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ABSTRACT
Here in the present study, we report the synthesis of ZnO nanoparticles, ZnO/CuO(3%), ZnO/CuO(5%),  
and ZnO/CuO(10%) nanocomposites using a simple precipitation method with the variation of CuO 
content and the activities of the prepared samples were investigated for degradation of Brilliant Cresyl 
Blue (BCB) dye under visible light conditions in aqueous solutions. The structural, morphology, optical 
and compositional characteristics of fabricated samples were characterized by using Fourier Transform 
Infra-Red (FT-IR) Spectroscopy, Field Emission Scanning Electron Microscopy combine electron dispersive 
spectroscopy (FESEM-EDS) and UV-vis spectroscopy. FESEM images show that ZnO nanoparticles have 
a polygon-like shape structure while ZnO/CuO have polygon and sheet shape structures. XRD patterns 
reflect the high crystallinity and purity of samples. The optical band gap values determined from the 
optical absorption method indicate that band gap energy decreased with the increase of CuO content 
in ZnO. The catalytic efficiency of the ZnO/CuO hybrid nanocomposite was observed to be higher 
than the ZnO nanoparticles under similar reaction conditions, 97.30% of Brilliant Cresyl Blue (BCB) 
dye was degraded after 100 min of irradiation of visible light radiation using the ZnO/CuO(5%) hybrid 
nanocomposite. The higher efficiency of ZnO/CuO compare to ZnO may be due to increased surface area 
and decreased bandgap energy. The kinetic study of photocatalytic degradation displayed that hybrid 
ZnO/CuO degraded dye with high rate constant k (34.88x10-3 min -1) in comparison to ZnO (k, 7.00x10-3 
min-1). Reaction conditions optimization of the photodegradation process was attained by the variation in 
reaction factors such as pH, dye concentration, catalyst amount, and reaction time.
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INTRODUCTION
In the last few decades, environmental problems 

have increased tremendously due to the extensive 
growth in industrial and urbanization activities, 
and the fast growth rate of the population. 
Environment pollutions including water pollution 
worldwide become a rigorous environmental 
disaster that has attracted unprecedented attention 
of the scientific community [1]. 

Industrial effluents contain various pollutants 
such as organic dyes, heavy metal ions, etc. Among 

these, organic dyes are mainly discharged from the 
textile and dyeing industries, which are chemically 
stable and have low biodegradability, are extremely 
hazardous to the environment, and are highly toxic 
for humans, animals, and plants [2, 3, 4]. Thus, it 
is very much essential to discard these compounds 
from polluted water for a safer and cleaner 
environment. 

In recent years a variety of approaches have 
been used to decontaminant the water from 
various pollutants such as physical adsorption, 
photodegradation, biological degradation, etc. 

http://creativecommons.org/licenses/by/4.0/.
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Among this photocatalysis, using semiconductor 
materials as catalysts (mainly metal oxides such 
as TiO2, SnO2, CuO, and ZnO) is considered 
the most attractive and viable way to resolve the 
critical issue of water pollution, because of its eco-
friendly nature, cost-effective, long life span and it 
completely degrade pollutants into non-hazardous 
products. [5-8].

ZnO and TiO2 are well-liked metal oxide 
semiconductor materials that have drawn much 
attention due to their higher thermal stability, 
photosensitivity, and non-toxicity [9]. ZnO is 
an n-type direct wide bandgap (Eg = 3.2 – 3.4 
eV) semiconductor nanomaterial that has been 
extensively studied by researchers because of 
its eco-friendly nature, ease to synthesize, and 
inexpensive, and it could generate photo-excited 
holes with the strong oxidizing ability [10, 11]. 
However, major shortcomings associated with ZnO 
such as the large bandgap that reduces effective 
absorption of visible light and easy recombination 
of photogenerated electron-hole pairs [12-14], 
impede their performance as photocatalysts. 

Several approaches have been employed to tailor 
the physical and chemical properties, and trounce 
these limitations by which their performance can 
be boosted, mainly doping of ion, deposition of 
noble metals (Ag, Au, or Pt), coupling of narrow 
bandgap semiconductor metal oxides, and metal 
sulfides [15,16, 17]. The combination of different 
nanostructured semiconductor materials in the 
form of nanocomposites enhances the performance 
by mutual separation/transfer of charge carriers 
(electrons and holes) from one semiconductor to 
other that reduces the rate of electrons and holes 
recombination process [18].

Various types of narrow band gap metal oxide 
semiconductor nanoparticles such as CuO [19-21],  
NiO[22] Fe2O3 [23], Nb2O5 [24], Bi2O3 [25], Ag2O 
[26, 27] , SnO2[28], TiO2 [29], In2O3[30], WO3[31] 
and sulphides like CdS[ 32, 33], CuS[34], ZnS[35] 
etc. have been coupled with ZnO to produce 
nanocomposites with improved characteristics. 

Among these copper oxide (CuO) is a narrow 
bandgap (Eg =1.2 eV) p-type semiconductor that 
is widely employed in photocatalytic and catalytic 
applications, solar cells, and electrochemical fields 
[36-37]. And it has strong visible absorption, able 
to increase the transfer rate of charge carriers, and 
slow down the recombination electrons and holes 
[38-39].

Therefore, hybrid nanocomposite semicondu-

ctor system the rate of electron-hole pairs 
recombination decrease due to the separation 
of electron-hole pairs, and the reduction and 
oxidation reactions occur at two different reaction 
sites that increase the photocatalytic efficiency of 
semiconductors.

Thus, several studies have been reported 
that photodegradation of various organic dyes 
using ZnO/CuO hybrid nanocomposite under 
UV and visible light illuminations. However, the 
photocatalytic performance of the ZnO/CuO 
hybrid nanocomposite entails being improved. 

Herein we report the synthesis of hybrid 
ZnO nanoparticles and ZnO/CuO hybrid 
nanocomposites by a facile and cost-effective wet 
precipitation technique.  

The structural, morphology, optical and 
compositional properties of ZnO nanoparticles 
and ZnO/CuO hybrid nanocomposites were 
evaluated using several techniques such as XRD, 
FESEM, EDS, FTIR, and UV visible spectroscopy. 
The photocatalytic efficiency of synthesized 
samples was measure and investigated to degrade 
BCB dye under visible light irradiation and results 
were discussed. The photocatalytic performance 
of the ZnO/CuO hybrid nanocomposite was 
reported higher to compare to ZnO nanoparticles 
and suitable reasons were proposed to explain 
the improved efficiency of ZnO/CuO hybrid 
nanocomposite.

MATERIALS AND METHODS
Materials 

Zinc acetate dihydrate (Zn (CH3COO)2. 2H2O), 
potassium hydroxide (KOH), copper acetate 
monohydrate (Cu(CH3COO)2.H2O), N, N, N, 
N-Cetyl trimethylammonium bromide (CTAB), 
ethyl alcohol, and  Brilliant Cresyl Blue (BCB) were 
used.  All chemicals were of analytical grade and 
used without any further purification. 

Preparation of ZnO nanoparticles
For the synthesis of ZnO nanostructures, in a 

typical method, 0.05 mole of Zn(CH3COO)2.2H2O 
and 3 mL of CH3COOH dissolved in 100 mL of 
double distilled water with constant magnetic 
stirring for 30 min., then 1 gm of CTAB was added 
and stirred again for 60 min. Further, the pH 
of the solution was set up at 11 by adding 2M of 
KOH solution dropwise under constant stirring 
and the temperature of the mixture was increased 
to 75°C,   a viscous white precipitate appeared 



198

P. Lal Meena et al. / Photocatalytic Degradation of Brilliant Cresyl Blue (BCB) Dye by ZnO/CuO NC

J. Water Environ. Nanotechnol., 6(3): 196-211 Summer 2021

which was continuously stirred for 2 hours at 75°C. 
Afterward, the obtained white precipitated was 
refluxed for 1 hour at 150°C.  The suspension was 
kept uninterrupted overnight and allowed to cool 
down naturally to room temperature. The white 
precipitate was recovered by centrifugation and 
repeatedly washed with double distilled water and 
ethyl alcohol, and dried for 5 h in a hot air oven 
at 85 °C temperature. The obtained white powder 
was used for characterization and photocatalytic 
studies of organic dye. 

Reactions  
Zn2+ + 2OH-

+H2OZn(OH)2 ZnO

Zn(OH)2 (1)

(2)
�

(1)

� (2)

Preparation of ZnO/CuO hybrid Nanocomposite
For fabrication of ZnO/CuO(50%) hybrid 

nanocomposite, 1gm of as-synthesized ZnO 
nanoparticles were dispersed in 100mL of distilled 
water and magnetically stirred for 2 hours to 
homogenize in water.  0.0063 mol of Cu(CH3COO)2.
H2O dissolved in 50 mL of distilled was added 
dropwise under constant stirring, the mixture 
was further stirred continuously for 2 hours and 
temperature increased to 75°C, the solution 
converts into blue-white color due to adsorption 
of Cu2+ ions on the surface of ZnO nanoparticles. 
Then, the pH of the solution increased to 11 with 
2M KOH solution, blue-white nanoparticles turn 
into blue color due to formation of Cu(OH)2 on the 
surface of ZnO and finally convert into grey color 
on further stirring for 2 hours at 75°C heating. After 
that, the mixture was reflux at 150°C for 60 min. 
The mixture was kept uninterrupted overnight with 
mother liquor and allowed to cool down naturally 

to room temperature, then centrifuged, washed 
repeatedly with water and ethyl alcohol, and dried 
in an oven at 85°C for 5 hours. Similarly, ZnO/CuO 
(3%) and ZnO/CuO (5%) hybrid nanocomposites 
were prepared using appropriate quantities of 
copper acetate. The prepared grey-colored ZnO/
CuO hybrid nanocomposites were used for 
characterization and photocatalytic studies of 
organic dye. The synthesis procedure for ZnO/CuO 
nanocomposite is represented schematically in Fig. 
1. 

Reactions    

ZnO +Cu2+                    ZnO/Cu2+

ZnO/Cu2+ + 2OH- ZnO/Cu(OH)2

ZnO/Cu(OH)2 ZnO/CuO +H2O

(3)

(4)

(5)

Characterization techniques
The fabricated samples were characterized by 

various techniques. The crystal phases and lattice 
parameters of the samples were determined using 
X-ray diffraction (XRD) spectroscopy, while their 
morphology, shape, and size were estimated using 
field emission scanning electron microscopy 
(FESEM). UV-Vis spectra were recorded using 
a spectrophotometer over the wavelength range 
of 200 to 800 nm and used for assessing optical 
properties. Fourier-Transform Infrared (FTIR) 
spectra were recorded to analyze the type of 
bonding and functional groups in the range of 
400 – 4000 cm-1. The elemental composition was 
determined from electron dispersive spectroscopy 
(EDS).

Studies of Photocatalytic Activities
The photocatalytic actions of synthesized 

samples were inspected using Brilliant cresyl 
blue (BCB) dye as the model water pollutant 
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Fig.1. Schematic illustrations of synthesis procedure for ZnO/CuO nanocomposite
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in aqueous media. The reaction conditions of 
experiments were optimized by the variation in 
pH of the reaction solution, amounts of catalyst 
and concentration of dye, and reaction time. The 
photocatalysis experiment was carried out under 
the irradiation of a 250 W sodium vapor lamp in 
a photoreactor in which the lamp was 10 cm away 
from the dye solution level. To achieve adsorption-
desorption equilibrium of BCB on the surface of 
photonanocatalyst the dye solution under ambient 
conditions was put in dark and magnetically stirred 
for 30 min. 

After that, the mixture was exposed to visible 
light in photoreactor under constant stirrer and 5 
mL of dye solution was removed in predetermined 
time intervals, centrifuged for removal of 
photonanocatalyst and to determine to the residual 
concentration of dye in solution the absorbance was 
measured using a UV-visible spectrophotometer 
with a quartz cuvette with an optical length of 10 
mm. To assess the self-degradation of dye standard 
experiments without using photonanocatalyst were 
also carried out at similar reaction conditions. The 
degradation percentage of BCB was calculated 
using the equation as given follow equation (1)

	
( ) ( )0 t 0 t

0 0

C C A ADegradation efficiency % x100 x100       1
C A
− −

= =

Where C0 and Ct are the initial concentration 
at adsorption-desorption equilibrium and after 
a period of irradiation, while A0 and At are the 
absorbance of dye solutions after adsorption-
desorption equilibrium and after irradiation of 
different time intervals.

RESULTS AND DISCUSSION
Structural analysis

XRD patterns of synthesized ZnO and ZnO/
CuO nanocomposites with varied amounts of 
CuO are illustrated in Fig. 2. In the XRD patterns, 
characteristic diffraction peaks of hexagonal 
wurtzite ZnO are displayed.  The XRD peaks at 2
è ≈ 31.80º, 34.54º, 36.30º, 47.57º, 56.66º, 62.94º, 
66.44º, 67.92º and 69.20º correspond to the (100), 
(002), (101), (102), (110), (103), (200), (112) 
and (201) crystal planes and hexagonal crystal 
geometry according. The average crystallite size 
was estimated using Debye–Scherer relation [40] 
as given below (2): 

	
( )       2

  
KD
cos
λ

β θ
=

 �
(2)

 
where D is the crystallite size of the particle, K 

represents the Scherrer constant, which is equal to 
0.9, λ is the wavelength of light used for diffraction, 
λ= 1.54 Aº, β  is the FWHM (full width at half 
maximum) of the diffraction peak and θ  is the 
angle of reflection [40].  The average size of the 
ZnO NPs calculated from the XRD pattern was 28 
nm to 55 nm, while for CuO/ZnO nanocomposite 
it is 18nm to 40nm approximately. CuO/ZnO 
nanocomposites displayed a very minor peak 
at 38.8º, which was indexed to the (111) of CuO 
[42] is appeared with the addition of Cu in ZnO. 
The intensity of the diffraction peak of CuO (111) 
was found to increase with the increase of copper 
content in CuO/ZnO nanocomposites. In addition, 
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Fig.2. XRD patterns of (a) bare ZnO NPs and (b) to (d) ZnO/CuO hybrid nanocomposites
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with increased amounts of copper, no other peaks 
or appreciable shifts were observed and no solid 
solution was formed in between ZnO and CuO. 

Morphological and elemental analysis
The surface morphology of the synthesized 

samples was inspected using an SEM connected 
with an X-ray for semi-quantitative elemental 
compositions. The FESEM images of bare 
ZnO nanoparticles and ZnO/CuO hybrid 
nanocomposites are illustrated in Fig. 3. As shown 
in FESEM images of bare ZnO nanoparticles 
have polygonal or disk-like shapes with little 
agglomerations, while ZnO/CuO nanocomposites 
have both sheet and polygonal or disk-like shapes. 
These agglomerations could be attributed to the 
high tendency of NPs to form large clusters. On the 
other hand, EDS analysis confirmed the successful 
synthesis of CuO, ZnO, and their composites with 
different ZnO/CuO ratios. 

The EDS spectra representing in (Fig. 4a and Fig. 
4b) showing the chemical composition of samples, 
confirm the existence of Zn, Cu, and O elements 
on the samples, and their percentage composition 

is shown in Table 1.  Results show the presence of 
three elements Zn, Cu, and O within ZnO/CuO 
nanocomposite, whereas, pure ZnO contains only 
two elements: Zn and O. No other peak related to 
any other element was detected in the spectrum 
within the detection limit, which confirmed that 
synthesized materials were composed of Zn, Cu, 
and O only. 

Fourier-Transform Infrared (FTIR) spectra
FTIR spectra for the synthesized samples are 

shown in Fig. 5, the strong absorption peaks in 
FTIR spectra observed in the range of 3424-3430 
cm−1 indicate the existence of O-H stretching 
vibration of H2O water molecules. The peaks 
reported between 1327-1630 cm−1 show the 
presence of CO2 molecules absorbed by samples. 

The absorption peaks that appeared within 
400–650 cm−1 represent the metal-oxygen bonds 
[43]. The peak around 442 cm−1 (Fig. 5a) indicates 
the Zn-O stretching vibration [44],  on mixing of 
CuO it is get shifted toward a higher wavenumber 
in the ZnO/CuO nanocomposites (Fig. 5b-d) 
demonstrating the integration of CuO crystal with 
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Fig.3. SEM images of prepared samples (a) ZnO (b) ZnO/CuO nanocomposite
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ZnO nanoparticles [43]. The band appeared around 
606 to 616 cm−1 as shown in (Fig.5 b-d) represents 
to Cu-O stretching vibration. The intensity of 
Cu–O stretching vibration appeared around 606 to 
616 cm−1 gradually increased with the increase of 
Cu content in ZnO nanoparticles [45].

Optical properties
To analyze the optical properties of prepared bare 

ZnO-NPs, and ZnO/CuO nanocomposites, UV–
vis absorption spectra with different compositions 
were recorded as shown in Fig. 6a to Fig. 6d. Pure 
ZnO exhibits strong absorption spectra at 368 nm 
while in ZnO/CuO nanocomposite absorption 
spectra the absorption bands are noticed at 372 nm 
and 374 nm. The integration of CuO with ZnO red 
shifted the maximum absorption wavelength due 
to increased surface defects and oxygen vacancies. 

The bandgap is calculated by extrapolation the 
linear portion of the Tauc plot between (αhν)2 vs. hν 
to cut on the energy axis (Fig. 6 e-h). The bandgap 
energy values for fabricated bare ZnO NPs and 
ZnO/CuO hybrid nanocomposites were calculated 
by using below given equation (3).

	
( ) ( )1

n
ghv A hv Eα = −

where α  is the absorption coefficient, hν  
represents the energy of the photon, A is the 
proportionality constant and varies with the 
material, and n represents the index or optical 
transition of semiconductors, n=1/2 or 2 for direct 
or indirect bandgap semiconductors [46]. α was 
calculated by using formula ( )2.303 A / tα =  , 
where, A is absorbance and t is the thickness of 
the sample. Eg is the band gap of samples that 
were obtained by extrapolation of the linear part 
of the curves at α = 0 to the energy axis (hv). 
Calculated band gap energy values and maximum 
absorbance for bare ZnO NPs and ZnO/CuO 
hybrid nanocomposites are represented in Table 2.

The palpable variation in band gap values 
verifies the interaction between ZnO and CuO 
which leads to the formation of mixed composites. 
In the hybrid nanocomposite, several energy levels 
exist between CuO and ZnO, and defects on the 
ZnO surface facilitate the interfacial transfer of 
photogenerated electrons and holes and decline the 
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Nanomaterials Element Atom wt% wt% 

ZnO 
Zn 63.56 3.40 

O 36.44 2.53 

ZnO/CuO 

Zn 44.98 1.39 

Cu 36.04 1.10 

O 18.98 0.84 
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Fig.4. EDS images of (a) ZnO/CuO-3 nanocomposite (b) ZnO nanoparticles

Table.1. Elemental composition in synthesized ZnONPs and ZnO/CuO-3 nanocomposite
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Fig.5. FTIR spectra of the prepared samples (a) ZnO nanoparticles (b) to (d) ZnO/CuO nanocomposites

recombination rate. As a result, the photocatalytic 
activity of ZnO/CuO hybrid nanocomposite 
increased as compare to ZnO [47]. 

Photocatalytic activity
The photocatalytic efficiency of synthesized 

nanocomposites was studied under visible 
light irradiation. To investigate photocatalytic 
efficiencies of as-prepared photocatalysts, 
100mL of dye solutions have 15mg/L dye 
concentration and 15mg/100mL of catalyst doses 
were irradiated under visible light at optimized 
pH in a photoreactor. The degraded amount of 
BCB dye was measured by recording UV visible 
absorption spectra at 624nm. As shown in Fig. 7a 
the attributed absorption peak of BCB dye at 624 
nm is continuously declining with time due to the 
photodegradation of BCB dye into non-hazardous 
products. In 100 min of visible light irradiation, 
the dye is about to completely degraded and there 
was no absorption peak recorded in results. The 
photocatalytic performance of bare ZnO and all 
ZnO/CuO hybrid nanocomposite materials with 
various compositions were also investigated. 

From the results, it is attributed that hybrid 
nanocomposite performed better photocatalytic 
activity as compared to bare ZnO. However, ZnO/
CuO hybrid nanocomposite material with higher 

and extremely lower CuO content degraded dye 
less effectively and maximum degradation efficacy 
was evidenced for ZnO/CuO (5%). To investigate 
the effect of catalyst alone and light alone the 
controlled experiment were also performed and 
it is established that there is a minimum self-
degradation of dye. Fig. 7a shows photodegradation 
of BCB using various composites having different 
Zn/Cu ratios. 

Low CuO concentration reduces charge 
transfer [48]. Further increase of CuO content in 
hybrid nanocomposite increase the rate of charge 
transfer and reduced the recombination rate of 
electrons and holes that increase photodegradation 
efficacy and at optimized CuO concentration the 
rate of charge transfer is substantially diminished 
the recombination rate of electrons and holes, as 
a result, the photocatalytic activity of  ZnO/CuO 
(5%) nanocomposite was recorded highest [ 49, 
20] and the further increase of CuO concentration 
wraps the lively sites on the surface of ZnO that 
reduces the photocatalytic activity of  ZnO/CuO 
[48]. 

Effect of reaction parameters on photocatalysis
Effect of dye solution pH

The rate of photodegradation of dye solution 
in aqueous medium significantly varies with pH 
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 Fig.6. UV-visible absorption spectra of (a) ZnO nanoparticles and (b) to (d) ZnO/CuO nanocomposites and Tauc plots for (e) ZnO 

NPs and (f) to ( h) ZnO/CuO nanocomposites
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value, on altering medium of dye solution (pH 
value) photodegradation rate changes efficiently. 
It is due to a change in the interaction between 
catalyst and dye at different pH values. For the 
photodegradation process of BCB dye, the effect of 
solution pH was investigated at different pH i.e. 5, 
7, and 11 using 100mL of 15mg/L dye solution with 
15mg of catalyst dose amount under visible light 
illumination. The results as shown in Fig.8a reveal 
that degradation rate is increasing on increasing 
solution pH and determined highest for pH = 11. 
In the acidic medium, at lower pH, the surface of 
the nanocomposite becomes highly positive that 
repels cationic dye molecules whereas in the basic 
medium, at higher pH the catalyst surface becomes 
negatively charged that significantly attracts more 
and more positively charged dye molecules. As 
a result, the rate of photodegradation increased 
effectively [49].

Effect of Initial Dye Concentration
The initial concentration dye also alters the 

rate of photodegradation. To investigate the effect 

of initial concentration dye the photocatalytic 
degradation was conducted with different initial 
BCB dye concentrations in the presence of CuO/
ZnO, as shown in Fig. 8b. To evaluate the effect of 
dye initial concentration of 100mL of dye solutions 
with different concentrations varying from 5mg/L 
to 20mg/L and 15mg of catalyst dose were irradiated 
under visible light at optimized pH. From the 
results, as shown in Fig. 8b, it can be viewed that as 
the initial dye concentration was amplified from 5 
mg/L to 25 mg/L, the dye degradation competency 
progressively reduced [50, 51]. The maximum 
degradation rate was determined with the 15 mg/L 
of dye concentration.  And it was selected as the 
optimum concentration parameter to evaluate the 
photodegradation of dye under visible light.

Effect of Photocatalyst Dosages
To discover the optimal quantity of catalyst 

for the efficient photocatalytic degradation of 
dye, the dosages with varying amounts of catalyst 
from 5 to 20 mg with 15mg/L dye solutions at 
optimized pH were illuminated under visible 
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Type of nanomaterial Maximum absorbance (nm) Calculated band gap energy (eV) 

ZnO NPs 368 3.35 

ZnO/CuO-1 372 3.15 

ZnO/CuO-2 374 2.88 

ZnO/CuO-3 374 2.75 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table.2. Optical parameters for prepared samples
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Fig.7. (a) UV–vis absorption spectra showing degradation of Brilliant cresyl blue (BCB) with ZnO/CuO nanocomposite (b) The % 
degradation of BCB dye by ZnO NPs and ZnO/CuO nanocomposite
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light.  The degradation rate of dye was found 
progressively more with increasing the quantity 
of the catalyst as shown in Fig.8c. However, the 
highest effectiveness of catalyst was determined 
for 15 mg of the photocatalyst hence it was chosen 
optimized quantity of dose. Beyond the 15 mg level 
of catalyst, the efficiency was recorded constantly. 
The increased amount of catalyst generates more 
electron-hole pairs that create more active free 
radical species (•OH) leading to the increase of 
photocatalysis. Excess amount of catalyst, above 
the optimal amount of catalyst (15 mg), there is an 
increase in agglomeration of particles and decrease 
light infiltration through the catalyst surface due 
to that approach of both dye molecules and light 
radiation to the surface active sites of the catalyst 
deferred resulting into the invariable rate of 
photodegradation.

Kinetics of Reaction 
The kinetic study of photodegradation reaction 

of MB dye is followed pseudo-first-order kinetics 
for and obeys Langmuir- Hinshelwood model 
expression (2) 

	
( )t

app
0

Cln  k t       2
C

 
= 

   �
(2)

where C0 is the initial concentration of dye at 
the equilibrium adsorption-desorption condition, 
Ct is the dye concentration after light illumination 
for time t, and, kapp (min-1) is the degradation rate 
constant [52, 53].

The kinetics was investigated to draw a graph 
between -ln(Ct/C0) and time (t) as shown in Fig.9a. 
It is clear from the results that the reaction rate is 
higher for ZnO/CuO nanocomposite compares 
to bare ZnO NPs. The value of rate constant 
k increased first with the addition of copper 
concentration from 3 to 5 %   (0.011 min−1 0.03488 
min−1) and then decreased by 50 % (Fig. 9b). This 

8 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.8. Effect of (a) pH values, (b) initial concentration dye, (c) dosages of photocatalyst, and (d) type of nanocomposites on photodeg-
radation of BCB dye.
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is as the presence of copper into the ZnO lattice 
improved the photocatalytic action by expanding 
the life span of charge carriers [21].

Rate constant, % degradation efficiency, and 
regression constant (R2) values of organic dye 
photodegradation reaction using synthesized 
catalysts are listed in Table 3. Among all 
synthesized composites, ZnO/CuO(5%) possess 
the highest value of the rate constant for organic 
dye degradation

Table 4 shows the clear comparison among 
the photocatalytic performance of present work 
as compared to some recently reported studies 
on ZnO/CuO nanomaterials with various organic 
dyes and Table 5 represents the comparison 
among the photocatalytic performance of various 
photocatalysts concerning photodegradation of 
Brilliant cresyl blue (BCB) dye. 

Photocatalytic Degradation Mechanism
The photocatalytic degradation of BCB over 

ZnO/CuO nanocomposites depends on various 

factors such as the extent of charge separation, 
energy band structure, formation of p-n hetero-
junction, morphology, and crystal structure of ZnO 
and CuO.  The proposed schematic mechanism of 
photodegradation of organic dye via ZnO/CuO 
nanocomposites is shown in Fig. 10 according to 
previous reports. Band edge positions of ZnO and 
CuO are well-situated concerning charge carrier 
transfer that make the charge carrier transfer process 
thermodynamically favorable between them and 
suppress the recombination rate that enhances the 
photoactivity of mixed ZnO/CuO nanocomposites 
[54]. Upon absorption of solar radiation, electrons 
excited from the valence to conduction band 
and generate holes in valence band in both ZnO 
and CuO semiconductor and the electrons from 
the conduction band of CuO transferred to the 
conduction band of ZnO while photoinduced holes 
transferred in opposite direction from valence 
band of ZnO to the conduction band of CuO at 
the interface of ZnO/CuO hetero-junction. These 
electrons present in the conduction band of ZnO 

3 
 

 
 
 

Pseudo first order 

Nanomaterials Rate constant (min-1) % degradation efficiency R2 

ZnO NPs 7.00 x10-3 51.50 0.969 

ZnO/CuO-1 NC 11.00 x10-3 66.43 0.965 

ZnO/CuO-2 NC 34.88 x10-3 97.30 0.964 

ZnO/CuO-3 NC 16.05 x10-3 80.37 0.967 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig.9. The plot of (a) ln(C0/Ct) vs irradiation time (t) of BCB degradation of ZnO NPs and ZnO/CuO composites and (b) bar diagram 
for rate constants for BCB degradation by ZnO NPs and ZnO/CuO composites.

Table.3. Pseudo-first-order kinetics data values for ZnO NPs and ZnO/CuO nanocomposite

 

Please replace this corrected Fig. 9 in the manuscript 

 

 

Fig. 9 The plot of (a) ln(C0/Ct) vs irradiation time (t)  for BCB degradation over ZnO NPs and ZnO/CuO 
nanocomposites  and (b) bar diagram for the rate of constants for BCB degradation by ZnO NPs and ZnO/CuO 
nanocomposites   
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4 
 

 
 

Photocatalyst 
Synthesis 

Methodology 
Dye Efficiency Time (minutes) Light Source Ref. 

ZnO/CuO hybrid 
nanocomposite 

Precipitation 
method 

BCB 97.30% 100 
Visible light (250W 

Na lamp) 
This work 

Heterogeneous 
ZnO/CuO 

nanostructures 

Hydrothermal 
method 

RHB 96.84% 100 UV light 49 

CuO decorated ZnO 
nanoflakes 

Hydrothermal 
method 

MB MO  R6G 78.9% 40 Solar light 55 

ZnO/CuO hollow 
microspheres 

Self-assembly 
method 

RHB 93.2% 90.1% 60 Solar light 56 

2D CuO-ZnO hybrid 
nanostructures 

Wet chemical 
method 

MB 97.80% 80 Solar light 57 

ZnO/CuO 
nanocomposite 

Sol-gel method MB 93.8% 100 UV light 58 

ZnO/CuO 
Hydrothermal 

method 
MB 93% 20 Visible light 21 

CuO/ZnO nano-
photocatalysts 

Green method MB 92.52% 120 
500 W tungsten 

lamp 
59 

ZnO/CuO n-n 
heterojunction 
photocatalyst 

Microwave assisted 
method 

Acid orange 7 97% 5 Solar Light 60 

ZnO/CuO 
nanocomposite 

Hydrothermal 
method 

RHB 80.50% 85 300W  Xe lamp 61 

ZnO/CuO 
nanocomposite 

Simple convenient 
method 

MO RHB 63.8% 120 400W Hg lamp 62 

ZnO/CuO 
nanocomposite 

Low temperature 
solution processing 

CR RHB 98% 120 
Tungsten lamp 

10W 
63 

 
 
 
  

5 
 

 
 

Photocatalyst Efficiency Time (minutes) Light Source Ref. 

ZnO/CuO hybrid 
nanocomposite 

97.30% 100 
Visible light 

(250W Na lamp) 
This work 

Co3O4/Fe2O3 97% 180 Solar light 64 

TiO2 96% 480 Solar light 65 

Al2O3 91.67% 60 Solar light 66 

Al2O3 doped Mn3O4 60% 300 Solar light 67 

ZnO 89% 60 125W Hg lamp 68 

TiO2 96% 480 500W halogen lamp 69 
 

Table 4. Comparison of the photocatalysis results with recently reported studies

Table 5. Comparison among the photocatalytic efficiency of various photocatalysts for photodegradation of BCB dye

upon reacting with dissolved oxygen molecules 
form superoxide radicals anion (O2

.-) which further 
indirectly convert into reactive hydroxide radicals 
(OH•). Moreover, the holes in the valence band of 
CuO interacting with OH- produce highly reactive 
hydroxyl radicals. The generated free radical 
species interact with dye molecules leading to the 
entire mineralization of dye in CO2 and H2O [21].

( ) ( )( )CB VBZnO / CuO  ZnO / CuO e  h  hv − ++ → +                    (6)

( ) ( )( ) ( )( ) ( )( )CB VB CB VBZnO / CuO e  h  ZnO e CuO h− + − ++ → +               (7)

( )( ) .
2 2CBZnO e O   O− −+ →                	     �  (8)

( )( ) .
2VBCuO h  H O  OH H+ ++ → + 	      � (9)
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.
2 2O  H O  OOH   OH− −+ → +

	     � (10)

•
2 2 22OOH    H O  O→ + 	     � (11)

.
2 2 2 2H O  O   OH  OH O− −+ → + +

	    (12)

.
2 2OH dye  Intermediates  H O  CO+ → → +   �(13)

.
2 2 2O dye  Intermediates  H O  CO− + → → +         (14)

Reusability of the Catalyst
On the continuous use of catalyst, the 

effectiveness is distressed significantly. The 
efficacy of the prepared photocatalyst for dye 
photodegradation under visible light irradiation 
was examined in continuous use of six cycles.  
After use in one cycle, the catalyst was effectively 
separated from the reaction mixture of the 
photocatalysis experiments by centrifugation 
and reused for the next cycle and the percentage 
degradation efficiency was calculated. It was 
followed for six cycles. In the first cycle of use, 
CuO/ZnO showed 97.30% degradation efficiency 
as shown in Fig. 11a and for next cycles, 94.04, 

10 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11 
 

 

Fig.10: Mechanism of photodegradation of organic dye by ZnO/CuO hybrid nanocomposite.

Fig.11. The efficiency of ZnO/CuO nanocomposites over continuous use in different cycles
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91.02, 89.28, 87.04%, and 85 %  degradation 
efficiency was obtained for second, third, fourth 
fifth, and sixth cycles, respectively after 100 min 
as illustrated in Fig.11a and Fig.11b. As results are 
indicating that the photocatalytic effectiveness of 
the synthesized ZnO/CuO nanocomposite did not 
decline appreciably, this reflects that the catalyst 
had good stability and sustainability. In the use 
of six cycles, the efficacy declined from 97.30% 
to 85%, which might be due to the adsorption of 
intermediate products form during degradation on 
the surface of photocatalyst at active sites and make 
them unavailable for the degradation of the fresh 
dye molecules.

CONCLUSION
In summary, we have been successfully fabricated 

pure ZnO and ZnO/CuO hybrid nanocomposite 
with different concentrations of CuO for sunlight-
induced superior photodegradation activity of 
organic dye pollutant in an aqueous medium. At 5% 
of CuO content, ZnO/CuO hybrid nanocomposites 
demonstrate excellent photocatalytic activity for 
BCB organic dye and degraded 97.30% in 100 min. 
The results indicated that the presence of CuO was 
found to influence the photocatalytic activity of 
ZnO. 

The FESEM studies show that ZnO NPs have 
polygonal or disk-like shapes with 28 nm to 55nm 
size while in ZnO/CuO hybrid nanocomposites 
both polygonal or disk-like and sheet shapes (CuO 
NPs) with approximately 18 nm to 40 nm size 
prepared. Optical absorption studies guaranteed 
that the bandgap narrowing and enhancement in 
the visible light absorption with the increase of CuO 
amount. The assimilation of CuO nanoparticles 
onto ZnO nanostructures significantly advanced 
the separation of charge carriers which results in 
the enhancement of photocatalytic efficacy.
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