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Synthesis of Zeolite Supported Cu,0-Ag;P0O4-ZnO Nanocomposite for
Phtocatalytic Degradation of Metylene Blue under Visible Light

ABSTRACT

Nano sized Cu,0-AgsP0O4-ZnO nanocomposite was prepared by precipitation method using
different salt solution and solid state reaction of the as-synthesized nanocomposite with
natural zeolite to produce zeolite supported Cu,0-AgsPO4-Zn0O fine particles. The structure
of the composites was studied using X-ray diffraction (XRD). The result show that the average
crystalline sizes of unsupported and supported nanocmposite become 46.63nm and 50.85nm
respectively recorded. The rate of decolorization of organic dyes increases as the particle size
decreases. This is because of increase in the specific surface area of a photocatalyst as the
crystalline dimension decrease. Photocatalytic degradation activities of the nanocomposites
under visible light irradiation have been evaluated for a model pollutant methylene blue (MB)
dye solution. Natural zeolite supported Cu,O-AgsPO4-ZnO nanocomposite photocatalyst
exhibited a relatively higher efficiency on the photodegradation of methylene blue (MB) to the
extent of about 88.2%. The present work suggests on the possible use of natural zeiolite as a

support for nanomaterials to enhance the reusability of the photocatalyst material.

Keywords: Copperousoxide(Cu,0)- Silverphosphate(AgsPOa.y- Zincoxide(ZnO) ternary
Nanocomposite, Natural zeolites, Methylene blue, Photocatalysis,

Xiii



1. INTRODUCTION

In recent years, semiconductor photocatalytic process has shown a great potential as a low-
cost, environmental friendly and sustainable treatment technology to align with the “zero”
waste scheme in the water/wastewater industry. The ability of this advanced oxidation
technology has been widely demonstrated to remove persistent organic compounds and
microorganisms in water. At present, the main technical barriers that impede its
commercialization remained on the post-recovery of the catalyst particles after water
treatment. Photocatalysis is of great interest due to the relative ease of the process. The
advantage of the process is that it can completely mineralize recalcitrant pollutants into
simpler compounds that are benign or can be processed by natural mechanisms to harmless
constituents. Moreover, this method does not transfer the pollutant from one phase to another,
as in case of certain conventional treatment techniques such as adsorption but rather eliminates
the target compound. Photocatalysis has attracted considerable attention attributing to the fact
that it provides a new way to meet the challenges of the environment, energy and
sustainability (Chen et al., 2010). Photocatalysis, apart from pollutant degradation has many
other applications. With the development of efficient photocatalytic systems, significant
efforts have been devoted to synthesize highly active photocatalysts that function with visible
light, and which can be applied in a wide region such as water splitting for hydrogen
production, removal and degradation of pollutants and water purification (Kumar et al., 2011).
Semiconductor oxides, sulphides and halides are commonly employed as photocatalysts.
However, it is necessary to note that, most photocatalysis studies are still devoted to
archetypical photocatalysts such as TiO, and ZnO (Salinaro, 1999). These, semiconductor
materials generally act as sensitizers for the light-induced redox reactions that takes place,
leading to the mineralisation of the pollutants. Since the photocatalysts are generally based on
semiconducting materials, a brief knowledge of semiconductors is essential for the
understanding of photocatalytic systems. Clearly, the valence band and conduction band in
semiconductors are separated by an energy gap, commonly called as Band gap (EQ).

The biggest use of copper nano powders represents the area of catalysis. Chemical reactions
catalyzed by fine powders exhibit faster kinetics and can be often carried out at lower
temperatures in comparison to reactions catalyzed by bulk material. Cu,O is a p-type



semiconductor with a narrow band gap of 2.0 eV and therefore, has been considered to be a
potential visible light photocatalyst (Wang et al., 2012). The electrons of Cu,O undergo
excitation by visible light and involved in the processes of degradation of dyes in waste water.
However, the easy recombination of photo-generated electrons and holes affect its
photocatalytic activity. Cu,O combined with other metal oxides become an effective means to
overcome the above weakness of recombination of photo-generated electrons and holes
(Zhang et al., 2011).

Recently, AgsPOy has attracted considerable attention as a potential visible light photocatalyst,
and it is a pale yellow semiconductor with a band gap of ca. 2.45 eV. The VB potential of
AgsPO, is lower than that of ZnO with 2.6 eV. The AgsPO, photocatalyst is unstable under
visible light irradiation, and it is easily corroded by the photogenerated electrons (Kikugawa et
al., 2010). Furthermore, the unwanted and uncontrolled photodecomposition by light and the
low structural stability in water of AgsPO, decreased the photocatalytic activity during the
photocatalytic reaction, which inevitably become a main obstacle for AgsPO, in practical
application (Che et al., 2010).

ZnO has been widely used as a photocatalyst, owing to its high activity, low cost, and
environmentally friendly feature (Zhang et al., 2011). However, the photocatalytic activity of
ZnO is limited to irradiation wavelengths below 387 nm because ZnO semiconductor has
awide band-gap of about 3.2 eV and only 3-5% of the whole solar energy is effectively

utilized, while 43% of the visible light is open to exploit.

Cu,0/Zn0O nanocomposite has the best photocatalytic activity compared to pureCu,O and
ZnO. It has been reported that the CB and VB edge of Cu,0 lie above that of ZnO (Helaili et
al., 2010), so the electrons in the CB of Cu,O generated by visual light can transfer to the CB
of ZnO. Photodecomposition over semiconductor oxides is initiated by the absorption of a
photon with energy equal to or greater than the band gap of semiconductor producing
electron-hole pairs. In the ZnO/Cu,0 system, Cu,O is a sensitizer absorbing visible light and
ZnO is used as an acceptor to extract generated electrons. The conduction band position of
ZnO is lower than that of Cu,O (Jiang et al., 2013), so theoretically speaking, the generated

electrons in Cu,O can be transferred to ZnO. The electrons transfer from ZnO to AgsPO,4 not



only suppresses the recombination of photogenerated electrons and holes but also facilitates
the OH radicals generation in the VB of ZnO, and thus has significant influence on the visible
light photocatalytic degradation of the organic dye. But the difficulties in recycling and
preconcentration which restricted the utilization of finer nanoparticles. Thus, the nanoparticles
have been supposed to be fixed on the inert supports for practical applications in order to

improve the recovery efficiency of photocatalysts (Bouzaza et al., 2002).

Ternary nanocomposite having more than one pathway for the formation of electron—hole pair
because of the three different interfaces and the electron-hole pair recombination is prevented
to the maximum extent in the ternary nanocomposite (Ansari et al., 2013). Kim et al, (2011)
reported the synthesis of CdS/TiO,/WQOj3 ternary hybrid systems as new photoactive
composites and found that the ternary hybrid exhibited much higher photocatalytic activity
than that of binary hybrids. Although the ternary nanocomposites demonstrated better
photocatalytic efficiency compared to single or binary counterparts, they are liable to loss
when used naked in a batch or column approach making recovery of these nanomaterials
difficult. To circumvent such challenges, one possible approach is to fix or immobilize these

nanomaterials to an innert support.

Supporting the nanocomposites on the zeolite increases its adsorption capacity and results in
higher concentration of dye molecules around the nanocomposites. On the other hand, good
dispersion of the nanocomposites increases the active sites around the adsorbed molecules and
the degradation rate of the pollutant becomes faster (Khatamian et al., 2012). Furthermore, the
strong electrostatic field present in the zeolite framework can effectively separate the electrons
and holes produced during photoexcitation of the ZnO and so resulted in lower recombination
of them and higher photodegradation efficiency as compared to the naked ternary
nanocomposite (Khatamian et al., 2012). The natural zeolitized tuffs could serve as a sorbent
for the removal of copper, zinc and nickel from aqueous media (Stojakovic et al., 2011). In
our laboratory, zeolite supported ternary systems are being prepared for various applications
including photocatalysis (Tedla et al., 2015; Getachew 2016). Although various ternary
nanocomposites are being supported by zeolite, no work has been done on immobilization of

Cu,0/Zn0/ AgsPO, ternary nanocomposite on zeolites for photocatalytic applications. The



aim of this study was therefore to evaluate the photocatalytic degradation of MB by zeolite

supported Cu,0/Zn0/ AgsPO, ternary nanocomposite under visible light irradiation.

1.2. Objective of the Study
1.2.1. General Objective of the Study

To study photocatalytic activity of zeolite supported Cu,O/AgsPO4/ZnO nanocomposite for

the removal of methylene blue.

1.2.2. Specific Objectives

» To synthesis Cu,O/Ag3P04/Zn0 and Z-Cu,0/AgsP0O.4/Zn0 ternary nanocomposites by
preceptation method.

» To optimize the nanocomposite using XRD and UV-Visible methods.

» To investigate the photocatalytic degradation performance of the nanocomposite towards
degradation of MB.



2. REVIEW LITERATURE

2.1. Photocatalysis

In the presence of a photocatalyst, an organic pollutant can be oxidized directly by means of a
photogenerated hole or indirectly via a reaction with characteristic reactive groups, for
example the hydroxyl radical, produced in solution (Jain et al., 2014). Semiconductor
materials generally act as sensitizers for the light-induced redox reactions that take place,
leading to the mineralisation of the pollutants. Since the photocatalysts are generally based
on semiconducting materials, a brief knowledge of semiconductors is essential for the

understanding of photocatalytic systems.

2.1.1. Basic Principles and Mechanism of Photocatalysis

A nanophotocatalyst when exposed to light valance band electrons absorb energy and transfer
to conduction band producing an electron-hole pair. The hole in VB reacts with H,O to give
*OH and electron in CB react with dissolved O, to give "0, (Mahmoodi et al., 2006). These
active radicals are responsible to decompose dye. AgsPO, photocatalyst is unstable under
visible light irradiation, and it is easily corroded by the photogenerated electrons (Kikugawa et
al.,2010). Furthermore, the unwanted and uncontrolled photodecomposition by light and the
low structural stability in water of AgsPO, decreased the photocatalytic activity during the
photocatalytic reaction, which inevitably become a main obstacle for AgsPO, in practical
application ( Che et al .,2012).

The conduction band (CB) and valence band (VB) edge of Cu,O lie above that of ZnO
(Helaili et al.,2010), so the electrons in the CB of Cu,0 generated by visual light can transfer
to the CB of ZnO. In the ZnO-Cu,0 system, Cu,O is a sensitizer absorbing visible light and
ZnO is used as an acceptor to extract generated electrons.
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Figurel.The electrons in the CB of Cu,O generated by visual light can transfer to the CB of
Zn0.

The nanocomposite can form p—n semiconductor when p-type Cu,O is loaded on n-type ZnO
semiconductor's surface. The Fermi levels equalize in two semiconductors, and charge
compensation occurs when the Cu,0O/Zn0 is under thermal equilibrium. The conduction band
position of ZnO is lower than that of Cu,O ( Jiang et al., 2013), so theoretically speaking, the

generated electrons in Cu,O can be transferred to ZnO.
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Figure.2. The electrons transfer from Cu,0 to ZnO.

The electrons transfer from ZnO to AgsPO, not only suppresses the recombination of
photogenerated electrons and holes but also facilitates the OH radicals generation in the
valence band (VB) of ZnO, and thus has significant influence on the visible light photocatalytic
degradation of the organic dye. This is B-type heterojunction. And both the CB and VB of ZnO
are higher than that of AgsPO, .Under visible light irradiation, the electrons in the VB of ZnO
can be transferred to that of AgsPO,. As a result, the holes generated in the VB of ZnO can
induce photocatalytic oxidation reactions, while the produced electrons remain in the CB of
AgsPO, particle can be used for photocatalytic reduction reactions. As the CB decreases in
energy in the order of AgsPOs,< ZnO forming a stepwise band gap structure, the
photogenerated electrons would most likely accumulate in the CB of AgsPO4 (Chan et al.,
2013). In this reaction mechanism, the photogenerated electrons in the AgsPO4 CB would then
participate in the reduction of dissolved oxygen (O;) into superoxide (HOQO") or hydroxyl

radicals ('OH); meanwhile the photogenerated holes likely oxidize H,O to form "OH.
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Figure.3. The formation of AgsPO4/ZnO composite heterostructure

Generally the CB decreases in energy in the order of AgsPO4< ZnO < Cu,O forming a
stepwise band gap structure, the photogenerated electrons would most likely accumulate in the
CB of AgsPO, (Chan et al., 2013); meanwhile the photogenerated holes moved to the VB of

Cu,0, leading to effective charge separation.

2.1.2. Photocatalytic Degradation

Photocatalysis is a process by which a semiconductor material absorbs photon of energy equal
to or greater than its band gap energy, there by generating electrons and holes at conduction
and valence band, respectively, which can further generate free hydroxyl radicals in the
system. The resulting free radicals are very efficient oxidizers of organic molecules
(Pouretedal et al., 2009).The positive hole oxidizes either pollutant molecules directly or water
to produce OH radicals, whereas the electron in the conduction band reduces free oxygen
adsorbed on the surface of the photocatalyst (Ahmed et al., 2010).

Oxidation Reaction:

h* + dye — Dye*
h* +H,0 — HO +H"



Reduction reaction:

Dye + 'OH — CO;+ H,0 + nontoxic minerals
The ZnO/Ag/CdO nanocomposite removes the colour of textile effluent, but still the complete

removal of toxic components and mineralization needs to be further confirmed.

%Degradation = (Ao — At/ Ao ) x 100

where Ao is absorbance of dye at initial stage, At is absorbance of dye at time “t”.

2.1.3. Determining the Rate Law from Experimental Data

Kinetics is the study of time-dependent processes two important reasons for investigating the
rates of chemical processes. To determine how rapidly reactions attain equilibrium, and to
understand information on reaction mechanism. There are three basic ways to determine rate
laws and rate constants : using initial rates, directly using integrated equations and graphing

the data, and using nonlinear least-squares analysis.

A kinetics experiment consists of measuring the concentrations of one or more reactants or
products at a number of different times during the reaction. Make a series of measurements of
the initial rate of the reaction with different initial concentrations [A]O. Measured
concentrations as a function of time, may compare their time dependence with the appropriate
integrated rate laws. The most commonly encountered ones are: Zeroth order integrated rate
law: [A] = [A]O — kt A plot of [A] vs t will be linear, with a slope of -k. First order integrated
rate law: In[A] = IN[A]O — kt A plot of In[A] vs t will be linear with a slope of -k. Second order
integrated rate law:1/[A] =1/[A]0 + 2kt A plot of1/[A] vs t will be linear with a slope of 2k. If
none of these plots result in a straight line, then more complicated integrated rate laws must be
tried. Half lives; Another way of determining the reaction order is to investigate the behaviour
of the half life as the reaction proceeds.

2.1.4. Zeolite as a Supporte for Nanomaterial

Zeolites are naturally occurring aluminosilicate minerals with highly uniform sub-nanometre
and nanometre scale crystalline structures. Zeolite crystals consist of a three-dimensional

cross-linked (Si/Al)O, tetrahedral framework, in which each Al or Si atom occupies the vertex
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of a network connecting four oxygen atoms. The framework structure contains cavities that

allow for the movement and containment of ions and water molecules (Liu et al., 2008).

In general, there are two types of zeolites such as natural and synthetic zeolites. Natural
zeolites are cheaper and more abundant, but have smaller channels as compared with synthetic
zeolites. As a natural mineral resource, natural zeolites are easy to obtain and cause negligible
chemical pollutions during the production process (Anandan et al., 2003). Synthetic zeolites
are also three-dimensional, microporous, crystalline solids with well-defined structure made
by crystallization of sodium alumina-silicate gels prepared from pure sodium aluminate,
sodium silicate and sodium hydroxide solutions. Zeolites have a variety of industrial

applications, especially as ion exchangers, adsorbents, and chemicals catalysts.

Zeolites are a group of microporous, aluminosilicate minerals that have excellent adsorbing
properties. They contain a number of alkali and alkaline-earth ions such as Na, K, Ca, Mg and
Al. Some of the types of such zeolites includes natrolite, stilbite, phillipsite etc. They are
generally formed in those places wherein volcanic ash can get in contact with water and reacts
with it. Since zeolites largely consists a large number of pores of different pore diameters, it is
capable of selectively photocatalytic reactor and then coating the catalyst as a uniform layer
over the reactor walls. Natural clay minerals are promising support materials because they
exhibit high specific surfaces areas, large pore volumes, chemical stability and good
mechanical properties and they are commercially available in large quantities (Dong et al.,
2012).

2.2. Factors Affecting Photocatalytic Degradation of Dye
2.2.1. Dye Type and pH Effect

Dyes are extensively used in textile, leather, newsprint recycling and the dye-house
wastewater usually comprises various dyes, which are toxic and harmful for both human and
aquatic lives. Hence, before discharging into the environment, treatment of dye waste water is

an important issue (Malik, 2003).

The adsorbent concentration is an important parameter because this determines the capacity of
the adsorbent for a given initial dye concentration. An increase in the adsorption rate with
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adsorbent dosage can be attributed to increase surface area and the availability of more

adsorption sites (Rajoriya et al., 2011).
The overall degradation of MB proceeds through the following reaction,
C16H1sN3SCI +25.50, +hv+Ti02 — HCI+H,SO,+3HNO3+16CO,+6H,0
where, anodic and cathodic reactions can be expressed as follows
Anodic (oxidation) reaction:

h* + HHO — H ' +OH"
Cathodic (reduction) reaction

e + O, — 0y — Hy;0, -H,O0 — Degradation of MB

N
) e -
\N S \_\1‘/ 3 HiC \
e )
C

CH
| |
CH; CH; H, (H;

Figure.4. Structure of methylene blue

H
N
(H —_— H3(\TT :S: Il\/(Hi
H; \IB (blue) CH3 CH, MBH (colorless) CH;

Figure.5. Decolorization of methylene blue dye in presence of Cu,O NPs.

Power of hydrogen is recognized as one of the important parameters that governs the
adsorption process. The solution pH would affect both aqueous chemistry and surface binding
sites of the adsorbent. So the solution pH is an important parameter during the dye adsorption
process. It is known that the solution pH can affect the surface charge of the adsorbent, the
degree of ionization of the different pollutants, the dissociation of functional groups on the

active sites of the adsorbent as well as the structure of the dye molecule (Zhang et al., 2011).
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2.2.2. Effect of Photocatalyst Load Under Visible Light

An optimum photocatalyst concentration is important for avoiding excess photocatalyst and
ensuring total adsorption of efficient photons. When the amount of TiO, increases above a
saturation level (leading to a high turbidity state), the light photon absorption coefficient
usually decreases radially. However, such a light attenuation over the radial distance could not
be well correlated with the BeereLambert Law owing to the strong absorption and scattering
of light photons by the TiO; particles (Chen et al., 2007). The excess TiO; particles can create
a light screening effect that reduces the surface area of TiO, being exposed to light
illumination and the photocatalytic efficiency. Therefore, any chosen photoreactor should be
operated below the saturation level of TiO, photocatalyst used to avoid excess catalyst and
ensure efficient photons absorption. In this sense, both catalyst loading and light scattering
effect can be considered as a function of optical path length in the reactor. A large number of
studies have reported the effect of TiO, loadings on the process efficiency (Gaya and
Abdullah, 2008; Herrmann, 1999). These results are mostly independent and a direct
comparison cannot be made, as the working geometry, radiation fluxes, intensity and
wavelengths used were different. It was reported that the optimum catalyst loading for
photomineralization and photo-disinfection are varied, and mainly depend on the dimension of
the photoreactor. In addition, the determination of photoreactor diameter is crucial in not only
the effective photons absorption but also the water flow hydrodynamics (Malato et al., 2009).
Uniform flow region can ensure that a steady state residence time is obtained, while turbulence

flow removes catalyst deposition or reaction dead zone.

Concentration of TiO, in the photocatalytic water treatment system affects the overall
photocatalysis reaction rate in a true heterogeneous catalytic regime, where the amount of
TiO; is directly proportional to the overall photocatalytic reaction rate (Gaya and Abdullah,
2008). A linear dependency holds until certain extent when the reaction rate starts to aggravate
and becomes independent of TiO, concentration. This is attributed to the geometry and
working conditions of the photoreactor where the surface reaction is initiated upon light

photon absorption (Bamba et al., 2008).

In any given photocatalytic application, the optimum catalyst concentration must be

determined, in order to avoid excess catalyst and ensure total absorption of efficient photons.



13

This is because an unfavourable light scattering and reduction of light penetration into the
solution is observed with excess photocatalyst loading. Further increase in load, however,
resulted in decreased photodecomposition efficiency because of suppressed active sites due to

particle aggregation.
2.2.3. Effect of Initial Concentration of Dye

The effect of initial dye concentration on the photocatalytic degradation efficiency of the
catalyst tends to decrease at higher concentration. This leads to think that there should be a
maximum dye coverage allowing efficient reaction at the active sites. Since, the possibility of
photocatalyst excitation diminished at higher concentration levels, the screening effect also

dominates and hence, degradation efficiency decreased (Nezamzadeh-Ejhieh et al., 2012).

2.2.4. Effect of Temperature

Numerous studies have been conducted on the dependence of photocatalytic reaction on the
reaction temperature. Although heat energy is inadequate to activate the TiO2 surface, the
understanding on such dependency could be extrapolated when operating the process under
natural sunlight illumination. Most of the previous investigations stated that an increase in
photocatalytic reaction temperature (>80 C) promotes the recombination of charge carriers and
disfavour the adsorption of organic compounds onto the TiO, surface (Gaya and Abdullah,
2008). A further reaction in temperature down to ° C will cause an increase in the apparent
activation energy. As a consequence, the optimum reaction temperature for

photomineralization is reported to be in the range of 20-80 ° C (Malato et al., 2009).

2.3. Degradation Mechanism of Methylene Blue

According to the degradation pathway of methylene blue, OH radical makes the main
contribution to degradation of methylene blue and its intermediates. Since the MB is cationic
and not electron donor, the initial step of MB degradation can be ascribed to the cleavage of

the bonds of C—S*=C functional group in MB:

R-S'=R'+ OH' — R-S(=0)-R'+ H* (1)
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The sulfoxide group can undergo a second attack by an OH- radical producing the sulfone and

causing the definitive dissociation of two benzenic rings:
NH,—CsH3(R)-S(=0)-CsHs—R + OH" — NH,—CgH3(R)-SO, + CsHs-R, (2)
and/or

NH,—CsH3(R)-S(=0)-C¢Hs—R + OH— NH,—CgHs—R + SO,~CsHs—R  (3)

Subsequently, the sulfone can be attacked itself by a third OH- radical for giving a sulfonic

acid:

SO,—CgH,~R + OH — R-C¢H,~SOsH 4)
Finally release of SO, ions can be attributed to a fourth attack by OH:
R-C¢Hs~SOsH + OH — R-CgHs + SO, 2 + 2H' (5)

The amino group in MB can be substituted by an OH- radical, forming the corresponding
phenol and releasing a NH,' radical which generates ammonia and ammonium ions, estimated

to be primary products.

R-C¢H,—NH, + OH: — R-CgH,—OH + NH,, (6)
NH2' + H — NH3, (7)
NH:; + H°  — NH" ®)

The other two symmetrical dimethyl-phenyl-amino groups in MB undergo a progressive
degrading oxidation of one methyl group by an attack from OH' radical, producing an alcohol,
then an aldehyde, which is spontaneously oxidized into acid, decarboxylates into CO, by
photo-Kolbe reaction. Although some degradation pathways of degrading MB have been
presented based on detected reaction intermediates, a thorough degradation mechanism is still
difficultly put forward since many intermediates have certainly formed, but are difficult to
detect.
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2.4. Method to Synthesis Nanomaterials

There are various methods available for synthesis of metal oxide nanoparticle comprising
mainly of liquid phase, gas phase, liquid-based gas phase, co-precipitation, microemulsion/
direct/inverse micelle approach, sol-gel, hydrothermal and template/ surface derived methods.
Due to their unique and improved properties in relation to size, composition and  structure,
metal oxide nanoparticles are of considerable interest for a wide variety of applications as
discussed (Koziej et al., 2014). The method employed for immobilising the photocatalyst
material on the support, plays a significant role in determining the photocatalytic activity of
the photocatalyst. Hence, a good choice of supporting medium is often required, depending on
the type of catalyst used and the pollutant molecule to be degraded. The technique followed
for the deposition must be such that, it does not reduce the photo catalytic activity of the
photocatalyst. Many methods have been reported in the literature to accomplish the same.
Some of these methods includes sol gel method, primarily consisting of dip coating
(Sonawane et al., 2003; Vaiano et al., 2015), chemical vapour deposition (CVD) which
includes techniques such as, atmospheric pressure chemical vapour deposition (APCVD),
plasma enhanced chemical vapour deposition (PECVD), metaleorganic chemical vapour
deposition (MOCVD) and hybrid physical chemical vapour deposition (HPCVD), thermal
treatment method, electrophoretic deposition and (Cao et al., 2014; Zuo, 2010). Most of these
techniques however are not used widely as they require high temperature calcination which

can cause decomposition of the substrate, complex procedures and expensive instrumentation.

2.4.1. Co- Precipitation Method

Precipitation is similar to crystallization except that the driving force in the latter is solubility,
whereas in the former it is a chemical reaction. When the product of any of these solution
phase chemical reactions is an insoluble product, it is called a precipitation reaction. Because
of the ability to control kinetics with variations in temperature and solvent type, precipitation
reactions are among the most versatile synthetic methods. Lanje et al. (2013) used the cost
competitive and simple precipitation process for the synthesis of zinc oxide. The single step
process with the large scale production without unwanted impurities is desirable for the cost-
effective preparation of ZnO nanparticles. A facile and convenient method to prepare

nanoparticles is chemical co-precipitation technique. Two or more soluble salts solutions are



16

mixed in a definite ratio and co-precipitated with a base solution under inert atmosphere. Co-
precipitation involves taking a stoichiometric mixture of soluble salts of the metal and
precipitating them as hydroxides, citrates, oxalates, or formates. The mixture is filtered, dried,
and then heated to give the final product.

2.4.2. Top Down and Bottom up Synthesis

Top down approach refers to successive cutting of a bulk material to get nano sized particles.
Bottom up approach refers to the buildup of a material from atoms or molecules. Both the top-
down and bottom-up approaches may be carried out in gas, liquid or solid states, with a variety
of different applications. These applications have their interest in controlling particle size,
particle shape, size distribution, particle composition and degree of particle agglomeration.
The biggest problem with the top-down approach is that it introduces internal stress, surface

defects and contaminations (Jyoti et al., 2008).

2.4.3. Sol—gel Processing

The sol—gel process is currently considered one of the most promising alternatives due to its
inherent advantages including low sintering temperature, versatility of processing and
homogeneity at molecular level. The This phase has been extensively investigated because of
its high activity in photocatalytic applications . One of the advantages of sol-gel synthesis of
mesoporous materials is the possibility to form uniform films on a substrate. Sol-gels have
been used as templates for directing micro and nano-scale materials morphology, which will
be explained further shortly. Nanoparticles for membrane applications are most often prepared
through the sol—gel process, which yields high purity samples and allows for control over size,
composition, and surface chemistry. The sol-gel polymerization of metal alkoxides in presence
of inorganic salts lead to the formation of ceramic oxides materials with important micro

structural properties.

The sol-gel process is a simple technique that is primarily use in the fabrication of metal
oxides using the corresponding metal ion containing chemical solutions as starting materials.
These precursors play a crucial role on deciding the morphology of thedeposited photocatalyst
particles. These precursors may produce an extensively integrated (gel-like) network of
discrete particles or polymers. The sol-gel approach is a low-cost, low-temperature technique
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that can accurately control the chemical composition of the end product. Even small quantities
of dopants, such as organic dyes (in case if dye sensitized photocatalyst is required) or rare
earth elements, can be introduced in the coating sol and will eventually end up uniformly
dispersed in the final product. Generally, metal alkoxides and metal chlorides are the
precursors used in the process. These compounds undergo a variety of hydrolysis and
condensation reactions to produce inter-linked connections of metal centres (M) that are
connected by oxo (MO-M) or hydroxy (M-OH-M) linkages. Any excess solvent present is
often removed by drying process, which ultimately causes volume shrinkage and densification
of the photocatalyst film. The drying is followed by a thermal treatment process, which favors
further poly-condensation and enhances the mechanical properties and structural stability of

the films by sintering, densification, and grain growth.

The inherent advantages of this method include: lower temperature of preparation, better
purity of deposits from a given raw material, better homogeneity from a given raw material,
effective control over the particle size, shape, distribution and properties, the possibility of
tuning the material structure by changing the solvent used or by using other supports for
coating, provides better mixing for multicomponent mixtures, new non-crystalline solids can
be produced even outside the range of normal glass formation. (Exposito et al., 2017)
immobilised the TiO, onto glass plates in a rotating disc reactor (RDR) by using the solegel

method reported elsewhere by (Boiarkina et al., 2013) to study the degradation of antipyrene.

Draw backs of sol-gel method: cost of precursors; shrink age of a wet gel up on drying, which
often leads to fracture due to the generation of large capillary stresses and, consequently,
makes difficult the attainment of large monolithic pieces; preferential precipitation of a
particular oxide during sol formation (in multicomponent glasses) due to the different

reactivity of the alkoxide precursors; difficult to avoid residual porosity and OH groups.
2.4.4. Hydrothermal Method

The hydrothermal method involves heating the reactants in a closed vessel (an autoclave). An
autoclave is constructed from thick stainless steel and fitted with safety valves. One of the
most common techniques of immobilisation in present day research is PAHD or polymer

assisted hydrothermal decomposition which is technical combination of polymer assisted
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deposition and hydrothermal methods. In addition, PAHD plays a vital role in water soluble
polymers, they have the ability to control viscosity as well as bond with the metal ions thereby
reducing hydrolysis. Thus, PAHD avoids irregular morphology and broad distribution of
particle size. Another advantage of this method is that it usually forms films with thicknesses
as large as tens of microns, much thicker than films. PAHD is a simpler and inexpensive
process, when compared to other immobilization techniques that enables the formation of a
range of high quality materials by means of an accurate control of the stoichiometric ratio of
precursor solutions, polymers, and dopants, for multi-phase materials.

2.5. Characterization of Photocatalyst Nanoparticles
2.5. 1. X-ray Diffraction Method

In order to determine the crystal phase composition and the crystallite size of the
photocatalyst, a powder X-ray diffraction method (XRD) study should be carried out. The
XRD pattern of the nano-sized AgsPO, products exhibited well-defined peaks indicative of
highly crystalline AgsPO, with body-centered cubic structure. The diffraction pattern and
spacing closely matched to the diffraction pattern of the bulk ZnO. It is known that the
photocatalytic activity is mainly governed by phase structure, adsorption ability, and
separation efficiency of photogenerated electrons and holes.

KA
BCOSO

Here, D is the crystal size of the catalyst, A is the X-ray wavelength (1.54 A), B is the full
width at half maximum (FWHM), K Kk is scherrer constant (0.89) and 9 is the diffraction angel.

The crystalline size of as-synthesized photocatalysts is one of the important physical factor
under photocatalytic degradation process (Hosseinnie et al.,2010).The peaks allotted to

diffractions from various planes correspond to hexagonal close packed structure of ZnO.
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2.5.2. UV-Visible Absorption Method

Many semiconductors have been tested that utilize UV-vis irradiation to degrade a high
number of recalcitrant materials in aqueous system. As TiO, photocatalytic reactions take
place under ambient operating conditions, photoactivity is usually constrained by the narrow
wavelength spectrum for photonic activation of catalysts. The point where the blue shift
occurs favoring surface recombination of electron—hole pairs and allowing for the maximum
number of active sites per mass of catalyst ( Zhang, et al., 2011). The higher-end of UV
spectrum required for catalysts activation is usually accompanied by high operating costs. One
attractive option is to utilize the vast abundance of outdoor solar irradiation for catalyst
activation in a suitably designed photoreactor system. For UV irradiation, its corresponding
electromagnetic spectrum can be classified as UV-A, UV-B and UV-C, according to its
emitting wavelength. The UV-A range has its light wavelength spans from 315 to 400 nm
(3.10-3.94 eV), while UV-B has wavelength range of 280 to 315 nm (3.94-4.43 eV) and the
germicidal UV-C ranges from 100 to 280 nm (4.43-12.4 eV) (Rinco’n and Pulgarin, 2005).
UV-vis diffuse reflectance spectroscopy is carried out to investigate the optical properties of
the as-synthesized nanophotocatalyst samples. The UV-vis diffuse reflectance spectra of
AgsPO, nanoparticles shift to longer wavelength (max. at 475 nm) indicating they are highly
visible light active semiconductors.

2.5.3. TEM/SEM Miicroscope

Transmission electron microscopy (TEM) is one of the more popular tools to study
nanoparticles. It is capable of a resolution at 0.1 nm (high resolution TEM), and provides 2
Dimension information about nanoparticles dispersion, structure, and shape. Scanning electron
microscopy (SEM) has a lower resolution than TEM, but provides surface information. For a
chemical analysis, optional tools incorporated in TEM/SEM microscopes, such as the energy

dispersive X-ray analysis, provide localization of elements in a semi quantitative manner.

2.5.4. Fourier-Transformed Infrared Spectroscopy (FT-IR) Method

Infrared spectroscopy is a technique for determining the functional groups within the
compounds. The FT-IR spectrum range of the usage is in the mid infrared region which covers

the frequency from 400-4,000 cm™. Persenaire et al (2001) proposed a degradation mechanism
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based on the results obtained from high resolution thermo gravimetric analysis coupled to

mass spectrometry (MS) and Fourier transform infrared spectrometry.
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3. MATERIALS AND METHODS

3.1. Experimental Site

Synthesis of Cu,0-AgsP04-ZnO nanomposite and zeoliet supported Cu-Ag-Zn mixed
nanocomposites, photocatalytic degradation, UV-Visible study were conducted at Haramaya

University research laboratory. XRD Characterization were conducted in Adama University.

3.2. Apparatus and Equipments

During synthesis and characterization of the as-synthesized photocatalyst nanoparticles, the
following materials and equipments was used: Uv-visible spectrophotometer (SANYO sp65),
X-ray diffraction, reactor tube, oven, analytical balance, deionizer, furnace, ceramic crucibles,
centrifuge, volumetric flasks, bottle, pipettes, graduated cylinders, magnetic stirrer with hot

plate, test tubes, funnels, filter papers, Mortar and pestle, thermometer and beakers.
3.2.1. Reagents and Chemicals

For the synthesis of Cu,0-AgsPO4-ZnO nanoparticles the following chemicals were used:
copper (I1) chioride dehydrate (CuCl,-2H,0), Ascorbic acid (CsHgOg), silver nitrate (AgNO3),
disodium hydrogen phosphate (Na,HPO,), Sodium hydroxide (NaOH, MW 40 g/mol, 99.0%,
FLUKA (Switzerland), hydrochloric acid (HCI, MW: 36.5 g/mol, Min Assay 99.0%) and
double distilled water agar, zinc nitrate hex hydrate Zn (NO3),.6H,0, sodium
carbonate(Na,COs3), Natural zeolite , Methylene blue(MB).

3.3. Methods and Procedures
3.3.1. Synthesis of Cu,0O-AgsP0O4-Zn0O Ternary Composite

The ternary nanocomposite was synthesized according to the procedure developed by (Dong et
al., 2006). Nanocomposite of Cu,0-AgsP0O4-ZnO were prepared by precipitation method. In
0.1 M solutions, 3.45 g of copper (I1) chloride dehydrate (CuCl,-2H,0), 1.41 g of Ascorbic
acid (C¢HgOs), 2.12 g of sodium carbonate (Na,COs3), 1.7 g of silver nitrate (AgNO3) 1.42 g
of disodium hydrogen phosphate (Na,HPO,), 20.82 g of zinc nitrate hexahydrate (Zn
(NO3),.6H,0) and 7.42 g of sodium carbonate (Na,COsz) were dissolved in 500 ml of
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deionized water separately using magnetic stirring for 1 hr. Consequently, these solutions in
the separate beakers were mixed together under magnetic stirring for 2 hr and filtered using
filter paper. The product was washed three times with double deionized water and dried in an
oven at 80°C for 9 hr to form the precursors of Cu,0-AgsP04-Zn0O. Finally, the precursors
were calcined at 300°C for 2 hr in Nitrogen Bergen Furnace. The final sample were ground

into powder and then used for the study of photocatalyst.

3.3.2. Preparation of Zeolite Supported Cu,0-Ags;PO4-ZnO Nanocomposite.

The zeolite supported material was prepared by solid state reaction of the Cu,0-AgsP0O4-Zn0O
photocatalyst and natural zeolite in two ratios (35:65 and 50:50) respectively. In both cases,
the slurry was stirred for 1 hr at 80°C for each case. After solvent evaporation, the solids were
dried and crushed by grinding in mortar and pestle for the formation of homogenous solid state
mixture. The powdered mixtures were then calcined in air at 300°C for 1 h to get the zeolite

supported nanocomposites (Tedla et al., 2015).

3.4. Characterization of Photocatalysts
3.4.1. XRD Method

The X-ray diffraction patterns of as synthesized photocatalysts were obtained using a
BRUKER D8 (West Germany) X-ray diffractometer (XRD) equipped in Adama University
The average crystalline sizes of as-synthesized nanoparticles was calculated by using Debye

Scherrer formula:

D= KA
FWHM cosé

Where D is crystallite size in nm, K is the shape factor constant which is equal to 0.94, A 1is
the x-ray wave length, and FWHM is the full width at half maximum (in radians) for a

diffraction occurring at 20 (in degrees).
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3.4.2. Uvlvis Spectrophotometer Method

The absorbance of the clear solution was measured at maximum absorption wave length using
Uv/vis spectrophotometer for quantitative analysis. Photocatalytic degradation of

nanocomposite were monitored spectrophotometrically.

A
% Degradation = Z’A x 100
(0]

A, is dye initial absorbance before irradiation and A is the absorbance of dye at irradiation
time. Photocatalytic degradation activities of the nanocomposites under visible light irradiation

have been evaluated for a model pollutant methylene blue (MB) dye solution.

3.5. Kinetic Study of Photocatalytic Degradation

The Kinetics of the photocatalysis rates of MB dye concentrations were calculated by relating
kinetic parameters for dye at different concentrations. The pseudo-first- and pseudo-second

order models was applied in order to find an efficient model.
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4. RESULT AND DISCUSION

4.1. Characterization of the As-Synthesized Nanocomposite
4.1.1. XRD Analysis

X-ray diffraction patterns of the synthesized unsupported and subsequently supported Cu,O-
AgsP0O4-ZnO (20:10:70 ratios) nanostructured composites are illustrated in figure 6. The
diffraction peaks observed at scattering angles 26 values for the unsupported NCS of Cu,O-
Ag3P0O4-Zn0O (20:10:70 ratios) is depicted in figure 6. The diffraction peaks at 26 values of
42.21, 61.3 and 73.56 can possibly represent cubic structure of Cu,O nanoparticles.
Diffraction peaks at 20 values of 29.57 and 36.39 could be ascribed to the body centered cubic
structure of AgsPO,4 nanoparticles. Whereas the remaining peaks observed at 26 values of
31.61, 34.15, 36.27, 38.11, 44.8, 64.45 and 77.42 could be attributed to the formation of pure
hexagonal wurtzite structure of ZnO (Srideve and Rajendran, 2009). The sharp and intense
peaks from figure 6 below confirm the good crystalline nature of ZnO nanoparticles. The
above finding evidences the presence of the desired components the ZnO crystal being the

host in the ternary unsupported nanocomposite system.

The diffraction peaks of supported NCS consists of unsupported 50% NCS Cu,0O-AgsPO;-
ZnO (20:10:70) ratios and 50% of natural zeolite mixture from figure 6 below confirm that the
diffraction peaks at 20 values ranging from 11.26 to 27.8 could be associated to the zeolite
supported nanocomposite (Tedla et al., 2015). Apart from this, peaks associates with each
metal component are also observed, the peaks at 26 values of 32.03 and 61.7 are responsible
for Cu,0 whereas the peaks at 20 values of 30.1 and 56.63 in the supported system could be
ascribed to AgsPO,4 nanoparticles. The diffraction peaks at 20 values of 22.43, 35.54 and 38.10
being attributed to the major peaks of ZnO nanoparticle for supported nanocomposite.
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Figure. 6: XRD Plot for Sample_NCS and Z 50 NCS.

The average crystallite sizes of the as-synthesized unsupported and supported nanocomposite

were obtained using Debye-Scherrer formula

D=KA/Bcosb
Where, D = crystallite size in nm, K = the shape factor constant and taken as 0.9; B is the
full width at half maximum (FWHM) in radians, A is the wave length of the X-ray for Cu
target Kol radiation and 6 is the Bragg’s angle.
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The calculated average crystalline size of as-synthesized photocatalysts is recorded in Table 1.

Nanocomposite 20 (degree) B (radians) D (nm)
Unsupported Ncs 38.11 0.0049 46.63
Supported Ncs (Z50Ncs ) | 38.10 0.0045 50.85

The result show that in table 1 above, the average crystalline sizes of unsupported and
supported nanocmposite become 46.63nm and 50.85nm respectively recorded which is
favorable for photocatalytic reaction. The rate of decolorization of organic dyes increases as
the particle size decreases. This is because of increase in the specific surface area of a
photocatalyst as the crystalline dimension decrease. Photocatalytic degradation activities of the
nanocomposites under visible light irradiation have been evaluated for a model pollutant
methylene blue (MB) dye solution. The crystalline size of as-synthesized photocatalysts is one
of the important physical factor under photocatalytic degradation process (Hosseinnie et
al.,2010).

4.2. Photocatalytic Studies Cu,0-Ags;P0O4-Zn0O Ternary Composite
4.2.1. Comparison of Photocatalytic Activities of the As-synthesized Nanocomposite

The photocatalytic activities of all sample, Cu,O-AgsPO4-ZnO ternary nanocomposite
(20:70:10), Zeolite 35% nanocomposite and Zeolite 50% Cu,0-AgsPO4-ZnO nanocomposite
using initial MB concentrations of 10, 20, 30, 40, 50 mg/L and with 60, 80, 100, 120 and 140
mg/L photocatalyst load were evaluated under visible light. The degradation process was
monitored by an UV-vis absorbance spectrometer (measuring the absorbance of MB at 664
nm). The degradation of the MB was calculated according to the initial and final absorbance of
MB in the solutions. For comparison, the highest % degradation of the photocatalysts
unsupported Ncs, Z-35 Ncs and Z-50 Ncs were 72.82, 84.5 and 88.2 as indicated in figure 7
and Appendix Table 5 at 10 ppm MB with 120 mg photocatalyst. The degradation
performance of Z-35 Ncs and Z-50 Ncs systems generally showed better catalytic efficiency
compared to the unsupported catalysts systems. The zeolite matrices are also contributing to
the delay in the recombination reaction by a hopping mechanism of electron in the framework
(Dubey et al., 2006).
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The photocatalytic degradation activity of as-synthesized nanocomposite under visible light
irradiation and the highest percentage degradation were recorded in zeolite supported
nanocomposite. Because zeolite serves as to supported nanocomposite which increases its
surface area. This improves the generation of reactive radicals and thereby contributes to
enhancement of MB photodegradation. Therefore, the active sites exposed for photocatalytic

reaction increases as the surface area increases.

=—E= unsup.
100 = —@®=Z-50Ncs

] Z-35Ncs
90 —- ’.’.—.——.
80 4 o—°

] ./
70 4 ./ .’.—.—-—I

] /l/
60 - / Ve

o/ m

o /jf'/
32 /’/
7

[J -
10 /‘
o
T T T T T T T T T T T T T T
0 15 30 45 60 75 90 105 120 135 150 165 180 195
Time (min)

Figure.7. Plots of % degradation of MB as a function of time under visible irradiation using
unsupported Ncs and supported photocatalysts: MB = 10 mg/L , catalyst load =120 mg/L.

4.2.2. Effect of Initial Dye Concentration

The effect of initial concentration on the degradation of MB was studied using
different concentrations of the dye 10, 20, 30 and 40 mg/L by keeping the unsupported
photocatalyst load 120 mg/L. According to figure 8 and appendix table 1, the highest recorded
percentage degradation of MB at these concentrations was 72.82, 61.3, 49.4 and 35.2
respectively. From the above results, the highest degradation was found to be maximum at 10
mg/L initial concentration of MB as indicated in the figure 8. Photodegradation rate decreases
when dye concentration increases. It is because at higher concentration of dye, the number of

interacting radiation photons per dye molecule decreases.
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Figure.8. Plots of % degradation of MB as function of time under visible light irradiation by

keeping the unsupported Ncs load constant(120mg/l) and varying the amount of MB solution.

The photocatalytic degradation efficiency of the supported composite is higher than
unsupported photocatalyst under visible light irradiation for 180 min. The maximum
degradation efficiency of 88.2% was Z50-Ncs under visible light. This due to the high surface
area of zeolite (Tadle et al, 2013). The higher surface area of zeolite favors the adsorption of
more water molecules, hydroxyl ions and dye molecules, thus leading to higher
photoreactivity.
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Figure.9. Plots of % degradation of MB as function of time under visible light irradiation by

keeping the Z50-Ncs load constant(120mg/l) and varying the amount of MB solution.

4.2.3. Effect of Zeolite on Photocatalytic Degradation

The efficiency of the as-synthesized Cu,0 - AgsPOs —ZnO photocatalyst in different zeolite
compositions for the degradation of MO solution under visible light irradiation, with an initial
dye concentration of 10 mg/L, catalyst load of 120 mg/L was studied as a function of
irradiation of time. Accordingly, the plot of percentage degradation as a function of irradiation
time (Figure.9) indicates that the maximum percentage degradation 88.2% and 84.5% of MB
dye occurred at the zeolite (50) Cu20- AgsPO4 -ZnO and zeolite(35) Cu20-AgsP0z-ZnO
photocatalyst respectively. The zeolite matrices are also contributing to the delay in the
recombination rxn by a hopping mechanism of electron in the framework. In addition to
delaying electron hole recombination reaction, zeolite serves to supported Ncs which increases
its surface area. Therefore, the active sites exposed for photocatalytic reaction increases as the
surface area increases. The zeolite matrices are also contributing to the delay in the
recombination reaction by a hopping mechanism of electron in the framework (Dubey et al.,
2006).
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4.2.4. Kinetic Study of Methylene Blue Degradation

Kinetic studies not only help us to determine the speed or rate of a chemical reaction but also
describe the conditions by which the reaction rates can be altered. The factors such as
concentration, temperature, pressure and catalyst affect the rate of a reaction. Kinetics of MB
degradation determined the reaction Kkinetics for the degradation of aqueous methylene blue
solution using the UV-vis absorbance data. According to first order reaction kinetics In(Co/Ct)
= kt, values of In(Co/Ct) as a function of irradiation time are given in Appendix Table 2&4
and corresponding plot are shown in Figure 12 and13. From the linear correlation of the plot
suggested that, photocatalitic degradation of MB was pseudo first order kinetics. Rate constant
using different MB concentration using unsupported photocatalysts are 7.0 X 10° min, 5.3 X
10° min®, 3.7 X 10 min?, 2.4 X 10° min™ and the correlation constant R? for the fitted line
was calculated to be 0.979, 0.981, 0.973, and 0.954 for MB concentration of 10, 20, 30 and 40
mgL™, respectively and Rate constant using different MB concentration using supported
photocatalysts are 5.0 X 10° min®, 1.9 X 10 min®, 1.1 X 10° min™, 9.2 X 10° min™ and the
correlation constant R? for the fitted line was calculated to be 0.984, 0.919, 0.720, and 0.625
for MB concentration of 10, 20, 30 and 40 mgL™, respectively. It is known that the
photocatalytic activity is mainly governed by phase structure, adsorption ability, and
separation efficiency of photogenerated electrons and holes (Wang et al., 2011). One is the
property of silver nanoparticles of becoming an electron reservoir by changing their oxidation
state and suppressing the photogenerated electron—hole recombination in the nanocomposite
subsystem. The other is the adsorptive capacity of the zeolitic matrices, which permits closer
contact between the organic molecules and the supported nanoparticles by a local
concentration effect.



31

=—m= 10ppm
1.0 1= v — = ggppm
| § —v—y ppm
0.9 e \V\v =wv=40ppm
] -\-\. \v
0.8 - \ \v
07 1 \ ., N
] -\ \o TTv—v
E 0.6—- \.
8 \,
S 0.5 o \ L LY
o 1 °
8 04 N Se—e—e
] ~.
0.3 4 \-5-—-—-—-
0.2
0.1
0.0

T T T
-30 -15 0

T T T T T T T T T T T T T
15 30 45 60 75 90 105 120 135 150 165 180 195
Time (min)

Figure.10. The corresponding comparison of different concentration of MB photodegradation
under visible light irradiation Unsupported Ncs.

0.8 1

0.6 1

Ct/CO

0.4 1

0.2 1

== 10ppm
=0=20ppm

30ppm
=v=40ppm

\v~,_v\

N
\\. S~

0.0

Figure.11.The corresponding

LA I LA LR HL N R DL R R LA R B R |
0O 15 30 45 60 75 90 105 120 135 150 165 180 195

Time (min)

comparison of different concentration of MB dye

photodegradation under visible light irradiation supported Ncs.



32

@ 10ppm
unsupported Ncs m 20ppm
30ppm
16 - X 40ppm
14 - y =0.0071x + 0.0867
1.2 - L 4 R2=0.979
y = 0.0057x - 0.0043
- 1 | R?=0.981
L 08 y = 0.0041x - 0.0096
S o6 RZ = 0.9737
" o4 y =0.0027x - 0.0317
R? = 0.9549
0.2
0 .
0.2 0 50 100 150 200

Time(min)

Figure.12. Kinetic effect of In(Co/Ct) as a function of time for MB degradation at different
initial dye concentration of 10, 20, 30 and 40 mg/L with 120mg of unsupported NCS

¢ 10ppm
supported Ncs m 20ppm

30ppm
X 40ppm

y =0.0488x - 0.1254
R? = 0.9843

y =0.0177x + 0.6614
R?=0.9197

y = 0.0086x + 0.7185
R? = 0.7206

y = 0.0064x + 0.6729
R? = 0.6258

) 50 100 150 200

InCO/Ct

Time(min)

Figure.13. kinetic effect of Z50Ncs ( supported Ncs) Plots of In(Co/Ct) as a function of time
for MB degradation at different initial dye concentration of 10, 20, 30 and 40 mg/L,

respectively.



33

This pseudo-first order kinetics of the MB degradation process under visible light irradiation
may be related to the existence of non-saturated active sites of the photocatalyst (Kajdas, C et
al..2010).
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5. SUMMARY AND CONCLUSIONS

Unsupported and supported Cu,0O-AgsPO4,-ZnO composites were synthesized by
precipitation method. A facile and convenient method to prepare nanoparticles was chemical
precipitation technique. Two or more soluble salts solutions were mixed in a definite ratio and
co-precipitated with a base solution under inert atmosphere. By using, 0.1M solutions of
CuCl,-2H,0, zinc nitrate hexahydrate (Zn (NO3)..6H,0), AgNO3; and Na,HPO, as precursors
with aqueous solutions, however zeolite supported Cu,O-AgsP0O4-Zn0O fine particles was
prepared by solid state reaction of the as synthesized nanocomposite with natural zeolite. The
crystal structures and compositeswere studied using XRD and the photocatalytic activities of
all sample, ternary nanocomposite and Zeolite nanocomposite using initial MB concentrations
were evaluated under visible light. The degradation process was monitored by an UV-vis
absorbance spectrometer (measuring the absorbance of MB at 664 nm). The degradation of the
MB was calculated according to the initial and final absorbance of MB in the solutions. The
photocatalytic degradation efficiency of the supported composite is higher than unsupported
photocatalyst under visible light irradiation for 180 min. The maximum degradation efficiency
of 88.2% was Z50-Ncs under visible light. Therefore, the active sites exposed for
photocatalytic reaction increases as the surface area increases. According to first order reaction
kinetics In(Co/Ct) = kt, values of In(Co/Ct) as a function of irradiation time, the linear
correlation of the plot suggested that, photocatalitic degradation of MB was pseudo first order
kinetics. Dyes are extensively used in textile, leather, newsprint recycling and the dye-house
wastewater usually comprises various dyes, which are toxic and harmful for both human and

aquatic lives.

In this study, we have tried to provide a list of recent immobilized photocatalyst systems (both
unseported and supported NCs) that can be investigated as newer alternatives in the realm of
immobilized photocatalysts for the pollution remediation. Various important features of
photocatalysts immobilised on supports and their efficiency in degrading dyes have been
discussed in this review. These type of immobilised catalysts can help in reducing a great

stress on environment due to toxic effluents from industries and harmful organic compound.
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7. APENDICS
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7.1.Data Analysis of unsupported Ncs and zeolite supported Ncs.

Appendix Table 1. Percentage degradation of MB as function of time under visible light
irradiation by varying the amount of MB solution and keeping unsupported Ncs Ag3PO4-
Zn0O-Cu20 constant in 180 min.

Time 10ppm 20ppm 30ppm 40ppm
0 0 0 0 0

15 12.3 8.1 5.4 2.6
30 195 11.9 7.5 2.9
45 34.2 16.4 12.1 3.9
60 43.6 28.8 19.6 8.4
75 55.4 37.4 26.7 13.5
90 61.7 43.1 34.2 18.9
105 66.1 49.2 39.6 24.5
120 69.4 51.5 41.7 29.4
135 71.7 55.7 44.6 31.9
150 71.8 59.4 46.2 32.8
165 71.8 60.2 48.5 34.6
180 72.82 61.3 49.4 35.2

Appendix Table 2. Percentage degradation by varying the amount of MB using unsupported

Ncs in the form of InCO/Ct ratio under visible rad.

Time 10ppm 20ppm 30ppm 40ppm
0 1 1 1 1

15 0.174 0.086 0.055 0.026
30 0.223 0.131 0.079 0.03
45 0.412 0.173 0.113 0.039
60 0.577 0.343 0.218 0.088




75 0.819 0.464 0.311 0.124
90 0.967 0.559 0.418 0.209
105 1.169 0.713 0.504 0.281
120 1.203 0.732 0.538 0.349
135 1.272 0.819 0.59 0.384
150 1.273 0.891 0.619 0.397
165 1.274 0.94 0.665 0.424
180 1.274 0.951 0.681 0.43

Appendix Table 3. Percentage degradation of MB as function of time under visible light
irradiation by varying the amount of MB solution and keeping supported Ncs AgsPO4-ZnO-

Cu,O constant in 180 min.

Time 10ppm 20ppm 30ppm 40ppm
0 0 0 0 0

15 19.3 16 14.7 94
30 26.9 25.2 17.5 14.7
45 44.2 38.7 26.2 17.5
60 56.3 45.3 29.7 21.1
75 68.4 59.5 36.5 24.4
90 73.1 62 38.9 25.2
105 79.3 62.9 41.4 26.8
120 82.5 64.8 45.8 29.4
135 84.2 65.3 47.2 34.7
150 86.1 68.5 48.6 37.3
165 87.5 69.7 49.2 38.9
180 88.2 71.5 50.1 39.6

Appendix Table 4. Percentage degradation by varying the amount MB using supported Ncs

in the form of InCO/Ct ratio under visible rad.

Time

10ppm

20ppm

30ppm

40ppm

45



0 0 0 0 0
15 1.25 1.19 1.18 1.1
45 1.82 1.64 1.35 1.22
60 2.27 1.85 1.43 1.27
90 3.85 2.63 1.64 1.35
120 5.88 2.86 1.85 1.42
150 7.14 3.23 1.96 1.61
180 9.01 3.57 2.01 1.66
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Appendix Table. 5. % degradation of MB (10ppm) as function of time under visible light with

unsupported Ncs and supported Ncs of AgsPO4-Zn0O-Cu,O in 180 min.

Time Ncs Z-50 Z-35Ncs
0 0 0 0

15 12.3 19.3 16.2
30 195 26.9 21.4
45 34.2 44.2 37.3
60 43.6 56.3 49.8
75 55.4 68.4 66.3
90 61.7 73.1 69.7
105 66.1 79.3 74.5
120 69.4 82.5 76.1
135 71.7 84.2 79.6
150 71.8 86.1 81.9
165 71.8 87.5 83.7
180 72.82 88.2 84.5




