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ABSTRACT

Plant extract was used to make ZrO2 nanoparticles in a green method. ZrO2 nanoparticles were made using zirconium,
Aloe vera plant extract, and DI water. Separate amounts of Aloe vera plant extract and zirconium oxynitrate were
dissolved in distilled water and stirred for 30 minutes. The Aloe vera plant extract is applied and agitated in the
zirconium oxynitrate solution, then kept in a microwave oven to promote powder formation. FTIR spectroscopy, SEM,
TEM, and photocatalytic experiments have all been used to characterize the materials. The XRD measurements
revealed that the crystallite size of ZrO2 nanoparticles is 15 nm. Optical studies revealed the when exposed to visible
light, the nanoparticles successfully destroy the methyl orange (MO) dye. The photocatalytic experiments revealed an
88 percent degradation efficiency after 120 minutes of irradiation.
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Nanotechnology is a rapidly increasing area of
importance and interest that encompasses a wide range of
scientific topics. It is concerned with nanometer-scale
materials or structures, which typically range from sub-
nanometers to several hundred nanometers in size. One
nanometer is 10-3 micrometres (10-9 metres). It is concerned
with single nano-objects, their derived materials and devices,
as well as processes occurring in the nanometer range.
Nanomaterials are materials whose main physical features are
dictated by the nanoobjects they contain [1-7]. Their optical
and electrical properties are investigated in transparent
devices, fuel cells and photocatalysts [8-10]. Nanostructured
materials meet all of the requirements.
Nanomaterials must be crystalline for efficient photocatalytic
action, which means they must be grown at high temperatures
or at extremely low rates [11-13]. When ZrO; is synthesized, it
usually results in amorphous forms.

ZrO,, which is also a common pottery element, is com
monly utilised as a catalyst [14], a sorbent, an oxygen sensor,
and a solid oxide fuel cell [15-20]. Their catalytic processes,
composition, grid defaults, and shape are all affected by ZrO..
Due to a huge energy gap and high negative values of the cond
uctivity belt potential, it can be employed as a photocatalyst fo
r creating hydrogen by decomposing water [21-25]. In
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wavelength light, photocatalytic activity on methyl orange (M
0) dye was also observed. They discovered that when the ZrO
2 hanostructure was added, MO was easily reduced at higher p
H values. The rate of breakdown is faster for ZrO; nanotubes
with a larger diameter [26]. Because of the presence of the imp
urity band at around 320 nm in ZrO,, photocatalytic activities
were reported [27-32].

ZrO3 nanostructures have been employed as a photocata
lyst for the degradation of numerous dyes, but a systemic exa
mination of ZrO; nanostructures photocatalytic on MO dye of
varied sizes and crystalline phases may yet to be addressed
[33-

35]. Monoclinical (below 1170 degrees Celsius), tetragonal (b
etween 1170 and 2370 degrees Celsius), and cubic (beyond 23
70 degrees Celsius) are the three crystalline structures of ZrO.
In addition, cubic (480 cm-1) and monoclinic (270 cm-1)
formations have differing infrarrot
frequencies. Infrared frequencies are also varied. This indicate
s ZrO's optical phononic energy's dependency on crystalline s
tructures [36-38]. ZrO, NPs typically rely substantially

on crystalline structue [39, 40]. Due to their great strength, dur
ability, enhanced wear resistance, and heat shock resistance, th
ese materials have a wide range of applications [41].

It's also an environmentally friendly, non-toxic, thermally and
chemically stable, and cost-effective substance.

MATERIALS AND METHODS

The materials such as Zirconium nitrate, Aloe vera
plant extract and DI water were used in the synthesis of
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Zirconium oxide (ZrO,) nanoparticles using green synthesis
by microwave irradiation. The precursor materials are of AR
and are used directly. Zirconium nitrate was dissolved in 20
ml of DI water and allowed to stir for 10 minutes. Aloe vera
plant extract was dissolved in 10 ml of DI water and allow it
to stir for 30 minutes. Zirconium nitrate solution is added with
Aloe vera plant extract and stirred for 35 minutes and then the
solution of mixture is irradiated by microwave heating. ZrO;
nanoparticles powder was obtained and used for further
studies.

Characterization techniques

X-ray diffractometer with CuKa radiation (1.5418 A)
(Rigaku, Japan) is used to analyze the structure of the sample.
The sample is scanned for a 26 (20-900) range with a phase
size of 0.020. For chemical analysis, the FTIR spectrometer,
(Spectrum Two FTIR spectrometer) in the 400-4000 cm™
wavenumber range with a resolution of 0.5 cm?, is used to
confirm the chemical bonds in the sample. The sample was
absorbed using a double beam spectrophotometer (UV-1800,
Shimadzu) with a wavelength range of 200-1000 nm. 1 nm is
the resolution. To find the bandgap and defects in the sample,
a photoluminescence setup (Model: LS 45
Spectrofluorometer) of 350 nm excitation wavelength and a
resolution of 1 nm is used. The sample is non-conducting in
the current analysis, which is why a very thin gold layer of
around 10 nm is sputter-coated for conduction. Scanning
electron microscope (SEM) (Carl Zeiss microscopy Itd, UK &
SIGMA) was used to analyse the morphology and
composition. Advanced analytical microscopy is provided by
Scanning Electron Microscopes (SEM). With its in-lens
secondary electron detection, the GEMINI column provides
you with unprecedented resolution, contrast and brightness for
highly topographical imaging samples. With a high vacuum
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Fig 1 Powder XRD pattern of ZrO, NPs

SEM analysis

SEM images show the surface morphology of the
zirconia nanoparticles (Fig 3). It shows the well-defined
formation of the crystallites with different magnifications. The
crystallites are agglomerated and formed a cluster. ZrO;
nanoparticles were aggregated in the form of nano disc/plate
shapes.

HR-TEM analysis

Fig. 4 shows the high-resolution transmission electron
microscopy (HR-TEM) images of ZrO, nanoparticles, which
consists of spherical shaped nanoparticles, which are good

mode of operation, performing and non-conducting samples
are defined as images.

RESULTS AND DISCUSSION

XRD analysis

Powder X-ray diffraction (XRD) studies are
distinguished by the structures, crystallinity and crystallite size
of the ZrO, NPs in the 20 range of 20-90 ° (Figure 1). The
peaks appeared at angles (2 0) 30.2, 35.1, 50.4, 60.0, 62.9 °
and 74.5 °, due to diffractions of the crystalline planes (101),
(110), (200), (211), (202) and (220) of the tetragonal phase
ZrO, (JCPDS card no. 49-1642). At an annealing temperature
of 600°C, the sharp peaks of the XRD pattern suggest the
crystallinity of the nanocrystallites. The Scherrer formula was
used to measure the crystallite sizes from the (101) peak of the
XRD pattern from the FWHM.

kA
P= S cosd

Where D is the crystallite size, A is the X-ray wavelength
(0.15418 nm), B is the angular line width of full width of half-
maximum (FWHM) intensity, and 6 is Bragg’s angle. The
crystallite size is found to be 15 nm.

FTIR studies

The transmittance of ZrO, nanoparticles in the 500-
4000 cm-1 range is shown (Fig.2) by the FTIR spectrum. The
612, 845, 872, 1422, 1620, 2092, 2305, and 2954 cm-1 bands
are seen. The absorption band about 2903-1600 cm-1 is O-H
bond stretching and bending, meaning water molecule
presence. The ~ 1425 cm-1 peak is due to the vibration of C-H
bending. The ionic bond peaks of 612 to 872 cm-1 confirm the
formation of crystalline ZrO, [42].

Transmittance (%)
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Fig 2 FTIR spectrum of ZrO; nanoparticles

agreement and evidence of SEM images. Also, the particle
sizes of the sample ranging from 12 nm to 15 nm. Average
crystallite sizes, obtained from XRD analysis, are consistent
with the particle sizes calculated from HR-TEM images.
Optical studies —UV-Visible spectrophotometer

The energy band gap (Eg) of ZrO, was obtained from
the optical diffuse reflectance spectra (DRS) recorded at room
temperature and is shown in Fig. 5. The definition of Kubelka-
Munk function is enumerated as follows:

__(@-RY
(F(R))—a——ZR

¥ CARAS



061

Res. Jr. of Agril. Sci. (Special) 13: 059-063

Where, F(R) is Kubelka-Munk function, «, the
absorbance, R, the reflectance. The direct band gap value of
the ZrO, nanoparticles was observed to be 5.52 eV, which is
higher than the reported value of ZrO, nanoparticles, i.e., 5.5

Fig 3 FE-SEM images of ZrO, nanoparticles
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Fig 5 UV-Visible absorbance spectrum of the ZrO,

Photocatalytic studies

Photodegradation of MO as a pollutant is being
examined for the efficacy of ZrO, NPs 50 mL of MO dye
solution (10 mg / L) containing 50 mg of photocatalyst was
used for photocatalytic degradation. Suspensions were
retained in the dark atmosphere under continuous stirring at
RT for 50 minutes prior to detectable irradiation (Fig. 6).
During light irradiation, a small amount of the solution is
taken at a certain time interval. A UV-Vis spectrophotometer
centrifuges each sample and analyses it [44-46]. The
separation and transport of charges are significant parameters
for efficient photocatalysts. Initially, MO dye adsorption
occurs on the photocatalyst surface and then application of
visible light to the catalyst adsorbed by the dye leads to the
formation of electron-hole pairs. Superoxide anion radicals are
created by the interaction of the electron in the conduction
band with the adsorbed oxygen molecules over the
photocatalyst. Similarly, holes formed in the catalyst VB react
with groups of surface hydroxyls. In the final step, in the
presence of the photocatalyst, hydroxyl radicals (OH) and

eV, suggesting a blue shift, which may be due to the sp-d
exchange interaction between the localized d-electrons of Ni?*
ions and band electrons of ZrO, nanoparticles [43].

Fig 4 HR-TEM images of ZrO, nanoparticles
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Fig 6 Photocatalytic degradation of MO dye with ZrO; catalyst

superoxide anion radicals (O2 —) react with MO dye, resulting
in the degradation of MO dye into smaller degraded products.

CONCLUSION

Plant extract was used to make ZrO; nanoparticles in a
green. ZrO, nanoparticles were made using zirconium, Aloe
vera plant extract, and DI water.
The Aloe vera plant extract is applied and agitated in the zirco
nium oxynitrate solution, then kept in a microwave oven to pr
omote powder formation. Fourier transform infrared (FTIR)
spectroscopy, high resolution scanning electron microscopy
(HRSEM), UV-Visible spectroscopy and photocatalytic
studies were used to study the ZrO, nanoparticles. The
tetragonal structure of ZrO, NPs was indicated in the XRD
data. HR-SEM analysis has shown that ZrO» nanoparticles are
agglomerated with a plate-like structure. UV-Visible
absorption tests have shown a 5.51 e. V bandgap for the
nanoparticles of ZrO,. In the MO dye solution, nanoparticles
(1g / 1) are added and stored in the photoreactor to study the
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dye's degradation under visible light. Studies have shown that  visible light irradiation. After 120 min of irradiation, the
ZrO; nanoparticles effectively degrade the MO dye under  photocatalytic studies indicated 93.5 % degradation efficiency.
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