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ABSTRACT 
Semiconducting metal oxides are one of the important materials of a special attention with 
photocatalytic properties to clean water and preserve plants. To remove the impurities and dyes from 
effluents water technological approaches take the important tool to perform the purification on 
photocatalytic surfaces. Metal oxides such as ZnO, WO3, TiO2, CeO2 AgO, Ga2O3, AgGaO2 and 
ZnGa2O4 use their photocatalytic properties to clean water and soil and to inhibit the growth of 
undesirable micro-organisms, mold, algae, lichens and fungi. This review focuses about the reported 
research analyses of based on photocatalytic properties of metal oxides.  
 
Graphical Abstract 
 

 
 

Methyl orange 
 
Keywords: Photocatalytic degradation, Water purification, Semiconducting oxides, Metal oxides. 
__________________________________________________________________________________ 

  
INTRODUCTION 

 
The photocatalytic applications for environmental purification employ visible light sensitive 
photocatalysts, which efficiently use visible light from Sun source. The highly dispersed valence band 
leads to a small effective mass of the holes with a higher hole mobility. The effective hole conduction 
and relatively large band gaps are advantageous to the p-type conductivity, transparency, and 
photocatalytic activity. The indirect band gap of R-AgGaO2 agrees well with reported results of 
electronic structures with a conduction band minimum on the point and a valence band maximum. 
The free charge carriers are photogenerated in a semiconductor and rapid  communications between 
the different sub band states in the valence band and conduction band are complete, then the photo 
carriers will occupy the lowest states in their corresponding bands (i.e., they become thermalized). 
The carrier temperature becomes equal to the ambient temperature and the carriers are 
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indistinguishable, regardless of the initial state immediately occupied upon photo excitation, on the 
structural properties and photocatalytic activities [1].  
 
      Ag2O has O-Ag-O dumbbell bonds and the electronic structure of Ag2O has a highly dispersed 
valence band, its band gap is almost zero (not shown), which may be due to the O-Ag-O three-
dimensional cross-linking as Cu2O. In contrast, silver complex-oxides, including Ag+ ions such as 
AgNbO3, have relatively large band gaps. However, the bonds and the interactions between the Ag+ 
ion and O2- ions are weak, which decrease the dispersion of the calculated valence band and lower the 
hole conductivity. Thus, the weak bonds and interactions may explain the low photo oxidation activity 
of these silver complex-oxides. However, R-AgGaO2 is an excellent photocatalyst, which is sensitive 
to visible light, because it has the appropriate band gap for visible light absorption and a high hole 
conductivity, which both originate from its unique layered crystal structure [2]. 
 
ZnO based photocatalysts: ZnO is a representative n-type semiconductor with a wide band gap of 
3.37 eV and a high excitation binding energy of 60 meV which produces electron–hole pairs under UV 
light or visible light irradiation. ZnO is the most common material that is being used as photocatalysis 
for the degradation of organic pollutants. Chen et al., [3] synthesized ZnO nanoparticles (NPs) by sol–
gel method using zinc acetate as precursor material. ZnO NPs was obtained via thermal treatment at 
different calcination temperatures of 300, 400, 500, and 600°C. Different composite ratios (molar 
ratio of oxalic acid to zinc acetate), ranging from 2 to 5, were prepared while keeping the ratio of zinc 
acetate at 0.01 mole. The photocatalytic activity of ZnO was determined using the degradation of azo 
dyes such as MO, CR, and DB38. Results showed that the removal rate of azo dyes increased with the 
increased dosage of catalyst and decreased initial concentration of azo dyes and the acidic condition is 
favorable for degradation. Thus, the economical and environment-friendly photocatalyst can be 
applied to the treatment of wastewater contaminated with synthetic dyes. 
 
      Nekouei et al., [4] proposed the synthesis, characterization, and photocatalytic accomplishment of 
ZnO nanoplate (ZnOs) modified with activated carbon derived from Konar bark. The synergic 
efficiency of ZnO-AC exhibited a good rate of ciprofloxacin (CIP) removal under visible irradiation. 
In addition, first pseudo order kinetic and isotherms equations were calculated. Moreover, the 
identification of degradation products was performed by ultra performance liquid chromatography-
tandem mass spectrometer (UPLC-MS/MS). It is for the first time that a ZnO photocatalyst modified 
with activated carbon (ZnO-AC) applied for CIP degradation. 
 
       Atchudan et al., [5] synthesized the hybrid composite of ZnO nanoparticles decorated nitrogen-
doped graphitic carbon sheets (ZnO@N-C) alongside nitrogen-doped carbon dots (N-CDs) were 
synthesized by the direct hydrothermal method of peach fruit juice and ZnO nanoparticles (ZnO NPs). 
Methylene blue (MB) degradation was estimated utilizing the ZnO@N-C hybrid composite, a 
maximum degradation efficiency of >95% was achieved in a neutral aqueous medium within 60 min 
under UV-light irradiation. This maximum efficiency allows estimating the contribution of the 
heterogeneous and homogeneity of ZnO@N-C hybrid composite which is responsible for the MB-
degradation. Moreover, the economic natural biosource or bio-waste was employed for the synthesis 
of ZnO@N-C hybrid composite and displays an excellent photocatalytic degradation under UV-light 
irradiation which is an alternate for other carbon-based metal oxides. In addition, the resulting N-CDs 
were utilized as a fluorescence probe for cellular imaging, owing to their tremendous properties such 
as bright fluorescence with high quantum yield, excellent water solubility, and good biocompatibility. 
 
      Hassan et al., [6] prepared zinc oxide nanoparticles using the extract of Coriandrum sativum leaf, 
and utilized as an effective photocatalyst for anthracene degradation at ambient temperature (25°C), 
pH 7 and ultraviolet irradiation for 240 min. Under these conditions the percentage decomposition of 
anthracene is ∼96%. The kinetic study of the reaction obeys Langmuir–Hinshelwood model and fitted 
the pseudo first order rate constants. Formation of anthraquinone as a main decomposition product 
was confirmed by HPLC and gas–mass-spectrometry. This photocatalytic degradation reaction 
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significantly reduces the toxicity of anthracene. It is concluded that the photocatalytic degradation of 
anthracene with ZnO NP’s prepared using the extract of Coriandrum sativum plant is an effective 
method in terms of simplicity, degradation efficiency and time of degradation. 
 
      Bae et al., [7] reported the synthesis of zinc oxide-copper (I) oxide hybrid nanoparticles as 
colloidal forms bearing copper (I) oxide nanotubes bound to zinc oxide spherical cores. These 
nanoparticles utilized as photocatalysts for the direct conversion of carbon dioxide to methane in 
an aqueous medium, under ambient pressure and temperature. The catalysts produce methane with 
an activity of 1080 μmol g cat −1 h−1, a quantum yield of 1.5% and a selectivity for methane of 
>99%. The catalytic ability of the zinc oxide-copper(I) oxide hybrid catalyst is attributed to 
excellent band alignment of the zinc-oxide and copper(I) oxide domains, few surface defects 
which reduce defect-induced charge recombination and enhance electron transfer to the reagents, 
and a high-surface area colloidal morphology.  
 
      Turkyılmaz et al.,. [8] synthesized ZnO and different transition metal doped ZnO nanostructures 
by hydrothermal method. The optical band gap value was calculated as 3.24, 3.15, 3.10, 3.05 and 
3.00 eV from UV–Vis diffuse reflectance spectra of ZnO, Ag/ZnO, Ni/ZnO, Fe/ZnO and Mn/ZnO 
photocatalysts, respectively. The results of the photocatalytic degradation of tartrazine in aqueous 
solutions under the UV-light showed that Ni/ZnO exhibited higher photocatalytic activity than the 
other ones. Mn/ZnO demonstrated the lowest photocatalytic activity among the synthesized 
photocatalysts. Thus, Ni and Ag exhibited synergistic effect while Fe and Mn exhibited antagonistic 
effect on the ZnO photocatalytic activity. The maximum degradation rate of tartrazine was obtained to 
be 98.2% in the 60 min using Ni/ZnO.  
 
      The enhanced photocatalytic performance of Ag2S@ZnO hybrid photocatalyst was achieved under 
sonication by taking advantage of the piezotronic effect [9]. Decorating Ag2S (∼1.4 eV band gap) 
nanoparticles on ZnO (∼3.3 eV  band gap) nanowire surfaces successfully extended the light response to the 
visible light range. Furthermore, the strain-generated positive piezocharges effectively lowered the barrier 
height, considerably motivating charge transport across the Ag2S/ZnO heterointerface, which further 
boosted the hybrid photocatalyst performance. The high reproducibility of the photocatalytic activities 
indicated that the modification of ZnO nanowires with Ag2S nanoparticles effectively stabilized the 
photocatalyst in reactions. The degradation rate of Ag2S@ZnO nanowires remained at C/C0 = 18.6% after 
eight cycles, while bare ZnO nanowires exhibited poorer performance (C/C0 = 48.1%). This study showed 
the effectiveness of using the piezotronic effect in water purification and recovery by combined use of solar 
and mechanical energy. 
 
      Porous ZnS, ZnO and ZnS–ZnO NSs are successfully synthesized via simple thermal annealing of 
ZnS(en)0.5 complex precursor in air atmosphere [10]. ZnS–ZnO NSs exhibit the highest 
photocatalytic activity and good photocatalytic stability in the decomposition of organic dye molecule 
rhodamine B (RhB) under ultraviolet (UV) light illumination due to their biggest specific surface area 
and special hetero structure. 
 
      The improved solar light photocatalytic movement of the ZnO/ZCIS composite has been achieved 
with the increased lifetime of charge carrier transfer and by the increased light absorption in the 
visible region due to the hetero junction created between the ZCIS QDs and ZnO nanoparticle. Rock 
salt phase with large fractions of oxygen vacancies is successfully stabilized at ambient conditions by 
inducing plastic strain in pure ZnO under 6 GPa using the High-Pressure Torsion (HPT) method [11]. 
 
      Formation of rock salt phase reduces the band gap of ZnO to 1.8 eV, which is in good agreement with 
the first-principles calculations, and significantly improves the photocatalytic activity under visible light. 
This is due to wide band gap of pure ZnO with wurtzite crystal structure (3.1–3.4 eV) limits its 
photocatalytic activity to the ultraviolet (UV) region of solar spectrum. High-pressure rock salt polymorph 
of ZnO shows narrow band gap; however, the rock salt phase is unstable at ambient pressure. 
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      Hong et al.. [12] Observed high piezo-photocatalytic efficiency of degrading organic pollutants 
using CuS/ZnO nanowires by both solar and mechanical energy. CuS/ZnO heterostructured nanowire 
arrays are compactly aligned on stainless steel mesh by a two-step wet-chemical method. The 
nanocomposite facilitates an efficient light harvesting due to large surface area and easily removed 
from the treated solution. The ultrasonic assistance can greatly enhanced the photocatalytic activity 
due to the coupling of built-in electric field of hetero structures and piezoelectric field of ZnO 
nanowires. The utility of carbonaceous materials for hybrid semiconductor photocatalyst has been 
increasing rapidly due to the synergetic effect via interfacial charge transfer reactions. 
 
      Thangavel et al., [13] synthesized novel graphdiyne-ZnO nanohybrids by the hydrothermal 
method and evaluated its photocatalytic activity on the degradation of azo dyes. The rate constant of 
these nanohybrids is 2-fold higher compared to that of the pure ZnO. Four different nanocomposites 
of AuAgZnO with differing compositions of silver and gold were made by solution combustion 
method [14]. These nanocomposites were formed as nanospheres. The composites contained 
bimetallic AuAg particles on the surface of ZnO semiconductor, the interface being silver. The 
amount of gold dominates the AuAg indicating the presence of only a thin layer of silver below gold 
causing a blue-shifted gold plasmon band and red-shifted silver plasmon band in comparison to their 
pure entity. The number of oxygen vacancies in ZnO as seen in EPR depends on AuAg metal content 
effects the photocatalytic deprivation of the Rhodamine-B & the photocatalytic production of 
hydrogen. The inter particle interaction of Ag with Au and ZnO also plays a major role in 
photocatalytic process. Results confirmed that Ag/ZnO/γ-Al2O3 nanofibers are a promising adsorbent 
for the removal of methyl orange and Cr(VI) ions and the adsorbent can be sustainably reused. Rare 
earth metal doping into semiconductor oxides is considered to be a useful approach to improve 
photocatalytic activity due to its ability in the direction to hold back the electron–hole pair 
recombination upon excitation [15].  
 
      Alam et al., [16] reported the production of different rare earth metal (La, Nd, Sm and Dy)-doped 
ZnO nanoparticles using a facile sol–gel route followed by evaluation of their photocatalytic activity 
by studying the degradation of methylene blue (MB) and Rhodamine B (RhB) in UV-light irradiation. 
All metal doped ZnO showed improved photocatalytic activity toward the degradation of MB, of 
which, Nd-doped ZnO showed the best activity with 98% degradation efficiency. In addition, 
mineralization of the dye was also observed, indicating 68% TOC removal in 180 min with Nd-doped 
ZnO nanoparticles. Hollow ZnO microspheres were successfully synthesized by a one-step template-
free hydrothermal synthetic route straightforwardly just for 30 min at 90°C. Hexamethylenetetramine 
and trisodium citrate played a significant role in the fabrication of hollow ZnO microspheres, and 
distilled water served as the main solvent without adding any organic solvent and surfactants. With 
the morphological evolution apperceived in the time-dependent growth of hollow ZnO microspheres, 
a possible formation mechanism based on Ostward ripening inside-out was proposed. Then, 
polyacrylate/hollow ZnO composite latex was obtained by physical blending of hollow ZnO 
microspheres and polyacrylate emulsion. As expected, hollow ZnO microspheres has a significant 
impact on water vapor permeability, water resistance and mechanical properties. Among them, the 
water vapor permeability and water resistance was relatively increased by 71.18% and 38.42%, 
respectively. 
 
      Zhang et al., also prepared flower-like WO3 photocatalyst with ultrathin nanosheets and the 
thickness of sheets is only 10 nm.  In addition, the Ag nanoparticles deposition happening the exterior 
of WO3 flowers in order to increase the visible-light absorption of WO3 by effect of surface plasmon 
resonance (SPR). They further studied the photocatalytic activity of Ag@WO3 photocatalyst towards 
the degradation of MB and 2-chlorophenol under the visible-light irradiation. The obtained 
degradation results exhibited that Ag@WO3 photocatalyst was found to be degraded more dye 
molecules than the pure WO3 photocatalyst [17]. 
      Wang at al., developed the Ag3PO4/WO3 hybrid photocatalyst for investigating its visible-light 
photocatalytic ability towards the degradation of methylene blue (MB). Also, they observed that the 
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Ag3PO4/WO3 hybrid achieved a progressive photocatalytic activity than pure Ag3PO4 and WO3 [18]. 
Recently, Cao et al., [19] prepared the novel AgIO3/WO3 composites from hydrothermal and chemical 
precipitation method with different amount of AgIO3. The photocatalytic performance of these 
AgIO3/WO3 composites was investigated towards the deprivation of RhB under the visible-light 
irradiation. It revealed that 50% AgIO3/WO3 composites possesses a highest photocatalytic 
performance than the pure AgIO3 and WO3. This may be due to the fast separation and migration of 
photogenerated electron-hole pairs at the interface of AgIO3 and WO3. 
 
      Wang et al., prepared metastable hexagonal WO3 (h-WO3) from a hydrothermal reduction method 
with glycerol and then, the Ag3PO4/h-WO3complexes were prepared by a modest precipitation 
method. They found that the Ag3PO4/h-WO3 photocatalyst showed an outstanding photocatalytic 
activity for degradation of methyl orange (MO) under the visible-light illumination than the 
Ag3PO4/h-WO3. Also, the Ag3PO4/h-WO3 composites exhibited a good stability compared with the 
pure Ag3PO4 which makes clear that the obtained h-WO3 played a vital role in the degradation process 
[20].  
 
      Wang et al., synthesized a novel visible-light-driven AgI/WO3 nanocomposites using facile 
precipitation method. The photocatalytic activities of the AgI/WO3 nanocomposites were 
premeditated by the deprivation of tetracycline hydrochloride (TC) under the visible-light 
illumination. They found that an optimized 20%-AgI/WO3 revealed a highest photocatalytic 
performance than that of pure AgI and WO3. Also, the stability test indicates that the better 
photostability of AgI/WO3 nanocomposite [21]. 
 
      Xu et al., prepared three-dimensionally ordered macroporous WO3 (3DOM WO3) modified 
Ag3PO4 photocatalysts with the different 3DOM WO3 contents. Furthermore, they studied their 
photocatalytic performance meant for degradation of methylene blue (MB) under the illumination of 
visible-light. The obtained degradation results were found to be showed that 4 wt% 3DOM WO3-
Ag3PO4 photocatalyst displayed a maximum photocatalytic performance than the pure 3DOM WO3 
and Ag3PO4. This enhancement may be due to the synergistic effect between the 3DOM WO3 and 
Ag3PO4 and also increased the separation efficiency of the photogenerated electron-hole pairs after 
introduction of 3DOM WO3 [22].  
 
      In addition, Lu et al., also synthesized direct Z-scheme type WO3/Ag3PO4 composite photocatalyst 
via hydrothermal method. Then, they evaluated their photocatalytic ability towards the degradation of 
the methylene blue (MB) and methyl orange (MO) under the illumination of visible-light and 
observed an enhanced photocatalytic activity for WO3/Ag3PO4 composite photocatalyst when 
compared with pure Ag3PO4 and pure WO3. The rate constant values of MB and MO degradation over 
WO3/Ag3PO4 composite were about 2.4 and 2.5 times higher than that of the pure Ag3PO4, 
respectively. This improved photocatalytic activity of WO3/Ag3PO4 composite also owed to the 
synergistic effect together with relatively large surface area, strong absorption oflight ability, matched 
energy band level and an efficient parting of photogenerated charge carriers between the Ag3PO4 and 
pure WO3 [23]. 
 
       Chen et al., synthesized the hierarchical of Ag/AgCl@WO3 nanoplate with an advanced 
photocatalytic activity towards the visible-light degradation of RhB from aqueous solutions than the 
Ag/AgCl, AgCl, AgCl@WO3 and TiO2 (P25) [24].  
 
      Yao et al., synthesized cuboid rods of monoclinic WO3 (m-WO3) using preoxo-polytungstic acid 
as the precursor through a hydrothermal method. Furthermore, they synthesized AgBr/m-WO3 
composite photocatalysts with varying loadings of AgBr for the photocatalytic degradation of RhB, 
MO and MB under visible-light irradiation. Among the different composites, the AgBr/m-WO3 with 
30 wt% of AgBr showed the highest photocatalytic activity than the others [25].  
       Yuan et al., developed a novel Z-scheme Ag2CO3/Ag/WO3 composite via a facile deposition and 
photochemical reduction method. They investigated their photocatalytic activity towards the 
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degradation of RhB, MO, ciprofloxacin (CIP) and tetracycline hydrochloride (TC) under visible-light 
irradiation. It showed that Ag2CO3/Ag/WO3 composites have the developed photocatalytic activity 
compared with that of the pure Ag2CO3 rods and WO3 nanoparticles. The efficient photocatalytic 
activity of these complexes may be due to large portion of the visible light absorption by a surface 
plasmon resonance (SPR) effect, effective separation of photogenerated charge carriers and also the 
formation of a Z-scheme system [26].  
 
      Yan et al., achieved a novel Ag3VO4/WO3 composite by the hydrothermal and a facile precipitation 
method. This composite material was further used by the way of photocatalyst for the degradation of 
tetracycline (TC) under the visible-light illumination. The results revealed that Ag3VO4/WO3 composite 
exhibited excellent photocatalytic ability than the pure Ag3VO4 and WO3 [27].  
 
      Adhikari et al., synthesized the Ag/AgCl/WO3 composite photocatalyst via a microwave assisted 
hydrothermal method. This composite photocatalyst showed a higher photocatalytic performance 
towards the deprivation of RhB under replicated solar light irradiation. Also, the degradation 
efficiency of this composite photocatalyst was enhanced largely when compared with commercial 
WO3 nanopowder which mainly accredited to the surface plasmon resonance (SPR) effect caused by 
the Ag nanoparticles present in the composite photocatalyst [28].  
 
      Zhu et al., [29] reported Ag/β-Bi2O3 microspheres via simple chemical technique. The 
photocatalytic activity of the compound was assessed towards degradation of RhB dye under the 
visible light radiation. It is concluded that the photocatalytic degradation was enhanced for Ag loaded 
β-Bi2O3 than that of pure β-Bi2O3 which is due to the structure of the material which favored 
migration of electron-hole pairs, leading higher photocatalytic activity. Similarly, Ag doped Bi2O3 
photocatalyst [30] with different molar ratio of Ag/Bi (3, 5, 7 and 9%) have been prepared through co-
precipitation and evaluated for the photo-degradation of MO.  
 
       It was noticed that 3 mol% Ag doped Bi2O3 exhibited higher photocatalytic activity over the 
pristine and all the other samples under visible light irradiation. Au/-Bi2O3 microrods with different 
Au loadings have been fabricated by depositing-precipitation method. The visible light photocatalytic 
activities of -Bi2O3 microrods for the degradation of RhB and 2, 4-DCP in aqueous solutions can be 
significantly enhanced by loading Au on the surface. The highest photocatalytic activity was reached 
on 1.0 wt% Au/-Bi2O3. The Au loaded on -Bi2O3halls a significant role in the separation of the 
photo-generated electron–hole pairs by accumulating the electrons from the excited -Bi2O3 substrate 
[31]. Azo dyes formula and structures are shown in figure 1(a-c) 
 

  
 

(a). Methyl orange, C14H14N3SO3Na 
 

(b). CR. C32H22N6NaO6S2 

 
(c). DB 38. C34H25N9Na2O7S2 

 
Figure 1 (a-c). Molecular Formula and Structure of Azo dyes. 

CeO2 based Photocatalysts:   
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Material(s) Shape Preparation 
method Dyes used Diameter/crystal 

size, nm Length, µm Reference 

CeO2 Nanorod Solvothermal 
synthesis 

-- 40-50 0.3-2 [32] 

CeO2+ 
Na3PO4 

Nanorod Hydrothermal 
process 

1,2,4- 
trichloro-
benzene 

5-10 1-2 [33] 

Polyhedral shapes 
 of CeO2 

Nanoparticle Hydrothermal 
process 

-- 3-10 -- [34] 

CeOHCO3 and CeO2 Nanorod Sonochemical 
method 

-- 100-150 300-400 [35] 

CeO2 catalyst for 
deNOx 

Nanoscale Hydrothermal / 
precipitation 
method 

 
-- 

10-20  
-- 

[36] 

Ce(NO3)3.6H2O Nanospheres Hydrothermal 
process 

 
-- 

100-250  
-- 

[37] 

Polycrystalline CeO2 Nanowire Solution-phase route  
-- 

30-120 0.2-5 [38] 

Colloidal CeO2 Nanocrystal Hydrothermal 
synthesis 

 
-- 

-- 67 [39] 

Undoped Ceria Nano-powders Hydrothermal 
method 

 
-- 

12-16  
-- 

[40] 

Doped Ceria with 
Rare Earth (RE=Pr, 
Gd and Sm) 

Nanoparticles Hydrothermal 
method 

 
-- 

13-25  
-- 

[41] 

CeO2 Hollow sphere Photocatalytic 
activity 

 
-- 

60  
-- 

[42] 

CeO2 composed of 
numerous fluorite 
cubic single crystal 

Nanorod Hydrothermal 
process 

 
-- 

20-40 upto several 
µm (1-2 µm) 

[43] 

Ultrafine CeO2 Nanoparticles -- CI Reactive 
Black 5 

< 6  
-- 

[44] 

SrTiCO3/CeO2  Photocatalysis  
-- 

50-100  
-- 

[45] 

CeO2 NPs Nanoparticles Hydrothermal  / 
precipitation 
method 

CI Reactive 
Black 5 

8-10  
-- 

[46] 

CeO2 Nanobelts Cost-effective 
hydrothermal 
method 

MO 20  
-- 

[47] 

Sm3+/Eu3+ co-doped 
with CeO2 

Nanocrystals Oxalate 
decomposition 
method 

 
-- 

4-6  
-- 

[48] 

Cds NPs+ CeO2 
NRs 

Nanoparticles Catalyst preparation 
(Hydrothermal 
method) 

 
-- 

5-10 0.1 – 0.5  [49] 

BTO+ CeO2 Nanoparticles Photocatalysts -- 10-60 -- [50] 
Ce-ZrO2 Nano-fibrous 

web 
Electrospinning 
method 

-- 10-50 -- [51] 

CeO2 Nanowires Facile synthesis CR 10-50 upto several 
µm 

[52] 

CeO2 Nanosheets Precipitation 
process 

-- -- Tens of µm  [53] 
 

CeO2 Nanoparticles One-step ultrasound 
synthesis 

 
-- 

 
-- 

 
-- 

[54] 

BiVO4/ CeO2 Nanocomposite Homogenous 
precipitation with 
hydrothermal 
technique 

MB, MO 
and mixture 
of these two  

 
-- 

 
-- 

[55] 

APPLICATION 
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ZnO, WO3, TiO2, CeO2 AgO, Ga2O3, AgGaO2 and ZnGa2O4 these compounds are used in the 
preparation of arc carbons to increase brilliance. These are commonly used as heat resistant alloy 
coatings and in ceramic coating. For the production of hydrogen and waste water treatment these are 
the promising candidates. These compounds very much helpful in Antioxidant activity, Anticancer 
activity, Cytotoxicity, Antibacterial activity, Neurotoxicity and Genotoxicity. These are the sources 
for additives in glass, fuel poilishing agents and UV protecting products, scintillation counters, drugs 
and pharmaceuticals 

CONCLUSION 
 
Extensive investigations have been explored by several research groups on the fundamental aspects of 
development, modification and utilization of metal oxide based heterostructured materials as 
photocatalysts for deprivation of the organic pollutants. In this review, we have concised the topical 
developments in metal oxide based heterostructures for photocatalytic applications towards 
environmental remediation. The special attention has been made on different metal oxide materials 
under various categories such as ZnO, WO3, TiO2, CeO2 AgO, Ga2O3, AgGaO2 and ZnGa2O4 based 
photocatalysts. The metal oxide based heterostructures are promising materials for environmental 
remediation because of their unique physical and chemical properties, stable, inexpensive and tunable 
band energy with high visible light absorption nature, which originates to the enhanced catalytic 
performance. This review focuses on major challenges of degradation and water purification based on 
numerous reports which dealt with an advancement of metal oxides-based visible-light driven 
photocatalysis for the environmental remediation applications. 
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