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Abstract 

Green synthesis methods using plants have many advantages such as time-saving, chemical-free, and negative ef-

fects on the environment. So, extracted Citrus aurantium juice was used to synthesize green CuO/TiO2 and (G- 

CuO/TiO2) nanocatalyst which was characterized by X-ray Diffraction (XRD), Scanning Electron Microscopy 

(SEM), Energy Dispersive X-ray (EDX), Fourier Transform Infra Red (FTIR), Brunauer-Emmett-Teller (BET), and 

Zeta Potential (ZP), and utilized in the degradation of methylene blue (MB) under UV lamps and dark environ-

ments. The ANOVA program was used to maximize the photodegradation efficiency (%) of (G-CuO/TiO2) on the 

MB dye. The four independent variables: Initial dye concentration (10-50 mg/L), pH (3-9), adsorbent dose (200-

1000 mg/L), and contact time (30-90 min) served to the model of the photodegradation efficiency (%). The ANOVA 

results confirmed the high significance of the regression model while the predicted values of the photodegradation 

efficiency (%) of MB were in good agreement with the corresponding experimental ones. Optimized conditions for 

the maximum photodegradation efficiency (98.6%) by (G-CuO/TiO2) NPs were the initial dye concentration (10.93 

mg/L), pH (8.87), adsorbent mass (986.43 mg/L), and contact time (89.08 min). The validity of the quadratic model 

was examined, and found in good agreement with the experimental values. Results demonstrated that                

(G-CuO/TiO2) could be a promising photocatalyst in the degradation of MB dye.  
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1. Introduction 

Paper and food industries, textile dyeing, 

cosmetics, pigments and paints, high technology 

materials, etc. employ organic and inorganic col-

orants extensively [1]. On the other hand, most 

organic dyes utilized by many sectors nowadays 

are synthetic. Oil-based intermediates are fre-

quently used to create organic colors. Mean-

while, industrial processes use more than 
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100,000 different kinds of synthetic organic col-

orants. Industrial effluents may contain about 

10-15% of these colors [2]. Dyes are one of these 

dangerous organic pollutants that are predomi-

nantly emitted into the environment by the tex-

tile and painting industries [3]. These colors 

produce deadly carcinogenic byproducts when 

they hydrolyze and combine with other contami-

nants found in wastewater effluents, endanger-

ing not only human health and well-being but 

also the aquatic ecosystem [4]. Wool and silk are 

frequently dyed with the basic dye methylene 

https://creativecommons.org/licenses/by-sa/4.0
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blue (MB) [5,6]. It is also employed in medicine 

to check for certain disorders. Many treatment 

methods have been developed recently to reme-

diate these wastes [7]. 

Environmentally benign and economical, 

the adsorption technique is preferred. It has a 

high yield of purification, and the choice of ad-

sorbent is crucial in deciding how cost-effective 

it is. Without effective degradation, substances 

found in bodies of water including rivers, lakes, 

and seas have negative side effects like eye 

burns, diarrhea, vomiting, and nausea [8]. 

Finding an effective way to clean wastewater 

that contains dyes has thus become a key re-

search objective. The degradation of organic 

contaminants in contaminated wastewater is 

thought to be made possible by photocatalysis, 

a green technology [9]. Metal oxide nanoparti-

cles have a wide range of noteworthy applica-

tions, including cell line research, anti-

microbial, and dye degradation [10]. Titanium 

is a widely used-wide band gap semiconductor 

that has long been the preferred material for 

photocatalysis. However, due to its relatively 

broadband gap (3-3.2 eV) and high rate of elec-

tron-hole recombination, it has several draw-

backs [11]. Therefore, significant efforts have 

been made to modify titanium-based photocata-

lysts to allow for the use of solar radiation visi-

ble spectrum [12]. The main issue in this sector 

is to develop a photocatalyst material that is ef-

fective, affordable, and sustainable that can op-

erate in the presence of visible light. TiO2 ex-

hibits the highest rate of photocatalytic activity 

for the correct removal and total elimination of 

organic contaminants among other semiconduc-

tors. TiO2 is a promising contender for photo-

catalytic and antibacterial activity because of 

its better chemical stability, photostability, en-

vironment friendliness, strong oxidizing power, 

cost-effectiveness, and non-toxicity [13]. G-

CuO/TiO2 is believed to be easily synthesized 

and may have been used in photocatalytic dye 

hydrolysis and antibacterial action against 

pathogenic microorganisms [14].   

The researches in this field are many: Rajiv 

et al. [15] used Momordica charantia leaf aque-

ous extract as a reducing and stabilizing agent 

to biosynthesize TiO2 nanoparticles (NPs) used 

in the in vitro antimalarial activity against 

Plasmodium falciparum, and the findings im-

ply that the produced TiO2 NPs may be used to 

create novel, safer malaria prevention treat-

ments. In a related study, Goutam et al [16] 

prepared green titanium dioxide NPS using 

leaf extract of the biodiesel plant, Jatropha cur-

cas L., and assessed its performance for the 

photocatalytic treatment of TWW following the 

secondary (biological) treatment process, 

achieving 82.26 and 76.48 percent of COD and 

Cr removal, respectively, in a parabolic trough 

reactor (PTR). Additionally, Padina tetrastro-

matica extract was used by Jegadeeswaran et 

al. [17] to create innovative, environmentally 

friendly Ag/TiO2 nanocomposites with an ana-

tase phase and an average particle size of 

25.74 nm. Plants contain chemical compounds 

that can now be used for a variety of applica-

tions, including water purification, medicinal, 

and other uses.  

Accordingly, the present work focuses on 1) 

studying the synthesis and structural charac-

terization of CuO/TiO2 nanoparticles from 

green synthesis on citrus aurantium juice     

using FTIR, SEM, EDX, XRD, and the surface  

area and pore size on the adsorbent surface 

(BET), 2) determining the effect of the intro-

duction of doping elements on the chemical and 

structural properties, 3) The nanostructured 

TiO2 was synthesized of 2:1 CuO of the co-

sedimentation method, and 4) obtained G- 

CuO/TiO2 was used in the degradation of meth-

ylene blue under UV lamps and a dark envi-

ronment. 

 

2. Materials and Methods 

2.1. Materials 

Citrus aurantium juice extract was obtained 
from the local market in Baghdad, Iraq. The 

materials used in the experiments included ox-

ide Titanium (TiO2), Cupric sulfate Pentahy-

drate (CuSO4.5H2O), Sodium hydroxide 

(NaOH), Sodium chloride (NaCl), hydrochloride 

acid (HCl), and Methylene blue (C16 

H18CIN3S.XH2O). All chemicals and reagents 

were analytically graded and purchased from 

HiMedia (Thane, India). 

 

2.1.1 Preparation of Citrus aurantium juice 

To prepare the extract of Citrus aurantium, 

5 kg of Citrus aurantium was thoroughly 

washed with distilled water to remove any 

dust, after which it was cut and squeezed to ex-

tract the juice. Then it was heated for 30 min 

at 80 °C. After being cooled to room tempera-

ture, the filter paper was used to remove the 

remaining sediment. Later, it was stored as 

pure extract without the filler for more experi-

mental work as in Figure 1. 

 

2.1.2 Synthesis of (G-CuO/TiO2) NPs 

In the synthesized (G-CuO/TiO2) NPs, 0.79 

g of titanium oxide (TiO2) and 1.6 g of 

CuSO4.7H2O, were mixed with 100 mL distilled 
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Run 

no. 

A: Initial con., 

mg/L 
B: pH 

C: Adsorbent dose, 

mg/L 

D: Time, 

min 

Photodegradation 

efficiency, % 

1 30 6 600 90 65.20 

2 30 9 600 60 82.50 

3 30 6 600 60 62.89 

4 50 3 1000 30 52.67 

5 10 3 200 90 30.67 

6 50 3 1000 90 75.00 

7 30 6 200 60 49.45 

8 30 6 600 60 62.89 

9 50 9 1000 90 88.45 

10 30 6 600 30 55.39 

11 10 9 200 30 86.23 

12 30 6 600 60 62.89 

13 10 9 1000 30 85.76 

14 50 6 600 60 59.29 

15 30 6 600 60 62.89 

16 30 6 600 60 62.89 

17 50 9 200 30 64.78 

18 10 3 1000 90 70.12 

19 30 6 600 60 62.89 

20 30 3 600 60 42.67 

21 50 9 1000 30 66.34 

22 10 3 1000 30 55.70 

23 10 9 1000 90 97.50 

24 10 6 600 60 70.50 

25 30 6 1000 60 75.53 

26 10 3 200 30 22.78 

27 50 3 200 90 41.54 

28 50 9 200 90 68.45 

29 50 3 200 30 24.88 

30 10 9 200 90 92.30 

Table 2. Experimental design data in relation to photodegradation efficiency (%). 

Variables 
Levels and range 

(+1) (0) (+1) 

Initial dye concentration (A) (mg/L) 10 30 50 

Solution pH (B) 3 6 9 

Adsorbent dose (C) (mg/L) 200 600 1000 

Contact time (D) (min) 30 60 90 

Table 1. High, center, and low levels of the independent variables investigated in the present study. 

Figure 1. Preparation of (G-CuO/TiO2). 
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water at 65°C for 5 h, and 10 mL of the juice 

extract was added under continuous mixing for 

30 min. Then, drops of 0.1 N sodium hydroxide 

were added to the mixture, and mixing contin-

ued for 1 h at 80 °C until the color of the solu-

tion changed from light blue to green. Then, 

the solution was filtered with (0.55 nm) filter 

paper, after which it was washed several times 

with deionized water and ethanol, and next 

dried in an oven for 12 h at 70 °C, finally, the 

calcination of the synthesized (G-CuO/TiO2) 

NPs was done in the thermal oven at 500 °C for 

2 h [18]. 

 

2.1.3 Characterization 

Energy-dispersive X-ray spectroscopy analy-

sis (EDX), scanning electron microscopy (SEM), 

X-ray diffraction (XRD), and Brunauer–

Emmett–Teller (BET) measurements were 

used to characterize the TiO2-CuO NPs sam-

ples. EDX and SEM analyses were conducted 

using a Bruker INSPECT550 (Leiderdorp, 

Netherlands). The XRD measurements were 

conducted by Shimadzu-6000 (Kyoto, Japan) at 

the Cu-Kα wavelength (λ = 0.1524 nm) with 2θ 

ranging from 5 to 80°.  In addition, the Brunau-

er–Emmett–Teller (BET) method was conduct-

ed using the surface area analyzer (Q-surf 

9600, USA).  

 

2.2 Experimental Design 

In this work, Design-Expert 7.0.0 software 

(Stat-Ease Inc., USA) was used, where the cen-

tral composite design (CCD) using a response 

surface methodology (RSM) was applied to cor-

relate and optimize four operation process vari-

ables (i.e., initial dye concentration; solution 

pH; adsorbent dose; and contact time) about 

the Photodegradation efficiency (%) of the MB 

dye. The minimum and maximum ranges of the 

variables were as follows: Initial dye concentra-

tion (A) (10-50 mg/L), solution pH (B) (3-9), ad-

sorbent dose (C) (200-1000 mg/L), and contact 

time (D) (30-90 min). Table 1 presents the high, 

center, and low levels of the four independent 

variables investigated while Table 2 represents 

the experimental data in this study. 

 

2.3 Photodegradation Studies  

TiO2 is known to use a UV bandwidth to ini-

tiate a photoreaction at 3.2 eV. Copper oxides 

display an improved absorber with a narrow 

band gap (1.4-2.2 eV). Copper oxides with TiO2 

are mentioned to give greater catalytic ability 

and greater photocatalytic efficacy. Several in-

vestigations have investigated the detection of 

toxic substances from industrial activities (e.g., 

xylene, dyes, phenol, and pesticides) through 

the use of homogeneous photocatalytic process-

es using constant UV radiation [19,20]. With 

respect to the presence of compatible functional 

groups, the Cytrus aurantium juice was report-

ed to contain 86% of phenolic acids out of total 

phenolic compounds. The phenolic compounds 

present in the citrus aurantium juice such as 

(Gallic, Sinapic, Dihydroxyphenilic, Dihydro-

benzoic, Chlorogenic, Vanillic, Syringic, p-

coumaric, Ferulic, Rosmarinic, trans-2-

Dihydrocinnamic, and cinnamic acids). The 

surface electrons on the CuO nanoparticles 

should finally transfer to the dye in the dark 

when the CuO-TiO2 nanocatalysts are dissemi-

nated in the solution with an organic pollutant. 

However, electrons (e−) in the valence band 

(VB) can be excited to the conduction band 

with the simultaneous creation of the equiva-

lent quantity of holes (h) in the valence band 

when these catalysts are exposed to UV light 

with photon energy higher or equal to the band 

gap of TiO2. Reactions are hypothesized to be 

in charge of the dye degradation when CuO-

TiO2 nano photocatalyst is used. 

 

CuO-TiO2 (e−CB) + CuO-CB_ + CuO-TiO2 (h+ VB)  

             (1) 

CuO-TiO2 (e−CB) + Dye → Products         (2) 

CuO-TiO2 (h+VB) + Dye → Photo bleached 

 Products         (3) 

 

When CuO-TiO2 surfaces are exposed to 

light photons with an energy larger than 3.2 

eV, electron-hole pairs (e−, h+) are created. 

When these pairs are joined with H2O mole-

cules and dissolved oxygen, hydroxyl radicals 

(OH) are produced. In addition, (H+) ions, su-

peroxide (O2+), and peroxide (OOH) radicals 

are produced. H and (*OOH) combine to form 

OH and OH−. The (h+) converts OH− to OH. As 

a result, all species increase the production of 

OH. The many poisonous chains that are pre-

sent in the liquid are broken up by these radi-

cals [21]. 

The photodegradation MB was conducted 

randomly by employing batch experiments in 

an aqueous solution using (G-CuO-TiO2) as a 

catalyst.  All experiments were carried out in a 

shaker (KS10, Edmund Buhler, Germany) at 

300 rpm, where 200 mL conical flasks were 

filled with 50 mL of the MB solution of a 

known initial concentration (10-50 mg/L), and 

a specific mass of (G-CuO-TiO2) (200-1000 

mg/L) was added at a controlled pH level (3-9). 

The pH of the solution was measured using a 

pH 9124 electronic device made by HANNA 
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(Rhode Island, USA). The solution was allowed 

to equilibrate in darkness, and when the equi-

librium was attained, the mixture was radiated 

under the UV lamp (100 W) for a contact time 

of 30-120 min. The solution was filtered using a 

centrifuge at 10000 rpm for 15 min. A UV-

visible spectrophotometer (λmax-664 nm) was 

used to calculate the dye concentration and the 

ratio of the % removal as follows: 

 

(4) 

 

where, Ci and C0 are the initial and final MB 

concentrations, respectively. 

For engineering purposes, it is useful to find 

out a simple and easy-to-use rate equation that 

fits the experimental rate data. Finding the re-

action kinetics and determining rate laws are 

necessary to enable the large-scale use of pho-

tolysis techniques. The work of MB photocata-

lytic degradation kinetics can be explained as 

follows [22]: 

 

(5) 

 

where, C0, and Ct are MB concentrations (g/L) 

at initial and time (t) respectively, K1 (min) is 

the rate constant of the pseudo-first-order 

equation, and t is the time. 

 

3. Results and Discussion 

3.1 Characterization of the (G-CuO/TiO2) Na-

noparticles  

Figure 2 shows the XRD of CuO/TiO2. The 

results for the CuO/TiO2 sample confirm the 

presence of CuO crystallites (JCPDS 41–0254) 

[23] and TiO2 in the anatase phase (JCPDS 21– 

1272) [24]. Two peaks at 2θ = 35.8° and 38.4° 

in the XRD pattern correspond to CuO, which 

are the (002) and (101) planes, respectively. 

The strength of these characteristic peaks was 

Figure 2. XRD plot of CuO/TiO2 and G-CuO/TiO2. 
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significantly enhanced with the increase of 

added CuSO4.5H2O Also, the sharp, intense 

peak at 2θ = 25.281° corresponds to the ana-

tase (101) phase, representing that the synthe-

sized nanomaterials were well crystallized. The 

crystallite sizes of (G-CuO/TiO2) were estimat-

ed by Scherrer’s equation [25], using the most 

intense reflection (2θ = 25.2818°). The particle 

sizes of the sample were computed at 10.46 nm.  

Surface features (i.e., specific surface area 

and pore volume) are crucial elements that 

must be studied because they have a significant 

impact on the photocatalytic activity. Table 3 

provides the BET surface area and pore volume 

of the CuO/TiO2, and (G-CuO/TiO2). The tabu-

lated results show that the surface area and 

pore volume of (G-CuO/TiO2) were greater than 

those of (CuO/TiO2), this is due to the carboni-

zation of the (G-CuO/TiO2) at 550 °C. 

SEM was used to study the morphological 

properties of copper (TiO2-CuO). The particles 

were discovered to be clumped together. Ac-

cording to earlier research, metal oxidation is 

the sole process that may cause such agglomer-

ations. It puts up a roadblock in the way of re-

search on specific NPS structures, in the illus-

tration, the bulge, and rough surface in Figure 

3(a). On the other hand, the SEM picture in 

Figure 3(b) for TiO2-CuO/CA after doping (CA) 

is taken after the particles had been calcined at 

550 °C. In comparison to TiO2-CuO, large ag-

glomerates of various sizes and shapes can be 

seen in the microscope in Figure 3(a). The for-

mation of the big agglomerates resulted from 

the calcination process, which reduced the au-

rantium juice's structure to minute particles 

with a vast surface area [26]. Where the micro-

scopic image associated with calcination at 550 

°C and the loss of small pore size is depicted in 

Figure 3(b). It might be caused by the pores 

collapsing, as evidenced by the presence of a 

sizable hole on the surface. The size of the na-

noparticles was estimated from the particle 

size distribution analysis that was carried out 

using SEM at about 68.59 nm and the surface 

shape of TiO2 was visualized before loading. 

With particle size analysis and after loading, 

the diameters were from 26 nm to 49.62 nm, 

where large agglomerations were noted [27]. 

This demonstrates that the surface rate can al-

ter the size and form of particles in addition to 

affecting how they disperse. The particle size of 

the modified sample is less than 60 nm, accord-

ing to the SEM analysis of TiO2-CuO. The sur-

face morphological perfectly illustrates the 

doping (CA) on the TiO2-CuO material's sur-

face. With its porous nature, it demonstrates 

that the particle structures are irregular and 

caused a minor rise in surface area to 55.184, 

which is ascribed to the juice's surface porosity.       

An EDX analysis was performed for the 

samples as shown in Figure 4. Peaks of the 

TiO2-Cuo graph were (C: 10.1, N: 0.7, O: 29.4,  

AL: 0.3, Ti: 26.1, Cu: 33.4), and the TiO2-

Cuo/CA nanoparticles were (C:18.6, N: 5.1, O: 

36.5, AL: 0.3, Si:0., Ca:0.5, Ti: 16.5, Fe: 0.3, Co: 

0.1, Ni: 0.3, Cu: 21.5), The decrease in O, Ti, 

Cu is due to an increase in temperatures to 

550°C, which is due to the formation of TiO2-

CuO/CA, as well as an increase in new peaks of 

the TiO2-CuO nanocomposite, which confirms 

that citrus aurantium juice possesses effective 

functional groups and an MB.   

(a) 

(b) 

Figure 3. SEM of (a) CuO/TiO2, and (b) (G-

CuO/TiO2). 

Properties CuO/TiO2 (G-CuO/TiO2) 

SBET, m2/g 25.941 55.184 

VM, cm3/g 6.1898 12.4452 

Table 3. Textures attributes of Cu-TiO2 and  

(G-CuO/TiO2). 
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For the CuO-doped TiO2 spectrum the O−H 

group is shown at the peaks of 3460 and 1722 

cm−1 [28]. Vibrations of Ti−O and Ti−O−Ti 

framework bands of TiO2 can be attributable to 

the peaks of TiO2, at 476, and 620 cm−1 [29]. It 

represents a band at 459 cm−1. Also, the wide 

vibrational band (between 400 and 600 cm−1) 

could be assigned as a metal-oxygen (Cu−O and 

Ti−O) stretching vibration [30]. The FTIR of 

(CuO-TiO2) after loading citrus aurantium juice 

was shown in Figure 5. The large absorption 

peak of titanium and copper nanoparticles was 

observed at 3441.1 cm−1. The presence of am-

monium ions with the expansion of N−H and 

the average peak at 1581.63 cm−1.  The com-

pound is shown to shave with C−C expansion 

after adding juice was reflected by the presence 

of a higher concentration of obtaining phenols 

with the extension of O−H and the peak at 

2970.38 cm−1. Then represent the aromatic 

ethers of the C−O extension by the peak at 

1288.45 cm−1. Peaks observed at 1122.57 cm−1 

are shown for alcohol compounds with the C−O 

expansion. Aliphatic insurances are shown 

with a C−N extension at the peak of 1060.85 

cm−1. Peaks 964.41 and 918.12 cm−1 confirm the 

presence of a strong double-alkene double bond, 

and the other section at 779.24 cm−1 and 636.51 

cm−1 confirm the presence of a C−Br, C−Cl 

bond. Previously, similar peaks for TiO2-CuO 

NPs synthesized using Calotropis gigantean 

extract were also reported by [31]. After juice 

addition, the most recent iteration of the Citrus 

aurantium juice (CA) match with the CuO-TiO2 

Nano composite demonstrated a match with 

functional groups that were previously report-

ed by previous researchers [32]. In Figure 5, af-

ter photodegradation of the dye, different 

peaks were found 3421.72, 2974.24, 1573.91, 

1423.47, 1107.14, 821.68, 964.41, 686.66, 

Figure 4. EDX of (a) CuO/TiO2 and (b) G-CuO/TiO2. 

(a) 

(b) 

Figure 5. FTIR of CuO/TiO2, G-CuO/TiO2, and 

G-CuO/TiO2 after photodegradation. 
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586.36, and 443.63 cm−1, this confirms that the 

peaks remained preserving the functional 

groups associated with the stretching oscilla-

tions N−H, C−N, C−C, C−H, C−O, polyols re-

spectively. And peaks less than 3000 cm−1 are 

due to C−H stretching and C−N stretching. 

 

3.2 Experiment Studies  

The (G-CuO/TiO2) nanoparticles were used 

in the experiment to evaluate the photocataly-

sis of methylene blue dye on the surface of (G-

CuO/TiO2) using UV.VIS light. For this investi-

gation, a constant temperature of 25 °C was 

used along with catalyst loading of 200-1000 

mg/L, a pH range of 3–9, and an initial dye con-

centration of 10–50 mg/L at various times. A 

spectrophotometer (UV-VIS) operating at a 

wavelength of 664 nm was used to measure the 

residual amount of methylene blue.  

3.2.1 Combined effect of variables on MB dye 

removal 

Design-Expert 7.0.0 software was used to 

evaluate the influence of each operation varia-

ble and their Interaction on the photodegrada-

tion efficiency (%), as shown in Figures 6-11. 

 

3.2.2 Effect of pH and initial dye concentration 

Figure 6 examines the combined effect of 

the initial concentration of the dye and the pH 

solution on the photodegradation efficiency of 

(G-CuO/TiO2) on MB at constant a constant 

contact time of 60 min and adsorbent dose of 

600 (mg/L). The pH of the methyl orange solu-

tion was adjusted with HCl and NaOH. Across 

the entire initial concentration of the dye range 

(10-50) mg/L, it can be seen from Figure 6 that 

the pH of the solution has a great influence on 

the photocatalytic degradation, when the pH = 

3, the photodegradation efficiency was 46.37%, 

when the pH = 9, the photodegradation effi-

ciency increased to 92.6%. The relationship be-

tween pH and photocatalytic degradation can 

be described as the pHZPC of the (G-CuO/TiO2) 

pHZPC = 7.6). Since MB is a catatonic dye, when 

the reaction system is alkaline, the enriched 

OH in the system makes the catalyst surface a 

negative charge, which is more conductive to 

the adsorption of dye molecules [33]. On the 

other hand, when the reaction system is acidic, 

the enriched H, in the system inhibits the ad-

sorption of the dye molecules by the catalyst. 

The initial concentration has less influence on 

the photocatalytic degradation, under the con-

ditions of the same pH = 9, an increase in the 

initial concentration from 10 to 50 mg/L caused 

a decrease in photocatalytic degradation of the 

MB dye from 92.6% to 73.72%. This is due to a 

Figure 6. Interaction effect between initial dye 

concentration and the solution pH on the pho-

todegradation efficiency (100%) at a constant 

contact time of 60 min and adsorbent dose 600 

mg/L. 

Figure 7. Interaction effect between initial dye 

concentration and the Adsorbent dose on the % 

photodegradation efficiency at a constant con-

tact time of 60 min and pH = 6. 

Figure 8. Interaction effect between initial dye 

concentration and the contact time on photo-

degradation efficiency (%) at a constant Adsor-

bent dose of 600 mg/L and pH = 6. 
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high concentration of dye, the solution becomes 

more intense colored and the path length of 

photons entering the solution decreased [34]. 

 

3.2.3 Effect of adsorbent dose and initial dye 

concentration  

Figure 7 represents the effect of initial dye 

concentration and adsorbent dosage at a fixed 

pH of 6 and contact time of 60 minutes. It 

clearly shows that the adsorbent dosage had 

positive effects on the photodegradation effi-

ciency, whereas the photodegradation efficiency 

increased with increases in the adsorbent dos-

age across the entire initial dye concentration 

10-50 mg/L. This may be as the catalyst 

amount increases the active sites on the sur-

face of the catalyst increase, which in turn en-

hances the photoreaction [35]. 

 

3.2.4 Effect of contact time and initial dye con-

centration 

Figure 8 shows the interactive effect of the 

initial dye concentration and contact time at a 

constant adsorbent dose of 600 mg/L and solu-

tion pH of 6 on photodegradation efficiency (%). 

The photodegradation efficiency (%) increased 

as the MB dye concentration decreased. The 

percentage of MB degradation is directly relat-

ed to the contact time, which means degrada-

tion increases with increasing contact time 

[36], this may be explained based on increasing 

time more and more light energy falls on the 

catalyst surfaces which induced the formation 

of photon excited species and enhances the 

photocatalytic activities [37]. 

 

3.2.5 Effect of pH and adsorbent dose 

Figure 9 depicts the interaction between the 

catalyst dose and pH of the solution at a con-

stant time of 60 min and a starting dye concen-

tration of 30 mg/L. It clearly shows that the ad-

sorbent dosage had positive effects on the pho-

todegradation efficiency (%), whereas the pho-

todegradation efficiency (%) increased with in-

creases in the adsorbent dosage across the en-

tire pH range (3-9) of the solution. As can be 

seen in Figure 9, the lines are not elliptical, 

which indicates that there is no interaction be-

tween the adsorbent dose and the pH. 

 

3.2.6 Effect of pH and contact time 

The response surface plot for the effect of 

the pH and contact time on the photodegrada-

tion efficiency (%) at a constant initial dye con-

centration of 30 mg/L and adsorbent dose of 

600 mg/L is shown in Figure 10. Time had a 

noticeable effect on the photodegradation effi-

ciency (%). The photodegradation of MB initial-

ly increases gradually by increasing the contact 

time and then becomes constant after a partic-

ular time [38]. This is due to the availability of 

a large number of active sites, the degradation 

rate is faster for the first 75 min, and then it 

Figure 9. Interaction effect between adsorbent 

dose and the pH on the photodegradation effi-

ciency (%) at a constant initial dye concentra-

tion 30 mg/L and contact time 60 min. 

Figure 10. Interaction effect between contact 

time and the pH on the photodegradation effi-

ciency (%) at a constant initial dye concentra-

tion of 30 mg/L and Adsorbent dose of 600 

mg/L. 

Figure 11. Interaction effect between contact 

time and the Adsorbent dose on the photodeg-

radation efficiency (%) at a constant initial dye 

concentration of 30 mg/L and pH= 6. 
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attains equilibrium. It means that after these 

75 min there will be repulsion between dye par-

ticles and the catalyst surface which lowers the 

degradation rate [36]. 

 

3.2.7 Effect of adsorbent dose and contact time 

Figure 11 represents the effect of the adsor-

bent dose and contact time at a fixed initial dye 

concentration of 30 mg/L and pH 6. It clearly 

shows that the contact time had positive effects 

on the photodegradation efficiency (%), whereas 

the photodegradation efficiency (%) increased 

with increases in the contact time across the 

entire adsorbent dose range 200-1000 mg/L. 

 

3.2.8 Point of zero charge pHpzc 

Figure 12 shows the zeta potential of (G-

CuO/TiO2) at varying pH levels. The positive 

values of the (G-CuO/TiO2) zeta potential 

changed to negative values = 7.6 (PHpzc). At a 

pH of 9, the negatively charged surface of the 

adsorbent most significantly affected the ad-

sorption of the MB dyes due to the electrostatic 

attraction between the negative surface charge 

and the cationic dye [39]. In contrast, at pH of 

3, the protons competed with the MB dyes in 

trying to adsorb onto the available surfaces; as 

a result, the percentage of dye removal de-

creased under these acidic conditions. 

 

3.2.9 Recycle photodegradation  

The cyclic photodegradation performance of 

(G-CuO/TiO2) was studied in this work. Upon 

completion of the MB photodegradation, the 

(G-CuO/TiO2) particles were separated from 

the reaction mixture, washed with distilled wa-

ter, and reused for the photodegradation of MB 

dye. As shown in Figure 13, the photodegrada-

tion efficiency (%) of (G-CuO/TiO2) after five 

rounds of cyclic photodegradation accounted for 

97.5, 96.7, 94.8, 93.39, and 91.67 % at the fol-

lowing conditions: pH = 9, adsorbent dose = 

1000 mg/L, initial concentration = 10 mg/L, 

and time = 90 min. Thus, the evidence indi-

cates that (G-CuO/TiO2) is stable and reusable 

in photodegradation of the MB dye from 

wastewater. 

Figure 12. Zero potential charge (G-CuO/TiO2). 

Figure 13. Recycling CuO-TiO2/CA. 

Figure 14. First-order equation at 10 ppm. 

Figure 15. First-order equation at 50 ppm. 
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3.3 Photodegradation Kinetics 

Figures 14 and 15 show the linear relation 

between ln (C0/Ct) versus t at 10 and 50 mg/L 

respectively to represent the pseudo-first-order 

kinetic model at 1000 mg/L, and pH 9. The re-

sults show that the constant rates were 0.018 

and 0.011 with R2 values were 0.92 and 0.80 for 

10 and 50 mg/L, respectively. These results 

demonstrate that the photocatalytic decomposi-

tion of MB dye in aqueous solutions using (G- 

CuO/TiO2) nanoparticles can be described by a 

pseudo-first-order kinetic model. A similar 

study of MB adsorption was performed on TiO2 

nanoparticles as photocatalyst [40]. 

 

3.4. Experimental Design and Quadratic Model 

The experimental results of the photodegra-

dation efficiency (%) were modeled using RSM 

combined with a backward regression method, 

which was performed automatically in Design-

Expert 7.0.0. The developed model for photo-

degradation efficiency (%) used a second-order 

polynomial quadratic equation in terms of the 

coded factors, as follows: 
 

 

 

(6) 

 

 
 

where, A pertains to the initial dye concentra-

tion, B denotes the solution pH, C is the 

amount of catalyst and D is the contact time. 

In the above model, positive signs point to 

these variables exerting a positive effect on the 

photodegradation efficiency (%), whereas nega-

tive signs point to an antagonistic effect on the 

photodegradation efficiency (%). The positive 

value relating to the solution pH (B), the 

amount of catalyst (C), and (D) contact time 

had a positive effect, as these terms increased 

the photodegradation efficiency (%). Converse-

ly, the negative value relating to the initial 

concentration (A) indicates that it exerted an 

antagonistic effect on the photodegradation ef-

ficiency (%). To study the adequacy and signifi-

cance of the current model, an ANOVA test 

was performed, with the results presented in 

Table 4. The p-value was set at <0.05, and the 

F-value was high, at 9867.64. These results in-

dicate that the second-order quadratic model 

was adequate for describing the MB photodeg-

radation process using (G-CuO/TiO2). Values of 

“Prob > F” less than 0.05 indicate that the 

model terms are significant. In this case, A, B, 

C, D, AB, and BC are significant model terms. 

The accuracy of the above model was evaluated 

in terms of the regression coefficients (R2), ad-

justed R2, and predicted R2, which were 0.9875, 

0.9759, and 0.9110, respectively. The actual 

versus the predicted values of the %dye remov-

al are plotted in Figure 16, supporting a good 

agreement between the observed and predicted 

values. 

 

3.5 Optimization and Model Validation  

To optimize the photodegradation process, 

target criteria were set to maximize the % pho-

Source 
Sum of 

Squares 
df 

Mean 

Square 
F-Value 

  p-value 

Prob > F   

Model 9867.64 14 704.83 84.76 < 0.0001 significant 

A-Initial con. (mg/L) 273.47 1 273.47 32.89 < 0.0001   

B-pH 5557.39 1 5557.39 668.33 < 0.0001   

C-Adsorbent dose (mg/L) 1921.86 1 1921.86 231.12 < 0.0001   

D-Time (min) 730.89 1 730.89 87.90 < 0.0001   

AB 490.51 1 490.51 58.99 < 0.0001   

AD 37.98 1 37.98 4.57 0.0495   

BC 719.98 1 719.98 86.58 < 0.0001   

CD 82.40 1 82.40 9.91 0.0066   

Table 4: ANOVA results of the MB photodegradation model. 

Figure 16. The predicted versus the actual pho-

todegradation efficiency (%) of MB by (G-

CuO/TiO2). 

(%) 62.56

3.90 17.57 10.33 6.37

5.54 1.54 6.71

2.27

Photodegradation efficiency

A B C D

AB AD BC

CD

=

− + + +

− + −
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todegradation efficiency, with four experi-

mental parameters (i.e., initial dye concentra-

tion, solution pH, adsorbent dose, and contact 

time) chosen in the ranges considered in this 

study. The optimal solution was based on a de-

sirability value of 1. Under optimal conditions, 

the best maximum % photodegradation effi-

ciency of 98.60 was found to be at the initial 

dye concentration of 10.93 mg/L, the solution 

pH of 8.87, adsorbent dose of 986.43 mg/L, and 

contact time of 89.08 min (Figure 17). To vali-

date the model’s predicted results, additional 

experiments were conducted at the optimal ex-

perimental conditions in three replicates. The 

average % photodegradation efficiency of these 

three replicates was found to be 98%, which 

agrees with the predicted MB removal of 

98.60%. It indicates the applicability of using a 

central composite design (CCD) to optimize and 

evaluate MB photodegradation by (G-

CuO/TiO2). 

3.6 Comparative Study of MB Photodegrada-

tion with Other Catalysts 

Table 5 shows the photo efficiency (%) of 

MB by (G-CuO/TiO2) compared with other cat-

alysts. (G-CuO/TiO2) is an efficient catalyst for 

the photodegradation of MB dye. 

 

4. Conclusion 

The CuO-TiO2 was prepared using green ex-

tract Citrus aurantium juice to obtain (G-

CuO/TiO2) that was used in the degradation of 

methylene blue under UV lamps and a dark 

environment. The findings obtained are listed 

as follows: The photodegradation efficiency of 

MB by green (G-CuO/TiO2) was higher than 

those of (CuO/TiO2) under visible light irradia-

tion. The current findings suggest that plant-

derived nanoparticles could one day be used by 

industry as a powerful photocatalytic agent to 

Figure 17. Desirability ramp for the numerical optimization of four selected variables. 

Reductant Degradation Conditions Catalyst 

Photo 

Efficiency, 

% 

Radiation 

Time, h 
Ref. 

Citrus Aurantium Juice 

(CA) extract 

10.93 mg/L, 986.43 mg/L, 

and the solution pH , UV 

light 

TiO2/CuO/CA 98.6 1.48 
This 

work 

Citrus maxima (Pomelo) 
5 ppm, 150 mg, pH = 11, UV 

light 
SnO2 ˃ 90 0.83 [41] 

Monsonia burkeana 20 ppm, 20 mg, UV light ZnO 48 0.8 [42] 

Trigonella foenum grae-

cum 
25 ppm, pH = 11, UV light ZnO 88 1.5 [43] 

Calotropis praera leaves 20 ppm, 1.5 g/L, UV light ZnO 81 1.4 [44] 

Artocarpus gomezianus 
5 ppm, 50 mg, sunlight & 

UV light, pH = 10 
ZnO 90 2.0 [45] 

Commelina benghanlensis 
20 ppm, 30 mg, UV light, 

pH = 4 
ZnO 81 2.0 [46] 

Rueli tuberosa 10 ppm, 20 mg, UV light Dy2O3-SiO2 94 2.5 [47] 

Table 5. Green synthesized metal oxides of MB dyes degradation. 
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clean up contaminated locations. Green tech-

nology was employed to produce titanium diox-

ide particles with biomolecule-loaded copper ox-

ides straightforwardly and affordably. The co-

precipitation method was used in this study to 

create CuO-TiO2 nanoparticles with (CA) bitter 

orange juice extract. The most effective photo-

catalyst for dye oxidation was discovered to be 

the produced TiO2 nanoparticles. The current 

findings suggest that plant-derived nanoparti-

cles could one day be used by industry as a 

powerful photocatalytic agent to clean up con-

taminated locations. 
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