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ABSTRACT

Metal oxides are a promising class of materials for solar thermal applications due to their
excellent light absorption, thermal stability, and ease of synthesis. When produced in nano
size, metal oxides have been recognized as suitable materials for improving thermo-physical
properties of working fluids or coatings in solar thermal applications. In this research, earth
metal oxides of Aluminium oxide (Al,O3), Nickel oxide (NiO) and Antimony oxide (Sb,O,)
nanoparticles were synthesized using suitable precursors which include Aluminium nitrate,
AI(NO3)3.9H,0, Nickel Chloride, NiCl,.6H,O, Antimony chloride (SbCl;) and Urea, CO(NH,),
respectively, in de-ionized water as based fluid by Hydrothermal method. The synthesized
Al,O; nanoparticles was obtained by calcination of the intermediate product, Aluminium
hydroxide, (AIOOH) precipitate from the hydrothermal process at 1000°C for 4 hours. NiO
nanoparticles was obtained by annealing Nickel hydroxide, Ni(OH) of the synthesized
product at 400°C for 3 hours and Sb,O3; nanoparticles was obtained by heating Antimony
oxychloride, (SbOCI) from the hydrothermal process at 60°C for 4 hours. Their crystal
structure and surface morphology were characterized by employing X-ray diffraction (XRD)
and Field Emission Scanning Electron Microscopy (FESEM) techniques to ascertain their
purity. From the XRD results of the analysis of Al,O; nanoparticles showed the main
diffraction peaks at 26 = 32.7830, 67.418¢c, 36.684°, 31.207°, 32.783c and 44.796° which is in
agreement with the International center for Diffraction Data (ICDD) standard pattern Ref.
card no. 98-003-7392 and monoclinic in nature as seen from the crystallographic parameter,
with crystallite size evaluated as 14.2nm (Debye Scherrer method). For NiO nanoparticles,
the results of the analysis described the main diffraction peaks at 20 = 43.2540, 37.2270,
62.8290, 75.3520 and 79.341¢ respectively, this is also in agreement with the International
center for Diffraction Data (ICDD) standard pattern Ref. card no. 98-000-8170 and cubic in
nature as describe by the crystallographic parameter, its crystallite size was calculated as
9.5nm (Debye Scherrer method). The XRD results of the analysis of Sb,O3; nanoparticles
indicate the main diffraction peaks at 206 = 27.718°, 46.053°, 54.603°, and 32.112°
respectively which is equally in agreement with the International center for Diffraction Data
(ICDD) standard pattern Ref. card no. 98-001-7507 and cubic in nature as obtained from the
crystallographic parameter, with crystallite size determined as 32.22nm (Debye Scherrer
method). The FESEM surface morphology for the samples revealed the distribution peaks
as unimodal, having one main peak suggesting all samples are relatively uniform in size
having a diameter of 64.2nm, 50.1nm, and 8.8nm for Al,O3, NiO and Sb,0O;respectively. The
Crystal structure, crystallite size and surface morphology give rise to greater surface area
and can greatly influence heat capacity and absorption by nanoparticles in a based fluid,
hence the results shows that the synthesized nanoparticles can offer high thermal
conductivity and excellent thermal stability, making them promising candidates for efficient
solar energy absorption suitable for solar thermal application.

Keywords: Earth Metal Oxides, Nanoparticles, Solar energy, Solar thermal collector.

1.0 Introduction
Solar thermal collectors are targeted to operate at high temperature to give high thermal
efficiency, but the huge amount of flux incident on the conventional solar collector causes
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large temperature difference and high thermal resistance between the solar coating surface
and the working fluid, degrading the performance of the solar thermal collector over time [1]
and [2].

Recent researches have shown that heat transfer fluids containing nanoparticles
(nanofluids) have great potential in harnessing solar energy [3]. Metal oxides are a
promising class of materials for solar thermal applications due to their excellent light
absorption, thermal stability, low poisonousness and ease of synthesis [4].

Crystal structure, crystallite size and surface morphology are some of the factors that gave
rise to greater surface area and can greatly influence heat capacity and absorption by
nanoparticles in a based fluid [5]. This shows that metal oxide nanoparticles can offer high
thermal conductivity and excellent thermal stability, making them promising candidates for
efficient solar energy storage [6].

The synthesis and characterization of metal oxide nanoparticles is essential for
understanding their structural and rheological properties [7]. Techniques such as X-ray
diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM) and UV-Visible
spectroscopy are commonly used to analyze the crystallinity, size and optical properties of
metal oxide nanoparticles in nanofluids [8]. By employing a combination of these
characterization techniques, valuable insights into the fundamental properties of the metal
oxide nanoparticles for solar thermal applications were achieved [9].

2.0 Theoretical Background

By understanding the theoretical concepts of light-matter interaction and employing the
characterization techniques with their relevant equations and the specific synthesis methods
chosen, were targeted to optimize the metal oxide nanoparticles (Al,O3, NiO, Sb,03) for
efficient solar thermal applications.

21 X-ray Diffraction:  XRD is one of the most important characterization techniques
to reveal the structural properties of nanoparticles. It gives enough information about the
crystallinity and phase of NPs. It also provides rough idea about the particle size through
Debye Scherer formula [10].

XRD uses X-rays to determine the crystal structure and phase composition of a material.
Bragg’s equation is given by
nA = 2dsinf (1)

where: n is an integer, A is the X-ray wavelength, d is the interplanar spacing, and 0 is the
diffraction angle [11]. The Scherrer’s equation is given by

kA
D(hkl) = 2 )

where: D: is the crystallize size (in nm), K = 0.9 is dimensionless shape factor, A = 1.5406A,
is the wavelength of the X-ray radiation, f: is the Full width at half maximum (FWHM) of the
diffraction peak in radians, ©: is the Bragg angle in degree [12].

21.1 Field Emission Scanning Electron Microscopy (FESEM)
Field Emission Scanning Electron Microscopy (FESEM) was employed to assess the
morphological properties of the materials.

2.1.2 Ultraviolet, Visible, and Near-Infrared (UV-Vis-NIR)

This technique measures the transmittance and absorption of light by a material across the
(UV-Vis-NIR) spectrum [13].

Transmittance, T; By Beer- Lambert law [13].

156



Bayero Journal of Physics and Mathematical Sciences / Vol. 16, No. 1/ March, 2025. ISSN: 1597 — 9342, Online ISSN: 2795 - 3866

If sample is transparent: %T = 100%;1- =1 (3)

If sample is not transparent %T < 100%; - # 1 (4)
where; I is the intensity of transmitted light through sample solution, I-is the intensity of
incident light

Absorbance; By Beer- Lambert law [14].
Absorbance, A =log 10% (5)

where:log 10 presents the base-10 logarithm
hv 1240

Energy of Photon, E=—=— (6)
where: h is Planck’s constant, V speed of light and 4 wavelength of light [14].
Absorption coefficient, a = 2.303 x% (7)

where: A is absorbance, d is the path length of light through the sample

2.1.3 Zeta Potential: Zeta potential measures the surface charge of nanoparticles in a
suspension. It influences the stability of the nanofluid by preventing particle aggregation
[15].

2.1.4 Particle Size: Particle size significantly impacts a nanofluid's properties. Smaller
particle size generally leads to better heat transfer due to increased surface area for
interaction with the base fluid-de-ionized water, [16].

2.2 Review of Related works
Some studies had been reported in using nanoparticles in base fluids as nanofluids in solar
energy storage.

[17] elucidated that Al,O; nanoparticles exhibiting a theta phase spherical crystalline
structure were successfully synthesized employing a self-combustion technique utilizing
bauxite and sugar as the principal raw materials. The resultant self-combustion product
underwent calcination at 1200°C for duration of 4 hours, and the X-ray diffraction (XRD)
analysis indicated that the crystallite size of the Al,O3; nanoparticles was determined to be
15.5 nm, whereas the surface morphology assessed through transmission electron
microscopy (TEM) analysis indicated that the average particle size was 30 nm.

[18] documented the successful synthesis of copper oxide (CuO) and aluminium oxide
(Al,O3) utilizing a two-step method combining various routes. A total of 2.3 grams of copper
nitrate, Cu(NQOs)s, along with 0.83 grams of glycine, were solubilized in a minimal volume of
double distilled water. Similarly, 4.25 grams of aluminium nitrate, Al(NO3);, combined with
0.83 grams of glycine, were dissolved in a sufficient quantity of double distilled water. The
resultant distinct solutions yielded a foam product composed of CuO and Al,Os, along with
their associated by-products. The foam products underwent calcination at approximately
800°C for duration of six hours. The X-ray diffraction (XRD) analysis of the CuO
nanoparticles demonstrated a remarkable degree of crystallinity of the synthesized material,
with a crystallite size measured at 32 nm. The Al,O3; nanoparticles exhibited a rhombohedral
lattice structure, thereby affirming their superior crystal quality with a crystallite size of 18
nm.
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[6] elucidated that aluminum oxide (Al,O3) nanoparticles exhibiting a gamma crystal
structure were effectively synthesized employing the hydrothermal technique, utilizing
aluminum chloride (AICIl;) and urea CO(NH.), as the primary precursors. The synthesis was
conducted at a temperature of 170°C for duration of 17 hours. Subsequently, the
hydrothermal product underwent calcination at 500°C for one hour. The resultant Al,O3
nanoparticles were characterized utilizing X-ray diffraction (XRD) and Transmission Electron
Microscopy (TEM). The XRD analysis indicated that the synthesized nanoparticles
corresponded to gamma-alumina (y-Al,O3), possessing a crystallite size of 4 nm. The TEM
imagery revealed an aggregation of rod-like particles with an average diameter of 6 nm,
which was significantly influenced by the presence of urea as a capping agent. The Al,O3
nanoparticles produced possess the capability to generate highly stable nanofluids, which
hold considerable promise for applications in energy storage systems.

[19] elucidated that Nickel oxide nanoparticles were generated through hydrothermal
methodologies employing Nickel Nitrate, Ni(NO,).6H,O, Urea, CO(NH,),, and Citric acid,
which were solubilized in a 1:1 ratio of 1,2 propanediol to water. The resultant synthesized
material underwent a drying process at a temperature of 400°C for a duration of four hours.
The X-ray diffraction (XRD) analysis indicated that the NiO nanoparticles exhibited
pronounced ring patterns attributable to a hexagonal lattice structure, thereby suggesting a
high degree of crystallinity in the obtained sample.

Dhas et al. (2020) elucidated that porous NiO particles were fabricated utilizing the
hydrothermal technique, employing Nickel Acetate, Ni(CH3CO,)..4H,O, with methanol
serving as the primary solvent dissolved in double distilled water. The resultant hydrothermal
product underwent calcination at a temperature of 350°C for a duration of 2 hours in an
atmospheric environment. The X-ray diffraction (XRD) analysis indicated that the
synthesized NiO nanoparticles exhibit a monoclinic crystalline structure, signifying a high
degree of crystallinity of the resultant material, with an average crystallite size measured at
9.3 nm.

[20] detailed the creation of alpha-aluminum oxide (a-Al, Oz ) and gamma-aluminum oxide
(y-Al; Oz ) nanoparticles. They employed an auto-combustion technique, dissolving
aluminum nitrate and glycine in water as their starting materials. By controlling the
calcination temperature, they selectively produced different aluminum oxide phases: 800°C
yielded y-Al, Os; nanoparticles, while 1000°C resulted in a-Al, Oz nanoparticles. X-ray
diffraction (XRD) analysis revealed that the y-Al, Oz nanoparticles had an average
crystallite size of 5.8 nm, and the a-Al, Oz nanoparticles measured 15 nm. Notably, the
nanoparticles exhibited minimal clumping, suggesting their potential for use in stable
nanofluids suitable for energy storage applications.

[20] used an ultrasound-assisted co-precipitation method to create iron(lll) oxide (Fesz O, )
nanoparticles. They mixed iron (lll) chloride (FeCl; ) and iron(ll) sulfate heptahydrate
(FeSO, -7H, O) as their starting materials, and then precipitated the Fe; O, by slowly
adding sodium hydroxide (NaOH) solution. After filtering, washing, and drying the resulting
powder, they confirmed the formation of Fe; O, using XRD, TEM, and UV-vis spectroscopy.
XRD analysis showed the nanoparticles had a cubic spinel structure with a crystalline size of
about 26 nm. TEM images revealed the nanoparticles were spherical and varied in size, with
an average particle size of approximately 12 nm.

[20] synthesized cobalt oxide (Cos O, ) nanoparticles via a sol-gel method, varying both pH
and annealing temperature. They dissolved cobalt (Il) nitrate hexahydrate in a water-
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isopropyl alcohol mixture, adjusting the pH to 8, 10, 12, and 14, and then annealed the
resulting products at 400°C, 600°C, and 800°C.

pH 8: Samples annealed at 120°C, 400°C, and 600°C were amorphous. At 800°C,
crystalline Cos; O, formed, with a crystallite size of 46.6 nm.

pH 10: The 120°C sample was amorphous. At 400°C, crystallinity appeared. Annealing at
600°C and 800°C yielded crystalline Co; O, with crystallite sizes of 23.3 nm and 34.9 nm,
respectively.

pH 12: The 120°C sample was amorphous. At 400°C and 600°C, crystalline Cos O,
formed, with crystallite sizes of 11.6 nm and 23.3 nm, respectively. At 800°C, a more
complex crystalline structure emerged, with a crystallite size of 32.57 nm.

pH 14: Samples annealed at 120°C and 400°C showed similar crystallite sizes of 23.3 nm.
At 800°C, the crystallite size was 34.85 nm.

In essence, the study demonstrated that both pH and annealing temperature significantly
influenced the crystallinity and crystallite size of the synthesized Co; O, nanoparticles.
Keneshbekova et al. (2023) synthesized Cos; O, nanoparticles via solution combustion,
using cobalt nitrate, glycine, and nitric acid. They dissolved these reagents in water, heated
the solution to 260°C, which triggered a rapid temperature increase to 1200°C and
nanoparticle formation. The resulting product was washed and dried. Scanning electron
microscopy showed that:

A 1:2 stoichiometric ratios (cobalt nitrate to glycine) yielded nanoparticles ranging from 23 to
60 nm, but with significant clumping, likely due to the high combustion temperature
fluctuations.

A 1:3 ratio produced nanoparticles ranging from 20 to 65 nm, with noticeably less
agglomeration.

The study concluded that varying the initial reagent ratios effectively alters the Co; O,
nanoparticle morphology, demonstrating the potential for controlled synthesis.

Synthesized pure and copper-doped titanium dioxide (TiO, ) nanoparticles using a co-
precipitation method. They mixed titanium tetraisopropoxide (TTIP) and ethanol, then added
sodium hydroxide to achieve a pH of 10. The resulting precipitate was washed, dried, and
annealed. XRD analysis showed the TiO, nanoparticles had an anatase phase with a
tetragonal crystal structure. The pure TiO, had a crystallite size of 10.9 nm. Copper doping
at concentrations of 0.025M, 0.05M, 0.075M, and 0.1M resulted in progressively smaller
crystallite sizes: 10.2 nm, 91 nm, 83 nm, and 7.9 nm, respectively, indicating a
concentration-dependent effect likely due to copper's amphoteric nature. SEM images
revealed that both pure and copper-doped TiO, nanoparticles had particle sizes ranging
from 25 to 40 nm.

The synthesized nanoparticles demonstrate potential for applications in dye-sensitized solar
cells (DSSCs) and photocatalysis, due to their light-harvesting and catalytic properties.

The reported XRD and surface morphology analyses of the synthesized nanoparticles
indicate that their physical characteristics have been altered, leading to nanoparticles
capable of forming exceptionally stable nanofluids. These nanofluids show promise for
applications in energy storage systems.

The Sb,03; nanoparticles, synthesized via a hydrothermal process and annealed at 550°C
for 24 hours, exhibit a particle size of 32.24 nm, which closely aligns with the findings of [21].
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Their study produced antimony-tin oxide nanoparticles using a similar hydrothermal method,
annealing at 600°C, and reported a crystallite size of 32.24 nm. This paper presented the
synthesis and characterization of metal oxides of Aluminium oxide (Al.O3), Nickel oxide
(NiO) and Antimony oxide (Sb,O;) nanoparticles which aims to advanced their
understanding, efficiency and potential for harvesting large amount of solar energy for solar
thermal application.

3.0 Materials and Method

In this research the main materials involve the use of suitable precursors such as Aluminium
nitrate, AI(NO3);.9H,0, Nickel Chloride, NiCl,.6H,O, Antimony chloride (SbClz), Urea,
CO(NH.),, distilled water and de-ionized water.

31 Method

In this study the synthesis method was restricted to Hydrothermal method.

Aluminum oxide (Al.O3) nanoparticles were synthesized using a hydrothermal method. The
process involved dissolving 1.1253g of Aluminium nitrate, Al(NO3);.9H,0, and 0.36036g of
Urea, CO(NH.),, in 100ml of distilled water under vigorous magnetic stirring for 30 minutes.
The mixture was then placed in a Teflon-lined stainless steel autoclave and maintained at
160°C for 3 hours and air cooled overnight. A white aluminium hydroxide (AIOOH)
precipitate was obtained, washed with distilled water using centrifugal machine at 3000
revolutions per minute (rpm). and anhydrous alcohol to remove residual contaminants, dried
in an oven at 80°C for 12 hours, crushed using mortar and pistil after thorough cleaning, and
taken into an LT 100 Furnace for calcination at 1000°C for 4 hours.

Nickel oxide (NiO) nanoparticles were synthesized using a similar method. 2.377g of Nickel
Chloride, NiCl,.6H,0, was dissolved in 100ml beaker containing 20ml of deionized water,
then 10ml of prepared Urea, CO(NH,), solution was added dropwise under vigorous
magnetic stirring for 30 minutes at room temperature until all NiCl,.6H,O particles were
completely dissolved. The mixed solution was transferred into a Teflon-lined stainless steel
autoclave and maintained under heated temperatures of 110°C for 6 hours. A greenish
nickel hydroxide (NiOH) precipitate was obtained, washed with deionized water using
centrifugal machine at 3000 revolutions per minute (rpm) and ethanol to eliminate residual
contaminants, dried in an oven at 70°C for 12 hours, crushed using mortar and pistil, and
taken into an LT 100 Furnace for annealing at 400°C for 3 hours, resulting in a black color
powder.

Antimony oxide (Sb,O3) nanoparticles were prepared via a hydrothermal method. 0.005mol
of SbCl; was added to 45ml of distilled water in a beaker at room temperature under
continuous stirring. To prevent the SbCl; solution from hydrolyzing, an appropriate amount of
ammonia was dripped inside. The mixture was further put under continuous magnetic
stirring for 40 minutes to form a heterogeneous mixture with white insoluble precipitate and
then transferred to a 60ml Teflon-lined stainless autoclave. The autoclave was sealed and
placed in an oven at temperature of 150°C for 2 hours. The resulting white solid product was
filtered, washed with distilled water and alcohol. The sample was dried in a vacuum at 60°C
for 4 hours and calcined at 550°C for 24 hours, the resulting powder was collected for
characterization.

3.1.1 Characterization of metal oxide nanoparticles
All the metal oxides were characterized using X-ray diffraction (XRD) machine, X’pert Pro
Panalytical PW MPD in the range 10° - 80° with Cu-Ka (A = 1.5406A) as radiation source to
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confirmed crystallinity and phase purity of the synthesized nanoparticles. The analysis was
performed using X'pert HighScore Plus software.

For surface morphology of the synthesized metal oxide nanoparticles, a Field Emission
Scanning Electron Microscope was employed using TESCAN CLARA E-T, AXIAL.

4.0 Results

4.1.0 XRD analysis of Al,O;

The visual appearance of Al,O; powder nanoparticles synthesized in this study appear pure
white. The powder was investigated by X-ray diffraction, using X-ray diffractometer (XPERT
PRO PANALYTICAL PW 3040 MPD model) with Cu-Ka radiation source (A=1.5406A) in the
range 20 = 10 - 80° to identify the phases and the crystallinity of Al,O; calcined sample. The
analysis of the raw data was performed using X'pertHighScore Plus software. The result of
the analysis of Al,O3; nanoparticles is shown in Figure 1. The main diffraction peaks are seen
at 20 = 32.7830, 67.4180, 36.6840, 31.2070, 32.783° and 44.796° respectively, and they are
very much in accordance with the standard ICDD diffraction pattern No. 98-003-7392. The
diffraction peaks at 20 = 32.783¢, 67.4180°, 36.684°, 31.207° and 32.783° corresponds to the
planes (2 0-2), (512),(111),(400)and (11 -2) respectively. The crystallite size was
found to be 14.2nm (Debye Scherrer method). Also from the crystallographic parameter
obtain from the X'pertHighScore Plus software, the shape of the Al,O; sample is monoclinic
in nature which can significantly influence its physical properties, particularly in terms of
thermal stability in nanofluids.
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Fig. 1 Synthesized Al,0; XRD Graph

4.1.1 XRD analysis of NiO

The physical appearance of NiO powder nanoparticles synthesized in this study appear
black. The powder was investigated by X-ray diffraction, using X-ray diffractometer (XPERT
PRO PANALYTICAL PW 3040 MPD model) with Cu-Ka radiation source (A=1.5406A) in the
range 20 = 20 - 80¢ to identify the phases and the crystallinity of NiO annealed sample. The
analysis of the raw data was performed using X'pertHighScore Plus software. The result of
the analysis of NiO nanoparticles in shown in Figure 2. The main diffraction peaks are seen
at 20 = 43.2540, 37.2270, 62.8290°, 75.3520 and 79.341¢ respectively and they are very much
in accordance with the standard ICDD diffraction pattern No. 98-000-8170. The diffraction
peaks at 20 = 43.2540, 37.227°, 62.8290, 75.352°0 and 79.341° corresponds to the planes (0
02),(111),(022),(113)and (22 2) respectively. The crystallite size was found to be
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9.5nm (Debye Scherrer method). From the crystallographic parameter as indicated from the
X’pertHighScore Plus software, the shape of the NiO sample is cubic, which is essential for
its stability and performance in nanofluids applications.
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Fig. 2 Synthesized NiO XRD Graph

4.1.2 XRD analysis of Sb,0;

The appearance of Sh,O; powder nanoparticles synthesized in this study appear pure white.
The powder was investigated by X-ray diffraction, using X-ray diffractometer (XPERT PRO
PANALYTICAL PW 3040 MPD model) with Cu-Ka radiation source (A=1.5406A) in the range
26 = 20 - 80c to identify the phases and the crystallinity of Sb,O; heated sample. The
analysis of the raw data was performed using X'pertHighScore Plus software. The result of
the analysis of Sb,O; nanoparticles is shown in Figure 3. The main diffraction peaks are
seen at 20 = 27.7189, 46.0537, 54.603°, and 32.112¢ respectively and they are very much in
accordance with the standard ICDD diffraction pattern Ref. No. 98-001-7507. The diffraction
peaks at 206 = 27.718¢°, 46.0530°, 54.603°, and 32.112° corresponds to the planes (2 2 2), (0 4
4), (2 2 6), and (0 0 4) respectively. The crystallite size was found to be 32.22nm (Debye
Scherrer method). Also from the crystallographic parameter as indicated from the
X’pertHighScore Plus software, the shape of the Sb,O3; sample is cubic, specifically the
senarmontite cubic phase synthesized, exhibits unique characteristics that enhance its
applicability in various fields, including electronics and energy storage.
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4.2 Morphological Analysis of the synthesized samples.

The surface morphology for the samples revealed the distribution peaks as unimodal,
having one main peak suggesting all samples are relatively uniform in size having a
diameter of 64.2nm, 50.1nm, and 8.8nm as shown in figure 4, 5 and 6 for Al,O3, NiO and
Sh,0; respectively.
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5.0 Conclusion
This study successfully created aluminum oxide (Al, Os ), nickel oxide (NiO), and antimony
oxide (Sb, O; ) nanoparticles using a hydrothermal method.

The X-ray diffraction (XRD) confirmed the purity and specific crystal structures of each
nanoparticle, matching standard database patterns. Scherrer's equation was used to
determine the crystallite sizes: 14.2 nm for Al, Oz, 9.2 nm for NiO, and 32.22 nm for
Sh, O3 .

Al, Oz was found to be monoclinic, while NiO and Sb, Oz were cubic, indicating their good
crystallite size. Field Emission Scanning Electron Microscopy (FESEM) revealed uniform
particle distribution, with average diameters of 64.2 nm for NiO, and 8.8 nm for Sb, O5; .

The Al, O; results were comparable to studies using self- and auto-combustion methods
[17] and [5].
The NiO crystallite size was similar to that obtained in another hydrothermal synthesis [20].

The Sb,0j; crystallite size was comparable to Antimony-tin oxide nanoparticles created by
hydrothermal methods [21]. The study also compared the crystallite sizes to a study that
doped TiO, with copper, demonstrating the effect of doping on crystallite size [21].

The crystal structure, crystallite size, and surface morphology of the synthesized
nanoparticles contribute to a large surface area. These properties enhance heat capacity
and absorption, suggesting the nanoparticles can provide high thermal conductivity and
stability.

Therefore, these nanoparticles are promising materials for efficient solar energy absorption
in solar thermal applications.

Contribution to Knowledge

This research successfully created and analyzed aluminum oxide (Al, Oz ), nickel oxide
(NiO), and antimony oxide (Sb, Os; ) nanoparticles using a hydrothermal method. By
comparing the findings, particularly crystallite size and surface morphology, with existing
studies, the work demonstrates the potential of these nanoparticles for efficient solar energy
harvesting. This approach offers an alternative solution for solar collectors in renewable
energy, thereby contributing to efforts to mitigate climate change and foster environmental
sustainability.
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