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[bookmark: _Toc517001070]Abstract
[bookmark: _Toc517001071]Even today the efficient treatment of industrial waste water is not evident. The effluents may contain large amounts of harmful organic compounds that are not easily removed with conventional methods. Several semiconductors can act as photocatalysts but ZnO has been most commonly studied due to its ability to break down organic pollutants. A photocatalytic property of ZnO makes it close to an ideal catalyst due to its reduced toxicity and chemical stability, but its efficiency is limited by its large bandgap absorbs only in the UV light which accounts only 2-5% of the spectrum. Coupling ZnO with FeTiO3 visible light absorber semiconductor improves the efficiency of photodegradation of organic pollutants. This study focused on the synthesis and characterization of FeTiO3/ZnO semiconductor nanoparticle for the application of photocatalytic degradation of organic dye in waste water. FeTiO3 was directly grown on surface of ZnO using the simple and inexpensive SILAR method. UV-Visible spectroscopy was used to characterize the optical property for the investigation of 2.1eV Eg, 3.467*10-2 min-1 rate constant fitted by a pseudo-first-order reaction and 84.85% photodegradation of Methylene blue (MB) and form the trapping experiment the most active specie was hole with 11.82 % of degradation. Fourier transforms infrared for characterization of particle vibration frequency and X-ray diffraction powder was used to investigate the crystal structure and the average particle size of FeTiO3/ZnO powder calcined at 550 0C was around 22.8 nm. 
Key words:  Photodegradation; MB; SILAR; Iron Titanium Oxide/Zinc Oxide
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[bookmark: _Toc497381406][bookmark: _Toc498512404][bookmark: _Toc499909061][bookmark: _Toc517001074]Introduction
1.1. [bookmark: _Toc497381407][bookmark: _Toc498512405][bookmark: _Toc499909062][bookmark: _Toc517001075]Background of the Study
Water pollution caused by factories and other industries is the most serious problem for environment. The industries produce toxic products, whether it’s the actual product they want to create, a byproduct of its production process, or even just waste, and they dump it, whether legally or not, into bodies of water or onto the land. This pollution can lead to serious human and animal health problems as well as widespread destruction of the natural world. This is a big problem, and sometimes it is so serious it’s impossible to completely clean up, while photocatalytic can play an increasing role in novel technologies for the completely purification of polluted water by organic chemicals. These organic pollutants are strongly adsorbed on the metal oxide photocatalytic semiconductor [1, 2]. Photocatalysis is a technique used for the degradation of organic pollutants in water and air and it is a semiconductor nanoparticle or nanostructured semiconductor film is subjected to bandgap excitation. The most important field in photocatalysis focuses probably on metal oxide semiconductor, such as ZnO, TiO2, CeO2, CdS, ZnS, MoO3, ZrO2 and SnO2 used for degradation of organic pollutants in water  using  solar light [3].
Photocatalytic degradation of several organic contaminants using large-bandgap semiconductor particles suspended in aqueous solutions as well as immobilized semiconductor films has been studied extensively and the rate of recombination of photogenerated electrons and holes in the pure semiconductor is quite high significantly reducing its photocatalytic activity. The lifetime of the electron–hole pair can be increased by intense irradiation or strong absorption of photons and by recombination sites in the photocatalyst, which may be various impurities and crystal structure defects [4]. The significant features of the photocatalytic system are the desired band gap, suitable morphology, high surface area, stability and reusability. Having these characteristics follow similar primary photocatalytic processes such as light absorption, which induces a charge separation process with the formation of positive holes that are able to oxidize organic substrates ,the photocatalytic activity of metal oxide comes from two sources: (i) generation of •OH radicals by oxidation of H2O, (ii) generation of radical O2•- by reduction of O2. Both the radicals and anions can react with pollutants to degrade or otherwise transform them to lesser harmful by products. Mechanism of this photocatalytic reaction can be expressed as follows [5]. 
Photocatalyst + hv           e−CB + h+VB…………………………………………………..  (1)
h+VB  + organic pollutant              [intermediates ]               CO2 + H2O…………………….(2)
H2O +h+VB                   •OH + H+………………………………………………………………. (3)
•OH + organic pollutant              [intermediates]             CO2 + H2O……………………… (4)
e-CB + O2                 O2•-………………………………………………………………....(5)  
The photogenerated holes and electrons participate in the oxidation and reduction processes at the semiconductor/electrolyte interface. By suitably scavenging one of the charge carriers one can enhance the selectivity of the reduction or oxidation process as shown in figure 1 [6]. 
A homogeneous (photo) Fenton reaction has been used as an alternative method for the degradation of organic pollutants in water but it is not as much as metal oxide semiconductor photocatalysts to degrade the organic pollutants [7]. 



[bookmark: _Toc517092275]Figure 1: Conduction band (CB) and valance band (VB) of FeTiO3 and ZnO versus standard hydrogen electrode (SHE)
Up to now, many efforts have been devoted to solving ZnO limitation issues, including surface modification with noble metal NPs [8], formation of heterostructures with carbonaceous nanomaterials [9] or other semiconductors [10]. Specifically, by constructing a heterojunction (HJ), the carrier lifetime is expected to be prolonged, leading to higher PC activity  and in addition, compared to TiO2, ZnO is more susceptible to corrosion in acidic or alkaline environments. The corrosion-resistance of ZnO can be improved by coating with a thin TiO2 or SnO2 layer, while the visible light harvesting can be enhanced by forming a surface HJ with narrow-bandgap semiconductors like FeTiO3 [11]. 
In general, the rapid progress in industrialization, the global environmental problems caused by organic pollutants. These toxic organic matters have been released into the environment, which is greatly hazardous to the health of human beings. For example, water, essential for the subsistence of living beings, has been seriously polluted by various synthetic organic pollutants. These pollutants are usually resistant to biodegradation, other conventional treatment methods, such as, activated carbon adsorption, coagulation and reverse osmosis are not effective for removal of these pollutants. Therefore, it is critical to develop other technique which is able to remove the organic pollutants from water efficiently, photocatalytic degradation by synthesized FeTiO3/ZnO [12].
1.2. [bookmark: _Toc480964488][bookmark: _Toc497381408][bookmark: _Toc498512406][bookmark: _Toc499909063][bookmark: _Toc517001076] Statement of the Problem
[bookmark: _Toc497381412][bookmark: _Toc498512407][bookmark: _Toc499909064]Even today the efficient treatment of industrial waste waters is not evident. The effluents may contain large amounts of harmful organic compounds that are not easily removed with conventional methods [13]. This study focused on the synthesis of semiconductor nanomaterials for the application of photocatalytic degradation of organic pollutant in waste water. Metal oxide semiconductors are the most often studied materials in photocatalysis owing to their high photocatalytic activity, nontoxicity, and chemical stability. From these metal oxides well-known metal oxide photocatalyst is ZnO, which has demonstrated usefulness in many photocatalytic applications including hydrogen generation, water treatment, and air purification. However, ZnO is wide gap semiconductor that is only active under ultraviolet light, which only constitutes to approximately 2–5% of total solar power, (a small portion of the solar radiation spectrum) because a large fraction of solar photons are visible photons, it is highly desirable for a photocatalyst to be responsive to visible light irradiation. Coupling FeTiO3 with ZnO extends the absorption range to the visible region. Another limitation of ZnO is massive photogenerated electron-hole recombination, which limits the efficiency of the photocatalyst [14]. While synthesizing FeTiO3 on ZnO forms FeTiO3/ZnO nanostructure with lower electron-hole recombination (high e-h separation efficiency) improves high photodegradation efficiency. Several methods were used for synthesizing FeTiO3 like sol-gel, hydrothermal, co-precipitate with limitation of long time taken for reaction takes place and high temperature usage. However, successive ionic layer adsorption and reaction (SILAR) has a number of advantages and SILAR synthesis of FeTiO3/ZnO nanostructure and its photocatalytic activity in the photodegradation of organic pollutants in water have not been investigated. FeTiO3 exhibited high photocatalytic activity in the removal of organic pollutants.
1.3. [bookmark: _Toc517001077]Significance of the Study
It is a substantial need for innovative environmental technologies and clean, cost-effective and sustainable industrial processes to meet the global efforts on combating pollution. New cost effective and easily usable techniques for water treatment are needed especially in the developing countries. Therefore, this study was focused on studying photocatalyst activity of FeTiO3/ZnO for the removal of organic pollutants in waste water. In the photocatalytic degradation of organic pollutants in waste water research, designining a stable, efficient, and broad solar spectra absorber materials is the core issue. It is believed that the results of this research can provide useful information for the design of an optimal semiconductor that would combine the ability to dissociate dye molecules with a proper band gap that absorbs solar light while retaining high stability. In this regard, we synthesized a phtotocatalyst FeTiO3/ZnO nanostructure with a broader range of light absorption. This work demonstrated the use of SILAR synthesis method for a controlled growth of FeTiO3 on ZnO substrate. FeTiO3/ZnO nanostructure has lower electron-hole recombination (high e-h separation efficiency) than ZnO and hence high degradation efficiency. This synthesis method have never been used for growth of FeTiO3 nanocrystal and rarely used in the synthesis of other metal oxide nanostructures. Hence, the study demonstrated the use of a simple and low cost SILAR synthesis method for the growth of other similar binary and ternary metal oxide nanocrystals for various applications. In addition, high optical absorption of FeTiO3 in the visible spectrum broadens the light absorption range of ZnO. The visible light induced photocatalysis has enormous potential to provide solutions to the most challenging environmental issues, especially to the pollution of water resources by the industrial effluents [15]. The result of the study had an important effect on the design and use of such nanostructures conveyed important information about the activity of FeTiO3/ZnO towards photodegradation of pollutant in waste water effluents and also showed the influence of direct growth of FeTiO3 on ZnO surface in the FeTiO3/ZnO relative to other physically mixed FeTiO3 with ZnO.
1.4. [bookmark: _Toc480964489][bookmark: _Toc497381409][bookmark: _Toc498512408][bookmark: _Toc499909065][bookmark: _Toc517001078]Objectives
1.4.1. [bookmark: _Toc480964490][bookmark: _Toc497381410][bookmark: _Toc498512409][bookmark: _Toc499909066][bookmark: _Toc517001079]General Objective
[bookmark: _Toc515010631][bookmark: _Toc515091089][bookmark: _Toc515266195][bookmark: _Toc515425464][bookmark: _Toc515940077][bookmark: _Toc516009824][bookmark: _Toc517001080][bookmark: _Toc514483895]To synthesis, characterize and to investigate the photodegradation activity of FeTiO3/ZnO nanostructure. 
1.4.2. [bookmark: _Toc497381411][bookmark: _Toc498512410][bookmark: _Toc499909067][bookmark: _Toc517001081]Specific Objectives
· To synthesis FeTiO3 on ZnO substrate by successive ionic layer adsorption and reaction method.
· To study the optical, vibration frequency, and crystal properties of FeTiO3/ZnO. 
· [bookmark: _Toc498512412]To investigate the photocatalytic organic dye degradation efficiency of FeTiO3/ZnO nanostructure.








2. [bookmark: _Toc517001082]Literature Review
2.1. [bookmark: _Toc517001083]What are Nanoparticles?
Nanoparticles are generally defined as particulate matter with at least one dimension that is less than 100 nm. Although it is often tempting to consider nanoparticles as simple molecules, they are in fact complex mixtures. Even in the simplest cases one must consider the interactions of at least two different aspects of the material. One particular subset of nanoparticles is the quantum dot. These are generally particles with diameters of less than 10 nm, although in some cases the particle size may be as large as 50 nm. The term metal nanoparticles are used to describe nanosized metals with dimensions (length, width or thickness) within the size range 1‐100 nm [16, 17].
[bookmark: _Toc515266199][bookmark: _Toc515425468][bookmark: _Toc515940081][bookmark: _Toc516009828][bookmark: _Toc517001084][bookmark: _Toc515091093]Presently, different metallic nanomaterials are being produced using copper, zinc, titanium, magnesium, gold, alginate and silver. It can be synthesized chemically or biologically and nanotechnology refers to an emerging field of science that includes synthesis and development of various nanomaterials. There are different types of nanoparticles like silver, gold, alloy and magnetic nanoparticles, and those nanoparticles are more applicable in biological system, in photocatalysis and others  [18]. 
2.1.1. [bookmark: _Toc517001085]Silver Nanoparticles
Silver nanoparticles are nanoparticles of silver of between 1 nm and 100 nm in size. While frequently described as being silver some are composed of a large percentage of silver oxide due to their large ratio of surface to bulk silver atoms. Silver nanoparticles have attracted increasing interest due to their chemical stability, catalytic activity, localized surface plasma resonance, and high conductivity  have attracted significant attention from researchers because of their large number of applications, such as medical imaging, filters, drug delivery, nanocomposites, cell electrodes, and antimicrobial products. Plenty of studies revealed advantageous size and shape depending properties, which can be used in order to achieve complex systems for various purposes [19, 20].
2.1.2. [bookmark: _Toc517001086]Gold Nanoparticles
Au nanoparticles are increasingly being manufactured from gold chloride solutions using reductive reagents, often biological, to form colloidal suspensions and subsequent deposits of Au and even Au/Ag nanoparticles (bimetallic nanoparticles) have tunable optical and electronic properties and are used in a number of applications including photovoltaic, sensors, drug delivery [21]. Nanoparticles would display electronic structures, reflecting the electronic band structure of the nanoparticles. The resulting physical properties are neither those of bulk metal nor those of molecular compounds, but they strongly depend on the particle shape and size, particle distance, nature of the guarding organic shell [22].
2.1.3. [bookmark: _Toc517001087]Alloy Nanoparticles 
Alloy nanoparticles are much interesting because their properties are flexible and can be very distinct with the particles of their constituents. Optical properties of alloy nanoparticles can differ by size effects and composition of their pure components [23]. 
2.1.4. [bookmark: _Toc517001088]Magnetic Nanoparticles
[bookmark: _Toc515266204][bookmark: _Toc515425473][bookmark: _Toc515940086][bookmark: _Toc516009833][bookmark: _Toc517001089]Magnetic nanoparticles (MNPs) are classes of nanoparticle that can be manipulated using magnetic fields. Interest in nanotechnologies and nanoscale materials, particularly MNPs has grown recently and their applications have attracted the attention of both the research and industrial communities in the chemical, environmental and medical sectors. For example, MNPs have shown promising performance in pollutant removal or toxicity mitigation [24]. The synthesized MNPs exhibit superparamagnetism namely, the particles become magnetized up to their saturation level, but after removal of the magnetic field they lose their magnetization. This phenomenon is size dependent and generally arises when the size of nanoparticles is around 10–20 nm. At such a small size they act like single magnetic domains and exhibit high magnetic susceptibility [25]. 
2.2. [bookmark: _Toc517001090]Semiconductors
Metal oxide semiconductor photocatalysts (MOSPs) offer a number of opportunities for enhancing energy efficiency and reducing environmental pollution through minimizing organic pollutants. Multimetal oxides systems are very applicable in material science. They have been extensively investigated for the development of high performance ceramics and nanocomposites, aiming at applications in optics,electronics,magnetism and catalysis [26]. Several semiconductors (TiO2, ZnO, Fe2O3, CdS, ZnS) can act as photocatalysts, but ZnO is a promising candidate for photocatalysis due to its larger specific surface area-to-volume ratio and higher photocatalytic performance than that of bulk materials. Three-dimensional (3D) hierarchical ZnO nanostructured powder using lower dimension nanocrystals such as nanoparticles, nanorods and nanosheets as the building blocks has exhibited an enhanced photocatalytic performance compared with its initial nanostructure [27]. Semiconductors thin films are always important in materials science due to their outstanding electrical and optical properties, which are useful in various optoelectronic devices. Like chemical bath deposition technique, the successive ionic layer adsorption and reaction technique for the preparation of thin films from aqueous solution is a promising technique because of its simplicity and economics [28]. Thin film materials is the field of functional oxide materials has experienced unprecedented growth in terms of the discovery of new materials systems, characterization and understanding of the fundamental properties and nature of existing systems, and in the control of properties in these materials through elegant changes in crystal chemistry , strain, and other variables. Film growth becomes much like many processes in materials science, in that it is a nucleation and growth process. As film material deposits on the surface of the substrate, nucleation can occur in a number of ways, at step edges and defects [29, 30]. Figure 2 shows the standard potentials of some selected semiconductors for the electron redox of active oxygen species as a function of pH of the solution.
[image: Image result for diagram of energy band gap of fetio3 and zno]
[bookmark: _Toc517092276]Figure 2: Absolute conduction band and valence band energy levels for some selected semiconductors used for PC versus the standard hydrogen electrode (SHE) and the vacuum energy scale. At pH 1 unless otherwise noted [31].
2.2.1. [bookmark: _Toc517001091]ZnO 
Zinc Oxide is a MOSP of particular interest because of its unique properties, such as a wide  energy band gap , its non-toxicity to living organisms, chemically stability, and strong photocatalytic properties when its crystal grain size is reduced to tens of nanometers [32]. It is a semiconductor photocatalyst with a high light sensitivity and high efficiency in the production of electrons. Such characteristics make it a good candidate for the photocatalytic process. The principal advantage of ZnO over TiO2 is its capability to absorb a wide range of electromagnetic waves has been widely used for photocatalytic or electrocatalytic degradation of organic compounds, due to catalytic active sites on its surface and highly positive potential of the valence band edge [33, 34]. 
2.2.2. [bookmark: _Toc517001092]FeTiO3
Ilmenite the titanium-iron oxide mineral with the idealized formula FeTiO3, from the commercial perspective; ilmenite is the most advantageous ore of titanium. It is the main source of titanium oxide, which is used in paints, fabrics, plastics, paper, sunscreen, food and cosmetics [35].
Titanates like FeTiO3 are doping widely used to alter the optical properties and induce visible light absorption and it is also offer good photostability and corrosion resistance in aqueous solutions perovskite structures may offer significant advantages over the corresponding binary oxides for several reasons. For example, perovskites could offer favorable band edge potentials which allow various photoinduced reactions [36].
Currently, titanium based perovskite oxides such as ATiO3 (A = Zn, Sr, Co, Fe and Ni) have been identified as significant catalysts for the photocatalytic degradation of toxic pollutants, and photocatalytic hydrogen and oxygen production. FeTiO3 exhibited high visible light photocatalytic activity in the removal of organic pollutants. Due to low density, large surface area and high light harvesting efficiency, it has high potential for photocatalytic application FeTiO3 has additional magnetic transitions; occurs at sufficiently low temperature that it will not have a significant effect on equilibrium phase relations [37, 38].
2.3. [bookmark: _Toc517001093]Advanced Oxidation Process (AOPs)
The growing interest in the development of new methodologies for the degradation of toxic water pollutants has led to conclusion that the most effective oxidation of organic pollutants can be achieved when a powerful oxidizing agent, especially •OH or another radical, is generated. The advanced oxidation processes (AOP) have been developed, such as photochemical degradation reactions using photodecomposition of hydrogen peroxide (H2O2/UV), ozone photolysis (O3/UV), photocatalysis by semiconductors (TiO2/UV) [39]. Pointing out its potential prominent role in the wastewater purification, it was shown that AOPs successfully solve the problem of degradation of water pollutants at or near ambient temperature and pressure. The AOPs uses the mechanism of photocatalysis for degradation of organic pollutant [40]. 
2.3.1. [bookmark: _Toc517001094]Classification of AOP on the basis of phase systems
2.3.1.1.  Heterogeneous Photocatalysis
Heterogeneous photocatalysis is a discipline which includes a large variety of reactions: oxidations, dehydrogenation, and hydrogen transfer.  It can be considered as one of the new advanced oxidation technologies for air and water purification treatment. In the presence of semiconductor to degrade recalcitrant compounds is reported primarily. This mechanism is based on the stimulation of solid semiconductor under the irradiation of light [41].
2.3.1.2.  Homogeneous photocatalysis
 In homogeneous photocatalysis, the reactants and the photocatalysts exist in the same phase and it is a special interest since UV irradiation and sunlight can be used as the irradiation source [42].
2.4. [bookmark: _Toc517001095]Photocatalysis
[bookmark: _Toc515091100][bookmark: _Toc515266211][bookmark: _Toc515425480][bookmark: _Toc515940093][bookmark: _Toc516009842][bookmark: _Toc517001096][bookmark: _Toc514483903][bookmark: _Toc515010639]Catalysis under light irradiation, called photocatalysis, is attracting a great deal of attention from view points of fundamental science and applications for practical use. The word photocatalysis is a composite word which is composed of two parts, “photo” and “catalysis”. Catalysis is the process where a substance participates in modifying the rate of a chemical transformation of the reactants without being altered or consumed in the end. This substance is known as the catalyst which increases the rate of a reaction by reducing the activation energy [43]. Photocatalysis is a reaction which uses light to activate a substance which modifies the rate of a chemical reaction without being involved itself, and the photocatalyst is the substance which can modify the rate of chemical reaction using light irradiation. Chlorophyll of plants is a typical natural photocatalyst. The difference between chlorophyll photocatalyst to man-made nano ZnO photocatalyst (here below mentioned as photocatalyst) is, usually chlorophyll captures sunlight to turn water and carbon dioxide into oxygen and glucose, but on the contrary photocatalyst creates strong oxidation agent and electronic holes to breakdown the organic matter to carbon dioxide and water in the presence of photocatalyst, light and water [44, 45]. 
2.5. [bookmark: _Toc517001097]Application of Photocatalytic
Heterogeneous photocatalysis has been demonstrated as a low cost and sustainable technology for the treatment of a host of pollutants in air and water including organics and heavy metals. Unlike reverse osmosis, nano and ultra filtration, photocatalysis is a cheap and a potential stand alone technology for water treatment. As photocatalysis makes use of sunlight or UV radiation, the technology is inexpensive, environmentally friendly and can be applied worldwide. It requires minimal equipment, is highly deployable and appropriate for developing countries and remote sites with no access to electricity [41, 46].                    
The major advantages of photocatalytic activity are listed below: (a) Photocatalysis offers a good substitute for the energy-intensive conventional treatment methods with the capacity for using renewable and pollution-free solar energy. (b) Photocatalysis leads to the formation of innocuous products. (c) This process can be used to destroy a variety of hazardous compounds in different wastewater streams. (d)  It can be applied to aqueous and gaseous-phase treatments, as well as solid phase treatments to some extent. (e) The reaction conditions for photocatalysis are mild, the reaction time is modest, and a lesser chemical input is required. (f) Secondary waste generation is minimal. (g) The option for recovery can also be explored for metals, which are converted to their less-toxic/nontoxic metallic states [47].
In another way important application of photocatalytic is regarded as a clean and sustainable approach to hydrogen fuel generation because it makes use of renewable resources (i.e., sunlight and water), does not involve fossil fuel consumption, and does not result in environmental pollution or greenhouse gas emission. Another notable application is the photocatalytic degradation of nonbiodegradable dyes, which offers an effective way of ridding industrial wastewater of toxic organic pollutants prior to its release into the environment [48] .The photocatalytic decomposition of organic compounds on TiO2 modified by iron and carbon is going by the complex reactions of iron with the intermediates, what significantly accelerates the process of their decomposition. The photocatalytic process with using TiO2 photocatalyst is very promising for application in the water purification because many organic compounds can be decomposed and mineralized by the proceeding oxidation and reduction processes on TiO2 surface [49].
2.5.1. [bookmark: _Toc517001098]Removal of Organic Compounds
Photocatalysis has been used for the destruction of organic compounds such as alcohols, carboxylic acids, phenol derivatives, or chlorinated aromatics, into harmless products, for example, carbon dioxide, water, and simple mineral acids. Water contaminated by oil can be treated efficiently by photocatalytic reaction. Herbicides and pesticides that may contaminate water such as 2,4,5 trichlorophenoxyacetic acid, 2,4,5 trichlorophenol, S-triazine herbicides and 1,1,1-trichloro-2,2-di(4-chlorophenyl)ethane (DDT) have also been successfully degraded [50].
2.5.1.1. Removal of Organic Dyes
Organic dyes is one of the major groups of pollutants widely used in textile, plastic, medicine and many other industries, while the hazardous effects of organic dyes in waste water have been a major concern and now a major threat in the environment due to the substantial pollution problems caused by them. These industries exhausted large quantity of high content color effluents, which are generally more toxic and resistant to destruction by conventional methods. A necessary criterion in the use of these dyes is that they must be highly accumulated in water and stable in light during washing. The accumulation of these dyes in the water bodies causes eutrophication, reduces the reoxygenation capacity and makes severe damage to the aquatic organisms by hindering the infiltration of sunlight. The first two decades of research on the photocatalytic degradation of dyes were characterized by the dominance of un-doped titanium dioxide, a UV active photocatalyst. Generally speaking, the main active species under this mechanism are OH radicals formed by oxidation of water molecules by the photogenerated holes, hence the primary attack of the dye molecules is oxidative Likewise, and  irreversible reductive decolarization initiated by electrons or by superoxide formed on the photocatalysis surface can be quite efficient, as was found for azo dyes like Methylene blue (MB) [27]. In this study the organic pollutant is MB with chemical structure of as shown in figure 3.

[image: Chemical structure of methylene blue dye (MB).Â ]  
[bookmark: _Toc517092277]Figure 3: Chemical structure of MB [51].
2.5.2. [bookmark: _Toc517001099]Removal of Inorganic Compounds
In addition to organic compounds, wide ranges of inorganic compounds are sensitive to photochemical transformation on the catalyst surfaces. Inorganic species such as bromate, or chlorate, azide, halide ions, nitric oxide, palladium and rhodium species, and sulfur species can be decomposed. Metal salts such as AgNO3, HgCl and organometalic compound (e.g., CH3HgCl) can be removed from water as well as cyanide, thiocyanate, ammonia, nitrates and nitrites [50].
2.6. [bookmark: _Toc517001100]Different Methods of Synthesizing FeTiO3
Several methods were used to synthesize FeTiO3 like  sol–gel process combined with a surfactant-assisted template method as reported in the literature [52] similarly, other methods like co-precipitation of mixed metal oxalate [53, 54], a facile hydrothermal method [55], by high energy ball milling method [56]. FeTiO3, was also prepared by the fusion of an FeC12-TiO2, mixture, by the reaction of FeO and TiO2, and by the reaction of the iron (II) oxalate and TiO2 [57, 58]. Differently three techniques were also used to synthesize FeTiO3 powders. The first method is simple co-precipitation of both Fe and Ti ions under basic conditions using standard ammonia solution from ferric nitrate and titanium oxy chloride. The second method is to digest hydroxide precipitates at 1000c to form FeTiO3 phase. The third technique is to make use of citrate to form FeTiO3 powders [54]. 
2.7. [bookmark: _Toc517001101]SILAR Method
In the past, many deposition techniques were used like liquid mix process, citrate gel and hydrothermal, but in this thesis successive ionic layer adsorption and reaction (SILAR) was  used because it is low cost, simple and low temperature soft method. Unlike of the above methods SILAR can easily control the deposition rate and thickness of the thin film. It is the most known method of depositing the metal chalcogenide semiconductor layer on the mesoscopic metal oxide films. Successive ionic layer adsorption and reaction method has emerged as one of the solution methods to deposit a variety of compound materials in thin film form. The SILAR method is inexpensive, simple and convenient for large area deposition. A variety of substrates such as insulators, semiconductors, metals and temperature sensitive substrates can be used since the deposition is carried out at or near to room temperature [59, 60]. similarly it is defined as Successive ionic layer adsorption and reaction  is a popular method of depositing the metal chalcogenide semiconductor layer on the mesoscopic metal oxide films for designing quantum-dot-sensitized solar cells  or extremely thin absorber  solar cell [61]. In spite of its simplicity, SILAR has a number of advantages: (i) it offers extremely easy way to dope film with virtually any element in any proportion by merely adding it in some form of the cationic solution, (ii) unlike closed vapor deposition method, SILAR does not require high quality target and/or substrates nor does it require vacuum at any stage, which is a great advantage if the method will be used for industrial application, (iii) the deposition rate and the thickness of the film can be easily controlled over a wide range by changing the deposition cycles, (iv) operating at room temperature can produce films on less robust materials, (v) unlike high power methods such as radio frequency magnetron sputtering (RFMS), it does not cause local over heating that can be detrimental for materials to be deposited and (vi) there are virtually no restrictions on substrate material, dimensions or its surface profile. Moreover, it is relatively inexpensive, simple and con-venient for large area deposition. It can be carried out in glass beakers [59]. SILAR method is mainly based on the adsorption and reaction of the ions from the solution and rinsing between every immersion with deionizer water to avoid homogeneous precipitation in the solution. In general, the growth mechanism involves four most important steps: (1) specific adsorption of the most strongly adsorbed ions of the compound to be grown, by the substrate immersion in a solution of one of its cationic precursor, (2) water rinsing of the excess solution still adhering to the substrate, and (3) chemical reaction between the most strongly specific adsorbed cations and the less strongly adsorbed anions by the subsequent substrate immersion in the solution and (4) water rinsing of the excess solution to avoid the homogeneous precipitation in the solution [14, 59]. 











3. [bookmark: _Toc517001102]Experimental Part
3.1. [bookmark: _Toc452622009][bookmark: _Toc480964501][bookmark: _Toc517001103][bookmark: _Toc497381415][bookmark: _Toc498512413][bookmark: _Toc499909069]Materials and Chemicals 
Materials that were  used for this study were mortal , pestle, centrifuge, beakers, conical flasks, magnetic stirrer, thermometer, analytical techniques for characterization such as UV-Vis (Ultraviolet/visible) spectrophotometer, Fourier transform infrared (FTIR), X-ray diffraction (XRD) analysis. The chemicals that were used for this study were zinc oxide (ZnO) as substrate, an aqueous ironsulphate (FeSO47.H2O) solution, sodium hydroxide (NaOH), distilled water, ethanol (CH3CH2OH), Titaniumtetachloride (TiCl4), Methylene blue (C16H18ClN3S) Ethylenediaminetetraacetate (EDTA), isopropyl alcohol (IPA) and silver nitrate (AgNO3).
3.2. [bookmark: _Toc517001104]Experimental Technique for Synthesis of FeTiO3/ZnO
[bookmark: _Toc497381416][bookmark: _Toc498512414][bookmark: _Toc499909070]In SILAR synthesis of FeTiO3 particle on ZnO, a commercial ZnO was used as a substrate for the adsorption of the ions. The experimental technique to grow FeTiO3 was as follows first, 2g of ZnO was mixed with an aqueous 0.1M FeSO47.H2O solution and stirred for five minutes at room temperature, during this period Fe2+ was adsorbed on ZnO surface. Next, the solution was filtered using centrifuged to separate the Fe2+/ZnO from the solution. Then it was washed with distilled water to clean the loosely adsorbed Fe2+ ions and SO42-. Then Fe2+/ZnO powder was mixed with the anionic solution of 0.2M NaOH and stirred for five minutes under 45-480c, where Fe2+/ZnO was converted to Fe(OH)2/ZnO nanostructure. This solution was filtered and cleaned to get the powder Fe (OH)2/ZnO. This process is called one SILAR cycle. This process was repeated several times for six cycle until the desired particle size was reached. To deposit Ti(OH)4 on ZnO, the above procedure was repeated except changing the cationic solution from FeSO47.H2O to 0.1M TiCl4  and the distilled water used for rinsing to ethanol solution. Finally annealed Ti(OH)4/Fe(OH)2/ZnO nanoparticle at 4500c - 6500c  to yield FeTiO3/ZnO nanostructure. 
3.3. [bookmark: _Toc517001105]Material Characterization
The crystalline phase was characterized using powder X-ray diffraction (XRD; voltage current, 40 kV and 30 mA) with Cu wave radiation (λ=1.5406 Å). The data were collected in 2 theta region of 10-80 degree with continuous scanning mode at a scan speed of 3omin−1 and a step-size of 0.02 degree. The Fourier transform infrared spectroscopy analysis was performed using a Shimadzu-8400 spectrometer to determine the functional group of FeTiO3/ZnO. UV–vis absorption spectra were acquired by a PerkinElmer Lambda 40 spectrophotometer. This UV-Vis Spectrophotometer was used to determine the energy gap produced by semiconductor from the synthesized FeTiO3/ZnO solid. Eg values of the resulting semiconductor can affect the performance of the semiconductor in exciting electrons from the valence band to conduction band region. Small Eg values will make it easier for electrons to move from the valence band to the conduction band so that the flow of electrons will get easier,  it was also used to measure MB dye concentrations at various time intervals during the reactions and for the detection of active trapping species.
3.4. [bookmark: _Toc517001106] Photocatalytic Degradation Experiment
The photocatalytic activity of the material, FeTiO3/ZnO was determined by the degradation of Methylene blue in aqueous solution under irradiation of simulated sunlight. The experiment was carried out using a system that was illuminated with a lamp of 100W at room temperature as a source of simulated sunlight; the lamp is settled in the center of the reactor. Then it was tested following this procedure. First 40 ppm of organic pollutant (MB) and 0.05g FeTiO3/ZnO were added in to beaker, and then the solution was stirred continuously with the help of magnetic stirrer for 30 min, staying in darkness to reach the adsorption equilibrium. Then the lamp was a turned on, then the samples were taken at 10 min time intervals and the solution was filtered to separate the sample and FeTiO3/ZnO. Then to monitor the progress of the reaction was analyzed by UV-vis spectroscopy. Finally the percentage of photocatalytic degradation of FeTiO3/ZnO [62].                                    
                              % degradation = (C0-C)/C0* 100
                          Where C0 = is initial concentration of dye solution, 
                                     C = concentration of dye solution after photo irradiation
3.5. [bookmark: _Toc517001107]Trapping Experiment
The main active species produced in the photodegradation process of MB confirmed by the trapping agents such as EDTA, IPA and AgNO3. They were introduced into to the degradation process to trap holes (h+), hydroxyl (•OH), and electron (e−), respectively. All these trapping agents were in the quantity of 5 mmol and the procedure was the same as photocatalytic degradation experiment.













4. [bookmark: _Toc517001108]Results and Discussion 
4.1. [bookmark: _Toc517001109]X-ray Diffraction Analysis
The XRD patterns of FeTiO3/ZnO calcined at different temperatures ranging from 450 to 650 0C is shown figure 4 (A). It can be seen from the diffraction patterns that the starting powders were amorphous with no significant change in structure at 450 0C were observed when it compared to the substrate ZnO and also shows that increase of the calcination temperature to 650 0C improved the crystallinity of the catalyst. However as the crystallinity increases more secondary phases are observed. The XRD pattern of the sample treated at 550 0C for 2 h indicates formation of FeTiO3/ZnO with crystal structure.
[bookmark: _Toc514213521][image: ]
[bookmark: _Toc517092278]Figure 4: A) X-ray diffraction patterns of FeTiO3/ZnO photocatalysts annealed at different temperatures for 2 hrs on ZnO substrate: a) 650 0C, b) 600 0C, c) 550 0C, d) 500 0C, e) 450 0C and f) substrate ZnO and B) Shows the XRD patterns of FeTiO3/ZnO annealed at 550 0C
As it is shown in figure 4(B), the XRD patterns of FeTiO3/ZnO synthesized by the SILAR method and calcined at 550 0C temperature clearly observable peaks for the FeTiO3 phase. The diffraction pattern also shows the presence of some impurities phases of rutile, anatase, Fe2O3 , ZnO and, the 2 theta values of FeTiO3 are 24.190, 31.680, 35.360, 48.530 and 62.620 crystal structure according to JCPDS; 75-1207 [35, 52] and the 2 theta values of anatase is also shown as follows 25.280, 38.470 and 48.370 corresponding to TiO2 anatase phase according to JCPDS file 021-1272 [35]. The 2 theta values of ZnO are also shown as 34.550, 47.50 and 67.920 which are consistent with the values in the standard card (JCPDS 36-145) [63]. X-ray diffraction is used for phase determination and unit cell information of the nanocomposites under investigation. The technique is also frequently employed to determine particle size using Scherrer's formula.
                                 𝐷=𝐾𝜆/𝛽𝑐𝑜𝑠𝜃 
Where D (nm) is the mean size of the crystalline domains, K is the dimensionless shape factor which value is close to unity, 𝜆 is x-ray wavelength and β is line broadening referring to FWHM and θ is Bragg angle. The formula is applicable when nanocomposites have definite crystalline structure while in case of amorphous structure this formula is not applicable for particle size [64]. The average particle size of FeTiO3/ZnO powder calcined at 5500C was around 22.8 nm.
4.2. [bookmark: _Toc517001110][bookmark: _Toc480964507]FTIR Analysis 
Figure 5 shows broad band 3500-3200 cm-1  and sharp peak at 1630 cm-1  are associated stretching and bending vibration of surface adsorbed water and hydroxyl group of ethanol that were used for rinsing and for preparation of solution of all samples. In the FTIR spectrum of FeTiO3, a wide band from 400 to 650 cm-1 was observed that corresponds to the metal–oxygen bond [52]. In addition, a wide band ranging from 400 to 800 cm-1 was also observed in the FTIR spectra of FeTiO3/ZnO, which can be assigned to the overlapping peak between the Ti–O–Ti bond and Fe–O bonds, indicating the existence of FeTiO3/ZnO and the peak at 420 cm-1 is associated to ZnO which was used as blank solution [65].
The surface hydroxyl groups play an important role in the photocatalytic process, as these groups can be trapped by the holes generated under sunlight irradiation to form hydroxyl radicals which can suppress electron–hole recombination, hence increase the photocatalytic efficiency. 
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[bookmark: _Toc517092279]Figure 5: FTIR spectra of FeTiO3/ZnO and ZnO as blank solution
4.3. [bookmark: _Toc517001111]UV-Vis Analysis
Figure 6(A) shows the UV–Vis spectra of FeTiO3/ZnO nanostructure. FeTiO3 possesses strong absorption in the whole solar spectrum. Combining the two semiconductors, the absorptions of FeTiO3/ZnO nanostructure within the visible region remarkably increased. The absorption intensity of FeTiO3/ZnO nanostructure also increased, which subsequently results in the efficient utilization of visible light for the photocatalytic reaction. The band gap energy was calculated by using the Touc formula Ahv = (hv – Eg)/2, where A is absorbance, hv is photon energy, and Eg is band gap or it was calculated using the formula Eg = 1240/λ. The Eg value was plotted in the equation above to obtain the wavelength area of FeTiO3 performance and it has been obtained the wavelength at 580.43 nm. Extrapolation of the liner region to zero absorption (Ahv = 0) provides an estimation of band gap energy as shown in figure 6(B). The UV–Vis spectrum of FeTiO3/ZnO shows an absorption line in the range of 200–800 nm. Then, the energy bandgap of FeTiO3 may have a value of 2.13 eV as it is shown in figure 6(B) however the energy band gap of ZnO is obtained 3.24 eV as shown in figure 6 (C).  
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[bookmark: _Toc517092280]Figure 6: A) UV-Vis spectra of FeTiO3/ZnO, B) Plot of (αhv) 2 versus hv of FeTiO3/ZnO sample C) Plot of (αhv) 2 versus hv of ZnO
4.4. [bookmark: _Toc517001112]Photodegradetion of Methylene Blue 
The photocatalytic activities of the FeTiO3/ZnO nanostructure in decomposing Methylene blue in liquid phase were evaluated. As shown in Figure 7(A), the FeTiO3/ZnO nanostructure in several compositions showed notably high photocatalytic activity. Coupling of ZnO with other semiconductors has been frequently investigated to improve the photocatalytic activity of ZnO in order to promote the separation of photogenerated charge carriers and/or to extend the absorption wavelength up to the visible region. In the present study, the heterojunction of FeTiO3/ZnO photocatalytic activity of demonstrated notably high activity. It is deduced that the high efficiency of the FeTiO3/ZnO nanostructure originates from the unique relative band positions of these two semiconductors. Photocatalysis is a catalyst that can work with the aid of light (photons). The occurrence of MB concentration decreased in photocatalysis method is shown in Figure 7(B) or relative concentration of Methylene blue decreased as a function of time during photocatalytic degradation with FeTiO3/ZnO photocatalysts.
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[bookmark: _Toc517092281]Figure 7: A) the variation of MB concentrations (C/C0) with irradiation time and B) absorption spectra of 40 ppm MB solution in the presence of FeTiO3/ZnO under visible light irradiation at different irradiation times  
This dye which is MB also shows no degradation without photocatalyst as it is shown figure 8 and this result indicates photocatalytic activity of FeTiO3/ZnO is highly needed to remove organic pollutants. 
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[bookmark: _Toc517092282]Figure 8: A) the variation of MB concentrations (C/C0) with irradiation time and B) absorption spectra of 40 ppm MB solution without of FeTiO3/ZnO under visible light irradiation at different irradiation times  
Even though the concentration of MB was almost a linear function of reaction time for the degradation experiments carried out with FeTiO3/ZnO material as shown in figure 9, the specific reaction rate constant for the experiment was calculated that the photocatalytic degradation reaction followed a first-order reaction rate equation. Therefore, the reaction rate constant was calculated by linear regression of a plot of the natural logarithm of MB concentration as a function of reaction time. To get better understanding of kinetics reaction, the experimental data fitted by a pseudo-first-order reaction. The equation for calculation is as follows: 
                               ln(C0/C)= kt
[bookmark: _Toc514582461]Where C0 is the initial concentration of dye, C is the concentration at desired time interval and K is the apparent first-order rate constant, gives a value of reaction rate constant 3.467*10-2 min-1. The FeTiO3/ZnO nanostructure exhibited a notably high photocatalytic activity in the higher decomposition of organic compounds under visible light irradiation and obtained almost about 84.85% degradation and hence it increased the degradation efficiency compared to the literature values as it is shown in table 1. The enhanced photocatalytic activity of FeTiO3/ZnO nanostructure was attributed to the high separation efficiency of photogenerated electron–hole pairs resulted from the formation of the FeTiO3/ZnO heterojunction. The calibration curve was obtained by plotting concentration with reaction time. 
[bookmark: _Toc517092652]Table 1: Percent degradation of different organic pollutants using ZnO nanoparticle and FeTiO3/ZnO
	No.
	Photocatalyst
	Organic pollutant
	% of degradation
	Reaction time
	Reference

	1
	ZnO
	Phenol
	69.75%
	120 min
	[63]

	2
	ZnO
	Methylene orange
	77%
	90 min
	[66]

	3
	ZnO
	Benzoic acid
	67.98%
	120min
	[63]

	4
	FeTiO3/ZnO
	Methylene blue
	84.85%
	90 min
	Present work
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[bookmark: _Toc517092283]Figure 9: Plot of reaction time versus ln(C/C0) by FeTiO3/ZnO nanostructure photocatalyst 
4.5. [bookmark: _Toc517001113]Detection Experiment for Trapping Active Species
The active species trapping measurements is significant to examine the active species in the photocatalytic process for a better understanding of photocatalytic mechanism. In degradation of dyes, several active radical species such as hole (h+), hydroxyl radicals (•OH), and electron (e−) plays major contribution. The active species trapping experiments toward FeTiO3/ZnO nanostructure was carried out, and the results were shown in Figure 10. Primarily, all the three established species with a photogenerated hole (h+), hydroxyl (•OH) radical and electron (e−) are active during the photocatalytic process. This process could effectively improve the separation of photogenerated electron–hole pairs and decrease the possibility of charge recombination further improving the photodegradation efficiency. 
In general, the hole (h+) and hydroxyl (•OH) radical were a highly reactive species with strong oxidation ability, were considered mainly responsible for the degeneration of pollutant molecules in the photocatalytic reaction. When EDTA used as hole scavenger, a dramatic change in the photocatalytic activity was observed compared with the other scavengers, confirming that the holes generated when light is irradiated to the semiconductor  has a clear effect on the photodegradation process under sunlight irradiation. However AgNO3 that scavenges electron was not active specie for the degeneration of pollutant molecule in the photocatalytic reaction as it is shown in figure 10.
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[bookmark: _Toc517092284]Figure 10: Trapping of active species






5. [bookmark: _Toc517001114]Conclusion 
In summary, the nanosized FeTiO3/ZnO nanostructure has been synthesized through a SILAR method, employing TiCl4 solution cationic precursor as Ti source, FeSO4.7H2O as Fe source, ZnO as substrate and NaOH as anionic precursor. The SILAR method is easy route for the fabrication that makes them cost-effective as well. Different techniques to characterize the nanostructure are X-ray diffraction, Fourier transform infrared spectroscopy, ultraviolet/visible spectroscopy that nanostructure is nanocrystalline in size (D=22.8nm). XRD confirms that the prepared nanostructure is FeTiO3/ZnO. A Photocatalytic property of the FeTiO3 nanostructures was evaluated by decomposing MB under visible light with homemade photocatalytic apparatus. The reaction rate constant was calculated 3.467*10-2 min-1 by linear regression of a plot of the natural logarithm of MB concentration as a function of reaction time, data fitted by a pseudo-first-order reaction. The FeTiO3/ZnO nanostructure exhibited a notably high photocatalytic activity in the higher decomposition of organic compounds under visible light irradiation and obtained almost about 84.85% degradation. The high efficiency of the FeTiO3/ZnO composite was considered to be caused by the unique relative band positions of these two semiconductors and the profound absorption of visible light by FeTiO3 with energy band gap of 2.1eV. The close valance band (VB) position of FeTiO3 to that of ZnO enabled the hole transfer from the VB of FeTiO3 to that of ZnO and form the trapping experiment the most active specie was hole with 11.82 % of degradation. Therefore, the visible light absorption by FeTiO3 induced the generation of holes on ZnO, which resulted in the almost complete decomposition of the organic compounds. 




6. [bookmark: _Toc517001115]Recommendation
SILAR method can be further used to synthesize FeTiO3/ZnO, metal oxide composites and these materials will find great potential applications in the photodegradation of organic pollutants in waste water treatment. 
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