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----------------------------------------************************----------------------------------

Abstract: 
CuO nanoparticles were synthesized by simple and inexpensive room temperature solution method. 

The catalytic activity of CuO was evaluated by using methyl orange (MO) as probe molecule. It was 

inferred from control experiments that presence of both CuO and H2O2 is necessary for the degradation. 

The effect of catalyst loading and Volume of H2O2 on degradation was also investigated. Oxidative 

degradation of MO was found to follow pseudo-first order kinetics. 
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I. INTRODUCTION 

Among various classes of dyes, the Azo dyes 

represent about half of the dyes used in the textile 

industry [1-2] because of their ease of synthesis, 

versatility and cost-effectiveness.  

Unfortunately, the dyes lost in the dying process 

escape the conventional wastewater treatment 

processes, which pollute the environment seriously 

as a result of their toxicity and potential 

carcinogenicity [3,4]. 

To resolve this problem, several processes 

have been investigated, such as adsorption, 

flocculation, froth flotation, ion exchange and 

membrane filtration can but transfer the dyes from 

one phase to another and create huge amounts of 

solid waste [3–5]. In addition, traditional biological 

treatments are unable to sufficiently remove textile 

dyes with strong color [6]. 

Recently, CuO nanomaterials, synthesized by 

variety of synthesis techniques, have been 

investigated as effective photocatalyst and catalytic 

oxidative agent reported in the literature [7-8]. 

In this paper, we report the synthesis and 

application of CuO nanostructures as catalyst of 

degradation of methyl orange (MO), a water-

soluble dye widely used in textile industry. 

II. EXPERIMENTAL 

1. Preparation of catalyst 

The synthesis method was descripted in our 

previous work [8]. In a typical synthesis, 1g (4,01 

mmol) of CuSO4·5H2O and 0,2 g (0,62 mmol) of 

SDS were dissolved in 30 mL of distilled water. To 

the obtained bleu suspension, 20 mL of aqueous 

NaOCl solution (12%) was added and the solution 

was stirred vigorously at room temperature for 5 

minutes.  The mixture turns immediately to a black 

suspension with addition of 20 mL of aqueous 
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NaOH solution (0,3 M) and stirring was continued 

for 10 min. The final black suspension was filtered 

andwashed several times with water and finally 

with ethanol. The product was dried in air at 100 

°C for 24 h. This process can be simply scaled up 

for mass production. 

It was found that the prepared CuO possessed 

144.473 m²/g of BET surface area, 0.092 cc/g pore 

volume, 5.619 nm Pore Diameter. and average 

CuO crystallite size was 22.3 nm. 

2. oxidative degradation of Methyl Orang 

(MO): 
To explore the potential capability of CuO to 

remove contaminants from waste water, The 

catalytic activity of CuO nanostructures was 

demonstrated by degrading MO (figure 1) in 

aqueous solution in the presence of hydrogen 

peroxide. 
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Figure 1: Molecular structure of Methyl Orang 

First, a stock solution of aqueous MO (10 mg/L) 

was prepared. 50 mL of aqueous MO was taken in a 

round-bottom flask, and 10 mg of CuO was added 

to it. 10 mL of aqueous H2O2 (30 wt%) was added 

in the reaction mixture and was allowed to react at 

ambient condition under stirring. For a given time 

interval, a small quantity of the mixture solution 

was pipetted into a quartz cell, and its absorption 

spectrum was measured using an UV-visible (UV-

vis) spectrophotometer. A calibration curve for MO 

concentrations was obtained by measuring the peak 

intensity at λmax = 464 nm for a series of standard 

solutions according to the Beer’s law. 

III. RESULTS AND DISCUSSION 

By monitoring the MB absorption peak at 464 

nm, The percentage degree of degradation was 

calculated by using (A0 - At)*100/A0. The 

degradation was very slow using H2O2 in the 

absence of catalyst, and the degree of degradation 

only reached up to 40% in 1h. When both CuO and 

H2O2 oxidants were added to the MO solution, the 

degree of degradation increased. 

1. Influence of volume of H2O2 
It was observed (table 1) that with increasing 

H2O2 volume, the degradation efficiency increases 

also. For the rest of study, we use 30ml of H2O2 as 

suitable volume. 

 

Volume of H2O2 30% 

(mL) 

% degradation  

60min 120min 

10 52,66 68,93 

20 58,49 72,33 

30 68,44 80,58 
40 71.02 79.16 

Table 1: % degradation of MO : CuO (10mg/L) + 

50mL [MO] = 10mg/L 

2. Effect of amount of CuO loading 
The doses of catalysts for the degradation of 

dyes are one of the important parameters and hence, 

to study the effect of catalyst weight. The CuO 

dosages were varied from 10mg to 20mg for 50mL 

of 10mg/L of MO solution. It was observed that 

with increasing the catalyst amount, the degradation 

also increases. However, when the amount of 

catalyst exceeds the optimum amount (15mg), the 

degradation efficiency decrease (table 2). The 

decrease of catalytic activity at higher catalyst 

dosages can be explained by the saturation of the 

catalyst surface by dye molecules and the addition 

of a larger amount of CuO would have no effect on 

the degradation rate. It can be concluded that the 

higher loading of the catalyst may not be useful in 

view of the aggregation. 

 

Masse of CuO (mg) 
% degradation  

60min 120min 

10 68,44 80,58 

15 79,12 96,60 
20 56,79 61,40 

Table 2 : % degradation of MO : [MO] = 10mg/L 

+ 10mg CuO + 30mL H2O2 (30%) 

3. effect of MO initial concentration 

To better evaluate the effect of the initial 

concentration on the degradation of MO, the 

experiment was repeated using 15 mg of CuO-Nps 
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with a volume of 30 ml of H2O2 (30%) for solutions 

of MO at concentrations ranging from 5 to 25mg/l. 

The results, as described in figure 2, show that the 

catalytic activity is optimal only for a concentration 

value between 5 and 10 mg/l. A concentration more 

than 10 mg/L causes a decrease in catalytic activity, 

which can be explained by a saturation of the active 

sites of the catalyst at 10mg/L. 
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Figure 2 : effect of MO initial concentration 

4. Kinetic study of catalytic degradation of 

MO 
For the evaluation of the reaction rate, pseudo-

first order kinetics with respect to MO is a 

reasonable assumption. Because the ratio of the 

absorbance At of MB at time (t), to its initial value 

A0 measured at (t=0) equals the concentration ratio 

Ct/C0 of MO, the reaction rate constant (k) for the 

first order reaction is ln(At/A0) = kt. 
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figure 3 : Plot of ln(Ct/C0) versus time for the 

oxidation of MO by CuO-Nps 

 

 

As depicted in figure3, the evolution of 

ln(C0/C) versus time shows a linear relationship 

and The correlation constant for the fitted line was 

calculated to be R² = 0.987, indicating clearly that 

the oxidative degradation of the dye follows a 

pseudo first order kinetics. The rate constant k was 

calculated from the slope of the line and a value of 

0.0192min
-1

 was obtained. 

5. Recycling catalyst 
After demonstrating the high catalytic activity 

of the prepared CuO-Nps and in order to delineate 

the scope and limitation of the procedure described 

above, the reusability of the catalyst was checked. 

Hence, the catalyst was recovered for successive 

degradation of MO showing good catalytic activity 

(Table 3).  The catalyst was separated by filtration, 

washed with water, ethanol and acetone and dried 

at 100 °C overnight before reuse. As it can be seen 

in Table 3, the yields of MO degradation after 120 

min were still very good after fore run.  

N° of cycle 1 2 3 4 

% 

degradation 
96.6 94.22 91.15 90 

Table 3: Degradation of MO catalyzed by CuO-

Nps: catalyst recyclability 

conditions: reaction time 120min : CuO-Nps (15mg) 

+ [MO] = 10mg/L + 30ml H2O2 

These results showed that the catalyst can be 

reused more than fore cycles without any 

significant decrease in activity. All these results 

conclude that as-prepared CuO-Nps could work as 

an effective and reusable heterogeneous catalyst 

and the reaction occurs in the surface without any 

leaching of metal species. 

IV. CONCLUSIONS 

Catalytic degradation of MO dye was fund 

effective using a room temperature synthetized 

CuO nanoparticles. Control experiments revealed 

that presence of both CuO and H2O2 is necessary 

for the degradation of dye. The reaction was found 

to follow pseudo-first order kinetics with k 

=0.0192min
-1

. It was observed that degradation of 
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MO is dependent upon operational parameters, such 

as, catalyst loading and H2O2 volume. The optimal 

conditions for catalytic degradation of MO were 

found to be 15mg of catalyst and 30mL of H2O2 

(30%) and the catalyst can be reused more than fore 

cycles without any significant decrease in activity. 
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