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 In this study, the effect of pH and H2O2 dosage on the treatment of azo dye, Reactive 

Red 120 (RR120) was evaluated. The experiment was carried out using a cylindrical 
photochemical reactor, consist of 14 Watt preheated UV lamp. The result shows that 

UV/H2O2 process can be effectively applied for the treatment of RR120 dye 

wastewater. The initial pH and H2O2 dosage or concentration played a very important 
role in the generation of hydroxyl radicals for the dye degradations. Complete 

decolourization was observed at an initial pH of 3, 5, 7 and 9, except at pH 11. The 

effect of initial pH on the COD removal clearly confirmed that UV/H2O2 is pH 
dependent. It seems that a minimal dosage of 0.33 mL/L was sufficient for RR120 

discoloration within 120 min reaction. Moreover, the results obtained illustrate that dye 

mineralization was slower than alterations that took place in chromophore, which led to 
decolourization. This indicates that the intermediate products formed were more 

resistant to hydroxyl radical attack than the parent compound during UV/H2O2 process. 
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INTRODUCTION 

 

The presence of dyes from industrial wastewater is undesirable and easily detectable even when released in 

small concentrations. The colour removal from wastewater is often more important than the other colourless 

organic substances, because the presence of small amounts of dyes is clearly visible and influences the water 

environment considerably [1]. The azo dyes and their pigments are versatile and the most common synthetic 

colorants released into the environment [2]. Commonly applied treatment methods for colour removal appeared 

ineffective because of the chemical stability of most dye pollutants that makes them non-biodegradable [3]. Due 

to the difficulty of removing dye residues from wastewater by common treatment methods, advanced oxidation 

processes (AOPs) have become the most promising procedures to treat textile wastewater containing dye 

residues in terms of effective decolourization and reduction of the refractory pollutants [4]. AOPs are based on 

the generation of very reactive species such as hydroxyl radicals that oxidize a broad range of pollutants quickly 

and non-selectively.  

The AOPs such as photooxidative H2O2 (UV/H2O2) is caused by the production of hydroxyl radicals and 

expected to enhance the discoloration rate [5,6]. Theoretically, it can mineralise any organic compound, 

reducing it to carbon dioxide and water [7]. It possesses distinct advantages such as high decomposition 

efficiency, powerful oxidation ability, small requirements for reactor volume and low toxic intermediates 

production [8]. Therefore, it's become one of the most appropriate AOPs technologies for removing toxic 

organics from the wastewater because it may occur in nature by itself [9]. The purpose of this study is to 

evaluate the possibility of treatment alternative for Reactive Red 120 (RR120) by UV/H2O2 process. Also, the 

operating parameters such as pH and H2O2 concentration in terms of colour, COD and changes in UV-vis 

spectra were determined to find the optimum conditions.  
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MATERIALS AND METHODS 

 

Materials: 

RR120 was of analytical grade obtained from Sigma-Aldrich. The chemical structure are shown in Fig. 1, 

and used without further purification. Molecular formula and its molecular weight are C44H30Cl2N14O20S6, and 

1,338.09 g/mol, respectively. Stock solution of 10,000 mg/L was used for preparation of dye solutions of desired 

concentrations by dilution. Hydrogen peroxide (H2O2) was of analytical grade (35%) obtained from Bendosen. 

The pH of aqueous solutions was adjusted using 0.1N NaOH to raise the pH or 0.1N HCl to lower the pH upon 

discolouration. All solutions were prepared by using ultrapure water. 

 

 
 

Fig. 1: Chemical structure of RR120. 

 

Experimental Set-up: 

The experiment was carried out using a cylindrical photochemical reactor, having a volume of 1,600 mL. 

The set-up as shown mainly consists of glass reactor, UV lamp, circulating water bath, UV lamp, and light 

source (Fig. 2). The artificial irradiation was performed by using a 14 Watt preheated UV lamp (Atlantic 

Ultraviolet Corporation, USA). The lamp located at the centre of the reactor and provided an approximate 254 

nm total UV output. In addition, the photo-reactor was surrounded by a water jacket that prevents the lamp from 

overheating and allowed the control of temperature, by means of continuous water recirculation. It was turned 

on 30 min prior to perform the experiments. 1,500 mL of dye solutions was then added into the reactor, and 

mixing was achieved by using a magnetic stirrer. The stirring speed was held constant for all runs. The addition 

of H2O2 to the reactor was performed by injecting appropriate volume of solution. Furthermore, the reaction 

mixture was then continuously stirred. Samples were taken at intervals and analyses as soon as possible for the 

determination of pH, colour and COD analysis.  

 

                                             
 

Fig. 2: Schematic diagram of UV/H2O2 reactor: 1) light source, 2) UV lamp, 3) quartz sleeve, 4) water bath, 5) 

water jacket, 6) magnetic stirrer, 7) sampling port. 

 

Methods: 

The decolourization of RR120 was recorded by Hitachi UV-Vis U-2810 spectrophotometer with the 

absorbance at the absorption maximum (max 535 nm) in the visible region was measured using 10 mm quartz 

cell. The pH was measured by Hanna Instruments HI 223 pH meter. The discolouration efficiency was 

determined by the difference between concentration before and after the experiment. The COD value was 

determined in accordance with the closed reflux, colorimetric method [10].  
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RESULTS AND DISCUSSIONS 

 

Effect of pH: 

The effect of initial pH value in the pH range 3 to 11 was studied by adding incremental amounts of either 

HCl or NaOH to the dye solutions. The initial dye concentrations and H2O2 used were, 100 and 336 mg/L (0.67 

mL H2O2/L dye), respectively. The pH decreased in strong alkaline medium from 11 to 9.2, while under strong 

acidic (pH 3) there was no observed change in pH during the degradation reaction. This may be due to the 

production of the subsequent weak acidic intermediates as a result of degradation and cleavage of the azo group 

in the dye molecules [11]. The effect of initial pH on the UV-vis spectra obtained is given in Fig. 3. The 

aromatic amines in the UV region and azo bond in the visible region declined rapidly, especially for pH 3.  

 

 
Fig. 3: Effect of initial pH on the UV-vis spectra. 

 

For an initial dye concentration of 100 mg/L, the decolourization and COD removal at different initial pH 

are shown in Fig. 4. It was found that the discoloration was strongly pH dependent. The discoloration efficiency 

decreased from pH 3 to 9, and further to pH 11. Complete discoloration (100%) was observed at an initial pH of 

3, 5, 7 and 9, except 94.0% removal at pH 11. The effect of initial pH on the COD removal clearly confirmed 

that UV/H2O2 is pH dependent. Generally, the lowest removal was observed when the pH value was 11. After 

neutralization to pH 7, the removal was higher and in the acidic condition (pH 3); with further 51.9% removal 

was observed.  

It was verified that after 60 min of reaction, pH 3 was a better colour removal (as an evident from Fig. 3). 

However, lower removal efficiency under alkaline conditions might be due to H2O2 deprotonates with the 

formation of the H2O2 or HO2
-
 equilibrium. The HO2

-
 species reacts with a non-dissociated molecule of H2O2, 

which leads to dioxygen and water, instead of producing hydroxyl radicals under UV radiation [12]. Therefore, 

the instantaneous concentration of hydroxyl radicals is lower than expected. The hydroxyl radical deactivation is 

significant when the pH of the solution is high.  

 

 
 

Fig. 4: Effect of pH on the dye discoloration during 60 min UV/H2O2.  
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Effect of H2O2 Concentration: 

The initial H2O2 dosage or concentration played a very important role in the generation of hydroxyl radicals 

for the dye degradations. In general, higher initial dosage produces higher hydroxyl radical concentrations, 

which decomposes more target compound such as dyes resulting decolouration. The H2O2 dosage was varied 

between 0.33 and 1.33 mL/L (168.0 and 672.0 mg/L) at pH 7, for a reaction period of 120 min. The changes of 

UV-vis spectra obtained from different initial H2O2 dosage are presented in Fig. 4. After 60 min treatment, the 

absorbance peaks in the visible region gradually decreased indicating discoloration. Thus, the decrease is 

meaningful with respect to the azo bonds in the visible band that account for its colour, as the most active site 

for oxidative attack. Moreover, the decrease in the UV region indicates aromatic such a benzene and 

naphthalene cleavage.    

 

 
 

Fig. 4: Effect of H2O2 dosage on the UV-vis spectra after 60 min UV/H2O2. 

 

The dye discolorations under various H2O2 dosages are shown in Fig. 5. The results show the discolorations 

are dependence of dosage. The discoloration increased with increasing dosage and reaction time. Complete 

discoloration was observed with H2O2 dosage in 0.33, 1.00 and 1.33 mL/L. Therefore, it seems that a minimal 

dosage of 0.33 mL/L was sufficient for RR120 discoloration within 120 min reaction. The high number of 

sulphonic groups in the RR120 structure resulted in shorter discoloration time. It is possible that azo bonds more 

easily attacked by hydroxyl radicals. Shu et al. [8] reported that complete Acid Black 1 dye discoloration under 

the optimum H2O2 concentration of 722.47 mg/L, with a UV dosage of 1,400 W/L in less than 1.2 min. The 

optimum dosage that leads to the highest dye discoloration was also reported by other researchers [11,13]. 

 

 
 

Fig. 5: Effect of H2O2 dosage on the decolourization after 60 min UV/H2O2. 

 

Apart from decolourization, the COD disappearance was also affected H2O2 dosage. The effects of initial 

H2O2 dosage of the COD removal are presented in Fig. 6. The initial COD concentrations are between 102.0 to 
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220.0 mg/L for dosage of 0.33 to 1.33 mL/L. In general, longer contact time and higher dosage are necessary to 

achieve higher COD removal. For instance, RR120 requires only 1.00 mL/L of 120 min contact time to achieve 

approximately similar removal with 1.33 mL/L dosage. Furthermore, the addition of H2O2 dosage led to an 

increase in COD concentration. The observed high COD values can be partly explained by the presence of 

H2O2, which reacts with the substances used for the determination of COD such as K2Cr2O7 that resulted 

overestimation.  

 

 
 

Fig. 6: Effect of H2O2 dosage on the COD removal after UV/H2O2. 

  

RR120 requires 0.67, 1.00 and 1.33 mL/L, during 60, 40 and 20 min reaction, respectively for complete 

COD disappearance. However, it seems possible that 0.67 mL/L dosage in combination with 60 min contact 

become the most sufficient dosage and contact time in comparison to the others. Nevertheless, an optimal 

dosage exists because that H2O2 overdose reacts substantially with hydroxyl radical to form HO2
•
 radical and 

competes with the dyes in solution while the photolysis is processed at the same time. Moreover, once passing 

an optimal dosage would increase the H2O2. Therefore, the higher dosage consumes reversely the hydroxyl 

radical, thus resulted ineffective decolouration [5,14]. Thus, the most suitable dosage or a concentration that 

leads to the highest degradation is very important in determining the most appropriate UV/H2O2 conditions.  

 

Conclusion: 

The result of the study shows that UV/H2O2 process can be effectively applied for the treatment of RR120 

dye wastewater. The initial pH and H2O2 dosage or concentration played a very important role in the generation 

of hydroxyl radicals for the dye degradations. Complete decolourization was observed at an initial pH of 3, 5, 7 

and 9, except 94.0% removal at pH 11. The effect of initial pH on the COD removal clearly confirmed that 

UV/H2O2 is pH dependent. It seems that a minimal dosage of 0.33 mL/L was sufficient for RR120 discoloration 

within 120 min reaction. Moreover, the results obtained illustrate that dye mineralization was slower than 

alterations that took place in chromophore groups, which led to colour removal. This indicates that the 

intermediate products formed were more resistant to hydroxyl radical attack than the parent compound during 

UV/H2O2 degradation. 
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