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Industrial sources of environmental pollution generate huge amounts of industrial wastewater containing various

recalcitrant organic and inorganic pollutants that are hazardous to the environment. On the other hand, industrial

wastewater can be regarded as a prospective source of fresh water, energy, and valuable raw materials.

Conventional sewage treatment systems are often not efficient enough for the complete degradation of pollutants

and they are characterized by high energy consumption. Moreover, the chemical energy that is stored in the

wastewater is wasted. A solution to these problems is an application of photoelectrocatalytic treatment methods,

especially when they are coupled with energy generation. The paper presents a general overview of the

semiconductor materials applied as photoelectrodes in the treatment of various pollutants. The fundamentals of

photoelectrocatalytic reactions and the mechanism of pollutants treatment as well as parameters affecting

treatment processes are presented. Examples of different semiconductor photoelectrodes that are applied in

treatment processes are described in order to present the strengths and weaknesses of the photoelectrocatalytic

treatment of industrial wastewater. This overview is an addition to the existing knowledge with a particular focus on

the main experimental conditions employed in the photoelectrocatalytic degradation of various pollutants with the

application of semiconductor photoelectrodes.
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1. Introduction or History

In the XXI century, energy crisis and environmental pollution constitute two main problems in sustainable

development, which is defined as the ability of natural systems to supply the natural resources and ecosystems

while meeting current human needs, not affecting the ability of the future generations to meet their needs and

without deteriorating of the integrity and stability of the natural systems.

Environmental pollution results in serious climate changes and is the most important threat to human population on

a global scale nowadays. Thus, it is important to significantly limit the emission of pollutants to the environment.

Industrial sources of environmental pollution generate huge amounts of industrial wastewater, which have serious

impact on the environment. Although the industrial wastewater contains various recalcitrant organic and inorganic

pollutants, it can be regarded as a prospective source of fresh water, energy, and valuable raw materials.

Pollutants that are present in wastewater can be treated and simultaneously converted into methane in microbial

fuel cells (MFC) , becoming a potential source of energy. Conventional sewage treatment systems

are often not efficient enough for the complete degradation of pollutants present in the industrial wastewater and

they are characterized by high energy consumption. On the other hand, the primary energy is still supplied from
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fossil fuels. Their combustion leads to the greenhouse effect and dangerous climate changes . The pollution of

the environment and increasing demand for energy supply has resulted in the development of renewable energy

sources. Sunlight seems to be the cleanest and most abundant renewable source of energy, which should be

applied in the industrial wastewater treatment .

Industrial wastewater usually contains different recalcitrant pollutants and its composition is complex. The

wastewater pollutants include textile dyes, pharmaceuticals, pesticides, heavy metals, pulp and paper, surfactants,

and other chemicals. Thus, an application of advanced treatment technologies might be required in order to

remove or utilize them. Conventional sewage treatment systems are not efficient enough to completely degrade

pollutants present in the industrial wastewater. Moreover, the chemical energy stored in the wastewater is

wasted . Therefore, it is important to apply clean, environmentally friendly, and efficient wastewater treatment

technologies that can totally remove pollutants, recover fresh water and raw materials, and simultaneously recover

the chemical energy contained in the wastewater. One of the alternatives to commonly applied wastewater

treatment is heterogeneous photocatalysis. However, this technology has some drawbacks. Although many

semiconductor photocatalysts are easily photoexcited by UV or VIS irradiation, are stable, and non-toxic, they

suffer from low photocatalytic efficiency due to the fast recombination of holes and electron . The

photocatalytic treatment of wastewater usually does not degrade pollutants completely but results in a decrease of

pollutant concentration and formation of intermediated products. The second alternative to the commonly applied

wastewater treatment is electrocatalysis, especially electrochemical advanced oxidation processes (EAOPs) that

are applied in the case of organic pollutants treatment . However, total degradation of organic

compounds present in the wastewater often requires so-called “deep electrooxidation” due to the necessity of high

voltages application in order to degrade the pollutants to inorganic compounds, such as CO , H O, N , etc., or to

simple organic compounds that are easily biodegradable. These methods are characterized by high energy

consumption, making the treatment process uneconomical. The photoelectrocatalytic treatment of industrial

wastewater should overcome this problem, especially when it is coupled with energy generation. However, the

selection of proper electrode materials applied in the photoelectrocatalytic degradation is very important for

achieving a decrease in electrical energy consumption. Special attention should be paid to possible photoexcitation

of electrode material by visible light (solar irradiation) instead of harmful and more energetic ultraviolet light.

Moreover, high long-term stability, mechanical strength, high corrosion resistance, high efficiency of degradation

processes, and low costs should characterize electrode materials.

2. Applications

Solar irradiation is regarded as a clean, safe and limitless source of photons. However, the photoexcitation of

electrode materials by low energy photons requires the application of special semiconductors or coupled

semiconductors or doped semiconductors that are capable of absorbing sunlight in order to degrade organic

pollutants present in the industrial wastewater. Thus, three factors should be considered in the selection of

semiconductors applied as electrode materials :

(1) absorption of UV and VIS irradiation;

[9][10]

[11]

[12]

[13][14][15]

[16][17][18][19]

2 2 2

[20]



Semiconductor Electrode Materials | Encyclopedia.pub

https://encyclopedia.pub/entry/658 3/5

(2) charge-carrier transport within the semiconductor; and,

(3) interfacial charge transfer.

Besides these parameters, the semiconductor should also be characterized by appropriate position of valence and

conduction bands related to oxidation and reduction potentials of pollutants, good electrical conductivity and

sufficient stability to be applied in treatment processes implemented in practical applications on a large scale. The

above-mentioned parameters are important in both wastewater treatment and energy generation.

Figure 1. The overall mechanism of photoelectrocatalytic   degradation of pollutants in wastewater with the

application of n-type and p-type semiconductor electrodes.

The aim of this paper is to present a general overview on the semiconductor materials that are applied as

photoelectrodes in the photoelectrocatalytic treatment of pollutants present in the industrial wastewater. The

fundamentals of photoelectrocatalytic reactions and mechanism of pollutants treatment (Figure 1) as well as

parameters affecting the treatment process are presented first. They are followed by examples of various

semiconductor materials applied as photoelectrodes in the treatment of different kinds of pollutants in order to

prove the advantages of photoelectrocatalytic treatment processes. This overview is an addition to the existing

knowledge with a particular focus on the main experimental conditions employed in the photoelectrocatalytic

degradation of various pollutants.
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