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Conventional wastewater treatment is not able to effectively removal drugs 
such as antibiotics, so it is important to remove the remaining antibiotics 
from the environment. In this research, Zinc oxide (ZnO), nickel oxide (NiO) 
and p-NiO/n-ZnO heterostructure were synthesized. Then, prepared samples 
were characterized by several techniques. The photocatalytic degradation 
of erythromycin from aqueous solutions was studied by photocatalysts 
synthesized under sunlight. Design of Experimental (DOE) was used to 
evaluate the effective parameters in the degradation process of erythromycin. 
The effects of pH, time (min), photocatalytic mass (g) and erythromycin 
concentration (mg/L) were studied. Using Design Expert 7 software, the 
highest degradation efficiency of erythromycin was found 99.54%, under 
optimum conditions at pH 3.07, time 101.14 (min), photocatalyst mass 0.13 (g) 
and erythromycin concentration 41.04 (mg/L). Isotherm studies demonstrate 
that the experimental data are in good agreement with the 4-parameter Fritz-
Schlander isotherm with the highest correlation coefficient.
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INTRODUCTION
In recent years, due to the increasing use of 

antibiotics, and their continuous entry into the 
environment, extensive research has been conducted 
on the impact of antibiotics on human health, 
pollution of water resources and the environment. 
Drugs and pharmaceutical compounds are 
produced and consumed continuously with an 
upward trend in large volumes while the number 
of consumers and the variety of drugs are added 
every year. The presence of drug compounds in 
the environment and their continuous increase 

has raised a global concern [1]. Some over-the-
counter drugs accumulate in the environment due 
to their long half-life. In addition to medicine, the 
use of antibiotics has increased significantly in 
agriculture, livestock, poultry, fish and aquaculture, 
and in the production of agricultural products, so 
the resistance to antibiotics, agriculture and the 
environment. Affects and ultimately the use of 
these agricultural products with antibiotics by 
humans and the entry of these substances into 
the body and excreted without changing some of 
these antibiotics from the human body causes it 
to enter the environment [2]. Antibiotics enter 
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surface and groundwater resources and ultimately 
the environment through wastewater from various 
industries such as the pharmaceutical industry, 
hospital wastewater and agricultural runoff, as well 
as domestic wastewater. These substances have 
received special attention due to their ability to 
induce antibiotic resistance in pathogenic bacteria. 
Antibiotic resistance in microorganisms causes 
serious public health problems such as: difficulty in 
treating diseases, increased use of antibiotics and 
the need to produce more antibiotics and ultimately 
upset the balance of microbial populations in the 
ecosystem [3-7]. Erythromycin is a macrolide 
antibiotic that inhibits bacterial protein synthesis 
by binding reversibly to the S 50 ribosome and has a 
bacteriostatic effect, but is also bactericidal in high 
concentrations. Following oral administration, it is 
absorbed from the gastrointestinal tract and rapidly 
spreads to all tissues, cavities and body fluids. The 
drug is excreted mainly in the bile and to some 
extent in the urine. Erythromycin is effective against 
aerobic and anaerobic gram-positive bacteria 
such as Mycoplasma and Clostridia, Chlamydia, 
Bacillus anthracis, Corynebacterium, Listeria, 
Mycobacterium and Rickettsiae, while it is effective 
against protozoa, fungi and whole gram-negative 
bacteria. , Pseudomonas and E-coli have little 
effect. Erythromycin is given orally to treat local 
and general infections such as bronchopneumonia, 
bacterial enteritis, urinary tract infections, metritis 
and arthritis in livestock, upper respiratory tract 
infections, crease, sinusitis, C.R.D complex and 
enteritis in poultry [8-10]. Various methods 
are used to removing organic material from 
industrial effluents, including biological methods, 
coagulation/flocculation, electrocoagulation, 
adsorption on carbon, and so on. In these methods, 
due to the production of secondary pollutants, 
further treatment is required. In this case, the use 
of other complementary methods such as advanced 
oxidation processes (AOPs) is recommended [11-
14]. This process has a great potential to eliminate 
all types of pollution and its applications include 
groundwater treatment, sludge degradation of 
industrial effluents and removal of volatile organic 
pollutants [15-20]. ZnO is a n-type semiconductor 
with a band gap has ranged from 3.10 eV to 3.37 eV. 
ZnO is one of the richest nanostructures in terms 
of morphological and application diversity. This 
diversity in morphology gives rise to unique features 
and applications in it. This material has spherical, 

sheet, tube, rod, flower-like and star morphologies 
[21, 22]. ZnO is a metal oxide widely used in various 
industries due to its biocompatibility and safety 
including sunscreens, electrodes and biosensors, 
photocatalysis, and solar cells. ZnO also has 
moisturizing, antibiotic and deodorant properties. 
ZnO is widely used due to its semiconductor, wide 
band gap, high thermal resistance, pyroelectric 
and piezoelectric properties in addition to medical 
applications in other industries including water and 
wastewater treatment, optics, electronics, rubber, 
plastic, ceramics, glass, wood, cement, paint and 
glue [23]. NiO has also attracted much scientific 
research due to its magnetic and electronic 
properties. NiO semiconductor is a p-type which 
energy band gap has been experimentally obtained 
at 2.7-4 eV. NiO network defects play a key role in 
the amount of energy gap. Also, NiO is a promising 
material for applications in fuel cell, photocatalysts, 
electrochemical capacitors, etc. [24-28]. Inspired 
by the above facts, it is very important to design 
p-NiO/n-ZnO heterojunction for studying their 
photocatalytic properties [29, 30]. In recent years, 
the use of statistical methods to design experiments 
in various fields of science and engineering has 
been considered by researchers. Classical methods 
for achieving the optimal value in experiments have 
various disadvantages, the most important of which 
is the large number of experiments. Using a variety 
of test design methods such as Taguchi methods 
and RSM can eliminate these disadvantages [31, 
32]. The application of these statistical methods has 
higher accuracy, less number of tests, less time and 
minimal cost of tests compared to conventional 
classical methods. Li et al. investigated rational 
construction of a direct Z-scheme g-C3N4/
CdS photocatalyst with enhanced visible light 
photocatalytic activity and degradation of 
erythromycin and tetracycline [33]. Fernández et 
al. were insight into antibiotics removal: Exploring 
the photocatalytic performance of a Fe3O4/ZnO 
nanocomposite in a novel magnetic sequential 
batch reactor [34].  In this study, flower like p-NiO/
n-ZnO (5%) and p-NiO/n-ZnO heterostructure 
were synthesized. The degradation of erythromycin 
was investigated by the synthesized photocatalysts. 
Then CCD-based RSM was used to investigate the 
parameters affecting the photocatalytic degradation 
of erythromycin and optimizing operating 
conditions. Also, 2, 3 and 4 parameter adsorption 
isotherms were studied.
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EXPERIMENTAL
Materials and Methods

Zinc Acetate  Dihydrate  (Zn (CH3COO)2. 
2H2O 98%), Ammonia (NH3 25%), Nickel 
Chloride (NiCl2), Sodium oxalate (Na2C2O4), 
Ethylene Glycol were purchased from Sigma-
Aldrich Company. Erythromycin (C37H67NO13 
20%) was prepared by Jahan Daroo Alborz 
Company. The chemical structure of erythromycin 
is demonstrated in Fig. 1.

Synthesis of ZnO flower like particles
3.2 g of Zn (CH3COO)2. 2H2O was poured 

into 9 mL of NH3 and 50 mL distilled water. The 
resulting mixture was placed on a magnetic heater 
at 80 ° C for 6 h. The particles were then washed 
and put in an oven at 60 ° C for 2 h [35].

Synthesis of NiO particles
 0.15 g of NiCl2, 0.03 g of Na2C2O4 were 

poured into 40 mL of EG and placed on a stirrer 
for 2 h. The prepared solution was poured into a 
hydrothermal autoclave and placed at 160 °C for 
18 h. The obtained precipitate was washed with 
distilled water and then placed in an oven at 100 ° C 
for 1 h and then in a furnace at 500 ° C for 1 h [36].

p-NiO/n-ZnO flower like particles
1 g of ZnO with different amounts of 1, 2, 5 and 

7 (wt(%)) NiO was poured into 200 mL of ethanol. 
The mixture stirred for 12 h and put in an oven at 
120 ° C for 1 h.

Photocatalytic degradation 
Experiments at pH=7, concentration of 

erythromycin =25 mg/L, NiO loading percentage 
(1, 2, 5 and 7 (wt(%)), mass of NiO, ZnO and 
flower like p-NiO/n-ZnO= 0.1 g and time 120 min 
under sunlight irradiation carried out. The samples 
were centrifuged at 4,000 rpm for 30 min. At that 
time, its absorption was measured by UV-visible 
spectroscopy at 298 nm.

Efficiency =                                     (1)

Where A0 is the initial absorption of 
erythromycin and At is its final absorption on the 
degradation.

DOE
In this study, RSM was used to model the 

degradation process. RSM is a powerful tool for 
statistical modeling that performs the least number 
of experimental experiments according to the 
experimental design. RSM itself has different types 
and this statistical method can be used in different 
ways. Two common methods of central composite 
design (CCD) and Box–Behnken design (BBD) 
are RSM. One of the most common methods used 
to optimize various factors is the use of a CCD. 
This design is an alternative and suitable method 
for factorial design. The advantage of using a 
CCD over a factorial design is the possibility of 
extracting more information from the analysis of 
this design and the smaller number of experiments 

 

Fig. 1. Configuration of erythromycin molecule.
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and iterations required to perform the experiment, 
which makes the implementation of this design 
easier.

The main regression equation to predict the 
effect of factors on the response is defined as 
follows:
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50 mL of erythromycin with different 
concentrations of 10-80 (mg/L) were prepared at 
pH 2-9 and with different mass of catalyst of 0.02-
0.2 (g) flower like p-NiO/n-ZnO (5%) was exposed 
to sunlight for 10-120 (min) Table 1. Also, under 
optimal conditions, the experiment was performed 
in the dark without sunlight.

Isotherm studies
50 mL of erythromycin was prepared with 

different concentrations of 20-120 (mg/L) at 
pH=3. Then 0.13 (g) flower like p-NiO/n-ZnO 
(5%) was poured into it and placed under sunlight 
for 100 (min). The photocatalytic degradation of 
erythromycin by p-NiO/n-ZnO (5%) photocatalyst 
was investigated under solar irradiation with 
isothermal equations of 2, 3 and 4 parameters and 
was minimized by 3 types of errors. The calculated 
isotherms and errors are shown in Tables 2 and 3, 
respectively [37].

Using Equation (3), the values   of qe were 
calculated and plotted against Ce.

W
VCCq e

e
)( 0 −=                                                         (3)

Here, qe is the mass of pollutant adsorbed per 

unit mass of catalyst, C0 and Ce are the initial and 
final concentrations of erythromycin, respectively. 
V is the volume of erythromycin solution (L) and 
W is the mass of the catalyst (g).

RESULTS AND DISCUSSION 
The ZnO Flower like, NiO and p-NiO/n-ZnO 

flower like catalyst were synthesized and analyzed 
by XRD technique. The XRD analysis results of the 
ZnO flower-like catalyst are shown in Fig. 2. The 
XRD pattern of ZnO flower like at 2θ of 31.79, 
34.42, 36.25, 47.51, 56.60, 62.86, 67.96 and 69o 
corresponds to the crystal faces (100), (002), (101), 
(110), (103), (112), and (201), respectively and has 
a cube of sphalerite phase (JCPDS-00-036-1451).  
The XRD pattern of NiO at 2θ of 37.24, 43.27, and 
62.87o corresponds to the Miller indices (111), 
(200), and (220), respectively and has a cubic phase 
(JCPDS-00-047-1049) [36]. In p-NiO/n-ZnO 
flower like the peaks at diffraction angles 31.79, 
34.42, 36.25, 47.51, 56.60, 62.86, 67.96 and 69o 
and 37.24, 43.27, and 62.87o are related to ZnO 
flower like and NiO, respectively [36]. According to 
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Equation (4), the average particle size was estimated 
according to Debye–Scherrer: 

B=                                                                      (4)

The average particle size calculated from the 
Debye–Scherrer for ZnO, NiO and flower like 
p-NiO/n-ZnO were about 76 nm 31 and 83 nm, 
respectively.

The vibrational properties of ZnO, NiO, and 
flower like p-NiO/n-ZnO catalysts were investigated 
by FT-IR spectroscopy. In the FT-IR spectrum 
of ZnO the band at 494.62 cm-1 characteristic to 
Zn-O bond.  The peak at 1508.61 cm-1 is assigned 
to, O-H-O bond. The peaks at 1652.23 and 3326.01 
cm-1 characteristic H-O-H and O-H stretching 
bond, respectively. In the FT-IR spectrum of NiO, 

peaks at 432.37 and 471.03 cm-1 are assigned to the 
Ni-O bond. The bonds at 1639.94 and 3448.51 cm-1, 
are characteristic to O-H-O and O-H, respectively 
[36]. In FT-IR spectrum of p-NiO/n-ZnO the peak 
appeared at 511.98   cm-1 is related to Ni-O, and that 
of 539.65 cm-1 is attributed to Zn-O bond, also the 
peaks at 1628.78 and 3380.78 cm-1 are related to 
H-O-H and O-H stretching, respectively (Fig. 3). 

ZnO, NiO, and p-NiO/n-ZnO flower like 
were investigated by SEM, (Fig. 4). SEM results 
demonstrate that ZnO and NiO particles have a 
flower and spherical morphology, respectively, and 
are in nanoscale. Moreover, based on the results, 
NiO particles on the ZnO flower are well loaded.

The Xmap technique examines point-by-point 
a specific area of the sample. In this technique, EDS 
analysis is performed from a large number of points 
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in a specified area and the results of this analysis 
are displayed as a series of colored dots. Each color 
represents an element. Where the amount of this 
element is greater, the number of dots with that 
particular color is greater. In p-NiO/n-ZnO map 
images, the green, red and yellow dots indicate 
the presence of Zn, Ni, and O, respectively (Fig. 
5). Based on the EDS results, the presence of O 
(21.47%), Zn(74.02%), and Ni (4.51%) elements in 
p-NiO/n-ZnO confirms that, with the exception of 
these elements, no other element was found in the 
sample indicating the formation of a high purity 
p-NiO/n-ZnO hybrid (Fig. 5).

BET specific surface measurement analysis is 
a physical analysis method for examining specific 
surface area and material porosity. This method, 
which is based on calculating the adsorption and 
desorption of gases such as nitrogen, is a fast and 
relatively inexpensive method that can be analyzed 
by statistically estimating the surface size, average 
particle size, porosity, porosity shape and porosity 
size materials obtained. The results for NiO, ZnO, 
and p-NiO/n-ZnO are demonstrated in Fig. 6 and 
Table 4. According the results, synthetic catalysts 
are of isotherm type IV. By loading NiO on ZnO, 
the surface area, pore volume and mean pore are 
increased.

There are different methods for estimating 
the optical band gap energy of semiconductor 
nanostructures, one of the most famous of which is 
the use of the Tauc equation. 

(αhν) 1/n = A (hν-Eg)                                            (5)

In this study, DRS and Tauc diagram were 
used to investigate the transfers and determine the 
band gap energy of the prepared photocatalysts. 
According to the results, the band gaps of ZnO, 
NiO and flower like p-NiO/n-ZnO were obtained 
as eV 3.3, 1.8, and 2.4, respectively (Fig. 7).

Effect of loaded NiO(%)
The weight percentage of metal oxides 

has a great effect on the performance of the 
photocatalyst. In this study, to optimize the 
weight percentage of NiO loaded on ZnO mud, 

NiO with weight percentages of 1, 2, 5 and 7 were 
prepared and used for photocatalytic degradation. 
The results demonstrate that by increasing the 
weight percentage of NiO from 1 to 5(wt %), 
the degradation efficiency increased from 78.45 
to 98.56%. However, with increasing NiO (wt 
%) from 5 to 7, the photocatalytic degradation 
efficiency decreased from 98.56 to 63.85% (Fig. 8). 
By increasing the weight percentage of NiO from 5 
to 7, the cavities of the ZnO photocatalyst are filled 
and the light penetration into the surface of the 
catalyst is decreased and, as a result, the efficiency 
is decreased.

Statistical analysis
The results of photocatalytic degradation of 

erythromycin by CCD method are demonstrated 
in Table 5.

One of the important issues in statistical 
analysis of data is the normal distribution of data, 
the results of this study are shown in Fig. 9.

Statistical evaluation was performed by 
performing F-test and ANOVA analysis of variance 
of the quadratic model of response surface and the 
result is given in Table 6. ANOVA data confirm the 
accuracy of this quadratic model. Parameter F is a 
measure of the deviation of the data from the mean 
value. In general, for a model that successfully 
predicts test results, F-value is usually very high 
and P-values of less than 0.05 mean that the model 
is desirable. F-value for this model is 42.77, which 
indicates that the model is completely significant. 
On the other hand, the value of parameter 
R-Squared is 0.9721 which is in accordance with 
Adj R-Squared 0.9460 values, and indicates the 
accuracy of the model. 

Fig. 10 shows the disturbance diagram for 
photocatalytic degradation of erythromycin. Based 
on the obtained results, it can be concluded that the 
pH parameter (parameter A) has the greatest effect 
on the photocatalytic degradation of erythromycin. 

Effect of pH and time on erythromycin degradation 
efficiency

The initial pH of the solution is one of the 
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Fig. 6. N2 adsorption-desorption isotherms of the a) NiO b) 
ZnO and c) NiO/ZnO.
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Fig. 9. Normal probability plot of the studentized residual for 
degradation of erythromycin.
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Fig. 11.  The effect of pH and time for degradation erythromycin a) Contour and b) 3D plot.

effective parameters in photocatalytic reactions. In 
order to determine the optimal pH, solutions with 
different pHs were prepared. The results indicate 
that the oxidation and degradation percentages 
of erythromycin are affected by the pH of the 
environment. Based on the results concluded that 
with decreasing pH, the efficiency of photocatalytic 
degradation increases because at low pH, direct 
reduction by electrons in the conduction band 
plays an important role in the decomposition 

of erythromycin degradation, which leads to a 
reduction gap in degradation of erythromycin. 
Also, the pKa of erythromycin is 8.9. Degradation 
time is one of the most important parameters in 
erythromycin degradation. High degradation time 
causes higher energy consumption and refining 
costs. Therefore, optimizing the process time saves 
operating costs. In this study the results showed 
that with increasing reaction time, the efficiency 
should increase. Fig. 11 shows the effect of pH and 
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time on erythromycin degradation efficiency as 
contour and 3D plots.

Effect of pH and photocatalyst mass on erythromycin 
degradation efficiency

Catalyst mass is one of the important factors 
in the degradation process. As the amount of 
catalyst increases, the efficiency also increases, 
but this increase has some good performance 
and more than this amount will have the opposite 
effect on the amount of efficiency. The reason for 
this is that by increasing the amount of catalyst, 
the number of active sites is increased, which 
increases the efficiency of degradation. On the 

 

 

 

 

 

 

Fig. 12.  The effect of pH and mass of catalyst for degradation of erythromycin a) Contour and b) 3D plot.

other hand, increasing the amount of catalyst 
reduces the penetration of light into the solution 
due to the increased turbidity of the solution 
because of the presence of catalyst particles on 
erythromycin degradation efficiency as contour 
and 3D plots (Fig.12).

Effect of pH and erythromycin concentration on 
erythromycin degradation efficiency

To investigate the effect of erythromycin 
concentration, experiments in the range of 
10-60 mg/L were performed. The decrease in 
efficiency versus the increase in concentration 
can be explained by the fact that with increasing 

 
 

 

 

 

Fig. 13.  The effect of pH and mass of concentration of erythromycin for degradation of erythromycin a) Contour and b) 3D plot.
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concentration of pollutants, the emitted radiation 
is absorbed by the pollutant molecules and does 
not reach the surface of photocatalysts. Fig. 13 
shows the effect of examining the effect of pH and 
erythromycin concentration on erythromycin 
degradation efficiency as contour and 3D plots.

Optimization
Finally, the software determination at the 

best point to achieve the highest degradation 
efficiency of erythromycin, in optimal conditions 
is with p-NiO/n-ZnO (5%) mass of photocatalyst 
0.13 (g), time 101.14 (min), erythromycin 
concentration 41.04 (mg/L) and pH= 3.07 99.99% 
(Fig. 14) [38, 39].

Isothermal study
Experimental data were studied with 2, 3 and 

4 parametric isotherms and finally minimized by 
3 error models (HYBRID, MPSD and ARE). The 
results of isothermal studies demonstrate that the 
Fritz-Schlunder isotherm has the best fit with the 
least error with the experimental data of p-NiO/n-
ZnO photocatalytic degradation (Table 7) [40]. 

CONCLUSION
In this study, ZnO and NiO were loaded on a 

ZnO flower like. Degradation of erythromycin 
antibiotic was examined by the photocatalysts 
synthesized under sunlight. Flower like p-NiO/n-
ZnO (5%) had the highest degradation efficiency 
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Fig. 14. Graphs of the optimum condition for degradation of erythromycin.

of erythromycin among the photocatalysts. 
Degradation of erythromycin by p-NiO/n-ZnO 
(5%) was investigated using RSM and according 
to the actual and predicted values   of the software, 
the results showed that the statistical analysis of 
the software was highly accurate and also the effect 
of various parameters was well expressed and 
analyzed. Optimal conditions of photocatalytic 
degradation of erythromycin at pH 3.07, time 
101.14 (min), photocatalytic mass 0.13 (g) and 
erythromycin concentration 41.04 (mg/L) were 
obtained 99.99%. Isothermal studies have shown 
that the Fritz-Schlander isotherm with the least 
error with the experimental data of p-NiO/n-ZnO 
(5%) photocatalytic degradation are the best fit. 
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