
ZnO Nanocomposites in Dye Degradation

M. V. Manohar, Amogha G. Paladhi, Siji Jacob, and Sugumari Vallinayagam

Abstract Substances like dyes having substantial colouring capacity are used in
textiles which releases the effluents into natural streams by evading waste water
treatment. Pollution caused by such non-biodegradable dyes like making the water
unfit for human activities, harming aquatic life, causing diseases in humans etc. has
become the major concern. Advanced Oxidative Processes (AOPs) by photocatal-
ysis are being employed to remove these dyes and bring a considerable reduction in
the contamination. Various semiconductor nanoparticles are widely used for photo-
catalysed degradation of dyes, out of which ZnO nanoparticle is one of the effective
catalysts for this purpose. ZnO is considered above all other metal oxides due to its
stability, low cost, high photosensitivity and optical properties. ZnO is combinedwith
metal, metal oxides etc. in order to overcome the recombination of generated charge
carriers and increase its photocatalytic and sonocatalytic efficiency. ZnO is produced
by several methods like hydrothermal synthesis, solvothermal synthesis, one step
flaming process etc. Characterization and confirmation of the synthesized nanopar-
ticles are carried out by techniques such as X-ray diffraction (XRD), UV–Visible
analysis, Scanning Electron Microscopy (SEM), Transmission Electron Microscopy
(TEM), RamanSpectroscopy, Brunauer-Emmer-Teller (BET) technique, Field Emis-
sion Scanning Electron Microscopy (FE-SEM), Energy Dispersal X-ray analysis
(EDX), Fourier-Transform Infrared (FTIR) spectroscopyAnalysis, EnergyDispersal
X-Ray spectroscopy (EDS) etc. Photocatalytic and sonocatalytic dye degradation
depends on pH, size of the ZnO nanocomposite and calcination process. In this
review different methods of ZnO synthesis, nanocomposite synthesis of ZnO with
metals, characterization of the ZnO nanoparticles and dye degradation processes
have been discussed.
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1 Introduction

The water in natural bodies is contaminated due to the release of residual dyes from
textile industries, dye producing and other industries. These residual dyes produced
from textile industries are not easily biodegradable. Thus, contaminatedwater should
be treated for the removal of these non-biodegradable dyes that are harmful to the
biome [47, 50]. The dye affects the properties of water like colour, odour and phys-
iochemical properties. There are different techniques involved in the treatment of
dye-contaminated water. The principles for dye degradation are basically adsorption
of dye by physical or chemical coagulations that can help the removal of textile
dyes [47]. These are the advanced techniques used for the degradation of dyes which
involves H2O2, O3 in the influence of irradiation that causes oxidative degradation of
contaminants. The aboveprocess is termed asAdvancedOxidativeProcesses (AOPs).
The technique of photocatalysis using semiconductor metal oxides is recently intro-
duced AOPs that help in the easy removal of the dye by the principle of surface adhe-
sion due to charge. ZnO (Zinc oxide), TiO2 (Titanium dioxide), Fe2O3 (Hematite),
WO3 (Tungsten oxide) and ZnS (Zinc sulphate) are few light-sensitive semiconduc-
tors that use the principle of redox reactions due to their surface morphology. The
morphology is due to the chemical combination possessing reliable characters of
empty conduction bands and of filled valence bands [7]. As they are light-sensitive
semiconductors, striked with irradiations of UV or natural light or other compat-
ible source of light that can excite the electrons from valence band to conduction
band forming an electron hole in the valence band. The electron and hole helps in
the adhering of desired molecules (dye) to its surface due to the formed valency.
The electron sharing assures the binding of dye molecules. Simultaneously in the
process due to UV irradiation, ultrasound treatment splits the aqueous solution into
hydroxyl ions [15] and superoxide radicals due to its lesser Electromotive Force
[48]. ZnO having emV compared to other semiconductor photocatalysts is a very
efficient nanoparticle that has significantly high molecular size compared to TiO2

and has high catalytic capacity [7]. ZnO is found to be the most eligible nanoparticle
among other semiconductor photocatalysts because of its property of harvesting the
majority of the solar spectrum for its photocatalytic activity, also it is known to be
very stable in the presence of sunlight [7].

Thesemetal oxide semiconductor photocatalysts useUV light that is present in the
spectrum of visible light where the percentage of UV light in visible light spectrum is
very minimum, i.e. 5–7% [10]. To reduce or minimize the water cleavage due to the
photocatalytic activity of ZnO under UV irradiation different transition metals are
used as dopants. ZnO is usually doped with transition metals like Cu, W, Ni and N to
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reduce the photoreactivity by producingmore number of lone pairs of electrons. ZnO
is known to be efficient for the degradation of dye in natural biomes because of its
property to produce H2O2 more efficiently [6]. ZnO has more number of active sites
that helps in the adhesion of the majority of the dye molecules due to its property
of surface reactivity [33]. The aim is to study the preparation of ZnO, doping or
co-doping, degradation of textile dyes, influence of different parameters that affects
dye degradation and to review different studies and experiments based on the use of
ZnO to degrade textile dyes.

2 Experimental Approach

2.1 Properties of ZnO Nanoparticles and Nanosphere

Among metal oxides, ZnO is an ideal photocatalyst. ZnO is stable, affordable
and environment-friendly [22]. ZnO despite being photocatalyst also possesses the
properties of sonocatalyst [58].

The assemblage and irregularly formed spatial arrangement in ZnO molecules
are comparatively lower than that of adhered metal oxides. The above property of
irregularly formed spatial arrangement and assemblage is a beneficial activity of ZnO
as it provides increased active sites to adhere dye molecules more efficiently. The
impurities like 2%Ni and 2%Al are dopedwith ZnOwhich causes the increase in the
surface area of the catalyst which in turn facilitates the adsorption of dye adhering to
the surface of doped ZnO catalyst. Hence, the doping of ZnO improvises the property
of dye degradation [40].

2.1.1 Photocatalytic Property and Activity

The photocatalytic activity of ZnO can be elevated by doping ZnO with specific
transition metals [21].

The Methyl Orange (MO) and Congo Red (CR) dyes are degraded using the
photocatalytic activities of ZnO in visible-light spectra, whereMOandCRare ideally
used textile dyes which are also organic pollutants. The photocatalytic activity of
ZnO is efficient in the presence of visible light for dye degradation. Ni is doped in
a preferred quantity to elevate the efficiency of photocatalysis, if the doping of Ni
exceeds the threshold quantity, it in turn causes the declination in the performance
of ZnO resulting in the formation of oxygen vacancies on the grain and surface
boundaries where the development of the nanoparticles is inhibited causing a stress
field that further acts as the scattering centers to holes and electrons that avoids
the recombination rate of hole–electron pairs. It was observed that these scattering
centers enhance the photocatalytic activity [40, 50]. If Ni is doped in high quantities
than threshold, it decreases the surface area for photocatalytic activity, because Ni
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occupies majority of voids in the composition of ZnO nanoparticle, due to which the
photon adsorption of ZnO declines [40]. The reactive species like Oxygen O2 and
hydroxide (OH−) are significant in the process of photodegradation of dye [27].

2.1.2 Sonocatalytic Properties of ZnO

During sonolysis, water under high temperature and pressure, that occurs in short
intervals generates free radicles, H+ and OH− having high oxidative potential. The
free radicles thus produced react with each other to form Hydrogen Peroxide (H2O2)
and Hydrogen (H2) [17]. Hydrogen and Hydrogen Peroxide are produced during
sonochemical reactions due to the ultra-sound that is used to process the reactions
[2, 3]. These species are also called Sono-generated charge carriers that hinder the
sonocatalytic efficiency [50]. The ZnO (doped or co-doped) must be aggregated with
some other sonocatalytic semiconductors that can help the completion of effective
degradationof dyewhich are organic pollutants [24]. Thus, semiconductors likeTiO2,
WO3, Fe2O3 or other efficient metal oxides can be co-doped for the preparation of
nanocomposites [16].

2.2 Preparation

2.2.1 Synthesis of ZnO Nanospheres

The ZnO catalyst which is 99% pure is available in the market and can be used for
photocatalysis or dye degradation without any further treatment/as such [7].

ZnOCl2·8H2O, ZnCl2 or AlCl3·6H2O, ZnCl2 or AlCl3·6H2O is used for the
synthesis of ZnO nanoparticle using ultracentrifugation and hydrothermal synthesis
method, where water or 1,2 ethanediol and aqueous NaOH of 5M is used to dissolve
the above-mentioned complex molecule and calcinated at high temperature of 150 if
dissolved in 1,2 ethanediol or calcinated at 90 °C if the complex is dissolved in water.
The dissolved contents are centrifuged at 6000 rpm. The washing is done using H2O
and 2-propanol to eliminate the excess chloride ions, the process is otherwise known
as peptization. Peptization helps in the prevention of unnecessary aggregation of
nanounits which may result in declined results. Calcination using various tempera-
tures is done for the nanounits that contain microaggregations that are separated and
the disintegration of micro-aggregates is carried out in water or 2-propanol using
ultrasound or sonocatalysis for multiple number of times [31].

The ZnO nanoparticles were prepared using hydrothermal synthesis procedure.
ZnO was added to Teflon liner with a different mol% of WO3, a base (NaOH) and
N-butylamine were blended gently and then kept sealed in a common autoclave for
12 h at high calcinating temperatures of 120 °C, then the compound was extracted
and it was washed multiple times using distilled water and dried at room temperature
[10].
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2.2.2 Synthesis of Co-doped Nanospheres

The currently used dopes are the materials that possess multiple properties. Due
to these multiple properties, dopes are used as composite materials that help to
elevate the properties of individual compound containing nanospheres [5]. To exem-
plify, WO3–ZnO is more efficient than ZnO alone. The process of doping different
species or compounds with individual nanospheres to enhance the efficiency without
manipulating the original properties is called Co-doping.

CuO/ZnO nanocomposites are used where CuO is doped with ZnO nanocompos-
ites for thermal decomposition under visible-light-driven photocatalytic dye degrada-
tion of textile dyes like Methylene Blue (MB) and Methyl Orange (MO) synthesized
by Li et al. [27]. To assess the photocatalytic activity of ZnO/CuO nanocomposites,
azo dye Rhodamine B (RhB), which is an organic pollutant discarded from textile
industries, was experimentally used under water using the photodegradation process
where Xe-lamp radiation is used [27]. To investigate photocatalytic dye degradation
of Methyl Orange (MO) and Methylene Blue (MB) dyes by sunlight irradiations
using carbothermal evaporation, CuO/ZnO nanocomposites were used by Kuriakose
et al. [25].

Yu et al. used WO3/ZnO nanoparticles as photocatalyst by varying the concentra-
tion of WO3 by precipitation grinding method where the above composite is desic-
cated at varied temperatures [17, 56]. The composite of WO3 and ZnO was prepared
by Adhikari et al. using known quantities ofWO3 and ZnO nanoparticles with varied
ratios and determined that the ratio of ideal quantity of nanocuboid WO3 and ZnO is
1:9 for the mixture to be efficient to photocatalytically decompose Methylene Blue
(MB) and Methyl Orange (MO) accordingly [1]. Lam et al. prepared a very effec-
tive WO3–ZnO nanopowders using hydrothermal decomposition method and used
the above nanoparticles for the degradation of 2,4-D (2,4-dichlorophenoxyacetic
acid) using sunlight and revealed the use of WO3 and calcined temperature resulted
in effective photocatalytic activity [26]. WO3 and ZnO nanopowders with varying
WO3 concentrations using a simple aqueous medium at lesser temperatures to deter-
mine the photocatalytic activities of WO3 and ZnO nanoparticulations were used for
the dye degradation. The dye degraded using the above method was Methyl Orange
by Xie et al. [53].

Similarly,Ma et al. have formulated N/ZnO photocatalyst using thermal treatment
protocols to elucidate the photocatalytic activity [20, 30]. Thephotocatalytic degrada-
tion ofMethylene Bluewas comparatively observed under visible range andUV light
using N/ZnO nanoparticles by hydrothermal method. N/ZnO nanocomposites were
composed and synthesized by Prabakaran et al. [37]. Sudrajat et al. used combustion
reaction to prepare N/ZnO nanocomposites to determine the photocatalytic activity
in Methylene Blue dye degradation [46].

Ni/ZnO nanoparticles were used as precursors to elevate the activity using co-gel
or co-precipitation techniques and are compared to individual components to study
dye-degradation [11, 27]. Chakrabarti et al. have compared the dye degradation
capacity of ZnO nanoparticles to degrade organic dyes like Methylene Blue and
Eosin Y, where 16 W lamp was used as the source of light and use of ZnO was
accompanied by UV irradiation [7].
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3 Characterization Techniques

3.1 X-Ray Diffraction (XRD)

It is one of the easy approaches for the determination of crystallite size of the powder
samples.As the peak broadens,we can obtain a precise quantification of the particular
sample [51]. Crystal structure of deposited samples was determined by using the X-
ray diffraction patterns obtained with CuKα radiation (λ = 1.5406 Å) from a Bruker
D 2 Phaser in the range of 20–50 °C by Y. M. Hunge et al. The XRD pattern of the
WO3–ZnO nanocomposite could be indexed to the monoclinic and hexagonal crystal
structures ofWO3 andZnO, respectively. The crystallite size (D)was calculated using
Debye–Scherrer’s formula D = 0.9 λ/β cos θ (where λ = 1.5406 Å wavelength of
the CuKα line, β is the Full Width at Half-Maximum (FWHM) for corresponding
peak in radians and θ is Bragg’s angle). Mean crystalline size of ultrasound-assisted
WO3 and WO3–ZnO nanocomposite was found to be 69 and 26 nm, respectively.
Decreasing the crystallite size means increasing the specific surface area and hence
increasing the sonocatalytic degradation rate [17].

Jun Wang et al. found the average size of the ZnO nanoparticles from the XRD
patterns to be 33 nm according to the scherrer’s equation. The ZnO nanoparticles
were used without any special treatments for the degradation process [52].

Karanpal Singh et al. characterized green synthesized ZnO naoparticles using
Punica granatum using PANalytical X-ray diffractometer at the range of angle
from 0° to 100°. The XRD pattern revealed that the nanoparticles synthesized had a
crystalline and wurtzite hexagonal structure which was confirmed comparing with
JCPDS data sheet/ICDD no. 36–1451. The diameter was calculated according to the
Debye–Scherrer’s Equation and the average diameter was estimated as 20 nm [44].

3.2 UV–Visible Analysis

Synthesis of nanoparticles can also be confirmed by UV–Visible analysis. This tech-
nique works based on the principle of Beer-Lambert’s law. The analyte concentration
can be determined from the absorbance at a particular wavelength. The UV–visible
absorption spectrum of green synthesized ZnO-Nanoparticles using P. granatum
in the range of 200–800 nm in a quartz cuvette using Shimadzu UV Spectropho-
tometer. The absorbance peak was centered near 382 nm, indicating the reduction of
zinc nitrate hexahydrate into ZnO nanoparticles [44].

Optical absorbance spectra of ZnO, Green AgNPs, ZnO–AgNPs–5 (5% green
synthesized AgNPs) and ZnO–AgNPs–10 (10% green synthesized AgNPs) were
analysed by using UV–vis (DRS)-NIR V-77O (JASCO, Japan spectrophotometer)
in the wavelength range from 200 to 800 nm. At the end of the experimentation
process, a black coloured powder which was Ag and the white coloured powder ZnO
was obtained. As both the nanopowders were insoluble in MQ (Milli-Q)water, they
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were subjected to sonication for 30 min to obtain a well-dispersed solution. Then
the completely dispersed supernatant of the solution was taken into a quartz cuvette
and exposed to UV–visible radiation. Here, maximum absorption of ZnONPs and
AgNPs was observed at 410 and 390 nm which is in agreement with the reported
values. With increasing the particle size, the absorption band shifts towards red. The
inter-particle distance and the surrounding media also affect the absorption bands
[19].

3.3 Scanning Electron Microscopy (SEM)

The surfacemorphology of green synthesized silver nanoparticles by Gangura leaves
(AgNPs), ZnO powder, ZnO–AgNPs (5% green synthesized AgNPs) and ZnO–
AgNPs (10% green synthesized AgNPs) were studied by Pranav Jadhav et al. using
a Scanning Electron Microscope (Model JEOL-JSM-6360, Japan) which was oper-
ated at an acceleration voltage of 20 kV. The energy dispersive X-ray spectroscopy
(EDAX) was carried out to check elements present in composites by using Oxford
instruments INCA with SEM (S4800), Hitachi Japan. The nanoparticles were found
to be spherical in shape with the diameter in the range of 1.1–1.5μm. The shape, size
distribution and morphology of the prepared ZnO–AgNPs–5% and ZnO–AgNPs–
10% composites revealed that the major percentage of composites is in nanorods
shape with the size lying in the range between 0.3 and 0.4 mm. The SEM images
showed pebble-shaped ZnO nanopowder and rod-shaped AgNPs. The ZnO–AgNPs
composites with different concentrations show an intermediate structure. The rod-
shaped structures were found broken in the image which may have happened during
grinding process [19].

SynthesizedZnO (N),Ag/ZnO (A) andPt/ZnO (P) samples for 3 h (N3,A3 andP3)
and 6 h (N6, A6 and P6) of reaction time, respectively, was subjected to analysis by L.
Muñoz-Fernandez et al. using Scanning ElectronMicrographs and EDS spectra. The
micrograph of pure ZnO sample (N3) revealed the formation of quasi-aligned ZnO
nanowires with a flat hexagonal top. Still an agglomerated structure was observed in
hexagonal cross-sectional view of the top of the nanowires. The presence of Zinc and
Oxygen peaks in the selected area of semi-quantitative analysis confirms the presence
of pure zinc oxide according to XRD results. The micrograph of Ag/ZnO sample
(A3) suggested that particles of noble metal mainly have a spherical morphology.
Estimation of the real morphology was quite difficult due to the dense agglomeration
and the heterogeneous sizes of ZnO.

Sample N3 and A3 presented quasi-aligned ZnO nanowires morphology. Micro-
graph of a Pt/ZnO sample (P3) also implied the nanowire morphology, which
corresponds to ZnO.

EDS spectra displayed that chemical compositionwas based onpureZinc,Oxygen
and Platinum, being in good agreement with the XRD result. The micrographs of
samples synthesized for 6 h were named N6, A6 and P6, respectively. These samples
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exhibit similar morphology of nanowires that was obtained by the samples synthe-
sized for 3 h, which again corresponded to ZnO particles. But in comparison, the
growth of wires was rather uncontrolled, non-aligned and irregular when a longer
reaction time was used. The differences in the morphology may be due to the kinet-
ical growth control of certain crystal surfaces under different surfactants and electro-
static interaction between the positively charged facet of the ZnO crystal and charged
chemical species. The nucleation of ZnO crystal and the preferred direction of crystal
growth can be influenced this way by the surfactants. Cationic behaviors of surfactant
like CTAB with similar molecular charge to the plane cause repulsion on the related
plane boundary which can be the cause for change in the morphology [32].

3.4 Transmission Electron Microscopy (TEM)

This microscopic technique is used to describe the size and shape of nanoparticles.
It uses a beam of electrons to focus the material and produce a highly magnified and
clear image of it. TEMenables easy characterization of the image in itsmorphological
features, compositions and crystallization information is also detailed. JunWang et al.
found that the treated nanosized ZnO powders had a nanometer scale with the size
around 30–45 nm, which was in accordance with the size calculated using Scherrer’s
equation (33 nm) [52].

Karanpal Singh et al. conducted the TEM analysis of green synthesized ZnO
nanoparticles using P. granatum. The green synthesized ZnO-NPs were found to be
polycrystalline with spherical structure and the size of the nanoparticles was in the
range of 10–30 nm which correlated to the value obtained from the XRD data [44].

3.5 Raman Spectroscopy

The Fourier Transform Raman (FT-Raman) spectra of the prepared samples were
collected in the spectral range of 100–1000 cm−1 using an FT-Raman spectrometer
that applies Nd:YAG laser source with an excitation wavelength of 1064 nm. Raman
spectroscopy is an inelastic light scatteringmethod, where the energy transfers to and
from the system under investigation are characteristic of electronic, optical, vibra-
tional or even magnetic properties [9]. The structure and the symmetry of samples
are studied using this method. The chief characteristic peaks for WO3 were observed
at 712.14 and 804.10 cm−1. The peak centered at 436.38 cm−1 is the main char-
acteristic peak of ZnO. The appearance of strong peak around 712.14, 804.10 and
436.38 cm−1 in a way suggested the formation of WO3–ZnO nanocomposites [17].
The Raman spectrum of layeredWO3/ZnO thin films were analysed by Y. M. Hunge
et al. at room temperature in the range of 100 cm−1. The Vibrational modes of the
WO3 sample, located at 272.60, 715.88 and 806.95 cm−1, are due to the stretching
and bending vibrations between O–W–O bonds of layeredWO3/ZnO thin films. The
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peak at 132.13 cm−1 corresponds to the lattice vibrations in the WO3 thin films. The
two peaks were observed at 102.01 and 439.07 cm−1 in the layered WO3/ZnO thin
film, which are related to the Zn sub-lattice and the oxygen sub-lattice, respectively.
The peak centered at 439.07 cm−1 confirmed that the synthesized samples have a
hexagonal wurtzite phase [18].

3.6 Brunauer-Emmer-Teller (BET) Techniques

The surface area was analysed by nitrogen adsorption/desorption at 77 K using Gas
Sorption System (Micro-metrics, Instruments, ASAP 2420). Inert gas adsorption
technique is used to measure the specific surface area, pore size distribution and
heats of adsorption. Surface area affects the dissolution rates, adsorption capacity
and electron/ion current density, representing the free energy that is available for the
bonding. Pore size also determines the performance of the material by affecting its
diffusion rates, molecular sieving properties and surface area per unit volume [43].
So it is necessary to analyse, understand and confirm a particular material for better
efficiency. Gas Sorption Analyzer records various pressures of gas in the sample
cell due to adsorption and desorption. The instrument then calculates the amount (as
STP volume) of gas adsorbed/desorbed. Surface area, pore size is calculated using
computer software. Y. M. Hunge et al. measured nitrogen adsorption–desorption
isotherms to examine the porous structure of WO3 and WO3–ZnO nanocomposites
by nitrogen adsorption/desorption at 77 K using a Gas Sorption System. BET surface
area forWO3–ZnO nanocomposite was 57.1m2 g−1 which comparatively was higher
than the pure WO3 (20.6 m2 g−1). When observed, the results showed mesoporous
structures of ZnO doped with WO3 (ZnO/WO3 nanospheres). With the increased
surface area,WO3/ZnOnanospheres are assured sonocatalytic nanoparticles that help
in the degradation by providing more active sites on the surface due to the increased
adsorption of dye molecules. This helps to elevate the effect of sonocatalysis [17].

3.7 Field Emission Scanning Electron Microscopy
(FE-SEM)

Electron microscopy has been popular since 1944, when scientists Keith R. Porter
and Albert Claude first used an electron microscope to observe the morphology and
composition of cells. Imaging of the cells extends our scientific knowledge with
respect to the morphology and the organization of organelles in cells. This technique
also contributed to the modern improvements in molecular biology and medicine.
Emergence of nanotechnology around 1959 has remodeled many of the tools and
technologies required to view and interpret nanoenvironments [12].
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As instrumentation and technology have evolved, scanning electron microscope
is turning out to be a potent aid to analyse heterostructures and doping distribu-
tions on the nanometre scale. The introduction of Field-Emission Electron Guns
coupled with the design of detector systems has made it possible to obtain high-
resolution images over a wide range of acceleration voltages in the SEM. Scanning
Electron imaging of any specimen may depend on microscopic parameters such as
accelerating voltage, specimen tilt angle, beam current etc. It may also depend on
the surface and bulk properties of the material [49]. FE-SEM is used to visualize
and analyse every small topographic detail and thus used to determine the particle
dimensions and morphology [44]. The morphological characterization of WO3 and
WO3–ZnO nanocomposite was studied by Y. M. Hunge et al. using a MIRA3 XMU
TESCAN Field Emission Scanning Electron Microscope (FE-SEM). The samples
showed uniform and compact surface morphology. The morphology of WO3 struc-
ture exhibited an irregular distribution of nanoparticles, whereas the surface ofWO3–
ZnO nanocomposite showed round-shaped nanoparticles which efficiently increase
the surface area for redox reaction usable for degradation of organic molecules. The
effect of ultrasound causes empty spaces termed as cavities or voids that appear on
the surface that effect the surface morphology and uniformity of the samples [17].
All the FE-SEM images of Green synthesized ZnO nanoparticles using P. granatum
was found to be spherical shaped and the average particle diameter was 20 nmwhich
corresponds to the XRD result [44].

3.8 Energy Dispersal X-Ray Analysis (EDX)

EDX is a technique that usesX-ray radiations to examine the composition of elements
present in materials. It is a technique used to analyse the surface morphology of the
sample where a beam of electron hits another electron present in the inner shell due
to which it causes excitation. Due to the excitation of the electron present in the inner
shell is ejected resulting in the formation of electron–hole or void in the composition
of electrons in the outer shell of element. EDX systems are mainly used in electron
microscopy instruments viz., SEM (Scanning electron Microscopy) or TEM (Trans-
mission Electron Microscopy) instruments. The property of this electron excitation
helps these instruments to produce the images of specimen that are microscopic. The
data collected by EDX analysis contains a graphical representation where the peaks
represent the respective spectra related to the corresponding elements. This helps
us to know the actual composition of sample that is being analyse. The mapping of
sub atomic particles like electrons in the sample helps in analyzing images that are
obtained by SEM and TEM. The element analysis or chemical characterization of
green synthesized ZnO nanoparticles was done using EDX by Karanpal Singh et al.
and the EDX spectrum showed the presence of ZnO and O− ions in ZnO nanopar-
ticles synthesized using P. granatum. The elemental analysis of the ZnO powder
indicated that 76% of Zinc and 15% of Oxygen were present which inferred good
purity and very little impurities [44].
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3.9 Fourier-Transform Infrared (FTIR) Analysis

To obtain the analysis of interfaces to analyse the adsorption of functional groups
on the surface of nanoparticles, FTIR analysis is used. The molecular data analysed
with the help of FTIR helps the investigator to interpret the conformational and
structural changes of the self-aggregated functional groups that are adhered on the
surface of nanoparticles. By analyzing the vibrations and rotations of molecules that
are influenced by IR (Infra-Red radiation), a particular wavelength to which FTIR
analyses spatial arrangement. There are few advantages that attribute for a better
assessment in this technique viz., high accuracy, high stability, high signal–to-noise
ratio and high energy. Karanpal Singh et al. carried out FTIR spectroscopy to confirm
the formation of Zn–O bond and to identify the phytoconstituents of P. granatum
that are capped on ZnO–NPs surface. Using a Bruker Alpha FTIR spectrometer,
spectrum of green synthesized ZnO–NPs was analysed. The spectral peaks 3610
and 3822 cm−1 are due to O–H stretching. The peak around 2354 cm−1 is due
to C–H stretch. The peak around 1512 cm−1 is due to the C=O stretching. The
peak at 1683 cm−1 corresponds to ZnO bending deformation vibrations. The strong
vibrational bands at 610 cm−1 are assigned to the stretching modes for the formation
of ZnO nanoparticles. Thereby in this study it is clear that the ZnO–NPs were devoid
of being aggregated by the phytoconstituents and also confirms the stability of the
surface of nanoparticles during the synthesis [44].

3.9.1 Energy Dispersal X-Ray Spectroscopy (EDS)

EDS (Energy Dispersal X-Ray Spectroscopy) is a prescribed technique used for the
identification of materials. A primary beam is used to obtain characteristic X-rays by
placing the EDS systems on SEM (Scanning Electron Microscope). The analysis of
the sample is done using theX-rays obtained,which are very particular to the samples.
The intensity of the primary beam and the material of the samples are two factors
on which the spatial arrangement or resolution of EDS depends [13]. Deducing the
structure of atoms, identification and the site that are void can be occupied to know the
magnetic properties [38]. The chemical composition of WO3–ZnO nanocomposite
was examined using Energy Dispersive X-ray Spectroscopy (EDS) system attached
to an FE-SEM (MMIRA3XMUTescon Orsay Holding) and the EDS pattern studies
ofWO3–ZnO nanocomposite prepared by sonochemical route ruminate the presence
of W, Zn and O elements. The atomic percentage of the W and the Zn elements in
the WO3–ZnO nanocomposite were found to be 32.56% and 22.18%, respectively.
Thus, EDS results in addition to Raman and XRD results confirm the formation of
WO3–ZnO nanocomposites [17].
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4 Methods of Dye Degradation

4.1 Photocatalytic Degradation

Karanpal Singh et al. carried out photocatalytic degradation of Coomassie Brilliant
Blue R-250 dye using Green synthesis of Zinc Oxide nanoparticles (ZnO–NPs)
using P. granatum leaf extract. The process was carried out in an aqueous solution
under sunlight. The powdered dye was dissolved in deionized water to which ZnO
nanoparticles were added and sonicated. The mixture was stirred continuously for
30 min in the presence of sunlight. Four millilitres of the solution was centrifuged to
pellet down at regular time intervals to check the absorbance at 600 nm which was
the optimum absorbance peak of the dye. It was clearly observed that with time the
intensity of blue colour of the dye solution decreased gradually and became light at
last. ZnO–NPs could degrade the pollutant drastically in 3 h [44].

Pranav Jadhav et al. investigated the degradation efficiency of ZnO nanomate-
rials doped with Green synthesized silver (Ag) nanoparticles using Gongura leaves
on Methylene Blue by photocatalytic degradation process. To 500 mL of distilled
water, 5 mg of MB dye was added slowly for the preparation of dye. The dye prepa-
ration was completely carried out in dark. The prepared dye solution and the synthe-
sized nanomaterials such as ZnO, ZnO–AgNPs–5 (5% green synthesized AgNPs
using Gongura leaves) and ZnO–AgNPs–10 (10% green synthesized AgNPs using
Gongura leaves) were added in separate beakers as a catalyst alongwith pre-prepared
dye sample in the proportion of 1:1 (i.e. 50 mL of dye and 50 mL of catalyst) ratio.
One beaker containing only dye solution was maintained as control. The beakers
containing catalysts were stirred on magnetic stirrer for 30 min so that the dispersion
is uniform. The photocatalytic treatment was carried out in the presence of sunlight
at the ambient temperature in between 25 and 30 °C. The 1 mg/mL of concentra-
tion of ZnO nanoparticle was used for dye solution. The photocatalytic degradation
progress was monitored at different intervals. The percentage of degradation was
calculated by Degradation percentage (%) = (C0 – Ce/C0) × 100, where C0 and
Ce are the dye initial concentration and dye concentration after the photocatalytic
treatment, respectively. The dye solution before the addition of the catalyst was
exposed to sunlight and the spectrophometric analysis of the sample after 15 min
interval revealed that 37.76% dye was degraded under the sunlight which took about
120 min. The absorption spectra were recorded in the wavelength range between
400 and 800 nm. The absorption peak of Methylene Blue dye was found to be 664
and 614 nm in the visible region. Peaks are found to be decreased with an increase
in time intervals due to redox reactions. Once ZnO was added to the Methylene
Blue as catalyst, 91.67% degradation was observed after 120 min. Composites of
ZnO–AgNPs–5 and ZnO–AgNPs–10 were added to the Methylene Blue, showing
99.21% and 97.71% dye degradation within 75 min, respectively. Composites of
ZnO–AgNPs–5% proportion showed the better results of all as mentioned above
[19].
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4.2 Sonocatalytic Degradation

The sonocatalytic degradation is a novel technology for treating wastewater. It is an
advantageousmethod over photocatalytic degradation as it uses low-power ultrasonic
irradiation as the excitation energy for the degradation to take place. Ultraviolet light
costs a lot of energy to induce semiconductor catalyst and also the photocatalytic
degradation is not feasible for low transparent organic wastewater [52].

Y. M. Hunge et al. in his work used sonocatalytic procedure for Brilliant Blue
dye degradation. The sonocatalytic degradation was executed using an ultrasonic
bath under 200 W output power and 40 kHz frequency in the presence of prepared
WO3–ZnO nanocomposite. As less number of OH− radicals were formed in the
sonolysis degradation alone, WO3–ZnO nanocomposite prepared with ultrasonic
bath was an effective support for enhancing the sonocatalytic degradation efficiency.
All reactionswere performed under normal temperature and pressure. In thismethod,
the prepared samples (0.2 g) and oxidants were added into 100ml of 0.5mMBrilliant
Blue solution and then it is filled into the reaction container (150 ml). The reaction
mixture was stirred for 15 min to attain adsorption–desorption equilibrium. A 4-ml
sample was pipetted from the reaction mixture and centrifuged for 10 min. Once the
catalyst was settled down the absorbance of Brilliant Blue solution was measured
using an ultraviolet–visible (UV–vis) spectrophotometer [17].

The phenomenon of luminescence caused due to sonocatalysis is because of
acoustic cavitation that results in the formation of beam of wavelength 420 nm.
These beams of short wavelength generated has sonoluminiscence induceWO3/ZnO
nanoparticles to produce lone pair of electrons that causes electron holes. Thus, gener-
ated electrons are excited from the conduction band of ZnO to the conduction band
of WO3 and the holes are shifted from valence bands of WO3 to valence band of
ZnO. This exchange of holes and electrons must be avoided to improve the dye
degradation efficiency of nanoparticles (WO3/ZnO nanocatalyst). The formation of
holes has its negative impact on the adsorption of dye on the surface of photocatalytic
nanospheres by degrading the nanospheres in the aqueous solution by producing OH
from H2O molecules. The presence of degraded nanoparticles in the solution causes
the activation of sites that are responsible for producing acoustic cavitation. The
bubbles produced due to cavitation settle on the surface, which causes the formation
of more cavitation bubbles [17].

During the course of sonocatalytic degradation, UV–Visible absorption spectra of
Brilliant Blue stain were recorded at different time intervals between 450 and 850 nm
wavelengths. There was a frequent decrease in the absorbance peak which clearly
indicates the Brilliant Blue degradation due to the decomposition process. Degrada-
tion was calculated using the formula Degradation formula (%)= (Ext0 − Ext/Ext0)
× 100, where Ext0 is initial and Ext final concentration of Brilliant Blue dye. WO3

nanoparticles alone degraded around 60% of brilliant blue in 40 min, whereas 90%
of degradation was observed in 40 min whenWO3–ZnO nanocomposite was admin-
istered. The slope of the plot in (Ext/Ext0) versus reaction time was apparently found
to be first-order reaction and its kinetics in both the cases. The slope of this plot gives



330 M. V. Manohar et al.

a value of the rate constant (k) and is found to be k= 7.01× 10−3 s−1 for WO3–ZnO
nanocomposite and 0.346 cm−3 s−1 for WO3 nanoparticles [17].

Jun Wang et al. in the sonacatalytic degradation process of acid red B and
Rhodamine B dye, ZnO powder was used as such by heating it at 300 °C for 2 h.
The activated ZnO powder was mixed with acid red B and Rhodamine B solutions,
respectively. After a proper stirring tomake a good dispersion, was placed in an ultra-
sound apparatus and irradiated. The UV–vis spectra of acid red B and Rhodamine B
solutions during degradation were determined at regular intervals. The experimental
conditions were initial concentration of 10 mg/L ZnO nano powder, TiO2 addition
amount of 1.0 mg/L, initial acidity of pH 7.0, systemic temperature of 25.0 ± 0.2
°C, ultrasonic irradiation time of 60 min and total volume of 50 mL were collected
to analyse the sonocatalytic activity of nanosized ZnO powder. It was found that the
characteristic absorption peaks of both Acid Red B and Rhodamine B solutions at
510 nm and 560 nm, respectively, declined under ultrasonic irradiation in the pres-
ence of nanosized ZnO powder. The peaks declined as a result of decomposition
and showed great results when compared to other samples with onefold ultrasonic
degradation and onefold adsorption of the nanosized ZnO powder. In comparison
with Acid Red B and Rhodamine B, the enhancement effect of nanosized ZnO
powder on the sonocatalytic degradation of Acid Red B was much better than that of
Rhodamine B. Degradation ratio of Acid Red B in the presence of nanosized ZnO
powder was 71.2% in 60 min ultrasonic irradiation, while it was only 39.1% for
Rhodamine B at the same time. In the absence of ultrasound irradiation, the degrada-
tion percentage of Acid Red B and Rhodamine B was 22.3% and 8.2%, respectively.
Here also the reaction kinetics was inferred as first-order reaction. The rate constant
for Acid Red B is much greater than that for Rhodamine B, which is 0.016 min−1 and
0.0066 min−1, respectively, and both confirmed pseudo first-order kinetic reactions.
As initial concentration of dye waste water increases, the degradation ratio gradually
decreases because of the increase in dye molecules on the surface of ZnO particles.
This will hinder OH− ions from being absorbed by ZnO nanoparticles; thus lowering
the formation rate of hydroxyl radicals (OH−), and consequently, it affects negatively
the degradation efficiency. Degradation ratios of both Acid Red B and Rhodamine
B increased with the increase of nanosized ZnO powder up to 1.0 g/L after which
Rhodamine showed a slight decrease in the degradation ratio which may be due to
the nearness and aggregation of nanosized ZnO particles [52] (Fig. 1).

5 Effects of Parameters on ZnO Dye Degradation

5.1 Effect of pH on the Photocatalytic Activity

The effect of pH on the adsorption efficiency of the materials used for adsorption
and the removal capacity of the adsorbate or adsorbent was evaluated [39]. The
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Fig. 1 Schematic representation of process of degradation

studies where the influence of pH was considered as criteria that can alter the photo-
catalytic process were conducted in the pH range of 4–10 using ZnO nanosphere
catalysts dissolved in dye solution in an ideal reaction time. The adjustments of
pH in the solution were maintained using acidic and basic solutions like HCl and
NaOH, respectively. The rate of degradation and bleaching of dye are influenced
or affected by the change in pH. The rate of degradation and bleaching of dye were
observed to be high or efficient at pH 6which is a bit acidic. The graphical elucidation
resulted due to the variation of pH has shown that the efficiency of photodegradation
was maintained high and raised till pH 6. After a slight constant curve, the graph
declined when there is an increase in the pH number (that is, >pH 6 viz. 7–14). In
the above study, the effect of pH in dye degradation is dependent on semiconductor
oxide (CuO, WO3, NiO etc.) that causes acid–base equilibrium which regulates the
surface dynamics of nanocatalyst activities [47, 54]. Hence, the experiments use pH
6 as an optimum pH to carry out photocatalytic dye degradation. The effect of pH
in the removal or adsorption efficiency (surface chemistry of nanocatalysts) is due
to the variation of electrostatic force of attraction on ZnO nanospheres where the
dye molecules adhere. Due to the variation of pH in the medium, the increase in
the pH to optimum levels (i.e., pH 6) attracts the dye molecules and decrease in the
optimum pH or any pH which is more than pH 6 causes the removal of dye and in
turn decreases the activity of nanoparticles as the electrostatic force of attraction is
directly proportional to the adsorption and removal of dye molecules on the surface
of nanoparticles [57]. At the basic pH, that is, pH 9, the surface of ZnO nanoparticle
possesses positive charges [8]. Hence, due to the property of electrostatic force of
attraction, any pollutant that carries a negative charge (anion pollutant) moves to the
adsorbent surface of nanoparticles [45]. The pKa value of dye with elevated pH of the
solution, the dye exists with negative ion for and gets adhered to the adsorbent surface
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of nanoparticles. Thus, the increase in the pH to 6, the rate of adsorption of anionic
pollutant or dye and the degradation efficiency of ZnO nanoparticles increases. At
ideal pH 6, the rate of dye degradation and bleaching rate increases. The above prop-
erty can be accredited to the decreased oxidation potential of OH− radical that has
an impact on pH as hydroxyl radical contributes to increasing the pH of the solution
[29]. Simultaneously, the increased hydroxyl ions also affect the surface adhering
activity of ZnO nanoparticles by inhibiting the binding of dye molecules that are
anionic in nature to the surface of photocatalyst [41].

5.2 Effect of ZnO Nanospheres Dose

To observe the effect of ZnO nanospheres or photocatalysts concentration on the rate
of degradation and decolouration of dye molecules, a variable range of photocata-
lyst nanospheres were introduced to the solution for a certain period of time at the
optimum pH 6with certain initial dye concentrationwhere the range of concentration
of nanosphere lies in between 50 and 300 mg/L. The findings and reports proved that
the rate of degradation and rate of decolourizationwere elevated due to the increase in
the concentration of photocatalytic nanospheres to a higher range compared to initial
concentration. In further increase in the concentration of catalyst, there is no raise in
the degradation and decolourization of dye with the increase in concentration of cata-
lyst. When the concentration was further more enhanced, the decrease in the photo-
catalyst activity causes less decolourization and degradation of dye. Henceforth, this
shows there exists an optimum concentration of photocatalyst for its enhanced or
ideal activity. Until a certain concentration, the decolourization and degradation is
directly proportional to the activity of photocatalytic nanospheres. The increased
release of hydroxyl radicals are due to the catalytic activity of nanospheres cribbles
the rate of degradation and decolourization. When the concentration of nanoparti-
cles is increased, the solution turns turbid, a milky white turbidity can be observed
which prevents the penetration of UV light that causes decreased effect of UV irra-
diation. This phenomenon causes decreased efficiency in dye degradation. Thus, the
concentration of nanosphere where it shows the ideal activity in decolourizing and
degrading the dye becomes a critical criterion to be considered for further investi-
gation. The ideal concentration of ZnO nanospheres is determined to be 100 mg/L
with the corresponding and correlating factors that are known [14, 55].

5.3 Effect of Calcination (Elevated Temperature)
on the Optical Activity of ZnO Nanospheres

Range of temperatures °C was used to determine the effect of calcination on the
photocatalytic activity of ZnO nanospheres. The effects of calcinated photocatalyst
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are increased with the elevation of temperatures in the process of dye decolouriza-
tion and degradation. The photocatalytic activity is elevated with the increase until a
certain temperature and then the activity becomes constant producing a plateau-like
curve when plotted. The above phenomenon is attributed to the carbon substrate
residue CTAB adhered on the surface of nanoparticles which affects the photocat-
alytic activity. The highest possible or efficient or ideal calcinationed temperature
of 450 °C is preferred by the conducted experiments where the complete burning of
CTAB happens [42].

5.4 Influence of Stirring

To study the effect of stirring on the rate of decolourization and dye degradation
was studied under the above-mentioned ideal conditions (where the time 50 min,
ideal pH 6, initial dye concentration of 10 mg/mL and the concentration of ZnO
nanospheres 100 mg/L). The stirring results in the elevated rate of dye degradation
and decolourization. Thus, the effect of rate of stirring is directly proportional to
the increased dye photocatalytic activity. The stirring causes the release of trapped
oxygen in between the nanosphere and removes hydroxyl radicals that are present,
thus increasing in surface area for the adsorption of dye. To note, the stirring of the
solution causes a decrease in the rate of equilibrium period hence increasing the rate
of diffusion of dye molecules that adhere to the surface of photocatalysts [4].

5.5 Effect of Oxygen Concentration

The effect of concentration of oxygen in the photocatalyst has an impact on the
rate of dye degradation and decolourization. A current of air containing oxygen
and nitrogen was conducted through the solution to analyse the efficiency of ZnO
photocatalyst. The procedure was conducted under the ideal condition (where the
time 50 min, ideal pH 6, initial dye concentration of 10 mg/mL and the concentration
of ZnO nanospheres 100 mg/L) and the gas containing nitrogen was passed through
the solution for 2.5 min. The passage of nitrogen caused the removal of oxygen
that decreased the activity of photocatalyst. Thus, it is determined that the presence
of oxygen in the solution causes increased efficiency of photocatalyst nanospheres
in dye degradation and decolourization. The free oxygen radicals carrying negative
charge attributes to the oxidation of hydroxyl radicals resulting in the formation of
hydrogen peroxide (H2O2) and molecular oxygen (O2). Thus increases the efficiency
of the photocatalytic ZnO nanospheres [28].
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5.6 Recycling of the Photocatalytic ZnO Nanospheres

The recycling of photocatalytic ZnO nanospheres has its importance in the economic
point of view. The reused photocatalytic ZnO nanospheres can be used by recovering
them from the sources where the decolourization and degradation were already being
conducted and can be utilized for further photocatalytic activities. To reuse the pre-
used ZnO nanospheres the efficiency should be retrieved. The recovery of pure ZnO
nanospheres by removal of the decolourized anddegradeddye and impurities are done
by subjecting them into multiple cycles of centrifugation under >4000 rpm. Thus,
the impurities and degraded dyes are removed also by rinsing the centrifuged ZnO
nanospheres using ethanol and bi-distilled water. The duly recovered and purified
ZnO nanospheres can be reused in dye degradation. The efficiency or the capacity of
ZnO nanoparticles that are recovered by recycling are comparatively lower than that
of the freshly prepared or unused ZnO nanospheres. The recycled nanospheres also
show a decrease in its activity of rate of decolourization and degradation processes
in multiple usage [42] (Fig. 2).

Fig. 2 Schematic representation of properties attributed to ZnO nanospheres
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6 Discussions

Since ages, textile industries have been using a lot of variant dyes that are washed out
aswaste through outlets to the naturalwater bodies. The content of these outletsmight
be organic, inorganic, natural or synthetic but are hazardous to the biome present in
the water bodies. Despite being hazardous they are also non-biodegradable. Different
ways of approaches have been conducted till date to degrade the dyes, among which
the use of nanospheres or nanoparticles are photocatalyts or sonocatalysts that are
known to successfully decolourize or bleach and degrade the dyes. Few transition
metal oxides are well known for their property of adsorption due to their capacity
to produce lone-pair of electrons and holes by providing the dyes to adhere on its
surface. Different transition metals like TiO2, WO3, Fe2O3, ZnO, MgO and other
transition metal oxides are used for the preparation of photocatalytic nanospheres
among which ZnO is known to be stable, efficient, affordable and environment-
friendly catalyst. ZnO is a semiconductor metal oxide which has the capacity to
hydrolyze aqueous solutions. When ZnO nanospheres are used to decolourize and
degrade the dye pollutants present in the water under the influence of UV irradiation
causes hydrolysis of water producing OH− and H+. These OH− and H+ might mask
the ability of ZnO to act as photocatalyst by acting as electron scavengers.

To avoid this phenomenon of electron scavenging by OH− and H+ species, ZnO
nanocatalysts are doped. Doping helps in the generation of charge carriers for the
degradation of dye pollutants by recombinating photogenerated electron–hole pair.
Thus, it helps to achieve high photocatalytic efficiency.

There are different studies that are carried out to dope ZnO with other narrow
band gap semiconductors. This process is known as Co-doping as it attributes more
qualities of photocatalysis when combined with ZnO nanospheres when compared
to pure ZnO nanospheres. There are different ways of approach in dye degradation
due to the multiple catalytic properties of ZnO or doped ZnO, they are photocatal-
ysis, sonocatalysis under the influence of UV irradiation, IR radiation, natural light
treatment, hydrothermal activity, combustion and calcination at high temperature.

The applications of nanoparticles are seen in diverse areas such as agriculture,
animal husbandry, chemical sciences, medical sciences, biotechnology, electronic
engineering veterinary science etc. They have been also used inmedicinal treatments,
fabrication of devices like solar cells, oxide fuel batteries for energy storage, as bio-
sensors, cosmetic products, UV protection fabrics and so on. Antibacterial agents
such as antiseptics, antidandruff shampoos, baby powder etc. contain ZnO particles.
The antibacterial property and other biological functioning of ZnO nanoparticles
depend on the concentration, morphology, size, healing, temperature and affinity
between the bacterial cells and ZnO. On the other hand, Ag/NPs showed an effective
antibacterial, antifungal and antiviral property.

Semiconductor-assisted photocatalytic degradation is found to be an effective
method to degrade organic compounds present in the portable water sources. Apart
from physiochemical methods like adsorption, nanofiltration and electrochemical
methods, Advanced Oxidative Process (AOPs) is proved to be a good technique for
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the degradation of organic pollutants. Sonocatalysis is another emerging AOP to
remove persistent organic compounds.

Sonocatalysts are active under ultrasonic irradiation and have a high rate of degra-
dation of organic contaminants. TiO2, ZnO, Cu2S, CdS, ZnS, ZnO–NRs–AC and Cu:
ZnS–NPs–AC, MIL–101(Cr)/RGO/ZnFe2O4 and CoFe2O4@ZnS are various cata-
lysts that show good sonocatalytic activities. WO3 is one of the promising photo-
catalysts for many opto-electronic applications etc. WO3/ZnO nanorods synthe-
sized via Hydrothermal-deposition technique are found to be highly effective in
the degradation of 2,4-dichlorophenoxy acetic acid (2,4-D) under natural sunlight.
At 600 °C calcination temperature WO3/ZnO composites with 2 wt% concentra-
tion of WO3 showed doubled photocatalytic activity as compared to pure ZnO.
TiO2 (3.37 eV) and ZnO (3.18 eV) are wide band gap semiconductor metal oxides,
which have great importance due to their high catalytic efficiency. Noble metals like
Ag/Pt can act as electron sinks thereby reducing the electron–hole recombination
and charge separation. Noble metal/ZnO has the capacity to enhance the corrosion
resistance, to improve the photocatalytic efficiency and photostability. Ag ions have
attracted attention for their combined property of both photoactivity and antibacte-
rial properties. Solvothermal method is another technique of preparing large-scale
ZnO nanostructures. Cetyltrimethylammonium bromide (CTAB) has been used in
this solvenothermal technique as organic dispersant. They interact with ZnO to form
nanowires on the surface of ZnO by the synergic effect of the surfactant and the
solvent (ethanol). Solvenothermal method helps in the deposition of noble-NPs on
the ZnO–NWs and thereby obtains nanoparticles with a high surface to volume ratio,
even distribution of noble metal etc. Flame aerosol synthesis is an alternate method
used to prepare nanoscale materials commercially at a low cost. Flame Spray Pyrol-
ysis (FSP) is used in particular for one-step drying synthesis of high surface area
noble metal-laden catalysis. This method provides highly pure particles, control of
particle size and good crystalline structure on one step.

Aquatic system is contaminated due to the growth of industrialization which
releases chemicals like organic dyes, gases, oils, heavy metals which are hazardous
to plants and animals. According toWHO, contaminatedwater causedmany diseases
like Giardiasis, Cholera, Viral gastroenteritis etc. which kills millions of people each
year. The dye from textile industries, tanneries, kraft mills and other industrial wastes
are non-biodegradable chemicals and contribute to the elevated levels of Biological
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), pH and colour. Hence
there is a requirement for an efficient, harmless and environment-friendly technique
to degrade the pollutants. Nanoparticles of size ranging from 1 to 100 nm have been
studied in a wide range for their remarkable properties like catalytic degradation,
antibacterial agents etc. Various studies have been conducted regarding the use of
ZnO nanospheres as dye degrading components. Few among them are tabulated
(Table 1).
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7 Conclusion

Due to the release of toxic dyes from textile industry into the natural water bodies,
there are many hazardous conditions being formed that spoils the biome and upsets
the ecosystem [7, 47]. To solve this, various approaches are being done among which
ZnOdye degradation is one of the reliable and efficientmethods [11, 42]. To conclude
with the above work, reviewing different experiments and comparison of dye degra-
dation using ZnO as a basic semiconductormetal ion nanoparticle reflects that the use
of ZnO is more appropriate because of its attributing properties being efficient and
environment-friendly. As stability place an important role in any chemical reactions
concerned with approaches of environmental application that helps in the betterment
of conditions like pollution, wastewater treatment etc. ZnO (pure or doped form)
[23, 35, 37] has excellent properties of remaining unaffected and also contributing
to degradation. Natural solar radiations and ultraviolet radiations can be used to
enhance the properties of ZnO in dye degradation. The usage of ultrasound to create
higher efficiency of the nanoparticles results in sonocatalysis. These properties have
positive contribution to the field of environmental application, ZnO nanoparticles are
highly credited among other semiconductor nanoparticles.
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synthesis of Ag/ZnO and Pt/ZnO nanocomposites and comparison of their photocatalytic
behaviors on dyes degradation. Adv Powder Technol 27(3):983–993. https://doi.org/10.1016/
j.apt.2016.03.021

33. Pal B, Sharon M (2002) Enhanced photocatalytic activity of highly porous ZnO thin films
prepared by sol-gel process. Mater Chem Phys 76(1):82–87. https://doi.org/10.1016/S0254-
0584(01)00514-4

34. Panchal P, Paul DR, Sharma A, Choudhary P, Meena P, Nehra SP (2020) Biogenic mediated
Ag/ZnO nanocomposites for photocatalytic and antibacterial activities towards disinfection of
water. J Colloid Interface Sci 563:370–380. https://doi.org/10.1016/j.jcis.2019.12.079

35. Pascariu P, Tudose IV, Suchea M, Koudoumas E, Fifere N, Airinei A (2018) Preparation and
characterization of Ni, Co doped ZnO nanoparticles for photocatalytic applications. Appl Surf
Sci 448:481–488. https://doi.org/10.1016/j.apsusc.2018.04.124

36. Pawinrat P, Mekasuwandumrong O, Panpranot J (2009) Synthesis of Au-ZnO and Pt-ZnO
nanocomposites by one-step flame spray pyrolysis and its application for photocatalytic degra-
dation of dyes. Catal Commun 10(10):1380–1385. https://doi.org/10.1016/j.catcom.2009.
03.002

37. Prabakaran E, Pillay K (2019) Synthesis of N-doped ZnO nanoparticles with cabbage
morphology as a catalyst for the efficient photocatalytic degradation of methylene blue under
UV and visible light. RSC Adv 9(13):7509–7535. https://doi.org/10.1039/C8RA09962F

38. Prencipe I, Dellasega D, Zani A, Rizzo D, Passoni M (2015) Energy dispersive X-ray spec-
troscopy for nanostructured thin film density evaluation. Sci Technol Adv Mater 16(2). https://
doi.org/10.1088/1468-6996/16/2/025007

39. Rahmani M, Kaykhaii M, Sasani M (2018) Application of Taguchi L16 design method for
comparative study of ability of 3A zeolite in removal of RhodamineB andMalachite green from
environmental water samples. Spectrochim Acta Part A Mol Biomol Spectrosc 188:164–169.
https://doi.org/10.1016/j.saa.2017.06.070

40. Reddy IN, Reddy CV, Shim J, Akkinepally B, ChoM, Yoo K, Kim D (2020) Excellent visible-
light driven photocatalyst of (Al, Ni) co-doped ZnO structures for organic dye degradation.
Catal Today 340:277–285. https://doi.org/10.1016/j.cattod.2018.07.030

41. Saini J, Garg VK, Gupta RK, Kataria N (2017) Removal of Orange G and Rhodamine B dyes
from aqueous system using hydrothermally synthesized zinc oxide loaded activated carbon
(ZnO-AC). J Environ Chem Eng 5(1):884–892. https://doi.org/10.1016/j.jece.2017.01.012

https://doi.org/10.3762/bjnano.6.96
https://doi.org/10.1016/j.molcata.2013.01.005
https://doi.org/10.1016/j.spmi.2010.02.005
https://doi.org/10.1007/b138188
https://doi.org/10.1016/j.dyepig.2005.07.007
https://doi.org/10.1155/2013/625024
https://doi.org/10.1016/j.jcis.2005.01.097
https://doi.org/10.1016/j.apt.2016.03.021
https://doi.org/10.1016/S0254-0584(01)00514-4
https://doi.org/10.1016/j.jcis.2019.12.079
https://doi.org/10.1016/j.apsusc.2018.04.124
https://doi.org/10.1016/j.catcom.2009.03.002
https://doi.org/10.1039/C8RA09962F
https://doi.org/10.1088/1468-6996/16/2/025007
https://doi.org/10.1016/j.saa.2017.06.070
https://doi.org/10.1016/j.cattod.2018.07.030
https://doi.org/10.1016/j.jece.2017.01.012


ZnO Nanocomposites in Dye Degradation 341

42. Saleh SM (2019) ZnO nanospheres based simple hydrothermal route for photocatalytic degra-
dation of azo dye. Spectrochim Acta Part A Mol Biomol Spectrosc 211:141–147. https://doi.
org/10.1016/j.saa.2018.11.065

43. Sing KSW (1989) The use of gas adsorption for the characterization of porous solids. Colloids
Surf 38(1):113–124. https://doi.org/10.1016/0166-6622(89)80148-9

44. Singh K, Singh J, Rawat M (2019) Green synthesis of zinc oxide nanoparticles using Punica
Granatum leaf extract and its application towards photocatalytic degradation of Coomassie
brilliant blue R-250 dye. SN Appl Sci 1(6). https://doi.org/10.1007/s42452-019-0610-5
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