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Abstract:

Nanotechnology is an emerging multidisciplinary technology that has shown tremendous success in a variety of
fields. Nanostructures have the potential to improve the physical qualities of traditional textiles in regions such
as antibacterial capabilities, water repellence, dirt resistance, colour fastness, and textile material strength.
Recent breakthroughs in nanotechnology provide chances to construct next-generation water supply systems by
leapfrogging. Nanotechnology-allowed water and wastewater treatment has the probable to not only overcome
fundamental challenges confronting current treatment technologies, but also to bring innovative treatment
abilities that may allow for the cost-effective exploitation of atypical water sources to increase water supply.
The present work focus to degrade the methylene blue (MB) was studied by a photocatalytic process in
attendance of ultra violet irradiation using ZnO/CeO, nanocomposite catalysts in a batch reactor. The reaction
was kept at room temperature. The nano-composite catalyst was synthesized by co-precipitation method using
Zn(N0Os)2.6H,0 and Ce(NOs)s.6H,0 as main raw materials. The synthesized catalyst was analyzed by scanning
electron microscopy and BET surface area analyzer. After characterization, the catalyst was treated by degrade
of methylene blue through photocalysis. The different process conditions such as weight of catalyst, reactant
concentration, irradiation time and pH of solution were applied. The effects of energy source and oxidising
agent were also investigated. The maximum removal of MB about 99% was achieved using this prepared

catalyst.
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Introduction:

Colored wastewater from textile mills and food
sectors is brilliantly coloured and dangerous. They
damage surface and ground water, posing health
concerns to animals, plant life, and humans at
certain concentrations. Among the chemical
pollutants, dyes and dye intermediates, surfactants,
and certain metal residues are of particular concern
in terms of environmental preservation
[1Methylene blue is one such textile effluent (MB).
MB dye is harmful to the reproductive and
immunological systems [2].

Several conventional processes such as, biological
treatment [3, 4], Electrochemical Oxidation [5],
activated carbon adsorption [6], Catalytic wet
oxidation [7], solvent extraction [8, 9] and
membrane process [10, 11] may be employed for
the removal of MB. These processes have some
major drawbacks such as they are sensitive to
operating conditions and tendency to the formation
of secondary toxic materials [12]. However,
advanced oxidation techniques (AOPs) have
recently emerged as a potential method for
removing MB from wastewaters. Complete organic
matter mineralization is possible in the AOPs [13].
The goal of photocatalysis, a "green" technique, is
to completely mineralize organic dyes in
wastewater. Heterogeneous photocatalysis using
semiconductor oxides and UV-visible light has

emerged as a promising method for turning organic
pollutants into comparably innocuous end products
including CO,, H20, and inorganic ions [14]. In
addition, photocatalysis is an excellent option for
other conventional ways of water cleanup since it
employs a renewable and environmentally friendly
source of energy like sunshine [15]. This method
degrades toxic organics in the existence of a
catalyst and ultraviolet (UV) irradiation without
producing additional harmful pollutants. It has been
extensively studied during the last few years
because of its ablity to totally oxidise organic
molecules at a low energy cost [16, 17]. Various
novel photocatalytic materials have emerged, such
as nano TiO; [18, 19], CdS [20], 2D PbMoO4 [21],
ZnS [22], ZnO [23] and CaO [24] etc. Zinc Oxide
(ZnO) is commonly wused as an excellent
photocatalyst due to its high activity, low cost, and
ability to withstand chemical and photo
deterioration. It is non-toxic, has high biological
and chemical inertness, and is very stable. When
titania is subjected to UV light with an energy
larger than its band gap energy, electrons (e) in the
conduction band and positive holes (h*) in the
valence band are formed, as well as OH radicals.
Pollutant degradation is attributed to OH radicals
[25]. Furthermore, ZnO absorbs a bigger fraction of
the UV spectrum, is less costly, and has a high
potential for organic pollutant removal in water or
air [26, 27]. But, one of the significant
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disadvantages as a photocatalyst of ZnO is its high
speed of electron-hole recombination, which
reduces degradation efficiency. [28]. To address
this issue, various teams described doping ZnO
with atoms to increase activity [29]. Doping ZnO
with a transition metal creates a new energy point
in which electrons are trapped, preventing
irradiation-induced electron-hole recombination
[30, 31]. Metal ion doping in ZnO nanostructures
can result in effects such as fluorescence
amplification and control of surface defect
concentration. Metal doping in ZnO is predicted to
change absorbance as well as other physical or
chemical characteristics of ZnO [32, 33].

In the present study, ZnO/CeO; semiconductor
photocatalyst was synthesized by co-precipitation
technique. Scanning Electron Microscopy (SEM)
and BET Surface Analyzer were applied for
characterize the prepared catalyst. The activity of
prepared catalyst was observed for the degradation
of methylene blue through photocatalytic reaction.
The effect of various process parameters such as
weight of catalyst, MB concentration variation and
pH variation, irradiation time were studied. The
kinetic study also studied.

Materials and methods:

Procedure of photocatalyst synthesis

The co-precipitation approach was used to prepare
the ZnO/CeO; photocatalyst. The major raw
ingredients for the catalyst synthesis were
Zn(NO3)2.6H,O  (Merck  Specialties  Private
Limited, India) and Ce(NO3)s.6H,0O (Loba Chemic
Private Limited, India). While stirring, the required
amounts of Zn(NOs)2.6H,O and Ce(NOs3)3.6H,0
were mixed for 20 minutes. To adjust pH 10, the
necessary quantity of NaOH (Merck Specialties
Private Limited, India) was added dropwise and the
mixture was agitated for approximately 2 hours.
The solution was then let to stand for 24 hours to
thoroughly hydrolyze. The resulting sample was
extracted and cleaned several periods with distilled
water and 100% ethanol to eliminate any excess
organic or inorganic contaminants before being
dried overnight in a 120°C oven to yield the
hydroxide precursors. In a furnace, the dried
sample was calcined at 500°C for 6 hours. The
composite oxide was finally developed.

Catalyst characterization

Scanning electron microscope (Zeiss, EVO 60) and
a BET surface area analyzer (Quantachrome,
AUTOSORB 1C, USA) were used to characterise
the produced catalyst. The titanium dioxide
samples’ morphology and particle size were
determined using SEM. The specific surface area
and pore volume of calcined sample were assessed
using a BET surface area analyser.

Experimental Procedure:

The photocatalytic degradation of MB (Merck
Specialties Private Limited, India) was investigated
using a ZnO/CeQ; composite catalyst. The reaction
took place in a batch cylindrical beaker with a
capacity of 1000 ml and continuous stirring, with
the UV source placed on top of the reactor. A
Philips 8 W UV light with a wavelength of 218 nm
was used. A representative reaction was conducted
using a 250 ml solution of MB with an initial
concentration of 100 ppm and a catalyst
concentration of 400 gm/L at 30°C with a 10C
fluctuation using a UV light. The samples were
received at regular periods and examined in a UV-
VIS spectrophotometer (XPLORER, XP 2001).
Results and Discussions:

Catalyst characterization analysis:
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Fig. 1: SEM image of Zno/CeO composite catalyst
The morphology of the composite has been seen in
the SEM picture. The catalyst particles are
spherical, as seen in Fig. 1. As a result, the SEM
picture clearly demonstrates the full homogeneity
of cerium with ZnO. Because they may absorb
even bulky contaminants, single extremely
homogenous aggregates are important for
photocatalysis.
The EDS spectrum obtained from SEM was used to
identify  the quantitative and  qualitative
composition of the manufactured composite
catalyst. Table 1 shows the composition. BET
apparatus was used to examine the surface
properties of the catalysts. The pore volume and
surface area of the produced ZnO catalyst are 147
m?/g and 0.25 ml/g, respectively. The pore volume
and surface area of the produced ZnO/CeO,
catalyst are 0.81 ml/g and 225 m?/g, respectively.
Table 1: composition of synthesized ZnO/CeQ;

composite catalyst

Catal Weight (%0)

yst Zn C O

e
ZnO/ 46 5. 48
CO, 4 3 1
7 9 4

Comparison study of various catalysts:
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Fig. 2: Effect of various catalysts
Photocatalysis was used to remove MG using
different catalysts such as ZnO and ZnO/CeO:..
Both reactions were carried out at 300°C with a
400 mg/L pH 7 catalyst concentrations and a
starting concentration of 100 ppm. As shown in
Fig. 2, the % removal of MG is in the case of a
Zn0/Ce0O; composite catalyst. The removal rate is
great due to the large surface area.

The photocatalytic reaction is affected by
numerous process factors:

Weight of catalyst:
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Fig. 3: Effect of catalyst weight on MB
degradation

An essential process parameter is the weight of the
catalyst driving the photocatalytic reaction. At
room temperature, the impact of catalyst
concentration on photocatalytic degradation was
examined by increasing concentrations from 150
mg/L to 500 mg/L at a starting concentration of
MB 100 ppm. Throughout the pH of the MB
solution was maintained at 7. Figure 3 depicts the
% deterioration over time for various catalyst
concentrations. With increasing weight of catalyst
up to 400 mg/L, the fraction of MB photocatalytic
degradation rises, then decreases. This might be
because the number of active sites grows when the
quantity of catalyst increases. However, as the
catalyst concentration was raised to 400 mg/L, the
percentage degradation decreased. It might be due
to high-concentration agglomeration of catalyst

particles, which reduces the number of active
surface sites and hence the removal of MB.
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Fig. 4: Effect of dye concentration on MB
degradation

Pollutant concentration is a key element in catalytic
degradation, and removal effectiveness is
dependent on the starting concentration of the
substrate. The reactions were studied at 30 °C with
a catalyst concentration of 400 mg/L and a pH of 7.
Figure 4 depicts the concentration of MB as a
function of time with regard to varied beginning
concentrations of the MB dye solution (100 mg/L
to 200 mg/L). These data demonstrate that the dye
degrades rapidly even at modest beginning
concentrations (100 mg/L). The % elimination of
MB reduces as the starting concentration of the dye
increases. It has been discovered that utilising
modest dye concentrations, virtually  full
elimination is feasible. At 60 minutes, the
percentage degradation of MB at a concentration of
100 mg/L is found to be 99%, whereas at a
concentration of 200 mg/L it is 62%. The likely
explanation for the reduction in percent degradation
with increasing initial dye concentration is that
when the opening concentration of MB increases,
the number of dye molecules increases, making
light penetration more difficult. The dye molecules
do not dissolve instantaneously because the
intensity of the light and the amount of catalyst do
not increase. The solution colour becomes more
vivid as the dye concentration increases, and
photons entering the solution have a shorter path
length, enabling fewer photons to reach the
photocatalyst surface. Furthermore, the generation
of hydroxyl radical decrease. According to the
Beer-Lambert equation, the path length of photons
coming into the solution shortens as the initial dye
concentration increases, resulting in less photon
adsorption on catalyst surfaces and, as a result, a
lower photo degradation rate..
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Fig. 5: Effect of pH on MB degradation

The pH of the original MB solution is 7. To modify
the pH of the solution, dilute hydrochloride acid or
sodium chloride solutions were utilised. The
reactions were studied by varying the pH from 3 to
9 and starting with a concentration of MB 100
mg/L for a catalyst concentration of 400 mg/L.
According to Fig. 5, the % removal of MB
increases as the pH of the solution medium
increases. When dissolved in water, MB, on the
other hand, becomes a cationic dye. Adsorption
was not typical at low pH (pH = 3). However, when
the pH of the solution climbed from 3 to 9, more
MB was adsorbed on the catalyst face, with the pH
range of 9 showing the greatest dye absorption. The
positively charged surfaces of the catalyst resisted
cationic adsorbate species adsorption in acidic
environments due to the surface of the dye solution
tends to acquire a negative charge when the pH of
the dye solution increases due to the growing
electrostatic desirability between the positively
charged dye and the negatively charged catalyst.
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Fig. 6: Effect of reaction time on MB degradation
The impact of irradiation period on photocatalytic
degradation of MB in its aqueous solution was
studied from 0 to 90 minutes with weight of
catalyst 400 mg/L at 100 mg/L MB concentration.
The pH was maintained of 7during reaction at room
temperature and the outcome is depicted in Fig. 6.
The data clearly demonstrate that photodegradation

efficiency rises with time up to 50 minutes and then

plateaus. This suggests that photocatalytic MB

degradation with catalysts for 60 minutes is the best

irradiation time.

The effect of the energy source and the oxidizing
agent:
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Fig. 7: Effect of energy source and oxidizing agent
on MB degradation
The presence of an oxidising agent ZnO/CeO;
catalyst and UV light as an energy source was
shown to improve dye solution degradation. The
reactions were carried out using a starting
concentration of MB 100 mg/L and a catalyst
concentration of 400 mg/L. Figure 7 depicts the
nature of photo deterioration. By adding catalyst,
dye was eliminated 99% after 60 minutes of UV
irradiation at room temperature, but only 5% after
UV irradiation without catalyst. When the catalyst
was utilised in the dark, there were no changes in
dye concentration (6.96%) without UV irradiation.
Thus, both UV light and the photocatalyst catalytic
are required for effective MB breakdown. When a
catalyst absorbs UV light, it generates pairs of
electrons and holes. The electron in titanium
dioxide's valence band is excited. The excited
electron's surplus energy propelled it to the
catalyst's conduction band, where it produced a pair
of negative electrons (e-) and positive holes (h+).
The positive hole in the catalyst separates the water
molecule, resulting in the formation of the hydroxyl
radical. This hydroxyl radical is dependable for
colour degradation.
Kinetic study:
In heterogeneous reactions, the catalyst surface
plays an important role. Previous literatures [34,
35] show that the modified Langmuir-Hinshelwood
(L-H) kinetic appearance is effectively used to
study the heterogeneous photocatalysis.
During the solid catalytic process, water molecules
continually cover the surface of the ZnO/CeO2
composite, and water and MB molecules compete
for a single adsorption site. The active sites will be
coated with MB and water molecules, and the
fraction of surface coverage will be determined.
The initial concentration of MB and water
molecules is given by [36]:
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0= Eq. (1)

(1+KmBCo+kwCw)
where @ is the fraction of surface covered by MB
molecules. Kwmg and kw are the adsorption
equilibrium  constant of MB and water,
respectively. Co, and Cw are the initial
concentrations of MB and water, respectively. @
may be written as,

i
@ — 1+k\]/(vCW Eq (2)

I+ [1+k?/4v%w]
During the reaction time, the initial concentration
of water (Cw) can be considered to be constant. As
a result, by introducing a new constant, @ is

simplified. K, = [ 2|

1+kwCw
Equation 2 can be rewritten as
_ K4Cg
0= 1+K4Co Ea. (3)

According to Langmuir-Hinshelwood (L-H), the
rate of reaction (-rA) is proportional to the fraction
of the substrate's surface covered (@):

Ty = kc@ Eq (4)
With Eq. (3) and Eq. (4), we get
_rA — K1kc[co] Eq (5)

1+K4[Co]
Eq. (5) is linearized in the following form
Co 1 Co
T T Rk ke Eq. (6)
The slope of the concentration profile's tangent at t
= 0 was used to calculate the starting rate data.
After translating to their respective variable, the
initial rate data were fitted in Eq. (6). Figure 8a
shows a typical plot of Co/-ra vs Co at various
catalyst loadings.
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Fig. 8 (a) Relation between Co/-ra and Co at various
catalysts weight and (b) the rate constant (k¢) and
the adsorption equilibrium constant (K1) as a role
of catalyst weight
The rate data fit to the linear equation adequately
for MB concentrations of 100-300 ppm, with high
correlation coefficients. Figure 8b depicts the
dependence of k. and the constant K; on catalyst
loading. The rate constant K. rises proportionately
with increasing catalyst loading in the range 250-
400 mg/L, then drops. However, K; steadily
increases as catalyst loading increases.
As shown in Fig. 3, the percentage removal is
affected by catalyst loading. The rate constant (kc)
appears to progressively increase with catalyst
amount up to 400 mg/L, then decrease with further
addition of catalyst quantity due to reduction in Kj.
Constant K; drops with increasing catalyst weight,
possibly due to a decrease in surface area. The
reduction in surface area might be due to the
agglomeration of a huge number of catalyst
particles. The lesser the quantity of adsorbed
substrate, then slower the breakdown rate. It is
possible to infer that both the pseudo first-order and
Langmuir-Hinshelwood type models may describe
the rate kinetics of MB photo removal employing a
ZnO/CeO; catalyst.

Conclusions:

The ZnO nano compound, which is widely utilized
as a photocatalyst for the degradation of organic
coloured dyes, has been modified with CeO2
doping for visible light activation. The ZnO/CeO;
catalyst was successfully synthesized by co-
precipitation method. The catalyst was large surface
area and spherical in shape with good homogeneity.
The prepared catalyst was used for degradation of
MB during photocatalytic process. The reaction was
carried out various process parameters. Almost 99%
removal of MB achieved at 400 mg/L catalyst
loading with an initial concentration of MB 100
mg/L at pH 7 under room temperature. The removal
of MB was studied in absence of catalyst and
energy source (UV-C). So Therefore, the composite
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catalyst is a good candidate in the handling of
industrial wastewater to eliminate dye, which
causes severe risk to environment.
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