
Australian Journal of Basic and Applied Sciences, 8(19) Special 2014, Pages: 164-167 

 

AENSI Journals 

Australian Journal of Basic and Applied Sciences 

 ISSN:1991-8178 
 

 

Journal home page: www.ajbasweb.com 

 

 

Corresponding Author: Muneer Ba-Abbad, Department of Chemical and Process Engineering, Faculty of Engineering and 

Built Environment, Universiti Kebangsaan Malaysia, 43600, Bangi, Selangor DarulEhsan, 

Malaysia. 

   Tel:+60 (3) 8921 6400/6413,  E-mail: muneer711@gmail.com 

Photocatalytic Degradation of Methylene Blue under Solar Irradiation: Comparison 

Study between ZnO and TiO2 

 
1,2Muneer Ba-Abbad, 1Abdul Amir  Kadhum, 1Abu Bakar Mohamad, 1MohdTakriff, 2Salmin  Al-Shamali 

 
1Department of Chemical and Process Engineering, Faculty of Engineering and Built Environment, UniversitiKebangsaan Malaysia, 
43600, Bangi, Selangor DarulEhsan, Malaysia, 
2Department of Chemical Engineering, Faculty of Engineering and Petroleum, Hadhramout University of Science &Technology, Mukalla, 

Hadhramout, Yemen 
 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 15 April 2014 
Received in revised form 22 May 

2014 

Accepted 25 October 2014 
Available online 10 November 2014 

 

Keywords: 
Degradation; Methylene blue; ZnO; 

TiO2 

 Degradation of methylene blue (MB) from water under solar radiation was achieved by 

heterogeneous photocatalysis process in presence of ZnO and TiO2. The catalyst 
loading and initial concentration of MB were optimized to enhance of the degradation 

process. Higher efficiency was obtained by 2 g/l of 25mg/l of MB for both catalyst of 

ZnO and TiO2. ZnO suspension in presence of solar irradiation for all concentration of 
MB was found better than TiO2 due to optical properties that improved the absorbance 

under solar application.   
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INTRODUCTION 

 

 Last decade, about 20 % of dyes production in the world has been disposed to environment from different 

activity of industries as example textile finishing and dyestuff manufacturing (Mahvi, A.M., 2009; El-Sharkawy, 

E.A., 2007). Different risks from dyes in water an human such as name nausea, eyes effects and vomiting have 

been investigated (Lang, A.R. (ED.), 2009). Many dyes have been reported to cause serious pollutant effect to 

environment, methlyene blue (MB) is one of the color pollutants which produces undesirable effects on 

aesthetic of environment (Jain, R. and M. Shrivastava, 2008). As international environmental standards are 

becoming more stringent (ISO 14001, October 1996), technological systems for the removal of organic 

pollutants, such as dyes have been developed.  

 Different of chemical and physical methods have been used to remove that pollutants, such as chlorination, 

ozonation and adsorption, biological. Recently, effective method of oxidation “Advanced Oxidation Processes” 

(AOP) has been applied as emerging destructive method which completes mineralization of organic pollutant 

(Herrmann, J.M., 1999). Photocatalytic degradation of MB shows faster decomposition using synthesized zinc 

oxide (ZnO) and titanium dioxide (TiO2) by different method in aqueous solution recently with comparing other 

metal oxide (Han, J., 2012). Last year, these catalysts have been reported as best catalyst for degradation of 

many pollutants under UV and solar light (Ba-abbad, M., 2013a; 8. Barnes, R.J., 2013). 

 In this work, ZnO and TiO2 which are the commercial catalyst were used as photocatalyst under direct solar 

radiation. Effects of some factors such as loading of catalyst and concentration of MB on photocatalytic 

efficiency were investigated in this study.  

 

Experimental Procedure: 

 ZnOphotocatalyst was obtained from Unilab Company with surface area of 5.0 ± 1m
2
/g (measured) which 

TiO2 was supplied by Sigma Aldrich with surface area about 8± 1 m
2
/g. Optical properties, structure and surface 

morphology was reported our pervious study (Ba-abbad 2013b). MB was supplied from Merck Company. 

Deionized water (UP) was used for preparing all standard solutions. The standard calibration of MB was 

achieved under different concentration was fitted with R
2
 of 0.996 at λmax of 665 nm. 

 Batch cylinder glass reactor was used for all experiments for MB degradation process. To choice optimal 

loading of catalyst, a 1 to 3 g/L was applied which added the 25 mg/l of MB. The adsorption–desorption 
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equilibrium was achieved at dark condition for 30 min and then exposed to solar light. A 3 ml from solution was 

withdrawn every 15 min irradiate time and separate the TiO2 particles by centrifuge. The concentration of clear 

solution was determined by Perkin Elmer (Lambda 35) UV/VIS spectrophotometer (UV–VIS) equipped under 

range of absorbance between 200to 800 nm. 

The photocatalytic degradation was calculated according the standard based on Eq. (1). 

% Photocatalytic degradation 
0

0

100
C C

C


 

 (1) 

Where Co (mg/L) is the concentration of MB at t=0 min, Ct (mg/L) is the concentration at various intervals of the 

radiation period.   

RESULTS AND DISCUSSION 

 

Effects of catalyst type: 

 The effect of catalyst and solar light on degradation efficiency of MB was investigated under pH of 6.0 and 

2g/L as shown in Figure 1 (a). Less than 5 % of MB adsorbed on surface of both ZnO and TiO2 catalysts under 

dark condition. The degradation of MB under solar only was negligible because that very low value of removal 

was observed. However, higher degradation was achieved as 95 and 87 % respectively, for ZnO and TiO2 in 

presence of solar for 60 min. Therefore, the results confirmed that presence of the solar light was more effective 

factor especially sunny day as reported earlier (Ba-abbad, M., 2012a). At same time, the absorbance spectra of 

MB at wavelength of 665 nm were compared between the ZnO and TiO2 in presence of solar radiation as 

presented in Figure 1(b).  

 

 
 

Fig. 1: Effects of catalyst and solar on MB degradation efficiency, (a) Effect of catalyst and solar light (b) 

absorbance of MB with concentration of 25 mg/L.  

 

Effect catalyst loading: 

 Figure 2(a) shows the effect of ZnO and TiO2 catalyst loading on MB degradation with range between 1 to 

3 g/L.  For both catalyst, the efficiency increases with the loading of catalyst up to 2 g/L due to more active sites 

available to absorb more MO molecules. However, more than optimal (2 g/L), the efficiency decreasing 

gradually because the turbidity of the suspension of catalysts and lower light penetration was reached to surface 

of catalyst. On the other hand, decreases of surface area by agglomeration of catalyst particles was reported 

earlier studies (Ba-abbad, M., 2012b; Lathasree, S., 2004).         

 

Effect of MB Concentrations: 

 Effect of initial concentration of MB on degradation efficiency was evaluated under optimal loading of ZnO 

and TiO2 as shown Figure 2(b).  The efficiency decreases with increase of MB concentration for both catalysts. 

This fact explain as, the adsorption capacity is higher at lower concentration because more active site is 

available for MB molecules to be adsorbed on both catalyst surface. By increasing of MB concentration, more 

and more molecules of MB adsorbed on catalyst surface could delay the hydroxyl radicals generation via 

adsorption of OH
‾
ions (OH

− 
+h

+
→

•
OH) (Pardeshi, S.K. and A. Patil, 2008). Therefore, more time is required to 

achieve higher efficiency especially for concentration more than 25 mg/L.  This process indicted more cost-

effective because that experiments under free cost of energy source.   

 Accordingly, the ZnO showed higher degradation efficiency than TiO2 of under optimal conditions because 

higher absorbance of solar spectrum of ZnO compare to TiO2 (Karunakaran, C. and R. Dhanalakshmi, 2008; 

Venkatesham, V., 2012; Ba-abbad, M., 2013d; Ba-abbad, M., 2013b). On the other hand, ZnO produces the 
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higher level of hydrogen peroxide (H2O2) under solar which may enhance the efficiency of MB degradation at 

time of radiation.       

 

  
 

Fig. 2: Effect of process parameters on degradation efficiency, (a) loading of catalyst, (b) initial concentration if 

MB. 

 

Conclusion: 

 MB degradation under solar radiation using ZnO and TiO2 showed a good way to let process of treatment 

more economic in future. The main parameters effects such as loading and initial concentration were 

investigated and optimization value was 2g/L and 25 mg/L respectively. The ZnO catalyst gives a best result of 

MB degradation than TiO2 under all conditions of degradation process which attributed to the optical and 

chemical reaction properties. Generally, the heterogeneous photocatalysis process was proved to be as attractive 

method to remove of pollutants from industrial wastewaters in future.   
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