absorb or reflect light, might shed light on how
the film behaves optically [77 ]. Specifications UV/visible properties were studied
by a double beam Shimadzu (1800) spetrometer.
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4.1 Introduction

This chapter contains the results and discussion of the structural and optical
properties of the (UHMWPEO/Cu NPs/Ag NPs) blend before and after adding
different weights from silica nanoparticles (SiO,) that prepared by casting method at
room temperature (30£5)°C. Structural and optical properties, such as, FTIR, EDX,
FESEM, XRD and UV-VIS have also been investigated. .

4.2 Structural Properties

In this paragraph several measurements are included
4.2.1 Fourier Transform Infrared Rays (FTIR)

Fourier Transform Infrared Rays spectroscopy is an important technique for the
investigation of composite structure, as it provides information about the complication
and interactions between the various constituents in this composite complexes. Fourier
transforms infrared spectroscopy analysis of (UHMWPEO/Cu/Ag) nanocomposite at
room temperature in the frequency region of (450-4000) cm™. The main function of
using FTIR is to evaluate the type of chemical bonding between different phases that
are present, examine if there is a chemical reaction occurs or it is merely physical

blending and qualitatively analyze the materials, which are in the bulk of films.

All spectra exhibit the characteristic absorption bands of (UHMWPEQO/Cu/Ag)
composite, the new bonds formed in this cover will be explained according to the

following figures and bond tables[78].
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Figure (4.1) and table (4.1) represent the FTIR spectrum of (UHMWPEO/
Cu/Ag) nanocomposite. In this Figure we show that in appeared in (3959, 3829,
3445, 2870, 2512, 2355, 2235, 2165, 2097, 1965, 1801, 1638, 1460, 1350, 1280,
1099, 846, 579and 528)cm™ related to (N-H,N-H,0-H,C-H, C=N, C=N, C=C, C=C,
C=C, C=0, C=C, C=C, C-N, C-N, C-0, C-0, C-C, C-C and C-C) Where the peaks of
the polymer appeared between the wavenumber from (2000-2500) cm™ and the results

are identical to the study[41].
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Fig. (4.1): FTIR Spectrum of (UHMWPEO/Cu/Ag) Nanocomposite.
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Table (4.1): FTIR Transmittance Bands Positions and Their Assignments for the
(UHMWPEO/Cu/Ag) Nanocomposites.

Composite Wavenumber cm™ Type of Bond
3959.62 N-H
3829.56 N-H
3445.09 O-H
2870.36 C-H
2512.82 C=
(UHMWPEO/ 2355.57 C=
Cu/Ag) 2235.73 C=C
Nanocomposite 2165.01 C=C
2097.56 C=C
1965.49 C=0
1801.32 c=C
1638.71 c=C
1460.18 C-N
1350.18 C-N
1280.93 [eXe)
1099.01 [eXe)
846.39 C-C
579.40 C-C
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For the experimental data presented in the following Figures, after adding silica
nanoparticles in different proportions (0.05,0.07 and 0.09 from SiO,) the formation of
some new chains was observed as shown in Figures (4.2), (4.3) and(4.4) for each

addition ratio.

We observed through (FTIR) if SiO, nanoparticles are present in (UHMWPEOQO/
Cu/Ag) Nano composites it leads to molecular vibrational motion restriction,
especially vibrational motion in three dimensions of the superposition because new
levels are being formed within matter, and will most likely be affected by IR energy.
Therefore, the nano composites have the property of nonporous which is almost
limiting [79].

The Fourier analysis infrared spectroscopy (FTIR) spectra of nano films and
doped nano films correspond to silica nanoparticles [80].No new peaks were appeared
after loading the SiO, , but there is small peaks shift less than 10 cm™ as shown in
tables (4.2),(4.3) and(4.4).

These results confirm that there is no any chemical interaction happens between
the matrix material and the loading material, the physical interaction , was happened

as appear from the increasing of the nitrates of peaks of the incorporation[81,82].
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Fig. (4.2): FTIR Spectrum of (UHMWPEQO/Cu/Ag) Nanocomposite with (0.05
Si0Oy).

Been noticedfrom Figures (4.1) to (4.4) that there is same bonds were hidden after
incorporation of SiO, and this is way be correlated with the effect of strong interaction
(physical interaction) which happed between the host (UHMWPEO/ CuNPs/ AgNPs)

and silica NPs.
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Table (4.2): FTIR Transmittance Bands Positions and Their Assignments for the
(UHMWPEO/Cu/Ag) Nanocomposite, with (0.05 SiO,).

Composite Wavenumber cm™ Type of Bond
3848.07 N-H
3738.53 N-H
3360.19 O-H
UHMWPEO/Cu 2918.81 Cohi
IAg 2851.33 C-H
Nanocomposite
2357.07 C=N
+(0.05) SiO,
2238.01 C=C
2165.86 C=C
1965.92 C=C
1647.29 C=C
1559.68 C=C
1457.86 C-N
1085.26 C-O
848.13 C-C
667.30 C-C
469.26 C-C
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Fig. (4.3): FTIR Spectrum of (UHMWPEO/Cu/Ag) Nanocomposite
with(0.07SiOy).
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Table (4.3): FTIR Transmittance Bands Positions and Their Assignments for the
(UHMWPEO/Cu/Ag) Nanocomposite, with (0.07 SiO,).

Composite Wavenumber cm™ Type of Bond
3844.93 N-H
3736.72 N-H
3362.56 O-H
UHMWPEO/Cu/ 2917.12 C-H
Ag
_ 2850.61 C-H
Nanocomposite
_ 2355.03 C=N
+(0.07) SiO,
1964.77 C=C
1648.05 C=C
1556.79 C=C
1459.83 C-N
1242.46 C-0
1084.51 C-O
847.40 C-C
666.70 C-C
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Fig. (4.4): FTIR Spectrum of (UHMWPEO/Cu/Ag) Nanocomposite with (0.09 SiO,).
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Table (4.4): FTIR Transmittance Bands Positions and Their Assignments for the
(UHMWPEO/Cu/Ag) Nanocomposite, with (0.09 SiO,).

Composite Wavenumber cm™ Type of Bond
3852.12 N-H
3360.12 O-H
2920.09 C-H
2850.62 C-H
UHMWPEO/Cu/Ag 2361.28 C=N
Nanocomposite ol =
+ (0.09) SiO,
1964.82 C=C
1733.04 C=0
1576.51 C=C
1541.51 C=C
1461.28 C-N
1383.00 C-N
1241.37 C-O
1079.84 C-O
846.76 C-C
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4.2.2 Energy Dispersive X-ray Spectroscopy (EDX)

An analytical technique used to analyze elements to determine the chemical
properties of samples, and it is a type of X-ray spectroscopy.In this technique, both
oxygen and carbon appeared to represent the polymer, as well as the appearance of
copper and silver only, and this represents the superimposed as a base[ 83]. Figure
(4.5) the atomic and weight ratios of the components of the composite free of silica

nanoparticles are indicated.

Intensity ] C
counts E
i Quantitative Results
300
4 Elt Line Int Error W% A%
i C Ka 594.5 2.0522 55.13 63.95
250—
| (0] Ka 304.0 2.0522 39.73 34.60
200__ Cu Ka 52.0 2.9030 4.05 0.96
1110
] Ag La 43.7 0.9537 1.09 0.49
150— 100.00 100.00
100—]
| ke

Fig. (4.5): EDX of (UHMWPEO/Cu/Ag) Nanocomposite.
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Figure (4.6) shows the spread of silica nanoparticles in the overlay, where the

silica nanoparticles appeared in this technique as part of the components of that

overlay[84].
Intensity |
counts i
. Quantitative Results
300—|
i Elt Line Int Error W% A%
110
250—] C Ka 406.4 1.6900 49.01 60.41
n (o) Ka 309.7 1.6900 39.18 36.26
2[][]__ Si Ka 51.1 0.8906 1.10 0.58
: Cu Ka 30.0 0.6701 6.74 1.57
150— Ag  la 330 05340 397  1.18
| 100.00 100.00
100
50
0 kel
0

Fig. (4.6): EXD of (UHMWPEO/Cu/Ag) Nanocomposite with (SiO,).
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4.2.3 Field Emission Scanning Electron Microscopy (FESEM)

The results FESEM was used to fully investigate the effect of nanoparticle content
and to examine the particle dispersion in the composite matrix and the interaction or
agglomeration of the nanoparticles. Figure (4.7) shows typical FESEM images of pure
silica particle-free UHMWPEQO/Cu/Ag films where the polymers are softer, more
homogeneous and cohesive. It is clear from the current figure that there was no
aggregation or cracking in the resulting films between these input materials. Where
spherical shapes appeared as a result of copper nanoparticles and silver nanoparticles,
which led to basic formations such as bimetallic nanoparticles. The Cu/Ag additions
were fine and homogeneously distributed within the UHMWPEO matrix and this is
probably due to the ability of this polymer to integrate with the particles of the

nanocomposite[85,86]. The results of the images showed that the grain size 35.7nm.

Fig. (4.7): FESEM Images of (UHMWPEO/Cu/Ag) Nanocomposite.
(@):15 kx, (b): 30kx, (c): 50 kx, (d): 100 kx.
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Figure (4.8) below shows typical images of nanocomposite (UHMWPEO/ Cu/
Ag-Si0O,) films with (0.05) wt% from silica within the composite content. The
addition of nanoparticles to the superposition is evident in the surface morphology of
this system. It is evident from the images that the grains accumulate an increasing
proportion of nanoparticles. The conformational shape of the nano composite
(UHMWPEQO/ Cu/Ag-SiO,) films was formed from aggregates or cut randomly on
the top surface. The results shows an increase in the number of white spheres on the
surface with nanoparticles particles concentration more the films display a uniform
density of grain distribution in the surface morphology. The results indicate that the
nanoparticles tend to form well-dispersed agglomerates in the composite films, with
an grain size of 35.8 nm. It is understood that the nanoparticles (SiO,) are randomly
distributed in (UHMWPEO / Cu / Ag) membranes. It was concluded that small

agglomerates are formed, making the membranes softer [87].

MIRAD TESCAN

View fiold: 4.24 pm |
SEM MAG: 30.0 kx

Fig. (4.8): FESEM Images of (UHMWPEO/Cu/Ag) Nanocomposite with
(0.05 SiO,) (a):15 kx, (b): 30 kx, (c): 50 kx, (d): 100 kx.
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Figures (4.9) and (4.10) show images of the compound (0.07 and 0.09) wt.% by
increasing the amount of SiO, in (UHMWPEO/Cu/Ag) films, greatly enhancing the

distribution, and nanoparticles are formed. A continuous network inside the polymer, and

it appeared in different and distinct shapes, such as spherical and flowery, with clear
growth of grain size (45.8)nm. This network includes channels in which charge carriers
are allowed to pass through, changing the material properties [88]. This is in line with the

researchers' findings [89].

~

SEM HV: 15.0 kV | WD: 10.25 mm
View field: 8.48 pm j Det: SE

SEM MAG: 15.0 kx Date(midly): 12/08/22

SEM HV: 15.0 kV ‘ WD: 10.25 mm
View field: 2.54 pm J Det: SE 500 nm
SEM MAG: 50.0 kx | Date(m/dly): 12/08/22
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SEM MAG: 30.0 kx | Date(midly): 12/08/22

» ’,. 4
4 'D: 52

MIRA3 TESCAN

Fig. (4.9): FESEM Images of (UHMWPEO/Cu/Ag) Nanocomposite with
(0.07 SIOy) , (a):15 kx, (b): 30 kx, (c): 50 KXkx, (d): 100 kx.
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By increasing the amount of SiO, in the (UHMWPEO/Cu/Ag) films, the
distribution is greatly improved, and the nanoparticles create a flower-shaped network
within the polymer with a grain size of up to(54.2)nm . This network includes
channels in which charge carriers are allowed to pass through, changing the properties
of materials. This is in line with the findings of the researchers [90].

by £ o

SEM HV: 15.0 kV WD: 10.19 mm I MIRA3 TESCAN SEMHV:15.0kV | WD: 10.19 mm
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Fig. (4.10): FESEM Images of (UHMWPEO/Cu/Ag) Nanocomposite with
(0.09 SiO,) , (a):15 kx, (b): 30 kx, (c): 50kx, (d): 100 kx.
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4.2.4 X-ray Diffraction (XRD)

Through a technique (XRD) we can know the crystal structure of the resulting
films (UHMWPEO / Cu NPs / Ag NPs) and the nature of their growth, where the
study was carried out in multiple stages before and after adding silica (SiO,) to the

matrix.

The X-ray diffraction patterns of the (UHMWPEO/ Cu NPs/Ag NPs)
superimposed film is shown in Figure (4.11) and table (4.5) and it was found that the
film of the superimposed has a semicrystalline nature and grows in a rhombohadral

crystalline structure.

It was observed that the main peaks appeared at 20 = 18.5° and 24.04° corelateed
to UHMWPEO polymer with miller indices (110) and (021) respectively. The
observed diffraction patterns are in good agreement with the standard PEO with code
number (JCPDS 49-2200) [91].

The peaks apeared at 20 = 38.07° agreed with (Ag) with miller indices (111), and
the observed diffraction patterns are in good agreement with the standard PEO with
code number (JCPDS 04-0782)[ 92].

The other peaks at 20 = 43.22° and 50.33° with miller indices (100), (200)
represent (Cu) and the observed diffraction patterns are in good agreement with the
standard PEO with code number (JCPDS 70-3083)[93].

Due to the amorphous stretcher of silica and the small amount of it in this
composite, therefore the silica does not show any peaked structure. The results
showed that the composite is semicrystalline in nature and grows into a rhombohadral

crystallinity[94].
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XRD Laboratory-University of Kashan

Results and Discussion
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Fig. (4.11):X- Ray Diffraction Pattern of (UHMWPEO/Cu NPs/Ag NPs)

Nanocomposite.

Table (4.5): Obtained Results from the XRD for (UHMWPEO/Cu NPs/Ag NPs)
Nanocomposite.
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Sample 20 (hkT) FWHM Crystal Size
degree (degree) nm
PEO 18.50 110 0.389 26.0
PEO 24.04 012 0.352 29.9
Ag 38.07 111 0.393 21.3
Cu 43.22 100 0.196 43.4
Cu 50.33 200 0.295 29.7
Av=30.06
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Figure (4.12) and table (4.6) show the X-ray diffraction pattern of the
(UHMWPEO/Cu NPs/Ag NPs) Nanocomposite film doped in 0.05 wt.% silica
(SiOy). It was observed that the main peaks appeared at 20 = 18.23° and 24.05°
corelateed to UHMWPEO polymer with miller indices,(021) and (012). And the
other peaks represent (Ag) by 20 = 36.13° with miller indices (111). The (Cu) by 20
= 43.43° and 50.49° with miller indices (111), (200) respectively, and this is identical
to (JCPDS Card No. 01 - 086 - 1561) for Ag NPs @ Cu NPs.

XRD Laboratery-University of Kashan

Counts

PEO
6000 (021) PEO
(012)

4000 —

2000 -
Ag Cu Cu

(111) (111)  (200)

0
L L B L L L B I S S IS
10 20 30 40 50 60 70 80

Position [*2Theta] (Copper (Cu))

Fig. (4.12):X- Ray Diffraction Pattern of (UHMWPEO/Cu NPs/Ag NPs)
Nanocomposite with (0.05 SiO,) .
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Table (4.6): Obtained Results from the XRD for (UHMWPEO/Cu NPs/Ag NPs)
Nanocomposite with (0.05 SiO,) .

Sample 20 (hkl) FWHM Crystal Size
degree (degree) nm
PEO 18.23 021 0.237 35.1
PEO 24.05 012 0.152 56.4
Ag 36.13 111 0.295 28.3
Cu 43.42 111 0.225 43.4
Cu 50.49 200 0.360 22.4

Av=37.12

Figure(4.13) and table (4.7) show the X-ray diffraction pattern of
(UHMWPEQO/Cu NPs/Ag NPs) composite film doped in (0.07) wt.% silica (SiO,),
mainly appeared for polymer 20 18.20%nd 20 = 24.04°, with miller indices (021)
and (012) respectively. And other peaks represent (Ag) 20 = 36.21° with miller
indices(111), and (Cu) 20 = 43.03%nd 26 = 50.36° with miller indices(111),(112). .
This may be due to the improvement and increase in granular size. The increase in
grain size of the film (UHMWPEO/Cu NPs/Ag NPs/SiO,). The results show that the
superposition is semicrystalline in nature and grows into a rhombohadral
crystal.[95,96]
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XRD Laboratory-University of Kashan
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Fig. (4.13):X- Ray Diffraction Pattern of (UHMWPEO/Cu NPs/Ag NPs)
Nanocomposite with (0.07 SiO,) .

Table (4.7): Obtained Results from the XRD for (UHMWPEO/Cu NPs/Ag NPs)
Nanocomposite with (0.07SiO,) .

Sample 20 (hkl) FWHM Crystal Size
degree (degree) nm
PEO 18.20 021 0.246 33.8
PEO 24.04 012 0.243 34.6
Ag 36.21 111 0.393 21.2
Cu 43.03 111 0.197 45.2
Cu 50.36 112 0.246 22.9
Av=31.54
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The crystal linty size was increased after loading this means that the silica
effectively grows in the matrix. There is no any new peak append after adding the
silica due the fact that small amounts of it was incorporated to the matrix but some
matrix peaks were effected after adding and same peaks and decrease other hidden

and broaded.

Figure( 4.14) and Table (4.8) show the X-ray diffraction pattern of the
(UHMWPEO/ Cu NPs /Ag NPs) composite film doped in (0.09) wt.% silica (SiO,),
mainly appeared for polymer 20 = 18.56°and 20 = 21.34°, with miller indices (021)
and (300) respectively.

The other peaks represent (Ag) 20 = 38.13° with miller indices(111) and (Cu) 20
=43.03%nd 20 = 50.44° with miller indices(111),(110) , The increase in grain size of
the film (UHMWPEO/Cu NPs/Ag NPs/SiO,) indicates that the result is approximately
close to [97 ].
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XRD Laboratory-University of Kashan
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Fig. (4.14):X- Ray Diffraction Pattern of (UHMWPEO/Cu NPs/Ag NPs)
Nanocomposite with (0.09 SiO,).

Table (4.8): Obtained Results from the XRD for (UHMWPEO/Cu NPs/Ag NPs)
Nanocomposite with (0.09 SiO,) .
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Sample 20 (hkl) FWHM Crystal

degree (degree) Size
nm
PEO 18.56 021 0.239 34.8
PEO 21.34 300 0.189 44.7
Ag 38.13 111 0.393 40.4
Cu 43.03 111 0.243 36.3
Cu 50.44 110 0.300 29.2

Av=33.7
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4.3 Optical Properties
The main purpose of studying the optical properties of the (UHMWPEQO/Cu/AQ)

nanocomposites is to identify the effect of adding the silica (SiO,) nanoparticles on
the optical properties. UV-VIS spectroscopy was used to show the optical properties
of this composite .A complete impression has been taken on the important optical

properties of this composite.

The research covers the recording of the spectra of absorbance for the
(UHMWPEQO/Cu/Ag) films at room temperature before and after the addition of silica
nanoparticles and calculating the transmittance, absorption coefficient, extinction

coefficient and other optical constants ,as well as calculating the energy gaps[98].

4.3.1 Absorbance (A)

Figure (4.15) show the absorption spectra of (UHMWPEO/Cu/AQ)
nanocomposites before and after the addition of silica nanoparticles, as a function of
the wavelength of the incident light. It can be noticed from the figure that the
absorbance for all films have a high values at wavelength in the neighborhood of the
fundamental absorption edge (300)nm, then the absorbance decreases with the an
increasing of wavelength. In general, the absorbance of the films has low values in
the visible and near infrared region. This behavior can be explained as follows, at
high wavelength the incident photons doesn’t have enough energy to interact with
atoms. Thus the photon will be transmitted, when the wavelength decreases, the
interaction between incident photon and material will occur, and then the absorbance
will increase [99]. In other words absorb the incident light by the free electrons.
Consequently, by the increase of the weight percentages of nanoparticles, absorbance
IS increased, these results are similar to the results reached by the researchers [100].

We notice an increase in the absorbance when adding SiO,.
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Fig. (4.15): Absorbance Behavior of (UHMWPEO/Cu/Ag-SiO,).

It has been observed that the films that possess silica nanoparticles have a higher
absorption spectrum, and this indicates an increase in the density of the overlay as a

result of the diffusion of silica nanoparticles within the overlay [101].
4.3.2 Transmittance (T)

The additional (SiO,) nanoparticles have electrons in their outer orbits that can
take in the incident light's electromagnetic energy and move to higher energy levels by
doing so. Because the traveling electron has filled open spots in the energy bands and
part of the incident light is absorbed, this process does not result in radiation emission,
Figure (4.16) demonstrates that transmittance reduces as nanoparticle concentration

rises.
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While there are no free electrons in polyethylene oxide (electrons are bound to
atoms by covalent bonds), this results in the necessity for a photon with a high energy

to break the electron bond and transfer the electron to the conduction band [102].

1

0.9 +
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Fig. (4.16): Transmittance Behavior of (UHMWPEOQO/Cu/Ag-SiO,).

4.3.3 Reflectivity (R)

Under the energy conservation the reflectance of pure and doped was calculated.
The relationship between reflectivity and wavelengths for a pure(UHMWPEO/Cu/Ag)

nanocomposite and doped with a varied ratio of SiO, is shown in Figure (4.17).

It is clear that for short wavelengths, reflectivity rises as wavelength increases.

With increasing wavelength and increasing deflection for long wavelengths,
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reflectivity increases for short wavelengths while decreasing for long wavelengths
[101,102]. According to the law of conservation of energy in relation exemplified by

equation (2.4)

0.25
02 -r\‘\
0.15
R
0.1 -
— PUre
0.05 - ————  Pure+0.05 SiO,
Pure+0.07 SiO,
Pure+0.09 SiO,
O T T T T
300 500 700 900 1100 1300
A (nm)

Fig. (4.17): Reflectivity Behavior of (UHMWPEQO/Cu/Ag-SiO,).

4.3.4 The Absorption Coefficient (o)

Figure (4.18) shows how the absorption coefficient decreases at high wavelength
and low energy, indicating that there is little likelihood of an electron transition taking
place since the incident photon's energy is inadequately to transport the electron from
the valence band to the conduction band. The absorption coefficient is measured in

cm ™. As in the equation (2.10).
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Given that absorption is good at these energies, which suggests that there is a high
likelihood for electron transitions, the energy of the incedent photon is adequate to
shift the electron from the valence band to the conduction band at high energies
[103,104]. This shows that the absorption coefficient assists in figuring out the nature
of electron transition, when the values of the absorption coefficient are high (a
>10*em™ at high energies it is expected that direct transition of electron occur, the
energy and moment are maintained by the electrons and photons. While, when the
values of the absorption coefficient is low (a <10*) cm™ at low energies, it is expected
that indirect transition of electron occur, and the electronic momentum is maintained
with the assistance of the phonon [83]. Among other results is that the absorption of
coefficient for the (UHMWPEO/Cu/Ag-SiO,) nancomposites is less than (10%) cm™,
this indicates that the electron transitions is indirect. We notice an increase in the

absorption coefficient when adding silica nanoparticle.
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Fig. (4.18): Variation of Absorption Coefficient of (UHMWPEO/Cu/Ag-SiO,).
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4.3.5 Refractive Index (n)

This physical phenomenon, which frequently results in the exponential decay of
light intensity as it travels, causes the rate of absorption of light to be directly
proportional to the intensity of the incident light at a particular wavelength refractive

index can be expressed by the following equation (2.14).

The variation in refraction index of (UHMWPEO/Cu/Ag-SiO,) nanocomposites
as a function of wavelength is shown in Figure (4.19). The statistics clearly show that
when the weight proportion of (SiO,) nanoparticles in the composite increases, the
refractive index rises due to the increased density of the nanocomposites. We observe
high refractive index values in the UV range due to its low transmittance, whereas we

observe low values in the visible region due to its high transmittance [105].
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Fig. (4.19): Variation of Refractive Index for (UHMWPEO/Cu/Ag-SiOy).
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An increase in the refractive index means that the optical density has become
greater, and this indicates an increase in the refractive ray with an increase in the

addition of silica nanoparticles.

4.3.6 Extinction Coefficient (k,)

Figure (4.20) shows that (k,) decreases in value at low concentrations, but
increases as (SiO,) nanoparticle concentration increases. This is explained by an
increase in the absorbance coefficient with (SiO,) nanoparticle content. This finding
suggests that the host material's structure will change as a result of the (SiO,)
nanoparticles [106]. The extinction coefficient is expressed in the following
relationship(2.15).

0.0008
—————— Pure

0.0007 - ———— Pure+0.05 SiO,

Pure+0.07 SiO,
0.0006 4 Pure+0.09 SiOz
0.0005 -
0.0004

K
0.0003 -
0.0002 - \
—
0.0001 -+
0 T T T
300 500 700 900 1100
A (nm)

Fig. (4.20): Variation of Extinction Coefficient of (UHMWPEO/Cu/Ag-SiO,).
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4.3.7 Indirect Energy Gap

Figure (4.21) shows the relationship between edge absorption (chv)* of
(PEO/Cu/Ag-SiO,) nanocomposites as a function of photon energy, when drawing a
straight line from the top of the curve towards the (x) axis at (aohv) V2 =9
extrapolation, we get the energy gap of the permissible indirect transition. The

obtained values are shown in table (4.9).

After adding silica nanoparticles to the superimposed, new levels were formed
between the levels of the superimposed, which led to the convergence of the valence
band and conduction bands from each other directly with the increase of silica
particles, which indicates that the values of the energy gap decrease with the increase
of the weight ratios of the nanoparticles, and this is due to the formation of local levels

in the energy gap forbidden [107].

The transition in this case takes place in two stages that includes the transition of
the electron from the valence band to the local levels to the conduction band as a

result of increasing the weight ratio of nanoparticles.

The density of the state increased with the increase in the concentration of
nanoparticles, which explains the decrease in the energy gap with the increase of
nanoparticles as shown in Figure (4.21) and table (4.9) these results are similar to the

researchers [107].
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Fig. (4.21): Variation of Energy Gaps of (UHMWPEO/Cu/Ag-SiO,).

Table (4.9): Energy Gaps Value of (UHMWPEO/Cu/Ag-SiO,)

Sample Indirect Eg(eV)

UHMWPEO/Cu/Ag 3.95
UHMWPEO/Cu/Ag+ 3.90

0.05 SiO;
UHMWPEOQO/Cu/Ag+ 3.84

0.07 SiO;
UHMWPEOQO/Cu/Ag+ 3.78

0.09 SiO;
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4.4 Conclusions

1-

The following remarks are concluded during the present work:

In the study, we successfully prepared and investigated UHMWPEOQO/ Cu/ Ag films
with out and within SiO, in the thicknesses about (75-85) um.

No chemical interaction was appear after incorporation of SiO,,

The purity of all materials was confirmed using (EDX) analysis.

According to the FESEM results, the images show fine diffusion, which may
indicate that the nanoparticles are well dispersed within the UHMWPEO matrix.
This is an important property of composite materials, as it can affect their
properties. The statement also indicates that the images reveal several shapes that
appeared in the composite material, which may mean that the nanoparticles formed
in distinct structures or patterns, including floral, spherical, and other shapes, as
well as an increase in the granular size, as it starts from (35.7)nm without silica,
and the granular size increases with increasing concentrations of silica
nanoparticles up to (54.2)nm.

X-ray diffraction examinations showed an increase in the crystal size of the
UHMWRPEOQO / Cu / Ag films, where it was found that the crystal size was (30.06)
nm for the composite without silica, but it began to increase with the increase. in
weight ratios of SiO; (37.12) nm

It was found that by studying the optical properties of the superimposed a clear
improvement, through increasing the absorbance, reflectivity and optical
coefficients with increasing the percentage of the weight concentration of silica, as
for the transmittance and the energy gap, they decrease with the increase in the
weight path, as the energy gap is less than (3.95)eV for the superimposed without
silica particles until up to (3.78)eV with a concentration of (0.09)wt% of SiO, NPs.
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7- The outcomes films make these nanocomposites suitable for using in the

optoelectronic devices, solar cells, UV-detectors and etc.

4.5 Future Works
From this study, other future works can be adopted as suggested below:

1- Study of the structural and optical properties of films (UHMWPEO/ CuNPs/
AgNPs/ SiO,) prepared by another method such as spin coating method.
2- Study the thermal and mechanical properties of (UHMWPEO/ CuNPs/ AgNPs/

SiO,) nanocomposites.
3- Effect of irradiation on the electrical and optical properties of (UHMWPEO

/CuNPs / AgNPs / SiO,) nanocomposites.
4- Effect of temperature on the A.C. electrical properties of (UHMWPEO /CuNPs
/AgNPs /SiO,) nanocomposites.
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