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The laser ablation (PLA) method was used with different laser pulses to
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make copper oxide/polyvinyl alcohol (CuO/PVA) nanocomposite thin
films. The effect of laser pulses on the optical, structural, morofigical, and
roughness properties was investigated. X-ray diffraction (XRD) results
confirmed the formation of CuO nanoparticles (NPs) after ablation of the
target surface with a pulsed laser beam with high crystallinity and purity.
The direction of crystal growth was in the (002) plane.
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INTRODUCTION

One important technique for synthesizing
nanoparticles with regulated size and geometry
is pulsed laser ablation, or PLA. Shortly after the
pulsed ruby laser was created in the 1960s [1],
pulsed laser ablation was initially developed. Many
researchers have since researched laser ablation
in a diluted gas or vacuum. Multiple thin films
can be produced by adjusting factors including
laser wavelength, fluency, and pulse duration, as
well as target materials and background gases.
These comprise metals, semiconductors, oxides,
and various ceramics that are high temperature
superconductors [2] and diamond-like carbon
[3]. Compared to silica-based optical materials,

* Corresponding Author Email: mae.visit.04@uotechnology.edu.iq

polymer materials are easier to process, less
expensive, and can be produced in large quantities
[1]. By adding an opportunity dopant, a polymer’s
characteristics can be significantly enhanced and
controlled [2]. The optical absorption of some
metallic salts including Polyvinyl Alcohol (PVA)
varies significantly, and the optical characteristics
of doped polymers are highly reliant on the
electrolytes’ internal electrical arrangement.
Understanding and managing the electrical
mechanisms involved in the process is essential
to producing materials with enhanced optical
properties[3].The chemical formula of polyvinyl
alcohol (PVA) is (C2H40)x, and its density ranges
from 1.19 to 1.31 g/cm3. The melting point of PVA
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is 230°C. Because it can undergo pyrolysis at high
temperatures, it decomposes quickly over 200°C
[4]. PVA is typically modified and enhanced by the
addition of various additives, including polymers,
salts, nanocomposites, and ions [5]. The behavior
of polymers and, more generally, composite
materials with unique properties that differ from
those of the matrix and filler may be demonstrated
[6]. Numerous researchers examined the (PVA)
films made by a casting procedure and filled
with different mass fractions of FeCl,. There was
clarification on the structural, electrical, and
magnetic properties. Certain IR absorption peaks’
filling level (FL) dependence was connected with
the physical parameter that was obtained to
describe the other characteristics. [8].

MATERIALS AND METHODS
Materials

PVA polymer (C,H,0) forms Zhuzhou Chemical
Company with purity of 99%. A high-purity copper
(Cu) target form sigma aldrich company. Distilled
water (DW) was used throughout the work.

PLA method
An Nd:YAG laser equipped with a lens with a

focal distance of 8 cm, pulse energy of 250 mJ,
a pulse repetition frequency of 6 Hz, a duration
of about 7 ns, and a wavelength of 532 nm
was used to fabricate Cu-PVA polymer NPs as
nanocomposites. A plate of high-purity CuO
metal was used as the source of the NPs. 10 ml
of a solution of PVA polymer dissolved in DW (at a
concentration of 1 g of PVA per 10 ml of deionized
water) was placed in a baker. The polymer solution
and nanoparticles were then deposited on high-
purity glass substrates at a temperature of 40°C.
The thin film of the nanocomposite is kept in a
closed vacuum to prevent contamination with
impurities before testing.

Characterization

The powder X-ray diffraction (XRD; PANALYTICAL
X PERT PRO-USA) study of the specimens’
crystalline structure was conducted using a CuKa
radiation source (A=1.5406 A) and an angle range
of 20-802 (26). A field emission scanning electron
microscope (FESEM-DES; ZEISS SIGMA VP-
GERMANY) was used to examine the morphology
ofCuO/PVA nanocomposite thin films. Xenon lamp
spectrophotometers (Split-beam Optics, Dual
detectors, Japanese built) were used to analyze
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Fig. 1. XRD pattern of CuO nanoparticles
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absorption spectra.

RESULTS AND DISCUSSION
The Structural Properties
X-Ray analysis (XRD) Results of CuO and Cu/PVA
Nanoparticle

Fig. 1 Demonstrate the XRD pattern of the
chemical reaction and laser ablation methods
used to synthesize CuO nanoparticles. Using the
techniques of pulse laser ablation and chemical
reaction with solutions of ethylene glycol and
water, preparation samples were placed on glass
substrates. The structural analysis of synthesized
materials was conducted using X-ray diffraction.
The crystallinity is defined as the peaks sharp

SEM MAG: 5.00 kx
SEM HV: 10.0 kV

200 nm EHT = 10.00 kV
WD= 40mm

Signal A = SE2
Mag= 50.00 KX

of XRD while the broad peaks show the nature
amorphous of the sample. When comparing the
XRD pattern of CuO synthesized by laser ablation
to CuO synthesized by chemical reaction, the
former exhibits an amorphous nature with no
prominent sharp peak following modification with
a concentration of copper.

Scanning Electron Microscopes (SEM) and EDX
Analysis of CuO Nanoparticle NPs

Scanning Electron Microscopy (SEM) was used
to analyses the morphology of pure PVA, un-
irradiated CuO nanocomposites, and irradiated
Cu/PVA nanocomposites, as shown in Fig. 2. It was
noted that the network structure of pure PVA is

Date :25 Apr 2023 ZEISS
User Text =

Fig. 2. SEM image of PVA,CuO thin film deposited on glass substrate prepared using
pulse laser ablation method

714

J Nanostruct 14(3): 712-722, Summer 2024
[S)er |



Kateralnada EH et al. / Preparation of CuO/PVA nanocomposite thin films

soft. Cu nanoparticles were uniformly dispersed
across the PVA film and had almost spherical
forms. The images SEM of CuO and CuO thin
film shown in Fig. 2 which prepared by substrate
glass used the methods of PLA and chemical with
athelen and water solution at energy pulsed (500
MJ), respectively. The elemental analysis using
Energy Dispersive X-ray Spectroscopy verified the
presence of Cu (EDX).

EDX analytical of CuO Nanoparticle

The EDX analysis, as shown in Fig. 3,
demonstrated that the powder utilized as a support
material during the shielding manufacturing
process contained O and Cu elements. The EDX
examination, shown in Fig. 3, confirmed that the
electrochemically produced film included the
components Cu and O. The type of salt employed
in the experiment and PLA procedures on glass
substrates with water and alcohol (ethylene)
solvents caused other elements to arise in this
process.

Optical characterization of CuO Nanoparticle NPs

Fig. 4 depicts the transmutation curve of
CuO NPs produced by pulse laser ablation and
electrochemical techniques utilizing laser energy
of (500mJ). Since an increase in laser energy
causes a rearrangement of the surface of produced
NPs and increases the transparency of films, it
is obvious that the absorption decreases with

x 0.001 cps/eV

increasing laser energy for all prepared samples.

Fourier transform infrared (FT-IR)

The FT-IR spectra of PVA films implanted by
CuO NPs at various laser energy (250, 500, 750,
and 1000 pulsed number) are shown in Fig. 5. At
3305 cm-1, the O-H stretching vibration for PVA
has been removed. The C-H group’s stretching
symmetric vibrations are displayed at 2923 cm-1.
The stretching asymmetric vibrations of the C-H
group have been seen at 2852 cm™. The vibrational
band at 1725 cm™ was ascribed to the C=C
stretching vibration, at 1651 cm™ the O-H bending
vibration was eliminated, and at 1431 cm-1 the
C-H group bending vibration was observed. The
vibration wiggling of the C-H group was seen at
1375 cm™. The acetate remnants were observed
to exhibit C-H wagging at 1242 cm™ whereas the
C-0 stretching vibrations were detected at 1087
cm™ and 1023 cm™.The shuffling The O-H group
stretching vibration for PVP was recorded at 3405
cml. At 1427 cm™ and 1373 cm™, there are two
bands for the C-H bending vibrations. At 1278
cm™?, the C-N bending vibration was noted. At 1220
cm™ and 1012 cm™, CH2 bands vibrational were
observed to shake and twist. (N-C=0) bending
vibrations are ascribed to the band at 564 cm1. At
energy pulsed laser (250 mj) of the Cu/PVA film
blend, found shift in O—H vibration stretching, new
bands at 1740, 1490, and 1250 cm™, corresponding
to the vibrations of C=0 stretching, C-H bending,
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Fig. 3. EDX analysis of CuO NPs prepared by electrochemical method on glass
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and C-O-C stretching, were also seen. The bands
at 1644 cm shifted as well, and all of the bands’
intensities decreased [12].

The peaks from DMF that are linked to the
stretching vibrations of C=0, C-N, and C-H are
located at 1659, 1415, and 1044 cm™?, respectively.
The carbonyl C=0 bond’s bond order decreases

while the carbon-nitrogen bond’s bond order
increases as a result of the two potential resonance
configurations of an amide. A wide band can be
seen in the spectrum between 3100 and 3600 cm™
because of the hydrogen bonds that exist between
the molecules of water. The O-H bond is influenced
by the stretching frequency of 3344cm™[13]. This
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Fig. 4. The Transmission curve as a function of wavelength of CuO prepared using chemical method with water and athyelen solution
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indicates that the presence of ethyl or water in the
system indicates the existence of the alkyl group.

surface morphology of NPs prepared in different

energy

Figs. 7 a-d show the shape of the three-
dimensional surface of NPs created at different
energies. Energy has a significant impact on

Kateralnada EH et al. / Preparation of CuO/PVA nanocomposite thin films

the surface morphologies of CuO samples, as
demonstrated by the extensive AFM investigation

of these materials. Fig. 6a clearly shows that the

films’ grain sizes are growing as energy levels

rise. Examination of the AFM images revealed
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Fig. 5. FTIR spectrum for CuO nanoparticles.
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Fig. 6. FTIR spectrum for CuO nanoparticles synthesis by LA.
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Fig. 7. AFM images of Cu/PVA NPs at pulses energy (a) 250 m, (b) 500, (c) 750, (d) 1000 pulsed.
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grains gathered to become the largest grains when
energy levels rose. (Figs. 6b, 6¢). When the energy
was 500mj and the pulse number was increased to
1000 pulsed, the grains will become much bigger
and may be caused clusters, these clusters are
combined and produced bigger grains and also
the roughness of surface of Cu films was studied
by AFM. Fig. 6b shows how increasing the film
energy from 250 to 1000 pulses causes the surface
roughness to increase from 0.10 to 2.91 nm, which
in turn causes the grain size to expand from 20 to
35 nm. The roughness of a film’s surface can be
significantly influenced by the surface morphology
of the glass substrate [14-15].

The Table 1 shows the effect of laser pulsed
energy on the roughness of the surface also the
effect on the crystalline size.

Fig. 7 displays the roughness (RMS) values of CuO
NPs together with AFM photos. As the annealing
temperature rose, the grain size increased as well.
This can be explained by the thermal energy that
annealing provides, which is used by active species
to fillin the micro-voids or flaws between columnar
formations. As a result, roughness increased as
particle size increased [16]. This phenomenon
confirms the findings of the earlier investigation
regarding the connection between grain growth
and roughness.

Shielding parameters
Linear attenuation coefficient u€

Fig. 8 displays the linear attenuation coefficient
of the Cu/PVA shield at different energies. It is
evident that as the laser emerges more, the values
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Fig. 8. displays the Cu/PVA shield’s linear attenuation coefficient at various energies

Table 1. The laser energy and RAS of the CuO NPs

Laser energy(500mj) while SA RMS Crystalline size (D)nm
pulse number
250 0.731 1.02 25
500 1.34 1.73 33
750 7.52 9.87 42
1000 2.29 291 38
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Fig. 9. Relationship between the linear attenuation coefficient and different laser energy (1000, 2000, 3000, 400 and 5000) mj.

Table 2. The laser energy and selding parameters of the CuO-pva nanocomposite

SAMPLE I 10 X(nm) X(cm) U HVL TVL
LASER ENENRGY
1000 500 370 172.5 0.00001725 -17455.4 -3.971E-05 -0.00013191
2000 510 370 185.2 0.00001852 -17327.6 -4.0002E-05 -0.00013289
3000 495 370 179.5 0.00001795 -16214.7 -4.2748E-05 -0.00014201
4000 505 370 218.4 0.00002184 4142425 -4.8668E-05 -0.00016167
5000 440 370 218.4 0.00002184 -7933.69 -8.7368E-05 -0.00029023

of the linear attenuation coefficient increase. [17]
Additionally, Table 2 shows that the enhanced
distribution of laser energy material will lead
to an increase in absorption processes, which
raises the shield density, gamma ray attenuation,
and the linear attenuation coefficient as a result.
[18] One could argue that PVA is ineffective as a
gamma radiation shield on its own. Fig. 9 shows
the relationship between various laser energy
and linear attenuation coefficient for different
concentration of the material composite of the
reinforcement material.

CONCLUSION

Copper Oxide thin films Prepared successfully,
using PLA method and chemical method deposited
on a glass substrate by using spin coating

J Nanostruct 14(3): 712-722, Summer 2024
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technique. The XRD pattern of CuO synthezied by
laser ablation method indicates that the nature is
amorphous without a sharp peak prominent after
being modified with a concentration of copper.
Narrow FWHM, low strain, and small crystalline
size have been observed. The diffraction planes
for physical and chemical method. The surface
morphology of CuO thin film deposition on the
glass substrates at different synthesis methode
are measured by using Atomic force microscopy
(AFM) which is observed the average Roughness
of the CuO thin films that depended on the
crystallization degree. The Cu/PVA material and its
application in shielding application very promising
in nanotechnology, which has an active role in the
behavior of factors affecting the manufacture of
nuclear shields.
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