
*Corresponding author.

1944-3994 / 1944-3986 © 2017 Desalination Publications.  All rights reserved.

Desalination and Water Treatment
www.deswater.com

doi:10.5004/dwt.2017.20639

72 (2017) 394–405
April

Synthesis of copper oxide nanoparticle and photocatalytic dye degradation study 
using response surface methodology (RSM) and genetic algorithm (GA)

Niyaz Mohammad Mahmoodi*, Samaneh Keshavarzi, Pardis Rezaei 
Department of Environmental Research, Institute for Color Science and Technology, Tehran 1668814811, Iran, Tel. +98 021 22969771, 
Fax +98 021 22947537, email: mahmoodi@icrc.ac.ir (N.M. Mahmoodi), samanekeshavarzi@yahoo.com (S. Keshavarzi),  
rezaei.pardis@yahoo.com (P. Rezaei)

a b s t r a c t

The aim of our research was to study the ability of CuO nanoparticle which was synthesized for 
photocatalytic dye degradation of Direct Red 31 (DR31), Reactive Red 194 (RR194) and Reactive Red 
120 (RR120) and to apply response surface methodology (RSM) and genetic algorithm (GA) in the 
optimization of the process. The characteristics of the nanoparticle were investigated by XRD, SEM 
and FTIR. The experiments were analyzed using response surface methodology and genetic algo-
rithm. A Historical Data Design was used to evaluate the effects and interactions of the four signif-
icant variables: catalyst dosage, dye concentration, reaction time and salt (inorganic anion) on the 
photocatalytic degradation of dyes as the process response. All the experimental data showed the 
good agreement with the predicted results according to RSM and GA optimizations. Under the opti-
mized conditions (catalyst dosage, 0.005 g; dye concentration, 50 mg/L; reaction time, 180 min and 
inorganic anion, blank) the maximal decolorization efficiencies of 78.25% , 80.08% and 70.14% were 
achieved for DR31, RR194 and RR120 respectively.

Keywords:  Synthesis; Copper oxide nanoparticle; Photocatalytic dye degradation; Response surface 
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1. Introduction

Dyes are one of the main groups of organic compounds 
that attendance of them in water and wastewater is a seri-
ous threat for the health of humans and aquatic creatures. 
1–20% of total world production of dyes release to waste-
water of textile factories and unsettle ecological equilib-
rium. Azo dyes are the largest group of dyes and have one 
or more azo bonds (N=N) in their structure. Based on the 
number of azo bonds, azo dyes divided to monoazo, diazo, 
etc. classes. There are different methods for treatment of col-
ored effluents that are categorized to adsorption, biological, 
physical, and chemical processes [1–11]. In spite of the fact 
that biological methods are simple and low cost, because of 
the complex structure of azo dyes they resist against biolog-
ical treatment. Most of the physical and chemical methods 
are ineffective and non-destructive and transfer pollutants 
from water to another phase and in this way causing sec-

ondary pollution. Advanced oxidation processes (AOPs) 
are a useful technique for the degradation of organic pol-
lutants in water treatment using strong oxidants such as 
hydroxyl radicals (HO·). Among advanced oxidation pro-
cesses, heterogeneous photocatalysis using semiconductor 
metal oxides has shown attractive features and is a prom-
ising technology for water treatment due to destruction a 
variety of organic and inorganic contaminants [12,13]. Pho-
tocatalytic degradation process as an AOP is a clean and 
green technology and one of the best promising methods 
because of its perfect mineralization ability of pollutants, 
low energy consumption and lack of creating the secondary 
pollutant [14–21].

Copper oxide (CuO) as a semiconductor oxide because 
of great characteristic such as low cost, nontoxicity and high 
photochemical stability is a good choice as an effective het-
erogeneous catalyst [7,13,22]. The hydrothermal synthesis of 
CuO nanoparticles is generally based on a two-step process. 
First, cupric hydroxide (Cu(OH)2) particles are formed by 
the reaction of a cupric salt precursor with a basic solution, 
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such as sodium hydroxide (NaOH) or ammonium hydrox-
ide. The Cu(OH)2 particles are then thermally dehydrated 
to obtain the CuO nanoparticles [23]. In this research, CuO 
nanoparticle was synthesized and investigated as a photo-
catalyst. The characteristics of CuO were studied by using 
FTIR, XRD and SEM. Photocatalytic performance of CuO 
nanoparticles was investigated by degradation of Direct 
Red 31 (DR31), Reactive Red 194 (RR194) and Reactive Red 
120 (RR120) dyes in the presence of hydrogen peroxide 
(H2O2) under UV light. Dye degradation was perused by 
using UV-vis spectrophotometer. 

The dye degradation process is affected by many factors 
such as catalyst dosage, dye concentration, reaction time 
and inorganic anion. These process parameters need to be 
carefully optimized to increase the process efficiency. Opti-
mization in conventional multi-factor systems is usually con-
ducted by varying one factor at a time. Not only is it time 
consuming, but the interactions among variables may also 
be ignored that lead to low efficiency of optimization. There-
fore, in this work, the response surface methodology (RSM) 
and genetic algorithm (GA) have been applied to determine 
the optimum conditions for desirable response. The RSM 
is a combination of mathematical and statistical techniques 
that can be used as an effective tool in order to design experi-
ments and optimize different processes [24–26]. In this study, 
Historical Data Design under RSM was applied to import 
data that already exists. Historical Data design interface on 
the response surface methodology can be used for import-
ing and analyzing numerical and categorical data. Thus, the 
main reason of using historical data design in Design-Expert 
software was to evaluate the previously obtained experimen-
tal results and predict dye degradation as a function of differ-
ent factors affecting the process [27,28].

Genetic algorithm (GA) is a stochastic method devel-
oped by Goldberg inspired by Darwin’s theory of evolu-
tion [29]. Global optimum in mathematical programming 
is determined by imitation of the genetic evolution process 
in nature. In order to optimize and investigate the problem, 
GA can be applied as an efficient research technique [30,31].

The objective of this study is to choose the optimum val-
ues of catalyst dosage, dye concentration, reaction time and 
salt (inorganic anion) on the photocatalytic degradation of 
dyes. A traditional technique for experimental process opti-
mization in response surface methodology (RSM); how-
ever, recently, genetic algorithm (GA) can be considered as 
a new approach to the optimization problem which is most 
known in the numerical field. The present paper compares 
these two techniques in the optimization of the photocata-
lytic degradation of dyes.

2. Experimental

2.1. Chemicals

The dyes chosen for this study were Direct Red 31 
(DR31), Reactive Red 194 (RR194) and Reactive Red 120 
(RR120) obtained from Ciba and used without further puri-
fication. The chemical structure of model dyes is presented 
in Fig. 1. The H2O2 (30%), NaCl (≥ 99.5 %), Na2SO4 (≥ 99 %), 
NaHCO3 (≥ 99 %), Copper sulfate pentahydrate (≥ 99 %) 
and sodium hydroxide (≥ 99 %) used without any change in 
this study were taken from Merck.

2.2. Synthesis of copper oxide nanoparticle

In 90 mL of distilled water, 1 g of CuSO4·5H2O and 1 g 
of NaOH were dissolved under stirring. The mixed solution 
was sealed in a glass bottle and kept static at 120°C for 24 
h, and then cooled to room temperature naturally. Remov-
ing the possible residues from the final precipitate was con-
ducted through washing with distilled water several times 
and then the final precipitate dried at 120°C for 12 h.

2.3. Characterization

FT-IR spectrum (Perkin-Elmer Spectrophotometer Spec-
trum One) was investigated. SEM (LEO 1455VP scanning 
microscope) was used to study the material morphology. 
XRD (Siemens D-5000 diffractometer with Cu Kα radiation 
(λ = 1.5406 A°)) was applied to indicate the material crystal 
structure.

2.4. Photocatalytic dye degradation

Experiments were carried out in a cylindrical batch pho-
toreactor in volume of 1L having dimensions 14 cm height 

(a)

(b)

 (c) 

Fig. 1. The chemical structure of dyes (a) DR31, (b) RR194 and 
(c) RR120.
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and 5.5 cm diameter (Fig. 2). UV radiation was provided by 
a UV-C lamp (200–280 nm, 9 W, Philips) which was placed 
in the inner quartz tube and was hanged in the center of 
photoreactor. The effects of catalyst dosage, reaction time, 
initial dye concentration and presence of salt on photocata-
lytic dye degradation were studied in this paper. 

Investigation of any effect of catalyst dosage on pho-
tocatalytic dye degradation was conducted by mixing 
different amounts of CuO (0–0.025 g) with 800 mL of dye 
solution (50 mg/L) in presence of H2O2 at 25°C. The sam-
ples were withdrawn at regular time intervals for 180 min. 
CuO was separated from the mixture by centrifuging. 
Then the change on the absorbance of solutions was found 
by UV-vis spectrophotometer at maximum wavelength 
of dyes (Fig. 3). The effect of initial dye concentration on 
photocatalytic dye degradation was determined by pre-
paring 800 mL of solutions with different concentrations 
of dye (50, 75, 100 and 125 mg/L) and H2O2 and mixing 
with optimum amount of CuO (0.005 g). The effect of salt 
was studied and different salts including Na2SO4, NaCl 
and NaHCO3 (0.01 mM) were used. The salt was mixed 
with 800 mL of dye solution (50 mg/L) and H2O2 (0.01 
ml) and then the solution was contacted with 0.005 g CuO 
nanoparticles.

2.5. Experimental design and data analysis 

Response surface methodology (RSM) is a statistical 
method that has a significant application in designing exper-
iments, evaluating the effects of different factors and find-
ing the optimum conditions as well as reducing the number 
of experiment [32,33]. In this study, the optimization of 
the four major operating variables based on the literature 
which were catalyst dosage (0–0.025 g), dye concentration 
(50–125 mg/L) and reaction time (0–180 min) as the numer-
ical factors and salt (Blank, NaCl, NaHCO3 and Na2SO4) as 
the categorical factor was calculated using Historical Data 
Design and RSM. The photocatalytic degradation of dyes 
was selected as the process response. This process was 

done in three systems with different dyes; DR31, RR194 and 
RR120.These variables and their levels are shown in Table 1.

The Design Expert Software was used to analyze exper-
imental data. The following function was employed to cal-
culate the coefficients of the polynomial model:
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In this equation, Y is the response model; b0 represents 
the constant coefficient; bi, bii and biii are the linear, quadratic 

Fig. 2. Photoreactor: (1) stirrer; (2) magnet; (3) quartz tube; (4) 
lamp;(5) sample cell.
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Fig. 3. UV-vis spectrum of dyes (a) DR31 (b) RR194 and (c) RR120.
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and cubic coefficients respectively; bij and bijk are the interac-
tion coefficients; n is the number of independent variables; 
Xi Xj, and Xk are the coded value of the independent variable.

3. Results and discussions

3.1. Characterization 

Fig. 4a shows the FT-IR spectrum of CuO nanoparticle. 
It has two peaks at 3450 cm−1 and 500–600 cm–1 which indi-
cate O–H stretching vibration and metal-oxygen vibration, 
respectively. The peak at 1625 cm–1 was attributed to OH 
bending of molecular water [34–37]. The XRD pattern of 
the CuO nanoparticle is presented in Fig. 4b. All diffrac-
tion peaks in Fig. 4b are in good agreement with those of 
the standard pattern of monoclinic CuO (JCPDS Card No. 
05-0661). The Miller indices matched well with the reflec-
tions of the CuO nanoparticle reported in the previous 
published paper [38]. SEM is used to determine the particle 
shape and appropriate size distribution of the material. The 
SEM micrograph of the CuO nanoparticle (Fig. 4c) shows a 
relatively homogeneous particle size distribution.

The band gap energy of photocatalyst was calculated 
using E = hc/λ relation where E= band gap energy, h = 
Planks constant, C = speed of light and λ = cut off wave-
length. The average band gap energy of CuO nanoparticles 
was obtained 2.09 eV.

3.2. Model fitting and statistical analysis

Response surface methodology (Historical Data Design) 
was applied to analyze the relationship between the four 
independent variables (catalyst dosage, dye concentration, 
reaction time and inorganic anion) and dye degradation 
efficiency. Several response models such as linear, two fac-
torial, quadratic and cubic models can be fitted to the exper-
imental data. 

The analysis of variance (ANOVA) of the regression 
parameters of the predicted response surface models are 
summarized in Table 2. Some model terms with a probabil-
ity values larger than 0.05 were considered not significant 
and eliminated. The significance of each coefficient in equa-
tions was determined by F-value and P value. The F-val-
ues of the models are equal to 497.96, 434.09 and 311.89 for 
DR31, RR194 and RR120, respectively, which indicate the 
models are significant. There is only a 0.01% chance that the 
F-Value occurs due to noise. As shown in Table 2, a small 
probability value (p < 0.0001) indicates that the models 
were highly significant [39]. The best correlation between 
experimental data according to various models and their 
ANOVA was shown by the cubic model because of the 
highest coefficient of determination (R2), adjusted R2 and 
predicted R2 values. Table 3 summarizes ANOVA results for 
cubic response models describing the dye degradation. The 
final cubic models for each response in terms of coded lev-
els are shown in Table 4.

Table1
Experimental range and levels of the independent variables for dyes

Dye Variables Type of variables Symbol Real value of coded levels

Low level(–1) High level(+1)

Catalyst dosage (g) Numeric A 0 0.025
DR31 Dye concentration (mg/L) Numeric B 50 125

Reaction time(min) Numeric C 0 180
Salt Categoric D

RR194 and RR120 Catalyst dosage (g) Numeric A 0 0.015
Dye concentration (mg/L) Numeric B 50 125
Reaction time(min) Numeric C 0 180
Salt Categoric D

 (a)  
 

(b)
  

(c)  

Fig. 4. The characteristics of the synthesized CuO nanoparticle (a)FT-IR spectrum, (b) XRD pattern and (c) SEM image.
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Table 2
ANOVA results of the cubic polynomial model for photocatalytic degradation of dyes

Source Sum of squares Degree of 
freedom (Df)

Mean square F-value P-value
Prob > F

Model 80038.62 21 3811.36 497.96 < 0.0001 Significant
DR31 A 223.24 1 223.24 29.17 < 0.0001

B 14214.60 1 14214.60 1857.14 < 0.0001
C 54367.20 1 54367.20 7103.09 < 0.0001
D 4812.38 3 1604.13 209.58 < 0.0001
AC 21.22 1 21.22 2.77    0.0480
BC 3004.82 1 3004.82 392.58 < 0.0001
CD 352.93 3 117.64 15.37 < 0.0001
A2 3883.89 1 3883.89 507.43 < 0.0001
B2 193.87 1 193.87 25.33 < 0.0001
C2 2809.68 1 2809.68 367.09 < 0.0001
A2C 257.65 1 257.65 33.66 < 0.0001
BC2 182.61 1 182.61 23.86 < 0.0001
C2D 241.79 3 80.60 10.53 < 0.0001
A3 1510.24 1 1510.24 197.31 < 0.0001
C3 271.93 1 271.93 35.53 < 0.0001

RR194 Model 94163.40 22 4280.15 434.09 < 0.0001 Significant
A 424.50 1 424.50 43.05 < 0.0001
B 18894.17 1 18894.17 1916.24 < 0.0001
C 63007.04 1 63007.04 6390.14 < 0.0001
D 6791.09 3 2263.70 229.58 < 0.0001
AC 54.87 1 54.87 5.57    0.0196
BC 3531.31 1 3531.31 358.14 < 0.0001
CD 829.20 3 276.40 28.03 < 0.0001
A2 5064.01 1 5064.01 513.59 < 0.0001
B2 166.71 1 166.71 16.91 < 0.0001
C2 2251.11 1 2251.11 228.31 < 0.0001
A2C 198.61 1 198.61 20.14 < 0.0001
B2C 41.36 1 41.36 4.19    0.0423
BC2 589.13 1 589.13 59.75 < 0.0001
C2D 342.41 3 114.14 11.58 < 0.0001
A3 403.67 1 403.67 40.94 < 0.0001
C3 124.17 1 124.17 12.59    0.0005

RR120 Model 70536.69 17 4149.22 311.89 < 0.0001 Significant
A 118.15 1 118.1 8.88    0.0034
B 12371.18 1 12371.18 929.91 < 0.0001
C 46404.45 1 46404.45 3488.09 < 0.0001
D 2910.45 1 970.15 72.92 < 0.0001
AC 33.23 1 33.23 2.50    0.0418
BC 1484.02 1 1484.02 111.55 < 0.0001
CD 120.77 3 40.26 3.03    0.0314
A2 4949.24 1 4949.24 372.02 < 0.0001
B2 53.97 1 53.97 4.06 < 0.0001
C2 2631.22 1 2631.22 197.78 < 0.0001
A2C 605.68 1 605.68 45.53 < 0.0001
BC2 315.43 1 315.43 23.71 < 0.0001
A3 6837.81 1 6837.81 513.98 < 0.0001
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3.3. Effect of the variables studied

The effect of CuO dosage and reaction time on the pho-
tocatalytic degradation of dyes at a fixed dye concentration 
of 50 mg/L is shown in Fig. 5. As can be seen, increasing 
the dosage of catalyst up to 0.005 g can enhance the per-
centage of decolorization and then it is followed by a grad-
ual decrease in dye degradation with increasing catalyst 
dosage. A possible explanation for this behavior can be the 
turbidity of the solution in high amount of catalyst [10,15]. 
Therefore dyes degradations in the optimum dosage of 
catalyst (0.005 g) are 78.25%, 80.08% and 70.14% for DR31, 
RR194 and RR120, respectively.

Fig. 6 illustrates the effect of initial dye concentration 
and reaction time on the photocatalytic degradation of dyes 
in a CuO dosage of 0.005 g. The results indicate that initial 
dye concentration has an inverse effect on the degradation 

efficiency. This negative impact has two main reasons as fol-
lows: as dye concentration in solution increase, it acts like 
a filter and prevents from achieving of light to the surface 
of photocatalyst. In addition to this, more molecules of dye 
are absorbed on the surface of photocatalyst by increasing 
in dye concentration and thus the number of active sites for 
producing hydroxyl radicals reduces [7,10,14,15].

Presence of salts in wastewater of textile industries is 
an ineluctable reality. As shown in Fig. 7, presence of salt 
reduces the dye degradation efficiency. Salts reduce the 
performance of dye degradation by reacting with hydroxyl 
radicals and inactivation the active sites.

It is clear that bicarbonate land to more deduction in 
effectiveness of dye degradation toward the other ions, 
chloride and sulfate. Because apart from reacting with 
hydroxyl radicals, bicarbonate prevent from producing 
of hydroxyl radicals dye decomposition of hydrogen 
 peroxide [14].

3.4. Kinetic reaction and mechanism of photocatalytic dye 
degradation 

Decolorization kinetic was surveyed at different cat-
alyst dosages. The curves were fitted using zero-order, 
first-order and second-order models,according to the noble 
expressions:

Table 3
ANOVA results for response models

Dye R-squared Adjusted 
R-squared

Predicted 
R-squared

DR31 0.9864 0.9841 0.9815
RR194 0.9852 0.9827 0.9800
RR120 0.9749 0.9707 0.9627

Table 4
Cubic models for each response in terms of coded levels for dyes

Dye Salt Decolorization, %=

DR31 Blank +29.04–25.08A–20.30B+18.81C–0.54AC–11.38BC–15.80A2+3.92B2–14.25C2
–7.81A2 C+5.19BC2+27.57A3+6.83C3

NaCl +30.98–25.08A–20.30B+20.79C–0.54 AC–11.38BC–15.80A2+3.92B2–13.95C2
–7.81A2 C+5.19BC2+27.57A3+6.83C3

Na2SO4 +2.24–25.08 A–20.30B+11.22C –0.54AC–11.38BC –15.80A2+3.92B2+2.81C2
–7.81A2 C+5.19BC2+27.57A3+6.83C3

NaHCO3 +17.96–25.08A–20.30B+19.46C–0.54 AC–11.38BC–15.80A2+3.92B2–5.64C2
–7.81A2 C+5.19BC2 +27.57A3+6.83C3

RR194 Blank +31.29–4.57A–24.76B+19.15C+2.26AC –12.05 BC–18.68A2+4.07B2–6.26C2
–5.98 A2 C+2.84B2 C+9.33BC2+2.84B2 C +11.14A3+4.62C3

NaCl +23.55–4.57A–24.76B+20.72C+2.26AC–12.05 BC–18.68A2+4.07B2–2.19C2
–5.98A2 C +9.33BC2+2.84B2 C+11.14A3+4.62C3

Na2SO4 –2.05–4.57A–24.76B+6.46C+2.26AC–12.05BC–18.68A2+4.07B2+8.54C2
–5.98A2 C+2.84B2 C+9.33BC2+11.14A3+4.62C3

NaHCO3 +16.37–4.57A–24.76B+19.02C+2.26AC–12.05BC–18.68A2+4.07B2+2.03C2
–5.98 A2 C+2.84B2 C+9.33BC2 +11.14A3+4.62C3

RR120 Blank +22.08–39.37A–19.52B+23.23C–0.88AC–8.19BC–14.51A2+2.07B2–7.21C2
–10.37A2 C+6.57BC2+46.00 A3

NaCl +18.93–39.37A–19.52B+23.63 C–0.88 AC–8.19BC–14.51A2+2.07B2–7.21C2
–10.37A2 C+6.57BC2+46.00A3

Na2SO4 +11.97–39.37A–19.52B+20.9C–0.88AC–8.19BC–14.51A2+2.07B2–7.21C2
–10.37A2 C+6.57BC2+46.00A3

NaHCO3 +5.78–39.37A–19.52B+18.36C–0.88AC–8.19BC–14.51A2+2.07B2–7.21C2
–10.37A2 C+6.57BC2+46.00A3
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C − C0 = –k0t  (2)

C/C0 = exp (–k1t) (3)

(1/C) – (1/C0) = k2t  (4)

where C0 = initial dye concentration (mg/L), C = dye con-
centration at time t (mg/L), k0 = zero-order rate constant 
(mg/min L), k1 = first-order rate constant (l/min) and k2 = 
second-order rate constant (L/mg min).

The decolorization kinetics constants are presented 
in Table 5. According to the results, it is clear that the dye 
degradation kinetics followed first-order kinetic model and 
indicate that photocatalytic dye degradation depends on 
catalyst dosage.

Radiation of light with sufficient energy to overcome 
the band gap energy of photocatalyst excites electrons and 
makes them to migrate to the conduction band of photo-
catalyst. In addition, this migration creates some holes in 
valance band. These electrons and holes produce some 
oxidizing agents like hydroxyl radicals by participating 
in redox reactions. Hydroxyl radical is a non-selective 
and rapid oxidant and is the main agent of dye degrada-
tion. Photogenerated electron-hole pairs tend to recombine 
together and release the stored energy immediately. But 
presence of electron scavengers like molecular oxygen and 
hydrogen peroxide prevents merging and allows the con-
tinuation of reactions. Mechanism of photocatalytic degra-
dation of dyes is as follows [10]: 
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Fig. 5. The effect of CuO dosage on the photocatalytic degrada-
tion of dyes using UV/CuO/H2O2 (a) DR31, (b) RR194 and (c) 
RR120.
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Photocatalyst + hν → photocatalyst (eCB
– + hVB

+) (5)

hVB
+ + H2O → H+ + OH· (6)

hVB
+ + OH– → OH·  (7)

eCB
– + O2 → O2·

–  (8)

O2·
– + H+ → HO2· (9)

2 HO2· → H2O2 + O2 (10)

eCB
– + H2O2 → OH· + OH–  (11)

H2O2 + hν → 2OH·  (12)

Dye + OH· → degradation products (13)

Dye + hVB
+ → oxidation products (14)

Dye + eCB
– → reduction products (15)

3.5. Optimization conditions and verification

The response models derived from experimental data 
were used to determine the optimal conditions for maxi-
mum degradation of dyes. In RSM, the desired goal for each 
variables and response can be set. In the present study, the 
desired goals are defined maximum process degradation 
while the process variables A, B and C were selected to be 
in range. Table 6 presents the results.

GA, MATLAB optimization toolbox, is an optimization 
technique applied to the cubic equations for the photocat-
alytic degradation of dyes. The dye degradation optimiza-
tion in GA was done by defining:

Variables: catalyst dosage (A), dye concentration (B) and 
reaction time (C)

Variable range: –1≤ A ≤+1, –1≤ B ≤+1 and –1≤ C ≤+1 

Maximize degradation process = f (A, B and C)

Degradation process ≤ 100%

where –1 and +1 are the low level and high level of vari-
ables in the cubic model equations (Table 4).

Table 7 shows the optimum variables and response. The 
optimum coded variables in GA optimization for the pho-
tocatalytic degradation of dyes are presented in Figs. 8, 9 
and 10.

As we can see, optimization by RSM and GA demon-
strated that the experimental results (Table 8) were close to 
the results obtained by optimization methods.

Additional experiments were then conducted to con-
firm the optimum results and each experiment is repeated 
for three rimes. Table 9 shows dye degradation from labora-
tory experiments that agree with the predicted values from 
RSM and GA optimization.

4. Conclusion

In this study, copper oxide nanoparticle was synthesized, 
characterized and employed in photocatalytic degradation 
of Direct Red 31 (DR31), Reactive Red 194 (RR194) and Reac-
tive Red 120 (RR120) in presence of H2O2. The effect of four 
significant process variables including catalyst dosage, dye 
concentration, reaction time and salt on dye degradation 
was studied. Response surface methodology and genetic 
algorithm were applied to optimize the photocatalytic dye 
degradation. This study showed that response surface 
methodology and genetic algorithm were the suitable opti-
mization methods in order to maximize the photocatalytic 
degradation of DR31, RR194 and RR120 at optimum condi-
tions. The good agreement between RSM and GA optimi-
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Fig. 7. The effect of salt (inorganic anion) on the photocatalytic 
degradation of dyes using UV/CuO/H2O2 (a) DR31, (b) RR194 
and (c) RR120.
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Table 5
The decolorization kinetics constants (R2 = correlation coefficient)

Dye Catalyst (g) Zero-order First-order Second-order

k0 R2 k1 R2 k2 R2

DR31 0.000 0.0054 0.979 0.0043 0.9991 0.0035 0.9817
0.002 0.0075 0.8977 0.0056 0.995 0.0044 0.985
0.005 0.009 0.7474 0.009 0.9839 0.0104 0.9696
0.010 0.0088 0.7751 0.0075 0.9955 0.007 0.9622
0.015 0.0062 0.9441 0.0049 0.9953 0.004 0.9916

RR194 0.000 0.0034 0.9907 0.0046 0.9946 0.0066 0.9551
0.002 0.0039 0.9682 0.0057 0.9993 0.0087 0.9678

0.005 0.0058 0.7179 0.0099 0.9844 0.0203 0.968

0.010 0.0052 0.8487 0.0083 0.9904 0.0153 0.9745

0.015 0.0045 0.9281 0.0069 0.9985 0.0114 0.9692
RR120 0.000 0.0018 0.9936 0.0021 0.9892 0.0024 0.9781

0.002 0.0047 0.8834 0.0064 0.9926 0.0093 0.9838

0.005 0.0054 0.7271 0.0078 0.9949 0.0125 0.9297

0.010 0.0027 0.9614 0.003 0.9931 0.0035 0.9851

0.015 0.0036 .09356 0.0042 0.9986 0.0051 0.9868

Table 6
Optimal conditions of the photocatalytic degradation of dyes according to RSM

Dye A (g) B (mg/L) C (min) D Decolorization (%) Desirability factor

DR31 0.0081 50.16 178.04 Blank 80.3881 1.000
0.0085 51.73 180.00 NaCl 78.3505 1.000
0.0082 50.00 180.00 Na2SO4 58.5854 0.749
0.0082 50.00 180.00 NaHCO3 73.9292 0.945

RR194 0.0072 51.93 179.70 Blank 80.5775 1.000
0.0072 50.78 179.72 NaCl 80.2025 1.000
0.0072 50.00 180.00 Na2SO4 52.0102 0.649
0.0072 50.00 180.00 NaHCO3 76.4902 0.955

RR120 0.0044 50.03 179.32 Blank 70.4151 1.000
0.0046 50.00 180.00 NaCl 67.7462 0.966
0.0046 50.00 180.00 Na2SO4 58.0651 0.828
0.0046 50.00 172.67 NaHCo3 49.4156 0.704

Table 7
Optimal conditions of the photocatalytic degradation of dyes according to GA

A B C D Decolorization 
(%)Coded Real(g) Coded Real(mg/L) Coded Real(min)

DR31 –0.3385 0.0083 –1.0000 50 1.0000 180 Blank 81.0061
–0.3400 0.0083 –1.0000 50 1.0000 180 NaCl 79.9578
–0.3978 0.0075 –1.0000 50 1.0000 180 Na2SO4 59.4209
–0.3400 0.0083 –1.0000 50 1.0000 180 NaHCo3 73.8833

RR194 –0.0456 0.0072 –1.0000 50 1.0000 180 Blank 80.4015
–0.0452 0.0072 –1.0000 50 1.0000 180 NaCl 81.0730
–0.0456 0.0072 –1.0000 50 1.0000 180 Na2SO4 52.0129
–0.0454 0.0072 –1.0000 50 1.0000 180 NaHCo3 76.4711

RR120 –0.3894 0.0046 –1.0000 50 1.0000 180 Blank 70.4814
–0.3896 0.0046 –1.0000 50 1.0000 180 NaCl 67.7432
–0.3892 0.0046 –1.0000 50 1.0000 180 Na2SO4 58.0490

–0.3894 0.0046 –1.0000 50 1.0000 180 NaHCo3 49.4165
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Fig. 8. Plots of current best individuals vs. number of variables in GA Optimization for the photocatalytic degradation of DR31: (a) 
Blank, (b) NaCl, (c) Na2SO4 and (d) NaHCO3.
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Fig. 9. Plots of current best individuals vs. number of variables in GA Optimization for the photocatalytic degradation of RR194: (a) 
Blank, (b) NaCl, (c) Na2SO4 and (d) NaHCO3.
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zation results and experimental data confirmed the models 
adequacy. The results indicate that both methods are capable 
of determining optimum conditions. The optimum values 
of catalyst dosage, dye concentration, reaction time and salt 
were 0.005 g, 50 mg/L, 180 min and blank, respectively.
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