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Abstract

In recent years, scientific research showed an increasing interest in the field of
nanotechnology, resulting in several techniques for the production of
nanoparticles, such as methods of chemical synthesis. Among the various existing
methods, the microwave method is relatively recent and most effective. Thus, this
work aims to synthesize and characterize nanoparticles of TiO,and ZnO applying
the microwave method. The characterization of the nanopowders was realised by
several techniques such as X-ray fluorescence, X-ray diffraction, Fourier
Transformer spectroscopy, method of adsorption nitrogen / helium (BET method),
scanning electron microscopy(SEM) and UV-visible spectroscopy. The results
obtained by the characterization techniques showed that the microwave method is
promising in the preparation ofnano-sizedTiO, and ZnO. The photocatalytic
activity of the catalysts was investigated for the degradation of methyl orange dye
under uv visible irradiation.

Keys words: Photodegradation, Microwave, TiO,, ZnO, nanoparticles, Methylorange.

Résume

Ces dernieres années, la recherche scientifique a montré un intérét croissant pour
le domaine des nanotechnologies, ce qui a donné lieu a plusieurs techniques de
production de nanoparticules, telles que les méthodes de synthése chimiques.
Parmi les différentes méthodes existantes, la méthode des micro-ondes est une
methode relativement récente et plus efficace. Ainsi, ce travail vise a synthétiser et
a caractériser les nanoparticules de TiO; et de ZnO utilisant cette méthode. La
caractérisation des nanopoudres a été réalisée par fluorescence de rayons X,
diffraction de rayons X, spectroscopie a transformée de Fourier, méthode
d'adsorption azote/hélium (méthode BET), microscopie électronique a balayage
(MEB) et spectroscopie UV-visible. Les résultats obtenus dans les techniques de
caractérisation ont montré que la méthode des micro-ondes est prometteuse pour
I'obtention de TiO; et ZnO de taille nanométrique. L'activité photo catalytique des
catalyseurs a été étudiée pour la dégradation du colorant methyle orange sous
irradiation UV visible.

Moits clés : photodégradation, micro-ondes, TiO,, ZnO, nanoparticules, methylorange.
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General introduction

The field of nanotechnology is one of the most active research areas in modern materials science.
Nanoparticles exhibit new or improved properties based on specific characteristics such as size
distribution and morphology. There have been impressive developments in the field of
nanotechnology in the recent past years, with numerous methodologies developed to synthesize
nanoparticles of particular shape and size depending on specific requirements. New applications
of nanoparticles and nanomaterials are increasing rapidly. Nanotechnology can be termed as the
synthesis, characterization, exploration and application of nanosized (1-100nm) materials for the
development of science. It deals with the materials whose structures exhibit significantly novel
and improved physical, chemical, and biological properties, phenomena, and functionality due
to their nanoscaled size.

This thesis deals with the synthesis of TiO2 and ZnO using the microwave method and application
of organic pollutant photodegradation.

Our work is divided into three chapters:

Chapter 1gives a brief introduction to the background, basic properties, different methods of
synthesis and applications of TiO, and ZnO nanoparticles. Methods of pollutant abatement and
photodegradation process are also cited.

Chapter 2 describes the detailed experimental procedures in this project. The first part gives all
the materials used and the steps of synthesizing TiO, and ZnO nanoparticles. The
characterization techniques and equipment used are mentioned in the second part. The third part
gives the experimental set-up and procedures to evaluate the photocatalytic efficiency of the
catalysts.

Subsequently, Chapter 3 presents the results obtained from the various characterization
techniques and the photocatalytic activity test of the TiO2 and ZnO nanopatrticles.

An overall conclusion will summarise the main results achieved in this work.

12
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Introduction

Nanostructured materials represent an active area of research and a techno-economic sector with
full expansion in many application domains. Nanostructured materials have gained prominence
in technological advancements due to their tunable physicochemical characteristics such as
melting point, wettability, electrical and thermal conductivity, catalytic activity, light absorption
and scattering resulting in enhanced performance over their bulk counterparts[1].Transition-
metal oxide nanostructures are the focus of current research efforts in nanotechnology since they
are the most common minerals on Earth, and also thanks to their special shapes, compositions,
and chemical and physical properties. They have now been widely used in the design of energy
saving and harvesting devices, such as lithium-ion batteries, fuel cells, solar cells, and even
transistors, light emitting devices (LEDs), hydrogen production by water photolysis and its
storage, water and air purification by degradation of organic/inorganic pollutants, bio-sensing
devices, environmental monitoring by their applications in the fabrication of gas, humidity, and
temperature sensors, and photodetectors[2].Preparations of nanoparticles have yielded synthesis
methods that are widely used to obtain nanoparticle samples for research purposes [3-5].In
addition to the great application potentials, Transition-metal oxide based nanomaterials, such as
ZnO and TiOz, have recently revolutionized nanomaterial research thanks to their outstanding
smart properties. They can be produced in different shapes (such as nanowires, nanobelts,
nanorods, nanotubes, nanocombs, Nanorings, nanohelixes/nanosprings, nanocages and
nanosheets, and nanostars) depending on the synthesis routes, resulting in different
physicochemical properties [6, 7]. Titanium dioxide (TiO2) and zinc oxide (ZnO) nanoparticles
are important photocatalysts and as such have been extensively studied for the removal of organic

compounds from contaminated air and water and for microbial disinfection.
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I. Titanium dioxide TiO

Titanium dioxide, also known as titanium (1V) oxide or titania (chemical formula TiO ). TiO2 is
a chemically stable, nontoxic, biocompatible, inexpensive material with very high dielectric
constant and interesting photocatalytic activities. It is a wide-gap semiconductor, and depending
on its chemical composition, it shows a large range of electrical conductivity. In general, TiO>
has two stable crystalline structures: anatase and rutile. Usually, natural rutile crystals are impure,
and, therefore, early investigations were limited to ceramic samples only, but later (around
1950s), a colorless, large, single crystal of synthetic rutile was grown by the Boule technique [8].
Thereafter, most of the research was done on the electro-optical characterization and defect
chemistry of single rutile crystals. The stoichiometry of the rutile TiO- is highly dependent on its
deposition parameters, especially on annealing conditions and atmosphere [9, 10].

I.1. Crystal structure and properties

Besides the four polymorphs of TiO, found in nature (i.e., anatase (tetragonal), brookite
(orthorhombic), rutile (tetragonal), and TiO2 (B) (monoclinic), two additional high-pressure
forms have been synthesized starting from rutile: TiO> (II) [1, 3], which has the PbO> structure,
and TiO2 (H) with the hollandite structure [11, 12]. Rutile and anatase structures can be described
regarding chains of TiOg Octahedra, where each Ti*" ion is surrounded by an octahedron of six
O? ions. The two crystal structures differ in the distortion of each octahedron and by the assembly
pattern of the octahedral chains. In rutile, the octahedron shows a slight orthorhombic distortion;
in anatase, the octahedron is significantly distorted so that its symmetry is lower than
orthorhombic. The Ti-Ti distances in anatase are larger, whereas the Ti-O distances are shorter
than those in rutile. In the rutile structure, each octahedron is in contact with ten neighbor
octahedrons (two sharing edge oxygen pairs and eight sharing corner oxygen atoms), while, in
the anatase structure, each octahedron is in contact with eight neighbors (four sharing an edge
and four sharing a corner). These differences in lattice structures cause different mass densities
and electronic band structures between the two forms of TiO> [13].

In heterogeneous photocatalysis only rutile and anatase are used. In the rutile and anatase
structures, the O? ions respectively form a deformed compact hexagonal stack and a deformed

compact cubic stack where the Ti** cations occupy half of the octahedral sites.
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Anatase is a typical ntype semiconductor and requires about 3.20 eV to be an electrical conductor.
Photons with wavelengths shorter than 380 nm are sufficient in energy to excite electrons from
the valence band to the conduction band of this material. Although rutile TiO2 exhibits an energy

band gap of 3.02 eV it remains photocatalytically inactive due to intrinsic crystal defects
attributed to a quick charge recombination.

« || >m»
N il
LA e
9 @®o

Brookite

Figure 1: TiOzThree natural Allotropic forms.

The main structural and physicochemical characteristics of anatase and rutile are
given in Table 1.

Table 1: physicochemical characteristics of anatase and rutile TiOz2. [14].

Phase Rutile Anatase
Crystal system Quadratic Quadratic
Length of Ti-O links (A) 1.97 1.93
Volumic mass (g/cm?®) 4.23 3.79
Refractive index 2.605- 2.903 2.561- 2.488
Forbidden band energy (eV) 3.0 3.2
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Il. Zinc oxide ZnO

Zinc oxide is an inorganic compound with the formula ZnO. ZnO is a white powder that is
insoluble in water. It is used as an additive in numerous materials and products including
cosmetics, food supplements, rubbers, plastics, ceramics, glass, cement, lubricants and
paints[15] . Although it occurs naturally as the mineral zincite, most zinc oxide is produced
synthetically [11].ZnO holds a unique optical, chemical sensing, semiconducting, electric
conductivity, high thermal conductivity, high calorific capacity, low water absorption and
piezoelectric properties [12]. It is important to note that in its pigmented form, it strongly diffuses
and absorbs ultraviolet radiation. ZnO is known as a semiconductor since Zn and O are classified
into groups two and six in the periodic table respectively, transparent in the visible and in the
near infrared. ZnO is a wide-band gap 3.37 eV (or 375 nm) at room temperature semiconductor.

I1.1. Crystal structure and properties

Zinc oxide crystallizes according to three different structures which are the phase B4 (Wiirtzite),
phase B3 (Zinc blende), and phase B1 (Rock Salt) (Figure 2). The Wiirtzite hexagonal structure
is thermodynamically stable at room temperature. The blende (cubic) Zinc structure is observed
when ZnO is deposited on certain substrates of cubic symmetry. While the Rock Salt structure
(NaCl type) is obtained when a hydrostatic pressure (10 - 15 GPa) is applied to the Wirtzite
structure, which is metastable and can persist at atmospheric pressure .Zinc oxide, known as
zincite in its natural state, crystallizes according to the compact hexagonal structure of the

wirtzite type, the zinc and oxygen atoms are located in the special Wyckoff positions 2b.

Rocksalt (B1) Zinc blende (B3) Wurtzite (B4)

Figure 2: ZnO Three Allotropic forms. [16]
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Table 2: ZnO Electrical proprities.

Phase Zinc Blende Wurtzite
Crystal system cubic Hexagonal
Length of Zn-O links (A) 1.96 1.97
Volumetric mass (g/cmq) 5.47 5.6
Refraction index 2.008 2.029

I11.Methods of ZnO and TiO: synthesis
Various methods have been applied to synthesize TiO, and ZnO oxide using different precursors
of titania and zinc oxide.

111.1. Sol-gel Method

Sol-gel methods have been used by different authors working on catalysts preparation.The
advantages of the applications of these methods to the design of catalytic materials have been
already described in the literature. This method is one of the most widely used synthesis
techniques for the production of ceramic nanoparticles of double lamellar hydroxides as well as
a wide variety of oxides in different configurations (monoliths, thin films, fibers, powders), It
also has the advantage of using soft chemistry and of being able to lead to very pure and

stoichiometric materials [17].

Sol-gel method includes several stages: formation of clear colloidal solution by hydrolysis and
partial condensation of molecular precursors, condensation of sol particles into a three-

dimensional (3D) network producing a gel material, aging, drying.

The important steps in sol-gel synthesis are as follows (Figure 3):

Hydrolysis : M(OR), + xH,0 — M(OH),(OR),_, + (ROH),

Condensation:M—OH+OH-M - M-—0—-M+ H,0

Where: M = metal and X = H or R (alkyl group)
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Figure 3: Simplified schematic of sol gel process.

111.2. Co-precipitation

Co-precipitation is one of the techniques most used in the synthesis of mixed oxides. This
technique has demonstrated that the properties of the materials synthesized by this method are
significantly improved such as magnetism, superconductivity and semi conductivity. In the
precipitation method particular concentration of metal precursor placed at particular reaction
temperature between 25 ° C and 100 ° C and basic pH. When temperature of the precursor
solution get stabilizes, stoichiometric solution of sodium or ammonium hydroxide is added
immediately under vigorous stirring. Stirring and heating of the reaction mixture is continued

For 3-4 hours after addition of hydroxide solution. Temperature of reaction mixture is varied in
order to synthesize the metal oxide nanostructures of different size, shape and morphologies.
This one precipitate is separated from the reaction mixture by centrifugation and washed with

the deionized water followed by calcination to crystallize the oxide. (Figure 4)
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Figure 4: Schematic representation of co-precipitation synthesis.

I11.3. Hydrothermal synthesis

Hydrothermal synthesis is normally conducted in autoclaves with or without Teflon liners under
controlled temperature and / or pressure with the reaction in aqueous solutions (Figure 5). The
temperature can be elevated above the boiling point of water, reaching the pressure of vapour
saturation. It is a method that is widely used for the production of small particles in the ceramics
industry, the dissolution of bauxite and the preparation of aluminosilicates. This method does not
require calcination even at low temperatures (<350°C) because it gives directly oxides in powder
form with good chemical and geometric homogeneity, which makes it easier to suspend them for
spreading thick films. Unfortunately, some precursors, which aren’t soluble, can’t be used, which
limits the choice of compositions. In addition, maintaining a pressure is a major drawback of this
process.

®o0 4
°2%e Pressure | | Trec)

S mp B mp

pH v Time (hours)
Nanostructures

Hydrothermal Synthesis

Figure 5: Schematic representation of hydrothermal synthesis.
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I111.4. Solvothermal Method

Solvothermal synthesis route is very similar to the hydrothermal route, the only difference is
inthe precursor solution which is usually non-aqueous or mixture of aqueous and non-agqueous in
an autoclave under solvothermal conditions (300°C during 20h). Making use of the solvothermal
route, one gains the benefits of both the sol-gel and hydrothermal. So solvothermal synthesis
allows for the precise control over size, shape distribution and high crystallinity of the precursor

nanoparticles or nanostructure. [18]

I11.5. Spray pyrolysis deposition (SPD)

SPD is a type of CVD in which aerosol deposition technique is used for the synthesis of
nanostructured mixed oxides thin films and powders. There are several small derivatives of this
technique, mainly differing in the formation step of the aerosol and the character of the reaction
at the substrate (gas-to-particle synthesis and droplet-to-particle synthesis). Confusingly, a broad
spectrum of names for this class of techniques has evolved. It has been used for preparation of
(mixed) oxide powders/films and uses mostly metal-organic compounds or metal salts as
precursors. The size of the particles formed and the morphology of the resulting film are strongly
dependent on deposition parameters like substrate temperature, composition and concentration
of the precursor, gas flow, and substrate—nozzle distance. Some of these parameters are mutually

dependent on each other. [19]

111.6. Microwave synthesis method

Many chemists and biologists are leaning towards microwave synthesis to carry out various
synthesis reactions such as organometallic synthesis, inorganic synthesis, organic synthesis,
synthesis of intercalation compounds, synthesis of coordination compounds and synthesis in the
state solid. By the conventional method (oil bath, sand bath, hot plate, etc.), [20]

due to the long time that these reactions took under reflux. The use of the microwave (Figure 6)
oven as a heating source optimizes the reaction time in few minutes instead of spending days
using the reflux method with pure products, better yields and less expensive reactions allow for
economy reactive. In a chemical reaction, the transfer of energy between microwaves and polar
molecules is extremely fast (on the order of a nanosecond).

For all these reasons, since 1996, work has multiplied in the field of the synthesis of materials and
nanomaterials by microwave heating. Using this method, a variety of oxide can be prepared by

mixing the two solutions, the metal salt solution and the basic solution.
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The mixture obtained is treated in a microwave oven. This method leads to the development of a
well crystallized oxide phase with particles of relatively small size, of well-defined hexagonal
shape. [21]

Heat Source Heat Introduction
——> <
Conventional heating: —
P W

i

Microwave heating: ® »
RO ke

Figure 6: Comparison between the conventional and the microwave heating method.

IV. Properties and applications

Mixed oxide minerals are plentiful in nature. Synthetic mixed oxides are components of many
ceramics with remarkable properties and important advanced technological applications, such as
strong magnets, fine optics, lasers, semiconductors, piezoelectrics, superconductors, catalysts,
refractories, gas mantles, nuclear fuels, and more. Piezoelectric mixed oxides, in particular, are
extensively used in pressure and strain gauges, microphones, ultrasound transducers,

micromanipulators, delay lines and photocatalysis...etc.
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Part 2
Photocatalysis




Introduction

One of the main ecological crises in the world is pollution. Three type’s pollutions can be

distinguished: (i) air, (ii) water and (iii) soil pollution.
I.Water Pollution : Source &Treatment

1.1.Source of water Pollution

While 70% of Earth being covered with water, only 0.002% of the water is available for human
consumption. This small amount of freshwater is used for a variety of needs such as agriculture,
industry, and municipal and domestic usage [22, 23]. Contaminated water is the main source of
infectious diseases (e.g. Amoebiasis and Malaria, Cholera, Dysentery, Paratyphoid Fever,
Typhoid, Jaundice). The World Health Organization (WHO) reports that one sixth of the world’s
population (1.1 billion people) does not have access to safe water. Water pollutions that come
from industry, agriculture or households, returns negatively back to the environment. Chemical
wastes (e.g. Arsenic, Fluorides, Lead, Nitrates, Pesticides, Petro-chemicals) in the water have
negative effect on living organism in water and subsequently on our health. The effects of water
pollution are varied and depend on chemicals kinds that dumped and their locations (urban areas
are highly polluted). Pollutants such as lead and cadmium are consumed by tiny animals. Later,
the food chain continues to be disrupted at all higher levels. Several countries sought to regulate
the discharges of pollutants in the water to minimize pollution and contamination through various
treatments [23].

1. Water treatment methods

There are a number of ways to make water palatable in the field, each with different merits on
ease and effectiveness of decontaminating water. Often, it’s worth having a few options available

in case one fails.
11.1. Membrane filtration

The water pumped from the settling areas into tanks that equipped with sand filters. The water is
cleared from the most remaining impurities, including numerous bacteria and other

microorganisms [24].
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I11.2. Chlorination

Chlorination is the most widely used method for disinfecting water supplies in the world. Either
chlorine gas or certain chlorine compounds are added to water to complete the purification
process. Extremely small amounts of chlorine, about 0.3 parts per million, are usually adequate
to kill almost all the microorganisms (certainly all the pathogens) remaining in the water. At the
same time, chlorine neutralizes many odors and tastes in the water. The final product is then
ready to be distributed to the public [23]

11.3. Ozonation

The main concern associated with ozone application in drinking water production is the presence
of the bromide ion. Thus, to attain the levels required by environmental legislation both Oz dose
and residence time during water treatment should be previously evaluated in cases where raw
water contains bromide ions in order to maintain the bromate, a potential carcinogen, formed
during ozonation at concentrations lower than 10 mg dm=[25]. The major variables influencing
the efficiency of the ozonation process are Os-dose, alkalinity, pH, and, mainly, the nature of the
organic matter present in water. At low pH values, oxidation via molecular ozone is quite
effective. However, above some critical pH value the ozonation process is less effective. For
instance, during oxidation of most humic substances the critical pH is 7.5, which is the
approximate pH-value at which decomposition of ozone to hydroxyl free radicals, HO®, increases

rapidly, thus increasing organic oxidation rates [26, 27].

11.4. Photolysis

Photolysis of water in the presence of sunlight is the breakdown of the water molecule into
hydrogen and oxygen. When light is absorbed by the pigments, the electrons in the pigment
molecule become excited and get captured by the electron transport system.

The general reaction of photolysis can be given as:

H,A + 2photons (light) —» 2e™ + 2H* + A

The chemical nature of "A" depends on the type of organism. In oxygenic photosynthesis, water
(H20) serves as a substrate for photolysis resulting in the generation of diatomic oxygen (O2).
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11.5. Physical and Chemical Treatments

Various treatments physical-chemical includes adsorption, electrochemical and photo catalysis
were applied to raw water to remedy undesirable characteristics, e.g., color, taste, odor, or
turbidity, may affect the ultimate microbiological quality of the finished water. Microorganisms
may be physically removed or the disinfectant demand of the water altered.

11.5.1. Adsorption

Adsorption: it's the most important method for removing organic contaminants from wastewater
streams. Adsorption is a natural process by which molecules of a dissolved substance collect on
and adhere to the surface of an adsorbent solid. The adsorbent is the solid material onto which
the adsorbate accumulates and the adsorbate is the dissolved substance that is being removed
from liquid phase to the solid surface of the adsorbent. Adsorption may occur at the outer surface
of the adsorbent and in the macropores, mesopores and micropores in the inner cracks of the
adsorbent.

Macropores> 25 nm (1 nm = 10-6 pm).

Mesopores>1 nm and < 25nm.

Micropores>1 nm.

11.5.2. Photocatalysis

The photocatalysis is a more promising tool for the elimination of dyes from wastewater.
Moreover, photocatalysis can be used to cause redox transformations and decompose a dye
molecule. The use of photosensitive semiconductors such as TiO2, ZnO , Fe;03, CdS, ZnS and
V205 has been reported in the literature for their use in reducing color of the dye solutions owing
to their environmental-friendly benefits in the saving of resources such as water, energy,
chemicals, and other cleaning materials [29-33].Titanium dioxide (TiO2) and zinc oxide (ZnO)
mediated based photodegradation has attracted extensive interest owing to its great advantages

in the complete removal of organic pollutants from wastewater [34].

This is mainly because of its various merits, such as optical-electronic properties, low-cost,

chemical stability, and nontoxicity [35].

Semiconductors are particularly useful as photo catalysts (such as TiO2, CdS, ZnO, and SrTiO>)
because the semiconductors absorb the photon which has energy equal to or, greater than the
band gap (energy gap). Semiconductor is characterized by a series of energetically closed levels,

in particular a band gap (BI).
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The band gap is a few eV and separates the highest Energy occupied band (the valence band,
BV) from the conduction band (ground state vacuum, BC.). Under excitation, an electron can
move from the highest energy occupied orbital (HOMO) of the valence band to the lowest vacant
orbital (LUMO) of the conduction band. This creates an electron deficiency in the valence band,
called a "hole" and denoted (h™), and an electron overload denoted (¢") in the conduction band
(Eg. 3). The hole is trapped by water molecules leading to the formation of *OH radicals and H+.
These *OH radicals can combine to form H2O- or they can attack the dye to produce intermediates
and end products. Moreover, the electrons can be trapped by molecular oxygen to form
superoxide radical which can enter into a chain reaction to produce HO* and H>O>. Finally, the
radicals formed during this mechanism (Eg.4-Eq.6) are responsible for the oxidation of the
organic molecule producing intermediates and end products Zinc oxide and other semiconductor
materials may provide unusual electronic and chemical mechanisms for inhibiting the growth of

microorganisms in a similar way to titanium dioxide [36, 37].

Semiconductor — (e7; h*) (Eq. 3)

The stepwise mechanism is illustrated below:

TiO, + hy » e~ +h* (Eq.4)
h* + Hy0(aas) = OHggqs) + HY (Eq.5)
O, +e” - 02_(:lds) (Eq.6)
O3aas) + HT © HOZq45) (Eq.7)
HOZ(4q5) + H202(aas) + 02 (Eq.8)
H,0;(ads) = ZHO(.ads) (Eq.9)

‘OH + dye - intermediates - C0, + H,0 (Eq.10)
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Introduction

This chapter is divided into three parts. In the first part, we present "in detail” a number of
protocols for TiO2 and ZnO synthesis by the microwave method. In the second part, we shortly
describe the tools and techniques that are commonly used for the characterization of
nanomaterials, such as X-ray fluorescence (XRF), Brunauer-Emmett-Teller (BET) analysis, X-
ray diffraction spectroscopy (XRD), Fourier Transform Infrared Spectroscopy (FTIR), UV-Vis
transmission spectra and scanning electron microscopy (SEM-EDX). Finally, the third and last
part of this chapter is a brief description of the photodegradation test apparatus used for this

study.

I. Synthesis of photo-catalysts TiO2 and ZnO

A microwave method was employed to prepare TiO2 and ZnO photocatalysts with metal salts
hydrate Zn(NOs)2, 6H>0, NaOH and TiCls as the precursors. All chemicals used were

summarized in Table 1.

Table 1: Reagents used for the preparation of all catalysts.

Chemical . .
0,
Products formulas Mass (g) Purity (%) Molar mass (g/mol) Physical state
Titanium tetra TiCly 4741 99.00 189.68 Solid
chloride
Zinc nitrate Zn (NOg)2, 6H20 65.36 99.00 261.44 Solid
Sodium hydroxide NaOH 16 97.00 39.99 Solid

The ZnO and TiO. photo-catalysts were synthesized in a similar process in a sequence of

consecutive steps described below:
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1.1. Solution preparation (preparation stage 1)

a) NaOH solution :

To prepare a 0, 4 M NaOH solution, dissolve 16 g of sodium hydroxide pellets in 50 ml of
distilled water and complete the solution up to 200 ml.

b) Zinc nitrate solution preparation :

A solution of zinc nitrate is prepared by weighing exactly 65, 35 g of Zn (NO3),, 4H.0 into a
500 ml volumetric flask and filled up to the mark with water.

c¢) TiClgsolution :

The TiCls solution was prepared in the same way as in the ZnO described above. The weighed
mass of TiCls = 47.41g.

A (B) ©

Figure 1:.Steps of ZnO solution preparation.

1.2. Microwave stage

The solution obtained in the previous step was transferred into a beaker and then heated in
microwave for 20 minutes at 300 watts.

Figure 2: Microwave.
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1.3. Washing and drying stage

After the heating process, the formed gel was filtered and washed several times with distilled
water. The recovered solid is then dried overnight in an oven at about 100°C and eventually

ground into a homogeneous powder.

(D) (B) (F)

Figure 3: steps of washing and drying process.

I1. Characterization methods

Introduction

In order to characterize, determine structural properties and evaluate the success of this method
in achieving efficient catalysts, powerful methods such as XRF, XRD, FTIR, BET and UV-
Visible and SEM-EDX were employed.

11.1. X-ray Fluorescence spectroscopy(XRF)

X-ray fluorescence (XRF) is a well-established technique for materials analysis that has been
adapted for in-line semiconductor industry use and for applications as diverse as metallurgy,
forensics, polymers, electronics, archaeology, environmental analysis, geology and mining
[1].The sample under analysis is illuminated by X-rays or gamma rays, which results in the
excitation of core-level electrons to excited states (Figure 4).The excited state is unstable; in fact
the atoms tend to return to the ground state by releasing energy, in the form of X photons in
particular[2]. Each atom, having its own electronic configuration, will emit photons of energy
and wavelength. It is the phenomenon of X-ray fluorescence which is a secondary emission of

X-rays, characteristic of the atoms which constitute the sample.
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The analysis of this secondary X-ray makes it possible both to know the nature of the chemical

elements present in a sample as well as their mass concentration [3].

The sample is normally prepared as a flat disc, typically of diameter 20-50 mm. This is located
at a standardized, small distance from the tube window. Because the X-ray intensity follows an
inverse-square law, the tolerances for this placement and for the flatness of the surface must be
very tight in order to maintain a repeatable X-ray flux. Ways of obtaining sample discs vary:
metals may be machined to shape; minerals may be finely ground and pressed into a tablet. A
further reason for obtaining a flat and representative sample surface is that the secondary X-rays
from lighter elements often only emit from the top few micrometres of the sample. In order to
further reduce the effect of surface irregularities. It is necessary to ensure that the sample is
sufficiently thick to absorb the entire primary beam. X-ray fluorescence analysis was performed

using spectrometer ZSX Primus II.
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Figure 4: Diagram of X-ray Fluorescence spectroscopy Figure 5: XRF spectroscopy Apparatus (CRAPC).

11.2.X-ray diffraction:

X-ray powder diffraction (XRD) method is a rapid analytical technique primarily used for
phase identification of a crystalline material and can provide information on unit cell
dimensions. The X-ray beam arrives at the samples surface under an6 angle and are scattered to
leave the sample at the same angle. By analysis of the peak width in XRD pattern, the crystal

size can be determined using the Scherrer relationship [4]:
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2dpp; Sin = nAi (Eq.11)
With :
dn (A): represents the inter-reticular distance between two families reticular planes of (hkl).
260 (°): represents the angle formed by the incident and diffracted beams.
. represents the wavelength Ko of the copper (A = 1.5418A).
n: integer representing the Bragg diffraction order.

Bragg's law is an empirical law allowing the determination of the structure of a crystal according
to the way in which this crystal network diffracts the X-rays. It was discovered in 1912 by
William Lawrence Bragg whom obtained the Nobel price of physics in 1915, jointly with his
father for their work on the analysis of the crystal structure by X-ray diffraction [4].

A diffraction angle 6 corresponds to a 20 displacement of the counter on the circle of the
diffractometer. Each crystalline phase has characteristic values of 26 allowing its identification

by comparing it with the diffractograms of reference compounds.

Identification of crystalline substance using the X-ray diffraction (XRD) method consists in
determining the interplanar distance dn for the investigated substance, as well as the intensity of
the deflection from these X-ray planes, and comparing their values with the data contained in the
diffraction data library. The diffraction dataset for crystalline substances has been developed by an
international institution called International Center for Diffraction Data (ICDD). In our study, we
used ICDD database called PDF-2 (release 2008). This database contains more than 200 000
crystalline substances, which are helpful for identification of the investigated material [5].
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Figure 6: Diagram of X-ray diffraction spectroscopy. Figure 7: XRD Apparatus (CRAPC).

11.3. Fourier Transform Infrared Spectroscopy (FTIR)

The IR spectra can determine the transition intensities and the vibrational frequencies of most
materials, together with the characteristics of the functional group frequencies. Therefore, for
structure identification and chemical processes, IR spectroscopy is an important technique to
apply. In this direction, the most common one is Attenuated Total Reflectance FTIR (ATR-
FTIR). which is a sampling technique used in conjunction with FTIR spectroscopy to enable
surfaces tobe examined directly for IR analysis. Also ,advances in nonmaterial chemical

characterizations have been made possible using the FTIR spectroscopic technique.

The principle is based on the absorption of infrared radiation by the material analyzed, thanks to
the detection of vibrations characteristic of certain chemical bonds. Depending on the geometry
of the molecule and in particular its symmetry, the vibrations give rise or not to absorption.
Consequently, a material of chemical composition and given structure will correspond to a set of
characteristic absorption bands allowing it to be identified. The powder absorption spectra were
carried out using a Fourier Alpha transform spectrometer of the BRUKER brand controlled by
Opus 6.5 software. This device fitted with an Attenuated Total Reflectance (ATR) accessory in
robust diamond crystal which is designed to significantly facilitate our daily analyzes (Figure 8).
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Figure 8: Diagram of (FTIR) spectroscopy. Figure 9: (FTIR) spectroscopy Apparatus (CRAPC).

11.4. Ultraviolet—visible spectroscopy

UV-Vis Spectroscopy (or Spectrophotometry) is a quantitative technique used to measure how
much a chemical substance absorbs light. This is done by measuring the intensity of light that
passes through a sample with respect to the intensity of light through a reference sample or blank.
This technique can be used for multiple sample types including liquids, solids, thin-films and
glass. The UV-vis region of energy for the electromagnetic spectrum covers 1.5 - 6.2 eV which
relates to a wavelength range of 800 - 200 nm. The Beer-Lambert Law (Eq12) is the principle
behind absorbance spectroscopy.

For a single wavelength, A is absorbance, ¢ is the molar absorptivity of the compound or
molecule in solution (mol-1.L.cm™), B is the path length of the cuvette or sample holder (usually
1 cm), and ¢ is the molar concentration of the solution (mol. L™).

A=EAC.B (Eql12)

The UV-visible instruments have a light source (usually a deuterium or tungsten lamp), a sample
holder and a detector, but some have a filter for selecting one wavelength at a time. The single
beam instrument (Figure 10) has a filter or a monochromator between the source and the sample
to analyze one wavelength at a time. The double beam instrument (Figure 10) has a single source

and a monochromator and then there is a splitter and a series of mirrors to get the beam to a
reference sample and the sample to be analyzed, this allows for more accurate readings.
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11.5. Scanning Electron Microscopy (SEM-EDX)

Scanning electron microscopy (SEM) was used to examine the surface morphology of the
samples. In general, the electrons generated by an emitter are accelerated by an electromagnetic
field and then impact the sample emitting different types of electrons depending on the depth of
penetration.

SEM-EDX provides informations about :

= Morphology.
= Surface topography.
= Crystallography.

= Optical/electronic properties ...

The electron gun located at the topmost section of the column generates an electron beam with
an energy range of few hundred eV to 30 keV, which is focused into a fine probe by
electromagnetic lenses located within the column. The fine electron probe is then rastered over
specimen surface in a rectangular area by scan coils also present within the column. The scanned
sample sits in the chamber located at the end of the microscope column. The gun, the column,
and the specimen chamber are kept under vacuum to allow the electron beam to travel through
the column and interact with the specimen. The electron beam penetrates into the specimen in
the form of a teardrop extending from 100 nm to 5um depending on beam energy and specimen
density. Interaction of beam with the specimen produces a variety of signals including secondary
and backscattered electrons and x-rays, which are collected by appropriate detectors and used to
produce images as well as to determine the elemental composition of the specimen material. In
present-day microscopes, images are digitally processed, displayed on computer screens, and

saved on hard drives.

In this work the surface morphology was examined by scanning electron microscope (SEM,
JEOL-7600F) equipped with EDS SDD Oxford that allowed EDX-SEM elemental analyses.
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Figure 13: Diagram of Scanning Electron Microscopy. Figure 14: SEM Apparatus (CRAPC).

11.6._The BET Method:

The BET theory (abbreviated from Brunner-Emmett-Teller theory) is used to measure the surface
area of solid or porous materials. It gives important information on their physical structure as the
area of a material’s surface affects how that solid will interact with its environment. Many
properties such as dissolution rates, catalytic activity, moisture retention, and shelf life are often
correlated to a material’s surface area. Critical to the design and manufacture of solids, surface

area analysis is one of the most widely used methods in material characterization.

Using the BET theory, the true or specific surface area, including surface irregularities and pore
walls, of a particle is determined at an atomic level by adsorption of an unreactive gas. Because
most gases and solids interact weakly, the solid material must be cooled, typically using a
cryogenic liquid. The temperature of the solid sample is kept constant, or under isothermal

conditions, while the pressure or concentration of the adsorbing gas is increased.

The BET equation (Eq.13) is then derived by summing the fractional coverage at each layer.

Thus, the theory is also referred as the kinetic theory of multimolecular adsorption.
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p _ 1 C-1 P
V(Po-P) Vm.C  V_m.C po

(Eq. 13)

Where:

Po: vapour pressure of the gas under adsorption conditions.
V: volume of gas adsorbed to equilibrium pressure.

Vm: volume of gas adsorbed to form a mono-molecular layer.

C: constant connected to adsorbed gas.

The specific area (Sget) can then be calculated using the following relation:

m?2
SBET <E> = Np .0p (Eq.14)

0: the area occupied by an adsorbate molecule (16 A%at-196°C for nitrogen)

Nm: corresponds to the number of nitrogen molecules determined by the equation:

Vin
Nim = 55200 -N (Eq. 15)

Adsorption-desorption isotherms were measured using Micrometrics Tristar 3000. BET surface

areas of the samples were determined by placing the sample in the BET cell, degassed under

vacuum at 350 °C (5 °C/min) for 1 h.
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Figure 15: Diagram of BET Method. Figure 16: BET Apparatus (CRAPC).

45




I11. Evaluation of photocatalytic activities

The photo—catalytic activity experiment is done in a double well cylindrical Pyrex reactor (500 mL
of total capacity) equipped with a cooling system. The detailed schematic view of the experimental
set-up is illustrated in (Figure 17). The temperature is regulated at 25 + 1°C and the powder is
dispersed by magnetic agitation. 50 mg of the photocatalysts is suspended in 100 mL of methyl
orange (MO) solution. Visible-light photocatalytic activity of phtocatalysts nanoparticles was
studied using high-pressure Hg lamp (Philips, Belgium) as excitation source. Before irradiation,
the mixture was tested by photolysis (in the absence of photocatalysts) and was also stirred for one
hour in the dark to establish adsorption equilibrium. Then, samples were taken every 15 minutes to
determine the rate of degradation. At different time intervals, a sample of the mixture was collected
and filtered for analysis to determine the (MO)concentration. The residual concentration was

determined by UV-Visible Carry 50 spectrophotometer at 465 nm maximum absorption.

The degradation efficiency of dye was treated in the normalized [(C, — C;)/C,] % 100 form and
plotted as a function of time, where Cy is initial concentration of dye and Ct is the concentration of

dye at time t.

ﬁ Hg lamp

- double well Pyrex
reactor

ol<—=— Water in

Magnetic stirrer:

D Zowm 10D

Figure 17: Schematic diagram of a photoreactor.
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Conclusion:

This chapter is divided into three parts:

e In Part 1: we have detailed the synthesis Method of our photo catalysts ZnO and TiOx.
e In Part 2: we presented an overview on the miscellaneous analytical methods used for
ZnO and TiO2 characterization such as XRF, XRD, FT-IR, UV-Vis, SEM and BET.

e In Part 3: we evaluated the efficiency of the photo catalytic activity of our synthesized
precursors by performing a degradation test of a methyl orange solution, followed by

visible UV analysis which has been explained.
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Introduction

Nanomaterials have involved great consideration more previous decades due to their extraordinary
size dependent physico-chemical properties [1, 2]. Amongst all the oxide nanoparticles, TiOzandZnO
materials have been extensively used in paints, solar cells, pharmaceuticals and photocatalysts [3-5].
The particular properties of nanomaterials are influenced by two parameters: the reduction of the
volume, and the increase of the surface. These modifications confer optical properties specific to the
nanoparticles, and modify their magnetic properties. These particular properties will therefore be
controllable by adapting the size of the particles [5]. Therefore, it is necessary to use development

processes to adjust the size of the nanoparticles, developed by chemical or physical routes [3, 6].

Zinc oxide and titane oxide (ZnO and TiO>) nanostructures, have been one of the most important
semiconductive materials used for photocatalysis due to their unique material properties and

remarkable performance.

|. Characterization Results

This section presents the results achieved by the characterization techniques mentioned in the
previous experimental section, including the XRF, XRD, BET, FTIR, SEM and UV-Vis

transmission spectra.
I.1. X-ray fluorescence (XRF)

The chemical composition of our material was established using XRF. The results are given in
Table 1. It can be noted that the results of the XRF shown in Table 1confirms the formation of ZnO
and TiOa.

Table 1: Chemical composition and chemical formula for the synthesized solids.

. Chemical composition (mass %)
Solids Zno TiO,
ZnO 99.10 -
TiO, - 98.21
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1.2. Surface area analysis

The specific surface of the solid is obtained by physisorption of nitrogen at -196 ° C and measured
using an (ASAP 2020) micrometrics device. Before each experiment, the solid is degassed under
vacuum at 350 °C for 1 h. The principle and the conditions used in this technique were described
in chapter 1.

The adsorption—desorption isotherms of TiO2 and ZnO are presented in (Figure 1).According to
International Union of Pure and Applied Chemistry classification (IUPAC)[7],the nitrogen
adsorption/desorption isotherms for solids exhibit type 1V isotherms and exhibit the hysteresis

type H3, which is a characteristic of mesoporous materials.

—m— Adsorption
—— Desorption

Quantity adsorbed (cm®/g)

0.0 | 0.2 | 0.4 0.6 | 0.8 | 1.0
Relative pressure (p/pg)

Figure 1: N2 adsorption/desorption isotherms of TiOzand ZnO.

The N2 adsorption isotherms were analysed using the BET equation, allowing us to obtain the
specific surface area of the titanium dioxide and zinc oxide nanoparticles (Sget). The results of
calculation are indicated in Table 2.

Table 2: Textural properties of solids ZnO and TiO..

Solid S.seT (M?/g) | Pore volume (cm?®/g) Average pore diameter(nm)
ZnO 49 0.2536 7.5217
TiO: 58 0.1589 6.0576
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Table 2 shows the specific surface area values (Sget) of ZnO and TiO2. The value of the specific
surface (m?/g) for our solids was determined using the BET equations. BET surface area analysis

reveals that TiO2 has surface area of 58 m2.g™t which is higher than ZnO (49 m?2. g%).

1.3. X-ray diffraction analysis

Figure 2 depict the XRD patterns of the synthesized TiO2 and ZnO nanocomposites. The
diffraction peaks obtained for TiO> at 25.43°, 28.91°, 36.24°, 37.92°, 48.03°, 53.97°, 55.05°,
62.70°, 68.80°, 70.39° and 75.05° (Figure 2 a) shows a both anatase and rutile lines with the
standard pattern reported in JCPDS card N° 84-1286 and 88-1175 respectively.

The diffraction peaks of ZnO (Figure 2 b) found at 26 = 31.71°, 34.43°, 36.20°, 47.54°, 56.62°,
62.81°, 66.30°, 67.92°, and 69.12° are attributed to the hexagonal phase of ZnO (JCPDS card N°
36-1451). The average crystalline size of TiO, and ZnO, calculated from XRD results by
Scherrer formula was obtained to be 25 nm and 18 nm respectively.

K.

- Eqg.1
Ak 5 coso (Eq.16)

With:

dnwi: average size of crystals in the hkl direction in A,

K: Scherrer's constant equal to K = 0.9.

B: angular width at mid-height of the diffraction lines (in radians).
0: Bragg angle for the reflection hkl (in radians).

A wavelength of the Ka radiation of copper (A = 1.5418A).
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Figure 2: XRD patterns from (a) TiOz2and (b) ZnO.
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1.4. FTIR spectra

FT-IR spectrum of TiO2 and ZnO was recorded on a FT-IR Alpha transform spectrometer of the
BRUKER in the wavenumber range of 4000-400 cm™. FT-IR spectra of ZnO and TiO-are
illustrated in (Figure 3). FT-IR spectrum of samples of ZnO nanoparticles are generally

influenced by the particle size and morphology.

(Figure 3 a) shows the FTIR spectra of the synthesised ZnO particles, the peak at 506 cm™ is
related to the stretching vibrations of Zn-O bond and peak at 3442cm™ indicates the presence of

-OH residue, probably due to atmospheric moisture.

The FT-IR spectrum of TiO2 showed various characteristic peaks as shown in (Figure 3 b). In
this spectrum, the absorption band at 3442 cm™ is related to stretching of O-H and 1626 cm™to
bending vibration of O-H, representing the water as moisture [8]. The intense peak at 496 cm™

is assigned to the Ti-O stretching band which is the characteristic peak of TiO2 [9].

(a)

3442 cmt
(O-H)

Transmittance (%)

506 cm™
(Zn-0)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
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(b)

S

Q 1626 cm™

s 3400 cmt (Ti-OH)

= (O-H)

e

S -1

= 496 cm
(Ti-0)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 3: The infrared spectrum of (a) ZnO and (b) TiO-.

1.5. Optical and photocatalytic properties

Absorption, reflectance and transmittance spectra of TiO2 and ZnO samples were analyzed using

UV-visible spectrophotometer as shown in (Figure 4).

1.5.1. UV-Vis Spectroscopy

In order to investigate optical absorption properties of the samples within the range of 200-700
nm, (the Shimadzu UV-3600) spectrometer equipped with an integration sphere was used. The
UV-visible absorption spectra of TiO2 and ZnO nanoparticles are described in (Figure 4 a). The
important absorption peak that occurs below 400 nm with a well-defined absorbance peak at near
360 nm and 385 nm corresponding to charge transfer in bare ZnO and TiO- respectively, related
to electron excitation from the valence band to the conduction band [10]. While, the absorption
spectra of TiO2 and ZnO shows a wide range of absorption appear to be extended from UV to

visible-region in accordance with the literature [11, 12].
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1.5.2. The band gap

The band gap of different as-prepared samples can be calculated by extrapolating the linear

portion of (ahv) "2 versus the photon energy (hv) plot on the x-axis according to:
ahy = B(hy — Eg)™/? (Eq.17)

Whereg, h,y,Eg and B are the absorption coefficient, plank constant, light frequency, band gap
energy and a constant, respectively. Among them, n is determined by the type of optical transition

of a semiconductor (n = 1 for direct transition and n = 4 for indirect transition) [8].

For our samples TiO. and ZnO the band gap energies were 3.13 eV, 3.30 eV respectively, in
agreement with 3.20 eV (anatase) and 3.34 eV (hexagonal wurtzite) referred in literature [9].
Which confirms the results obtained by XRD.

(a)

Zn0O
=
S
D
O
3 385 nm
=
2
O
<

360 nm "\
i o
200 300 400 500 600 700
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(b)

Eg ZnO = 3.30 eV

o0
EgTio = 3138V

1.0 1.5 2.0 2.5 3.0// 3.5 4.0
hv (eV)

Figure 4: UV-Visible absorption spectra (a) and Band gap energy; direct transition (b) of the ZnO and TiOznanoparticles.

1.6. Scanning electron microscopy (SEM)

Figure 5 shows the SEM image of ZnO and TiO. nanoparticles synthesized by microwave
irradiation. The SEM photograph of ZnO (Figure 5 a) shows that the powder was homogeneous
and agglomerated. The average size of ZnO particles was estimated to be around 13-39 nm and the

main average particle size was of about 19nm.

All the particles showed rutile TiO2 (Figure 5 b) morphologies with clearly crystal contour, and
the high crystalline was consistent with the XRD analysis. The particle size ranges from 15 nm

to 35 nm, and the main average particle size was of about 25 nm.
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Figure 5: SEM of (a) ZnO and (b) TiOz2 solids.

58




11.1. Evaluation of treatment method for methyl orange degradation

The efficiency of three treatment processes, i.e., adsorption, photolysis and photocatalysis, on
the elimination of methyl orange was studied using our designed solar reactor. (Figure 6) shows
the evolution of reduced concentration of methyl orange versus time for all three tested processes.
It has been concluded that methyl orange adsorption on the surface of the reactor was
insignificant (8%), and (4%) was obtained by photolysis. On the other hand, the hetojunction
ZnO-TiO2 photocatalysis resulted in a pronounced degradation of methyl orange with (67%)
disappearance, occurring after 180 min irradiation.

100
90 1|—®— Photo-degaradation

||—®— Dark adsorption
80 4 |—A—Photolysis

70
60 -
50 -
40
30-
20

Photocatalysis efficiency (%)

109 0000020300300
1 A A A A A A A A A A AA
0

0 20 40 60 80 100 120 140 160 180 200
Irradiation time (min)

Figure 6: Degradation rate of Methyl orange versus time by different processes.
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11.2. Effect of initial dye concentration

The effect of initial methyl orange concentration on the photocatalytic activity was studied using
10, 20 and 30 ppm solutions. It was found that the degradation of methyl orange is strongly
dependent on the initial dye concentration; increasing the concentration of methyl orange from

10 to 30 ppm led to a decrease in degradation from =~ 67 to 38 % ( Figure 7).

100

{[~@=— 10 ppm
90120 ppm

80| ®&30ppm

270-

£ 50-

0O 20 40 60 80 100 120 140 160 180 200
Irradiation time (min)

Figure 7: Degradation rate of Methyl orange versus time.
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Conclusion

In this chapter a several characterization techniques including XRF, XRD, FT-IR, UV-Vis, SEM
and BET, were utilized to determine the structure function relationship for the obtained catalysts

,as we carried out a study of the effect of initial dye concentration.

e X-ray fluorescence shows that both ZnO and TiO» photo-catalysts were pure products.

e X-ray diffraction and infrared spectroscopy analyzes shows the formation of TiO2 in both
anatase and rutile forms as hexagonal wurtzite form for ZnO. After heat treatment,X-ray
diffractograms shows the formation of oxides. This result was once confirmed by ZnO
and TiOz band gap during UV-Vis.

e BET surface area analysis reveals that TiO.and ZnO are typical of mesoporous materials.

e The Scanning electron microscopy of solids reveals that the powder was homogeneous
and agglomerated having clearly crystal contour morphologies with a high crystalline

consistance .

These semiconductors were found to be an effective catalyst for the destruction of industrial dye

such as Methyl orange (MO) under UV irradiation at a room temperature.
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General Conclusion

The aim of this study was to synthesize metal oxide nanoparticles of TiO2 and ZnO using the
microwave synthesis method, and to evaluate their application on organic pollutants such us
methyl orange dye in aqueous solutions.

After a detailed theoretical study about the methods of synthesis and characterization of
nanoparticles, an experimental application for the elaboration of nanoparticles of TiO2 and ZnO
was carried out, using micro-wave assisted synthesis method.

The results of the characterization techniques are summarized as follows:

» X-ray fluorescence (XRF) showed that the obtained powders of TiO2 and ZnO were
98.21%, 99.10% pure respectively.

» There corded XRD patterns confirmed the phase formation of both anatase and rutile
phase for TiO2 and hexagonal Wurtzite for ZnO. XRD analysis also revealed a crystallite
size of TiO2 and ZnO were 25 nm and 18 nm respectively.

» The as-synthesized nanocatalysts were made of a mesoporous network of aggregated
TiO2 and ZnO nanoparticles according to N2 sorption and scanning electron microscopy
analysis.

» FTIR and UV-vis results confirmed the results obtained by XRD shows that both of TiO>
and ZnO are in anatase and hexagonal wurtzite respectively.

Based upon the above results it is concluded that the microwave method is powerful for the
preparation of nanoparticles with varying composition, shape, structure and properties.

The photocatalytic activity of our synthesized materials was then investigated for the degradation
of methyl orange dye in water solution under various conditions.

The effect of initial methyl orange concentration on the photocatalytic activity was studied and
it was found that the degradation of methyl orange is strongly dependent on the initial dye
concentration.

So this study uncovered a simpler way to synthesize TiO, and ZnO nanoparticles with
controllable size and highly efficient catalytic application.
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Prospects:

There are several interesting points that could be explode in future work of which we suggest:

» It would be very interesting to evaluate further physico-chemical properties of ZnO and
TiO2 by (GTA and TEM).

» do a comparative study of the degradation rate under solar irradiation versus UV
irradiation would be also interesting.

» do a comparative study of the heterojunction ZnO-TiO2 versus ZnO and TiO2 apart in the
dye degradation.

»  Study the pH effect on the dye degradation.

»  Study of the mass effect on degrading methyl orange solution.
»  Study the temperature effect on the degradation rate of methyl orange.
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