EEET ECOLOGICAL ENGINEERING
——— & ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology 2024, 25(2), 178-189
https://doi.org/10.12912/27197050/176230
ISSN 2719-7050, License CC-BY 4.0

Received: 2023.11.24
Accepted: 2023.12.18
Published: 2024.01.01

Synthesis and Characterization of Hydroxyapatite/Titania Composite
and Its Application on Photocatalytic Degradation of Remazol Red B
Textile Dye Under UV Irradiation

I Nyoman Sukarta', | Dewa Ketut Sastrawidana'

' Chemistry Department, Faculty of Mathematics and Natural Sciences, Universitas Pendidikan Ganesha,
Singaraja 81117 Bali, Indonesia

* Corresponding author’s e-mail: nyoman.sukarta@undiksha.ac.id

ABSTRACT

This research was conducted to synthesize and characterize hydroxyapatite-titania (HA/TiO,) composites and test
their photocatalytic degradation activity on the remazol red RB textile dye. The chemical precipitation method was
utilized to produce hydroxyapatite (HA) based on the conversion of calcium carbonate presented in sea mussel
shells into calcium oxide with a calcination temperature of 1000°C for 2 hours and then followed by the addition
of phosphorous acid at pH medium of 11 and sintered at 700°C to obtain an HA crystal. The HA/TiO, composite
at variation weight of HA and TiO, ratio were prepared with hydrothermal technique and characterized by the
FTIR spectroscopy, X-ray diffraction, and scanning electron with energy dispersive X-ray spectroscopy. A total
of 250 mL of 50 mg/L Remazol red RB dye solution was photocatalytically removed using a HA/TiO, composite
irradiated with 25 Watt UV light and using the adsorption method. Characterization results using FTIR, XRD, and
SEM-EDX show that the synthesized hydroxyapatite (HA) has a degree of crystallinity of 68% with a Ca/P ratio
of 1.66. The highest degradation efficiency of 250 mL of remazol red RB with a concentration of 50 mg/L was
achieved at 94.22% in 2 hours of contact time by a photocatalysis treatment employing the HA/TiO, composite at

aratio of 1:1 in comparison to only 92.23% removal by the HA adsorption process.

Keywords: hydroxyapatite/TiO, composite, remazol red RB, sea mussel shells, photocatalytic degradation.

INTRODUCTION

The existence of wastewater generated from the
textile industry is an environmental problem that
needs great attention. The wastewater from vari-
ous textile industries has a high content of organic
matter, pH value, dyes, detergents, Heavy metals,
chemical oxygen demand (COD), and biochemical
oxygen demand (BOD), and chemical auxiliaries
that could potentially have a negative impact on
humans and the environment (Azanaw et al., 2022;
Akuma et al., 2022). According to estimates, the
use of azo dyes is reaching 60-70% of all of the
dyes utilized in the textile sector. An example of azo
dye is remazol red RB, which is commonly used in
dyeing cotton, wool, and silk fabrics. Most of the
azo dyes are toxic, mutagenic and carcinogenic
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to living things, including humans (Siddiqu et al.,
2023). Commonly, the textile effluent contains dyes
with different concentrations from 10-250 mg/L
(Ghaly et al., 2014). Therefore, it must be treated
to meet wastewater quality standards before being
discharged into the environment.

A various techniques have been developed
for removing pollutants and dyes from textile
wastewater which include electrochemical oxida-
tion (Latha et al., 2017; Sastrawidana et al., 2018;
Ojha and Shrivastav., 2023), adsorption (Alarcon
et al., 2022; Musthofa et al., 2023), coagulation
(Raj et al., 2023), membrane (Al-Sultan et al.,
2022; Reddy et al., 2022), ozone (Al-Rubaiey et
al., 2022), photocatalytic (Sahoo et al., 2022), and
biodegradation using fungi (Sukarta et al., 2021;
Sudiana et al.,2022).
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Among the available technologies, photocata-
lytic degradation is a promising method for the
remediation of textile wastewater due to its high
degradation efficiency, low toxicity, low mainte-
nance, and environmentally friendly technology
(Ren et al., 2021; Mancuso and Lervolino, 2022).
Basically, photoexcitation of semiconductors by a
photon energy with electrons are excited from the
valence band to the conduction band when there
is enough energy. The reactive species produced
by photoexcitation, such as peroxide (H,0,), su-
peroxide ion (*O,), and hydroxyl radical (OHe),
are crucial to the breakdown of pollutants in water
(Vital-Grappin et al., 2021). Photocatalysis uses a
suitable catalyst that is irradiated with unlimited
ultraviolet and visible light radiation, can destroy
pollutants through oxidation-reduction reactions
(Rajabi et al., 2020). Photocatalytic reactions can
mineralize the organic pollutant materials into CO,
and water without requiring expensive oxidizing
chemicals (Sirajudheen et al., 2021). Some of the
catalysts used for photocatalytic degradation of
dyes include Ce-TiO, catalysts (Touti et al., 2016),
catalyst composites of polyaniline (Oyetade et al.,
2022), and green zinc oxide nanoparticles synthe-
sized in plant extract (Dihom et al., 2022).

Titanium dioxide (TiO,) has been widely used
as a photocatalytic material because of its specific
properties, such as having high photocatalytic ac-
tivity, non-toxicity, chemical stability, ease of ob-
taining in the market and its ability to decompose
various organic compounds (Hayashi et al., 2020;
Mirkovic et al., 2022). However, in practical ap-
plications, the TiO, powder is difficult to recover
because it is suspended in wastewater. Thus, im-
mobilizing TiO, on suitable support materials is
important and required. Some support materials
that have been studied to immobilize TiO, include
silica granules, natural zeolite, activated carbon,
and hydroxyapatite (Barakat et al., 2023; Ward-
hani et al., 2016; Odabasi et al., 2022; Syafira et
al., 2023). Recently, the use of greener materials,
such as hydroxyapatite (HA) has been studied in
catalyst-support applications due to its outstand-
ing chemical stability, bioactivity, and biocom-
patibility (Chong et al., 2018). Besides that, HA
with the chemical formula Ca, (PO,) (OH), has
a large specific surface area and thermal stabil-
ity, making it a good supporting catalyst material
(Nguyen et al., 2022).

Apart from being used as an adsorbent and
supporting catalyst in wastewater bioremediation,
HA is widely used for biomedical applications

such as for drug delivery systems, medical devic-
es, and implant material with application in den-
tistry (Izzetti et al., 2022). Considering the wide
application of hydroxyapatite, production and
searching for raw materials from natural sources
should be done continuously. The natural materi-
als that can be used for HA synthesis are those
that are rich in calcium, either from biological
sources such as mammal bones, fish bones, egg
shells, coral, and shellfish or from inorganic ma-
terials, such as limestone (Wu et al., 2023; Kumar
et al., 2020; Arif et. al., 2020).

Blood sea mussel (Anadara granosa) is a ge-
nus of Anadara that is commonly found in the sea
water of Bali. In general, the protein content of
mussels ranged from 59.07 to 68.31% by weight
(Naik et al., 2020). Because of their high nutrient
content, the meat of dara seashells is a favorite
food, while their shells are discharged and be-
come a waste in the environment. The content
of calcium carbonate in blood mussel shells is
estimated at 98% by weight (Asmawathi et al.,
2018), which makes them potential as raw mate-
rials for hydroxyapatite synthesis.This is an inno-
vative way to utilize waste into valuable products,
which is also a course of action to reduce mussel
shell waste in the environment.

The aim of this research was to synthesize HA
from sea mussel shells through a chemical pre-
cipitation method. The HA synthesized is char-
acterized and then used as a support material for
the TiO, catalyst. The HA/TiO, composite was
analyzed for its surface morphology and used for
photocatalytic degradation of remazol red RB dye
irradiated with 25-watt UV light.

MATERIALS AND METHODS

Materials

For the synthesis of HA and HA/TiO, com-
posites, the following reagents were used: ortho-
phosphoric acid (H,PO,), titanium dioxide (TiO,),
and ammonia (NH,). All reagents are analytical-
grade reagents purchased from Sigma-Aldrich.
In turn, samples of sea mussel shells as a source of
calcium carbonate (CaCO,) were obtained from
sea waters in Bali. Orthophosphoric acid and cal-
cium oxide (CaO) were used as precursors, and
ammonia was used for the pH adjustment of the
medium. The chemical composition of Remazol
red (RB) is shown in Figure 1.
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Figure 1. The remazol red RB
dye chemical composition

Calcination of sea mussel shell

After removing any contaminants from the
surface with distilled water, the sea mussel shells
were crushed in a crusher. A furnace was used to
calcine the shell powder for two hours at 1000
°C to convert the calcium carbonate (CaCO,) into
calcium oxide (CaO).

Preparation of hydroxyapatite

HA was prepared using the chemical precip-
itation method according to the procedure de-
scribed by Cahyaningrum et al., 2017. In order
to prepare HA, 100 g of CaO was droppedwise
at a rate of 1 mL/min into 350 mL of deion-
ized water along with 38.4 mL of a 96% H,PO,
solution. After adding 33% ammonia solution
to bring the mixture pH to 11, it was heated
to about 80 °C and continuously stirred with a
magnetic stirrer for 24 hours at room tempera-
ture. To extract the HA precipitate, the mixture
was agitated for a full day and then filtered
through Whatman filter paper number 42. For
six hours, the HA precipitate was dried at 80
degrees Celsius in an oven, then it was crushed
to create HA powder. Ultimately, a furnace was
used to sinter the generated HA for two hours
at a temperature of 700 °C in order to produce
HA dry crystal.

Preparation and characterization
of the HA/TiO, composite

The composite of HA/TiO, was made by
mixing HA powder and TiO, (anatase, 98.0-
100%, CAS 13463-67-7, Merck KGaA, Made
in Germany) with weight variation ratios of 1:1,
2:1, 3:1, 4:1 and 5:1, respectively. The mixtures
were added with one hundred mL of de-ionized
water while being swirled for 24 hours with a
magnetic stirrer. The mixtures were allowed to
rest for 48 h to obtain the precipitate of the HA/
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TiO, composite. After that, the formed HA/TiO,
composite powder was calcined at 700 °C for 2 h
to obtain HA/TiO, dried crystal. The composites
of HA and TiO, were described by identifying
the functional groups with FTIR, measuring the
degree of crystallinity using XRD, surface mor-
phology, distribution of TiO, on the HA surface
and the atomic ratio of Ca/P with SEM-EDX
spectroscopy.

Remazol red RB photocatalytic
degradation in natch

The setup for the textile dye Remazol Red
RB batch photocatalytic degradation process was
shown in Figure 2.

The photocatalytic reactor with dimension
of length x width x height is 35x13x13 cm,
respectively. UV light 25 Watt was used as a
source of photon energy in degradation process
of remazol red RB textile dye. To maintain the
homogeneity of the electrolyte distribution,
500 mL of dye solution at a concentration of
50 mg/L was added to the photocatalytic deg-
radation reactor and continuously stirred at 150
rpm using an automatic magnetic stirrer. At an
interval of 15 minutes for 2 hours, A sample of
15 milliliters was obtained, and after the sus-
pended particles were separated, its absorbance
was measured at the wavelength of 516.5 nm.
Degradation efficiency of remazol red RB by
photocatalytic and adsorption processes at dif-
ferent weight ratio of HA/TiO, were investi-
gated. The degradation efficiency is calculated
using the following equation:

Degradation ef ficiency(%) =
Ao 100% )
Ao
where: A, is the initial absorbance of dye;
Aj is absorbance of dye after treatment at
certain times.

Figure 2. Performance of photocatalytic
degradation reactor set up
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RESULTS AND DISCUSSIONS

Sea mussel shells contains calcium carbonate
accounts for 95-98% by weight (Borciani et al.,
2023). This amount of calcium carbonate has the
potential as raw materials resources for hydroxy-
apatite synthesis. Calcination of sea mussel shell
to convert CaCO, into CaO was done through the
following reaction:

1000 °C
CaCO3(S) — CaO(S) + COz(g) (2)

CaO¢) + H0) —

3

e Ca(OH)Z(aq) + COz(g) ( )
pH10-11

10Ca(OH)3(aq) + 6H3PO04(aq) — 4

pH 10-11 @

— Ca;9(P04)6(OH) 55 + 18H,0(),

FTIR analysis

The FTIR spectra of HA, TiO,, and HA/TiO,
were captured in the 4000-500 cm™' wavelength
region on an IR Affinity-1 from Shimadzu.The
Fourier transform infrared spectra of HA/TiO,
composite samples generated at varying HA to
TiO, weight ratios are shown in Figure 3.

Figure 3 shows the FTIR spectra of HA, TiO,
and composites of HA/TiO, with distinct weight
ratio of HA to TiO, and the characteristic of

absorption band are shown in Table 1. The typical
characteristic bands at 3572.17 cm™ and 3647.39
cm™! for all samples indicate stretching vibrations
of hydroxyl groups (OH"). The bands are located
at around 1049 cm'and 1091 cm™ corresponding
to asymmetric stretching mode of vibration of
P-O bond from PO,’* anion of apatite ( Solonenko
et al., 2022), and the appearance peaks at 632.65
cm’!, 603.72 cm™ and 561.29 cm! for all the sam-
ples also indicates to symmetric P-O stretching
vibration of PO,* group (Kumar et al., 2021). Al-
Hamdan et al., 2020, also states that the powerful
560 cm! peaks and around 1017 cm™! indicate hy-
drogen phosphate (HPO,) and phosphate (PO,),
in that order. The absorption band at 1456.26 cm’!
was assigned to ion of carbonate (CO,*) in accor-
dance with the results of Dermawan et al., 2022
who stated that groups of carbonate ions were
observed in the range of 1500-1400 cm™ wave-
numbers. In addition, the frequency bands around
2358 cm™' and 2353 cm™' can be ascribed to CO,
vibration (Ummartyotin and Tangnorawich.,
2015). From the FTIR analysis, the precipitated
powders were proven to be hydroxyapatite. The
peak of absorption observed at 690.51 cm™ shows
the Ti-O stretch band, which is a typical TiO,
peak. According to Alobaidi and Alwared, 2022,
the fundamental absorption bands of Ti-O-T and
Ti-O vibrations are found within the 400-700
cm! range.

572.17

——HA/TiO, (5:1) ——HA/TiO; (4:1) ——HA/TiO, (3:1) ——HA/TiO,; (2:1)——HA/TiO, (1: 1) TiO,——HA
HA/TIO2(5:1
__|mmoxen 357217 2358 (h353 M s 26 \J/1%6
52 pp— \]J i S fr .’/r”\ 104/9\ 632.65561.p9
p— | ?
© [BAmioen 357217 2358 Uz3<3 1456.26 \./ 960 s
(5] Wy Mww—»w’—» [T e, 1049 632.65 561.29
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Figure 3. FTIR spectra of HA, TiO, and composites of HA/TiO,
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Table 1. Types of vibration of HA, TiO,, and HA/TiO, composite

Wavenumber (cm-1) Vibration mode Functional group
3572.17 OH Stretching Hydroxyl group
3647.39 OH Stretching Hydroxyl group

2358 CO, bending CO,> group
2353 CO, bending CO,* group
1456.26 Asymmetric stretching CO,* group
1091 PO, bending Phosphate group
1049 PO, bending Phosphate group
960 PO, bending Phosphate group
690.51 Ti-O stretching TiO, group
632.65 PO, bending Phosphate group
603.72 P-O stretching Phosphate group
561.29 P-O stretching Phosphate group

X-ray diffraction analysis

The crystallinity degree of the prepared com-
posites of HA/TiO, at different weight ratio of
HA to TiO, such as 1:1; 2:1; 3:1; 4:1 and 5:1 was
identified using X-ray diffraction (XRD) spec-
troscopy. The prepared HA, TiO, XRD patterns
and composites of HA/TiO, are shown in Figure
4, while the results of the calculated crystallite
size and crystallinity degree using origin 8.5 Pro.
software are listed in Table 2.

Figure 4 shows the patterns of XRD of the HA
powder, pure powder of TiO,, and HA/TiO, dif-
ferent composition. The XRD spectrum patterns
of HA was obtained at position 26 were 25.591,
31.874, 32.283, 39.917, 46.801 and 49.557, re-
spectively. These peaks match the characteristic

peaks of HA based on JCPDS No. 09.0432, in
which appears at 20 = 25.8 (002), 31.7 (211),
32.9 (300), 46.7 (222) and 49.4° (213). Accord-
ing to Ahmed et al., 2015, the hexagonal struc-
ture of HA is characterized by the appearance of
a strong diffraction peak at position 26 around of
31.780 together with two other peaks around of
32.266°. In addition, the diffraction peaks at 20
around of 25.9°, 31.8°, 46.7° and 49.5° are typical
for pure HA, while for TiO,, the peaks observed
at 20 around of 25.3°, 37.8° and 48.0° are repre-
sentative for anatase TiO, (Noviyanti et al., 2022;
Fatimah et al.,2023). The results of XRD analysis
of TiO, are in good agreement with Jamil et al.,
2022 who stated that the 20 at peak 25.491°and
54.30° which confirms the TiO, anatase structure.

4500 adeis J.( \ }\b\; Ak A Arasan HA/TIiO> 5:1
4000 - — L A M;._..A_L FR.UYWOIw HA/TiOz 4:1
5500 msmeslin N . HATIO, 31
S 3000 - L b :
) PRI, LU | U0y 1) AN AR RoCEs e JH A /T1O> 2:1
2 2500 A
2]
b !
£ 2000+ T | DL O | Loy | X ——HA/TIO; 1:1
[
= 1500
o
Q
© 1000
500 - e U JM L__M o1 O U D TiO>
04 M__,L_M_JL,_L W IV HA 1000°C

10 20 30 40

50 60 70 80 90

Diffraction angle (2 theta)
Figure 4. The patterns of XRD of HA, TiO, and composites of HA/TiO,
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Table 2. Crystallinity of the HA, TiO, and HA/TiO, composites

Sample Peak position (°2Th) FWHM (°2 Th) Crystallinity (%)
HA 31.874 0.1574 68
TiO, 25.398 0.1378 73
HA/TIO, (1:1) 25.323 0.1581 63
HA/TIO, (2:1) 25.373 0.1771 56
HA/TIO, (3:1) 25.386 0.1968 60
HA/TIO, (4:1) 31.858 0.0787 57
HA/TIO, (5:1) 31.841 0.1968 57

XRD pattern of the HA/TiO, shows peaks corre-
sponding to HA and TiO, anatase. The diffraction
peak at 26=25.59, 31.87, 46,80 and 49.56 are typ-
ical peaks from HA, while the peaks of TiO, were
noticeable at 26=25.39, 37.8 and 48.0. The peak
intensity of TiO, increased along with the TiO,
content as well as the peak of HA increased with
increasing HA content in HA/TiO, composites.
The crystallinity of HA, TiO,, and composites
of HA/TiO, was analyzed based on the peaks in
the XRD pattern, and then using Origin 8.5 Pro
software, the crystallinity percentage of each com-
posite sample can be calculated. From the Table 2,
it is known that HA/TiO, 1:1 composites have the
highest percentage crystallinity compared to other

HA/TiO2(4:1)

composites of HA/TiO,. However, the composites
of HA/TiO, prepared had lower crystallinity than
pure HA and TiO,. The material with a high degree
of crystallinity will be more stable and have strong
mechanical properties, making it suitable for ap-
plication as a catalyst support or as an adsorbent.

Analysis of SEM-EDX

The morphology and element content of the
HA samples were assessed using SEM-EDX,
both before and after they were impregnated with
various masses of TiO,. The representative scan-
ning electron micrographs of theTiO,, HA and
HA/TiO, at different TiO, contents after sintering

HA/TiOz(1:1)

HA/TiO2(5:1)

Figure 5. SEM images of HA and HA/TiO, composites with different mass ratio of HA to TiO,
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Figure 6. EDX of HA and composite of HA/TiO, with different ratio of HA to TiO,

Table 3. Calcium/phosphate atomic ratio of HA and HA/TiO, composites

HA HA/TIO,1:1 HA/TIO, 2:1 HA/TIO, 3:1 HA/TIO, 4:1 HA/TIO, 5:1
Component At % o7 o2 o2 o2 o2
, %) (At, %) (At, %) (At, %) (At, %) (At, %)
Ti - 1.0 10.0 71 5.6 3.3
0] 75.8 76.7 76.7 711 71.8 71.0
Ca 15.1 7.6 8.4 14.2 14.7 17.1
P 9.10 4.6 4.9 7.6 7.9 8.6
Ca/P 1.66 1.65 1.71 1.87 1.86 1.99
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at 700 °C are shown in Figure 5 and the Ca/P ratio
is presented in Table 3.

Figure 5 shows the surface morphology of
pure HA from sea mussel shells and HA/TiO,
composite. From the SEM images it can be seen
that TiO, impregnated on the HA surface covers
the pores of the hydroxyapatite.

On the basis of the data displayed in Figure
6, the EDX analysis of the HA/TiO, composite
comprises oxygen, calcium, phosphorus and titan
where the uniform distribution of TiO, particles
over the HA surface. In addition, the presence of
Tiand O peaks in EDX spectrum reflects that TiO,
particles are incorporated into the HA matrix.

Table 3 represents the composition of ele-
ments in synthesized HA/TiO, composites with
their corresponding Ca/P ratio obtained by energy
dispersive X-ray analysis. The Ca/P atomic ratio
for sample HA, HA/TiO, 1:1, HA/TiO, 2:1, HA/
TiO, 3:1, HA/TiO, 4:1, and HA/TiO, 5:1 was cal-
culated from EDX, and its results were found to
be 1.66, 1.65, 1.71, 1.87, 1.86, and 1.99, respec-
tively. The atomic ratio of Ca/P in HA was 1.66,
which was closest to the stoichiometric Ca/P ratio
of 1.667 in HA. However, the Ca/P atomic ratio
changes when composited with TiO,.

Degradation studies

The degradation test of the HA and HA/TiO,
composites was examined against remazol red
RB textile dye solutions. The degradation pro-
cess was conducted by two treatments, namely
photocatalysis and adsorption. The degradation

70
60 -
50 -

10

Adsorption efficiency (%)

30

20 4

efficiency of remazol red RB through the adsorp-
tion process is shown in Figure 7, whereas photo-
catalysis is presented in Figure 8.

As it can be seen in Figure 7, the degradation
of remazol red RB through the adsorption process
was more effective when using HA compared to the
composite of HA/TiO,. In adsorption, the degrada-
tion rate of the remazol red RB increases from 15
to 60 minutes, and then the adsorption efficiency
increases insignificantly until the process continues
up to 120 minutes of contact time. The degradation
efficiency of red RB using HA was 91.25% within
60 minutes and then achieved 92.23% after 120
minutes of contact time. This result is consistent
with earlier studies conducted by Pai et al., 2022,
in which they found an adsorption efficiency of
94.38% by hydroxyapatite/magnetite nanocompos-
ites at a 54 mg/L starting concentration of acid blue.
Adsorption studies done by Aaddouz et al., 2023
also found that a removal efficiency of 88.88% was
achieved at a 45 mg/L starting methylene blue con-
centration and a 20-minute contact period.

Figure 8 displays the photocatalysis activity of
the HA/TiO, composite against remazol red RB
textile dye. It is clearly observed that 94.22% of
remazol red RB was photocatalysis degraded us-
ing HA/TiO, 1:1 composite after 120 minutes of
contact time under UV irradiation of 25 W. The
photocatalytic activity rate decreased with the low-
er content of TiO, impregnated in HA. The degra-
dation efficiency of 250 mL of remazol red RB
dye with 50 mg/L concentration using HA, TiO,,
HA/TiO, 1:1, HA/TiO, 2:1, HA/TiO, 3:1, HA/

—FA—— HATO,(1: 1ol HATO (2: )—-HATO, (G 14— HATRO (4:1)——HATIO(5:1)

] -/tl.—/-’——-".’—/-’—-
80 +

10 T T T T T

T
60 80 100 120

Time (min.)

Figure 7. Adsorption of remazol red RB by HA and composites of HA/TiO,
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Figure 8. Photocatalysis degradation activity of HA/TiO, composites against remazol red RB

TiO, 4:1, and HA/TiO, 5:1 under UV light of 25
W irradiation for 120 minutes of contact time was
obtained at 94.13%, 94.39%, 94.22%, 87.38%,
82.73%, 84.05% and 71.08%, respectively. On the
other hand, the degradation efficiency using HA,
HA/TiO, 1:1, HA/TiO, 2:1, HA/TiO, 3:1, HA/
TiO, 4:1, and HA/TiO, 5:1 through adsorption
was 92.23%, 20.25%, 20.87%, 19.7%, 20.86%,
and 22.28%. This finding is higher than Qutub et
al., 2022, who found that the photocatalytic degra-
dation efficiency of the CdS/TiO, nanocomposite
against acid blue 29 dye with a concentration of
0.06 mM was 84% under visible light irradiation
for 90 min. Another study conducted by Hossain
et al., 2022 also found that a photocatalytic deg-
radation efficiency of 99% was obtained when re-
moving 50 mL of Congo red dye at 20 mg/L con-
centration using a Cu/TiO, nanocomposite with an
irradiation time of 180 minutes.

CONCLUSIONS

In this study, the synthesis and characterization
of hydroxyapatite from sea mussel shells and its use
as a supporting catalyst of TiO, for remazol red RB
of photocatalytic degradation under irradiation of
UV light was investigated. The crystalline features
of HA and HA/TiO, were investigated through
XRD analysis that indicated the formation of hex-
agonal structure of HA/TiO,. It was confirmed
via SEM-EDX analysis, The uniform distribution
of TiO, over hydroxyapatite and the Ca/P ratio in
hydroxyapatite and hydroxyapatite/ titanium oxide
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composite were obtained in the range of 1.66-1.99
approach to the Ca/P ratio the theoretical value
characteristic of stoichiometric hydroxyapatite. The
degradation efficiency of the 1:1 HA/TiO, com-
posite against 500 mL of Remazol Red RB with
a concentration of 50 mg/L through a photocata-
lytic reaction irradiated with 25 Watt UV light was
achieved at 94.22% in 120 minutes, while the ef-
ficiency of 92.23% was achieved using HA through
the adsorption process.. Thus, hydroxyapatite pre-
pared from the sea mussel shell can be effectively
utilized as excellent non-toxic and cheaper natural
supporting catalyst and also used as bioadsorbent
for the removal of dye from aqueous medium.
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