
Introduction
In recent years, the use of antibiotics in animal and human 
medicine has become widespread, thus increasing the 
possibility of water contamination with such compounds. 
Among all the medicinal compounds that cause 
environmental pollution, antibiotics play an important role 
in causing pollution due to their high use in medicine and 
veterinary science. The problem caused by the presence 
of antibiotics in the environment is the development of 
bacterial resistance to antibiotics. In recent years, there has 
been a significant increase in the prevalence of bacterial 
resistance to antibiotics, which many researchers attribute 
to the overuse of antibiotics.1,2 Many wastewater treatment 
plants are not designed to treat wastewater containing 
pharmaceutical contaminants. Therefore, practical and 
cost-effective methods should be considered for the 
treatment of effluents containing antibiotics discharged 
into the environment, such as chemical oxidation, 

biodegradation, and adsorption.3,4 The persistent nature 
of antibiotic-containing effluents against biodegradation 
has made it challenging to remove these compounds by 
conventional treatment methods. In these cases, the use 
of advanced oxidation processes (AOPs) is an important 
option. AOPs are oxidation methods that rely on the 
formation of hydroxyl intermediate radicals. These 
radicals are highly reactive and less selective than other 
oxidants. As a result, AOPs are capable of mineralizing 
various types of pollutants.5,6 The photocatalytic removal 
of antibiotics has been investigated by using a variety of 
catalysts such as ZnO, TiO2, and Fe.7,8

Among various AOPs, a photocatalyst using a 
commercial SnO2 catalyst is widely used due to its 
high efficiency, chemical and physical stability, non-
toxicity, and relatively inexpensive biocompatibility for 
water treatment. Tin oxide (SnO2) is a very important 
n-type semiconductor with a relatively wide energy 
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Abstract
Background: Aniline-based organic nanocomposites have a significant performance as 
photocatalysts in the advanced oxidation process (AOP). 
Methods: In this study, polyaniline-tin dioxide (PA/SnO2) nanocomposite was prepared using an 
ultrasonic process. Next, its efficiency as a photocatalyst in the removal of Cefixime antibiotic 
pollutant from contaminated waters in a tubular photo reactor was investigated. The experiments 
were designed by the response surface methodology (RSM) via Minitab software, in such a way that 
the effects of various parameters on the process are investigated. The effect of different parameters 
such as reaction time, solution pH, flow rate, antibiotic concentration and hydrogen peroxide 
concentration on the removal efficiency was investigated. 
Results: According to the results, the following optimal conditions were obtained: time of 120 
min, pH of 8.69, hydrogen peroxide concentration of 4.22 mM, flow rate of 1.25 L/min and initial 
antibiotic concentration of 22.92 mg/L. Under the above-mentioned optimal conditions, the 
efficiency of Cefixime removal was more than 72.24%.
Conclusion: The present study confirms the usability of the PA/SnO2 nanocomposite as a novel and 
effective photocatalyst for photocatalytic degradation of Cefixime antibiotic in contaminated water 
under UV light.
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gap (Eg = 3.6 eV) at room temperature, which is used 
in the manufacture of gas sensors, color-based solar 
cells, optoelectronic devices, electrode materials and 
photocatalyst is used.9,10 When SnO2 particles are exposed 
to radiation of photons with energy levels higher than the 
band gap (about 3.6 eV), electron-hole pairs (e-/h + ) can 
be generated. the subsequent reaction of h + with H2O or 
OH− causes the formation of reactive radicals that act as 
strong oxidizing agents for the adsorbed contaminants. 
UV radiation (λ < 387) is required as a light source due to 
the higher energy gap of SnO2.

11,12 The related equations 
are as follows:

( )2 2 CB VBSnO h SnO e hϑ − ++ → +

( )2 2 2VBSnO h H O SnO H OH+ ++ → + +

( )2 2VBSnO h OH SnO OH+ −+ → +

( )2 2 2 2CBSnO e H O OH OH SnO− −+ → + +

  Organiccompound OH Degradation products+ →

( )2  VBOrganiccompound SnO h Oxidation products++ →

( )2  CBOrganiccompound SnO e Reduction products−+ →

Despite several studies on SnO2 photocatalysts for the 
optical decomposition of organic contaminants, some 
limitations such as separation of semiconductor powder 
from discontinuous slurry photoreactors and high 
recombination tendency of optically generated e-/h + still 
remain. In addition, the UV spectrum present in sunlight 
is very low ( < 5%), which limits the use of UV and visible 
photocatalysts for SnO2.

13,14

Given the limitations and harmful effects of ultraviolet 
light on human life, changing the active region of ZnO, 
SnO2 or TiO2 into the visible spectrum poses a major 
challenge. However, this can be accomplished by 
modifying nanoparticles and modifying the surface by 
metal ion doping, non-metal doping and noble metal 
deposition, bonding to narrowband semiconductors, color 
sensitization and several other sensitizers.2,15 Recently, the 
use of nanocomposites based on conductive polymers and 
semiconductor metal oxides has been widely considered 
and is an interesting research area because it has both 
organic and mineral properties. Conductive polymers 
have been reported to act as sensitizers to increase the 
spectral response to visible light emission of ZnO, SnO2 
and TiO2. In this regard, sensitizers can enhance the 
transport of optically generated electrons.16,17

Conductive polymers (e.g. polyaniline, polypyrrole, 
and polythiophene) have been extensively studied due to 
their unique electrical and optical properties, including 
high absorption coefficient, good electron transport, high 
electron mobility, and excellent stability. As a commonly 
used polymer, polyaniline has many advantages such as 

low cost, high polymerization efficiency, easy synthesis, 
environmental resistance, and chemical resistance.18-20

The use of polyaniline to improve the photocatalytic 
activity of SnO2 nanoparticles has been extensively 
studied. In the extended π-bonding system, Polyaniline 
enhances the optically generated charge and prevents 
e-/h + recombination. Subsequently, the electrons can 
migrate to the surface of the nanocomposite and react with 
water and oxygen to generate hydroxyl and superoxide 
radicals. These radicals act as strong oxidizing agents and 
can effectively decompose or oxidize organic molecules.21,22 
Polyaniline, despite having unique properties such as 
electrical and electrochemical properties, has limitations 
in terms of mechanical properties and thermal stability. 
However, recently, organic-inorganic hybrid compounds 
(nanocomposites) have been highly regarded by 
researchers due to their properties of organic compounds 
and properties of minerals together and are an interesting 
field of research. Therefore, another solution to overcome 
the disadvantages of polyaniline is to prepare polyaniline 
nanocomposites with nanostructures, including metal 
oxide nanoparticles.23

The objective of this work was to evaluate the applicability 
of polyaniline-tin dioxide (PA/SnO2) nanocomposites 
for the treatment of wastewater containing Cefixime 
antibiotic by the photocatalytic method in a recirculating 
tubular reactor. The effects of various parameters such as 
pH, concentration of antibiotic, flow rate, concentration 
of oxidizing reagent and process time were investigated 
and optimized by response surface methodology (RSM).

Materials and Methods
Materials and Photocatalytic Reactor
Hydrogen peroxide solution (30% w/w), NaOH and 
H2SO4 (to adjust the pH), HCl, aniline, ammonia, 
ammonium persulfate (APS), SnCl4. 5H2O and ethanol 
were provided by Merck Company. All chemicals, used 
for the experiments, were of analytical grade and used 
without further purification. The Cefixime antibiotic 
(85% purity) was obtained from Zahravi Pharma Co. 
(Iran). Distilled water was used in all steps of this work. 
The reactor used in this study was a recirculating tubular 
reactor with a diameter of 5 cm and a length of 30 cm. 
According to Figure 1, the system consisted of two parts: 
a wooden chamber in which the UV lamp (15 W, Philips) 
was installed and a tubular reactor made of quartz, which 
PA/SnO2 nanocomposite fixed on glass (2 cm × 1 cm) 
was installed inside it as a photocatalyst. The solution 
containing cefixime antibiotic contaminant was pumped 
back through the reactor to remove the contaminant 
by the photocatalytic method. In this system, 2.5 L of 
cefixime antibiotic containing the necessary amount of 
H2O2 and with a specified pH was passed through the 
reactor. The stabilized PA/SnO2 nanocomposite was 
located on the glass by a thermal stabilization method. 
The physicochemical properties of the antibiotic have 
been given in Table 1.
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Characterization of the Equipment
UV–Vis absorption spectra were obtained by a Shimadzu 
1700 Model UV–Vis spectrophotometer. The scanning 
electron microscopy (SEM) images of the samples were 
achieved using a TESCANMIRA3 model of scanning 
electron microscope. The following devices were 
used to analyze and characterization of the PA/SnO2 
nanocomposite: TEM (FEI, Tecnai F-30, USA), FTIR 
(Bruker Tensor 27, Germany), thermo gravimetric analysis 
(TGA) Mettler Toledo, Switzerland). The pH values were 
measured by a pH meter (Philips PW 9422). The radiation 
source was a low pressure mercury UV lamp (15W, UV-
C, λmax = 254 nm, manufactured by Philips, Holland). 
Minitab Software (Version 17) was employed to design 
the experiments and optimize the process using RSM.

Synthesis of Tin Dioxide Nanoparticles 
First, 7.012 g of tin chloride pentahydrate has been 
dissolved in 100 mL of water. Next, it was placed inside 
the ultrasonic bath for 20 minutes and under 60 °C. Then, 
gradually ammonia solution was added drop by drop, 
until the pH would be regulated at 9.9. After 24 hours, the 
solution was passed from filter paper and the resultant 
sediments were washed out many times using water and 
ethanol. Finally, the intended sediments were dried up at 
80 °C. Finally, it was calcinated at 400 °C.25

Aniline Polymerization in the Presence of Tin Dioxide 
Nanoparticles 
Polymerization included the following stages:
1. Synthesis of aniline (0.1 M) solution in HCl through 

adding 0.46 mL of aniline to 50 mL of HCl and putting 
it on the agitator for 80 minutes.

2. Synthesis of APS solution (0.1M) through dissolving 
1.14 g of APS in 50 mL of HCl and placing it on the 
agitator for 80 minutes.

3. Preparation of SnO2 (0.1 M) solution through solving 
0.75 g of the synthesized SnO2 in 50 mL of HCl and 
placing it within an ultrasonic bath for a period of 90 
minutes.

Then, the following stages for nanocomposite synthesis 
were performed:

50 mL of aniline was added wit 5 mL of SnO2 solution 
was placed inside an ultrasonic bath for 90 minutes. Next, 
APS was slowly added to the solution. After 2 hours, green 
sediments were observed, the sediment was washed using 
HCl and put under room temperature in order to be dried 
up.26

Procedure of Cefixime Removal During the UV/PA-
SnO2/H2O2 Process
According to the experiment design, the experiments 
were carried out in the tubular reactor containing 4 L of 
antibiotic solution. After 15 min in darkness to reach the 
equilibrium, hydrogen peroxide in different contents was 
added to the solution, the UV-C lamp was then turned 
on. To create fluid flow through the reactor, a pump was 
used, and samples were taken at the specified times by the 
RSM. The effect of various parameters including reaction 
time, solution pH, antibiotic concentration, and hydrogen 
peroxide concentration on the removal efficiency was 
investigated.

By using a UV–Vis spectrophotometer (Shimadzu, UV 
mini-1240) the antibiotic concentration was measured 
at a wavelength of 286 nm, which is corresponded to the 
maximum absorbance. The amount of removal (R%) was 
calculated by using equation 1: 

(%) 100tC CR
C
−

= ×



                                                        (1) 

Where C0 and Ct are the initial and present concentrations 

Figure 1. Schematic Image of the Setup: (1) UV Lamp, (2) Reactor, (3) Stabilizing Clip, (4) Antibiotic Solution Container, (5) Pump, (6) Interface Hose, (7) Interface 
Hose, (8) Photocatalyst

Table 1. Chemical structure and characteristics of Cefixime antibiotic24

Chemical structure

Chemical formula C16H15N5O7S2

IUPAC name

(6R,7R)-7-{[2-(2-Amino-1,3-thiazol-4-yl)-
2-(carboxymethoxyimino)acetyl]amino}-3-
ethenyl-8-oxo-5-thia-1-azabicyclo[4.2.0]
oct-2-ene-2-carboxylic acid

Commercial name SUPRAX, ROXIM

Molecular weight 453.44 g/mol 

Drug bank DB00671

CAS number 79350-37-1

Solubility in water (mg/L) 104

https://commonchemistry.cas.org/detail?cas_rn=79350-37-1
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of the antibiotic in solution (mg/L), respectively.
According to Table 2, to optimize the process, the 

experimental design was implemented using the central 
composite design method ran in the Minitab software 
(Version 17). In the experimental design method, the 
experiments are designed in such a way that the factors are 
tested simultaneously for the achievement of the answer. 
The main design framework of the experiment is based on 
a series of standard schemes that consider the interaction 
between factors in order to affect each other. In this case, 
the final optimal point can be reached with a smaller 
number of experiments.27

Results and Discussion
SEM and TEM Images of Nanocomposite Surface
The SEM images of the nanocomposites have been shown 
in Figure 2. The porous structure of the crosslinked matrix 
was still present in the nanocomposites. Based on the 
images, the photocatalyst dispersion was homogeneous. 
The SEM images illustrated that the addition of SnO2 
nanoparticles to polyaniline synthesized under ultrasonic 
waves was encapsulated these particles inside the 
polymer coating. The chemical analysis by EDX coupled 

with ESEM was performed to confirm the dispersion 
of the photocatalyst in the sample. As can be seen from 
Figure 3, this analysis confirms the presence of carbon, 
oxygen, nitrogen and tin particles. The weight percentage 
of elements in the composition has been given in Table 3.

As can be seen from the TEM images in Figure 4, a 
polyaniline layer coated on SnO2 particles was formed 
with a thickness in the range of 5 to 100 nm.

Analysis of Mapping Images of the Nanocomposite
Figure 5 shows the elemental distribution maps with 
a resolution of 128 × 100. The two elements: C and N 
corresponding to the polymeric matrix are present 
in the complete image. On the other side, Sn is also 
homogeneously dispersed in the whole matrix indicating 
the presence of nanoparticles trapped in the polymer. The 
elemental distribution maps confirm the dispersion of the 
SnO2 photocatalyst in the network of polyaniline. This 
suggests that the approach used for the synthesis of the 
nanocomposites promoted photocatalyst immobilization 
and homogeneous distribution.

Analysis of Fourier Transform-Infrared 
Spectrophotometer Taken From the PA/SnO2 
Nanocomposite
After washing and distillation, the FTIR spectrum of 
the nanocomposite was recorded through an ultrasonic 
approach. The FTIR spectrum of PA/SnO2 nanocomposite 
has been shown in Figure 6. The tensile vibration of 
the aromatic C-H band was around 1117 cm-1 and the 
bending vibration of C-H bond was around 503 and 795 
cm-1. Furthermore, the tensile vibration of the C-N bond 
was evident in 1239 and 1296 cm-1 of benzene ring which 
is one of the distinctive features of pure Polyaniline. C-H 

Table 2. Experimental Design Matrix for Experimental and Predicted Cefixime 
Removal

Coded Variables
Variable levels

-2 -1 0  + 1  + 2

Time (min) (X1) 40 60 80 100 120

pH (X2) 7 8 9 10 11

[H2O2] (mM) (X3) 3.63 6.06 8.49 10.92 13.35

[Cefixime] (mg/L) (X4) 10 20 30 40 50

Flow rate (L/min) (X5) 0.67 0.82 0.97 1.12 1.27

Figure 2. The SEM Images Taken From the Surface of the PA/SnO2 Nanocomposite
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modes are used as a method to identify the benzene ring 
in organic compounds. For example, C-H in ethylene with 
sp3 hybrid shows the absorption peak at 1117 cm-1 as well 
as the bending vibration of C-H in polyaniline. The low-

intensity vibration around the 672 cm-1 region is related 
to the asymmetric state of Sn–O–Sn tin oxide. Absorption 
peaks at 791 cm-1 are a characteristic of the aromatic 
ring substitution from the para position, indicating the 
formation of a polymer. The absorption peak in 1464 and 
1521 cm-1 corresponds to the C = C and C = N peaks of 
benzoid and quinoid rings, which indicate the oxidized 
state of polyaniline.28 Therefore, the results illustrated that 
the two components of the nanocomposite are consistently 
present in the structure of the nanocomposite.

Evaluation of Thermal Gravimetric Analysis
Figure 7 shows the TGA curve of the PA and PA/SnO2 
nanocomposites. As shown in this Figure 7, the pure 
polyaniline TGA curve has a weight loss between 50 and 
100 °C, which can be attributed to the removal of water 
or solvent. Weight loss from 250 to 610 °C can also be 
attributed to the degradation of the polymer structure and 
final decomposition has been accrued in 610 °C.29 As can 
be seen, the PA/SnO2 nanocomposite undergoes a slower 
decomposition, which includes 20% of mass reduction 
under 170 °C and 57% mass reduction under 650 °C. The 
data displays significant thermal stability of the PA/SnO2 
nanocomposite. A comparison between the TGA curve of 
the PA/SnO2 nanocomposite with pure polyaniline and 
the destruction pattern of the nanocomposite suggests that 
the nanocomposite has higher thermal stability compared 
with pure polyaniline due to the presence of tin dioxide 
nanoparticles within its structure.

Optimization of the Process
According to Table 4, the optimization of the process was 
done by the Minitab software consisting of 32 experiments 
with one repetition. Giving the results of optimization 
data, Figure 8a was employed to observe the effect of each 
factor on the removal process. As can be seen, the higher 
slope of graph for each parameter determines a greater 
effect on the procedure; therefore, it can be said that all the 
mentioned parameters were effective in the process and 
played an essential role. Since a higher removal efficiency 

Figure 3. The EDX Image of the PA/SnO2 Nanocomposite

Figure 4. TEM Images of the PA/SnO2 Nanocomposite: (A) 60 nm; (B) 150 nm

Table 3. The Weight Percentages (%wt) Obtained From the EDX Elemental 
Analysis of the PA/SnO2 Nanocomposite

Elements C N O Sn

Weight percentage (%w) 49.76 33.71 15.33 1.20

Figure 5. The Mapping Images Taken From the PA/SnO2 Nanocomposite: (A) Oxygen, (B) Nitrogen, (C) Carbon, (D) Tin, (E & F) the Frequency Distribution of 
All Available Elements
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was required, then any parameter displaying higher R% 
was more favorable. Hence, the pH of 8.69, time of 120 
minutes, H2O2 concentration of 4.22 mM and flow rate 
of 1.25 L/min, in the antibiotic solution containing 22.92 
mg/L of cefixime, were the optimal values. 

As seen in the histogram diagram in Figure 8b, a 
Gaussian form exists, which indicates the normal 
population of data and the appropriate correctness of 
results. Likewise, in the normal probability plot, the 
dispersion of the points around the line is suitable, and 
means the normal validation. Besides, because two other 
charts does not follow any regular pattern, the data have 
high adequate accuracy.27

Figure 6. FT-IR Spectrum of the PA/SnO2 Nanocomposite

Figure 7. The TGA Curves of (a) PA and (b) PA/SnO2 Nanocomposite
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Interactions Among the Factors Using Two and Three-
Dimensional Diagrams
Based on the data and results from Table 4 related to 
optimization, the effect of each parameter on each other 
in removing cefixime contaminant is shown in the form 
of three-dimensional diagrams in Figure 9.

According to Figure 9a, the removal efficiency increases 
by increasing time. Also, in examining the effect of time 
and pH simultaneously, it is observed that, at low pH and 
high time, the highest removal efficiency can be achieved. 
The results showed that, with increasing process time, 
the number of hydroxyl radicals produced increases and 
thus the removal efficiency increases. As can be seen, 
with increasing pH from 7 to 10, the removal efficiency 
increases, but with increasing the pH too much, the 
removal efficiency decreases again. This phenomenon 
can be explained by the fact that, as the pH increases, 
the catalyst surface becomes negatively charged and the 
cefixime molecules are absorbed onto the catalyst surface 
through the acidic functional groups in their structure. 
This allows the molecules to participate in photocatalytic 
reactions and be decomposed. However, when the pH is 
raised beyond 10, the cefixime molecules are deprotonated 
and converted to anions, causing them to desorb from 
the negatively charged catalyst surface. As a result, the 

removal efficiency decreases
According to Figure 9b, it is observed that, with 

increasing the concentration of hydrogen peroxide, the 
removal efficiency increased, which can be expressed by 
the fact that, with increasing the concentration of hydrogen 
peroxide, the number of hydroxyl radicals increased, 
thereby enhancing the reaction between hydroxyl radicals 
and antibiotic molecules as well as improving the removal 
efficiency. However, with an increase of hydrogen 
peroxide from about 9 mm, due to the excessive increase 
of hydroxyl radicals and the possibility of their collision 
with each other, the active radicals are eliminated and the 
pollution removal efficiency declines.

As can be seen from Figure 9c, as the flow rate of the 
solution inside the reactor increased, the amount of 
photocatalytic degradation of the antibiotic increased, 
which can be explained by the fact that as the velocity 
of the fluid increased, the number of contaminant 
molecules colliding with the photocatalyst surface and the 
photocatalytic reactions of hydroxyl radicals with pollutant 
molecules increased at the catalyst surface. However, it 
appears that increasing the flow rate from approximately 
1 L/min resulted in a decrease in contaminant removal 
efficiency. This may be due to the fact that an excessively 
high fluid flow rate in the reactor, beyond the optimal 

Figure 8. (a) The Efficiency Study of the Parameters in Antibiotic Removal Using the Photocatalytic Method (b) Residual Graphs to Data Accuracy Examination
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Table 4. Value of variables in the optimization state of the experiments

Experiment 
number

Time
(min)

pH
H2O2

concentration
(mM)

Cefixime 
concentration

(mg/L)

Flow rate
(L/min)

R%

1 80 9 8.49 30 0.97 51.06

2 80 9 8.49 30 1.27 39.6

3 80 9 8.49 30 0.67 28.2

4 80 9 8.49 10 0.97 51

5 40 9 8.49 30 0.97 23.73

6 60 8 10.92 40 1.12 22.2

7 100 8 6.06 20 0.82 37.8

8 60 8 10.92 20 0.82 43.1

9 80 9 8.49 50 0.97 34.28

10 80 9 13.35 30 0.97 36.26

11 100 8 10.92 40 0.82 35.5

12 60 8 6.06 40 0.82 27.95

13 100 8 6.06 20 0.82 41.2

14 80 9 3.63 30 0.97 42.8

15 80 9 8.49 30 0.97 75.86

16 80 9 13.35 20 0.97 42.4

17 60 10 6.06 20 0.82 34.6

18 100 10 10.92 40 1.12 50.62

19 80 9 8.49 30 1.27 46.3

20 60 10 10.92 20 1.12 33.6

21 100 8 10.92 20 1.12 45.9

22 100 8 10.92 20 1.12 40.8

23 60 8 6.06 20 1.12 33.3

24 100 10 10.92 20 0.82 58.8

25 60 10 6.06 40 1.12 36.25

26 80 9 8.49 30 0.97 57.8

27 80 9 8.49 30 0.97 58.2

28 60 10 10.92 40 0.82 53.05

29 80 9 8.49 10 0.97 57.6

30 60 8 10.92 20 0.82 39.8

31 100 10 6.06 40 0.82 31.25

32 100 10 6.06 20 1.12 59.8

33 40 9 8.49 30 0.97 20.4

34 80 9 8.49 30 0.97 53.4

35 100 8 6.06 40 1.12 52.4

36 60 8 10.92 40 1.12 14.55

37 60 10 10.92 20 1.12 49.9

38 100 10 6.06 40 0.82 28.65

39 80 9 8.49 50 0.97 40.7

40 80 9 8.49 30 0.97 51.8

41 80 11 8.49 30 0.97 45.66

42 80 7 8.49 30 0.97 30.66

43 80 7 8.49 30 0.97 39.9

44 60 10 6.06 40 1.12 26.05

45 100 8 6.06 40 1.12 58.4

46 80 9 8.49 30 0.97 59

47 100 10 10.92 20 0.82 39.5

Experiment 
number

Time
(min)

pH
H2O2

concentration
(mM)

Cefixime 
concentration

(mg/L)

Flow rate
(L/min)

R%

48 80 9 8.49 30 0.97 61

49 60 8 6.06 20 1.12 38.3

50 80 9 8.49 30 0.67 33

51 100 10 6.06 20 1.12 67.8

52 80 11 8.49 30 0.97 49.7

53 80 9 8.49 30 0.97 59.8

54 100 10 10.92 40 1.12 53.5

55 60 10 10.92 40 0.82 55.6

56 80 9 3.63 30 0.97 52.3

57 120 9 8.49 30 0.97 52.3

58 80 9 8.49 30 0.97 63

59 60 8 6.06 40 0.82 34

60 80 9 8.49 30 0.97 64

61 120 9 8.49 30 0.97 60.3

62 60 10 6.06 20 0.82 47.2

63 100 8 10.92 40 0.82 40.5

64 80 9 8.49 30 0.97 64.7

Table 4. Continued

value, causes the antibiotic molecules to not have enough 
time to remain on the surface of the photocatalyst, thus 
preventing sufficient time for destructive reactions to 
occur.

In Figure 9d, it can be observed that the removal efficiency 
decreases at high initial antibiotic concentrations, while a 
low initial pollutant concentration with a longer process 
time can improve the removal efficiency. Given the fixed 
conditions of the other parameters, a certain amount 
of hydroxyl radicals significantly contribute to the 
removal process, thus reducing the initial contaminant 
concentration results in an increase in removal efficiency. 
In summary, it can be observed that a combination 
of a longer process time and lower initial pollutant 
concentration can result in an appropriate removal 
efficiency. Regarding Figures 9a-d, it can be observed that 
a combination of high H2O2 concentration, low antibiotic 
concentration, long reaction time, and high pH can 
enhance the removal efficiency due to their simultaneous 
effects.30

Prediction of the Optimal Conditions for Cefixime 
Removal 
The Minitab software is capable of evaluating the results 
of optimization tests and identifying optimal values for 
each parameter to achieve the highest removal efficiency. 
That is, the program can predict the percentage of 
elimination that a given design will lead to. In fact, the 
purpose of experimental design, in any way, is to find the 
most optimal conditions with the least amount of time, 
cost and energy.

According to Figure 10, the program estimates that, if 
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an experiment is performed with 95% confidence level in 
which the values  of the parameters are: time of 120 minutes, 
pH of 8.69, hydrogen peroxide concentration of 4.22 mM, 
flow rate of 1.25 L/min and initial antibiotic concentration 
of 22.92 mg/L, then we will reach a removing efficiency of 
approximately 72%.

According to the similar works done in the 
photocatalytic degradation of cefixime antibiotic, the 
possible degradation mechanism has been reported in the 
Figure 11.31

Definition of Regression Equation
Based on the available optimization data, a regression 
equation can be used to predict the removal efficiency 
without conducting any experiments, thus providing 
a quick means to obtain the removal efficiency. The 
regression equation is as equation 2:

R% = -439.5-0.151X1 + 53.8 X2 + 8.69 X3 + 1.061 X4 + 373.1 
X5-0.00998 X1 X1-3.421 X2 X2-0.498 X3 X3-0.02317 X4 X4-
218.7 X5 X5 + 2.125 X1 X5 + 1.34 X2 X3- 12.84 X3 X5 

Where, X1, X2, X3, X4 and X5 are time (min), pH, H2O2 
concentration (mM) and antibiotic cefixime concentration 
(mg/L), respectively.

Figure 12 illustrates the graph of this equation, and 
validates the correctness and accuracy of the optimization 
experiments, where the axes x and y are predicted and 
experimental values, respectively. Thus, as shown in 
Figure 12, the distribution of experimental data around 
the predicted values is tight, indicating that the experiment 
process was conducted with minimal operator/device 
errors.

Figure 12 shows that the scatter of the experimental 

Figure 9. 2D and 3D Charts of the Effects of Various Factors on Cefixime Antibiotic Removal Using the Photocatalytic Method.
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results around the values predicted by the software are 
close to each other, indicating that the testing process was 
performed with minimal errors from the operator, device, 
and method. An ANOVA table was also presented to 
determine the reliability and validity of the experiments. 
According to Table 5, the data have acceptable validity.

Conclusion
In the present study, the PA/SnO2 nanocomposite was 
prepared and used in the process of removing cefixime 
from contaminated water by a photocatalytic method. 
Using RSM for the optimization of the removal process, 
a practical removal efficiency of approximately 70% was 

achieved, demonstrating the acceptable proficiency of 
this method for the removal of cefixime antibiotic from 
wastewater. The amount of antibiotic contaminant removal 
is affected by pH, initial antibiotic concentration, process 
time, flow rate, and hydrogen peroxide concentration. The 
results of the optimization experiments showed that the 
pollutant degradation efficiency increased with increasing 
process time and pH. The optimal values were found to be 
a time of 120 minutes and a pH of 8.69. With increasing the 
amount of hydrogen peroxide and flow rate, the amount 
of removal increases and then decreases, Therefore, at the 
concentration of 4.22 mM, and the velocity of 1.25 L/min, 
the highest amount of removal of antibiotic cefixime was 

Figure 10. The Prediction Plots for Highest Cefixime Removal Using the Photocatalytic Approach

Figure 11. Possible Degradation Mechanism of the Process

Figure 12. The Regression Plot for Cefixime Removal Using the Photocatalytic Procedure
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achieved. Also, with increasing antibiotic concentration, 
the rate of antibiotic removal decreased. According to 
the prediction by the RSM using the Minitab software, 
a theoretical efficiency of 72% can be achieved via the 
optimal conditions.
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