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Abstract: Zinc oxide (ZnO) has been used as heterogeneous catalyst for the degradation of Acid Alizarin Black S dye (AAB) in 

aqueous solutions using UV light irradiation. Experiments were conducted at various operating parameters. The operating parameters 
were amount of catalyst (50 mg, 100 mg and 150 mg), initial concentration of dye (30 mg/L, 50 mg/L and 70 mg/L), the pH of 
solution (2, 4, 6, 8, 10 and 12) and the UV light intensity (6 watt and 12 watt). The progress of the degradation reaction was 
monitored spectrophotometrically. It was found that the degradation process of AAB solution was accelerated with increased catalyst 
dosage and decreased initial concentration of AAB. It was also found that the removal efficiency of AAB significantly depend on pH 
value of solution. The results show that the degradation percent reaches the highest values with pH close to neutral. The data proved 
that removal percent of dye decreased when 6 watt lamp used instead of 12 watt lamp. The kinetic study confirmed that 
photocatalytic degradation of AAB dye follows a pseudo first order reaction rate. 
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1. Introduction 

In textile industries, large amount of dyes are lost to 

the effluents throughout manufacturing and processing 

operations [1]. These dye effluents, due to the 

presence of metals and other chemicals in their 

structure, are either toxic or carcinogenic and 

mutagenic [2]. Therefore, many new treatments are 

required for either removal of dyes or converting them 

to harmless compounds in water. Various studies have 

been carried out for physical, chemical and biological 

treatment of effluents containing dyes [3-6]. Among 

these, adsorption, ozonation, chlorination and 

biodegradation are the most commonly used methods. 

Since their complexity and synthetic origin, most of 

dyes are difficult to biodegrade [6]. Physical methods, 

on the other hand, such as adsorption, reverse osmosis 

and flocculation are not destructive methods [4]. 

Moreover, chemical treatment using ozone or chlorine 

has led to more successful results, but they are still not 
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economically viable [3]. 

A series of novel methods, during the last decade, 

for water and wastewater purification have received 

increasing attention, which called Advanced Oxidation 

Processes (AOPs). These processes involve hydroxyl 

radical generation in adequate amount to affect water 

treatment [7]. UV light with hydrogen peroxide has 

produced encouraging results of color removal from 

dye containing waters [5]. Heterogeneous 

photocatalytic degradation has emerged a significant 

destructive method leading to the total mineralization 

of most of the organic contaminants including dyes 

[8-11]. This process uses semiconductors as a 

photocatalysts such as ZnO and TiO2, which are 

nontoxic, inexpensive, largely available and causes 

total mineralization of organic substances to water, 

carbon dioxide and mineral acids [12].  

The effectiveness of the semiconductors as a 

photocatalyst relies on how well the radiation 

wavelength used matches with the band gap excitation 

energy of the semiconductor [13, 14]. In recent years, 

ZnO was investigated as a potential photocatalyst. For 

dyes degradation, ZnO was found to be more efficient 
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catalyst than other semiconductors [15-17]. 

Furthermore, degradation of dyes on coupled 

semiconductors was investigated to show higher 

photocatalytic activity [18]. 

In the present work, ZnO has been used as a 

photocatalystin the degradation of AAB dye in 

aqueous suspensions of ZnO. In this study, effect of 

operating parameters such as dye concentration (30 

mg/L, 50 mg/L and 70 mg/L), ZnO loading (50 mg, 

100 mg and 150 mg), effect of pH (2-12) and light 

intensity (6 watt and 12 watt). Moreover, the kinetics 

of the degradation reaction was then investigated to 

optimize the process under constant conditions of ZnO 

loading and initial dye concentration. 

2. Material and Methods 

2.1 Materials  

Acid Alizarin Black (AAB) was purchased from 

Hopkin and Williams LTD, UK and used as received. 

A stock solution of AAB (1,000 mg/L) was prepared 

on a daily basis in distilled water and other 

concentrations (30 mg/L, 50 mg/L and 70 mg/L) were 

prepared by dilution the stock solution of AAB. The 

prepared stock solution was covered by aluminum foil 

and kept in dark. UV lamps with 254 nm (6 watt and 

12 watt) were purchased from SEMTEC, China. Zinc 

oxide (ZnO) was purchased from Alpha Chemika, 

India. Nitric acid (HNO3) and sodium hydroxide 

(NaOH) were purchased from Fisher-Scientific, UK. 

Various molarities of HNO3 and NaOH were used to 

adjust the pH value of solutions between 2 and 11 

using pH meter. 

2.2 Experimental Procedure  

A closed semi-batch reactor was used in this study 

as shown in Fig. 1. A 500 mL, at a specific 

concentration, of the AAB solution was charged into 

the reactor, this solution prepared from the stock 

solution by dilution. ZnO at a specific amount (50 mL, 

100 mL and 150 mL) was added to the AAB solution. 

The volume of the reactor was 600 mL. It is made 

from PYREX glass and fitted with a sample port. The 

reactor was equipped with a plunging tube in which 

SEMTEC lamps were placed horizontally. A glass 

syringe with 5 mL volume was used, at a specific 

schedule, to collect samples. The pH values (2, 4, 6, 9, 

and 12) of these solutions were adjusted using 0.1 M 

NaOH and 0.1 M HNO3. The pH of the solution was 

determined using pH meter (EUTECH, Malaysia). 

Visible spectrophotometer (Jenway, 6700) was used to 

analyse the collected samples. 

3. Results and Discussion  

3.1 Effect of ZnO Concentration 

The rates of reaction were found to be directly 

proportional to the amount of catalyst used as shown 

in Fig. 2. Above 150 mg of catalyst, the level of 

reaction rate reaches maximum value and becomes 

independent of catalyst quantity and plateau form 

occurs for curve. The rate of reaction reaches 

maximum level at 150 mg of optimum quantity of 

catalyst. At higher amounts of catalyst the region of 

plateau continue and rate of reaction became constant, 

where screening effect is generated when the quantity 

of catalyst is very high. Same results for dyes removal 
 

 
Fig. 1  Photodegradation reactor. 
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Fig. 2  Effect of catalyst dosage on dye removal ([AAB] = 
30 mg/L, V = 500 mL and pH = 6).  
 

were found for metal oxides such as TiO2, ZnO and 

Fe2O3 [19-21]. 

3.2. Effect of AAB Concentration on Removal Percent  

The effect of AAB concentration on removal 

percent was studied in the presence of ZnO as shown 

in Fig. 3. The experimental results of AAB removal 

were obtained at various concentrations (30 mg/L, 50 

mg/L and 70 mg/L). It was indicated that the removal 

percent of dye from solution decreased with increase 

in initial concentration of dye.  

3.3 Effect of PH  

The generation of hydroxyl radicals depends on the 

pH of the solution [22]. Therefore, many efforts have 

been taken to investigate the pH effect in the 

photodegradation of organic compounds in the UV 

irradiation [23]. In this research work, photocatalytic 

degradation of AAB dye has been studied at pH 

values ranging from 2-12. The relationship between 

the pH and the removal percent is shown in Fig. 4. 

The point of zero charge of ZnO was found at pH 6.4. 

The surface of ZnO becomes negatively charged 

under alkaline conditions (pH > 6.4), whereas, it is 

positively charged in acidic medium (pH < 6.4). 

Consequently, higher activity of photocatalytic 

degradation was predictable at a neutral medium. It 

was found that removal percent reached maximum at 

neutral medium, as shown in Fig. 4. Same results were 

found for degradation of aniline blue dye using ZnO 

[24]. 

3.4 Effect of UV Light Intensity 

In the photochemical reactions, the initiation rate 

for the formation of photocatalysis electron-hole is 

strongly depends on the UV light intensity [25]. As 

shown in Fig. 5, the effect of UV light intensity was 
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Fig. 3  Effect of initial AAB concentration (ZnO amount = 
100 mg, V = 500 mL and pH = 6). 
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Fig. 4  Effect of pH on removal percent of AAB ([AAB] = 
30 mg/L, ZnO amount = 100 mg, V = 500 mL and pH = 6).  
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Fig. 5  Effect of UV lamp intensity on removal percent of 
AAB ([AAB] = 30 mg/L, ZnO amount = 100 mg, V = 500 
mL and pH = 6). 
 

Table 1  Effect of AAB concentration on a pseudo-first 
order kinetic for the degradation of AAB.  

[AAB] (mg/L) k’ (min-1) R2 

30 0.068 0.90 

50 0.064 0.96 

70 0.055 0.86 
 

investigated using ZnO as a photocatalyst. The UV 

lamps used were 6 watt and 12 watt with the 

wavelength of 254 nm. The results clearly indicated 

that the 12 watt lamp causes higher rate of degradation 

for AAB dye as compared to 6 watt lamp. This is due 

to higher intensity light is suitable for the excitation of 

many electrons from the valence band of the ZnO [26]. 

It has been reported previously that increasing light 

intensity during photocatalytic degradation reaction, 

the rate of degradation also increased [27, 28].  

3.4 Kinetic Study 

The rate of degradation increased, as mentioned 

previously, as the concentration of dye increased from 

30 mg/L to 70 mg/L. The rate constant, k’, was found 

to increase linearly with increasing dye concentration. 

According to the following equation, the dye loss was 

observed as a function of time and data were fitted to 

a pseudo-first order rate model [29]: 

ln ቀ
஼

஼೚
ቁ ൌ െ݇ᇱ(1)             ݐ 

The plot of ln (C/Co) versus time gives a straight 

line with k’ = -slope, so the reaction follows a 

pseudo-first order scheme. Table 1 shows the effect of 

dye concentration on the rate constant. 

4. Conclusions  

Photocatalytic degradation of AAB under different 

operating conditions was investigated in this study in 

the presence of ZnO as a photocatalyst. The operating 

conditions were AAB concentration, quantity of 

catalyst, pH and UV light intensity. The photocatalytic 

degradation of AAB by using ZnO as photocatalyst 

strongly depends on the AAB concentration and the 

amount of catalysts. It was found that AAB removal 

percent decreased when the AAB concentration 

increased. However, removal percent increased as the 

amount of ZnO increased. The removal percentage 

reached the maximum value at pH close to neutral. It 

was indicated that removal percent of dye decreased 

when 6 watt lamp used instead 12 watt lamp. The 

photocatalytic degradation found follow pseudo-first 

order kinetics in all types of experiments conditions. 
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