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ABSTRACT: This study was aimed at the development of the ZnO/bone-char (ZnO/BC) hybrid
composite and it was characterized by its suitability for the treatment of dye-containing wastewater.
The Zn/BC composites were prepared using four different methods such as sol-gel, precipitation, hydrothermal
and wet-impregnation methods. Various analyzing techniques such as X-Ray Diffraction (XRD), Fourier
Transform Infra-Red (FT-IR), Brunauer-Emmett-Teller (BET) surface area, and Scanning Electron
Microscopy (SEM) were performed to characterize the prepared photocatalysts. The photocatalytic
activity of the ZnO/BC composite prepared from the sol-gel method was evaluated by the decolorization
of brilliant green dye in an aqueous solution. The results of SEM analysis confirm the agglomeration
of nano-ZnO particles and particles are evenly distributed on the surface of the bone char. Moreover,
the influence of different experimental parameters like solution pH, H.O: concentration, and
photocatalyst dosage was studied to optimize the process efficiency. This study also shows that chicken
bone waste can be used as a photocatalyst carrier for the synthesis of photocatalytic composites. It not
only provides a better way to treat dye-containing wastewater but also offers an ideal solution to using
chicken bone waste. From the Kinetic analysis, it has been observed that the photocatalytic
decolorization of BG dye with ZnO/BC photocatalyst follows pseudo-first-order kinetics.

KEYWORDS: Development of catalyst; Photocatalytic activity;
Environmental pollution; Wastewater treatment; Kinetics.
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INTRODUCTION

Water pollution is a global environmental issue
among environmental pollutions.  Industrialization
and an increase in population density led to producing

a large volume of wastewater, which contains a variety of
refractory organic pollutants. The dye is a significant
water contaminant, which has drawn the attention of
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environmental researchers, because it is generally found
in the released effluents of several industries like textile,
paper and pulp, tannery, food processing, etc. According
to the estimated amount, approximately 100,000 types
of synthetic dyes are produced annually, and 10% of total
dye production is released into the environment. Being
a toxic compound, it has some adverse effects on both
the aquatic biota and human beings [1]. Therefore, it is
needed for proper treatment before its discharge into
freshwater bodies. Since the dye has complexity in its
structure, it shows resistance to biological degradation [2].
Nowadays, heterogeneous photocatalysis is a rising technique
for the remediation of water contaminants. Zinc oxide
(ZnO)and Titanium dioxide (TiO,) are commonly used
semiconductors for photocatalysis processes. However, in
recent years, ZnQO is a broadly used photocatalyst compared
to TiO;, as it can absorb a significant fraction of the UV
spectrum [3, 4]. It also has high thermal conductivity, a wide
range of bandgap (3.37 eV), and is low in cost. When ZnO
is illuminated under sufficient lighting conditions, it
generates electron/hole pairs (e/h*), as shown in Eg. (1).
These electron/hole pairs further react with the water
(H20) molecules along with the dissolved oxygen (O2) in
the water and generate hydroxyl radicals (HO®) and
superoxide radicals (°*Oy), represented in Egs. (2, 3) [5].
These produced radicals non-selectively react with the dye
molecule in wastewater and break them into simpler
compounds as per Eqg. (4) and Eqg. (5)[6].

Photocatalyst + hv - e + h” Q)
h" +H,0 > -OH+H" (2)
e +02—> 02 3
‘02" + Dye - H20+CO> 4)
‘OH + Dye - H20+CO2 (5)

It has been reported that combining metal ions with
carbon material develops photocatalytic activity and
helps to achieve complete mineralization of the water
pollutant. There are various carbon materials like
activated carbon, graphene, graphite, carbon nanotube,
and bone char. But, among them, Bone Char (BC) is
preferable due to its porous structure, various surface
functional group, sustainability, and cost-effectiveness [7].
Moreover, the bone char is composed of main

Research Article

ZnO/bone-Char Hybrid Composite: Catalyst Preparation, ...

Vol. 41, No. 4, 2022

hydroxyapatite with a large surface area for the reaction
to happen. It shows the significant adsorption for various
types of textile dyes. In order to meet the regular dietary
requirement, a large number of animals are used, and
subsequently, it generates bone as a by-product. Handling
these bones at the right time is very important, otherwise,
it turns into solid waste, breed bacteria, jeopardizes the
health of human beings, also pollute the environment [8].
So, the conversion of these bones into bone char not only
controls solid waste but also helps in the treatment of
environmental pollution. Bone-char is having certain
advantages, such as alkali resistance, good adsorption
ability, thermostability, water insolubility, non-toxicity,
and recyclability. This makes the bone char an effective
candidate for making the composites with ZnO. Reported
researches show that Zn embedded in bone char prepared
from bovine bone can be used for the photo-degradation
of various organic contaminants and significant degradation
efficiency was achieved [4, 8, 9]. Jia et al. (2018) used
Zn0O/BC composite prepared by a simple precipitation
method to degrade methylene blue dye [4]. It has been
observed that the immobilization of ZnO on a large-sized
bone char has a synergetic effect on the photocatalytic
degradation of water pollutants. Thus, the combination
of both ZnO and bone-char form an effective composite
for the remediation of dyes in industrial wastewater.
Rezaee et al. (2014) decomposed formaldehyde by using
Bone-Char (BC) immobilized with nano-ZnO particles.
But through the physical mixing, the nano-sized ZnO
particles are unable to evenly dispense onto the bone-char
surface [15]. To achieve better catalytic activity, the layer
of ZnO nanoparticles should be uniformly loaded on the
surface of bone char. This green degradation technology
uses photo-catalytic oxidation for the removal of toxic pollutants
in industrial effluent. It also helps in solving serious
environmental issues. Therefore, the present work focuses
on the synthesis of Bone Char (BC) supported zinc oxide
(ZnO/BC)composite via four different methods such as
sol-gel, precipitation, hydrothermal and wet-impregnation
methods. The prepared photocatalyst was further characterized
by X-Ray Diffraction (XRD), Fourier Transform Infra-Red
(FT-IR), Brunauer-Emmett-Teller (BET) surface area,
and Scanning Electron Microscopy (SEM) analyses.
The decolorization of dye-containing wastewater
has been successfully investigated through the
photocatalytic activity of sol-gel mediated photocatalyst.
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Fig. 1: Flow diagram for the preparation of bone char.

The brilliant green dye was chosen as a model pollutant. it was kept in an autoclave at 100°C for 4 h. The bones
Brilliant Green (BG) is a cationic dye and is widely used were dried at 120°C in a hot air oven and further cooled in the
in the paper and textile industries. Mostly, it has been desiccators. Finally, the dried bones were calcined at 450°C
used in the dyeing of wool and silk materials. Around for 4 h, resulting in the formation of BC. This was then
0.8-1 kg of BG dye is required per ton of paper crushed in a pestle mortar and stored for further use [9].
production. This dye is hazardous to skin, eye contact, Fig. 1 shows the flow diagram for the preparation of bone char.

and ingestion. Through inhalation, it can affect the lungs
and frequent exposure can damage the target organ [10, 11]. Synthesis of ZnO/BC photocatalyst with the different

The influence of different experimental parameters such methods

as solution pH, the effect of H,O, concentration, and Wet impregnation method

photocatalyst dosage was studied for the treatment of An aqueous solution of ZnSO4 was prepared. 10g of

wastewater containing brilliant green dye. bone char was added to the prepared solution, mixed, and
stirred in a magnetic stirrer at 570 rpm to get a

EXPERIMENTAL SECTION homogenous mixture. The obtained precursor solution

Materials was dried atl05 °C for 12 h. Finally, the product was

Chicken bone waste was collected from the local calcined at 500 °C for 4 h to get ZnO/BC photocatalyst [12].
mutton market in Raipur city, Chhattisgarh, India.

Brilliant Green dye (90% purity) was procured from Hydrothermal method
Siga-Aldrich. Zinc sulphate (ZnSOs), sodium hydroxide An aqueous solution of sodium hydroxide (NaOH)
(NaOH), ethyl alcohol (C;HsOH), zinc oxide (ZnO), and and H,O was prepared in a ratio of 1:1. Then, 10g of bone
oxalic acid (C204H4, 12.6 g) were purchased from Merck. char and 3.4g of ZnSO4 were mixed with it. For homogenous
All the chemicals used for the photocatalyst preparation mixing, the mixture was stirred for 10 min at 570rpm.
and in experimental runs were of analytical grade. Subsequently, the homogenous mixture was transferred
to the Teflon-lined autoclave and heated in the oven
Preparation of Bone Char (BC) at 180°C for 2 h. The solution was allowed to cool down
2kg of chicken bone waste was taken from the market completely and then the resultant was filtered,
and rinsed three times with deionized water. Subsequently, followed by washing with deionized water and ethanol
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Fig. 2: Flow diagram for the preparation of ZnO/BC photocatalyst by hydrothermal method.

to remove any impurities present in it. The filtered
solution was dried at 60°C in the hot air oven for 12 h to
get the ZnO/BC photocatalyst [13]. Fig. 2 shows the flow
diagram for the preparation of Zn/BC by the hydrothermal
method.

Precipitation method

Zn precursor was prepared by adding 3.4 g of ZnSO,
in a mixture of water and ethanol in 1:1 ratio.
Subsequently, 10 g of bone char was added to this
solution and stirred to get a homogenous mixture.
Sodium hydroxide was used as a reducing agent, and the
dropwise addition of NaOH solution into the
homogenous mixture resulted in precipitated formation. The
precipitate was filtrated out and dried at 110°C for 4 h in a hot
airoven[14]. Then, the dried sample was calcined at 400°C
for 4 h in a muffle furnace to obtain ZnO/BC
photocatalyst. Fig. 3 shows the flow diagram for the
synthesis of Zn/bone char by precipitation method.

Sol-gel method

The preparation of Zn/BC photocatalyst by the sol-gel
method is a two-step procedure. In the first step, a solution
was prepared by adding zinc acetate to ethanol at 60°C.
Separately, the oxalic acid solution was also prepared by
adding it to ethanol at 50°C. This prepared solution was
slowly added to the zinc acetate solution under constant
stirring, resulting in the formation of a thick white gel.
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Then, the thick white gel was dried in the oven and the
dried product was further calcined at 500°C for 2 h to
get Zn nanoparticles. In the second step, Zn
nanoparticles and 10 g of bone char were added into an
aqueous solution and stirred continuously for 3 h.
Afterward, the homogenous mixture was filtered and at
room temperature, it was dried, followed by calcination
at 300°C for 2 h to obtain Zn/BC photocatalyst [15].
Fig. 4 shows the flow diagram for the synthesis of
Zn/bone char by the sol-gel method.

Characterization of the fabricated photocatalysts

The synthesized Zn/BC photocatalysts from different
processes were characterized by X-Ray powder
Diffraction (XRD) to obtain the structure of the catalyst.
To evaluate the morphology, the samples were
characterized by Scanning Electron Microscopy (SEM,
model: ZEISS EVO 18 series). Fourier Transform
Infrared spectroscopy (FTIR) was performed by Bruker,
Alpha-model to know about the functional groups present
on the catalyst surface. Also, the photocatalysts
were characterized by a BET surface area analyzer
(Smart instruments, India, and single point) for the
surface area, pore volume, and average diameters.

Experimental Procedure
The experimental runs for the decolorization of
brilliant green dye were carried out in a cylindrical
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Fig. 4: Preparation of ZnO/BC photocatalyst by the sol-gel method.

photochemical reactor having a maximum capacity of 300 mL,
which was internally installed with a 125W UV lamp.
A magnetic stirrer was also provided with the reactor to
mix the dye solution properly. Initially, the photocatalyst
was added to the photochemical reactor. There are
two ports supplied on either side of the reactor, through
which 250 mL of 100 ppm BG dye solution was inserted
into the glass/quartz build feed tank. Then the reactor and
its stirrer were switched on. The dye solution keeps on
mixing in the reactor, exposed to the UV light in addition

1190

to the catalyst dose with oxidant (H20), and thus, a
photocatalytic reaction occurs. The samples were
collected after a specific time interval and analyzed
through absorbance value obtained by a UV-Visible
Spectrophotometer  (model: UV 1800  Shimadzu).
The equation obtained for the calibration curve of the BG dye
solution was Y=0.0705X+0.0381, R?-0.9717; where Y is
the absorbance value for brilliant green dye at 625 nm
and X is the BG dye concentration. The decolorization
percentage of BG dye was evaluated by Eq. (6).
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Ci—Ct

x100 (6)

Decolorization percentage of BG (%)=
Ci
WhereCi= initial concentration of BG dye and Ci= BG
dye concentration at time t.

RESULTS AND DISCUSSION

Characterization of prepared catalysts

X-Ray powder Diffraction (XRD) analysis of ZnO/BC
photocatalyst

XRD analysis is a technique used for determining
the atomic and molecular structure of a crystal, in which
the crystalline structure causes a beam of incident X-rays
to diffract into many specific directions. By measuring
the angles and intensities of these diffracted beams,
a crystallographer can produce a three-dimensional
picture of the density of electrons within the crystal.
From this electron density, the mean positions of the
atoms in the crystal can be determined, as well as their
chemical bonds, their crystallographic disorder, and
various other information [16].

From Fig5(a), it was observed that the prepared
sample was crystalline in nature. The diffraction peaks
appeared at 2theta equal to 31.693°33.1150,
46.945°,47.005° correspond to hexagonal crystal lattices
(200),(220),(104),(220) with diffraction spacing d(A?) of
2.821,1.933,2.703,1.931, respectively.This shows the
presence of sodium chloride (NaCl), copper iron sulphide
(CusFeSs), iron oxide (Fez0s), and calcium fluoride
(CaF2)[16]. From Fig.5(b),the diffraction peaks appeared
at 2theta equal to 31.693° 66.115°% 46.945° 47.005°
correspond to the hexagonal crystal lattices (200), (104),
(220), (220) with d(A%) spacing 2.821,2.703,1.933,1.931,
respectively.This shows the presence of sodium chloride
(NaCl), iron oxide (Fe;Os), copper iron sulphide
(CusFeSs), and calcium fluoride (CaF,).Fig.5(c) shows
that the diffraction peaks appeared at 2theta equal to
44.393°,47.005°,33.115°,46.945°  correspond to the
hexagonal crystal lattices (110),(220),(104),(220) with
d(A% spacing of 2.039, 1.931,2.703,1.923 respectively.
This shows the presence of chromium (Cr), calcium
fluoride (CaF,), iron oxide (Fe.Os), and copper iron
sulphide (CusFeS.). Fig.5(d)represents that the diffraction
peaks that appeared at 2theta equal to 31.693° 29.406°,
28.261° 28.443° correspond to the hexagonal crystal
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Fig. 5: XRD plot of photocatalyst prepared by (a) wet
impregnation method (b) hydrothermal method (c) sol-gel
method and (d) co-precipitation method.
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Table 1: FTIR results of ZnO/BC photocatalyst with the different peaks associated with it.

/ Associated peaks Group Characterization References \
3445-3452 cmt stretching of hydroxyl (—~OH) [18, 19]
1600-1650 cm* stretching of hydroxyl (—-OH) [18, 19]
K 872 cm* Out-of-plane bending in CO3* [20] J
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Fig. 6: FTIR plot of catalyst prepared using (a) wet impregnation method (b) hydrothermal method.
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Fig. 7: FTIR plot of catalyst prepared using (c) sol-gel method and (d) co-precipitation method.

lattices (200),(104),(111),(111) with d(A% spacing
2.821,3.035,3.155,3.135, respectively.This shows the
presence of sodium chloride (NaCl), calcium carbonate
(CaCO0:s), sodium erbium fluoride (NaErF.) and silicon
(SH[17].

Fourier Transform Infrared spectroscopy (FT-IR) of
ZnO/BC photocatalyst

The prepared photocatalyst was characterized by FT-
IR using Bruker, Alpha model in a wide range 3500-500

1192

cmthat gives the information about the functional
groups present on the catalyst surface along with intra and
intermolecular interaction. Similar peak values were
observed in all the graphs shown in Fig.6 and Fig. 7. The
broadband at 3445-3452 cmland a band at 1600-1650 cm
lis due to the stretching of hydroxyl (~OH) functional
groups, that resulted from the moisture content on the
catalyst surface [18, 19]. While the bands at 1415-1471 cm,
872 cmare attributed to the carbonate bands, which
is possible because of the adsorption of atmospheric CO;
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Table 2: BET analysis results of ZnO/BC photocatalysts.

/ Method Pore Volume(cc/g) Surface Area(m%g) Average Pore Diameter (A% \
Wet impregnation 0.5441 35.061 620.746
Precipitation 0.0393 31.493 49.915
Hydrothermal 0.154 60.294 102.166

\_ Sol-Gel 0.1601 61.034 104.925 Y,

at the time of catalyst synthesis [20].The bands at 564,
603, 604, 605, 960, 961, 1033, 1034, 1035, 1044, 1099 cm
tare the characteristic of phosphate structure (PO4>) [21].
Table 1 shows the FT-IR results of ZnO/BC photocatalyst
with the different peaks associated with it.

Brunauer-Emmett-Teller (BET) analysis of ZnO/BC
photocatalyst

The synthesized Zn/BC photocatalysts from different
methods were characterized by BET, a single-point
surface area analyzer. Table 2 shows the data for the surface
area, pore volume, and average diameters of the modified
photocatalysts. The higher surface area and a considerable
proportion of low-coordinated surface atoms have been proven
to extensively influence the physical and chemical
properties of inorganic materials[4].

Scanning electron microscope (SEM) analysis of ZnO/BC
photocatalysts

SEM analyzed the morphological study of the
fabricated photocatalysts. Fig. 8 represents the SEM image
obtained from prepared catalysts. It shows the aggregation of
Zn particles on the surface of bone char. It was also
confirmed that the single uniform layer of ZnO particles
was distributed evenly on the surface of bone char [9, 22].

Effect of initial dye concentration on its decolorization
efficiency

To observe the effect of initial dye concentration on
the extent of brilliant green dye degradation, the dye
concentration was varied in the range of 50 to 200 ppm
under 125W UV-lamp irradiation. The rate of photolysis
of dye depends on the scission of the sigma bond through
which hydroxyl radical’s formation happens [23]. Firstly,
the dye molecule gets excited when one photon remains
attached to it, subsequently, the excited molecules react
with the free radicals to achieve the oxidation of the dye
molecule in the effluent. As shown in Fig. 9, the
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degradation efficiency increases with an increase in dye
concentration from 50 to 100 ppm, it may be due to the more
reactions between free radicals and dye molecules[14].
The dye removal for this decolorization study showed
very high uptake removal of BG dye at its lower
concentrations (50 to 100 ppm). The dye removal efficiency
decreases with an increase in the initial dye concentrations
(beyond 100 ppm). This might have happened due to the
saturation of the sorption sites (free radicals) as the
concentration of dye increases [24]. The actual amount of
dye molecules adsorbed increases with the increase in its
initial concentration. Thus, the increase in adsorption is
limited by free radicals. This fact may be attributed to the
phenomenon of the increase in the driving force of the
concentration gradient, with the increase in the initial dye
concentration. Therefore, the higher initial concentration
of the dye element enhances the adsorption process. From
the obtained results, it is clear that the further increase in
dye concentration from 100 to 200 ppm resulted in a
decrease in decolorization efficiency by 6.79%. Therefore,
100 ppm dye concentration was taken throughout the
experimental runs.

Effect of pH on decolorization

The dye solution pH plays a vital role in the
photodegradation process. The pH of different dye
solutions varies to ensure strong adhesion of dye molecules
to the objects to be colored. It is considered one of the factors,
which governs the appropriate remediation process [25].
In the photo-catalysis processes, the decolorization of dye
proceeds through different steps. The dye molecules
diffuse from the bulk of the solution to the surface of
the photocatalyst. When the whole system is irradiated
with a suitable source of light having sufficient energy
to activate the photocatalyst, decolorization begins. Once the
possible dye decolorization occurs, the reaction products
are desorbed from the photocatalyst surface and diffused
back into the bulk of the solution. The pH is
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Fig. 8: SEM image of the catalyst prepared using (a)
hydrothermal method (b) co-precipitation method (c) sol-gel
method (d) wet impregnation method.
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the main parameter that affects the adsorption process
because of its impact on the surface charge of the
photocatalyst. In this study, the result of pH was examined
for the decolorization of 100 PPM dye solution by varying
pH from 3 to 9 under a constant photocatalyst dose
0.5 g/L and 125W UV-lamp irradiation. The results
indicate that the photo-decolorization increases with
an increase in pH of the solution from 7 to 9, as shown in
Fig. 10. This may be attributed to the behavior of
the Zn-based photocatalyst, also at higher pH
deprotonation occurs for the surface hydroxy of bone
char which results in a negative charge on the catalyst
surface [8]. The surface of Zn/BC composite is positively
charged at lower pH while it becomes negatively charged
at higher pH. As brilliant green is a cationic dye, the higher pH
values help to get more decolorization efficiency [26, 27].
Also, in the alkaline phase, a large amount of hydroxyl (°
OH) ions is oxidized with the positively charged holes (h*)
to produce hydroxyl (HO®) radicals [4]. But the stability of
Zn/BC composite at higher pH values might not be ensured
because of the alkaline dissolution of ZnO [26].

Jia et. al. (2018) reported the synthesis of ZnO/BC
composite (photocatalyst), its characterization, and its
application for the removal of methylene blue dye from
wastewater effluent [8]. They have studied the photocatalytic
activity of this novel composite for the different
experimental parameters, including the effect of oxygen,
pH, positively charges holes, and hydroxyl radicals. From
the obtained results, it was clear that the dissolved
oxygen contributes to the photocatalysis process for the
removal of methylene blue dye in alkaline conditions. As
discussed previously, the photocatalytic processes strongly
depend on the pH of the solution. The increase in the dye
concentration on bone-char (BC) increases the contact of
positively charged holes (h*) and hydroxyl (*OH) radicals
generated on the catalyst surface. This fact enhances
the whole photocatalytic process for the removal of
respective water pollutants. Jia et al. (2018) obtained
the dye removal efficiency of 80-90%, which closely
matches the removal efficiency of BG dye, 87.8% (our
study). Rangkooy et al. (2013) studied the photocatalytic
remediation of formaldehyde using ZnO-BC composite.
They found the removal efficiency between 40-73%
for the initial concentration range of 2.5 to 25 mg/m? [9].
It was found that the strong adsorption of the formaldehyde
molecules on bone-char, results in a higher rate of
diffusion onto the photocatalyst surface. Furthermore,
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enhances the photocatalysis process. In our study,
the optimum dye removal efficiency was found to be
87.8% for the initial concentration of 100 ppm and with
the photocatalyst dose of 0.5 g/L.

Effect of photocatalyst dosage on the percentage
decolorization

In the photocatalysis process, the dosage of the
photocatalyst plays an active role as it is directly proportional
to the overall rate of catalysis [28]. The degradation of
100 ppm BG solution was carried out by varying the
photocatalyst dose from 0.1-1 g/L under 125 W UV-
lamp at pH 9. Fig. 11 represents the influence of catalyst
dosage on the decolorization efficiency of brilliant
green dye. The decolorization efficiency was found
to increase with an increase in catalyst dose from 0.1 to
0.5 g/L due to the photogeneration of more electron-
hole pairs, which further produce free radicals and help
to degrade more BG dye concentrations. The increase in
the concentration of photocatalyst dosage (from 0.1 to
0.5 g/L), shows an increase in the decolorization of BG
dye. This is due to the fact that the number of dye
molecules got adsorbed and thus, the photons were
adsorbed. The photons adsorbed enhanced with an
increase in photocatalyst loading [29]. The increase in
dye decolorization was probably due to an increase in
the availability of catalytic sites and adsorption sites.
But, also increasing the photocatalyst dosage beyond
the optimum, the decolorization rate declined. This
might have happened due to the excess catalyst could
damage the transparency of the solution, resulting in a
light scattering effect and reducing the penetration of
light through the BG solution. Hence, the photocatalytic
activity decreases [17,30]. Moreover, the increase in the
catalytic loading beyond 0.5 g/L may result in the
agglomeration of photocatalyst particles. Thus, the part
of the photocatalyst surface becomes unavailable for
photon absorption, and the decolorization rate of BG
dye decreases.

KINETIC STUDY

The Kkinetics of photocatalytic decolorization of
different organic pollutants has been described with
Langmuir-Hinshelwood (LH) model. This model (Eq.(7))
determines the relationship between initial dye
concentration and photodegradation rate.
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-2 ™

Where BG, initial dye concentration in mg/L, kun,
Langmuir-Hinshelwood adsorption equilibrium  constant
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(L/mg), and ke= rate constant (in mg/L/min). Experimental
results showed the photocatalytic decolorization of BG dye
with  ZnO/BC photocatalyst follows pseudo-first-order
kinetics. At a lower initial dye concentration, the rate
expression is represented as per Eq. (8).

= k,,, [BG] (8)

The integration of this equation will lead to the
relation with restriction C=C, at t=0 with Cqy being the
equilibrium concentration of the bulk solution. The
kinetic study of ZnO/BCcomposite for BG dye
decolorization was studied with Langmuir-Hinshelwood
kinetic model and expressed in terms of Eq. (9) [31].

In i—“ Kyt ©)

Where, Kapp is the pseudo-first-order rate constant and
Co is the initial concentration of BG dye and C is the
concentration of BG dye after irradiation time, t.

A plot of In(Co/C) versus photo-irradiation time (t)
for BG dye decolorization at different solution pH values
is represented in Fig. 12. A linear relation was observed
between the decolorization of BG dye and irradiation
time, so each sample follows first-order reaction kinetics.
The slope of the line passing through the origin gives the
rate constant k for the photodegradation of BG dye. Table
3 represents the values for rate constant, half-life time,
linear regression coefficient (R) and R2obtained.

CONCLUSIONS

In summary, the Zn/Bone-Char photocatalyst was
successfully synthesized via four different methods, i.e., wet
impregnation, hydrothermal, precipitation, and sol-gel
methods. The bone char prepared from chicken bone was
used as a carbon-based material making this catalyst
economical as well as eco-friendly. The synthesized
photocatalysts were characterized by XRD, FT-IR, BET,
and SEM techniques to analyze the physicochemical
properties. The catalyst prepared by the sol-gel method has a
large specific surface area 61.034 m%g and it was applied for
the treatment of BG dye solution. The catalyst showed
prominent photocatalytic  activity and  successfully
decolorized 87.8% of BG dye solution with100 mg/L
concentration under 125 W UV-lamp irradiation within 60
min.So, it can be concluded that bone char increases
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Table 3: Kinetic data for photodegradation of brilliant green dye by ZnO/BC catalyst at different pH values.

4 Sample Rate Constant (min)* ty (Min) R R? h
pH 3 0.0167 41.50 0.9877 0.9757
pH7 0.0174 39.83 0.9638 0.929

\_ pH 9 0.1085 6.38 0.9812 0.9628 )

the visible light activity of the semiconductors and makes
them more suitable for the treatment of industrial effluents.
Finally, it can be concluded that the photocatalysis of BG
dye by using ZnO/BC photocatalyst follows pseudo-first-
order kinetics.
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