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Abstract: The fast increasing industrialization and 

population, reducing water resources and climate change 

resulting in extended droughts and floods have condensed 

drinking water a viable resource in many parts of the world. 

The development of cost-effective and stable materials and 

procedures for providing the fresh water in sufficient 

amounts is the need of the water industry. Archaic 

wastewater treatment technologies remain ineffective for 

providing suitable safe water. The aim of the present study is 

to review the possible applications of the metal oxides for the 

removal of pollutants from wastewater. The paper will briefly 

indicate the availability and practice of different metal oxides 

for elimination of dyes, complex organic compounds, natural 

organic matter, nitrate, and other contaminants present in 

industrial waste water. 

Keywords: Waste water treatment, industrialization, pollutants, 
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Introduction:  

Water being the most essential substance for the existence of 

life on the earth is an amazing gift given by nature for the 

whole environment. It is a fundamental substance and symbol 

of life 
1
. Water has a wide impact on all aspects of our life such 

as food, health, energy and economy
2
. Continuous supply of 

clean water is necessary for environment, health and 

economy
3
. Around the world more than 0.78 billion 

populations do not have clean water resources 
4
. During the 

last century the pharmaceutical and chemical industries has 

released a large amount of dyes , pesticides, medicines, paints 

and other chemicals which are very harmful for environment 
5
. 

As a result of increased industrial activity both flora and fauna 

are getting affected by the excessive pollution which is 

disturbing their ecological balance
6
. 

During the last century a large amount of wastewater pours 

into the water bodies. The wastewater must be treated before 

discharging in water sources necessarily
7
. As a result of the 

strict environmental regulation, it is required to remove dyes, 

heavy metals and organic matter from wastewater before it is 

discharged to water bodies as these are toxic and even 

carcinogenic in nature
8
. Waste water contains many pollutants 

like pesticides, herbicides, petroleum products and pollutants. 

These pollutants can be degraded with the help of 

semiconductor or by the use of catalyst (in presence of light). 

Semiconductor photocatalyst degrade harmful organic 

pollutant into less harmful inorganic substances. 

A photocatalyst can absorb light and produce electron-hole 

pair. Therefore enables the reactant chemically transformed 

and the chemical composition of the photocatalyst regenerates. 

Oxides of metals have photocatalytic property. These oxides 

undergo light absorption in which they generate positive holes 

and leads to the oxidation of organic compound.
9-14

The 

photocatalytic degradation of pollutant present in waste water 

using semiconductor is powerful method for present 

environment condition. A great amount of water can be saved 

by this method. Thus for the treatment of the industrial 

effluents, this method has proved beneficial. 

Basic principle:  

Semiconductor photocatalysis results complete degtradtion of 

dyes and other organic compounds as compare to the 

preliminary treatment method, as it generates harmful by-

product. The method follows the process of light absorption. In 

this method photons of same or greater energy than the band 

gap of semiconductor are absorbed and produced electron-hole 

pairs and the semiconductor works as a catalyst for the 

degradation of organic compound.  

MOX + hv  MOX (h
+

vb, e
-
cb) 

 

Here, M = metal  

         h
+

vb = the holes produced in the valence band. 

         e
-
cb   = the electrons in the conduction band. 

There may be the participation of h
+

vb and e
-
cb   in charge 

transfer reaction. The molecular oxygen may be reduced by the 

photo-generated electron in the conduction band, thus the 

illuminated semiconductor acts as catalyst for the organic 

compound.
15-17

 

 
                                                                                      Figure 1 

 

Semiconductors Band gap energy 

(eV) 

ZnO 3.36 

TiO2 3.03 

Cu2O 2.172 

SnO2 3.54 

WO3 2.76 
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Fe2O3 2.3 

 

         Table 1: band gap energies in eV at 0 K for some 

semiconductors.
18,19

 

 

Different metal oxides: 

The degradation of hazardous dyes and organic pollutants 

which are common and abundant in wastewater has been 

carried out by various methods like photocatalytic treatment, 

microbial oxidation, sonolysis, adsorption method 

etc.Therefore, it is important to investigate the possible use of 

some metal oxides e.g. Ce-CdO, CaO, Ag2O/GO, Cu2O, NiO2. 

ZnO, SnO2, TiO2, in the degradation of some common organic 

pollutants like dyes, pesticides, herbicides, petroleum products 

and other pollutants.  

 

Review:

 

Fox et al.
20

 and Hoffmann et al.
21 

have investigated the 

decolorization of waste water. As a result the semiconductor 

photocatalytic process proved to be a potential method in 

various environmental fields such as to purify air and water, to 

disinfect water and to treat hazardous waste.   

Shah et al.
22

 studied that in the process of photobleaching of 

rhodamine b and methylene blue dyes, copper oxides proves 

effective as a photocatalyst. The result of experiment was that 

the dye was maximum decolorized at pH 10.0 and 8.5. 

Madhusudhana et al.
23

 have compared the degradation 

efficiency of calcium oxide and titanium oxide nanoparticles. 

The degradation efficiency of CaO nanoparticle was found to 

be higher than procured TiO2 nanoparticle for the selected azo 

dye (Violet GL2B). The application of CaO nanoparticle has 

proved to be most effective catalyst than the commercially 

available TiO2 nanoparticle.  

Ameta et al.
24

 have investigated the use of cerium-cadmium 

oxide as photocatalyst in the degradation of dye malachite 

green. It was shown that with the increase in time there was 

decrease in absorbance of the solution. Thus the dye 

concentration decreases with the increase in exposure in time. 

The photochemical degradation of dye follows first order 

kinetics.  

Veeranna et al.
25 

have investigated the use of calcium oxide for 

photodegradation of dye indigo carmine. The result shows that 

calcium oxide is an effective low cost photocatalyst for the 

successful degradation of water soluble indigo carmine dye 

solution. Ahmad et al.
26

 evaluated the photocatalytic efficiency 

of Ag2O/graphene oxide nanomaterials for degradation of 

organic dyes using rhodamine-B (Rh-B) as test organic 

pollutant. These nanocomposites exhibited remarkable 

efficiency of photocatalytic degradation for organic pollutants 

as compared to that of pure silver oxide nanoparticles and 

titanium dioxide. 

 

Mary et al.
27 

have studied the use of copper oxides/nickel oxide 

nano composite as photocatalyst in the degradation of congo 

red. Results show that copper oxides/nickel oxide is a good 

photocatalyst for degradation of congo red.  

 

Shinde et al.
28

 have comparatively studied the degradation of 

some dyes using Degussa P-25, ZnO, SnO2 and TiO2 under the 

optimal conditions (pH 9, dose of catalyst 400 mgL
-1

,
 
rate of 

circulation 130 m L min 
-1

, depth of dye solution 1.5cm and the 

intensity of sunlight). The result shows that photocatalytic 

activity of ZnO is higher than other metal oxides. Li et al.
29 

have studied that low power laser fabricated Cu2O-Cu is better 

than hydrothermally fabricated Cu2O-Cu in the degradation of 

methylene blue. Ameta et al.
30

 have investigated the use of 

calcium oxide as photocatalyst in the degradation of dye 

methylene blue. It was demonstrated that photocatalysis is a 

promising technology for degradation of methylene blue dye. 

Also, there is 60% reduction in the COD of dye solution after 

photocatalytic degradation.  

Khorshidi et al.
31 

have studied the use of silver-zinc oxides -

copper oxides nano composite in the photocatalytic 

degradation of basic dye. They evaluated the effect of the 

concentration of dye and the dose of nanocomposite on the 

degradation process. The result showed that in the 

photocatalytic degradation, silver-zinc oxides -copper oxides 

can acts as catalyst. 

Niranjani et al.
32

 have investigated the use of zinc oxide nano 

particles as photocatalyst in the degradation of pesticides 

phorate. Phorate present in contaminated water was 

catalytically degraded using zinc oxide nanoparticles when 

exposed to solar light. Colour change was observed within 10 

minutes, due to the addition of zinc oxide nanoparticle which 

acts as a semiconductor on exposure to solar light. Clear 

solutions with lesser suspended particles were obtained under 

sunlight after 120 minutes. The gradual decrease in the OD 

range after the treatment of water sample with zinc oxide 

nanoparticles was observed, which correlated with the study of 

Asthana et al.
33 

which showed total degradation of the pesticide 

within 120 minutes on treatment with zinc oxide nanoparticles. 

 

Philip et al.
34 

studied measuring nitrogen dioxide and ozone in 

environment using metal oxide semiconductor gas sensors. The 

result shows that metal oxide semiconductor gas sensors were 

sufficiently sensitive and can be used in urban environment.  

 

Anusa et al.
35 

studied the use of nano zinc oxide in presence of 

electrogenerated Fenton’s reagent in removing heavy metal 

ions from waste water. The adsorption of Cu
2+

, Cd
2+

 and Pb
2+

 

ions depends on time, dose of adsorbent and pH. Zinc oxide 

nanoparticles shows lower removal efficiency for Pb
2+

 with 

63.61% and zinc oxide doped Fenton’s reagent nanoparticles 

shows lower removal efficiency for Pb
2+

 with 72.5%. Kinetic 

study revealed that the adsorption process of zinc oxide and 

zinc oxide doped Fenton’s reagent nanoparticles was 

controlled by pseudo-second order rate equation. 

 

Hemalatha et al.
36

 studied the use of green synthesized copper 

oxide nanocatalyst in photocatalytic degradation of dye vat red 

13. It was observed that the photocatalytic activity of 4 mg 

copper oxide increases, by increasing the exposure time of 

ultraviolet radiation. It was also observed that maximum 

degradation occurs at a exposure time of 60 min.    

Soltanian et al.
37

 studied the use of metal oxides and their 

effects on the treatment of effluent discharged through 
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refinery. Wang et al.
38

 have studied that in the process of 

degradation of dyes under visible light, zinc oxide was more 

efficient that titanium dioxide as photocatalyst.   Sakthivel et 

al.
39

 experimented that zinc oxide absorbs a larger parts of 

spectrum than titanium dioxide.  

Grzechulska et al.
40 

studied the use of modified titanium 

dioxide in photocatalytic degradation of an azo dye acid black 

1. Daneshvar et al.
41  

found zinc oxide and titanium dioxide 

better semiconductor oxides because of their great 

photosensitivity, stability, economical and non toxic properties. 

Razali et al.
42 

studied the use of copper oxide-doped zinc oxide 

as photocatalyst in the degradation of dye methyl orange. 

Sharma et al.
43

 have studied that use of titanium dioxide and 

zinc oxide as photocatalyst can be useful in cancer treatment. 

Goharshadi et al.
44

 investigated under UV or visible irradiation 

that zinc oxide gives electron-hole pairs.  

 

Kumar et al.
45

 investigated photocatalytic degradation of dye 

methyl orange using zinc oxide nano-mushrooms.Tripathy et 

al.
46 

studied the use of zinc oxide nano-needle as photocatalyst 

under ultra violet irradiation in photocatalytic degradation of 

dye methyl orange. Chamjangali et al.
47 

investigated 

photocatalytic degradation of dye methyl orange using multiple 

rods gold zinc oxides nano structure.  Chidambaram et al.
48 

used a metal semiconductor material zinc oxide as 

photocatalyst. Yin et al.
49 

found zinc oxide a representative n-

type semiconductor. Wang et al.
50

 studied the use of 

synthesized La/Bi2WO6 in photcataliytic degradation of dyes. 

Lei et al.
51

 studied the use of hierarchical porous zinc oxide 

microspheres for Congo red. Chowdhury et al.
52 

have studied 

the use of ZnO as a photocatalyst under ultraviolet radiation in 

the degradation of dye Methyl orange.Mbu et al.
53 

have 

investigated the use of copper II oxide as photocatalyst in the 

degradation of rhodamine and azo dyes. 
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