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Abstract

The utilization of organic dyes across various industries has significantly contributed to the
vibrant colors in fabrics, papers, and wools. However, the release of these dyes into water
bodies poses a significant environmental challenge due to their persistent nature as
pollutants. To address this issue, researchers have been exploring different methods for the
removal of dye pollutants from water, with nanoparticles emerging as promising catalysts
for degradation processes under light exposure. In this research work, zirconia (ZrOz) and
hydroxyapatite (HAp) nanomaterials were investigated as photocatalysts for degrading
methylene blue, a prevalent dye in Nepal. Employing an eco-friendly green synthesis route,
both nanomaterials were successfully prepared and characterized using techniques such as
X-ray diffraction (XRD), Fourier Transmission-Infrared spectroscopy (FT-IR), and UV-
Visible spectroscopy. FTIR analysis confirmed the successful green synthesis of zirconia
and hydroxyapatite, while XRD results indicated their nanometric size range. The
degradation of methylene blue was conducted using the synthesized nanomaterials under
sunlight exposure, with degradation efficiency dependent on nanoparticle dosage and dye
concentration. Notably, both ZrO, and HAp nanoparticles exhibited significant efficacy in
dye degradation, with ZrO, demonstrating superior performance at low dye concentrations
and HAp exhibiting remarkable effectiveness at higher nanoparticle doses. This research
underscores the promising potential of ZrO, and HAp nanoparticles as efficient catalysts
for mitigating organic dye pollution in water bodies, offering a sustainable approach to
address this pressing environmental challenge.

Keywords: zirconia, hydroxyapatite, organic dyes, degradation



1. Introduction

1.1 Introduction

A group of color-bearing chemicals known as dyes are widely used in various industrial
processes such as fabric, textile, leather, cosmetics, pharmaceuticals, food processing, and
distillation. The exact global usage of dyes is unknown, but it was estimated to be around
700,000 tons in 2008, and this amount has been increasing annually (Huitle and Brillas,
2009). Studies indicate that 10-15% of the total dyes are lost during synthesis and dyeing
processes (Cho and Zoh, 2007), with almost all of this loss entering water bodies directly
or indirectly. The disposal of dye-laden wastewater into water sources significantly impacts
aquatic life (Gita et al., 2017), and human consumption of contaminated water can cause
respiratory issues, central nervous system problems, eye and skin allergies, and other health

concerns (Chequer et al., 2011).

In Nepal, there are 156 textiles, 9 tanning, 5 pulp and paper, and 11 paint industries in
operation (Iswori et al., 2005). Waste from these industries is often discharged directly into
water sources without proper treatment. This wastewater contains various reactive
chemicals and dyes from the dyeing and printing processes. Proper treatment plants are
required to manage such dyes and chemicals before their release into the environment
(Ramesh et al., 2007). According to the World Bank, 17-20% of industrial waste comes
from textile dyeing and finishing treatments (Roshan, 2016). The annual production of
toxic waste from the textile, tanning, pulp and paper, and paint industries in Nepal is 5,346
tons, 28,621 tons, 22,852 tons, and 11,386 tons respectively, with these amounts increasing
yearly. The average wastewater discharge from these industries is 54.77, 70, 115.65, and 1

m?3/ton respectively (Iswori et al., 2005).

Given the increasing threat dyes pose to human health and aquatic life, various methods
such as ultrafiltration, reverse osmosis, ion exchange on synthetic adsorbent resins, and
electrochemical oxidation/reduction are employed to decolorize dye effluents. However,
most of these methods are non-destructive, converting dyes into other compounds that still
cause pollution (Konstantinou and Albanis, 2004). Chlorination and ozonation are also

used for dye removal, but these methods are slow, costly, and limited in effectiveness
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regarding carbon content reduction. To address these limitations, advanced oxidation
processes (AOPs) have gained attention. AOPs rely on producing highly reactive hydroxyl
radicals (OH") using solar or chemical energy. These radicals oxidize a broad range of
pollutants quickly and non-selectively (Konstantinou and Albanis, 2004). Among AOPs,
the photocatalytic process is particularly attractive due to its efficiency, low cost, non-toxic
nature, and chemical stability. Various photocatalysts, including metal oxides, metal

sulfides, and metal phosphides, have been studied for their effectiveness (Lu et al., 2018).

Nanotechnology has emerged as a significant field, particularly in surface science and
semiconductor materials, with nanomaterials being considered potential candidates for
photocatalytic activities due to their stability, low cost, and high photoactivity (Lu et al.,
2018). This research focuses on using nanoparticles, specifically zirconium dioxide (ZrOz)
and hydroxyapatite (HAp), synthesized via green routes for the degradation of organic

dyes.

Dyes are extensively used to enhance the appearance of materials, with global demand
expected to increase by 4% between 2019 and 2023 (www.businesswire.com/news). Nepal
is not exempt from this global trend. Despite this, research on dye degradation in Nepal is
limited. While international research can provide valuable insights, developing methods
and materials using local resources will significantly enhance our capacity to address

wastewater management challenges with recent low-cost techniques.

1.2 Objective
General objective
The general objective of this research is to synthesize ZrO, and Hap nanomaterials using

green route and study the degradation behavior of these materials
Specific Objectives

e Synthesis of ZrO, and HAp nanoparticles using green route.
e Characterization of the ZrO», and HAp nanoparticles using FTIR, XRD and UV-Visible

spectrophotometer for their dye degradation behavior.



e Analysis of the efficiency rate and effectiveness of these materials in photocatalytic

dye degradation.

2. Literature Review

2.1 Dyes and their degradation

Industrial development plays a crucial role in improving the social status of people and
boosting a country's economy. Various industries contribute to making our lifestyle more
convenient and comfortable. However, their waste and wastewater often have negative
impacts on public health and the environment. Wastewater discharged from industries such
as pharmaceuticals (Rizzo et al., 2009), carpet manufacturing (Saroj et al., 2015), and pulp
and paper production (Ashrafi et al., 2015), among others (Rauf et al., 2011), contaminates
water with organic dyes, posing severe environmental threats. These dyes not only pollute
surface and groundwater but also affect aquatic life (Berradi et al., 2019), public health
(Lessis et al., 2019), and cause environmental imbalances (Tayade et al., 2007). According
to the World Health Organization (WHQ), around 1.8 billion people globally still use
contaminated water (Abhilash et al., 2019). Thus, the international community faces the
challenge of providing pure water through sustainable wastewater treatment processes
(Abinaya et al., 2021).

Organic dyes such as methylene blue (MB), methyl orange (MO), and malachite green
(MG) are widely used in textile coloring, fishery (Matpang et al., 2017), and medical
sectors (Oz et al., 2011). MB, in particular, can cause carcinogenic diseases (Srivastava et
al., 1995; Wang et al., 2010). These dye pollutants have strong chemical structures and
stability, making them difficult to degrade in the environment. Various methods, including
physical (Shohel et al., 2015), chemical (Bouazizi et al., 2017), and biological methods
(Bhatia et al., 2017; Kamoros and Lyberatos, 2006), have been employed for dye

degradation.

Previously, conventional methods such as coagulation (Ahmad and Puasa, 2007),
adsorption (Nasuha, 2010), ion flotation (Shakir et al., 2010), and sedimentation (Zodi et

al., 2010) were used to remove dyes from contaminated water. However, these methods



were not effective in completely removing dyes from wastewater. Treatments were less
effective because the dye adsorbed accumulated in the adsorbent, creating new problems.
Kapdan et al. (2000) used the activated sludge method for biologically resistant dye
degradation, but it was not effective in dye removal. Kharissova et al. (2013) compared
adsorption and photocatalysis techniques for dye pollutant removal, highlighting them as

significant methods for wastewater purification.

Given the extensive use of dyes and their environmental threat when disposed into water
sources, various methods have been studied to remove dyes from water resources. Among
the physio-chemical techniques for effective textile wastewater decolorization, adsorption
IS @ major process. Studies have shown that adsorption effectively removes organic dyes
and produces high-quality treated water. However, the challenge lies in selecting the most

appropriate adsorbent among those with different adsorption characteristics (Crini, 2006).

Conventional methods are often ineffective in removing dyes from wastewater. Thus,
photocatalytic degradation could be an excellent alternative, as reactive species such as
hydroxyl radicals and superoxide anions oxidize and reduce organic pollutants (Rochkind
et al., 2014). Photocatalysis is gaining attention as a viable solution for wastewater
treatment problems (Amin et al., 2014). This process harnesses solar energy to degrade and
mineralize organic dyes into harmless products, generating minimal secondary waste or

enabling recovery and reuse after the process (Saravana et al., 2017; Kabra et al., 2004).

2.2 Photocatalytic degradation and their activities

Photocatalysis involves using a substance to alter the speed of a chemical reaction,
typically speeding it up, under light exposure (solar, UV-visible) (Tahir et al., 2020; Wu et
al., 2022). This method is environmentally friendly and effective for removing organo-
chemical pollutants (Abhilash et al., 2019). Photocatalytic degradation has become a
crucial technique in wastewater treatment, especially for small amounts of refractory
organic matter, due to its cost-effectiveness, minimal chemical use, rapid processing, non-
toxicity, and sustainability (Miyauchi et al., 2002; Legrini et al., 1993).
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In photocatalytic processes, the catalyst decomposes various dyes, organic pollutants, and
biological species like viruses and harmful fungi using UV or light irradiation, promoting
a cleaner environment (Butt, 2020). This method is economical when sunlight is used as

the photon source.

In homogeneous photocatalysis, the photocatalyst and reactants are in the same phase. For
example, the Fe+ and Fe+/H>O> photon systems and ozone are commonly used, where
reactive species with OH free radical content function effectively (Chung-Hsin et al.,
2006). Heterogeneous photocatalysis, on the other hand, involves the reactant and
photocatalyst in separate phases. This process is used for water detoxification, metal
deposition, hydrogen transfer, alkane oxidation, dehydrogenation, and isotopic exchange,

often employing semiconductors and transition metal oxides (Zhu et al., 2021).

Semiconductor photocatalysts, which possess a crystalline structure and an appropriate
band gap for generating photon-induced charge carrier pairs (electron/holes), are essential
for oxidation-reduction reactions in photocatalytic cycles (Augugliaro, 2019). The
efficiency of these photocatalysts depends on the energy positions of the semiconductor
bands (HOMO/LUMO) and the redox potential of the adsorbents (Wang et al., 2022).

Various methods have been used for dye degradation, including chemical oxidation,
coagulation, flocculation, membrane filtration, and biological degradation (Chanikya et al.,
2021). However, Bharath et al. (2020) noted limitations in these methods, such as the need
for sophisticated instruments and high costs, hindering their effectiveness in dye
degradation. Ghazanfari et al. (2021) recommended an inexpensive and environmentally

friendly approach for separating contaminants in wastewater.

Semiconductor photocatalysts like TiO, CdS, ZnS, WOs3, and ZnO are highly effective in
degrading organic dyes due to their reusability and high degradation efficiency at low
pollutant concentrations. The synthesis of Zirconia (ZrOz) nanoparticles (NPs) has gained

attention for their multifunctional properties (Dwivedi et al., 2011).

Biological treatment methods, which use microorganisms like algae, fungi, bacteria, yeast,

and enzymes, are also gaining attention due to their availability and eco-friendly nature.
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These microorganisms degrade dyes through aerobic, anaerobic, and sequential aerobic-

anaerobic processes (Shoukat et al., 2019).

Other methods such as oxidation, electrochemical treatment, coagulation, ion exchange,
reduction, and flotation have also been employed for dye treatment (Adamek et al., 2013).
However, some of these methods are less efficient or change the dye phase, causing
environmental issues. Photocatalytic degradation, using various materials including

nanoparticles as catalytic agents, remains a widely used and effective method.

2.3 Nanoparticles for photocatalytic application

Photocatalytic degradation is superior to other methods due to its environmental
friendliness, low cost, faster removal rate, and ability to eliminate contaminants in the
range of parts per billion (ppb) (Viswanathan, 2018). Over the years, various
photocatalysts, including metal oxides, metal selenides, multi-component oxides, and
metal-free materials, have been used for dye degradation (He et al., 2018). Nanomaterials
are promising photocatalysts due to their stability, high catalytic activity, and low cost.
Various methods have been developed to synthesize nanoparticles, such as coprecipitation,
hydrothermal, laser ablation, sol-gel, ultrasound, and biological synthesis (Jagpreet et al.,
2018).

Among nanomaterials, semiconductor metal oxide nanoparticles such as ZnO, TiOz, ZrOa,
Fe203, CdS, and MgO are widely used as photocatalysts for degradation processes due to
their wide band gaps, high stability, nontoxic nature, and photosensitivity (Zhang et al.,
2019).

Hydroxyapatite (HAp) is an inorganic nanoparticle with broad applications in material
science. One of its major applications in wastewater treatment is dye degradation from
aqueous solutions, owing to its non-toxic, biodegradable, photooxidative degradation

resistance, and eco-friendly nature (Abideen et al., 2018; Selvem et al., 2018).

Zirconia (ZrO) nanoparticles (NPs) are attractive for various applications due to their non-

toxicity, high chemical and thermal stability, catalytic activity, and a high negative value

12



of conduction band potential (Nayak, 2010; Zheng et al., 2009). Additionally, their large
band gap and suitable redox potentials are favorable for degrading a wide range of organic
pollutants (Kralik et al., 1998).

This research focuses on using ZrO» and HAp NPs for dye removal from water.
Nanocomposite materials, which are multi-phase solid materials with one phase in the
nanometric range (100 nm), exhibit unique property combinations and design possibilities.
These materials are even more effective as they combine the properties of different
materials. At the nano-meter level, interactions at the phase interface are significantly
improved, enhancing material properties for structural, functional, and cosmetic

applications.

In this work, ZrO, and HAp nanoparticles are prepared via a green synthesis route. The
synthesized NPs are then investigated for their dye degradation efficiency, using visible
light as radiation sources for photocatalysis.

3. Materials and Method
3.1. Materials

Turmeric powder (Curcuma longa) was purchased from the local market of Kathmandu.
Zirconyl chloride octahydrate [ZrOCl., .8H20 (98% purity)] and methylene blue (99%
purity) (LOBA Chemie Pvt.Ltd., Mumbai, India) purchased from local suppliers in
Kathmandu. All the chemicals (AR grade) used without further purification.

N
| S~
HECH.‘ - CH.
AR
Lo
CH, ¢l CH,

Figure 1: Structure of methylene blue
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3.2. Methods
Preparation of Turmeric powder (Curcuma longa) extract

20 g of Turmeric powder (Curcuma longa) was taken in 500 mL beaker. 200 mL of distilled
water was added and boiled for an hour with continuous stirring with a magnetic stirrer.
After that, the boiled mixture was cooled and filtered by using whatsman 40 filter paper.
A clear brown colored filtrate was obtained as the working solution (extract).

Preparation of Zirconia (ZrOz) nanoparticles

50 mL, 0.1M zirconyl chloride octahydrate [ZrOCl, .8H.O] was taken in a 250 mL
beaker.10 mL of prepared Turmeric powder (Curcuma longa) extract was added to it. The
mixture solution was heated at 80 °C with continuous stirred by using magnetic stirrer for
two hours. At that moment, the final solution was placed undisturbed for two days and then
the solution was filtered. The brownish colored precipitate of zirconia was obtained as a
residue. The residue was ultimately calcined at 600 °C in muffle furnace and the white

powdered zirconia was obtained.
Extraction of hydroxyapatite (HAp) from chicken bones

For defatting and deproteinizing, the raw bone samples were washed in fresh tap water and
boiled in 1 L water at one and half hours. The clean bones were dried and grounded by a
rotary mill in powder form. The powdered bones were sieved in 450 um sieve. The sieved
powders were calcined first at 600°C at 3 hr. and then at 900 °C for 3 hr. to confirm the
removal of the organic matters and the carbonate apatite. Finally, white powder of HAp

was obtained. Thus, the synthesized NPs were characterized by the subsequent techniques.
Characterization methods

Fourier Transform Infrared (FT-IR) spectroscopy

FTIR analysis was done for the characterization of synthesized nanoparticle and the
instrument was Infrared Spectrophotometer IR Tracer-100 (Shimadzu) within the range of
400 cm™* and 4000 cm™. This characterization was carried out in Nepal Academy of
Science and Technology (NAST).
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X-ray diffraction (XRD)

The crystallographic structure, chemical composition and physical properties of materials
were analyzed by X-ray diffraction (XRD) which is a non-destructive technique. The
samples were characterized by Bruker D2 phaser diffractometer in Nepal Academy of
Science and Technology (NAST).

Photocatalytic degradation of dyes

5 ppm solutions of methylene blue dyes were prepared and the prepared nanomaterials
(ZrO2 and HAp) nanomaterials with respect to 15 and 20 mg were used as a photocatalyst
in the presence of hydrogen peroxide for the degradation of dyes. The study was conducted
in presence of sunlight. The dye degradation was analyzed by using UV-spectrophotometer
(Shimadzu) in RECAST. The general photocatalytic dye degradation process is shown in
Figure 2.

A
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Figure 2: Photocatalytic dye degradation process of Methylene blue
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4. Results and Discussion

4.1 FTIR Analysis of Zirconia (ZrOz) and Hydroxyapatite (HAp) Nanoparticles

The FTIR spectrum of the synthesized zirconia nanoparticles within the range of 400 cm™
and 4000 cm is shown in Figure 3.
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Wavenumber(cm™)

Figure 3: FTIR spectrum of Zirconia (ZrO2) nanoparticles

In Figure 3, the zirconia nanoparticles showed a characteristic peak particularly at 499 cm-
1 and 747 cm? representing to Zr-O stretching modes and Zr-O.-Zr asymmetric
respectively, which confirms the formation of ZrO; phases. Similar results had been
reported by Bishwokarma et al. by using curcuma longa extract. Peaks at about 1430 cm™?
representing the C-H bending of the alkane.

Thus, it can be concluded that the ZrO, was successfully synthesized using green route.

The structural analysis of hydroxyapatite nanoparticles was characterized by the FTIR
spectroscopy. The FTIR spectrum of synthesized HAp is shown in Figure 4.
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Figure 4: The FTIR spectrum of hydroxyapatite (HAp)

The FTIR spectrum showed the characteristic peaks around 473, 572, 603, 1049, 1087,
2360 and 3570 cm™ was recorded in the Figure 3. The 473, 572, 603, 1049 and 1087 cm™*
representing the phosphate ion of the hydroxyapatite. The peaks around 473, 572, 603 cm’
! corresponding the symmetrical stretching of the phosphate group whereas the sharp peak
around 1049, 1087 cm! representing the asymmetrical stretching of the phosphate group.
The peak at 3570 cm™ representing the hydroxyl group present in the hydroxyapatite.
Similar results were reported on the literatures (Boujaady et al. 2016, Shah et al. 2021).
Thus, the hydroxyapatite was successfully synthesized by calcination.

4.2 XRD Analysis of Zirconia (ZrO2) and Hydroxyapatite (HAp)

The zirconia and hydroxyapatite particles were analyzed by the XRD analysis. The XRD
diffractogram of zirconia is shown in Figure 5. The diffraction peaks were observed at
28.8°, 30.6°, 41°, 50.7°, and 60.6° 26 positions are indexed as (-111), (101), (-112), (220)
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and (-203) respectively. The monoclinic structure of zirconia is indicated by peaks (-111),
(-112), (220) and (-203) whereas peak (101) indicates the tetragonal structure of zirconia
(Gauna et al. 2015, Lydia et al., Liu et al, 2017). The sharpness of XRD peaks indicates
that the particles are having crystalline nature (Gnanasangeetha & SaralaThambavan,
2013).

3000

2500 +

M(-111)
2000 -
M(101)
1500
M(-112)

M(220)
1000

Intensity(Counts)

u M(-203)

W,

10 20 30 40 50 60 70 80
2thita(degree)

500

Figure 5: XRD diffractogram of zirconia (ZrO.) particles

The average crystallite size was calculated by Scherrer’s equation, as 14.57 nm. Similarly,
the zirconia was found the mixed phase of monoclinic and tetragonal in structure.
Similarly, structural analysis was carried out using XRD diffractogram. XRD pattern of
HAp nanoparticles prepared by calcination from chicken bone at 900 °C is shown in Figure
6.
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Figure 6: XRD diffractogram of hydroxyapatite (HAp) particles

The diffraction peaks appear at 26 values of approximately 25.79°, 28.81°, 31.37°, 32.76°,
34.05°, 62.91°,39.75°, 46.62°, 48.02°,49.41°, 50.47°, 51.16°, 51.97°, 53.13°, 55.81°, 60.00°,
61.63°, 63.04°, 63.97°, 65.01°, 71.64°, 73.97°, 76.88° and 78.17° corresponding to (002),
(210), (101), (211), (300), (202), (310), (222), (312), (213), (321), (140), (402), (004),
(500), (331), (124), (510), (323), (332), (520), (243), (305) and (252) planes (JPCDS card
number: 09-0432), indicating the sole existence of HAp using Bragg’s law. From the peaks
of the XRD diffraction pattern, the synthesized HAp sample was found to be in hexagonal
space group and these peaks give references to find the crystalline structure of synthesized
HAp. (Boujaady et al. 2016, Shah et al. 2021). The crystallite size of the HAp nanoparticles
calculated from the average of the most intense peak was approximately 50.4 nm. The

diffraction revealed that the nanoparticles were crystalline.

4.3 Effect of Catalytic Dose on Methylene Blue

During photodegradation, one of the key elements that can affect how well methylene blue

(MB) degrades is the loading of the photocatalyst. For this reason, it is critical to get the
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ideal level of catalyst loading during the photocatalytic process. The effect of catalytic dose
was observed in low concentration of Methylene blue (MB). The degradation of MB 15
mg and 20 mg/L ZrO, and HAp NPs was added in 5 ppm aqueous solution of MB and
degradation was recorded for 50 min in sunlight.

Zirconia (ZrO2) NPs as photocatalyst

To observe the effect of catalyst loading on dye solution 5 ppm concentration of MB kept
constant and the amount of ZrO, was took 15 mg and 20 mg. Figures 7 and 8 shows the
UV spectra evolution of degraded sample solution of MB for 15 mg and 20 mg ZrO;
respectively.

e imitial
s () MiN
10 min
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Figure 7: UV spectra of photodegradation of MB (MB: 5ppm, ZrO»: 15 mg)

In Figure 7, the UV spectra shows the photodegradation of MB over the time. The decrease
in absorbance indicates the decrease in concentration of MB. The UV -spectra of
photocatalytic degradation of 5 ppm MB using 5 mg of ZrO» was analyzed from 0 to 50
min and the photocatalytic efficiency (%) is calculated by change in the absorbance with

respect to time. The UV spectra from 0 to 50 min showed the decrease of absorbance with
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increase in irradiation time which indicated that the concentration of MB decrease. Similar

spectral evolution was observed for 20 mg ZrO2 NPs.
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Figure 8: UV spectra of Photodegradation of MB (MB: 5ppm, ZrO2: 20 mg)

The photocatalytic degradation efficiency of MB within 50 min using 20 mg and 15mg
ZrO, was recorded 53.39 % and 40.77%. Comparing the efficiency of both dosages of
ZrO3, the higher amount showed the higher photocatalytic activity, whereas the lowest
amount showed low efficiency

The impact of catalytic dosages was observed on the decomposition of methyl orange (20
ppm) and methylene blue (5 ppm) under UV radiation was studied by Shinde et al. They
reported that when the amount of catalyst is increased from 0.5 to 1.5 g/dm?3, the
degradation efficiency of both MB and MO dyes initially rises from 38 to 56 and 17 to
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29%, respectively (Shinde et al., 2018). Thus, the higher amount of zirconium oxide shows

higher degradation efficiency and vice versa.
Hydroxyapatite (HAp) as photocatalyst

The photocatalytic degradation of MB on changing the amount of HAp (15 mg and 20 mg)
in was also observed in present work. The UV spectral evolution of degraded sample
solution of MB for 15 mg and 20 mg HAp is shown in Figure 9 and 10, respectively. The

UV spectra evolution over the period indicate the decrease in concentration of MB.
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Figure 9: UV spectra of Photodegradation of MB (MB: Sppm, HAp: 15 mg)

22



s nitial

s () N

10 min
20 min
s 3() Min

e 4() Min
s 50 mMin

Absorbance [a.u]

I 1 1
400 500 600 700 800
Wavelength [nm]

Figure 10: UV spectra of photo degradation of MB (MB: 5ppm HAp: 20mg)

The photocatalytic degradation MB in sunlight within 50 min, by using 15 mg and 20 mg
HAp was found 23.65% and 26.32% respectively. The effect of amount of HAp on
degradation of dye was observed by Valizadeh et al., they reported the removal of DR23
increased with increasing HAP quantity up to 1 g/L. The increase in degradation percentage

is explained by the availability of adsorptive sites and a larger surface area (Valizadeh et
al., 2016).

5. Conclusion

In our study, zirconia (ZrO2) and hydroxyapatite (HAp) were successfully synthesized
using green route. The FTIR spectra of ZrO, and HAp indicated that an absorption peak
particularly at about 747 cm™ and about 499 cm™ corresponding to Zr-O,-Zr asymmetric

and Zr-O stretching modes respectively and the characteristic peaks at 473, 572, 603, 1049
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and 1087 cm* representing the phosphate ion of the hydroxyapatite. The peak at 3570 cm"
! representing the hydroxyl group present in the hydroxyapatite.

The XRD patterns showed the ZrO, and HAp showed the crystallite size in the nanometric
range. The average crystallite size of ZrO; was found in 14.57 nm and was noted the mixed
phase of monoclinic and tetragonal in structure. Similarly, the crystallite size of the HAp
nanoparticles calculated from the average of the most intense peak was approximately 50.4
nm.

From the result obtained, it was found dye degradation efficiency increases as the dose of
catalysts increases. However, in the case of the initial concentration of dye, it was found to
be reversed. The efficiency of both dosages of ZrO, was compared, the higher amount
showed the higher photocatalytic activity, whereas the lowest amount showed low
efficiency. Similarly, higher amount of HAp nanoparticles increases the degradation rate
of MB. Thus, with increase in the amount of HAp nanoparticles the degradation of MB
also increases.

Therefore, it is concluded that ZrO> and HAp can be effectively used as a photocatalyst to
degrade dye from wastewater which could solve the problem created by dye contaminated
water.
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