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Abstract:In this work, methylene blue in aqueous solution is removed 

by oxidation with hydrogen peroxide in the presence of copper 

impregnated activated alumina. After preparation and 

characterization of the catalyst, the catalytic oxidation tests are 

performed. The effects of pH, H2O2 concentration, catalyst dose, and 

temperature have been investigated. The tests show that adding 

activated alumina increases significatively the degradation effeciency 

of methylene blue. The reuse of catalyst for four cycls shows a good 

catalytic stability. The elevation of the temperature affects positively 

the kinetics of degradation. The acidified medium increases the 

decolorization efficiency of dye. 
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I. Introduction  

 

Many industries discharge into the environment 

effluents containing dyes which can cause 

environmental pollution. The presence of dyes in 

receiving waterways limits considerably the 

penetration of light through the water surface, and 

reduces as a result the photosynthetic activity [1, 2]. 

These organic compounds are resistant to 

conventional processes in industrial wastewater 

treatment and very resistant to natural 

biodegradation [3].The implementation of an 

effective treatment for these effluents has been the 

subject of much research [4] Currently, the 

advanced oxidation processes (AOPs) concept 

initiated by Glaze et al. 1987 appear to be one of 

the best techniques for the degradation of organic 

bio-recalcitrant pollutants [5-16]. AOPs  

 

 

are based on the production of hydroxyl radicals 

(
●
OH), which are veryre active oxidizing and non-

selective species [10]. These species can be 

produced by various methods: chemical (Fenton), 

photochemical, electrochemical, sonochemical, 

radiolytic and electrical discharge [17]. However, 

the high operating costs of these processes are the 

irmain disadvantage [18,19]. The Heterogeneous 

advanced oxidation processes use catalysts to carry 

out the degradation of organic pollutants. 

Heterogeneous catalysts also offer manyadvantages, 

some of which are not displayed by their 

homogeneous counterparts, including recyclability, 

ease of separation from thereaction mixture and use 

in continuous flow processes. It is highly desirable 

to develop new systems that blend the many 
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advantages of heterogeneous catalysis with the 

versatility of homogeneous catalysts [1,7]. In this 

work, copper impregnated activated  alumina is 

used as catalyst for the oxidation of methylene blue 

by hydrogene peroxide. Effect of pH, catalyst dose, 

H2O2 concentration and temperature was 

investigated. 

 

II. Materials and methods 

II.1. Analytical Reagents and Procedures 
All chemical products supplied by Merck, Fluka, 

Sigma Aldrich and Biochim; were of analytical 

grade and used without further purification. Neutral 

activated alumina obtained from Sigma-Aldrich (St. 

Louis, USA) isusedas a catalytic support in this 

work (particle size 149-250 mm and BET surface 

area 155 m
2
/g).The pH is adjusted adding NaOH 

(1N) and HCl (1N) and measured with a calibrated 

pH meter (HANNA Instruments pH 301). The 

degradation tests of the methylene blue (MB) were 

performed during a series of experiments in a 

closed glass vessel at temperature of 20 
°
C. In this 

oxidation tests, 100 ml of methylene blue (100 

mg/L) was maintained under continuous stirring 

(200 rpm), hydrogen peroxide was injected 

simultaneously with the catalyst, This latter step 

was considered as t0 (time zero). After a 

determined interval of time, the absorbance of the 

supernate at 664 nm was analysed by UV-visible 

absorption spectrophotometer (T60 UV/Vis, PG. 

Instruments).  

II.2. Preparation and Characterization of 

Copper Impregnated Activated Alumina 

 
The copper impregnated activated alumina was 

prepared by mixing 10 g of Alumina (Al2O3) with 

100 ml of an aqueous solution of copper (II) 

chloride dihydrate (CuCl2.2H2O, 1 mole/L) under 

continuous stirring (16 h, 250 rpm) at pH 5. The 

suspension is then dried at 105 °C for 6 hours and 

calcined at 450 °C for 4 hours and finally, the 

preparation was washed with distilled water and 

dried at 105 °C till constant weight. The resulting 

product was characterized by X-ray powder 

diffraction (XRD XPERT PRO, Phillips, 2Ɵ = 5-

120°, copper anode (λ = 1.54056 Å)) and Scanning 

Electron Microscopy (SEM-EDX Quanta TM, 

Bruker, and EDS Quantax 200 for microanalysis). 

The analysis of chemical elements was performed 

by X-ray fluorescence spectrometer (XRF, ZSX 

Primus II). 

 

 

 

 

III. Results and discussion 

III.1. Catalyst characterization 

 

The crystallinity of the copper impregnated 

activated alumina has also been demonstrated using 

the XRD technique, as shown in Figure 1(a). The 

peaks observed at 2Ɵ = 32.5°, 35.4°, 38.9°, 48.7°, 

61.5° , 68.1° and 72.3° compatible with the JCPDS 

card No. 00-048-1548 are attributed to the 

monoclinic crystalline phase of CuO. The CuO is 

present after four consecutive oxidation tests with 

H2O2. 

 

 

 

 
Figure 1 (a).XRD patterns of fresh catalyst 

 

 

 
Figure 1 (b). XRD patterns of catalyst (fourth use). 

 

The morphology of the catalyst and of the raw 

alumina is shown in the SEM micrographs Figure 2 

and 3. Figure 3 shows the appearance of particles of 

homogeneous distribution on the surface of the 

alumina, this could be due to the presence of CuO. 
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 Figure 2. SEM image of the copper impregnated 

activated alumina. 

 

 
 

Figure 3. SEM image of the raw alumina. 

 

The XRF analysis of copper impregnated activated 

alumina is presented in Table1.

 

 

Table 1. XRF analysis of catalyst 

 

Component O Al Cu Na  Cl 

mass %  35,7 30,5 15,5 7,7 10,5 

 

III.2. Catalytic oxidation of MB 

 

III.2.1. The infleunceof pH 

 

The catalytic activity tests of methylene blue were 

performed under the conditions indicated in section 

II.1 for three initial values of pH 3, 6.5 and 10. 

 
Figure 4.Influence of pH on catalytic oxidation of 

BM. (Reaction conditions: 100 ml of MB (100 

mg/L), 0.16 M of  hydrogen peroxide, 10 g/L of 

catalyst (copper impregnated activated alumina) at 

T=20 °C). 

 

 

 

The decolorization efficiency obtained after 5.5 h 

are about 65 %, 48 % and 39 %, respectively for pH 

= 3, 6.5 and 10. It appears that the pH = 3 recorded 

the better removal of dye, this may be explained by 

the substantial production of hydroxyl radicals in 

the solution at this pH [20, 25]. Higher pHs 

(pH=10) lead to the decomposition of H2O2 into 

oxygen (O2) and water (H2O) [25-27]which 

explains the decrease in the dye removal rate. In 

this study, the pH selected is 6.5 for all 

experimental tests, which is in compliance with the 

Algerian standards of wastewater [28]. 

III.2.2The infleunce of hydrogen peroxide 

concentration 

 

In this part, we tried to determine the concentration 

of H2O2 to improve the process efficiency, for this 

reason, H2O2 concentration varied from 0.032 to 

0.32 M; 100 ml of MB (100 mg/L); pH= 6.5; 10 

g/L of  catalyst at T=20 °C. 
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Figure 5.Effect of concentration of H2O2 on the 

oxidation of methylene blue.(Reaction conditions: 

100 ml of methylene blue (100 mg/L), pH= 6.5, 10 

g/L of catalyst and T = 20 °C). 

 

The decolorization efficiency of MB (Figure 5) 

increases from 1.6 % to 13 %, respectively for 

0.032 to 0.32 M after 30 minutes. This can be 

explained by production of important quantity of 

radical hydroxyls, [29, 30]. It was notice that, after 

5.5 h, using H2O2 concentration of 0.16 and 0.32 M 

have substantially the same degradation effeciency 

with a respective yield of 47.5 % and 49.8 %, this 

can be explained by the two reactions below, which 

show the consumed hydroxyl radicals (
●
OH) and 

the hydroperoxyl (HO2
●
) needed for the degradation 

of organic molecules: 

H2O2 + 
●
OH

             
H2O +HO2

●
  (1) 

HO2
● 

+ 
●
OH                H2O + O2 (2) 

It appears that a high H2O2 concentration (0.32 M), 

H2O2 acts as a hydroxyl radical quencher 

[Equations (1), (2)] consequently lowering the 

hydroxyl radical [25, 29, 31].At low H2O2 

concentration (0.032 M), a few hydroxyl radicals 

are generated enough and the removal rate is 

limited and the oxidation rate is logically slow [31, 

32]. 

III.2.3. The infleunce of catalyst dose 

 

To evaluate the efficiency of the catalyst in the MB 

degradation, a serie of experiments by varying the 

catalyst dose have been carried out. For each test 

the same operating conditions were used: 100 ml of 

methylene blue (100 mg/L), pH= 6.5, 0.16 M of 

hydrogene peroxide at T = 20°C). Initial 

preliminary tests before calcination were carried out 

in the same conditions as the catalyst and gave very 

low dye removal rates. 

Figure 6. Effect of catalyst dose on MB oxidation. 

(Reaction conditions: 100 ml of MB (100 mg/L), 

pH= 6.5, 0,159 M of hydrogen peroxide at T = 20 

°C). 

The results (Figure 6) show that the MB 

concentration decreases over the time for all tested 

samples. MB degradation was very slow in absence 

of catalyst (a rate of 17 % after 5.5 h), because 

surface that promotes rapid formation of radicals 
●
OH is absent. A significant improvement in MB 

oxidation is observed by combining H2O2 and 

catalyst (copper impregnated activated alumina) 

[33]. It is clear that increasing the catalyst dose 

increases the active sites, which an increase of 

oxidized MB molecules. Therefore, the efficiency 

of the degradation is improved with the increase of 

the catalyst. However, beyond the dose of 20 g/L of 

catalyst, the effect of catalyst is not significant.  

III.2.4. Stability and recycling of the catalyst 

The main advantage of the heterogeneous catalysis 

is the reusability of the catalyst, the stability of the 

catalyst is studied by the re-use of the same sample 

of copper impregnated activated alumina four 

successive times under the same initial conditions: 

100 ml of methylene blue (C° = 100 mg/L), pH= 

6.5, 0.16 M of hydrogene peroxide at T = 20 °C. 

Before each re-use, the copper impregnate activated 

alumina is washed with distilled water and dried at 

105 °C till constant weight.   

 
Figure 7(a).  Decolorization efficiency of MB. 
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Figure 7(b).ln (C/C°) versus time. 

According to the results obtained (Figure 7(a)), it 

was recorded rates of 47.5 %, 43.8 %, 41.5 % and 

39.5 % respectively for the first, second, third and 

fourth use. This results show that the activated 

alumina has a high chemical stability with no 

decomposition of the structure during the four 

repeated tests on the same sample. The RDX 

patterns [Figure 1] for the two comparative tests 

(fresh catalyst and catalyst used four times) confirm 

this stability. The good catalytic performance of 

composite could be attributed to a synergy between 

the support functions of the porous alumina and 

CuO nanoparticles [34].  

The kinetic study shows that the methylene blue 

removal by oxidation with hydrogen peroxide 

catalyzed by copper impregnated activated alumina 

follows the pseud–first order (Figure 7(b)). The 

degradation rate constants decreased slightly from 

2.78×10
-5

 s
-1

 to 2.2×10
-5

 s
-1

, respectively for the 

first and the fourth use. 

 

III.2.5.Temperature effect and determination of 

activation energy 

The temperature effect was investigated  for three 

values : 25, 30 and  35 °C, while the other 

parameters were fixed, 100 ml of  of methylene 

blue (100 mg/L), pH= 6.5, 10 g/L of catalyst and 

 0.16 M of hydrogene peroxide. 

 
Figure 8. Temperature effect. (Reaction conditions: 

100 mg/L of methylene blue, pH= 6.5, 10 g/L of 

copper impregnated activated alumina, 0.16M of 

hydrogen peroxide). 

 

Elevating the temperature from 25 °C to 35 °C 

enhances the catalytic performance from 35 % to 

100 % of decolorization after 270 min (Figure 8), 

[30, 32, 35-39].The rate constants increased from 

1.29×10
-2 

min
-1 

to 3.72×10
-2 

min
-1 

for the 

temperatures from 25 to 35 °C, respectively (table 

2). 

 

Table 2. Apparent rate constants Kapp and coefficients of correlation R
2
 of methylene blue removal by hydrogen 

peroxide at different temperature. 

 

 

 

 

 

 

 

 

The apparent activation energy of the methylene 

blue removal by hydrogen peroxide is calculated 

from the linear form of the Arrhenius equation 3: 

Ln Kapp= lnKo- Ea /RT     (3) 

Where Ko is the pre-exponential factor and Ea the 

apparent activation energy (kJ/mol),R is the 

universal gas constant which is 8.314 J/mol. 

 

 

 

After plotting lnKapp versus 1/T (Figure 9), the 

value of the apparent activation energy is 

determined from the slope of regression line. The  

apparent activation energy for the catalytic 

oxidation of methylene blue is 72.23 kJ/ mol. 

 

 

 

T (°C) K (min
-1

) R
2
 

25 0,01295 0,965 

30 0,0311 0,982 

35 0,0372 0,994 
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Figure 9. Plot of ln K versus 1/T in the temperature 

range of 25-35°C 

IV. Conclusion 

The results from our study showed that the catalyst 

prepared by impregnation method (copper 

impregnated activated alumina) has a beneficial 

effect in catalytic degradation of methylene blue in 

the presence of hydrogen peroxide. 

The tests carried out show that the degradation 

of methylene blue by H2O2 in the presence of 

copper impregnated activated alumina gave good 

performances on all the range of pH (3-10). 

An improvement in the kinetics of degradation of 

dye was observed in the presence of activated 

alumina by increasing: the H2O2 concentraion from 

0.032 to 0.32 mol/L, the dose of catalyst up to 20 

g/L and the temperature from 25 °C to 35 °C. 

The kinetic study shows that the methylene blue 

removal by oxidation with hydrogen peroxide 

catalyzed by copper impregnated activated alumina 

follows the pseud – first order.The most important 

advantage of heterogeneous catalysis is the 

reusability of the catalyst. The reuse of catalyst for 

four cycls shows a good catalytic stability. The 

proposed process has the advantage of avoiding the 

use of soluble metals catalyst that can cause a 

problem after treatment. This heterogeneous 

process allows to remove methylene blue with fast 

kinetics and less consumption of chemical reagents 

(hydrogen peroxide consumption only). This work 

can be completed by a study including the effect of 

other parameters such as agitation, the copper 

content percentage and the presence of other 

pollutants. 
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