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APPROACH OF TRANSITION METAL CATALYSTS 

IN PURIFICATION OF WASTE WATER 
 

Abstract 

 

In today’s era, water scarcity is one 

of the major issues to be dealt with. Among 

various methods developed for wastewater 

treatment adsorption technique has proved 

to be a very effective and sustainable tool. 

The present chapter deals with the use of 

transition metals as catalysts for a total 

solution to the complex problem of 

wastewater treatment. Various transition 

metals such as iron, copper, nickel, 

manganese, Palladium, Titanium, and cobalt 

due to their distinctive electronic properties 

which are because of the presence of d-

orbital have been utilized for wastewater 

treatment by oxidative and reductive 

mechanisms. A  detailed elaboration of 

different processes used and metal catalysts 

like a platinum catalyst, copper oxide zinc 

oxide, iron oxide,  tungsten trioxide, etc has 

been discussed. Additionally, various 

recovery and regeneration techniques of 

spent adsorbents including filtration, 

centrifugation, and magnetic separations are 

discussed in detail. Therefore, the unique 

properties and versatility of transition 

metals in catalyzing pollutant degradation 

processes position them as powerful tools 

for improving waste water management 

strategies. 
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I. INTRODUCTION 
 

Environmental degradation and shortage of water have been one of the most sensitive 

issues today, due to our rapidly expanding global population and economic 

development.India and many other countries, is experiencing worst droughts in its history 

which is an alarming situation. Water scarcity is increasing day by day, creatingthe situation 

that the country is almost on the verge of losing all its fresh water. Demand for freshwater is 

rising to a peak with industrial activities, agricultural development, and domestic uses. [1] 

Effective treatment and reuse of wastewater is indeed a crucial aspect of sustainable water 

management.  

 

Wastewater is any water that has been adversely affected in quality by anthropogenic 

influence which includes water from domestic, industrial, commercial, or agricultural 

activities. Wastewater encompasses a broad range of potential contaminants and 

concentrations, depending on its source. It can include water from sources such as sinks, 

showers, toilets, washing machines, and dishwashers. Sewage typically contains a mix of 

physical, chemical, and biological contaminants including human waste, soaps, detergents, 

food scraps, oils, and other organic materials. Wastewater treatment process manages to 

remove contaminants from used water. [2-3] as it is very essential for environmental 

protection and maintaining public health. Wastewater if untreated, contains various types of 

pathogens, organic pollutants, industrial wastes and heavy metals that are major source of 

adulteration of drinking water sources which are responsible for causing many non-curable 

diseases.  

 

Wastewater can also come from livestock operations, in the form of animal waste or 

the excessive use of antibiotics. In aquaculture, wastewater may contain excess feed, waste 

products, and chemicals used to treat diseases. Discharging untreated wastewater directly into 

the environment leads to the degradation of aquatic ecosystems, the depletion of water 

bodies, and the accumulation of harmful pollutants in the environment. Therefore, treatment 

of wastewater is a topic of interest in order to reduce the risk of waterborne diseases and in 

favour of public health protection and to balance the ecosystems. [4-5] Reusing the treated 

wastewater provides an alternative, reliable source of water, which also known as water 

recycling.  

 

This includes irrigation, industrial processes, groundwater recharge, and even direct 

potable reuse after appropriate treatment levels.Water reuse reduces the demand for 

freshwater, thereby conserving limited freshwater resources. It provides a reliable water 

supply, especially in dry regions or during periods of drought. It can also reduce the energy 

usage and environmental pollution associated with extracting and transporting freshwater.The 

reuse of wastewater also present technical challenges related to ensuring the treated 

wastewater meets the quality standards for its intended use, economic challenges related to 

the cost of advanced treatment processes, and social challenges related to public acceptance. 

[6]Sewage can also contain pathogens, including bacteria, viruses, and parasites that can 

cause diseases.[7-8]Runoff from roads isalso known as storm water runoff, this is water from 

rain or melting snow that flows over the ground surface and pick up pollutants such as oils, 

heavy metals, pesticides, fertilizers, and litter from roads and other paved surfaces that  can 

lead to water pollution if it is not effectively managed and treated [9].  

https://www.circleofblue.org/indiawater/
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Agricultural wasteincludes runoff from fields, which can carry soil, organic matter, 

and agrochemicals such as fertilizers and pesticides. Agricultural wastewater can cause 

eutrophication, destroy aquatic life, and contaminate drinking water sources if it is not 

adequately handled. [10] Industrial wastewater refers to wastewater produced from industrial 

activities. The nature of these wastes can vary widely depending on the industry. For 

example, the textile industry may produce wastewater containing dyes and solvents, the metal 

industry may produce wastewater containing heavy metals, and the food and beverage 

industry may produce wastewater high in organic matter. Untreated or improperly treated 

industrial wastewater can have severe impacts on both human health and the environment. 

[11] Properly treating and managing wastewater is crucial for protecting human health, 

preserving the environment, and ensuring the sustainability of our water resources. Which 

can prevent pollution, disease transmission, and the degradation of ecosystems, while also 

reclaiming valuable resources and contributing to water security.  

 

The effective treatment of wastewater can transform it from a potential hazard into a 

valuable resource. It is typically characterized by various contaminants, each posing distinct 

threats to both the environment and public health. Heavy metals such as lead, mercury, 

arsenic, and cadmium are common contaminants often found in wastewater. They originate 

from various industrial processes and improper disposal of consumer products. These metals 

are not biodegradable and tend to accumulate in the environment and living organisms, 

leading to severe health problems such as neurological disorders and cancer. [12]Organic 

pollutants include various compounds such as pesticides, pharmaceuticals and dyes. These 

compounds can be resistant to conventional treatment methods, leading to their accumulation 

in water bodies.  

 

They can have harmful effects on aquatic life and can also pose risks to human health 

if they contaminate drinking water sources. [13]Pathogens, including bacteria, viruses, and 

parasites, are biological agents that can cause diseases. They commonly enter wastewater 

through sewage and untreated human waste. These pathogens can cause a range of diseases, 

such as cholera, dysentery, and typhoid, posing a significant public health risk. [14] The 

development and implementation of innovative and sustainable wastewater treatment 

technologies are of paramount importance. Among the various techniques being explored, the 

utilization of transition metals as catalysts in wastewater treatment processes offers 

considerable promise.In recent years, the use of transition metals as catalysts has emerged as 

a promising solution to the complex problem of wastewater treatment. Transition metals, 

including elements such as iron, [15] copper, [16] nickel, [17]manganese, [18] Palladium, 

[19] Titanium, [20] and cobalt [21] occupy a unique position in the periodic table due to their 

distinctive electronic properties, largely attributed to the presence of d-orbital. [22] 

 

II. CHEMISTRY OF TRANSITION METALS CATALYSTS 

 

Transition metals are located in the d-block of the periodic table, signifying that their 

outermost electrons occupy the d-orbital and have unique properties that set them apart from 

other elements. Transition metals have partially filled d-orbital that can accept electrons from 

reactants, facilitating various types of chemical reactions. The geometrical arrangement of 

these d-orbital can assist in the formation of transition states and intermediates. Transition 

metals are commonly used as catalysts in various chemical reactions due to their unique 

properties. Transition metals have the ability to adopt multiple oxidation states. This 
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flexibility allows them to facilitate oxidation-reduction reactions by providing a platform 

where reactants can lose or gain electrons, both of which are crucial to their role as catalysts. 

Transition metals have a high tendency to form coordination complexes with other species. 

These species can serve as intermediates in a reaction, allowing the reaction to proceed 

through a more efficient pathway. Transition metals have the ability to adsorb reactants on 

their surface. This can increase the concentration of the reactants at the catalyst surface and 

provide a platform where the reaction can occur more efficiently. They can sometimes be 

toxic, and their use needs to be carefully managed. Many of these catalysts are expensive; so 

much research is focused on finding cheaper, equally efficient alternative. Transition metals 

play a significant role in water purification, and facilitate a range of pollution degradation 

processes.  

 

1. Transition Metal Catalysts in Oxidative waste Water Treatment: Oxidative processes 

are crucial in waste water treatment to break down pollutants that are otherwise difficult 

to remove. Transition metal catalysts play a significant role in oxidative wastewater 

treatment processes, where they are used to facilitate the breakdown and removal of 

various organic and inorganic pollutants. These catalysts take advantage of the variable 

oxidation states and unique properties of transition metals to generate highly reactive 

oxidizing species, such as hydroxyl radicals (
•
OH) and oxygen radicals (O

•
, O

2•-
), which 

are capable of oxidizing and degrading a wide range of contaminants.  

 

2. The Fenton Process: Iron as a Catalyst:  Fenton's reagent is one of the most well-

known oxidative processes used in wastewater treatment. It involves the combination of 

hydrogen peroxide (H2O2) and a transition metal catalyst, typically ferrous iron (Fe
2+

). 

The Fe
2+

 ions catalyze the decomposition of hydrogen peroxide into hydroxyl radicals 

(
•
OH) through the Fenton reaction. The iron catalyzes the decomposition of hydrogen 

peroxide into hydroxyl radicals which is powerful oxidant capable of breaking down a 

wide range of organic compounds. This process is especially effective for treating 

persistent organic pollutants that are resistant to conventional wastewater treatment 

methods. [23] 

 

Fe
2+

 + H2O2 → Fe
3+

 + 
•
OH + OH

-
[24] 

 
•
OH+ Organic contaminants → Product[25] 

 
•
OH+ Fe

2+
→ Fe

3+
+ OH

-
[26] 

 

The hydroxyl radicals are highly reactive and can break down various organic 

pollutants present in the wastewater through a process called advanced oxidation. 

Fenton's reagent is effective in treating recalcitrant organic compounds that are difficult to 

degrade by conventional methods.[27]Although Fenton processes are effective for 

treating stubborn wastewater, it faces challenges including acidic conditions, sludge 

formation, and high chemical use. However, improvements in a variety of Fenton 

approaches, particularly in material science and catalysis, provide promise to address 

these problems. The scalability of advanced Fenton techniques for wastewater treatment 

hinges on cost, environmental impact, and adaptability. The microbial electrolytic-Fenton 

cell, which produces H2O2 on-site and induces the Fenton reaction with Fe
2+

, shows 

promise, especially with optimal voltage, aeration, and Fe
2+

 levels.[28] 
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When using the Fenton's reaction for wastewater treatment, it's important not only 

to remove organic materials, but also to reduce the toxicity of the water. Essentially, the 

success of this method should be measured by how much it reduces toxicity. This 

approach should be standard for treating all types of hazardous industrial 

wastewater.[29]The oxidation activity of hydroxyl radicals (•OH) is directly associated 

with the pH level and functions at a solution pH of 3.  

 

The oxidation potential of the hydroxyl radicals enhances with a decreasing pH 

value. This is largely due to the scarcity of active Fe
2+

 ions, leading to the creation of 

inactive iron oxohydroxides and ferric hydroxide precipitates.When the pH values are 

extremely low, iron complex species such as [Fe(H2O)6]
2+

 and stable oxonium ions like 

[H3O2]+ are present. The existence of these species diminishes the reactivity between 

Fe
2+

 and H2O2. [30-31]The Fenton process, thus, an oxidation mechanism, operates under 

various pH conditions and involves several competing reactions.  

 

The reaction rate depends on iron dosage, while mineralization extent is tied to the 

oxidant concentration. It's crucial to understand the balance of OH production and 

consumption in the Fenton process. Research has categorized the relationships in the 

process into three groups, based on the initial ratio of Fe
2+

 to H2O2.[32] However, the 

Fenton process has limitations, including the high cost of H2O2, substantial ferric sludge 

production, and increasingly stringent water regulations. Improvements have been sought 

by introducing energy to enhance OH production, such as in photo-Fenton and 

electroFenton variants, and by developing iron-based catalysts and reusing Fenton sludge 

in Fenton-like reactions. 

 

3. Photo-Fenton Process: This is a variation of Fenton's reagent that incorporates the use of 

UV light. UV radiation enhances the generation of hydroxyl radicals by promoting the 

photolysis of hydrogen peroxide. The addition of UV light increases the efficiency of the 

process and allows for the treatment of larger volumes of wastewater.Antibiotics are used 

a lot and cause big problems in water environments, even in small amounts, because they 

don't break down easily and can make bacteria resistant to it.[33] Even though a process 

called homogeneous photo-Fenton is often used to clean up wastewater from medicines, 

how well it works depends on the balance of certain chemicals and how acidic the water 

is, all under certain light conditions. [34]All of a certain, antibiotics are quickly removed 

from water using a specific process, with either iron citrate or iron oxalate. However, 

when using iron nitrate, it was less effective, only removing a fifth of the antibiotic. This 

might be due to the fact that iron nitrate used up less hydrogen peroxide than the other 

two iron compounds did. [35] The process of breaking down a drug called paracetamol 

works better using iron sulfate compared to potassium ferrioxalate when exposed to 

sunlight.  

 

This could be because iron sulfate forms more intermediary substances and helps 

produce more iron. On the other hand, another drug, amoxicillin, was completely broken 

down using potassium ferrioxalate with just 5 minutes of light exposure, while using iron 

sulfate took three times as long.[36] Researchers, Kajitvichyanukul and Suntronvipart 

used this process of photo-Fenton to treat hospital wastewater in a lab setting. By 

following up with a cheap method called activated sludge treatment, they managed to 

remove all the pollution as measured by Chemical Oxygen Demand (COD). Even though 
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other studies show that this photo-Fenton process can break down drugs in the water, it 

usually needs the water to be at a specific acidity level. So, recently, researchers have 

started to use a slightly different process that doesn't need the water's acidity to be 

adjusted. For example, when they treated a compound called kaolinite supported 

ferrioxalate with a certain amount of phosphoric acid, they were able to remove 99% of 

amoxicillin from the water in just 10 to 12 minutes without needing to control the acidity 

of the water. [37-38]A study used a system assisted by ferrioxalate and sunlight to treat 

wastewater from a drug-making plant on a larger scale. They were able to remove 84% of 

the pollution measured by Total Organic Carbon (TOC) in less than 2 hours using oxalic 

acid and iron.  

 

When this system was combined with traditional wastewater treatment methods, it 

helped to improve the ability to break down the waste. This combination also reduced the 

cost and time needed for treatment.[39] For instance, a study combined the photo-Fenton 

process with a biological method (using an Immobilized Biomass Reactor) to break down 

real wastewater from pharmaceutical production. They found that the level of a stubborn 

pollutant, nalidixic acid, didn't change after a long time of using the biological method 

alone. So, they used the photo-Fenton process to help break down this nalidixic acid into 

substances that are easier to oxidize. They did this by using a certain amount of hydrogen 

peroxide and it took just over 3 hours to do it. [40] In a different study, they tried to clean 

synthetic wastewater that contained various pharmaceuticals dissolved in natural water by 

using a process called nanofiltration. This process was able to decrease the amount of 

drugs in the water to less than 1.5% of their original amounts. But the photo-Fenton 

process was able to completely remove the drugs using very less hydrogen peroxide than 

if it was used singly.  

 

Some studies show that the photo-Fenton process works well to treat wastewater 

that contains pharmaceuticals, especially when combined with biological methods. This 

makes it a promising technique to clean the wastewater.The production of food and 

materials like cotton has always involved using pesticides. These can be herbicides, 

insecticides, or fungicides, depending on what they're designed to kill. [41-42] In addition 

to farms, one of the main ways that pesticides get into the environment is from 

wastewater released by factories that make these pesticides. [43]The pesticides can 

directly harm the health of living thingseven in very small amounts; they can be 

poisonous and can cause diseases. [44]Pesticides are removed from wastewater from 

factories using physical and chemical methods.  

 

This is because pesticides can be harmful in sudden high amounts and can also 

harm the microorganisms that are used in some treatment methods. Studies have shown 

that the photo-Fenton process is effective for breaking down stubborn farm chemicals. It's 

also been reported as one of the best systems to prepare or treat wastewater compared to 

other similar methods. For instance, the photo-Fenton process, along with other methods 

using hydrogen peroxide and UV light, or titanium dioxide and UV light, and also the 

standard Fenton process, were all tested in a lab to clean up wastewater which contained 

active ingredients from a fungicide and an insecticide.[45]The results showed that the 

photo-Fenton process worked better than the other methods at all tested iron and 

hydrogen peroxide levels. Also, the photo-Fenton process was able to reduce the amount 

of dissolved organic carbon and chemical oxygen demand in the water to 32% and 27% 
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respectively in an hour. The standard Fenton process didn’t performed well under the 

same conditions. Methomyl, a very toxic insecticide that dissolves well in water, was also 

very well treated by this photo-Fenton process.[46] A study was done to see how well the 

Fenton and photo-Fenton processes could remove this toxic chemical. They found that the 

photo-Fenton process could completely break down methomyl in half an hour. The 

standard Fenton process took twice as long and was only able to remove 86.1% of the 

methomyl. So the photo-Fenton process worked faster and better than the Fenton process. 

[47] The ability of different pesticides to react to light was ranked; diuron was the most 

reactive, followed by alachlor, isoproturon, chlorfenvinphos, and atrazine. This order was 

the same whether the pesticides were mixed together or treated individually. In many 

cases, it takes a very long time to completely break down pesticide pollution in 

wastewater. [48] 

 

So, to treat wastewater, it's often a good idea to follow up with a biological 

treatment process. This comes after the original pesticides have been turned into 

substances that are less harmful and easier to break down.[49] For example, Farre´ et al 

used a combination of chemical and biological processes to treat wastewater containing 

two types of herbicides. Among different combinations of Fenton chemicals, they found 

that certain levels of iron and hydrogen peroxide led to a 31% decrease in Total Organic 

Carbon (TOC) after 2.5 hours of UV light exposure in the photo-Fenton process. Then, 

the treated water was put through a secondary biological treatment process for complete 

TOC removal. After the time period of two days this resulted in a further TOC reduction 

of up to 87%.  

 

They also used plant-based cleanuptechnology for treatmentof sites polluted with 

pesticides. [50, 51] However, when there's too much pollution, it can harm the plants used 

for cleanup. For example, Solanum nigrum L. was tested for its ability to clean up a 

fungicide called metalaxyl from a body of water. But if there's more than a certain amount 

of this fungicide in the water, it harms the plant. To handle this, the photo-Fenton process 

was used first to remove the fungicide, and then the plant was used to stabilize the 

breakdown products and the iron compounds. The plant was able to tolerate a certain 

amount of iron in the water. [52]The photo-Fenton process is more efficient at removing 

farm chemicals (more than 60% efficiency) than other similar methods. However, more 

studies are needed to test how well it works with different mixtures and real industrial 

waste. Also, we need to study more about how effective it is when used with other 

treatment processes to get the best results and keep costs down. 

 

4. Transition Metal-Catalyzed Ozonation: Ozone (O3) is a potent oxidizing agent that is 

used in wastewater treatment. While ozone isn't a transition metal catalyst, it can be 

combined with such catalysts like iron or manganese to enhance its effectiveness. These 

metals can help break down ozone into more reactive oxygen species, like hydroxyl 

radicals, which further help in the degradation of pollutants. The efficiency of ozone 

treatment can be improved with higher pH levels, as this raises the production of 

hydroxyl radicals. The performance can also be boosted by combining ozone with light 

irradiation, hydrogen peroxide, or catalysts like iron or copper complexes.[53] This 

process can be complicated due to the different compositions of pollutants in wastewater, 

making it challenging to determine the ideal ozone dosage for treatment. Certain 

compounds, particularly unsaturated aromatic and aliphatic ones, are more responsive to 
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ozone through selective oxidative reactions. [54-55]Studies on ozone's application in 

wastewater treatment have shown promising results. In a pilot plant, many 

pharmaceuticals were either fully or partially degraded by ozone. In another study, 

various pharmaceuticals, including antibiotics and estrogens, were oxidized by more than 

90-99% with the use of ozone. This suggests that ozone can be an effective tool for 

treating many pharmaceuticals found in wastewater. [56-57] 

 

5. Transition Metal Catalysts in reductive waste Water Treatment: Certain transition 

metals can also catalyze reductive reactions. For instance, zero-valent iron (ZVI) is 

commonly used for the reduction and removal of several contaminants, including nitrates 

and heavy metals from wastewater. Reductive processes in wastewater treatment are 

typically used to handle inorganic contaminants, especially metals and certain forms of 

nitrogen. Transition metals often serve as catalysts in these processes due to their variable 

oxidation states and ability to facilitate electron transfer reactions.  

 

6. Photo Catalysis with Transition Metal Oxides: Transition metal oxides, such as 

titanium dioxide (TiO2), zinc oxide (ZnO), and tungsten trioxide (WO3), can act as photo-

catalysts in the presence of UV or visible light. When irradiated, these catalysts generate 

electron-hole pairs, leading to the production of reactive oxygen species (ROS), including 

hydroxyl radicals and superoxide radicals. These ROS can oxidize and degrade organic 

pollutants and some inorganic contaminants. Certain transition metals, especially their 

oxide forms e.g., titanium dioxide (TiO2) and zinc oxide (ZnO), can be used as photo-

catalysts to treat wastewater under light. When exposed to light (UV), these photo-

catalysts generate electron-hole pairs. These electron-hole pairs can react with water and 

oxygen to produce reactive oxygen species (ROS), such as hydroxyl radicals and 

superoxide anions.  

 

These ROS are highly reactive and can oxidize various pollutants thus degrading 

them. Metal oxides are substances with unique physical and chemical properties, 
including strong electron-electron interactions. [58] These properties can be altered 

through methods such as chemical modification, structural change, doping with different 

atoms, or creating nano-composites [59]. They are highly stable and can be recycled 

effectively, making them suitable for a wide range of applications. These include the 

degradation of heavy metals, detection of poisonous gases, coatings for wearable 

electronic devices, use in biomedical fields, and breaking down organic contaminants 

through photocatalysis.  

 

7. Titanium Oxide (TiO2) Fujishma and Honda were pioneers in exploring the 

photocatalytic properties of TiO2, a widely used material known for its band position, 

photo stability, electron-shift, charge separation, and non-toxicity. [60] TiO2 shows 

superior photocatalytic activity due to its lower photogenerated electron mass, facilitating 

charge transfer and reducing recombination rate. [61] Despite its wide band gap of 3.0 to 

3.2 eV and ability to be synthesized via the hydrothermal method, TiO2 has limitations. It 

can only be activated by UV light, using only 4% of solar light, and the anatase phase has 

poor thermal stability.[62] These limitations can be mitigated by metal doping with 

elements like Cu [63] Co [64], Mn [65], Fe [66] and Ni [67]. 
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8. Zinc Oxide (ZnO): ZnO is widely studied due to its unique physical and chemical 

properties, such as its resistance to photochemical corrosion and its enhanced antibacterial 

activity.[68] It primarily exists in hexagonal wurtzite, cubic zinc-blend, and rocksalt 

crystal structures with wurtzite being the most stable phase.[69] It has a large band gap of 

3.37 eV and a binding energy of 60 meV. Like TiO2, ZnO has quick photo-induced 

charge recombination, reducing its photocatalytic efficiency. However, this can be 

improved by doping or adding materials like TiO2, [70] Cu2O, [71] SnO2-x, [72] Ta3N5 

[73] and graphene oxide. [74]  

 

9. Copper Oxide (CuO): Copper oxide is commonly used in photocatalysis due to its 

availability, ease of coating, cost-effectiveness, and good photocatalytic activity.[75] Its 

smaller band gap of 2.17 eV and varying performance based on crystal structures 

(octahedral and cubes) make it ideal for use as a photoelectrode.[76] In a study, Cu2O/Cu 

nanocomposites showed higher photocatalytic activity than Cu2O in degrading methyl 

orange.[77] Despite a fast recombination of charge carriers hindering photocatalytic 

performance, doping and co-doping can solve this issue by shifting the charge carrier 

interface and broadening the visible light absorption range. For instance, 10% CuO-doped 

samarium orthoferrite (SmFeO3) showed improved photocatalytic activity. [78] 

 

10. Iron Oxide (Fe2O3): Iron oxide, or Fe2O3, has several crystal structures, with α-Fe2O3 

(hematite) being the most stable, featuring a hexagonal arrangement of iron atoms with 

six local oxygen atoms. [79] Fe2O3, with a narrow band gap of ~2.2 eV, is preferred over 

materials like TiO2, Bi2O3, ZnO due to its chemical stability, cost-effectiveness, 

abundance, non-toxicity, and good absorption ability. Its ferromagnetic behavior aids in 

separating the photocatalyst from the solution after treatment. [80] Despite its drawbacks, 

such as lower whole diffusion length, high electron recombination rate, and poor 

conductivity, scientists have developed methods to reduce recombination rate, enhance 

photocatalytic activity, and improvement upon these limitations. [81] 

 

11. Tungsten Trioxide (WO3): Tungsten oxide (WO3) is a cost-effective photocatalytic 

material with stable physicochemical properties, a small band gap of 2.4-2.8 eV, strong 

solar spectrum response, exceptional oxidation ability in the valence band, and low 

toxicity. [82-83] However, its photocatalytic activity is limited due to the low 

recombination of photoexcited electron-hole pairs and a more positive conduction band. 

[84-85] Various methods have been used to improve its efficiency, such as morphological 

control, noble metal deposition, element doping, heterojunction formation, and carbon-

based material modifications. [86-88] A significant challenge is the low conduction band 

edge potential of WO3, which leads to a higher likelihood of recombination on the 

surface, making it less effective for full pollutant mineralization.[89] Approaches to 

address this include widening the band gap and applying an external bias. [90-91]  
 

12. Platinum Catalyst: Platinum is a promising photocatalyst with applications in fields like 

catalysts, biomedicine, and electronics. However, its high cost poses a barrier to 

commercialization. [92] Its an efficient co-catalyst due to its ability to quickly trap 

electrons from the conduction band, which prevents charge carrier recombination and 

enhances photocatalytic performance.[93] Research has shown that platinum can 

effectively enhance the absorption of visible light and deliver it to the semiconductor 

photocatalyst, thus boosting photocatalytic activity.[94] 
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13. Palladium-Catalyzed Hydrodechlorination: Palladium (Pd) catalysts are often used for 

hydrodechlorination, a process that can break down chlorinated organic compounds, 

which are common pollutants in industrial wastewater. The Pd catalyst facilitates the 

replacement of the chlorine atoms in these compounds with hydrogen, transforming them 

into less harmful substances.Up to 96% of harmful substances like chlorobenzene have 

been removedwithin an hour by using a special type of process involving a metal 

palladium (Pd) under certain conditions. If a more stable form of palladium is used than 

this method could be a good way to clean chlorobenzene from water sources.In the future, 

more research can be done to see how this method can be used in real-life situations, like 

cleaning up polluted sites. But, there's a potential problem: in real groundwater, there are 

substances that might make this method less effective. These substances are called radical 

scavengers, like carbonate, so they need to be studied more. [95] 

 

III.  RECOVERY AND REUSE OF CATALYSTS 
 

The practicality of using transition metals as catalysts in wastewater treatment is 

largely dependent on their recyclability. The recovery of these catalysts from the treated 

water for reuse can be a complex and costly process. This challenge can be somewhat 

mitigated by immobilizing the catalyst on a solid support, which can then be separated and 

reused. However, finding a suitable, durable, and non-toxic support that does not impede the 

catalytic activity of the metal can be tricky. Catalyst once separated from the reaction mixture 

can be again recycled many times.  

 

However, for many of the catalytic process the deactivation of catalytic activity is 

inescapable for various reasons like poisoning, fouling, carbon deposition, thermal 

degradation, sintering, and leaching of active metal species into liquid phases. [96] At certain 

point only activity of catalyst which has lost could be regenerated and reused. Thermal 

calcinations treatment is one of the processes of recovery for removing the unwanted 

substances present on the surface of the catalyst. [97] However, if still the poisonous 

substances etc remains on the catalyst and is irreversible, the catalyst become poisonous and 

cannot be further recycled. This type of catalyst which completely loses its activity and are no 

more available for reuse and regeneration are called spent. Some of the methodologies of 

regeneration and reuse are mentioned as follows: 

 

1. Filtration and Centrifugation: It is very traditional method including handling, 

separation, regeneration and reuse of catalyst metal in laboratory. In filtration commonly 

the undissolved solids of different sizes are separated from liquids or gas by using a 

membrane/filter which allows the fluid to pass blocking the solid particles. Mostly this 

technique, can be carried out through various methods, including gravity filtration, 

vacuum filtration, and pressure filtration, depending on the specific requirements of the 

separation process. It is commonly used in laboratories, industries, and even in daily life 

for tasks such as purifying liquids, separating solids from liquids, and cleaning air or 

fluids. It's worth noting that while filtration is effective for separating solid particles from 

a liquid or gas, it may not work as well for separating very fine particles or for mixtures 

where the differences in particle size are minimal. In such cases, other separation 

techniques like centrifugation, sedimentation, or chromatography might be more suitable. 

Centrifugation is a separation technique commonly used to separate heterogeneous 
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mixtures based on differences in density. It's a powerful method that accelerates the 

sedimentation process by applying centrifugal force.  

 

This force is much stronger than Earth's gravity and allows for a quicker and more 

efficient separation of components. Centrifugal force tends the particles to move radially 

away from the axis of rotation, such that the particles with high density tends particles to 

be in centre called pellet and particles with less density go towards outward side called 

supernant liquid. This liquid can be decanted without disturbing the precipitate with 

Pasteur pipette. [98] A recent work representing the synthesis of substituted amines using 

Nickel-Copper catalyst has been reported, in which catalyst has been recovered 

successfully by centrifugation and reused four times. [99] 

 

2. Magnetic Separation: It is a very convenient methodology used for the separation of 

magnetic catalyst from the solution. It represents an innovative and environmentally 

friendly approach in chemical processes. This method offers several advantages over 

traditional separation techniques. [100] The magnetic properties of the solid catalyst 

allow it to be quickly and efficiently separated from the reaction mixture using an 

external magnet. This significantly reduces the time required for the separation process 

compared to other methods.  

 

The process of magnetic separation is relatively simple and convenient. It 

eliminates the need for complex separation setups and procedures, making it easier to 

carry out and automate. It can lead to cost savings in the work-up procedure. It reduces 

the need for additional equipment and steps required for separation, thereby contributing 

to economic feasibility. Magnetic separation ensures minimal loss of the solid catalyst 

during the separation process. By minimizing waste generation and energy consumption, 

magnetic separation contributes to a reduced environmental impact of the overall 

chemical process. 

 

Overall, the adoption of magnetic separation techniques for solid catalyst 

separation represents a step towards more sustainable and efficient chemical processes, in 

line with the principles of green chemistry 

 

3. Magnetic Nanoparticles: Magnetic nanoparticles (MNPs) have garnered significant 

interest from researchers over the years, primarily because of their versatile applications 

in creating recyclable catalysts. These nanoparticles can serve as catalysts themselves or 

act as carriers for catalytic species immobilized on their surfaces. This approach offers a 

synergy between the benefits of nano-sized particles and magnetic materials. Magnetic 

nanoparticles (MNPs) often display a fascinating property called superparamagnetism, 

which is a distinctive type of magnetism observed at the nanoscale.  

 

Superparamagnetism occurs when the size of ferromagnetic or ferrimagnetic 

nanoparticles becomes very small, typically around 10–20 nanometers. [101] Solution 

containing magnetic nanoparticles when come in contact of magnets, its magnetic field 

induces alignment of the magnetic dipoles of the nanoparticles. This alignment follows 

the direction of the magnetic field lines produced by the permanent magnet. Due to the 

alignment of the nanoparticles' magnetic dipoles with the magnetic field, the 

nanoparticles begin to migrate towards the magnet. This migration continues until the 
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nanoparticles are concentrated at the wall of the beaker that is closest to the magnet. The 

process of nanoparticles migrating towards the magnet allows the supernatant (the liquid 

portion of the suspension) to become clear of nanoparticles near the wall opposite the 

magnet.  

 

This makes it easier to aspirate the supernatant using a syringe, leaving the 

nanoparticles concentrated at the wall near the magnet. Once the desired separation is 

achieved, the permanent magnet is removed. Since the magnetic field from the magnet is 

no longer present, the alignment of the nanoparticles' magnetic dipoles quickly becomes 

randomized, causing the measured magnetic moment (the overall magnetic property) of 

the system to decrease rapidly. As a result, the nanoparticles behave as non-magnetic 

materials. This magnetic supported catalyst can be reused with retaining its initial 

activity. [102] 

 

IV. CONCLUSION 
 

In summary, while transition metals offer an exciting and promising avenue for 

wastewater treatment, careful and holistic consideration of these challenges is required to 

ensure that the solution is effective, economical, and sustainable. With ongoing research and 

technological advancements, it is hopeful that these challenges can be overcome, paving the 

way for the widespread application of transition metals in wastewater treatment. This also 

potential opens a new chapter in our pursuit of more efficient solutions to the global water 

crisis.  

 

Their unique properties and versatile roles in catalyzing pollutant degradation 

processes position them as powerful tools for improving wastewater management strategies. 

Leveraging their multifaceted roles in catalyzing oxidative processes, facilitating harmful 

nitrate reduction, and participating in advanced procedures like photo-catalysis, transition 

metals emerge as a significant asset for sustainable wastewater management. However, their 

deployment needs to be judiciously managed, considering not only their effectiveness and 

efficiency but also the economic and environmental impact. While the potentials are vast, the 

application of transition metals also comes with its own set of challenges.  

 

Further research and investment are required to address these hurdles, including 

technical, economic, and social aspects. In the face of global water crisis, understanding these 

challenges and finding ways to surmount them will be pivotal to fully harness the benefits of 

transition metals in wastewater treatment. Moving forward, the future of wastewater 

treatment lies in the effective and sustainable use of these metals, along with the development 

of new, green treatment technologies. The implications of such developments will be far-

reaching, spanning from public health and agriculture to industry and ecology. As such, 

continued exploration in this direction stands to bring about significant societal benefits. 

 

REFERENCE 

 
[1] Khilchevskyi, V., & Karamushka, V. (2021). Global Water Resources: Distribution and Demand. In Clean 

Water and Sanitation (pp. 1-11). Cham: Springer International Publishing. A]Liyanage C. P.,&K. Yamada, 

(2017). Sustainability, 9, 1405. 

[2] Walters, C. R., & Steyn, M. (2022). From waste to resource: Opportunities and challenges to combat water 

scarcity. 



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-617-1  

IIP Series, Volume 3, Book 24, Part 1, Chapter 3 

                              APPROACH OF TRANSITION METAL 

 CATALYSTS IN PURIFICATION OF WASTE WATER 

 

Copyright © 2024 Authors                                                                                                                       Page | 35 

[3] Silva, J. A. (2023). Wastewater Treatment and Reuse for Sustainable Water Resources Management: A 

Systematic Literature Review. Sustainability, 15(14), 10940.   

[4] Kazour, M., Terki, S., Rabhi, K., Jemaa, S., Khalaf, G., & Amara, R. (2019). Sources of microplastics 

pollution in the marine environment: Importance of wastewater treatment plant and coastal landfill. Marine 

Pollution Bulletin, 146, 608-618. 

[5] Gray, N. F. (2004). Biology of wastewater treatment (Vol. 4). World Scientific. 

[6]  Ofori, S., Puškáčová, A., Růžičková, I., & Wanner, J. (2021). Treated wastewater reuse for irrigation: 

Pros and cons. Science of The Total Environment, 760, 144026.  

[7] Demirbas, A., Edris, G., & Alalayah, W. M. (2017). Sludge production from municipal wastewater 

treatment in sewage treatment plant. Energy Sources, Part A: Recovery, Utilization, and Environmental 

Effects, 39(10), 999-1006. 

[8] Adegoke, A. A., Amoah, I. D., Stenström, T. A., Verbyla, M. E., & Mihelcic, J. R. (2018). 

Epidemiological evidence and health risks associated with agricultural reuse of partially treated and 

untreated wastewater: a review. Frontiers in public health, 6, 337. 

[9] Stormwater, C. O. M. (2011),  Guidance Manual for Development Stormwater Quality Control Measures 

[10] Obi, F. O., Ugwuishiwu, B. O., & Nwakaire, J. N. (2016). Agricultural waste concept, generation, 

utilization and management. Nigerian Journal of Technology, 35(4), 957-964. 

[11] Ahmad, T., Aadil, R. M., Ahmed, H., ur Rahman, U., Soares, B. C., Souza, S. L.,  & Cruz, A. G. (2019). 

Treatment and utilization of dairy industrial waste: A review. Trends in Food Science & Technology, 88, 

361-372. 

[12] Francesco, F., & Francesco, V. (2020). Heavy metal removal by cellulose-based textile waste product. 

Известия высших учебных заведений. Химия и химическая технология, 63(2), 105-110. 

[13] Pandis, P. K., Kalogirou, C., Kanellou, E., Vaitsis, C., Savvidou, M. G., Sourkouni, G., & Argirusis, C. 

(2022). Key points of advanced oxidation processes (AOPs) for wastewater, organic pollutants and 

pharmaceutical waste treatment: A mini review. ChemEngineering, 6(1), 8.[a] Kansara, N,. Bhati, L., 

Narang , M., &Vaishnavi,R.,(2016).  Environ. Sci. Indian J., 12, 143–150. 

[14] Shurson, G. C., Urriola, P. E., & van de Ligt, J. L. (2022). Can we effectively manage parasites, prions, 

and pathogens in the global feed industry to achieve One Health?. Transboundary and Emerging Diseases, 

69(1), 4-30. 

[15] Li, X., Qin, Y., Jia, Y., Li, Y., Zhao, Y., Pan, Y., & Sun, J. (2021). Preparation and application of 

Fe/biochar (Fe-BC) catalysts in wastewater treatment: A review. Chemosphere, 274, 129766. 

[16] Pandey, N. K., Li, H. B., Chudal, L., Bui, B., Amador, E., Zhang, M. B., & Chen, W. (2022). Exploration 

of copper-cysteamine nanoparticles as an efficient heterogeneous Fenton-like catalyst for wastewater 

treatment. Materials Today Physics, 22, 100587. 

[17] Li, J., Zhang, J., & Yang, J. H. (2022). Research progress and applications of nickel-based catalysts for 

electrooxidation of urea. International Journal of Hydrogen Energy, 47(12), 7693-7712. 

[18] Li, X., Fu, L., Chen, F., Zhao, S., Zhu, J., & Yin, C. (2023). Application of heterogeneous catalytic 

ozonation in wastewater treatment: an overview. Catalysts, 13(2), 342. 

[19] Law, C. K. Y., Kundu, K., Bonin, L., Peñacoba-Antona, L., Bolea-Fernandez, E., Vanhaecke, F., & Boon, 

N. (2023). Electrochemically assisted production of biogenic palladium nanoparticles for the catalytic 

removal of micropollutants in wastewater treatment plants effluent. journal of environmental 

sciences, 128, 203-212. 

[20] Dal Santo, V., & Naldoni, A. (2018). Titanium dioxide photocatalysis. Catalysts, 8(12), 591. 

[21] Xiang, Y., Liu, H., Zhu, E., Yang, K., Yuan, D., Jiao, T., & Tang, S. (2022). Application of inorganic 

materials as heterogeneous cocatalyst in Fenton/Fenton-like processes for wastewater treatment. 

Separation and Purification Technology, 295, 121293. 

[22] Li, Y., Dong, H., Li, L., Tang, L., Tian, R., Li, R., & Zeng, G. (2021). Recent advances in waste water 

treatment through transition metal sulfides-based advanced oxidation processes. Water Research, 192, 

116850. 

[23] Alalm, M.G., Tawfik, A. and Ookawara, S. (2015) Comparison of Solar TiO2 Photocatalysisand Solar 

Photo-Fenton for Treatment of Pesticides Industry Wastewater: Operational Conditions, Kinetics, and 

Costs. Journal of Water Process Engineering, 8, 55-63.  

[24] Bello, M.M., Abdul Raman, A.A. and Asghar, A. (2019) A Review on Approaches for Addressing the 

Limitations of Fentonoxidation for Recalcitrant Wastewater Treatment. Process Safety and Environmental 

Protection, 126, 119-140. 

[25] Ghernaout, D. (2017) Environmental Principles in the Holy Koran and the Sayings of the Prophet 

Muhammad. American Journal of Environmental Protection, 6, 75-79.  



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-617-1  

IIP Series, Volume 3, Book 24, Part 1, Chapter 3 

                              APPROACH OF TRANSITION METAL 

 CATALYSTS IN PURIFICATION OF WASTE WATER 

 

Copyright © 2024 Authors                                                                                                                       Page | 36 

[26] Ghernaout, D., Naceur, M.W. and Ghernaout, B. (2011) A Review of Elec-trocoagulation as a Promising 

Coagulation Process for Improved Organic and Inorganic Matters Removal by Electrophoresis and 

Electroflotation. Desalination and Water Treatment, 28, 287-320.  

[27] Tisa, F., Aziz, A.R.A. and Mohd, W.W.A. (2014) Basic Design of a Fluidized Bed Reactor for Wastewater 

Treatment Using Fenton Oxidation. International Journal of Innovation, Management and Technology, 5, 

93-98. Ghernaout, D., Elboughdiri, N., & Ghareba, S. (2020). Fenton technology for wastewater treatment: 

dares and trends. Open Access Library Journal, 7(1), 1-26. 

[28] Barbusinski, K. (2005). Toxicity of Industrial Wastewater Treated by Fenton's Reagent. Polish Journal of 

Environmental Studies, 14(1). 

[29] Kavitha V, &Palanivelu K. (2005). Destruction of cresols by Fenton oxidation process. Water 

Research.;39:3062-3072 

[30] Xu, X.R., L,i X.Y., Li, X.Z., &Li, H. B. (2009).  Degradation of melatonin by UV, UV/ H2O2, Fe
2+

/ H2O2 

and UV/Fe
2+

/H2O2 processes. Separation and Purification Technology,  68, 261-266  

[31]  Yoon, J., Lee, Y., &Kim S. (2000).  Investigation of the reaction pathway of OH radicals produced by 

Fenton oxidation in the conditions of wastewater treatment. Water Science and Technology.; 44, 15-21 

[32] Walter M.V., &Vennes J.W.(1985) . Applied and Environmental Microbiology, 50,  930       

[33] Shemer,H.,Kac´ar Kunukcu, Y., &Linden. K.G. (2006) ,  Chemosphere , 63, 269. 

[34] de Lima Perini, J.A; Perez-Moya M.,&Nogueira R.F.P.(2013) . Journal of Photochemistry and 

Photobiology A: Chemistry 259, 53. 

[35] Trovo A.G; Pupo Nogueira, R.F. A;  Agu¨ era, Fernandez-Alba, A.R&Malato S.(2006) . Water Research 

45 1394.  

[36] Kajitvichyanukul, P., &Suntronvipart, (2011) .N. Journal of Hazardous Materials 138,  384. 

[37] Ayodele,O.B; (2013) .  Applied Clay Science 72, 74.  

[38] Monteagudo,J.M., Culebradas A., R., . &San Martı´n, A. (2013).  Carnicer, Journal of Environmental 

Management 128, 210.  

[39] Miralles-Cuevas, S., Oller, I, Ruiz Aguirre, A., Sa´nchez Pe´ rez, J.A., &Malato Rodrı´- guez, S.(2014) . 

Chemical Engineering Journal 239,  68. 

[40] Powell K., (1992).  Chemistry and Industry 5, 168.  

[41] Hajslova, J., Moffat, C.F., &Whittle, K.J.,  Environmental Contaminants in Food, Sheffield Academic 

Press, 1999p. 215. 

[42] Carvalho, F.P.(2006). Environmental Science & Policy 9,  685.  

[43] IARC, Monographs on the Evaluation of Carcinogenic Risks to Humans, IARC, Lyon, France, 1987, 

Suppl. 7, pp. 40–51 

[44] Teixeira, A.C.S.C., Mendes, L.,Stollar, G., Guardani, R.C.A.O., &Nascimento, D.(2005). Brazilian 

Archives of Biology and Technology 48,  207.  

[45] Strathmann, T.J., &Stone, A.T.(2001). Environmental Science & Technology 35, 2461.  

[46] Tamimi, S., Barka Qourzal, N.,Assabbane,  A., &Ait-Ichou, Y.(2008) .  Separation and Purification 

Technology 61,  103.  

[47] Katsumata, H, . Kaneco, S., Suzuki, T.Ohta, K., &Yobiko, Y. (2005) . Chemical Engineering Journal 108, 

269.  

[48] Ballesteros Martı´n, M.M., Sa´nchez Pe´ rez, , J.A., Casas Lo´ pez, J.L., Oller, I.,&Malato Rodrı´guez, 

S.(2009).  Water Research 43,  653.  

[49] Farre´, M.J., Dome´nech, X., &Peral, J.(2006) .  Water Research 40,  2533. 

[50] Teixeira, J.A.A., d. Sousa, Azenha, M., Moreira, J.T., Fernando Silva, F. A.F., &Faria, Silva, J.L.(2011).   

A.M.T. Chemosphere 85,  744.  

[51] Silva, A.M.T., Zilha˜o, N.R., Segundo, R.A., Azenha, M., Fidalgo, F., Silva, A.F., Faria, J.L., &Teixeira, 

J. (2012). Chemical Engineering Journal 184, 213. 

[52]  Klavarioti, M., Mantzavinos, D., & Kassinos, D. (2009). Environment International, 35(2), 402–417. 

Karungamye & al./ Appl. J. Envir. Eng. Sci. (2020) 412-428 427 

[53]  Lee, Y., Kovalova, L., McArdell, C. S., & von Gunten, U. (2014). Water Research, 64, 134–148. 

[54]  Vatankhah, H., Riley, S. M., Murray, C., Quiñones, O., Steirer, K. X., Dickenson, E. R. V., & Bellona, C. 

(2019). Chemosphere, 234(June), 845–854. 

[55]  Ternes, T. A., Stüber, J., Herrmann, N., McDowell, D., Ried, A., Kampmann, M., & Teiser, B. (2003). 

Water Research, 37(8), 1976–1982. 

[56]  Huber, Marc M., Göbel, A., Joss, A., Hermann, N., Löffler, D., McArdell, C. S., Ried, A., Siegrist, H., 

Ternes, T. A., & Von Gunten, U. (2005). Environmental Science and Technology, 39(11), 4290–4299. 



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-617-1  

IIP Series, Volume 3, Book 24, Part 1, Chapter 3 

                              APPROACH OF TRANSITION METAL 

 CATALYSTS IN PURIFICATION OF WASTE WATER 

 

Copyright © 2024 Authors                                                                                                                       Page | 37 

[57] Gautam, S., Agrawal, H.,& Thakur, M., et al.(2020).  Metal oxides and metal organic frameworks for the 

photocatalytic degradation: a review. J Environ Chem Eng.;8, (3), 103726. 

[58] Kiriakidis, G.,& Binas V.(2014).  Metal oxide semiconductors as visible light photocatalysts. J Korean 

Phys Soc. 65 (3):297–302.  

[59]  Fujishima, A., &Honda, K. (1972) Electrochemical photolysis of water at a semiconductor electrode. 

Nature.;238 (5358):37–38.  

[60] Zhang, J., Zhou, P.,& Liu, J., et al.(2014). New understanding of the difference of photocatalytic activity 

among anatase, rutile and brookite TiO2. Phys Chem Chem Phys. 16(38), 20382–20386.  

[61] Etacheri, V., Di Valentin, C., Schneider, J., et al.(2015). J Photochem Photobiol. 25, 1–29.  

[62] Lin,  H.Y., &Shih, C.Y.( 2016).Efficient one-pot microwave-assisted hydrothermal synthesis of M (M=Cr, 

Ni, Cu, Nb) and nitrogen co-doped TiO2 for hydrogen production by photocatalytic water splitting. J Mol 

Catal A Chem. 411, 128–137.  

[63]  Sadanandam, G., Lalitha, K.,& Kumari, V.D., et al.(2013).  Cobalt doped TiO2: a stable and efficient 

photocatalyst for continuous hydrogen production from glycerol: water mixtures under solar light 

irradiation. Int J Hydrogen Energy. 38, (23), 9655–9664. 

[64] Pérez-Larios, A., Hernández-Gordillo, A., &MoralesMendoza G, et al.(2016). Enhancing the H2 evolution 

from water–methanol solution using Mn
2+

–Mn
+3

–Mn
4+

 redox species of Mn-doped TiO2 sol–gel 

photocatalysts. Catal Today. 266, 9–16.  

[65] Sun, T., Fan, J., Liu, E., et al. (2012). Fe and Ni co-doped TiO2 nanoparticles prepared by alcohol-thermal 

method: Application in hydrogen evolution by water splitting under visible light irradiation. Powder 

Technol. 228, 210–218.  

[66] Al-Fori, M., Dobretsov, S., &Myint, M.T.Z.(2014). Antifouling properties of zinc oxide nanorod coatings. 

J Dutta, Biofouling. 30(7), 871–882. 

[67] Wei, X., Li, J., &Liu, Z., et al.(2018). Visible light photocatalytic mineralization of 17α-ethinyl estradiol 

(EE2) and hydrogen evolution over silver and strontium modified TiO2 nanoparticles: mechanisms and 

phytotoxicity assessment. RSC Adv. 8 (8), 4329–4339. 

[68] Pérez-Larios,. A, Lopez, R. and Hernández-Gordillo, A., et al. (2012). Improved hydrogen production 

from water splitting using TiO2–ZnO mixed oxides photocatalysts. Fuel. 100, 139–143.  

[69] Al-Mayman,  S.I., Al-Johani, M.S.,& Mohamed,  M.M, et al. (2017).TiO2ZnO photocatalysts synthesized 

by sol–gel autoignition technique for hydrogen production. Int J Hydrogen Energy. 42 (8), 5016–5025.  

[70] Li, M., Hu, Y., &Xie, S., et al.( 2014).  Heterostructured ZnO/SnO2 −x nanoparticles for efficient 

photocatalytic hydrogen production. Chem.Commun. 50(33), 4341–4343.  

[71] Liang,  Y.H., Liao,  M.W., &Mishra,  M., et al.  (2019). Fabrication of Ta3N5ZnO direct Z-scheme 

photocatalyst for hydrogen generation. Int J Hydrogen Energy. 44 (35), 19162–19167.  

[72] Xu,  J., Cui,  Y., &Han , Y., et al. ( 2016).ZnO–graphene composites with high photocatalytic activities 

under visible light. RSC Adv. 6(99), 96778–96784.  

[73] Kumar, S., Reddy, N.L.,& Kushwaha,  H.S., et al.(2017. ) Efficient electron transfer across a ZnO-MoS2-

reduced graphene oxide heterojunction for enhanced sunlight-driven photocatalytic hydrogen evolution. 

ChemSusChem. 10 (18), 3588–3603.  

[74] Fabbri, D., L_opez-Mu~noz, M.J., &Daniele, A., et al (2019). Photocatalytic abatement of emerging 

pollutants in pure water and wastewater effluent by TiO2 and Ce-ZnO: degradation kinetics and 

assessment of transformation products. Photochem Photobiol Sci. 18 (4), 845–852.  

[75] Huang, L., Peng, F., &Yu, H., et al. (2009).Preparation of cuprous oxides with different sizes and their 

behaviors of adsorption, visible-light driven photocatalysis and photocorrosion. Solid State Sci. 11 (1), 

129–138.  

[76] Delsouz, Khaki M.R., Shafeeyan,  M. S.,& Raman A.A.A., et al.(2018).  Evaluating the efficiency of 

nano-sized Cu doped TiO2/ZnO photocatalyst under visible light irradiation. J Mol Liq. 258, 354–365. 

[77] Behzadifard, Z., Shariatinia, Z., &Jourshabani,  M.,(2018). Novel visible light driven CuO/SmFeO3 

nanocomposite photocatalysts with enhanced photocatalytic activities for degradation of organic 

pollutants. J Mol Liq. 262, 533–548. 

[78] Micheal, K., Ayeshamariam ,A., &Boddula, R,. (2019). Mater Sci Energy Technol. 2, 104–111. 

[79] Hosseinian,  A., Rezaei,  H.,& Mahjoub A. R,. (2011 ). World Acad Sci Eng Technol. 52, 4–21. 

[80] Mishra M, &Chun D. M.(2015). α-Fe 2 O 3 as a photocatalytic material: a review. Appl Catal A.;498:126–

141. 

[81] Dong,  P., Hou , G., &Xi,  X., et al. (2010 ). Environ Sci : Nano. 4, 539–557.  



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-617-1  

IIP Series, Volume 3, Book 24, Part 1, Chapter 3 

                              APPROACH OF TRANSITION METAL 

 CATALYSTS IN PURIFICATION OF WASTE WATER 

 

Copyright © 2024 Authors                                                                                                                       Page | 38 

[82] Tahir,  M. B., Nabi, G., &Rafique,  N. R. K.  (2017 ). Nanostructured-based WO3 photocatalysts: recent 

development, activity enhancement, perspectives and applications for wastewater treatment. Int J Environ 

Sci Technol. 8(11), 2519–2542.  

[83] Katsumata, K., Motoyoshi,  R.,& Matsushita, N., et al.( 2013).  Preparation of graphitic carbon nitride (g-

C3N4)/WO3 composites and enhanced visible-light-driven photodegradation of acetaldehyde gas. J 

Hazard Mater. 260, 475– 482.  

[84] Cao, L., Yuan, J., &Chen, M., et al.(2010).  Photocatalytic energy storage ability of TiO2-WO3 composite 

prepared by wet-chemical technique. J Environ Sci. 22 (3), 454–459. 

[85] Sayama, K., Hayashi, H., &Arai, T., et al. (2010). Highly active WO3 semiconductor photocatalyst 

prepared from amorphous peroxo-tungstic acid for the degradation of various organic compounds. Appl 

Catal B: Environ. 94 (1–2), 150–157. 

[86] Khakia, M.R.D., Shafeeyan, M.S., &Raman A.A.A., et al.( 2017).  Application of doped photocatalysts for 

organic pollutant degradation - A review. J Environ Manag. 198, 78–94. 

[87] Hunge, Y. M., Yadav, A. A., &Mahadik, M. A., et al. (2018). Degradation of organic dyes using spray 

deposited nanocrystalline stratified WO3 /TiO2 photoelectrodes under sunlight illumination. Opt Mater. 76, 

260–270.  

[88] Seyama, T., Adachi,  K., &Yamazaki,  S.,(2012). Kinetics of photocatalytic degradation of 

trichloroethylene in aqueous colloidal solutions of TiO2 and WO3 nanoparticles. J Photochem Photobiol A: 

Chem. 249,15–20.  

[89] Tanaka,  D., Oaki, Y.,&Imai, H.(2010).  Enhanced photocatalytic activity of quantum-confined tungsten 

trioxide nanoparticles in mesoporous silica. Chem Commun.;46 (29), 5286–5288. 

[90] Watanabe , H., Fujikata,  K., &Oaki, Y., et al. (2013). Band-gap expansion of tungsten oxide quantum dots 

synthesized in sub-nano porous silica. Chem Commun. 49 (76), 8477–8479.  

[91] Xie,  S., Wang, Y., &Zhang, Q., et al.(2014) .  MgO- and Pt-promoted TiO2 as an efficient photocatalyst 

for the preferential reduction of carbon dioxide in the presence of water. ACS Catal. 4(10), 3644–3653. 

[92] Atabaev, T. S., Hossain, M. A.,& Lee, D., et al. (2016). Pt-coated TiO 2 nanorods for 

photoelectrochemical water splitting applications. Results Phys. 6, 373–376.  

[93]  Samsudin, M. F. R., Jayabalan, P. J.,& Ong ,W.J., et al.(2019).  Photocatalytic degradation of real 

industrial poultry wastewater via platinum decorated BiVO4/g-C3N4 photocatalyst under solar light 

irradiation. J Photochem Photo Biol A Chem. 378, 46–56. 

[94]  Nazari, R., Rajić, L., Ciblak, A., Hernández, S., Mousa, I. E., Zhou, W., & Alshawabkeh, A. N. (2019). 

Immobilized palladium-catalyzed electro-Fenton's degradation of chlorobenzene in 

groundwater. Chemosphere, 216, 556-563. 

[95] Sádaba, I.; Granados, M.L.; Riisager, A.; Taarning, E. ( 2015). Deactivation of solid catalysts in liquid 

media: The case of leaching of active sites in biomass conversion reactions. Green Chem. 17, 4133–4145. 

[96] Argyle, M.D.; &Bartholomew, C.H.(2015).  Heterogeneous Catalyst Deactivation and Regeneration: A 

Review. Catalysts, 5, 145–269. 

[97] Majekodunmi, S.O.(2015).A review on centrifugation in the pharmaceutical industry. Am. J. Biomed. 

Eng., 5, 67–78. 

[98] Nasresfahani, Z. and Kassaee, M.Z. (2021).Nickel-Copper bimetallic mesoporous nanoparticles: As an 

efficient heterogeneous catalyst for N -alkylation of amines with alcohols. Appl. Organomet. Chem., 35, 

6032. 

[99] Alaei, S.; Haghighi, M.; &Toghiani, J.(2018). Magnetic and reusable MgO/MgFe2O4 nanocatalyst for 

biodiesel production from sunflower oil: Influence of fuel ratio in combustion synthesis on catalytic 

properties and performance. Ind. Crop. Prod., 117, 322–332. 

[100] Wahajuddin, A.S.(2012).  Superparamagnetic iron oxide nanoparticles: Magnetic nanoplatforms as drug 

carriers. Int. J. Nanomed., 7, 3445–3471. 

[101] Kooti, M.;& Nasiri, E. (2019).Synthesis of a novel magnetic nanocatalyst based on rhodium complex for 

transfer hydrogenation of ketone. Appl. Organomet. Chem., 33, 4886. 

 

 

 


