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ABSTRACT 
 

Photocatalytic degradation of Direct Blue-1 has been studied in ZnO nanoparticles dispersion medium under visible 

light. The absorbance of Direct Blue-1 dye under investigation has been found to be decreased in the presence of 

visible light and ZnO nanoparticles. The degradation studies have been carried out under various parameters such as 

catalyst loading, initial dye concentration, pH, effect of oxidant and effect of light intensity etc. The photocatalyst 

ZnO nanoparticles have been found to be more efficient for the degradation of Direct Blue-1 dye than other reported 

catalysts.  
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I. INTRODUCTION 

 

The degradation of dyes and other organic contaminants 

of wastewater effluents has now become the matter of 

environmental concern. Dyes are carcinogenic and 

potential pollutants. Hence attention has been paid 

toward the removal of harmful and these wastewater 

contaminants [1, 2]. These pollutants are generated from 

paper; textile and leather industries etc. and when 

discharged to environment have crucial impact on the 

aquatic life and human health as well. Thus it resulted 

into serious consequences to the ecosystem. The main 

objective of this work is to study the degradation of 

Direct Blue-1 dye by using ZnO nanoparticles in the 

presence of visible light [3, 4].  

 

Recently, the heterogeneous photocatalysis is emerging 

as an effective AOP. Particularly ZnO nanoparticles 

have been applied as effective, inexpensive and 

nontoxic photocatalyst for the degradation of a wide 

range of organic chemicals [5, 6]. In present work, 

visible light irradiate photo-catalytic degradation of dye 

wastewater has been investigated using ZnO 

nanoparticles as photocatalyst. We have investigated 

this degradation process under different reaction 

condition to assess the feasibility and optimization of 

process for industrial dyes effluents [7-10]. 

 

II. EXPERIMETAL PROCEDURE 
 

Materials 

The dye used Direct Blue-1, was analytic grade reagent. 

Zn(NO3)2 and NaOH were obtained from Merck Co. 

(Germany). Ethanol (99%) was purchased from Aldrich 

Co. (England). The other chemicals used in present 

study like H2O2, K2S2O8, Na2CO3, NaCl and FeCl3 were 

of analytical grade and used as received. The double 

distilled water was used throughout to carry out 

experimental work. 

 

Apparatus and experimental conditions 

In a specially designed double-walled slurry type batch 

reactor vessel made up of Pyrex glass (7.5 cm height, 6 

cm diameter) and water circulation arrangement was 

made to keep the temperature in the range of 30 ± 0.5°C. 

Photocatalytic experiments were carried out with 100ml 

of dye solution using ZnO NPs as photocatalyst under 

exposure to visible irradiation. Light irradiation was 

carried out using 500 W halogen lamp surrounded by 

aluminum reflector to avoid irradiation loss.  

During photocatalytic experiment, after stirring for 10 

min. slurry composed of dye solution and catalyst was 

placed in dark for 30 min in order to establish 

equilibrium between adsorption and desorption 

phenomenon of dye molecule on photocatalyst surface. 

Then slurry containing aqueous dye solution and ZnO 

NPs were stirred magnetically to ensure complete 
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suspension of catalyst particle in visible light. At 

specific time intervals, aliquot (3 ml) was withdrawn 

and centrifuged for 2 min at 3500 rpm to remove ZnO 

nanoparticles to assess extent of decolorization 

spectrophotometrically. Absorption spectra were 

recorded with UV-Vis. Spectrophotometer (Systronic 

Model No.166). Intensity of visible radiation was 

measured by a digital Lux-meter (Lutron LX - 101). The 

desired pH of the solution was adjusted by the addition 

of previously standardized 0.050M H2SO4 and 1.0M 

NaOH solutions and measurement was done using 

digital pH meter. COD & CO2 estimation were 

performed
 
and studied by using standard procedure [11-

13].   

III. RESULTS AND DESCUSSION 

 
a. Effect of ZnO nanophotocatalyst 

The amount of catalyst is basic parameter to assess the 

degradation of Direct Blue-1 dye. It has been studied 

using 80mg/100 mL to 220mg/100 mL concentration 

keeping all other parameters constant. (Figure 1) Results 

showed that the rate increased with an increase in the 

amount of catalyst till 160mg/100mL and remained 

almost constant above this concentration. Optimum rate 

was found at 160mg/100mL and further increase in ZnO 

nanoparticles concentration increase the number of 

photons absorbed and consequently absorption of light 

of dye molecule increases. As the concentration of 

catalyst was further increased ZnO nanoparticles 

inhibited the direct contact of light with dye molecule 

and rate became almost constant [14, 15].   

 
Figure 1. Effect of catalyst loading on photocatalytic 

degradation of DB-1 

[DB-1 = 2.0 x 10
 -5

 mole dm
-3

, pH =6.5, light Intensity = 

30 x 10
3 
Lux] 

 

 

 

b. Effect of pH variation 

The effect of pH on the rate of degradation needs to be 

studied since industrial effluents might not be at neutral 

pH. Experiments were carried out at pH values, ranging 

from 3.5 to 9.5 for constant dye concentration (2.0 x 10
-

5 
mol dm

-3
) and catalyst loading (160mg/100ml). The 

reaction rate increased with increase in pH exhibiting 

optimum rate of degradation was found at pH 6.5 

(figure 2) [16, 17]. 

 

 
Figure 2. Effect of pH on photocatalytic degradation of 

DB-1 

[DB-1 = 2.0 x 10
 -5

 mole dm
-3

, ZnO NPs = 

160mg/100ml, light Intensity = 30 x 10
3
 Lux] 

 

c. Effect of initial dye concentration  

It is also important to study the dependence of initial 

dye concentration for the degradation kinetics. The 

influence of initial dye concentration was studied in the 

range of 1.0 x 10
-5 

mol dm
-3

 to 3.5 x 10
-5 

mol dm
-3

. The 

photocatalytic degradation rate was found to increase 

from 3.08 x 10
-4

 s
-1

 to 7.62 x 10
-4

 s
-1

 with increase in 

concentration of dye up to 2.0 x 10
-5 

mol dm
-3

 and 

increase in dye concentration degradation rate again 

decreased as found in figure 3. It may be due to that 

initially as the concentration of dye was increased, more 

dye molecules were available for excitation and 

consecutive energy transfer. Since the illumination time 

and amount of catalyst were constant, therefore, further 

increase in dye concentration causes virtual masking of 

greater number of adsorbed dye molecules on the 

surface of catalyst particles. [18-20] 
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Figure 3. Effect of initial dye concentration on 

photocatalytic degradation of DB-1 

[ZnO NPs = 160mg/100ml, pH =6.5, light Intensity = 

30 x 10
3 
Lux] 

 

d. Effect of H2O2 and K2S2O8 

The degradation rate has been studied at different H2O2 

and K2S2O8 concentrations. The degradation rate 

increased with increasing H2O2 concentrations from 2.0 

x 10
-6 

mol dm
-3

 to 8.0 x 10
-6

 mol dm
-3

. The reaction rate 

increased for H2O2 from 8.03 x 10
-4

 s
-1

 to 11.23 x 10
-4

s
-1

 

(Figure 4).  This was because H2O2 inhabited the 

electron-hole recombination and hence, accelerated the 

reaction by producing an extremely strong and non-

selective oxidant hydroxyl radical from scavenging the 

electrons and absorption of visible light by the 

following reactions: [21, 22] 

 

H2O2 + ZnO (e‾CB)         
•
OH + OH‾      (1) 

H2O2 + hν           2
•
OH      (2) 

 

Further increase in concentration of H2O2 beyond 

optimal concentration, resulted into the decrease in rate 

constant because at an excess H2O2 concentration, it 

might start acting as hydroxyl radical and hole 

scavenger [23, 24]. 

H2O2 + 2h
+

vв  
                           

O2
 
+ 2H

+ 
           (3) 

H2O2 + 
•
OH                         HO2

• 
+ H2O      (4) 

HO2
•
 + 

•
OH

 
                                       H2O

 
+ O2                (5)  

 

With increase in K2S2O8 concentration from 2.0 x 10
-6

 

mol dm
-3 

to 8.0 x 10
-6

mol dm
-3

, rate constant increased 

from 8.12 x 10
-4

 s
-1

 to 10.93 x 10
-4

 s
-1

. At optimal 

amount of K2S2O8, the rate of degradation has been 

found to be 10.93 x 10
-4

 s
-1

. K2S2O8 has always been 

found to be a beneficial oxidizing agent in 

photocatalytic detoxification due to generation of SO4
-•
 

radicals [25, 26] 

S2O8
2-

 + e
‾
aq               SO4

•‾
 + SO4

2‾                
(6)  

S2O8
2-

 + e
‾
cb    SO4

•‾
 + SO4

2‾         
(7) 

 
Figure 4. Effect of oxidants on photocatalytic 

degradation of DB-1  

[DB-1 = 2.0 x 10
 -5

 mole dm
-3

, ZnO NPs = 160 

mg/100ml, light Intensity = 30 x 10
3 
Lux, pH = 6.5] 

 

e. Effect of light intensity  

The effect of the variation of the light intensity on the 

rate of reaction has also been investigated. The data 

indicated that the degradation rate was accelerated as 

the intensity of light was increased because any increase 

in the light intensity increased the number of photons 

striking per unit time per unit area of the semiconductor 

powder resulted in more hydroxyl radicals (figure 5) 

[27].  

 
Figure 5. Effect of Light intensity on photocatalytic 

degradation of DB-1  

[DB-1 = 2.0 x 10
 -5

 mole dm
-3

, ZnO NPs = 160 

mg/100ml, pH = 6.5] 
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IV. CONCLUSION 
 

The detailed experimental findings suggest that the use 

of nano ZnO particles under visible light makes an 

efficient green degradation technique for complete 

mineralization of Direct Blue-1 dye. 

 

V. ACKNOWLEDGEMENT 
 

Authors acknowledged Head of Department of 

Chemistry and Principal, Govt. Madhav Science P.G. 

College, Ujjain (M.P.) for providing support and 

laboratory facilities to carry out the experimental work.  

 

VI. REFERENCES 

 
[1]. He R., Hocking R. K., Tsuzuki T., Journal of the 

Australian Ceramic Society 49(1), (2013) 70-75. 

[2]. Sano T., Puzenat E., Guillard C., Geantet C., 

Journal of Physical Chemistry C, 113: (2009) 

5535-5540. 

[3]. Akyol A., Bayramoglu M., Chemical Engeneering 

and Processing, 47 (2008) 2150-2156. 

[4]. Mills A., Lee S. K., J. Photochem. Photobiol. A: 

Chem. 152 (2002) 233–247. 

[5]. Nageswara Rao A., Sivasankar B., Sadasivam V., 

J. Mol. Catalysis A: Chemical, 306 (2009) 77.  

[6]. Munter R., Proc. Estonian Acad Sci. Chem., 50, 2 

(2001) 59-80. 

[7]. Tayade R. J., Surolia P. K., Kulkarni R. G., Jarsa 

R. V., Sci. Technol. Adv. Mater., 8 (2007) 455. 

[8]. Reife A., Fremann H. S., Environmental 

Chemistry of Dyes and Pigments, Wiley, New 

York 307–316. 

[9]. Cai X., Cai Y., Liu Y., Deng S., Wang Y., Wang 

Y., Djerdj I., Ceramics Int., 40 (2014)67-65. 

[10]. Pare B., Jonnalagadda S. B., Tomar H. S., 

Bhagwat V. W., Singh P., Desalination, 232 

(2008) 80–90. 

[11]. Moghaddam A. B., Nazari T., Badraghi J., 

Kazemzad M., Int. J. Electrochem. Sci., 4 (2009) 

247. 

[12]. Pare B., Sarwan B., Jonnalagadda S. B., Applied 

Surface Science, 258 (2011) 247-255. 

[13]. APHA, Standard Methods for Examination of 

Water and Wastewater 6th edition, American 

Water Workers Association, New York, 1985, p. 

535. 

[14]. Pare B., Swami D., Thapak T. R., Qureshi T., Int 

J Chem Sci, 9 (2011) 1183. 

[15]. Lu C. S., Chen C. C., Huang L. K., Tsai P. A, Lai 

H. F., Catalysis, 3, (2013) 501-516. 

[16]. Tan T. K., Khiew P. S., Chiu W. S., Radiman S, 

Abd-Shukor R., Huang N. M., Lim H.  N., World 

Academy of Sci., Engg.  Tech., 79 (2011) 791.  

[17]. Luo M., Bowden D., Brimblecombe P., Water Air 

Soil Pollut, 198 (2009) 233. 

[18]. Mohamed R. M., M. khalid I. A., Baeissa E. S., 

Al-Rayyani M. A., Journal of Nanotech., (2012) 

5. 

[19]. Sheikh M. A., Kumar A., Paliwal M., Ameta R., 

Khandelwal R. C., Ind. J. Chem., A, 47 (2008) 

1681. 

[20]. Meena R. C., Pachwarya R. B., J.  Scient. Ind. 

Res., 68 (2009) 730.  

[21]. Eslami A., Nasseri S., Yadollahi B., Mesdaghinia 

A., Vaezi F., Nabizadeh R.  Mesdaghinia A., 

Nazmara S., J. Chem Technol Biotechnol, 83 

(2008) 1447.  

[22]. Pare B., Singh P., Jonnalagadda S. B., Ind. J. 

Chem. Tech., 17 (2010) 391. 

[23]. Sarwan B., Pare B., Acharya A. D., Particulate 

Science and Technology: An International 

Journal, (2016) 1548-0046. 

[24]. Daneshvar N., Aber S., Seyed Dorraji M. S., 

Khataee A. R., Rasoulifard M. H., World 

Academy of Science, Engineering and 

Technology, 29 (2007) 267. 

[25]. Tang, W. Z., Zhang, Z., Quintana, M. O. and 

Torres, D. F., Environ. Technol., 18: (1997)1-12. 

[26]. Evgenidou E., Fytianos K., Poulios I., Appl. 

Catal. B, 59 (2005) 81. 

[27]. Kumawat R., Bhati I., Ameta R., Acta Chim. 

Pharm. Indica, 2 (2012) 46. 


