
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 03, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 2209 

Removal of Colour in Reactive Black 5 Azo Dye by Fenton's Oxidation 

Process with Optimum Parameters 

Dipak R. Ahir
1
 Dr. S. S.Singh

2
 Prof. N. R. Patel

3
 

1,2,3
Department of Environmental Engineering 

1,3
BVM Engineering College , Vallabh Vidhyanagar 

2
Dr. S.& S.S. Ghandhy Government Engineering  

College

Abstract— In this study, Reactive Black 5 (RB5) was 

removed from synthetic wastewater using Fenton’s 

oxidation (FO) process. Color removal was also more than 

99%. The optimum conditions determined in accordance 

with the literature data. The H2O2 requirement seems to be 

related to initial COD of the sample. FeSO4/H2O2 ratios 

found were not changed for both concentrations. The 

temperature affected the COD removal significantly at high 

degrees. Toxicity was completely removed for each 

concentration of RB5 at optimum removal conditions. 
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I. INTRODUCTION 

Dyes are industrial residues or by product present in waste 

water of different industries mainly textile dyeing, inks and 

photographic industries among others main suspect behind 

using a dye is mainly increasing interest. In a dying process 

in textile and dyeing industries, water is a prime need, there 

having about 100000 different commercial dyes used in 

textile industry and 700,000 tons of textile dyes are 

discharged every year
[1]

 . Industrial effluent are one of the 

most important sources of pollution in the environment .The 

Dye effluent from textile industries are significant source in 

environmental pollution. Synthetic dyes have been used in 

many industries such as  v textile , paper printing , food , 

pharmaceutical , leather and cosmetic. 

A. Azo Dyes and Its Environmental Concern: 

It is estimated that nearly 15% of world production of dyes 

is during synthesis and dyeing process. So, the major 

problem related with dyes in the removal of their color from 

effluent. Effluents are toxic, carcinogenic and  mutagenic to 

various microbiological and fish species. But presence of 

dye  

In effluent is highly visible and undesirable. Dye 

waste usually contains chemicals which are toxic , 

carcinogenic , mutagenic or teratogenic to various microbial 

and fish species , that are known carcinogenic and are  

benzene , azo compound ,nitro compound  and aromatic 

compound .prime concern of our treatment is to treat a waste 

water such that it can’t put harm to the environment. Acid 

and Reactive dyes are mostly used in dyeing. Azo dye , 

Reactive azo dyes are the most commonly applied among 

more than 10,000 dyes applied in textile processing 

industries . Discharge of azo dyes is undesirable not only for 

aesthetic reasons but also because many azo dyes and their 

intermediate products are toxic to aquatic life  and 

mutagenic to humans.
[6]

Azo dyes are resistant to 

biodegradation under aerobic conditions although anaerobic 

color removal was applied by many researchers 

successfully. However, the high quantity and the context of 

wastewater originated from textile industry are not proper to 

apply anaerobic process because the decolourization takes 

place by the breakdown of the azo bonds which (one of the 

most used in wastewater treatment) and usual chemical 

procedures. In the present study, Reactive Black 5 

commercial dye was considered in order to establish 

optimized leads to formation of aromatic amines. The 

formed intermediates are not biodegradable under aerobic 

condition, and they are toxic than the dye molecules 

themselves.
[7] 

B. Aim of Study: 

The main aim of the present study was to evaluate  chemical 

oxidation process to achieve complete decolourization of 

azo dye and partial cleavage of aromatic amines to make 

them easily biodegradable.. commercially available azo 

dyes, viz. Reactive Black 5 (RB5), were used as model dyes.  

 
Fig. 1 

C. Objective of Study: 

Determining suitable chemical oxidation treatment for 

Colour and COD Removal of dye wastewater Finding 

optimum parameters in chemical oxidation treatment 

D. Justification of the Topic: 

Textile industry activities lead to large quantities of textile 

wastewaters, highly colored and containing a variety of 

compounds such as dyes, organic chemicals, inorganic salts 

and others. As most dyes usually occur at low 

concentrations, when compared with other compounds 

quantities, it may be presumed that it is not difficult to 

remove them from textile wastewaters
[3]

. Due to the 

complex poly aromatic structure and recalcitrant nature, 

dyes are not possible to degrade by means of biological 

methods. Aromatic amines which are formed as metabolites 

of reductive cleavage of azo bond under anaerobic 

conditions are more toxic than intact dye molecules and 

hence need further treatment. Textile wastewater exhibit low 

BOD to COD ratio (<0.1) indicating non-biodegradability of 

dyes. The aerobic biological treatment processes can 

successfully degrade the organic matter present; 

nevertheless, these systems usually exhibit a relatively low 

color and nutrient removal potential.
[
 

    The efficiency of this process depends on several 

variables, namely temperature, pH, hydrogen peroxide, 

ferrous ion concentration and treatment time. The oxidizing 
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potential of the hydroxyl radical is pH dependent, and varies 

from E0 =1.8 V at neutral pH to +2.7 V in acidic solutions. 

Operating pH of the system has been observed to 

significantly affect the degradation of pollutants. The degree 

of oxidation of organics with Fenton’s reagent is maximum 

when the pH lies in the interval Ph 3–5 . Hydrogen peroxide 

is most stable in the range of pH 3–4, but the decomposition 

rate is rapidly increased with increasing pH above 5. Thus, 

the acidic pH level around 3 is usually optimum for Fenton 

oxidation. However, in order to achieve high performances, 

these experimental conditions must be optimized. Some 

environmental applications of Fenton’s reagent involve 

reaction modifications, including the use of high 

concentrations of hydrogen peroxide, the substitution of 

different catalysts such as ferric iron and naturally occurring 

iron oxides, and the use of phosphate-buffered media and 

metal-chelating agents. These conditions, although not as 

stoichiometrically efficient as the standard Fenton’s 

reactions, are often necessary to treat industrial waste 

streams and contaminants in soils and groundwater. 

Ref.4C.T. Benatti et al (2012) 248-250  

II. FENTON’S OXIDATION 

Fenton’s reagent, which involves homogenous reaction and 

is environmentally acceptable is a system based on the 

generation of very reactive oxidizing free radicals, 

especially hydroxyl radicals, which have a stronger 

oxidation potential than ozone; 2.8 V for •OH and 2.07 V 

for ozone. The Fenton’s reactions at acidic pH lead to the 

production of ferric ion and of the hydroxyl radical  

H2O2 +Fe
+2→ Fe

+3
 +OH

-
 +• OH  Ea=39.5 kJ mol-1 k1=76 

M-1s-1                          (1) 

Fe
3+

+H2O2 →Fe
2+

+HO2 •+H
-
      Ea=126 kJ mol-1 

k2=0.001-0.01 M-1s-1 (2) 

Hydroxyl radicals may be scavenged by reaction 

with another Fe2+ or with H2O2 : 

OH +Fe
+2 → HO+ Fe+3 

•OH + H2O2 →HO2 • +H2O 

Hydroxyl radicals may react with organics starting 

a chain reaction 

•OH + RH →H2O + R• , RH = organic substrate 

R• +O2 →ROO• → products of degradation 

Ferrous ions and radicals are produced during the 

reactions as shown below  

H2O2+ Fe
3+

  ⇄ H
+
+ FeOOH

2+
 

FeOOH
2+→ HO2•+Fe

+2 

HO2•+ Fe
+2→ HO2

-
+ Fe

3+
 

HO2•+ Fe
3+→ O2+ Fe

2+
+ H

+
 

The efficiency of this process depends on several 

variables, namely temperature, pH, hydrogen peroxide, 

ferrous ion concentration and treatment time. The oxidizing 

potential of the hydroxyl radical is pH dependent, and varies 

from E0 =1.8 V at neutral pH to +2.7 V in acidic solutions. 

Operating pH of the system has been observed to 

significantly affect the degradation of pollutants. The degree 

of oxidation of organics with Fenton’s reagent is maximum 

when the pH lies in the interval Ph 3–5 . Hydrogen peroxide 

is most stable in the range of pH 3–4, but the decomposition 

rate is rapidly increased with increasing pH above 5. Thus, 

the acidic pH level around 3 is usually optimum for Fenton 

oxidation. However, in order to achieve high performances, 

these experimental conditions must be optimized. Some 

environmental applications of Fenton’s reagent involve 

reaction modifications, including the use of high 

concentrations of hydrogen peroxide, the substitution of 

different catalysts such as ferric iron and naturally occurring 

iron oxides, and the use of phosphate-buffered media and 

metal-chelating agents. These conditions, although not as 

stoichiometrically efficient as the standard Fenton’s 

reactions, are often necessary to treat industrial waste 

streams and contaminants in soils and groundwater. 

Ref.4C.T. Benatti et al (2012) 248-250  

III. MATERIALS AND METHOD 

A. Chemical: 

RB5 Dye was purchased from local company. Fenton's 

Reagent FeSO4 was purchased from Thomas Baker and was 

purchased from  H2O2 from Rankem India) , 4 liter reactor 

,Aerators for biological treatment 

1) Synthetic Dye Preparation (200 mg/L) 

Taking 1 liter glass beaker containing 500 ml distilled water 

and add 100 mg Reactive Black dye diluted in it. 

Experimental study was designed to obtain 

maximum COD and color removal at optimum pH, 

temperature and FeSO4 and  H2O2 doses for Fenton 

oxidation  and for biological aerobic process COD and BOD 

are measured.  

B. Fenton's Oxidation: 

FO process was performed considering method with a 

modification of 2 min rapid mixing at 100 rpm and then 20 

min slow mixing at 30 rpm and subsequently settling for 30 

min. First, the pH of the sample was lowered up to desired 

pH value using 1 N H2SO4. Later, FeSO4 and H2O2 were 

added to the 500 ml beakers containing 100 and 200 mg/L 

of RB5 solutions. These dye concentrations were chosen due 

to the actual dye mixtures used in the textile industry. 

After rapid and slow mixing, and settling period, 

pH of the supernatant was readjusted using 1 N NaOH up to 

7.5 and the supernatant was left to settle for 1 h. During 

mixing, reactors were kept at constant temperature. 

Experiments were conducted on the dye solutions at 30, 40, 

50 and 60 
0
C  temperature ranges. The temperature range 

was chosen for representing the actual conditions occurred 

in the industry as dye house effluent alone (60 C) and when 

it is mixed with general wastewater (30 C). FeSO4 and H2O2 

ratio varied from 0.5 to 0.2. pH was changed between 2.5 

and 4.0. 

Experimental study was designed in four stages. In 

the first stage H2O2, temperature, pH was kept constant to 

determine FeSO4 concentration for maximum color and 

COD removal. For that FeSO4 concentration and the same 

oxidation conditions, optimum H2O2 concentration was 

investigated in the second stage. By considering the 

optimum doses of first and second stages, optimum pH and 

temperature were investigated in the third, fourth stages, 

respectively. By taking into consideration the optimum 

values of each parameter, the effect of slow mixing time on 

COD and color removal was also investigated. 

IV. RESULT AND DISCUSSION 

A. Raw Waste Characteristic: 

(Reactive Black 5, Synthetic dye) 
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Sr,no Parameter Value 

1 
Dye 

concentration 
400 mg/l 

2 COD 670 mg/l 

3 Color 54000 pt-Co color index 

4 PH 
7.5(dye solution in 500 

ml distilled water ) 

Table 1: 

B. EXPERIMENT 1: H2O2 = 400 mg/l ,pH=3 & 

Temperature=250C(Room Temperature): 

Sr, 

no 

FeSO4 

concentration 

mg/l 

Colour 

index(pt-co 

unit) 

%  

Removal% 

1 
0(before FO 

treatment) 
5400 0 

2 200 620 88.51 

3 250 560 89.62 

4 300 470 91.29 

5 350 410 92.40 

6 400 320 94.07 

Table 2: Color removal of RB5 with keeping H2O2 = 400 

mg/l ,pH=3 & Temperature=25
0
C constant and varying 

FeSO4 concentration. 

C. EXPERIMENT:2 FeSO4=250 mg/l , pH=3 

,Temperature=25
0
C: 

Sr.no 
Concentration 

of H2O2 (mg/l) 

Color 

index(pt-

co color 

index) 

Colour  

Removal%%% 

1 
0(before 

treatment) 
5400 0 

2 400 520 90.37 

3 500 460 91.48 

4 600 390 92.77 

5 700 270 95 

6 800 230 95.74 

7 900 180 96.66 

8 1000 160 97.03 

Table 3: color removal at FeSO4=300 mg/l , pH=3 

,Temperature=25
0
C keeping constant and varying 

concentration of H2O2 

D. EXPERIMENT 3: H2O2 =900 mg/l , FeSO4=300 mg/l 

,Temperature=25
0
C: 

Sr. 

no 
pH 

Color index(pt-co 

color index) 

% 

Removal 

1 2 140 97.40 

2 2.5 190 96.48 

3 3 220 95.92 

4 3.5 300 94.44 

5 4 340 93.70 

6 
7.5(before 

treatment) 
5400 0 

Table 4:  color Removal of RB5 dye at H2O2 =900 mg/l , 

FeSO4=300 mg/l ,Temperature=25
0
C constant and varying 

pH 

E. Experiment: 4  Result (After Fenton oxidation): 

 

Sr. 

no 

Para

meter 

Before 

Treatment 
After Treatment 

1 COD 670 mg/l 
480 mg/l(28.35% 

removal) 

2 Color 
5400(Pt-Co 

unit) 

180(Pt-Co unit) 

(96.66 % removal) 

3 BOD - 165 mg/l 

4 pH 7.5 8 

Table 5: 

  
              Before Treatment                after Treatment 

Fig. 2: Reactive dye(400 mg/L) before Fenton oxidation and 

after Treatment. 

V. CONCLUSION 

In this study, the removal of color and COD of Reactive 

Black 5 was studied using FO process.Optimum pH, 

temperature were observed as 3.0, 40 C for 400 mg/1 of 

RB5 using 100 mg/1 of FeSO4 and 400 mg/1 of H2O2. The 

pH and temperature values did not change for decolorizing 

200 mg/1 of RB5 using 400 Mg/1 of FeSO4 and 900 mg/1 of 

H2O2. 
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