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ABSTRACT  
 

Pollution of water due to industrial activities considers one of the critical issues that affect 
water shortage problem. The aim of this work is to the preparation of TiO2/CuO nanoparticles and 
evaluating its effectiveness photocatalytic in photocatalysis method. The impregnation method was 
selected in degradation of Methylene blue (MB) and organic matters.  Using different concentration 
amounts of CuO (0.5 – 4 % wt% of TiO2). The prepared TiO2 , CuO nanomaterials were characterized 
using XRD, FTIR, SEM and particle size analyzer. Effect of different parameters such as the 
concentration of CuO, amounts of the nanocomposite, pH, and concentrations of the (5, 10 ,20 ,50 
ppm) MB solution and influence of sunlight radiation were examined. The results showed that 1% 
CuO/TiO2  nanocomposite had the highest degradation efficiency of MB (81%) at 75.min, 1g/l of the 
nanocomposite is the best at pH 9, time 60 min, 5 mg.L-1 concentration of MB solution were suitable 
for removal of MB in both UV and sunlight radiation. The photocatalysis application was carried out 
using two water samples (one ground and other surface water, San El-Hager, Egypt) with different 
concentrations of TOC, COD, and BOD. It was found that the degradation efficiency increased as 
irradiation time increased .The degradation efficiency of CuO/TiO2 nanocomposite against TOC, 
COD, and BOD was 100% for both surface and groundwater samples after 60 min. under UV and 
sunlight conditions. 
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Introduction 

Wastewaters due to various industries, factories and laboratories are serious problems to the 
environment. The discharged wastes containing dyes are toxic to microorganisms, aquatic life and 
human beings (Akpan and Hameed, 2009). Many aquatic ecosystems rely heavily on external 
subsidies of organic matter to sustain production. However, excess inputs of organic matter can upset 
the production balance of an aquatic system and lead to excessive bacterial production and 
consumption of dissolved oxygen. It could compromise the integrity of the ecosystem and lead to 
favorable conditions for growth of uneconomical species. biological oxygen demand (BOD), chemical 
oxygen demand (COD) and total organic carbon (TOC) are three common measures of water quality 
that reflect the degree of organic pollution of water body. Where BOD is a measure of the amount of 
oxygen removed from aquatic environments by aerobic micro-organisms .COD is measure of the 
oxygen equivalent of the organic matter in water sample that is susceptible to oxidation by strong 
chemical oxidant, Such as dichromate, TOC is measure all organic carbon in water solution 
(Chapman, 1996).Water purification, is the process to remove contaminants from surface water or 
groundwater to make it safe and suitable for human consumption. Water treatment techniques can be 
classified into Bioremediation, Coagulation/Floc., Membrane Filtration and photocatalytic 
process.The later one considers one of the most efficient methods in treatment of polluted waters with 
organic pollutants. Advanced oxidation processes (AOPs) including heterogeneous photocatalysis, 
especially by TiO2, are the most effective methods for water treatment (Mozia, et al., 2007).  

 (TiO2) is considered as an interesting material and has been widely studied recently because of 
its optical, electrical and photochemical properties, strong oxidizing power, photostability, low cost, 
and non-toxicity. The photocatalytic decolorization of the dyes is believed to take place according to 
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the following mechanism: when a Tio2 catalyst is exposed to UV radiation, electrons are promoted 
from the valence band to conduction band and an electron- hole pair is produced (equation 1).  

���� �������� + ℎ� →  �� �� + ℎ� �� … … … … … … … … … … … … … … … … … … … … … … … (1) 
Where, e-cb and h+vb are the electrons in the conduction band and the electron vacancy in the 
valence band, respectively. Both these entities can migrate to the catalyst surface, where they can 
enter in a redox reaction with other species present on the surface. In most cases, h+vb can react 
easily with surface bound H2O to produce OH radicals, whereas, e-cb can react with O2 to produce 
superoxide radical anion of oxygen (equations 2 and 3) (Jeni and Kanmani, 2011). 

H�O  + h�
��  → OH. +H� … … … … … … … … … … … … … … … … … … … … … … … … … … … … . . (2) 

O� + e�cb  →  O�−. … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …  (3)   
It is note that the band gap of TiO2 is 3.2 eV, which is an intrinsic property of the material. 

Attempts to increase the TiO2 efficiency have been made by doping and coating with transition metals 
such as Cu, Zn, Ag and Fe (Xia et al., 2008; Xin et al., 2008; Xu et al., 2010). 

CuO, a semiconductor, with a narrow band gap (Eg = 1.2–1.5 eV) has potential applications 
in many fields such as high critical temperature superconductors, photovoltaic materials, field 
emission, and catalysis. Meanwhile, CuO/TiO2nano particles have also been reported to show 
enhanced degradation of organic pollutants owing to their modified optical property which has 
enabled the composite material to tap into the visible light range of the solar irradiation. The high 
catalytic activity was attributed to photo-excitation of electrons in the conduction bands of both CuO 
and TiO2, followed by migration of the conduction band electrons in TiO2 into the conduction band of 
CuO. The accumulation of excess electrons in the conduction band of CuO caused a negative shift in 
the Fermi level of CuO to provide the required over voltage necessary for efficient water reduction 
(Koohestani, et al., 2016). 

The present work focuses on treatment of organic pollution of in groundwater at san El –
Hager area. To acheieve this work, a nanocomposite photocatalyist (CuO /TiO2) was prepared, 
characterized and evaluated in degradation of MB as well as organic matters. 

 
Experimental 
 
Materials: 
 

Copper acetate (ElGomhouria Company), ethylene glycol (EG)(Biodiagnostic), Titanium (IV) 
isopropoxide, sodium hydroxide, absolute ethanol, hydrazine hydrate (N2H4. H2O) ( Sigma–Aldrich.) 
and potassium phosphate KH2PO4, ammonium chloride NH4Cl, Magnesium sulphate MgSO4.7H2O, 
Calcium chloride CaCl2, Ferric chloride FeCl3.6H2O( Solvay), Sodium sulfite Na2SO3, glucose and 
glutamic acid ,  Potassium dichromateK2Cr2O7 , Sulfuric acidconc. H2SO4(Acros), 1,10-phenanthroline 
monohydrate, ferrous sulfate FeSO4.7H2O, Ferrous ammonium sulfate (FAS) Fe(NH4)2(SO4)2.6H2O,  
Mercuric sulfate (HgSO4), Potassium hydrogen phthalate (KHP)(Sigma–Aldrich) , Ferrous sulfate and 
Orthophenanthroline. All materials were used as received without any purification. 

 
Methods: 
 
Preparation of CuO/TiO2 nanocomposite  

 
Different amounts of copper acetate heptahydrate (Cu (CH3COO)2 .5H2O) ranged from 1.5 to 

22.5 g were dissolved in 500 ml of distilled water, followed by the addition of 6.0 ml of EG under 
vigorous stirring. Afterward, 0.68 ml of Titanium (IV) isopropoxide digested with 100 ml absolute 
ethanol was dropped into the solution of copper acetate until white precipitate was produced during 
the mixing. Then, 10 ml of 4 mol.L-1NaOH and 12 ml of 6mol.L-1 hydrazine hydrate solution were 
dropped sequentially into the above slurry under vigorous stirring, and the resulting mixture was kept 
standing at room temperature for 60 min where yellow precipitate was then performed. The 
precipitations was filtered, washed with distilled water to neutral and further washed with acetone. 
The samples were then degassed at 400- 5000c in vacuum for 2 hr. 
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Determination of biochemical Oxygen Demand (BOD): 
To 10 ml of the sample, 1ml each of phosphate buffer, MgSO4, CaCl2 and FeCl3solutions 

were added. before that, solution was saturated with DO by aeration with organic-free filtered air for 
30 min then (DO) was determined immediately after filling BOD bottle with diluted sample and put it 
in incubator at 20o C. Then, after 5 days incubation, as follows; DO in diluted sample and blank was 
determined. 

BOD, mg/l = {(D�− D�) − (B�− B�)}/p  
Where; D1, D2 are DO values of diluted sample immediately and after 5 days (mg/L), respectively.  P 
(dilution factor) equal  "ml taken/volume of bottle "  While  B1 and B2 are DO of control before  and 
after incubation (mg/L), respectively. 
 
Determination of Chemical Oxygen Demand (COD): 

0.2 ml of HgSO4 was added to10 ml of the sample in refluxing flask with continuous mixing. 
Then 15 ml of sulfuric acid reagent (Ag2SO4+H2SO4) and 5 ml of Potassium dichromate were added. 
The Mixture was put in reflux system for 2 hr. After that, it was diluted to double volume with 
distilled water then the excess K2Cr2O7 was titrated against (FAS) by using ferrion indicator. 

COD as mgO�/l = {(A − B) × M × 8000/ml. sample} 
Where A and B areml FAS used for blank and used for sample .while M is molarity of FAS and 8000 

is  milliequivalent weight of oxygen X1000 ml/L 
 
Determination of total organic carbon (TOC): 

10 ml potassium dichromate (1N) and 10 ml conc. H2SO4 were added to 10 ml of sample. 
Then they were put in a refrigerator overnight. Then the sample was dilute with 150 ml distillate 
water and 3 drops of orthophenanthroline were added as indicator then the sample was titrated against 
ferrous sulfate (0.5 N). 

 

Organic carbon % =
[(B –  S) ×  0.336 ×  N]

V
 

 
Organic matter % = Organic carbon % ×  1.724 

 
   Where, B and S are the titrant reading of the blank and sample, respectively. N is the normality of 
ferrous sulfate and "V" is the volume of sample (ml). 
 
Photocatalytic degradation: 

The solutions of Methylene blue (MB) schematic (1) were prepared at different concentrations 
(5-50 mg/l). The solution of MB was stirred and heated to 300c, then the CuO/ TiO2 catalyst was 
added to the solution at different amount of catalysts. The mixture was kept under stirring and heated 
at 300c for 90 min. Then, the mixture was subjected to centrifuge and the filtrate concentration of 
residual MB was measured by Spectrophotometer at 665 nm. MB (%) was calculated by the following 

equation ; 

�� ������� (%) = �
�� − ��

��
�  × ��� 

Where; Ci and Cf are the initial concentration and final concentration of MB, respectively. 

 
Fig. 1: Chemical structure of Methylene blue.Photo catalyst characterization: 



Int. J. Environ., 7 (1):  16-29, 2018 
ISSN: 2077-4508 

  19  

The characterization of the prepared nanocomposite were carried out through FT-IR 
spectroscopy (Nicolet iS50 FT-IR spectrophotometer), Scanning electron microscopy SEM (Model 
Quanta FEG250, USA), X-ray diffraction (XRD) (X’Pert PRO, PANalytical, Netherlands) and 
particle size analyzer (Nicomp Nano (N3000) Pss).  

 
Results and Discussion 

 
Characterization 
 

Fig.2 shows FTIR spectra of CuO, TiO2 and CuO/TiO2 nanocomposite. In the spectrum of CuO, 
the characteristic bands appeared around 601, 508 and 487 cm-1 are assigned to the vibrations of Cu-O 
bonds. The broad absorption peak at around 3430 cm-1 is caused by the adsorbed water molecules, 
(Asha and Baskaran, 2014). In the spectrum of TiO2, the appeared bands between 400 to 800 cm−1 
and1400cm-1are attributed to Ti-O-Ti vibration, (Chiahung et al., 2012; Wen-Bin et al., 2016). While, 
in the spectrum of CuO/TiO2, it was observed that it collect between bands of CuO and TiO2, that 
confirms no bond formed between the two nanoparticles. 

 

 
 

 
Fig. 2: FTIR  spectra of CuO, 1%CuO/TiO2 and TiO2. 

 
The crystal structure of CuO–TiO2 was investigated by X-ray diffraction, fig. (3). The XRD 

pattern obtained for the product reveals crystallinity with major peaks at 2� values 32.68, 35.66 and 
38.82 corresponding to the database 2� values of card number 48-1548 exhibiting copper (II) oxide. 
On the other hand, the XRD pattern obtained for the product reveals crystallinity with major peaks at 
2� values 25.33, 27.51, 36.13, and 37.93 corresponding to the database 2� values of card number 21-
1272 exhibiting titanium oxide (anatase phase). The values for CuO/TiO2 show partial agreement with 
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each of the titanium oxide (anatase phase) (2� value, 36.13) and CuO (2 � values, 35.54 and 38.82) 
(Shailja et al., 2014; Asha and Baskaran 2014; Ekane et al., 2017). 

 

 
Fig. 3:  XRD patterns for the as-prepared TiO2 ,CuO, CuO/ TiO2. 

The morphology of nanomateriales was examined by scanning electron microscopy (SEM), Fig. 4. It 
was appeared that SEM image of pure TiO2 has regular smooth particles distribution, (a). Fig 4 (b) 
appear image of CuO which has more roughly particles distribution.  It can seen that composite 
particles (1% CuO/TiO2) (fig 4c) are bigger than pure TiO2 and appearance in fig 4 (d-H), different 
concentration of CuO related to TiO2, high level of agglomeration due to increase concentration of 
copper oxide. The presence of CuO increases catalysts’ particlesize and causes particles to 
agglomerate, which agreed with the previous work of (Perazolli et al., 2011; David et al., 2013; Laura  
et al., 2011). 

Particle size of TiO2, CuO and 1% CuO/TiO2 have mean diameters 53.1 nm, 136.5 nm and 
64.1 nm, respectively. From fig (5) it is observed that particle size of CuO/TiO2 is mixing between 
CuO and TiO2, similarly to found in SEM. 

 
Factors  affecting on the degradation efficiency 
 

The degradation efficiency of MB solution versus photocatalytic time under UV–Vis 
irradiation is illustrated in Fig. 6. It is found that the mixture of CuO with TiO2 gave the best result of 
MB degradation. It is evident that CuO is a photocatalyst that can absorb the light from the UV to 
visible region. There exists a transition from the valence band of the CuO to the conduction band of 
TiO2, thus resulting in the significant narrowing of the TiO2 band gap energy. This implies that the 
electronic structures of TiO2 have been modified via the formation of the CuO/ TiO2 heterojunctions. 
It can be suggested as a reduction in the band gap energy of the CuO/ TiO2, which could lead to an 
increase in the quantity of the electron/hole formation and recombination.  

Else from fig. (6), it was found that at lower CuO loading (1% CuO/TiO2) showed higher 
photocatalytic activity. It can be explained that at lower loading of CuO could result in the high 
dispersion of CuO over TiO2 and related to higher interfacial area. The higher interfacial area could 
occur easily and this will prevent the recombination of electron and hole effectively. This will result 
in the higher photoactivity of the catalyst. While, at higher loading could present the less interfacial 
surface. Our results are agreed with (Pilasombat et al., 2012) and JamalElddin (2011).  

The effect of initial dye concentration (5, 10, 20, 30, 50 mg/l) on the rate of decolorization 
efficiency of MB on (1%CuO/TiO2) nanomateriale is shown in (Fig. 7). The result showed that at 
lower concentration of MB, the removal of MB was increased.  It can be explained that at higher 
concentration, the adsorption rate of methylene blue was high and these could cause the competition 
of OH- adsorption over TiO2. Therefore, the OH- production was low. These will cause the lower 
degradation efficiency. The similarly results were found in the study of Chen et al., (2007); Ling et 
al., (2004) and Liang et al., (2012). 
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Fig.4:  SEM for a)TiO2, b)CuO, C) 1%CuO/TiO2, D)0.5%CuO/TiO2, E)2% CuO/TiO2, F)3% 
CuO/TiO2, G)4%CuO/TiO2 , H)8%CuO/TiO2. 
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Fig 5: Particle size of (a) TiO2 , (b) CuO (c) 1 % CuO/TiO2  

 

 
Fig. 6:  Effect of time on the degradation of MB dye;CuO/TiO2,TiO2and CuO, pH= 7, catalyst 

content= 0.5 g/l, 10 ppm MB. 
 

 
Fig. 7:  Effect of initial dye concentration on the photodegradation efficiency; pH= 7, catalyst 

content= 0.5 g/l, 1% CuO/TiO2 (after 75 min.). 
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The pH is an important factor in the evaluation of photocatalytic reactions in aqueous solution. 
The surface charge of TiO2 could also effect by pH, therefore, effect of pH was also studied in the 
range of pH between 3-10, as shown in fig. (8) it was clear that  pH= 9 was the optimum condition for 
the MB degradation under 1 % CuO-TiO2 catalyst. Normally, TiO2 in aqueous system is amphoteric 
(Zhao et al., 1993). Therefore, at pH higher than isoelectric point the surface of TiO2 (6.8) is mainly 
in negatively charge. According to MB is cationic dyes, pH of dispersion should be in basic range or 
higher than Zero point charge. However, at higher pH than 9 the removal was slowly decreasing 
again, this could be due to the strongly negatively charge of TiO2 was protonated and loss the 
negatively property for adsorption cationic dye. This result agrees with Tseng et al., (2004), Zhang et 
al., (2011) and Senthikumaar et al., (2005). 

 

 
Fig. 8:  Effect of pH on the photodegradation efficiency, 1% CuO/TiO2, Catalyst content = 0.5 g/ l, 5 

ppm MB (after 75 min.).  
 

The effect of catalyst amount (0.5-2 g/l) is shown in fig. (9). The result showed that at less 
amount of catalyst , the removal of MB was increased. it can be explained that the more working sites 
over surface of catalyst were found in reaction at lower concentration, so photodegradation rate 
increased. While, at higher dosage of catalyst could enhance the aggregation of catalyst particles 
which causing the decreasing of surface area of catalyst. Else, the light scattering by TiO2 could occur 
when using high concentration of TiO2, leading to the less photon adsorption to the catalyst and 
causing the decreasing of catalyst activity. This result is agreement with results of Saquib et al., 
(2003) and Chen et al., (2007). 

 
Fig. 9:  Effect of different amount of nanoparticales on the photodegradation efficiency, 1% 

CuO/TiO2, pH=9,  5 ppm MB (after 75 min.). 
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The photocatalytic activity of samples was measured by the degradation efficiency of MB 

solution without concerning the degradation intermediates in detail. The degradation efficiency of MB 
solution versus photocatalytic time under UV–Vis irradiation is illustrated in Fig. 10. It is evident that 
CuO is a photocatalyst that can absorb the light from the UV to visible region. And the amount of 
degradation in its presence was obtained as approximately 80% after 75 min. But concerning the 
result, it is clear that CuO was an excellent co catalyst with TiO2, due to enhanced charge separation 
and oxygen reduction in the interfaces between the two coupled catalysts. This results agree with 
Hassan and Sayed (2016). 

 

 
Fig. 10:  Effect of time on the degradation of MB dye under UV; 1% CuO/TiO2, catalyst content= 

1g/l, pH=9, 5ppm MB. 
 

According to Fig. (12) result that degradation of MB under Sunlight irradiation by using1% 
CuO/TiO2nanoparticales reach to  about 90 % after 75 min. this is due to  the improvement of the 
photocatalytic activity with the Cu-incorporation may be partly due to the color of the CuO that acts 
as a chromophore, which absorbs light in the visible range. Previous studies have proven that CuO 
with smaller band gap and higher work function than bare TiO2 facilitates the light harvesting and 
charge carrier separation in Cu–TiO2 samples, and are highly regarded to improve photocatalytic 
reaction efficiencies Xu et al., (2010). The mechanism of the photocatalytic activity is illustrated in 
Fig. (11). When electrons are excited by irradiation light and jump from valent band to conduct band 
of TiO2, they can move to the conduct band of CuO position of which is lower than that of TiO2. On 
the other hand, holes stay on the valent band of TiO2 and oxidize M Electrons moving from the 
conduct band of TiO2 to CuO decreases the recombination rate of electrons and holes, and thus 
improves photocatalytic efficiency of CuO–TiO2 nanotube array, Rayalu et al., (2007). 

 
Photocatalytic degradation of organic matters of natural samples  
 

CuO/TiO2 was used to study the possible treatment of total organic carbon (TOC), chemical 
oxygen demand (COD) and biochemical oxygen demand (BOD) where two water samples (one 
ground and other surface water) with different organic concentration.  These two samples were 
collected from San El-Hager area in Egypt. The results obtained after 5 min., 30 min. and 1 hr. as 
shown in fig. (13, 14). It was obvious that the different nano materials can be used with efficiency up 
to 100% in treatment of TOC, COD and BOD. It was obvious that the degradation efficiency under 
sun light is better than the degradation efficiency under UV because the sun light contain visible light 
and ultra violet light.  
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Fig. 11:  A schematic mechanism of the photocatalytic activity of CuO–TiO2 nanoparticale. 

 

 

Fig. 12:  Effect of time on the degradation of MB dye under Sunlight;1% CuO/TiO2, catalyst content= 
1g/l, pH=9, 5ppm MB. 
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Fig. 13:  (a) Surface water under UV, (b) Surface water under sunlight. 



Int. J. Environ., 7 (1):  16-29, 2018 
ISSN: 2077-4508 

  27  

  

  

Fig. 14:  (a) Ground water under UV, (b) Ground water under sunlight. 

Conclusions 
 

In this work, CuO/ TiO2 composites were synthesized via soft chemical reduction process. The 
composites were characterized by XRD, SEM, FTIR and particle size analyzer. Although the presence 
of CuO shifted absorption spectra to the visible region, it decreased specific surface area and 
increased particles size. Their photocatalytic properties were determined for MB. The photocatalytic 
activity of TiO2 increased with addition CuO amount to 1 wt %. Further increase in the CuO content 
beyond 1% CuO/TiO2 considerably reduced the photocatalytic activity of TiO2. The high 
concentration of prepared CuO would cover the surface of TiO2 leading to a drastic decrease in 
photon absorption and promotes the recombination of photogenerated holes with the trapped electrons 
resulting in a decrease in photocatalytic activity. Although, the experiment parameters were 
examined, catalyst content, pH, MB concentration and reaction time. The results showed that the 
optimum conditions (1% CuO/ TiO2, 5 ppm MB, PH 9, 1 g/l) were lower catalyst content and MB 
concentration. In term of pH, it clears that pH about 9 showing the high % MB removal.  
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