
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296 

Volume 7 Issue 12, December 2018 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Treatment Efficiency of UV/H2O2 Process on 

Simulated Textile Industry Wastewater by using 

Box-Behnken Design (BBD) Coupled with 

Response Surface Methodology (RSM) 
 

P. Sivakumar
1
, P. Sakthisharmila

2
 

 

1, 2 Centre for Environmental Research, Department of Chemistry, Kongu Engineering College, Perundurai, Erode – 638052, TN, India 

 

 

Abstract: The present study involves the performance evaluation of UV/H2O2 process on a simulated dye bath effluent by studying the 

effects of initial H2O2 concentration, changing the pollution load and initial pH. The process was optimized by four factors and three 

levels of Box-Behnken design (BBD) coupled with response surface methodology (RSM). During the experiment colour removal and 

degradation studies were also performed to ensure the treatment efficiency. The results obtained show that the colour removal efficiency 

can be achieved within a short time due to the degradation of the structure which is more susceptible to oxidation that undergoes faster 

degradation. Then slower and gradual degradation of the simple and conjugated aromatic compounds takes place. In the first 5 minutes 

of the irradiation of the dyes, the pH value is decreased from 11 to 9.5 and for another pH value decreased from 9 to 7.01. The drop in 

the pH value is mainly due to the formation of organic as well as inorganic acid as a degradation product. Under the optimum operating 

conditions such as pollution load of 64%, initial concentration of H2O2 0.6 M, initial pH value of 8 and treatment time of 81 min shows 

the predicted removal efficiencies are 98.77% and 86.11% for Colour removal and COD removal, respectively, which were closer to the 

experimental values are 98.11% and 85.26% for Colour removal and COD removal respectively. 
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1. Introduction 
 

Dyeing and finishing process of the textile plants are 

produced high level of environmental contamination due to 

the high toxicity of the chemical components of the 

wastewater [1,2,3]. Azo dyes are the largest group of 

colourants to textile fabrics, which we mostly used for the 

production. These dyes contain one (mono azo), two (diazo) 

or more (polyazo) azo groups (-N=N-), which are linked to 

aromatic rings. Recently most of cellulosic fibers such as 

cotton and wool are dyed using reactive azo dyes. But such 

dyes possess low fixation rate and consumes more water for 

preparation, dyeing, washing and rinsing stages. Most of the 

unfixed dyes are discharged directly to the environment or 

after the partial treatment. Potentially carcinogenic aromatic 

amines may be produced by the metabolic cleavage of such 

complex dyes. Because of the complexity of the chemical 

structure, biological treatments are not efficient for the 

degradation. 

 

The uses of conventional oxidants for the treatment of dye 

wastewater are not always feasible owing to thermodynamic 

and kinetic limitations of the common reagents [4,5,6]. 

Advanced oxidation processes (AOP) decompose the 

chromophore of the dye and consequently realize the 

complete decolourization. This can be possible by the 

generation of powerful hydroxyl radical with an oxidation 

potential of 2.80V which can oxidize broad range of organic 

compounds. A direct method for the generation of the 

hydroxyl radical is hydrogen peroxide photo cleavage by 

means of UV254 radiation. [7,8,9,10,11]. 

 

 
 

The main objective of this investigation is to optimize the 

effect of UV/H2O2 process on variable parameters such as 

initial pollution load, initial H2O2 concentration and initial 

pH of the simulated wastewater on the colour removal and 

COD removal. The study also concentrates on the 

degradation of aromatic, azo and sulphonic functional 

groups in the dye. Finally the results were optimized using 

Box–Behnken experimental design with four factors and 

three levels of optimization for all the variables.  

 

2. Materials and Methods 
 

2.1 Simulated dye bath effluent 

 

The exact composition of the simulated dye bath effluent is 

given in Table.1. The dyes used are of commercial grade and 

used throughout the experiments without further purification 

in order to represent the actual dyeing conditions. The other 

chemicals were of analytical grade and supplied by Merck. 

The dye bath effluent was simulated by dissolving proper 

amounts of three commercial dyes and dye assisting 

chemicals in hot deionized water    (T = 70
o
C) which is a 

representative sample equivalent to the characteristics of real 

time effluent [12]. (Table 2). 
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Table 1: Composition of the Simulated dye bath effluent 
S.No Constituents Concentration mg/L 

1 Reactive Blue 600 

2 Direct Red 600 

3 Acid violet 600 

4 Starch 500 

5 Sucrose 500 

6 NaCl 5000 

7 Na2SO4 1000 

8 Na2CO3 1000 

9 NaHCO3 1000 

10 Na2HPO4 500 

11 NaOH 1200 

12 Detergent 300 

 

2.2 Photo reactor 

 

Photoreactions were carried out in a glass photoreactor 

comprised of a quartz tube surrounded by a water cooling 

jacket and immersed in a Pyrex cylinder. The working 

volume of the photoreactor is 150 ml. The 16 W low 

pressure mercury vapor lamp with maximum emission at 

254 nm is used as a source of UV irradiation. 

 

2.3 Experimental Procedure 

 

Experiments were carried out with necessary quantity of the 

simulated dye bath effluent and H2O2 into the photoreactor. 

The solution was magnetically stirred and the temperature 

was maintained at 25
o
C by circulation of water in the 

cooling jacket. The pH of the solution was measured by pH 

meter and adjusted by using dilute hydrochloric acid or 

sodium hydroxide. The samples were taken at definite time 

intervals to identify the loss of aromaticity of the dye during 

the photodegradation. 

 

Table 2: Comparative physico-chemical characterization of simulated dye bath effluent with real time effluent
 12

 

Parameters 

Typical characteristics of real time textile effluents 

Simulated Dye 

bath Effluent 
Sruthi Dyeing, 

Veerapandi 

Pirivu, Tiruppur 

CETP, 

Veerapandi, 

Tiruppur 

CETP, Mannarai, 

Tiruppur 

CETP, 

Mannarai, 

Tiruppur 

Texwel Dyeing, 

SIDCO, Tiruppur 

pH 9.04 9.31 8.15 10.08 9.03 10.68 

Conductivity  (mScm-1) 8.13 8.64 8.88 14.79 10.78 19.4 

COD (mg/l) 1580 780 1210 1460 1380 2794 

TDS (mg/l) 8180 7100 6120 13000 7760 13630 

Alkalinity (mg/l) 3225 1550 1475 7250 1675 2500 

Total Hardness (mg/l) 4200 1280 3885 2590 1295 1315 

Chloride (mg/l) 75 533 145 278 1668 5112 

Sulfate (mg/l) 2496 2304 960 6300 2520 1750 

 

2.4 Analytical Determination 

 

The degradation of the effluent can be monitored by using 

UV visible spectrophotometer as a function of irradiation 

time at different wavelengths associated with simple 

aromatic (250 nm),  aromatic carbonyl compounds (276 

nm), conjugated dienes and/or polyaromatic (286 nm) and 

coloured compounds (523 nm). Decrease in Chemical 

Oxygen Demand (COD) and sulfur estimation were 

calculated to identify the mineralization rate. Standard 

analytical techniques were used as per the methods 

described by APHA, 2005 [13]. 

 

3. Result and Discussion 
 

3.1 Effect of concentration of H2O2 

 

The experiments were carried out in the presence and 

absence of UV irradiation. Colour removal efficiency was 

less than l0% and no measurable removal efficiency was 

observed when it was carried out in UV and H2O2 

individually, which was in agreement with the literature 

[14].  Notable removal efficiency was observed when it was 

treated with the UV/H2O2, it can be explained by the fact 

that the formation of powerful oxidant, OH
•
 radicals by 

direct photolysis of hydrogen peroxide (Eq. 1 & 2). Due to 

the low molar absorptivity of the hydrogen peroxide, 

theoretically excess of hydrogen peroxide is needed to 

produce more OH
•
 radicals [15].  So the efficiency of the 

degradation of the simulated effluent depends mainly on the 

concentration of the hydrogen peroxide. The concentration 

of hydrogen peroxide may either increase or decrease the 

degradation process. Therefore, it is essential to find out the 

optimum concentration of hydrogen peroxide for the better 

treatment efficiency. It was decided to conduct the 

experiment at the different initial concentration of hydrogen 

peroxide (0.1 to 1.0 M) and at fixed pollution load (60%) at 

pH 7 and at the temperature 25
o
C.  

 

The first order rate equation (Eq.3) can be represented by the 

following differential rate law, 

 
The colour removal efficiency (Fig.1) was increased from 

63.76 % to 98.77% with an increase of hydrogen peroxide 

concentration from 0.1 M to 0.4 M. Lower colour removal 

efficiency at 0.1 M is due to insufficient concentration of 

hydrogen peroxide for the generation of hydroxyl radicals. 

The quenching effect of hydrogen peroxide is observed at 

higher concentration of hydrogen peroxide (from 0.6 M to 

1.0 M) leads to the lower colour removal efficiency(Eq.4 

&5).  

 
The correlation coefficient (R

2
) values explain the fitting 

extent of the functional equation and the experimental data 

(Table 3). Higher rate constant value (0.0295 min
-1

) at the 

concentration 0.4 M shows the optimized conditions for the 

effective colour removal efficiency of the process. 
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Table 3: First order rate constants for the decolourization of 

simulated dye at the pollution load 60% and at the pH 7 in 

the presence of UV light 
S. 

No. 

Concentration  

of H2O2 (M) 
R2 k (min-1) 

Colour removal 

efficiency (%) 

1 0.1 0.9115 0.0117 63.7602 

2 0.2 0.9829 0.0186 93.6658 

3 0.4 0.9616 0.0295 98.7705 

4 0.6 0.9687 0.0280 98.6301 

5 0.8 0.9762 0.0281 99.0728 

6 1.0 0.9641 0.0300 98.6466 

 

3.2 Effect of pollution load 

 

The effect of pollution load on the decolourization efficiency 

was monitored at different concentration level of pollution 

load and presented in Fig.2a. The colour removal efficiency 

was decreased with the increase of the pollution load from 

20% to 100%. The molar absorption coefficient of the 

simulated dye at 254 nm is very high, so that an increase in 

the pollution load of the simulated dye effluent induces the 

internal optical density and the solution becomes highly 

impermeable to UV radiation. This may lead to the decrease 

in production of hydroxyl radicals and hence the removal 

efficiency is decreased. 

 

Table 4: Variation of first order rate constants for the 

decolourization of simulated dye effluent with different 

pollution load and at 0.4 M initial H2O2 concentration, at the 

pH 7 in the presence of UV light 

Pollution 

Load 

 (%) 

Dye degradation kinetics 

R2
250 nm 

k 250 nm                

(min-1) 
R2

276 nm 
k 276 nm                

(min-1) 
R2

286 nm 
k286 nm                

(min-1) 

20 0.9398 0.0152 0.9685 0.0219 0.9667 0.0293 

40 0.9649 0.0106 0.9679 0.0208 0.9733 0.0256 

60 0.9847 0.0098 0.9773 0.0161 0.9849 0.0205 

80 0.8213 0.0051 0.9705 0.0117 0.9544 0.0138 

100 0.9097 0.0069 0.9910 0.0102 0.9924 0.0122 

 

In association with colour removal efficiency, degradation 

kinetic behaviors were also analyzed for this condition to 

identify the extent of mineralization during the experiment. 

Table 4 shows the first order kinetics for the dye degradation 

at different UV range such as 250, 276 and 286 as a function 

of time to the simulated effluent during the irradiation 

process. It was observed that fast decolourization occurs in 

the first few minutes of irradiation, which indicates the 

beginning of degradation with the structure more susceptible 

to oxidation such as azo groups. Then slower and gradual 

degradation of the simple and conjugated aromatic 

compounds take place until they attains a complete 

mineralization. Decrease in the COD removal efficiency 

during the irradiation process will also support the slower 

rate of dye degradation (Fig.2b). 

 

The formation of inorganic compounds lead to the formation 

of the sulfate ions, which is derived from organic sulfur 

(Eq.6 & 7). The only product expected from the sulfur 

containing dye is sulfate ion derived from the initial attack to 

the dye sulfonic groups [15].  

 

 

At the beginning of the reaction high rate of sulfate ions are 

formed  and then becomes stable, which confirms that dye 

sulfonic groups are attacked in the first few minutes of 

irradiation (Fig.3). 

 

3.3 Effect of pH 

 

Changes in the pH value of dye solutions as a function of the 

irradiation time for different initial pH values are shown in 

Fig.4a. Within first ten minutes of experiment initial pH 

value of the simulated dye bath effluent is decreased from 11 

to 9.5 and from 9 to 7.01. The drop in the solution pH is 

mainly due to the formation of organic acid as well as 

inorganic acids during UV irradiation of simulated dye bath 

effluent. But in neutral (pH 7) and in acid medium (pH 3 & 

5) the decrease of initial pH takes place only after 10 

minutes of time. Significant drop in the solution pH by 

nearly 2.5 pH units are probably due to the formation of low 

molecular weight organic acid as a degradation product 

when the initial pH of the simulated dye bath effluent is at 

pH 5. On the other hand, in neutral medium (pH 7) and in 

acidic medium (pH 3), weak organic acids were formed as a 

degradation product and hence no significant changes were 

observed [16,17]. 

 

The influence of pH on the rate of decolourization of the 

simulated dye bath solution by UV/H2O2 process was 

investigated at different pH values: 3.0, 5.0, 7.0, 9.0, and 

11.0, using 60% pollution load solutions and 0.4 M H2O2 

(Fig. 4b). The colour removal efficiency was very less in 

acidic (pH 3), weak acidic (pH 5) and basic medium (pH 11) 

and it was more prominent in neutral (pH 7) and slightly 

basic medium (pH 9). The deactivation of OH
•
 is more 

important when the pH of the solution is high. The reaction 

of OH
•
 with HO2

−
 is approximately 300 times faster than its 

reaction with H2O2. The scavenging effect [18, 19] of 

inorganic anions present in the effluent (such as CO3
2-

, SO4
2
, 

PO4
3-

) decreased the colour removal efficiency of the 

radicals at the pH 3 and 5. 

 

3.4 Optimization 

 

Statistical experimental design was employed to determine 

the effects of operating variables on colour removal 

efficiency and to find the combination of variables resulting 

in maximum colour and COD removal efficiency. Three 

major steps in the optimization process involve; performing 

the statistically designed experiments, estimating the 

coefficients in a mathematical model and predicting the 

experimental outputs (as a response) and checking the 

suitability of the model. The minimum and maximum ranges 

for the four factors are illustrated in the Table 5. General 

form of a quadratic model for four variables is as given in 

Eq.8 [20, 21, 22 & 23]. 

Y =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 +  𝛽4𝑋4 + 𝛽11𝑋1
2 +

𝛽22𝑋2
2 + 𝛽33𝑋3

2 + 𝛽44𝑋4
2 + 𝛽12𝑋1𝑋2  + 𝛽13𝑋1𝑋3 +

𝛽14𝑋1𝑋4 + 𝛽23𝑋2𝑋3 + 𝛽24𝑋2𝑋4 + 𝛽34𝑋3𝑋4  

   (Eq. 8) 

Where Y = predicted response, 𝛽0 = constant coefficient, 𝛽1, 

β2, β3 and β4 = linear effect coefficients, β11, β22, β33, and β44 

= quadratic effect coefficients, β12, β13, β14, β23, β24 and β34 = 

interaction effect coefficients, X1, X2, X3, and X4 = 

independent variables 
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Table 5: Design summary for optimization 
Factor Name Units Type Low Actual High Actual Low Coded High Coded Mean Std. Dev. 

A Pollution load % Numeric 20 100 -1 1 60 25.731 

B pH 
 

Numeric 3 11 -1 1 7 2.573 

C H2O2 load Mole Numeric 0.2 0.6 -1 1 0.4 0.129 

D Time Mins Numeric 10 90 -1 1 50 25.731 

 
Response Name Units Obs Analysis Minimum Maximum Mean Std. Dev. Ratio Trans Model 

Y1 Colour removal  % 29 Polynomial 16.23 98.9 67.184 23.259 6.094 None Quadratic 

Y2 COD removal % 29 Polynomial 7.05 86.07 47.479 22.919 12.209 None Quadratic 

 

For designing, analysis and response surface were studied 

using Design-expert (stat-Ease, trial version) software. All 

the graphs presented were generated using this software. 

After fitting of BBD data, the final equation was derived in 

terms of Colour removal and COD removal is given in 

equation  9 and 10.  

COD removal %    =  67.65 −  19.72 𝐴 + 6.95 𝐵 +
13.98 𝐶 + 17.09 𝐷 − 3.78 𝐴𝐵 + 0.90 𝐴𝐶 + 0.62 𝐴𝐷  +
  8.61 𝐵𝐶 + 7.80 𝐵𝐷 +  4.12 𝐶𝐷 − 11.71 A2 − 19.78 𝐵2 −
4.75 𝐶2 − 12.51 𝐷2 (Eq. 9) 

 

Colour removal %    =  87.20 −  19.03 𝐴 + 2.94 𝐵 +
11.71 𝐶 + 22.52 𝐷 − 1.59 𝐴𝐵 + 3.10 𝐴𝐶 + 0.25 𝐴𝐷  +
9.59 𝐵𝐶 + 1.59 𝐵𝐷 − 3.06 𝐶𝐷 − 12.25 A2 − 14.52 𝐵2 −
5.0 𝐶2 − 16.59 𝐷2     (Eq. 10) 

 

The model accuracy was checked by comparing the 

predicted and experimental oxidation efficiencies. Fig. 5.a 

and 6.a shows the linear relationship between the predicted 

and experimental oxidation efficiencies. In this way, the 

residuals can be checked to determine how well the model 

satisfies the assumptions of ANOVA, and the internally 

studentized residuals can be used to measure the standard 

deviations separating the experimental and predicted values 

[24]. Fig. 5.b & 6.b shows the relationship between the 

normal probability (%) and the internally studentized 

residuals. The straight line means that there is no response 

transformation was required and there was no apparent 

problem with normality. According to Table 6, responses for 

Colour and COD removal, the quadratic model was 

statistically significant (P <0.0001) [25]. Fig.7 and Fig.8 

show the 3D surface plots for the colour removal and COD 

removal with respect to variable parameter. 

 

BBD and their experimental results 

 

Table 6: Sequential model sum of squares of responses 

Source 
For Colour Removal For COD Removal 

Sum of Squares Mean Square F Value Prob > F Sum of Squares Mean Square F Value Prob > F 

Mean  130898.89 130898.89     65373.31 65373.31     

Linear  12178.12 3044.53 20.82 < 0.0001 11095.45 2773.86 16.09 < 0.0001 

2FI  464.08 77.35 0.46 0.8306 669.71 111.62 0.58 0.7421 

Quadratic  3031.87 757.97 766.66 < 0.0001 3364.79 841.2 113.66 < 0.0001 

Cubic  8.49 1.06 1.19 0.4286 90.23 11.28 5.06 0.0318 

Residual 5.36 0.89     13.38 2.23     

Total 146586.79 5054.72     80606.87 2779.55     

 

Table 7: Model summary statistics for response 

Source 
Colour removal COD removal 

Std. Dev. R2 Adjusted R2 Predicted R2 Press Std. Dev. R2 Adjusted R2 Predicted R2 Press 

Linear 12.0930 0.7763 0.7390 0.7125 4509.7096 13.1309 0.7284 0.6831 0.6403 5478.843 

2FI 13.0079 0.8059 0.6980 0.6424 5609.8179 13.8812 0.7723 0.6458 0.5442 6942.773 

Quadratic 0.9943 0.9991 0.9982 0.9949 79.7259 2.7204 0.9932 0.9864 0.9608 596.7959 

Cubic 0.9448 0.9997 0.9984 0.9508 771.1932 1.4934 0.9991 0.9959 0.8735 1926.955 

 

Table 8: ANOVA for responses 

Source 
For Colour Removal For COD Removal 

Sum of Squares Mean Square F Value p-value Sum of Squares Mean Square F Value p-value 

Model 15674.0626 1119.5759 1132.4 < 0.0001 15129.9515 1080.7108 146.03 < 0.0001 

A-Pollution load 4344.5491 4344.5491 4394.4 < 0.0001 4667.7241 4667.7241 630.71 < 0.0001 

B-pH 103.8408 103.8408 105.03 < 0.0001 579.491 579.491 78.302 < 0.0001 

C-H2O2 load 1645.7234 1645.7234 1664.6 < 0.0001 2344.4461 2344.4461 316.79 < 0.0001 

D-Time 6084.0033 6084.0033 6153.8 < 0.0001 3503.7919 3503.7919 473.44 < 0.0001 

AB 10.0806 10.0806 10.196 0.0065 57.078 57.078 7.7125 0.0148 

AC 38.502 38.502 38.944 < 0.0001 3.2041 3.2041 0.4329 0.5212 

AD 0.245 0.245 0.2478 0.6263 1.5625 1.5625 0.2111 0.6529 

BC 367.6806 367.6806 371.9 < 0.0001 296.5284 296.5284 40.067 < 0.0001 

BD 10.1761 10.1761 10.293 0.0063 243.36 243.36 32.883 < 0.0001 

CD 37.3932 37.3932 37.822 < 0.0001 67.98 67.98 9.1856 0.009 

A2 973.9082 973.9082 985.07 < 0.0001 889.8968 889.8968 120.24 < 0.0001 

B2 1367.941 1367.941 1383.6 < 0.0001 2537.9344 2537.9344 342.93 < 0.0001 
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C2 162.3785 162.3785 164.24 < 0.0001 146.223 146.223 19.758 0.0006 

D2 1785.7118 1785.7118 1806.2 < 0.0001 1014.3921 1014.3921 137.07 < 0.0001 

Residual 13.8413 0.9887 
  

103.6104 7.4007 
  

Lack of Fit 13.8413 1.3841 
  

103.6104 10.361 
  

Pure Error 0 0 
  

0 0 
  

Cor Total 15687.9039 
   

15233.5619 
   

 

Std. Dev. = 0.99, C.V % = 1.48,  

Press = 79.73, R2 = 0.9991, Adj R2 = 0.9982  

Pred R2 = 0.9949, AP = 116.19 

Std. Dev. = 2.72, C.V % = 5.73, 

 Press = 596.80, R2 = 0.9932, Adj R2 = 0.9864,  

Pred R2 = 0.9608, AP = 40.68 

 

Table: 9 Optimum operating conditions of the process variables for maximum colour removal and COD removal 
Solution No. Pollution load (%) pH H2O2 load (mole) Time (min) Colour removal  (%) COD removal (%) Desirability 

2 64 8 0.6 81 98.77 86.11 1 

 

The suitability of the optimized conditions for predicting the 

optimum response values was tested in the selected optimal 

conditions. Additional experiments using the predicted 

optimum conditions were carried out and the mean values 

were obtained from the experimental results were in 

agreement with the predicted values obtained from the 

model established (Table 9). 

 

4. Conclusion 
 

The present study reveals that the treatment of efficiency of 

the UV/H2O2 method for the degradation of the simulated 

effluent / real time effluent. Strongly influencing parameters 

such as initial H2O2 concentration, pollution load and initial 

pH were studied to identify the optimum condition for the 

maximum treatment efficiency. A Box–Behnken design with 

the RSM was successfully applied to UV/H2O2 treatment 

system on the treatability of simulated dye bath effluent. The 

treatment efficiency of the process increases with an 

increase in the concentration H2O2 to the optimum value of 

0.4 M, further increase in the concentration of H2O2 will 

reduce the treatment efficiency. The degradation process 

follows first order kinetics with respect to the pollution load 

and the rate constant decreases with increasing pollution 

load. Variation in the initial pH also had a significant 

influence on the degradation efficiency. The maximum 

degradation efficiency was achieved in the neutral and 

slightly alkaline medium. Based on the statistical analysis 

(ANOVA), high coefficient of determining value (R
2
) 

0.9991 for colour and 0.9932 for COD ensures a satisfactory 

fit of the second-order polynomial regression model with the 

experimental data. Additional experiments were carried out 

using the predicted optimum conditions and the values 

obtained were 98.01% for colour removal and 85.26% for 

COD removal in agreement with the predicted values 

obtained 98.77% for colour removal and 86.11% for COD 

removal. 
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