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ABSTRACT 

Water is contaminated by various dyes that toxic to living things .Photocatalysis essential to 

remove this  dyes from wastewater. Ag3PO4 is a good candidate for the degradation of dyes in 

wastewater. However, the photocatalytic activity of Ag3PO4 is limited due to photo corrosion, 

instability issues, and a high recombination rate. In this work, y(Zn1-xCuxO)/z(Ag3PO4) 

composites were synthesized by in situ precipitation where y=2.5,5,10% and z=97.5,95,90% 

followed by characterizations using XRD,UV-Visible diffuse reflectance spectroscopy (UV-

DRS), photoluminescence spectroscopy (PL),  FT-IR, and thermal analysis by (TGA and DTA), 

Scanning electron microscopy(SEM). The peak of Cu doped ZnO was not observed on the XRD 

of the composites because of its small amount. The formation of the composite was confirmed 

by FT-IR peaks of Ag3PO4  shift from 1003cm-1 to 989cm-1in the composite. The band gap of Cu 

doped ZnO and ZnO was calculated from UV-DRS data and found that 3.24eV and 3.24eV. The 

PL spectrum of composite showed lower intensity which indicates a lower recombination rate 

of charge carrier than Cu doped ZnO and Ag3PO4. The removal efficiencies of the composite, 

Zn1-xCuxO, and Ag3PO4 were evaluated by UV-Visible spectroscopy. The optimum degradation 

of methylene blue from aqueous solutions  using Zn1-xCuxO and y(Zn1-xCuxO)/ z(Ag3PO4) was 

observed at x=0.01,y=0.05 and z=0.95.Then, the removal efficiency of Zn0.99Cu0.01O was 88% 

as compared with that of pristine ZnO because it has small particle size. the maximum 

degradation efficiency of the composite was observed at a pH value of 10 was 95% and at 

catalyst dose of 0.0444g/l was 97%. The degradation efficiency of 

0.5(Zn0.99Cu0.01O)/0.95(Ag3PO4 )composite was 94% greater than that of Zn0.99Cu0.01O of 88% 

and greater than that Ag3PO4  of 82% because the recombination rate was reduced significantly 

and it was stable when it used for  three-round test . Therefore, 0.5(Zn0.99Cu0.01O)/0.95(Ag3PO4) 

composites are a promising candidate material for the removal of methylene blue from aqueous 

solution.  

Keywords: Cu-ZnO/Ag3PO4, Photocatalysis, MB (Methylene blue), Degradation, composite
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CHAPTER ONE 

1.INTRODUCTION 

1.1. Background 

In the twenty-one century, it is common to hear the news about environmental pollutions 

including air pollution, soil pollution, water pollution, and its severe consequence in terms of 

the economic, social, and political context. Among these pollutions, water pollution is one of 

the abundant pollutions which is detrimental to the health of  people and ecosystem in the 

worldwide. Amazingly, air pollution, as well as soil pollution, indirectly resulted in water 

pollution. In addition to this,  industrialization, urbanization, and dramatically increase in the 

population of the world are the main direct causes of water pollution(Martinez-Huitle and Brillas 

2009).  

Wastewater is classified into domestic, commercial, and institutional wastewater based 

on its origin. Domestic wastewater is the wastewater from residential activities like food 

preparation, laundry, cleaning, and personal hygiene, and commercial (industrially) wastewater 

is wastewater from the manufacturing industry (metal industry, textile industry 

pharmaceutically industry) and commercial activities such as printing, food, and beverage 

processing. Institutional wastewater is wastewater from large institutions like hospitals, 

universities, and educational facilities(Mathew, Rosary et al. 2016). All these wastewater mainly 

contains heavy metals like mercury ions, lead ions, chromium ion, arsenic ion, cadmium ions 

(Zhou, Yang et al. 2020), and various types of dyes and pathogens. 

Over 100,000 types of dyes and more than 7×105 are annually produced which are 

released into water (Guivarch, Trevin et al. 2003). For instance some of dyes are methylene 

orange (MO),Methylene blue(MB) ,rhodamine B(RhB), methylene red(MB) ,congo red (CR) 

,orange G (Nyankson and Kumar 2019).These dyes are used in tanning ,textile ,painting 

,printing, cosmetics ,pharmaceutical ,paper making, leathery industries etc  (Konstantinou and 

Albanis 2004). These dyes are very toxic to humans and they may cause different types of 

diseases like skin irritation, eye irritation, carcinogenic, typhoid, cholera, tuberculosis, heart 

attacking disease, and so on (Liu, Fu et al. 2011). To keep the health of the communities, it is 

essential to degrade or remove the dyes from wastewater. There are many remediation strategies 
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have been available to remove organic dyes and inorganic pollutants from wastewater. These 

water purifying techniques are summarized in Fig.1.1 as shown below. 

 

Figure :1.1 .Technologies are available for wastewater treatment(Deng and Zhao 2015). 

Among the available technologies for wastewater treatment mentioned in Fig 1.1, 

advanced oxidation processes (AOPs) are effective in degrading non-biodegradable, chemically 

stable, and persistent organic pollutants because they produce reactive oxygen species that 

oxidizes and degrades the organic dyes. In addition to these, AOPs are low operating cost, no 

chemical agent needed,  minimal sludge formation, and no needs maintenance(Miklos, Remy et 

al. 2018, Nyankson and Kumar 2019, Homlok, Kiskó et al. 2021). However, the other 

techniques did not effective for removing pollutants from wastewater because they are 

introducing secondary pollutants after removing a pollutant. For example, solid sludge settles 

in the bottom part of water. The common types of AOPs are photocatalysis, photolysis, and 

photo-Fenton (Elhalil, Elmoubarki et al. 2018, Martínez-Costa, Rivera-Utrilla et al. 2018). 

These methods are electrochemical oxidations based methods and, in all types of AOPs, reactive 

oxygen species (ROS) can be generated ,andthey can easily oxidize a broad range of organic 

pollutants in the water (Deng and Zhao 2015). Recently a semiconductor-based photocatalyst is 

an active area of research because of its effectiveness for photodegradation at a very low amount, 

no needs external force, environmentally benign and cost-effective technology, no introducing 

secondary pollutants in the system (Karimi, Zohoori et al. 2014, Dodoo-Arhin, Buabeng et al. 

2018). The schematic mechanism photocatalyst is shown in Fig 1.2. First, the semiconductors 
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materials irradiated by the light source of energy greater than or equal to band gap absorbed and 

exciting electron from valance band to conduction band by leaving holes in the valance band. 

The creating holes and electrons form reactive oxygen species (ROS). The ROS attack organic 

dyes and decomposed them into harmless compounds such as H2O, CO2, and other non-toxic 

by-products (Shan, Ghazi et al. 2010, Zhang, Li et al. 2015). 

.  

. 

                             Figure: 2.1 .Schematical mechanism of the photocatalyst(Adam, Pozina et al. 2018) 

TiO2 and ZnO are major semiconductors used as photocatalyst oxide material due to the 

possess good photo and chemical stability, cheaper and it has high oxidation power for a 

decomposing broad range of organic pollutant (Fujishima and Honda 1972). Comparing TiO2 

to  ZnO, ZnO has high oxidation power holes and removes diversity of organic pollutants and 

high absorption of solar light than TiO2 due to the position of the valance band of ZnO 

(Miyauchi, Nakajima et al. 2002). The ZnO has a direct bandgap of 3.32-3.37eV at room 

temperature, and an n-type semiconductor with a small exciton binding energy of 60 meV 

(Alaria, Turek et al. 2005, Sluiter, Kawazoe et al. 2005). Naturally, half of ZnO tetrahedral has 

unfilled voids of wurtzite structure, so controlling of ZnO inherent is defects extremely essential 
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for controlling its properties. However, ZnO has large band gaps (3.2- 3.37 eV) which allowed 

them to operate under UV-light, but the UV light reaches the earth's surface only 3-5%, but the 

visible light reaches the earth surface 45-48%(Pirhashemi and Habibi-Yangjeh 2014). The high 

recombination of photogenerated charge carriers also suppressed the photocatalytic activity 

ZnO.  

Thus, recently the materials operated under visible light have been gaining great 

attention than materials worked under UV light. Two approaches to solving the above issue  :(i) 

improving the photocatalyst activity ZnO by doping and coupling within small bandgap 

semiconductor. The most common transition metals used as dopant of ZnO are Al, 

Cu,Fe,Co,Ni,V,Si ,Mn ,etc (Kim, Kim et al. 2012, Jeyachitra, Senthilnathan et al. 2017, 

Simimol, Anappara et al. 2017, Chandekar, Shkir et al. 2020).The doping can reduce the 

bandgap to extend solar light absorption in a longer wavelength region. This was justified by 

observing optical redshift absorption of ZnO by doping transition metals due to the sp-d 

interaction of the band electrons and the localized d-electrons of M++ transition metals 

substituted for Zn++ ions (Kim, Kim et al. 2012, Beltrán, Barrero et al. 2016), which attributed 

to the negative and positive shift of valance and conduction band, respectively. This leads to the 

shrink of the band gap (Kim and Park 2002).  

Cu metal was the most essential dopant of ZnO because it can modify the luminescence 

of ZnO crystals by introducing impurity levels, and it has the same physical and chemical 

properties as Zn. coupling  ZnO with small bandgaps such as Fe2O3, WO3, Ag (F, I), SnO2, 

Bi2O3, CuO, Cu2O, Ag3PO4, etc also improves its photocatalytic activities (Wu, Cao et al. 2009, 

Yi, Ye et al. 2010, Katsumata, Oda et al. 2013, Sun, Zhu et al. 2016, Serrà, Gómez et al. 2020). 

(ii) The second approach searching for the material driven by visible light such as Ag3PO4,g-

C3N4, WO3, CuO, Bi2O3 BiWO4 (Du, Song et al. 2021). Among these, Ag3PO4 has been highly 

absorbing solar light (it has quantum efficiency up to 90%), its indirect bandgap, n-type 

semiconductor, and has a forbidden gap width of 2.45 eV. However, the photocatalytic activity 

of Ag3PO4  has been limited by low thermal stability, low chemical inertness, photo corrosion 

(the Ag+ in Ag3PO4 is easily reduced to elemental silver (Ag°) by photogenerated electron) 

which prevented light absorption, and high recombination of charge carriers (Chen, Liu et al. 

2017, Zhu, Hu et al. 2020). So far, many methods have been proposed to alleviate the limitation 



5 
 

of Ag3PO4, some of them are the following: decorating the Noble metals on it, coupling it with 

organic materials such as graphene (Xiang, Lang et al. 2015), rGO, cellulose (Lebogang, Bosigo 

et al. 2019), and g-N3C4 (Zhang, Lv et al. 2017), coupling it with another semiconductor-based 

material such as Fe3O4, CuO, Co3O4, ZnO, AgBr, AgCl, and changing calcination temperature 

(Chen, Liu et al. 2017, Chen, Zhao et al. 2018, Guo, Shi et al. 2018, Martín-Gómez, Navío et 

al. 2020). For instance, ZnO/ Ag3PO4 reduces the photo corrosion, instability of Ag3PO4 (Luo, 

Xu et al. 2015, Zhu, Duan et al. 2020). However, ZnO is not activated by visible light and the 

combination of two semiconductors n-ZnO/n-Ag3PO4 which more or less hinder the 

performance of the photocatalytic activity. 

Therefore in this work, Cu doped ZnO coupled with Ag3PO4 were synthesized for the 

degradation of organic dyes. It is shown that Cu doped ZnO/ Ag3PO4 composite shows better 

photocatalytic activities than Cu doped ZnO and Ag3PO4 due to its bandgap modification. These 

Cu dopedZnO/Ag3PO4 was  synthesized by in situ precipitation technique. The crystallinity, 

phase purity, morphology, optical property, the bond between atoms, thermal property were 

determined by XRD, SEM, UV-Visible diffuse reflectance spectroscopy (UV-DRS), PL, FTIR, 

TGA, and DTA. The experimental results revealed that the composite is a promising material 

for the degradation of dyes.  

1.2. Problem of statement  

Water is contaminated with organic dyes that are dangerous or toxic to humans and 

animals. To keep and save a life, removing dyes from wastewater is crucial. There are various 

water treatment technologies used for removing organic dyes from wastewater such as 

coagulation, sedimentation, reverse osmosis, membrane filtration, adsorption, advanced 

oxidation process (Rout, Zhang et al. 2021). The advanced oxidation process preferable over 

the others due to its low toxicity, degrading dissolved organic pollutants, and chemical stable 

organic contaminants, low operating cost, no chemical agent needed so that it minimizes sludge 

formation (Ma, Yi et al. 2021).  

From the types of AOPs a photocatalysis is indispensable than others owing to a cost-

effective, very small quantity of photocatalyst is effective for degradation, it can work under 

solar radiation for degradation of toxic pollutants, and it does not need external force (Nyankson 

and Kumar 2019). Semiconductors photocatalyst are Cu2O, CuO, Ag3PO4, ZnO, TiO2, WO3, 
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Co3O4, and Sb3O5. Among these, Ag3PO4 is preferable because of its high absorbance of visible 

light. However, the photocatalytic activities of Ag3PO4 were limited due to photo corrosion, 

unstable, and the recombination of the charge carriers. Therefore, to mitigate the limitation of 

Ag3PO4, coupling it within semiconductors such as ZnO was reported (Luo, Xu et al. 2015, Zhu, 

Duan et al. 2020), but zinc oxide did not work under visible light, so Cu doped ZnO can reduce 

its bandgap to visible light range absorbance and reduce the barrier between ZnO and Ag3PO4. 

Hence, Cu doped ZnO in the composite plays a prominent role in enhancing the photocatalytic 

activities of the composites.  

1.3. Objective of the study  

1.3.1. Generally objective  

Synthesis and characterizations of Z/Ag3PO4 composite for methylene blue dye degradation 

from aqueous solution. 

1.3.2 Specific Objective  

 Synthesizing Zn1-xCuxO  (x= 0, 0.005, 0.01, 0.02, 0.03, 0.04) using precipitation 

techniques 

 Optimizing the composite y(Zn0.99Cu0.01O)/z(Ag3PO4) (y=0% ,2.5%,5%,10 % and 

z=97.5,95,90%) by checking its photocatalytic activities 

  Characterizing the synthesized materials by using XRD, SEM, PL, UV –visible DRS 

spectroscopy, FTIR  

 Investigating the effect of calcination temperature on the  photocatalytic activity of 

Ag3PO4   

 Scrutinizing the photocatalytic activity of synthesized material  

 Investigating the effect of the catalyst dosage and pH values on the degradation of 

methylene blue. 

 1.4. Scope of the studies  

This study covers facile synthesis of  single component Cu doped ZnO, Ag3PO4 by 

precipitation method, and synthesized of binary Cu doped ZnO/Ag3PO4 composite by a low-

cost technique called in situ chemical precipitation methods. Furthermore, the 
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photodegradation of the Methylene blue (MB) from aqueous solution by single component and 

binary composite and the effect of calcination temperature on Ag3PO4 photocatalytic activity 

have been investigated.  

1.5. Significance of the study 

  The degree of water pollution is more than words because as the technologies have 

been advanced, and the amounts of the discharged wastes to the environment increase which 

directly or indirectly affect the quality of the water. Particularly in the countryside, getting 

treated water is unexpected as a result water-borne diseases are largely widespread. Finding a 

cheap and available method for these communities is significantly important. Therefore, Cu 

doped ZnO/ Ag3PO4 composite is cheap and can be easily synthesized, so that it can be 

considered as a potential wastewater treatment semiconductor photocatalyst in cities as well as 

in the countryside’s area. In addition to this, Cu doped ZnO/ Ag3PO4 is a promising material 

for energy production, carbon dioxide reduction, and gas sensors. 
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CHAPTER TWO 

2.LITERATURE REVIEW 

2.1. Introduction 

Environmental pollution including air pollution, soil pollution, and water pollution have 

serious consequences on the life of human beings and other organisms (Wei, Van Le et al. 2021). 

Air pollution has been caused by the combustion of fossils fuels, biomass, and automobile 

exhaust (Khomenko, Cirach et al. 2021, Maione, Mocca et al. 2021). Similarly, the degradation 

of land due to the presence of chemicals or other man-made substances in the soil causes soil 

pollution. The final destination of air and soil pollution is in the water body so that they can 

cause water pollution indirectly. In addition to these, the release of detergents and sewage, 

agricultural wastes (i.e. fertilizers and pesticides), solid wastes, and industrial wastes (i.e.toxic 

substances like dyes, grease, acids, oils, and heavy metal discharged) are often discharged to 

lakes, sea, rivers, oceans, ponds, streams water and so on. As a result water quality can 

significantly deteriorate.Though about three-fourths of the Earth's surface covered with water 

bodies. However, the availability of fresh water for living things is limited due to the pollution 

of water (Wei, Van Le et al. 2021). 

2.1.1 Sources of wastewater and its consequences 

The enormous expansion of the industries such as textile industry, pharmaceutical 

industry, metal industry, painting industry, manufacturing industry, sugar industry, and mining 

industry are significant discharge waste materials which cause water pollution. Some of the 

discharged materials are inorganic, organic, and pathogens. Examples of inorganic pollutants 

are Cd, Cr, Fe, Pb, Hg, Ni, and Zn (Sörme and Lagerkvist 2002, Barakat 2011, Egbueri 2020) 

are discharged into water from metalworking, and electroplating industries. Organic pollutants 

are discharged from thermal power plants and chlorinated organics, dioxins, suspended solids 

discharged to the water from the paper mill, and pulp industries (Gunkel, Kosmol et al. 2006, 

Barakat 2011, Dwivedi, Mishra et al. 2018).In addition to this, agriculture activities such as 

agrochemicals, nutrients, organic matters, drug residues are also the main cause of water 

pollution(Evans, Mateo-Sagasta et al. 2019). Drinking contaminated water may cause hepatitis, 

cholera, dysentery, cryptosporidiosis, giardiasis, diarrhea, and typhoid and it is put people at 

risk of carcinogenic diseases (Li, Jing et al. 2021). Approximately, 2.3 billion people in the 
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world are affected by water-borne diseases, where more of the percentage have been shared by 

developing countries (Wang and Yang 2016). Using wastewater not only hurts a human being 

but also affects the growth of plants. For instance, in china production of rice decreased due to 

untreated industrial wastewater that can weaken the growth of roots, seedlings, and tillers(Sun, 

Pan et al. 2016).  

Usually, textile industry firms discharged a large number of toxic dyes released into 

water which threatened the health of animals, humans, and the aquatic ecosystem, so treating 

the wastewater from the textile industry before discharge to water is essential for saving 

life(Amornpitoksuk and Suwanboon 2014, Chen and Carroll 2016).          

2.1.2 Wastewater treatment methods 

The commons wastewater treatment methods are coagulation/flocculation, filtration 

(sand), adsorption on AC, chemical precipitation, biodegradation, Solvent extraction, advanced 

oxidation process, adsorption onto non-conventional solids, biosorption, biomass adsorption, 

Nanofiltration (Hu, Yang et al. 2005, Aziz, Alias et al. 2007, Acharya, Sahu et al. 2009, 

Hollender, Zimmermann et al. 2009, Zahrim and Hilal 2013), and advanced oxidation 

process(AOPS). Currently, the advanced oxidation process (AOPs) is preferable because of its 

forming reactive oxygen species to degrade organic dyes and changed them into CO2 and H2O 

(Lee and Park 2013). 

AOPs classified based on the light irradiated and non –irradiated as following: (1)non- 

light irradiated AOPs:- include cavitation, Fenton and Fenton-like processes, ozonation, 

ozone/hydrogen peroxide, wet air oxidation (2) light irradiated AOPs:- include homogeneous 

(UV/hydrogen peroxide, UV/ozone, UV/ozone/hydrogen peroxide, photo-Fenton, homo, and 

heterogeneous (photocatalysis) processes. 

The photochemical or photodegrading using metal oxide-based semiconductor attracted 

the attention of many researchers for the environmental remediation and wastewater treatments 

due to the following advantages:  Cost-effective, no sludge formation like other methods such 

as adsorption, coagulation, flocculation,  not generate any other secondary pollutant, a very 

small quantity of photocatalyst is required for the treatment and its environmental appealing. 

Moreover, the selected catalyst possesses no toxicity to human (Parvulescu and Granger 
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2013)health. The process of degradation of dyes using metal oxide and the sunlight is known as 

photocatalysis (Luis Sánchez-Salas, Aguilar Ubeda et al. 2017). 

2.1.2.1. Semiconductor based photocatalysis 

Semiconductor-based materials used as photocatalysis for mineralization organic 

pollutants inside wastewater are ZnO (Meng and Juan 2008), WO3 (Hepel and Hazelton 2005) 

,Co3O4 (Yang, Wang et al. 2019), TiO2 (Lee and Park 2013), Fe3O4 (Ruzmanova, Stoller et al. 

2013), CuO (Behjati, Sheibani et al. 2020), Cu2O (Su, Chen et al. 2021), Ag3PO4, (Ge, Zhu et 

al. 2012)and so on. Among this material, ZnO nanomaterial attracted the attention of many 

researchers due to, its low cost, easy availability e,  producing high oxidative power holes and 

environmentally friendly, its exciton binding energy of up to 60 m eV, thermal stability, high 

chemical stability, photosensitive, and catalytic activity, suitable bandgap, rich and controllable 

morphology(Martínez-Costa, Rivera-Utrilla et al. 2018). However, the ZnO semiconductor is 

limited to UV light, but the UV light that reaches the earth's surface is only 3-5% while the 

visible light reaches the earth's surface 48 %.To mitigate this issue, recently researchers focus 

on two approaches:(i), doping with metals and coupling with another low bandgap 

semiconductor material. The most common transition metals doped for ZnO are Al, Cu, Fe, Co, 

Ni, V, Si, etc. For instance, many current studies show that doping is monitoring the magnetic, 

optical, electrical property by controlling defect density and defect centers found in the ZnO 

lattice(Jin, Fukumura et al. 2001, Simimol, Anappara et al. 2017, Ma, Ren et al. 2019).  

Doping is reducing the bandgap to extend solar light absorption in a longer wavelength. 

Optical redshift absorption of ZnO by doping transition metals due to the sp-d interaction of the 

band electrons and the localized d-electrons of M++ transition metals substituted for Zn++ 

ions(Kim, Kim et al. 2012, Beltrán, Barrero et al. 2016), which attributed to the negative and 

positive shift of valance and conduction band respectively, this leads the shrink of band gap(Kim 

and Park 2002, Ma, Ren et al. 2019).  

Thus, Cu was a most essential transition metal to doped the ZnO than others due to it is 

luminescence activator, which can modify luminescence of ZnO crystals by introducing 

impurity levels, it has many physical and chemical property which are similar to Zn, and it can 

effectively change the optical and microstructure of ZnO(Liu, Deng et al. 2008, Zhang, Yi et al. 
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2008, Tao, Ma et al. 2011)(ii), The second approach is searching for the material operated under 

visible light.  

In 2011, Ye reported silver orthophosphate (Ag3PO4) which possesses high visible light 

photocatalysis activity. Especially, quantum yields up to 90% for oxygen evolution from water 

Splitting and organic pollutant degradation at wavelength >420nm (Yi, Ye et al. 2010, 

Umezawa, Shuxin et al. 2011). Ma and Co-workers reported the structural features of the 

Ag3PO4. The energy band structure and density of the state of the Ag3PO4 are mainly responsible 

for harnessing solar energy for oxidizing water and degrading pollutants inside wastewater. The 

crystal structure of Ag3PO4 embraces isolated, regular PO4 tetrahedral with a P-O distance of 

~1.539Å. The six Ag+ ions dispersed among twelve sites of 2-fold symmetry shown in Fig 2.1. 

It belongs to the body-centered cubic (bcc) structure type with a lattice parameter of 6.004Å, 

and the space group is P43̅n(Al Kausor, Gupta et al. 2020). 

 

                            

         Figure:2.1 .XRD pattern for Ag3PO4 together with a simplified unit cell of Ag3PO4 (P– orange, O– 

red, Ag– blue) (Yi, Ye et al. 2010) 

However, Some of the commons factors that hinder the photocatalytic activities of Ag3PO4 are 

photo corrosion, high recombination charge carriers, and Instability issues. To mitigate these, 

recently many researchers focus for exploration novel Ag3PO4 catalyst and develop the 

mechanism which improved photocatalysis stability of Ag3PO4 (Luo, Li et al. 2014, Zhang, Gu 

et al. 2015). In the next sub-sections, the possible method used to enhance the photocatalytic 

activities of Ag3PO4 will be discussed. 
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2.1.2.1.1. Working principle of photocatalysis 

The photocatalytic reaction depends on the  photon energy and catalyst. In general, 

semiconducting materials are used as a catalyst that performs as sensitizers for the irradiation of 

light stimulated redox process due to their electronic structure, which is characterized by a filled 

valence band and a vacant conduction band (Samsudin, Sze et al. 2015, Giovannetti, Rommozzi 

et al. 2016). Generally, the mechanism of photocatalysis for wastewater treatment is explained 

as follows in Fig 2.5. (1) the light (photon) energy which has energy greater or equal to bandgap 

is irradiated on the surface of catalyst (2) Electron excited from valance band to conduction 

band by leaving a hole in CB (3) The electron in CB reduced the oxygen in aqueous solution 

and form super radicals oxygen and hole reacted with hydroxide ions and water form hydroxide 

radically (4) Finally, holes, the superoxide and hydroxide radically oxidized pollutant into the 

non-toxic product like CO2, H2O. Besides this, the holes and electrons generated by irradiated 

light energy undergo successive oxidation and reduction reactions with any species, which 

might be adsorbed on the surface of the semiconductor to give the necessary products 

 

                                      Figure:2.2.General mechanisms of photo catalysis(Saravanan, Gracia et al. 2017) 

The oxidation reaction during the photodegradation of organic dyes takes place by holes. 

First, the dye molecule adsorption on the surface of the catalyst is achieved that could take place 

in the dark. Then, the photodegradation reaction could take place on the surface of the catalyst 

as follows in Fig.2.3.The holes formed in the VB could be trapped by H2O, and oxidized H2O 

into OH- ions to generate °OH radicals. The generated °OH radicals reacted with dyes molecules 

in water and  mineralizing it into CO2, H2O, and non-toxic minerals (Saravanan, Gracia et al. 

2017)  
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                              Figure:2.3. Representation of oxidation mechanism (Saravanan, Gracia et al. 

2017) 

Reduction reaction the reduction reaction during photodegradation of organic dyes 

proceed as following in Fig 2.4. First, the photogenerated electron in the conduction band of 

catalyst surface directly reacted with the oxygen adsorbed to surface catalyst formed O°2
-, and  

O°2
- reacted with H+ to produce °OOH and H2O2. Finally, O°2

-, °OOH, and H2O2 mineralized 

the organic dyes into carbon dioxide and water. 

                             

                  Figure:2.4 .Representation of reduction reaction (Saravanan, Gracia et al. 2017) 

2.1.2.1.2.Possible methods for enhancing photocatalytic of Ag3PO4 

  2.1.2.1.2.1 .Calcination of Ag3PO4 at high temperature  

 Calcination of Ag3PO4 at high temperature is the alternative method of enhancing 

stability Ag3PO4  because it can modify the physicochemical properties of Ag3PO4 such as 

crystallinity, surface area, and the formation of oxygen vacancy which were responsible for 

enhancing photocatalytic activity of silver orthophosphate (Yu, Yu et al. 2003, Noda, Lee et al. 



14 
 

2008, Zhu, Neale et al. 2010, Lin, Guo et al. 2013, Tang, Liu et al. 2016). Ruifeng reported 

calcination of Ag3PO4 at 400 oC reveals high photocatalytic activity toward degradation of 

methylene blue and oxygen evolution from water due to improved crystallinity, and formation 

of high oxygen vacancy when calcined at high temperature (Chong, Cheng et al. 2016). 

Calcination of Ag3PO4 helped to decorate Ag metals on the surface of Ag3PO4 without any 

photoreduction, which assists to suppress photo corrosion and enhance the stability of Ag3PO4 

by accepting electron excited from valance band to conduction band, and also extending an 

absorption of the solar light in a long wavelength.  

  2.1.2.1.2.2.  Loading nobles metal on the surface of Ag3PO4 

The noble metal loaded on the surface of Ag3PO4 acts as an electron scavenger so that 

they can reduce the recombination rate and photo corrosion as shown in Fig.2.5. In other words, 

the excited electrons from the valence band are removed from the Ag3PO4 by noble metal so 

that there is no further recombination of electrons and holes. In addition to this, noble metal 

suppresses photo corrosion because the excited electron does not get Ag+ ions in the solution to 

form black Ago metal that covers the active sites of Ag3PO4 (Yan, Zhang et al. 2014). Many 

reported works on the loading of noble metal on surface Ag3PO4 to enhance the photocatalytic 

activities of Ag3PO4 as shown in Table 2.1. 

         

 

   Figure:2.5. Mechanism of electron transfer between Ag3PO4 and noble metals(Yan, Zhang et al. 

2014) 
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 Table: 2.1.Summary of the reported on loading noble metal on the surface of Ag3PO4 

Loaded noble 

metals 

Types of dyes  Efficiency  Reference  

Pt/Ag3PO4 MO  100%(15min) (Yan, Zhang et al. 2014) 

Au /Ag3PO4 MO 88%(15min) (Yan, Zhang et al. 2014) 

Pd /Ag3PO4 Mo 86(15min) (Yan, Zhang et al. 2014) 

Ag/Ag3PO4 RhB and MB 100%(40min ) (Teng, Li et al. 2012) 

Ag/Ag3PO4  RhB  100%(20min) (Bi, Hu et al. 2012) 

 

Figure 2.2 shows the enhancement of photocatalytic activities of the Ag3PO4 by loading 

noble metals. Different noble metals have a different effect on enhancing photocatalytic 

activities of Ag3PO4 because of their various specific properties. Different noble metals loaded 

on Ag3PO4 shows unequal performances because they have not equal work functions. The large 

differences in work function between the noble metals and Ag3PO4 are necessary for a better 

photocatalytic process because it facilitates a transfer of a photogenerated electron from Ag3PO4 

to noble metals. The efficiency of degrading dyes of Pt/Ag3PO4> Pd/Ag3PO4 >Au/Ag3PO4 

because of their difference in work function. Wang, et al. reported that loading noble metals on 

the surface of Ag3PO4 improves the stability issue as well. Figure 2.6, shows loading platinum 

(Pt) on the surface of Ag3PO4 to enhance the stability and durability of the Ag3PO4 (Yan, Zhang 

et al. 2014). 

            

         Figure:2.6 .a) Photocatalytic degradation curves of MO by Pt/Ag3PO4 (Yan, Zhang et al. 2014). 
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2.1.2.1.2.3 . Forming binary Ag3PO4 composite with semiconductor and support material 

The main intentions to form heterojunction between metal oxides or supporting materials 

and Ag3PO4 are: (I) to solve instability issues, (ii) reducing the photo corrosion, (iii) improving 

the absorption of solar light in the visible range(Yi, Ye et al. 2010, Wang, Bai et al. 2012, Tang, 

Liu et al. 2016, Luo, Duan et al. 2017, Song, Qi et al. 2017, Lebogang, Bosigo et al. 2019, Yu, 

Yao et al. 2020). Fig 2.4, shows the schematic diagram of the heterojunction of Co3O4 and Ag-

loaded Ag3PO4. As indicated in this Fig 2.4, the photo-excited electrons and holes transferred to 

Ago and Co3O4 respectively. As a result, there is no recombination of holes-electrons and photo 

corrosion because both carries are no more in or on the Ag3PO4 after photoexcitation has been 

done(Tang, Liu et al. 2016).  

                                                 

                  Figure: 2.7.Electrons transfer mechanism in heterostructure photocatalyst (Tang, Liu et al. 

2016) 

Bi and co-workers grow the silver halides on the surface of rhombic dodecahedral Ag3PO4 by 

the ion change method(Amornpitoksuk and Suwanboon 2014). The valance band and 

conduction band of all halides are less than Ag3PO4 except Cl(Guo, Shi et al. 2018) so that the 

separation of charge carriers increases, so the recombination rate may significantly be reduced. 

The summary of reported works on Ag3PO4/semiconductor or supporting materials for dye 

degradation is listed in Table 2.2. 
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Table:2.2. Summary of reported Ag3PO4/semiconductor or supporting materials for dyes degradation   

Ag3PO4 /SEM.    Types of  dyes   Efficiency (%) References  

Ag3PO4/CuO RhB 100% (75 min) (Yulizar, Bakri et al. 2018) 

Ag3PO4/ZnO  MB 98.16%(30min)  (Yu, Yao et al. 2020) 

Ag3PO4/cellulose MO 90% (80min) (Lebogang, Bosigo et al. 

2019) 

Ag3PO4/graphen MB 90% (20min ) (Xiang, Lang et al. 2015) 

Paly./Ag3PO4 MB 97% (12min) (Luo, Duan et al. 2017) 

Ag3PO4/TNS  RhB 99.11%(5min) (Wang, Li et al. 2017) 

Co3O4 /Ag3PO4   MB 100%(12min) (Tang, Liu et al. 2016) 

Ag3PO4/Fe3O4  RhB 100% (50min) (Jun, Kim et al. 2020) 

Carbon /Ag3PO4 MB 100%(70min)  (Zhu, Zhao et al. 2017) 

g-C3N4/Ag3PO4  MB 96%(10min) (Zhang, Lv et al. 2017) 
 

2.1.2.1.3. External factor affected Photocatalysis for degradation  of dyes  

The external factor such as pH of solutions,  initially organic(dyes)pollutant 

concentration, a dose of catalyst, the surface area of catalyst, shape, and size of catalyst, the 

light of intensity  (Rajeshwar, Osugi et al. 2008, Rehman, Ullah et al. 2009). 

 It was confirmed that a large surface area is favored since the incident UV light can 

interact with more ZnO surfaces. For instance, the ZnO plates sintered at 700oC was 

decolorization efficiency in solution was found to be about 95% for  Rhodamine red (RR) 180 

and 88% for Rhodamine orange-16(RO 16) in 90min. On the other hand, the efficiencies of the 

plates sintered at 1050◦C reached only 8% for RR 180 and 10% for RO 16 for the same reaction 

time the efficiency difference for dye degradation due to the surface area of ZnO plates sintered 

at 700oC  has higher surface area than ZnO plates sintered at 1050oC(Yassıtepe, Yatmaz et al. 

2008). 

The dye degradation efficiency of the catalyst depends on the pH values of wastewater 

that means at low pH values the surface of the catalyst protonates and becomes positively 

charged. As result, it is effective for the degradation of negative organic dyes, and at high pH 

values, the surface of the photocatalyst becomes negatively charged. Hence, it is effective for 

degradation positive dyes because of strong electrostatic attraction between a negatively charged 

catalyst and cations dyes. For example, the Photodegradation of Methyl Red is found maximum 
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at 5 pH because the methyl Red is the cationic dye. The photodegradation of EBT is found 

maximum at pH =2 because it is an anionic dye that adsorbs maximum at  pH=2 value (Kumar 

and Pandey 2017). 

The effect of catalyst dose, the catalyst mount affect the photocatalytic efficiency, at low 

catalyst loading the photocatalytic degradation efficiency of organic pollutant is low due to the 

catalyst surface and absorption of light by the catalyst surface are limiting and the active site 

available at low loading is small and increasing catalyst load is increasing the number of 

photogenerated electrons. As result, the photocatalytic efficiency increasing parallel with 

catalyst dose till maximum concentration for optimum activity achieved. However, if the 

catalyst dose beyond the maximum concentration, the photocatalytic activity decreased due to 

the irradiation field inside the reaction medium is reduced due to the light scattering by the 

aggregation of catalyst particles (Akyol, Yatmaz et al. 2004, Coleman, Vimonses et al. 2007, Al 

Kausor and Chakrabortty 2020). 

A dye concentration affects the efficiency of photocatalyst that degradation of organic 

dyes from wastewater. For instance, Mehdi Al Kausar et al reported that at a higher 

concentration of AB 25, the ratio of dye particles to the activated sites of NTS@GO (0.6) 

increases which prevents adsorption of more dye particles onto the surface active sites and 

consequently the degradation efficiency gradually decreases, so during photodegradation of 

organic dyes from wastewater initially concentration of the dyes must be under consideration 

due to the photodegradation efficiency depends on initially dyes concentration. Generally, the 

photodegradation efficiency of dyes decreased when the dye concentration is increasing(Reza, 

Kurny et al. 2015). 

The effect of reaction temperature, an increase of reaction temperature generally resulted 

in increasing in photocatalytic activity till the optimum photocatalytic activity is achieved, 

further increasing of reaction temperature leads to the increase of electron-hole recombination. 

At high temperatures, and the photodegradation of organic dyes is high due to the high 

adsorption of dyes on the surface catalyst. Hence, the adsorption of dyes enhances the 

photodegradation of dyes from wastewater(Mamba, Mamo et al. 2014). 

Both light intensity and irradiation time affect dye degradation from wastewater. At low 

light intensity the photodegradation organic pollutant inside wastewater low but increases 
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linearly with light intensity. However, at the high light intensity the photodegradation of dyes 

low due to the competition of photogenerated electron-hole pairs separation and the 

recombination electron-hole pairs, but at the low light intensity, the recombination electrons–

holes pairs is negligible (Asahi, Morikawa et al. 2001, Kundu, Pal et al. 2005). As irradiation 

time increasing, the formation of reactive oxygen species that mineralizing organic pollutant 

from wastewater increase linearly this resulted in the photodegradation efficiency is promoted 

(Gaya and Abdullah 2008). 

To the best of our knowledge, there was no report on the synthesis of Zn1-xCuxO/Ag3PO4 

composite by in situ precipitation techniques where x=0.005, 0.01, 0.02, 0.03, 0.04. In this work, 

the property of ZnO was improved by doping Cu metal ions to extend the absorption of solar 

light into a longer wavelength. The experimental results revealed that the photocatalytic 

activities of the 5(CZ-1)/A composite were 94% and the degradation rate was 0.0284 min-1 

which better than that of CZ-1 and Ag3PO4. Therefore, the Cu doped ZnO/Ag3PO4 composite is 

a promising material for the degradation of organic dyes from wastewater in practical 

application.   
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1.Materials and chemicals  

Chemicals :-Zinc nitrate hexahydrate (Zn (NO3)2.6H2O) (Loba Chem, 99%,) and copper nitrate 

tri-hydrate (Cu (NO3)2.3H2O) (Sigma Aldrich, 99%) are used as a precursor for synthesizing 

ZnO and Cu doped ZnO respectively. Potassium hydroxide (NaOH) is used as a precipitating 

agent ZnO and Cu doped ZnO.AgNO3 (Loba Chem, 99%) and Na2HPO4  were used for 

synthesizing Ag3PO4 (silver orthophosphate). Na2HPO4 (Sigma Aldrich, 99%)  is used as a 

precipitating agent for preparing Ag3PO4. Distilled water and ethanol were also used during the 

experimental work. Model dye such as methylene blue (C16H18CIN3SxH2O) was used for the 

photocatalytic test.  

3.2. Methods 

3.2.1. Synthesis of Ag3PO4  

Silver phosphate (Ag3PO4) was synthesized by the co-precipitation method at room temperature. 

According to Pengyu D et al(Dong, Hou et al. 2016) .Firstly, 5.809 g (0.034 mol) of silver nitrate 

(AgNO3) was dissolved in 40 mL of distilled water. Then, the stoichiometric amount of 1.6183 

g (0.01139 mol) of Na2HPO4 dissolved in 40 mL of distilled water in the ratio (3:1) AgNO3 to 

Na2HPO4. After that, silver nitrate solution was added drop by drop into Na2HPO4 solution 

under continuous stirring, and immediately the solution changed from white to yellow and 

further stirring for 30 min to obtain more silver phosphate precipitation. Then, aging overnight 

at ambient temperature and filtered by centrifuge speed at 2000 rpm for 15 min and can be 

washed with distilled water severally times. Finally, the silver phosphate was dried in the oven 

at 100 °C overnight and calcined at temperature 200 oC, 300 °C, 400 °C, 500 °C, 600 °C for 2 

hr. 

3.2.2. Synthesis of Zn1-xCux O 

Cu doped ZnO were synthesized from their respective precursors as following. First, 

0.5(1-x) M of Zinc nitrate hex-hydrate Zn (NO3)2.6H2O and x(0.5) M of copper nitrate tri-

hydrate Cu(NO3)2.3H2O was prepared in a separate bakers by dissolved in the 40 mL of distilled 

water then, the second solution was added to the first solution to prepare (0.5%, 1%,2%,3%,4%,) 
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of copper doped zinc oxide, and stirring for 30 min. After that, under continuous stirring a 0.75 

M of NaOH was prepared by dissolving in the 80 mL and it was added to the above solution 

drop by drop until the pH of the solution reached 9.08 to precipitate Cu doped ZnO suspension 

gel. As result, the color of the solution changed from white to cyan(blue). Then, aging at room 

temperature for 48 hr. Finally, the solution was filtered by a centrifuge machine and washed 

with distilled water and ethanol several times. In the end, it dried overnight at 100 o C and 

calcined at 500 o C for 2 hr. The same procedure was applied to the synthesis of ZnO  by 

precipitation method without copper nitrate tri-hydrate. The schematic view of the synthesized  

Cu doped ZnO was displayed in Fig3.1.The synthesized sample represented as follows CZ-0.5, 

CZ-1, CZ-2, CZ-3, and CZ-4 for  0.5% ,1%,2%,3%,4%,respectively.                                                                                                                                                                                         

  

 

               Figure:3.1 . Schematically diagrams of the synthesizing of CZ-1        

3.2.3. Synthesized of Zn0.99Cu0.01O)/Ag3PO4 Composite  

CZ-1/Ag3PO4 in the molar (1:19) ratio were synthesized by in situ precipitation method 

as follows. First, 0.04881 g (0.0006 mol) of CZ-1 was dissolved in the 40mL of distilled water 

1. Aging and filtered 

2. Washing by ethanol and 

distilled water 

3. Dried in oven at 100 oC 

 

Then, calcined   

at 500oC for 2 h   

The obtained, CZ-1  
(5) 

(4) 

(6) 
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and  sonicated for 20 min, then 0.5678 g (0.011428 mol) of Na2HPO4 adding to the above 

solution, and stirring for 20 min. After that,5.809 g (0.03384 mol) of AgNO3 dissolved in the 

40 mL of distilled water  and added to the first solution drop by drop under continuous stirring, 

followed by stirring for 4 hr and aging overnight then it was filtered and washed by distilled 

water severally times. Finally, it was dried overnight at 100 oC. Schematic diagrams of 

synthesized Cu doped ZnO/Ag3PO4 were depicted in Fig3.2. The synthesis of a 1:39, 1:9 molar 

ratio of CZ-1 /Ag3PO4 composite applied the same procedure. The synthesized sample 

represented as follows symbolically 2.5(CZ-1)/A, 5(CZ-1)/A, and 10(CZ-1)/A. 

 

 

                Figure:3.2. Schematically representation Synthesizing of Cu-doped ZnO/Ag3PO4 

3.2.4.  Characterizations 

The crystal structure of the synthesized sample was determined by using X-Ray powder 

diffraction (XRD) (XRD-7000S Shimadzu) equipped with Cu-K𝛼 radiation with wavelength 

(λ=1.54 Å ) operated under a voltage and current of 40 kV and 30 mA, respectively, with wide-

angle ranging from 10 o to 80 o at a scanning rate of 3 degrees/min. The morphology was studied 

by using SEM(COXIEM-30). The optical properties of synthesized material such as bandgap, 

absorption of light, the reflectance were determined by using UV-Visible Diffuse reflectance 

spectroscopy (UV-visible DRS) (UVvis-3600plus Shimadzu) in the wavelength ranging from 

320-800 nm and the bandgap was determined by using barium sulfate (BaSO4) as reference. The 
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chemical bonding between materials and functional group in a synthesis material was studied 

by FT-IR spectrometer in the range of 4000-400 cm-1 (Ft/IR-6600 type A). The 

photoluminescence (PL) spectra were studied in the range wavelength from 250nm to 600nm 

were the excitation wavelength for Cu doped ZnO, Ag3PO4, and composite was done at 250nm, 

and the Xe laser excitation was used for a photoluminescence spectrometer. UV-visible 

spectroscopy was used for determining the absorbance of dyes lefted inside solution after light 

irradiated.The thermal property of Ag3PO4 was determined using DTA and TGA.  

3.2.5. Photocatalytic activity setup  

The photocatalytic degradation efficiency of Cu doped ZnO, Ag3PO4 calcined at various 

temperatures, and y(CZ-1)/A (where y=2.5, 5, 10%) composite was determined by the 

degradation of a methylene blue (model organic dye) from aqueous solution under visible light 

irradiation (λ>420nm, of 150W halogen  lamp). Typically, 0.0222 g of the photocatalyst was 

added to a 100 mL methylene blue aqueous solution of 10 mg/L, followed by sonication for 40 

min to achieve better dispersion and absorption–desorption equilibrium. Then put under the 

visible light halogen lamp, after that 5 mL of the solution was taken regularly from the reactor 

at 15 min. The reaction container was supplied with an outside jacket for water circulating to 

maintain the reaction proceeds at room temperature. Then, the absorbance of the filtered 

Methylene blue (MB) containing solution at a given time was measured under a UV-visible 

spectrometer at a wavelength of 664 nm. Finally, the degradation efficiency can be calculated 

by using equation (3.1) 

100*1deg%
o

t

C

C
radation  ………………………………………….(3.1) 

Where Co is the initial concentration before adsorption-desorption  and Ct is the concentration 

of the MB at a time t.  

Then degradation rate constant can be evaluated using the following formula.  

Kt
C

C

o

t 







ln ……………………………………………………………………..(3.2) 

Where K is the rate constant, and t is the reaction time. 
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CHAPTER FOUR 

4. RESULTS AND DISCUSSIONS 

4.1. Thermal analysis For Pristine Ag3PO4 

The thermal decomposition of a pristine Ag3PO4 studied by DTA and TGA  is indicated 

in Fig 4.1(a) and Fig 4.1b (b), the sample was heated in a nitrogen gas atmosphere at a 

temperature from 0 o to 1000 0C. As indicated in the Fig 4.1 (d), the total weight loss of the 

sample above 400 oC 1.505 % due to decomposition and melting of Ag3PO4. From the DTA in 

Fig 4.1(a), the endothermic peaks at 522 oC indicated the melting of Ag3PO4. These peaks did 

not show any phase change in the pristine Ag3PO4(Dhanabal, Chithambararaj et al. 2015) 

(Dong, Hou et al. 2016).Which consistent with the result we obtained in the XRD result in which 

the normal peaks found in the silver phosphate were starting to remove when calcined at 500 0C 

and 600 0C due to the melting of Ag3PO4. 
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             Figure :4.1.a) and b) DTA and TGA for pristine silver phosphate (Ag3PO4)   

  4.2. XRD analysis     

Figure 4.2 depicted the  XRD patterns of synthesis Ag3PO4 dried at 100 °C, and calcined 

at 200 oC, 300 °C, 400 °C, 500 °C, 600 °C. As shown in Fig.4.2 a, the body-centered cubic 

(BCC) crystal structure of Ag3PO4 of the JCPDS No of 06-0505 have the obvious peaks at 2θ = 

20.8°, 29.7°, 33.3°, 36.6°, 42.5°, 47.8°, 52.7°, 55.0°,57.3°, 61.6°, 69.9°, 71.9°, and  73.9°, and the 

correspondence planes were (110), (200), (210), (211), (220), (310), (222), (320),(321), (400), 

(420) and (421). From Fig.4.2 a, we observed that a body-centered cubic (BCC) phase of 
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Ag3PO4 was not changed with calcination at low temperature, but the intense and well-defined 

diffraction peaks and crystallized Ag3PO4 BCC crystal structure were decreased when a 

calcination temperature increased from 200 oC, 300 oC. According to reported by A.N. Martín-

Gómez et al, Ag3PO4 heated above 300 oC very small new phase such as Ag2O and Ag+ 

nanoparticle metals were detected (Martín-Gómez, Navío et al. 2020).but in our case the pristine 

Ag3PO4 crystal structure  retained its peaks and showed good thermal stability till the calcination 

temperature reached 400 oC this might be  due to lack of instrument to detected Ag2O and Ag+. 

Beyond this, the temperature at 500 oC and 600 oC lost its structure and crystallinity. A As 

indicated in Fig 4.1 b the XRD result for 200 oC and 600 oC used for comparing .As result , 

some of the peaks found in the pristine Ag3PO4  may hide or missing  from the respective peak 

Ag3PO4 calcined at temperature of 600 oC when compared to the one calcined at 200 oC this  

due to change in phase, or melting of Ag3PO4 and it would be owing to  changing from 

polycrystalline to single crystal.As we knew in another material, calcination at high temperature 

improved crystallinity(Noda, Lee et al. 2008). However, in the case of Ag3PO4, the relative 

intensity of the main peak (210) concerning the intensity diffraction peak (211) was decreased as 

calcination temperature increased, meaning that the crystallinity of these materials slightly 

decreased due to it lost its structure and orderity of atoms by melting at high temperature. Our 

result disproved the idea suggested by Ruifeng. C et al (Chong, Cheng et al. 2016), but consistent 

with the result reported by martin G et al (Martín-Gómez, Navío et al. 2020). 
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Table: 4.1. Determination of average crystalline size (D) (nm), FWHM (β°), Shifting of 2θ angle, 

changing of interplanar distance (d) (Å) for the Ag3PO4 calcined at various temperatures. 

Sample 2θ(°) FWHM(β°) d(Å) Av. Crystalline 

size(D)(nm) 

Micro-strain(ε)(10-3) 

100 oC-

Ag3PO4 

33.4005 0.1605 2.68057 47.40632 0.670775 

200 oC-

Ag3PO4 

33.3847 0.1636 2.6818 46.50996 0.683759 

300 oC-

Ag3PO4 

33.3037 0.2167 2.68814 35.12063 0.90588 

400 oC-

Ag3PO4 

33.3522 0.1504 2.68434 50.59625 0.628644 

500 oC-

Ag3PO4 

33.33 0.1501 2.68607 50.70032 0.627426 

600 oC-

Ag3PO4 

33.2396 0.096 2.69317 79.29076 0.40138 

 

As listed in Table 4.1, The calculated average crystalline size of silver phosphate dried 

at 100 oC and calcined at T=, 200 oC, 300 oC, 400 oC, 500 oC, 600 oC by using the Scherrer 

formula in equation 4.1, the results revealed the increase a calcination temperature from 200 oC 

to 300 oC, decreasing of crystalline size from 46.5099nm to 35.12063nm owing to broadening 

of diffraction angle FWHM (β) and increasing of the micro-strain which prevented nucleation 

and crystalline growth. However, further increasing of calcination temperaturefrom 300 oC to 

400 oC, 500 oC, 600 oC) increasesthe crystalline size which due to fusion or sintering, and 

melting of Ag3PO4 to form large size by aggregated, and diffusion particle to each other, and 

this contributed to lowering micro-strain at high temperature or releasing of a strain which 

causes for enlarged crystalline size. 
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  Figure :4.2a) XRD result of Ag3PO4 dried at 100 oC, and calcined at 200 oC, 300 oC, 400 oC, 500 oC, 

600 oC  b) XRD result of Ag3PO4-200 oC and Ag3PO4-600 oC 

Figure 4.3a ,shows  the XRD result of  ZnO and (Zn1-xCuxO) powders where (x=0.005, 

0.01, 0.02, 0.03, 0.04). It revealed that the higher intensity peaks of the planes (101) along with 

(100), (002), (102), (110), (103), (200), (112), (201), and (202) planes found in a pristine ZnO 

and for all Cu doping ZnO. All the diffraction patterns corresponding to the wurtzite crystal 

structure of ZnO of the space group P63mC (186) with the reference code of [JCPDS.No-00-

036-1451]. The evidence from the XRD result there are no additional  peaks emerged related to 

Cu, and CuO for small doping of the  Cu due to copper ions (Cu+2) was replaced Zn+2
 ions lattice 

site rather than the occupied interstitial site. However, as the concentration of Cu increase the 

new phase has emerged between 42° and 43° which was corresponding to the (111) plane of 

CuO [matched with JCPDS data card No .05-066]. The CuO formed when access Cu2+ ions left 

in the system solution reacted with oxygen. 

The replacement of Cu+2 ions for Zn2+ ions in the lattice site of ZnO affects the 

concentration of the interstitial Zn, oxygen vacancies, Zn vacancies(Muthukumaran and 

Gopalakrishnan 2012). From, Fig 4.3 a, we revealed that the intensity of all planes decreasing 

as the concentration of Cu in the ZnO lattice increasing, the reducing  of intensity owing to the 

defect and disorder formed by incorporation of Cu+2 ions into the ZnO crystal structure (Kadam, 

Kim et al. 2017). There was a small shift diffraction angle toward a large angle due to shrinkage 

of the ZnO lattice by incorporation of a small tetrahedral ionic radius of Cu+2 ions in the ZnO 

lattice site when compared to Zn+2 ions(Iribarren, Hernández-Rodríguez et al. 2014).However 

,Cu+2  ionic radii (0.072 nm) ,and Zn+2(0.074 nm) are very close to each other ,that is why Cu+2 
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easily substituted to ZnO lattice site , (Kadam, Kim et al. 2017). As indicated in the follows Fig 

4.3 b  for x=0.005 the diffraction angle shifted to a large angle which is (Δ2θ=0.03087) in the 

strong peaks (101) due to substitution small ionic radius of Cu+2 (0.072 nm)  ions in the lattice 

site of ZnO for  Zn+2(0.074  nm) ions. However, for CZ-1, CZ-2, CZ-3, and CZ-4 the 2θ shifted 

toward a small angle by the Δ2θ=(-0.02743, -0.04163, -0.02443, -0.02203 ), respectively owing 

to substitute a large tetrahedral ionic radius of Cu+  into ZnO lattice site. The electronegativity 

of Zn and Cu metals play prominent roles in the reactivity of Cu metals in the ZnO lattice site. 

It is known that as electronegativity decreases, the reactivity will increase, so the 

electronegativity of Zn and Cu could be 1.65 Pauling and 1.9 Pauling, respectively. So Zn needs 

less ionization energy to loss electron and its become higher reactive than Cu metal (Allred 1961, 

Asrofi, Abral et al. 2017). The average crystalline size of ZnO and Cu doped ZnO was determined 

by Scherer’s formula by using existing XRD data and assuming crystalline were cubic 

monodisperse in a size. All given data of XRD have been by fitting with a gaussian distribution 

function.  

                          




cos

K
D  ………………………………………………………………………………….4.1  

Where  D is the average crystalline size(nm),β°(FWHM) is the full-width half-

maximum,λ(0.1504nm ) is the wavelength of X-ray radiation, K(0.94)  is Scherer’s constants. 

The result clearly showed that the average crystalline size decreasing from 32 nm to 25.8 

nm for the Cu doping ZnO (when x=increased from 0 to 0.005) and (when x=0, 0.01, 0.02 0.03) 

the average crystalline size decreasing from 32 nm to 15 nm whereas for x=0.04 the crystalline 

raised to 20.67 nm . The decreasing of crystalline size due to the shrinkage, and distortion of the 

ZnO lattice site by external impurity inhibited nucleation and crystal growth of ZnO 

consequently, the particle size becomes smaller (Ashokkumar and Muthukumaran 2015). The 

FWHM shows the inverse trend of the crystalline size which matched with the relationship in 

the Scherer equations, the FWHM value listed in Table 4.2, For the Zn1-xCxO (where x is from 

0.005 to 0.04). and the larger crystalline size and small value of FWHM for CZ-4 than CZ-3 

due to the combined effect of copper ions substituted Zn2+ ions lattice site and the formation of 

the more secondary phase of the copper. Residual strain (ε) increasing with increasing Cu 
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contents and causes for decreasing of crystalline size and it was calculated by the following 

equation 4.2 (Ashokkumar and Muthukumaran 2015).  

              
4

cos
    …………………………………………………..............................4.2  

Where ε  is the  residual micro-strain  

 Table: 4.2. The 2θ(°), FWHM(β°),d-value(Å) ,the change diffraction angle (Δ2θ(Å) ,average 

crystalline size(D) ,micro-strain(ε) of Pristine ZnO and Cu doped ZnO. 

Sample 2θ(°°) FWHM(β°°) d-value(Å) Δ2θ(°) Av 

.crystalline 

size (D)(nm) 

ε(micro-

strain)*10-

3 

ZnO 36.33453 0.2358 2.46985 0 32.0092408 0.978 

 

CZ-0.5 36.3654 0.2924 2.46853 0.03087 25.81091476 1.212129 

 

 C Z-1 36.3071 0.2592 2.47236 0.02743 29.12180418 1.074679 

 

 CZ-2 36.2929 0.2747 2.47329 0.04163 27.47971708 1.138991 

 

  CZ-3 

 

36.3101 0.479 2.47282 0.02443 15.7584694 1.985983 

 

  CZ-4 36.3125 0.3651 2.472 0.02203 20.67448645 1.513732 

 

 

According to a working principle of XRD. The interplanar spacing (‘d’)and the diffraction angle 

was related by Bragg's law in equation 4.3.  

 sin2dn  …………………………………………………………………….4.3 

Where  n=1,2,3………..𝛌 is the wavelength of the incident X-ray beams  

 At the lower copper concentration of x=0.005 the d spacing decreasing due to shrinkage of 

lattice site),by substitution of small Cu+2 ions instead of Zn+2 ions. As result, a diffraction angle 
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was shifted to a larger angle  (Liu, Yang et al. 2009). The same result was reported by Kuylk et 

al(Kulyk, Sahraoui et al. 2009).Although  increasing of the inter-planar distance(d) for Cu 

doping ZnO (x=0.01,0.02,0.03,0.04)   compared to ZnO because of substitution large radius Cu+ 

ions for Zn+2 ions.Consequently, their diffraction angles were shifted to small angles. The same 

trend was reported by S. Muthakumaran et al(Liu, Yang et al. 2009, Muthukumaran and 

Gopalakrishnan 2012). We concluded that, for x= 0.005 small  ionic radius Cu+2 ions substituted 

for Zn+2 ions whereas for (x=0.01, 0.02, 0.03, 0.04) larger ionic radius of Cu+ ions was repaced 

for Zn+2 ions,and slight shift of diffraction angles and change interplanar distance(d) indicated 

that a  Cu really doped  in to ZnO lattice site. 
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 Figure:4.3.a) XRD result of pristine ZnO and Zn1-XCuXO (where x=0, 0.005, 0.01, 0.02, 0.03, and 

0.004),b) XRD result showed shifting of angle by doping  c) XRD result of Ag3PO4, CZ-1, and 5(CZ-

1)/A composite. 

 Figure 4.3c shows that the XRD result of a single component such as Ag3PO4-100 oC, 

CZ-1, and the XRD result of the 5(CZ-1)/A composite. As indicated in Fig4.3c, for the5(CZ-
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1)/A composite all peaks corresponding to 2θ=20.8 °, 29.7 °, 33.3 °, 36.6 °, 42.5 °, 47.8 °, 52.7 

°, 55.0 °,57.3 °, 61.6 °, 69.9 , 71.9° , and  73.9 °, and the correspondence planes was (110), (200), 

(210), (211), (220), (310), (222), (320),(321), (400), (420) and (421) so that all peaks have seen 

the same to a pristine silver phosphate of dried at 100 oC(Ag3PO4 -100 oC) of the body-centered 

cubic crystal structure (BCC) with a JCPDS No of 06-0505. The peaks of CZ-1 did not detect 

in the composite due to its smallest amount 

4.3. SEM analysis  

Figure 4.4, indicated the morphology of synthesized samples, (a, b) for Ag3PO4 (c, d) 

for CZ-1  (e, f) for 5(CZ-1)/A. As shown in a fig4.4(a,b), Ag3PO4 has a spherical shape 

morphology with large particle size.Fig4.4(c,d), shows the morphology of a 1% Cu doped ZnO 

(CZ-1) and it has a spherical-like shape with a small size. Moreover, as shown in Fig 4.4(e,f), 

the morphology of 5(CZ-1)/A composite similar to Ag3PO4, but the small spherical particle size 

of CZ-1 dispersed on the surface of Ag3PO4 which offers a high surface area for the composite. 

Therefore, the deposited CZ-1 on the surface of Ag3PO4 was observed from the SEM image of 

the composite, t indicating the formation of Cu doped ZnO/Ag3PO4 composite.  
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Figure: 4.4 .SEM image of a) and b) for Ag3PO4  ,c) and d) for CZ-1,e) and f)  for 5(CZ-1)/A 

b) 

c) d) 

e) f) 

a) 
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4.4. UV-Visible absorbance study  

Figure 4.5(a) indicated UV-vis DRS absorption spectra of Ag3PO4 dried at 100 oC, and 

calcined at 200 oC, 300 oC, 400 oC, as shown in Fig 4.5(a), absorption of Ag3PO4 calcined at 

200 oC high in both UV–region and a visible region, and the absorption edge for 200 oC was 

about 533 nm L et al (Luo, Xu et al. 2015).All silver phosphate harvest visible light, but the 

percentage harvest light i dependi on the bandgap of Ag3PO4, thus among Ag3PO4 dried at 

temperature 100 0C, and calcined at 200,300,400 0C, the one calcined at 200 oC have high 

absorption of light  when  because silver nanoparticle decorated on the surface of Ag3PO4 when 

it calcined at high temperature helping to harvest large solar light   due to it have plasmon 

resonance effect, thus the absorption of  Ag3PO4-200 0C in UV region and visible region high . 

Fig 4.5 (c, d, e, f), shows the bandgap determined by using the Kubelka-Munk 

function(Chandekar, Shkir et al. 2020). 

                                    𝑭(𝑹) =
𝑲

𝑺
=

(𝟏−𝑹)𝟐

𝟐𝑹
……………………………………………………………………………4.4 

 

Whereas, F(R) Kubelka-Munk function, k absorption coefficient, s is the scattering factor), R is 

reflectance.(Banu Bahşi and Oral 2007). 

The bandgap (Eg) determined from the following relations.  

                               (𝑭(𝑹)𝒉𝒗)
𝟏

𝒏 = 𝑨(𝒉𝒗 − 𝑬𝒈) …………………………………………………………………………………………….4.5 

Where n=1/2 for direct bandgap semiconductor and n=2 for indirect semiconductor 

(Taddesse, Alemu et al. 2020).As reveals in Figure 4.5. (c,d, e, f), the bandgap of Ag3PO4-100 

0C, Ag3PO4-200 0C, Ag3PO4-300 oC, Ag3PO4-400 oC were 2.47 eV,2.49 eV,2.45 eV,2.44 eV 

respectively, so it ascribes that calcination of Ag3PO4  not have an effect on its band gap . high 

absorbance of light for Ag3PO4 calcined at 200 oC  due to silver nanoparticle decorated on the 

surface of Ag3PO4this happened  due to structural modification or shrinkage, and decomposition 

of Ag3PO4 during calcination at high temperatures. This result suggested Ag3PO4 calcined at 

200 oC harvesting a large amount of solar light to generate charge carriers which attributed to 

degrade organic dyes from aqueous solution. 

Figure 4.5b. Reflectance versus wavelength, as we have seen from Fig 4.5b , the 

percentage of reflectance for CZ-1 is low when compared to pure ZnO in the visible region this 
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shows doping causes little  shrink a bandgap of ZnO which was attributed to the redshift of the 

absorption edge ZnO to a longer wavelength. Red-shifted recognized (improved) the 

incorporation of Cu into the ZnO lattice site. Consequently, the reflected light is low as shown 

in Fig 4.5b, in the visible light range. The red shifted to a longer wavelength owing to the micro-

strain in a ZnO lattice structure which attributed to the decrease optical band gap of ZnO. 

Incorporation of Cu in the ZnO decreasing the band structure. The small size has a high surface 

area to volume ratio with a larger optical band gap, but in the case of Cu-doping inverse trends 

were being observed. The decrease of band gap as we have seen for CZ-1 when compared to 

ZnO in Fig 4.5g, owing to p-d electron interaction between free electrons in the valance band 

and localized d-electrons in the metals (Diouri, Lascaray et al. 1985, Li, Li et al. 2011).so the 

calculated bandgap by using the Kubelka –Munk function in equation (4.4) and by  The 

band gap  for CZ-1, and pristine ZnO is 3.24 eV and 3.26eV respectively. Theoretical the 

bandgap of Cu-doped ZnO was estimated by Vegard laws as follows in equation 4.6. 

(Zn1-xCuxO)=Eg (xCuO)+Eg(1-x)ZnO………………………….............………..4.6 

where x is the molar ratio of Cu ions and Eg the bandgap of respective 

materials(Chandekar, Shkir et al. 2020). 

The optical band gap (Eg) of ZnO and CuO is 3.37eV,1.2 eV respectively (Bouras, Mecif 

et al. 2018).The calculated band gap for CZ-1 is 3.34 eV .so from both experimental and 

theoretical theory the bandgap of ZnO shrink with the incorporation of  Cu ions in the ZnO 

lattice. Our result was consistent with theoretical and experimental data (Chandekar, Shkir et al. 

2020). 
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Figure:4.5.UV-Visible diffuse reflectance spectroscopy(DRS):-a)Absorption for Ag3PO4 calcination  at 

various temperature b)%R vs wavelength for ZnO and Cu doping ZnO ,c),d),e),f) the calculated band 

gap of Ag3PO4 dried at 100 oC and calcination at temperature ,200 o,300 o,400 oC respectively)g) Band 

gap calculation for ZnO and  CZ-1 h) Light Absorption of 5(CZ-1)/A ,Ag3PO4 ,CZ-1. 

 

From the UV-Visible diffuse reflectance spectroscopy (DRS). As shown in Fig 4.5(h), 

the absorption edge of CZ-1 and Ag3PO4 was 370 nm, 467 nm respectively. We noted that CZ-

1 high absorption in the ultra-violate region than Ag3PO4. When CZ-1 was combined with 

Ag3PO4 the absorption edge 456nm which between the absorption edge of CZ-1 and 

Ag3PO4.The absorption ability of the 5(CZ-1)/A composite in the visible range is high when 

compared to the single component due to the absorption of  two materials have been superposed 

which contributed to enhance  the absorption of visible  light for composite .   .  

Photoluminescence spectroscopy (PL) adopted in Fig 4.6(b), to study recombination of 

photogenerated electron-hole pairs in the  composite in detail. In general, the higher 

photoluminescence peaks indicated high recombination of electron-hole pairs. As shown in Fig 

4.6(b), the PL of CZ-1, Ag3PO4, and 5(CZ-1)/A excited at a wavelength of 250nm, and the 

observed intensity for the composite much lower than CZ-1 and Ag3PO4 which refers to the 

recombination photogenerated electron-hole pairs inhibited by the formation heterojunction 

between CZ-1 and Ag3PO4 due to the charge transferring between single component 

semiconductor interface. Consequently, charge carriers recombination is suppressed which will 

improve  the photocatalytic activity of a single component where  the  heterojunction is formed 
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 Figure: 4.6.FT-IR spectra of Ag3PO4, CZ-1, and 5(CZ-1/A) composite b) The photoluminescence 

spectroscopy CZ-1, Ag3PO4, and (CZ-1/A).  

  3.5. FT-IR analysis  

Figure 4.6(a) Displays FT-IR spectra of Ag3PO4, CZ-1, and 5(CZ-1)/A composite. As 

recognized in the Ag3PO4, a wide absorption of spectra in the range of 2886 cm-1 to 3668 cm-1 

ascribe that O-H stretching vibration bond and the peaks at 1662 cm-1 O-H-O bending vibration 

bond due to adsorption of water on the surface of catalyst which can be attributed for adsorption 

of polar molecules(Zhu, Duan et al. 2020). The two peaks were found at 547 cm-1 and 1003 cm-

1 could be indicated the characteristics of asymmetric stretching of P-O bond and bending 

vibration of P-O bond of PO43-(Zhu, Duan et al. 2020). 

 For the pure Cu-ZnO the peaks in the range of 400-600 cm-1 corresponding to the Zn-

O bond, and the peaks in the range of 629-1014 cm-1 belong to the stretching vibration of Cu-

Zn-O and change microstructure feature of ZnO, due to the addition of Cu into the Zn-O lattice 

structure (Muthukumaran and Gopalakrishnan 2012). The broad absorption peaks observed at 

around 3417 cm-1  and 1642 cm-1are attributed to the O-H stretching vibration of water (H2O) 

in the Cu-Zn-O lattice structure (Muthukumaran and Gopalakrishnan 2012). This may be due 

to atmospheric moisture or moisture absorbed on the surface of the catalyst and peaks appeared 

between 2852 cm-1 and 2947 cm-1, are attributed to the existence of CO2 molecules in the air  

which ascribe the streaching of C-O bond.  (Vijayaprasath, Murugan et al. 2015). Moreover, the 

peaks at 1003 cm-1 shifted to 989 cm-1 in the 5(CZ-1)/A which ascribed the formation of 

composite by strong interaction between Cu-ZnO and Ag3PO4. However, the actual peaks of a 
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pure CZ-1 were not be detected on the composite since a small content of CZ-1 exists in the 

composite(Zhu, Duan et al. 2020). 

4.6. Photocatalytic activity Evaluation  

Under this section, the photocatalytic activity to degrade methylene blue, for Ag3PO4 

dried at 100 oC  and calcined at ,200,300,400,500,600 oC and ZnO,CZ-0.5 ,CZ-1,CZ-2,CZ-

3,CZ-4 and for 2.5(CZ-1/A), 5(CZ-1/A), 10(CZ-1)/A composite are discussed  in this 

section.The different external parameters which affected the photocatalyst activity were studied 

and the photogenerated charge transferring principle for Z scheme CZ/A-5 has been proposed 

and is discussed under this part. 

 

Figure: 4.7.UV-visible spectroscopy absorbance of MB by Ag3PO4 at 200 oC and b) degradation 

efficiency of Ag3PO4 calcined at various temperatures. 

The photodegradation efficiency of methylene blue for pristine Ag3PO4 and Ag3PO4 

calcined at different temperatures was elucidated in Fig 4.7, the photodegradation efficiency of 

Pristine Ag3PO4, and Ag3PO4 calcined at different temperatures listed in decreasing order as 

followsT-200 0C>T-100 0C>T-300 0C>T-400 0C>T-500 0C>T-600 0C.Fig 4.7a, indicated the 

absorbance of methylene blue at various times for Ag3PO4 calcined at 200oC, and the absorbance 

of methylene blue closed to or almost zero when the reaction time reached 30 min. Hence, 

Ag3PO4-200 OC completely removes MB in 30min.  

From Fig 4.7b we were understanding that, the photocatalytic activity Ag3PO4 calcined 

at 200 oC higher than others which it is degradation efficiency 98%  at 30min which matched 
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with previously reported by Pengyu which the degradation of Ag3PO4 calcined at temperature 

200 oC was 96 % 60 min this reveals high photocatalytic efficiency to  degrade  methylene blue 

(Dong, Hou et al. 2016). This calcination of Ag3PO4 significantly enhanced the photocatalytic 

activity toward degradation organic dye from aqueous solution due to the formation of oxygen 

vacancy which enhanced charge mobility and reducing recombination of charge carriers which 

both are contributed to enhancing photocatalyst activity. Ago NPs decorated on the surface of 

Ag3PO4 when it is calcined at 200 oC   enhance the visible light absorption at localized point 

which matched with the result obtained at Fig 4.5 a . Since Ago nanoparticles  have  localized 

surface plasmonic resonance  (LSPR) effect. In addition to this, silver decorated on the surface 

of silver orthophosphate inhibited photo corrosion and delayed charge carriers recombination 

by scavenged the electron in the conduction band before combining with Ag+ ions in an 

interstitial site (Li, Fang et al. 2015). However, if the amount of silver decorated on the surface 

Ag3PO4 excess amount its shielding and overshadow the LSPR effect has been occurred and 

undermining the photocatalytic activity Ag3PO4. Therefore, the degradation efficiency of  

Ag3PO4 was calcined at 300 oC and 400 oC low compared to others. 
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Figure :4.8.The photo-degradation efficiency of CuxZ1-xO(where x=0 to 0.04).a) Absorbance of MB vs 

wave length at various time b) Ct/Co vs time c)% degradation Vs time d) Ln(Ct/Co) Vs time e) 

determined rate constant for Cu doping ZnO and pristine ZnO (K)(min-1). 
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Figure 4.8 showed that the photocatalytic activity of pristine ZnO and Cu doping ZnO 

when the doping molar percentage of Cu was 0.5%,1 %,2 %,3 %,4 %. The photocatalytic 

activity depending on the amount of impurity or Copper inside pristine ZnO, the photocatalytic 

performance of the pure ZnO and Cu doping ZnO was evaluated toward degradation of 

methylene blue( MB) under visible light.. 

From Fig 4.8 b, we observed that the degradation of the dye from the aqueous solution 

increasing with increasing the content of Cu+2  from 0.5 %  up to  1 % and then further increasing 

of the Cu+2  ions content decreasing degradation efficiency of the dyes, so a CZ-1 has high 

photodegradation performance than pure and others doped ZnO. Fig 4.8a  shows that the 

decrease of the absorbance of methylene blue (MB) as time photo reaction increasing for CZ-1, 

and reached minimum value at 90min. Fig 4.8b, indicated  Ct/Co versus photoreaction time to 

degrade the dyes by ZnO and Cu doped ZnO, so from the result we have seen that CZ-1 highly 

reducing the initial concentration of the dyes at 90min.Fig 4.8d, shows that degradation 

efficiency of  pristine ZnO and Cu doping  doping ZnO from the result we observed that the 

degradation efficiency to remove methylene blue (MB) for a pristine ZnO ,CZ-1,CZ-2,CZ-3 and 

CZ-4  was 66 % ,78% ,88% ,74% ,68 % ,58 % respectively. Fig 4.8d, shows that the ln (Ct/Co) 

versus photoreaction time for degradation of dyes from aqueous solution. From the result we 

were understanding ln (Ct/Co) decreasing linearly as the time of the photoreaction was 

increasing. Linearly relationship explains that the degradation of methylene blue (MB) from 

aqueous solution is following pseudo-first-order kinetics given by the above equation 3.2. From 

the plot of ln (Ct/Co) versus reaction time, the rate constant was calculated as slope and it was 

listed in Fig 4.8e, for all catalysts. From the result, we observed that the rate constant gradually 

increases from 0.01223 min -1 to 0.01856 min -1 when the doping of Cu +2 ions increasing from 

0.5 % to 1 %, then decreasing and reached 0.00757 min-1 when the doping concentration reached 

4 %  Cu +2 ions. At all, the highest photocatalytic efficiency was observed for Cu doping ZnO 

compared to ZnO due to doping of Copper producing oxygen vacancy, decreasing size of the 

particle, decreasing the bandgap of the material which helps to extends the light absorption into 

visible light to harvest a large amount of solar light to generated numbers electron-holes pairs 

which attributed to degradation of organic dyes from the wastewater by forming reactive oxygen 

species such as superoxide radicals (oO-2), hydroxide radicals (oOH), hydrogen peroxide 
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(H2O2).. In our result ,the reflectance of CZ-1 low in the visible light range which means a high 

visible absorbance than ZnO so, the photocatalytic activity of CZ-1 much better than ZnO. 

Therefore, the photocatalytic activity of pure ZnO was highly improved by doping Cu+2 ions. 

However, further increasing Cu doping reducing the photocatalytic activity due to producing 

secondary phase CuO in the small amount which was not contributing to enhancing 

photocatalytic activity, excess cu+2 ions acts the recombination of center for electrons -holes 

pairs(Kadam, Kim et al. 2017), which would  suppress the photocatalytic activity of Cu doping 

ZnO at high concentration. 
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Figure:4.9 .The photo-degradation performance of MB for composite and single component .a) UV-

Visible spectroscopy absorbance of MB for 5 (CZ-1)/A b) Ct/Co vs time c) % degradation Vs time )d) 

Ln (Ct/Co) Vs time e) the rate constant for different catalyst. 

In the above Fig 4.9, the photocatalytic activity of a single component and optimized 

composite were evaluated. As shown in Fig 4.9a,the absorption of a methylene blue inside the 

aqueous solution decreasing as the irradiation time of visible light increasing when 5(CZ-1)/A 

catalysts were added to the solution. Consequently, the color of the solution was gradually 

changed from blue to colorless pure water after 90 min. Fig 4.9b, and Fig 4.9c, indicated that 

the Ct/Co versus irradiation time and degradation efficiency versus irradiation time for CZ-1, 

Ag3PO4, and for optimized y(CZ-1/A) (where y=2.5,5,10). Ct/Co was decreasing when the time 

of irradiation was increasing, and also the efficiency of the degradation was increasing parallel. 

From the result, we investigated that the photocatalytic activity of 5(CZ-1)/A is higher than 

Ag3PO4, and  CZ-1. Enticingly, degradation efficiency value for 5(CZ-1)/A), Ag3PO4, and CZ-

1 was 95%, 82%, 88% respectively when irradiation time reached 90 min. In addition to this, 

the degradation efficiency of the composite increasing when the percentage of CZ-1 decorated 

on the Ag3PO4 were increasing from 2.5% to 5%. Nevertheless, the excess decoration of CZ-1 

nanoparticles on the surface of Ag3PO4 was not further enhanced the photocatalytic activity of 

the composite due to shielding the absorption of the light by Ag3PO4 and hindering the dyes into 

active site materials(Chen, Dai et al. 2015). As a result, the degradation efficiency of 10(CZ-

1)/A  is lower than (CZ-1)/A.Fig4.9d,indicated that ln (Ct/Co) versus irradiation time. ln (Ct/Co) 
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decreasing linearly with irradiation time. From this, we  clearly understand that  degradation of 

methylene blue  from aqueous solution could be fitted to pseudo-first-order kinetics.  

The rate constant K (min-1) of each component obtained was similar to the slope of the 

line corresponding catalyst. As listed in Fig 4.9e, the degradation rate was gradually increasing 

as the content of CZ-1 increased and reached the maximum value of 0.0284 min-1 at 5(CZ-1)/A 

composite and then diminishing to 0.01153 min-1 for 5(CZ-1)/A. So the 5(CZ-1)/A composite 

exhibits a higher photodegradation rate which was two times that of an original of Ag3PO4. The 

reason behind enhancing the photocatalytic activity of composite is decreasing of charge 

recombination of injected  charge carriers between junction interface, due high absorption of 

light than single component by superposition of two materials ,  increasing of surface area when 

small size CZ-1 combined with large size of Ag3PO4 enhance degradation efficiency, and  photo 

corrosion of the silver phosphate(Ag3PO4) suppressed  by increasing the number of electrons 

transferring to the conduction band Ag3PO4 by facilitated multi-oxidation reaction and inhibit 

the formation large number of a black Ago nanoparticle which is causes for photocorrosion.. 

The same result was obtained by Ning et al which 5 %wt NiO/Ag3PO4 composite shows high 

photo removing for the methylene blue (MB) and RhB than a single component (Santos, Martins 

et al. 2020). 

4.6.1. Effect of external factors   

The plot Ct/Co versus time in Fig 4.10a, shows the effect of catalyst dose on the removal 

efficiency of methylene blue inside an aqueous solution. From the result we investigated, 

increasing of catalyst amount from 0.222 g/L to 0.444 g/L were increasing the degradation 

efficiency of methylene blue from 94 % to 97 % due to increasing active site to harvest light by 

5(CZ-1)/A, and generate many charge carriers which were attributed to the creation reactive 

oxygen species which was highly participating in a degradation activity. However, further 

increasing catalyst dose is decreasing the removal efficiency of dyes from aqueous solutions 

since the excess amount of catalyst inside the solution preventing or shielding the light to reach 

the active site to exciting electrons from the valance band to conduction due to turbidity of the 

solution and agglomeration the particle. Consequently, the removal efficiency of methylene blue 

(MB) decline for 0.666 g/L.The plot Ct/Co in Fig 4.10b, reveals the effect of solution pH on 

photocatalytic activity. The degradation of methylene blue low at the acidic medium since the 
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composite surface charge is negative so that when it is imposed to acidic medium the surface 

was positively charged by protonated. As result, the degradation efficiency for cationic 

methylene blue was low owing to the electrostatic repulsion between surface positive charges 

and cationic dyes, and the surface becomes negative charge when 5(CZ-1)/A catalyst was 

imposed to basic medium. Therefore, the surface charge repels OH- ions on the solution by 

electrostatic repulsion force, but the cationic methylene blue in the solution adsorbed to 

negatively charged surface by the phenomena of electrostatic attraction force. As a result, the 

removal efficiency of 5(CZ-1)/A  for methylene blue high at pH=10 which was 95%, and low 

at pH=3 and pH=4 which is 54%, 80% respectively. 
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Figure:4.10. The effect of a) catalyst amount b) PH of the solution toward degradation of methylene 

blue from aqueous solution for 5( CZ-1)/A composite.  

4.6.2. Recyclability and the possible Photocatalytic mechanism  

Recyclability or reusability, stability issue of catalyst evaluated for three series by using 

5(CZ-1)/A composite at 90 min.The experimental result indicated that in Fig 4.11a, the 

degradation efficiency of catalyst at first run, the second run, and the third run was 94.4%, 

91.56%, 84.6%, respectively, but gradual decreasing of degradation efficiency may be due to 

the loss of catalyst during filtration, and also an agglomeration and sedimentation of the dyes 

after each run experiment around the active site of a catalyst were which the possible cause for 

decreasing degradation rate because at each run of photocatalysis needs a new surface catalyst 

for adsorption of dyes, so in this case, a new surface was unavailable for dye adsorption and 
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photon adsorption, resulted in decreasing of degradation efficiency catalyst(Taddesse, Alemu et 

al. 2020). 

  To study the possible mechanism of photocatalyst estimation of conduction band edge 

and valance band edge could be prominent, So the ECB and EVB edge was calculated by 

using Mulliken electronegativity formula as follows(Chen, Wang et al. 2013) 

 

 𝑬𝑽𝑩 = 𝑿 − 𝑬𝒐 + 𝟎. 𝟓𝑬𝒈 ………………………………………………………………………………….4.7 

 𝑬𝑪𝑩 = 𝑬𝑽𝑩 − 𝑬𝒈………………………………………………………………………………………… 4.8 

Where as, X the  absolute electronegativity of a given semiconductor, Eo is the energy 

of the free electron in the hydrogen scale (4.5 eV), and Eg the bandgap of the respective 

semiconductor. Electronegativity for Cu doped ZnO and Ag3PO4 could be 5.505(Bekkari, 

Laânab et al. 2020) and 5.965 (Taddesse, Alemu et al. 2020)respectively. So the calculated 

conduction band edge(ECB) and valance band edge (EVB) for Ag3PO4 and CZ-1 versus normal 

hydrogen electrode (NHE) could be 0.23 eV ,2.7 eV and -0.615 eV ,2.625 eV  ,respectively. 

From the arrangement of band structure, we were understanding that the conduction band edge 

potential of Ag3PO4 much positive than the single-electron reduction process potential of (-

0.046 eV), thus single-electron reduction for producing superoxide radicals (•O2
-) did not take 

place on the conduction band of Ag3PO4. Based on the above value, a Z- scheme( type II) band 

structure arrangement was proposed to enhance the photocatalytic activity of the 5(CZ-1)/A 

composite which indicated in the following Fig 4.11b, Under visible light irradiation on the 

5(CZ-1)/A composite the electron-hole pairs were generated in both single component of the 

composite, thereby the electron in the conduction band of CZ-1 plausible jumping to the 

conduction band of Ag3PO4 and reduced O2 to superoxide radicals (-oO2) and degraded 

methylene blue (MB) to H2O and CO2 While the hole in the conduction band of Ag3PO4 

transferring to the conduction band of CZ-1 so both phenomena attributed to suppressed the 

recombination of charge carriers. The excess electron on the conduction band of Ag3PO4 

facilitated a multi oxidation reaction (2e-+O2+2H+ =H2O2), and H2O2 further reacts with single 

electros (H2O2 +e- = oOH) form hydroxide radicals consequently,  oOH radicals reacted with 

methylene blue and decomposed it into CO2, H2O, and non-toxic by-products. In this case photo 

corrosion of Ag3PO4 inhibited by the domination of the multi-oxidation process reaction than 

the combination Ag+ ions with single electrons to form black Ago nanoparticle which the main 
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reason for an instability and photo corrosion of Ag3PO4.The holes in the valance band of Cu 

doped ZnO  proceeded the two reactions to decompose of dye from an aqueous solution. The 

first reaction was h+ directly reacted within organic dyes, and changed it in CO2 and H2O. In the 

second reaction, the hole reacted with H2O and formed oOH radicals while it has been reacted 

with dyes, and decompose into carbon dioxide and water. Therefore, the overall mechanism in 

the 5(CZ-1)/A composite were improved the photocatalytic activity and instability of a single 

component. The detailed mechanism of the photocatalyst was illustrated in Fig 4.11b. 
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 Figure: 4.11. (a)Reusability experiment (b)the photocatalytic mechanism of Cu-ZnO/Ag3PO4 

composites systems 

b) 
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CONCLUSIONS AND RECOMMENDATIONS 

Photocatalysis is a promising method to remove organic dyes from an aqueous solution Several 

semiconductor materials are used to degrade dyes among that Ag3PO4 best entrant photocatalyst 

to remove pollutants from wastewater ascribable to high absorption visible light (quantum 

efficiency up to 90% ), but its acivity limited  by photo corrosion, recombination of charge 

carriers.  In this study, Zn0.99Cu0.01O/Ag3PO4 composite was synthesized by in situ precipitation 

methods. The light absorption of 5(CZ-1)/A composite high in the visible range than CZ-1 and 

Ag3PO4 while low recombination of charge carriers than single component   because  the 

absorption superposition of single component and charge transferring between the junction .As 

result ,  5(CZ-1)/A showed good photocatalytic activity than other optimized composites such 

as 2.5(CZ-1)/A ,10(CZ-1/A) and single component .Where the degradation efficiency of 5(CZ-

1)/A  94% . photo corrosion suppressed for Ag3PO4 by speed up multi-oxidation reaction at 

conduction bandgap of Ag3PO4. Results showed that the degradation efficiency of methylene 

blue(MB) achieved by 5(CZ-1)/A, Ag3PO4, and CZ-1 were 94%, 82%, 88% respectively. The 

pH value and catalyst dosage affect the removal efficiency of dyes. So 95% MB were removed 

at pH=10 owing to high adsorption of methylene blue (MB) to the negative surface of 5(CZ-

1)/A catalyst as well as increasing of catalyst amount increased degradation activity due to many 

charge carriers were generated to produce reactive oxygen species to degrade dyes so, 97% 

methylene blue was removed at 0.0444g/L.Excess amount catalyst minimizing removal 

efficiency due to turbidity causes for light shielding. The Ag3PO4  calcined at 200 oC shows 

remarkable removal efficiency for methylene blue than pristine died at 100 oC and calcined at 

300 oC,400 oC,500 oC,600 oC,600 oC owing to the low bandgap of Ag3PO4 and high absorption 

visible light and resulted in 98% methylene blue were degraded at 30min. Therefore, coupling 

of Cu doping ZnO with Ag3PO4 and calcined Ag3PO4 at 200 oC improved removing efficiency 

of methylene blue forAg3PO4. 

Besides my work, I will recommend many works that lifted me to enhance the photocatalyst 

performance of Ag3PO4 in practical application. 

1. The synthesizing parameters such as stirring time, synthesizing temperature, aging time, 

and different synthesizing methods did not discuss. 
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2. synthesizing of Ag3PO4 from waste  by-products like Eggshell membrane(ESM) and 

bones which are the  source of phosphate (PO4-)  

3. The doping of large bandgap semiconductors (TiO2 and ZnO) and coupling with Ag3PO4 

did not study further. 

4. Band modification of Ag3PO4 by doping has not been conducting, so it is one of the hot 

research areas in the future. 

5. Decoration of various Noble metals and metal oxide semiconductors on different 

morphology Ag3PO4 is one of the insights in the future. 

6. Coupling of Ag3PO4 with silicate-based material extracted from waste by-products of 

industry (e.g from .bagasse from sugar cane firm) and different silicate clay. 

7. Synthesizing of ternary composite P-Co3O4/n-ZnO/Ag3PO4 did not conduct till now, this 

my future work if I get chance to conduct research. 

8. Synthesizing of Ag3PO4 by using various natural extracted templates. 
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