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Abstract 
Industries occupy a place of prominence in the Indian economy in view of its massive potential for employment, growth and 

exports.  The aniline derivatives are dye intermediates with wide applications and some of the most extensively used derivatives 

are 2-nitroaniline, 3-nitroaniline and 4-niroaniline. The disposal of untreated effluents containing these derivate are extremely 

harmful to the receiving water bodies; new and improved treatment methods are being researched to effectively degrade and 

remove these harmful compounds present in the industrial effluents before disposal into the environment. In the present study, 

some of the major toxic aniline derivatives from effluents using Fenton and photo Fenton oxidation methods was carried out. A 

number of physical methods, chemical methods, and biological methods are available for the treating wastewaters. The 

degradation of 2-NA in water by Fenton & Photo-Fenton advanced oxidation process was investigated in this study. The effect of 

pH (2mM-4mM), initial concentration (0.5mM-2.5mM), H2O2 concentration (2mM-21.5mM), Fe
2+

 concentration (0.05mM-

0.275mM) on the rate of degradation was investigated. The process was optimized with 2-NA removal efficiency of 89.1 %. The 

photo Fenton oxidation was carried out to increase the removal efficiency of 2-NA. The Kinetic studies were carried out to 

optimize the reaction time in Fenton and Photo Fenton process. 
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1. INTRODUCTION 

An industries role in the Indian economy is very important 

in terms of employment, growth and exports etc. The 

industries such as dye, pesticide, pharmaceutical etc are the 

fast growing sectors. The aniline derivatives are commonly 

used in these industries as an intermediate. The untreated 

effluents containing these derivatives are harmful to aquatic 

life. It is also carcinogenic and mutagenic. The aniline 

derivatives ate toxic in nature and cause blood, enzyme and 

nerve damage with cyanosis and danger of suffocation. The 

aniline and derivatives are found to be major contaminants 

in many industrial effluents.  These hazardous substances 

readily dissolve in the water up to 3.5% and thereby increase 

the risk of possible pollution in wastewater and drinking 

water sources. 

 

The most commonly used derivatives are 2-Nitroaniline, 3-

Nitroaniline & 4-Nitroaniline [11]. These aniline derivatives 

have dangerous pollutant properties. Aniline has been listed 

as a probable human carcinogen by U.S. Environmental 

protection Agency [2]. These aniline derivatives are used as 

intermediates in the manufacturing process, if around 

1000mg/L of dye concentration in the dye bath [6] and  

around 50% is lost into the effluent [4] , hence the 

concentration of these intermediates may not exceed 

300mg/L. 

 

The wastewater containing these aniline derivatives are the 

major contaminants in the industrial wastewater or effluent 

especially in the dye manufacturing units & pharmaceutical 

sectors. 

The effluent from these industries has been treated by 
photodecomposition, electrolysis, resin adsorption, ozone 
oxidation and biodegradation methods. Non-degradable 
organic pollutants can be treated by several chemical 
treatment methods. Among the chemical treatment methods 
listed, the advanced oxidation processes (AOPs) are the 
most effective methods for the mineralization of the 
hazardous material [11]. Advanced oxidation processes, 
which depends on the generation of hydroxyl radical which 
is an oxidant. Compare to all the advanced oxidation 
processes, Fenton’s and Photo-Fenton’s oxidation processes 
are more promising methods. These methods are cost 
effective, easy to operate and effective for the degradation of 
organic pollutants [8]. 
 
The advanced oxidation processes have been widely used 
for the degradation of hazardous materials in the effluents.  
Studies have been revealed that the Fenton’s oxidation 
processes oxidizing power can be enhanced by the 
irradiation of UV light i.e. is also called as the photo–Fenton 
process [10]. The photo-Fenton oxidation process involves 
the reduction of Fe

3+
 to Fe

2+
, so the generation of the 

additional hydroxyl radical (OH
.
) and continuous 

regeneration of Fe
2+

 occurs [12]. These photo-Fenton 
processes are also powerful in the degradation of the organic 
pollutants such as aniline, nitrophenols etc [10]. 
 
The present study deals with the degradation of 2-
Nitroaniline and Chemical Oxygen Demand (COD) removal 
efficiencies by Fenton and Photo-Fenton processes. The 
effect of pH, hydrogen peroxide concentration (H2O2), iron 
concentration and initial 2-NA concentration on the 
degradation by Fenton’s process. Further photo –Fenton 
oxidation studies were carried out with the optimum 
conditions of the Fenton’s process. 
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2. MATERIALS AND METHODS 

2.1 Chemicals 

2-Nitroaniline (Himedia),   was procured from Himedia. 

Hydrogen peroxide ( 50% w/w), Iron (II) sulphate 

heptahydrate (FeSO4.7H2O), Hydrochloric acid (HCl), 

Sulphuric acid (H2SO4), Sodium Hydroxide (NaOH) were 

procured from Merck India. The reagents used are of 

analytical grade and used without purification. 

 

2.2. Experimental Methods 

All the experiments are conducted in the batch process using 
a batch reactor. The Photo-Fenton set up consists of a closed 
chamber consisting a reactor (1L Volume), 8W UV-C Philip 
lamp which is covered with quartz jacket and connected to 
the power supply with a magnetic stirrer. The 1000ml 
solutions of different initial concentrations were prepared 
from the 5mM stock solution of 2-NA and taken in 1L for 
Photo-Fenton and 2L for the photo-Fenton process. The pH 
of the solution was adjusted to required level using 0.1 mM 
of NaOH and 0.1 mM of H2SO4. An appropriate amount of 
iron concentration was added to the solution and pH was 
adjusted to required level and dosage of the hydrogen 
peroxide was added to initiate the reaction and solution was 
mixed thoroughly with a magnetic stirrer. The samples were 
drawn from the reactor and filtered through 0.45-µm 
Millipore filter membrane for 2-NA, COD and residual 
hydrogen peroxide analysis. 
 

2.3 Analytical Methods 

Standard 2-NA solutions were prepared and UV-Vis spectra 
were recorded using UV-VIS Spectrophotometer 
(Systronics-2201) from 200-500nm. The λmax obtained was 
282nm. The pH was measured using a digital pH meter 
(Lovibond-pH meter). The COD, residual hydrogen 
peroxide, iron concentrations were measured as per the 
procedure in the Standard Methods for the Examination of 
Water and Wastewater (2005). The HPLC analysis was 
carried out using HPLC (Agilent Binary LC) which has a 
reverse phase ZORBAX C18 silica column, with diode array 
detector (DAD) to confirm the results. 
 

3. RESULTS AND DISCUSSION 

3.1 Effect of pH 

The effect of pH on the 2-NA & COD removal efficiencies 
were carried out. Fig 1 shows the removal efficiencies of 2-
NA & COD.  The pH was varied in the range of 2-4 at an 
interval of 0.5. The maximum 2-NA removal and COD 
removal were observed to be 89.1% and 73% respectively at 
pH 2.5. The maximum 2-NA removal efficiency is at 2.5 
may be due to the fact that, the formation of a greater 
number of Fe(OH)

+ 
 which was more active than the Fe

2+
 in 

Fenton’s oxidation process [1]. As the pH increases above 
2.5, the removal efficiency decreases, that may be because 
of the fact , the  production of OH radical by the 
decomposition of hydrogen peroxide. When the pH is less 
than 2.5, the oxidation of the hydrogen peroxide and Fe

2+
 

because of the formation of the water by the reaction of OH 
radical and H

+ 
ion [5]. 

 
Fig 1: Effect of pH on removal of 4-nitroaniline 

 

3.2 Effect of H2O2 and Fe
2+

 Concentration 

The effect of concentration on the removal efficiency is 

carried out by keeping the iron concentration constant and 

by varying the H2O2concentration in the range of 2mM to 

21.5mM and at a constant pH of 2.5. The maximum 2-NA 

removal efficiency and COD removal obtained was 89.1% 

and 73% for 0.5mM of the initial concentration of the 2-NA. 

It is observed from the experiments that, the as the 

concentration of the hydrogen peroxide increases the 

removal efficiency increases till it reached the critical 

concentration and after that, it starts decreasing. 

 

The iron concentration is optimized by keeping the 

previously optimized hydrogen peroxide as constant and by 

varying the iron concentration in the range of 0.025mM-

0.275mM for the range of 2-NA from 0.5mM-2.5mM. It 

was observed that, as iron concentration increases 2-NA 

removal increases it may be due to the increased production 

of OH radical [13]. Further increase in the iron 

concentration, the removal efficiency decreases and it may 

be due to the inhibition of ferrous ion [8]. 

 

3.3 Effect of initial concentration 

The experiments were conducted at different initial 

concentrations ranging from 0.5mM-2.5mM to evaluate the 

effect of initial concentration of 2-NA. The removal 

efficiencies decreased as the initial concentration of the 2-

NA increased from 0.5mM to the higher concentration. 

Table 1 shows the removal efficiency of 2-NA by varying 

initial concentrations. The decrease in the removal 

efficiency may be due to the formation of the intermediate 

compound during the oxidation process, further, it may 

block the availability of OH radical for the oxidation process 

[7], [8]. 

 

Table 1: Optimum dosages obtained during Fenton’s 

oxidation of 2-Nitroaniline 

2-NA 

Concentraton 

(mM) 

H2O2 

dosage 

(mM) 

Fe 

dosage 

(mM) 

2-NA 

removal 

(%) 

COD 

removal 

(%) 

0.5 3.5 0.05 89.1 73 

1.0 7.5 0.1 88.3 69.1 

1.5 12 0.15 86.4 65.4 

2.0 16.5 0.2 81.4 61.6 

2.5 21 0.25 78 58.2 
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3.4 Photo- Fenton Oxidation Process 

Photo –Fenton oxidation experiments were conducted at 

optimum pH, optimized dosages of hydrogen peroxide and 

iron.  Fig 2 represents the removal efficiencies of the 2-NA 

at varying initial concentration. The removal efficiencies are 

slightly higher than the Fenton’s oxidation process. The 

removal efficiencies decreased with increase in the initial 

concentration of the 2-NA and this may be because of the 

fact that, photons which are available may decrease with 

increase in the concentration leads to the decrease in the OH 

radicals in the solution [3]. After analysing the results, it is 

observed that removal efficiencies obtained in the photo-

Fenton process are higher compare to the Fenton’s oxidation 

process. The more removal efficiency may be due to that, 

the production of OH radical due to the regeneration of Fe
2+

 

ion, which degrades more 2-NA and the intermediated 

formed [8]. 

 

 
Fig 2: 2-Nitroaniline removal by Fenton & Photo-Fenton 

 

4. CONCLUSIONS 

The UV light assisted photo-Fenton oxidation process is 

more efficient compare to the Fenton’s oxidation process. 

The optimum pH for the removal of 2-NA is 2.5. The 

maximum 2-NA removal efficiency of 93.8% was observed 

for 0.5mM of 2-NA concentration and the optimum 

hydrogen peroxide concentration of 3.5mM and 0.05mM of 

iron concentration was used. The removal efficiency is 

slightly nearly 4% higher as compare to the Fenton’s 

oxidation process. 
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