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Abstract

Aluminum oxide (Al,05) nanoparticles were synthesized using the pulse laser ablation
method in liquid with a laser energy of 900 mJ . Aluminum (Al) plate was immersed in
deionized water and then ablated by an Nd-Yag laser with wavelength 1064 nm. The
size, shape, and structural properties of the Al,05; nanoparticles were analyzed using
scanning electron microscopy (SEM) imaging and X-ray diffraction (XRD). UV-Vis
spectroscopy was employed to determine the optical properties of the prepared
nanomaterails. SEM images revealed that the produced nanoparticles had a spherical
shape, and the particle size was under 100 nm. XRD analysis showed that the
crystallinity of the nanoparticles improved with time. UV-Vis spectroscopy
measurements indicated a clear absorption peak at a wavelength of 211 nm, with an
energy gap (Eg) value of 5.3 eV. These results suggest that the pulse laser ablation in
water technique is a simple, cost-effective, scalable, and environmentally friendly
method for synthesizing nanoparticles, particularly for applications in optoelectronics
and photocatalysis.
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1. Introduction

Metal oxides have become much more attractive from both scientific and technological
perspectives because of their unique properties, which covers nearly every topic of
materials science and solid-state physics [1]. A wide range of nanostructured metal
oxide materials in one, two, and three dimensions have been used in potential industrial
applications such as sensors, biomedical devices, catalysis, piezoelectric devices,
energy conversion and storage systems [2]. The small size of metal oxide nanomaterails
provides high stability, a high surface-to-volume ratio, a high carrier capacity, high
chemical reactivity, and biological activity, which can be beneficial for many
applications [3]. Aluminum oxide material is a promising material in different fields of
nanotechnology, including electronics, nanomedicine, fuel cells, and corrosion-resistant
surface coatings. This is because Al,0; semiconductor nanomaterails exhibit a wide
transparency window, excellent mechanical properties, thermal stability, and attractive
electrical properties [4]. Nanostructured materials can be formed through many
different approaches, such as the hydrothermal method, chemical vapor deposition, the
sol-gel technique, sputtering, pulsed laser deposition (PLD) method, and atomic layer
deposition. Recently, the laser ablation technique has become the most commonly
utilized method in the production of nanoparticles (NPs), which can be made in liquid,
vacuum, or gas. Laser ablation in liquid offers various advantages over traditional
approaches; it is simple and can be carried out without using chemicals [5-8]. In the
present study, pulsed laser ablation in liquids (PLAL) technique was used to deposit
Al,0;NPs and study their morphological, structural and optical properties.

2. Experimental

An aluminum plate with a purity 99.99% (2cm x 2cm) was used for Al,0,
nanoparticles growth in deionized water (DI) by laser ablation technique. The
aluminum metal foils were polished using 4000-grit sandpapers; the samples were then
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cleaned in an ultrasonic bath with acetone, ethanol, and deionized water for 10 minutes
and finally dried with an air gun. To generate Al,O;nanoparticles, the Al metal targets
were immersed in a glass beaker filled with 5 ml of DI water at room temperature, and
the liquid medium's height over the Al target surface was 5 mm. As shown in Figure 1,
the PLAL process contains a Q-switched N:YAG RG190 laser source with two
wavelengths (1064 nm, 532). The experimental operating settings and parameters for
the laser ablation in liquid technique were a 1064 nm wavelength, 10 ns pulse duration,
6 Hz repetition rate, and 900 mJ output energy per pulse. A convex lens was employed
to achieve high laser flux. In addition, 500 laser pulses were used to bomber the metal
target surface. After the laser ablation process, the deionized water solution containing
nanoparticles was collected for analysis.

Mirror
Convex lens Laser beam
\

Deionized water _

Al metal plate _

Figure 1: Pulsed laser ablation in liquid system set up.
3. Results and Discussion
3.1 Structural and Morphological Analysis

Figure 1 represents the X-Ray diffraction patterns of the (a) ablated particles and (b)
aluminum metal plate. The five observed diffraction peaks can be indexed to (104),
(113), (024), (116), and (214) reflections. These observations are match well the same
structure reported in [4, 9-13]. The XRD peaks indicate that the a-Al, 05 nanoparticles
synthesized by laser ablation in water have a polycrystalline structure. The XRD pattern
showed no notable peaks for pure Al metal or different alumina phases, indicating that
Al was completely transformed into a-Al,O5 during the laser ablation process [11]. The
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XRD pattern for the Al metal substrate in Figure 1(b) shows intense peaks located at 260
= 38.70° , 44.94°, 65.25°, 78.41°, which are attributed to the Al (111), (200), (220), and
(311) plans, respectively. These results are similar to previous studies [10, 14, 15].
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Figure 1. XRD spectra of (a) a-Al, 05 nanoparticles and prepared by laser ablation in water method (b) Al
metal substrate.
The mean crystallite size of a-Al,05 is calculated using Scherer equation ( D =
KA/Bcos B ) [13], where B (in rad) is the full width at half-maximum (FWHM) of the
XRD peak, (A = 1.54060 A) is the used X-ray radiation wavelength, 0.9 is Scherrer’s
constant, and 0 the Bragg diffraction angle. The estimated average crystallite sizes of
a-Al, 05 nanoparticles are summarized in the table 1.

Table 1: Average crystal size of a-Al, 05 nanoparticles prepared by laser ablation in water method

26° (113) FWHM (B) deg Average crystal size (nm)
25.57 0.39 21.8
35.40 0.34 20.3
52.30 0.54 17.1
57.30 0.39 24.2
66.45 0.57 174
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The morphological characteristics of the ablated particles of Al,0; nanoparticles
from Al plate by the laser ablation in water process were investigated using scanning
electron microscopy (Thermo Scientific™ Quattro SEM). Figure 2 shows SEM images
of (a) the aluminum plate and (b) Al, 05 nanoparticles.

Figure 2. Surface morphology images of the as-grown Al, 05 NPs by laser ablation in water technique .

It is obvious that the manufactured Al, 05 nanoparticles have a spherical form. From
SEM image in figure 1 (b) The particle size distribution ranged from 20 to 65 nm, these
results are in good agreement with previous reported studies [12, 16-18].

The Dispersive Spectroscopy (EDS) spectra of Al,05; nanoparticles synthesized
using the laser ablation method were represented by Figure 3. EDX analyses confirmed
the atomic composition of the prepared structures. The results indicate that the spectra
consisted of aluminum (Al) and oxygen (O) peaks. This suggests that the synthesis of
pure Al, 05 nanoparticles was successful. The spectrum of atomic compositions analysis
reveals that the weight percentages of aluminum and oxygen elements were 26.6 and
73.4 atomic respectively.
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Figure 3. The atomic compositions analyzed by EDS study of Al,05 prepared by laser ablation in water
technique .
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3.2 Optical Characterization

The UV-Vis spectrometer was used to investigate the optical properties of the
Al,O;nanoparticles synthesized using laser ablation in water method. Figure 4 shows
the UV-Vis absorbance spectra for Al,0;NPs over the wavelength range of 300 to 700
nm. The results revealed that the Al,0; sample exhibited an absorbance peak at 211 nm
[19, 20]. The transmittance spectrum of Al,05 sample in the spectral range 300-700 nm

are shown in Figures (5). It is clear that the sample was transparent in the range of 250-
700 nm.
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Figure 4. UV-Vis spectra of as-prepared Al,05 nanoparticles
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Figure 5. Transmittance spectra of the Al, 05 NPs prepared by laser ablation in water technique .
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A graphs in Figure 4 shows the optical energy band gap for Al,O; NPs formed by the
laser ablation in water process. The linear portion of the (ahv)2 vs photon energy (hv)
curves is used to evaluate the Al,05 band gap. The optical band gap Eg was computed
using Tauc's equation, as shown in the equation below [21, 22]:

ahv = A(hv—-E)" ... (1)

where a is the absorption coefficient, h is Plank’s constant, v is the frequency, and
A is a proportionality constant, and n is the exponent factor that characterizes the nature
of the electronic transition generating the absorption (1/2 and 2, 3/2 or 3) for direct
allowed or indirect allowed, direct forbidden and indirect forbidden transitions,
respectively [23]. As shown in figure 4, the band gap. The band gap of the alumina
nanoparticles was found to be approximately 5.3 eV, which is in good agreement with
previously reported studies by other researchers [24-26].
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Figure 6. The [ahv]® versus hv plots Al,03 NSs.

4. Conclusion

Aluminum oxide nanoparticles were successfully synthesized from an aluminum
plate using the laser ablation in water technique. The XRD pattern of the as- formed
Al, 05 NPs displayed major characteristic peaks of the a-phase. The mean crystallite
size of a-Al,05 was found to be in the range of 17- 22 nm. The SEM images revealed
the that the as-synthesized products had a spherical shape. The EDX elemental

composition analyses confirmed the presence of Al and O as the major elements. The
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UV-Vis spectrum indicated that the band gap of the Al,0; sample is approximately 5.3
eV. Given the ease fabrication and the excellent performances of green laser ablation
technique, it holds promise for production of other nanomaterails. Additionally, the
deposited Al,0O5 structures produced by PLAL technique are expected to be highly
promising in for a range of application, particularly in optoelectronics and

photocatalysis.
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