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Abstract
The Fenton’s oxidation process has been found to be a simple and economical method for the treatment of nitroaromatic 
compounds in water. In the present study, the iron extracted from the laterite soil was used as a catalyst and optimization of 
pH, hydrogen peroxide concentration and iron concentration was studied for different initial concentrations of 2-nitroani-
line (2-NA), 3-nitroaniline (3-NA) and 4-nitroaniline (4-NA). The optimum pH obtained was 2.5 for 2-NA and 3-NA and 
3 for 4-NA. The maximum removal efficiency obtained was 85.3%, 84.3% and 98.7% for 0.5 mM initial concentration at a 
hydrogen peroxide concentration of 3.5 mM, 4.5 mM and 5 mM for 2-NA, 3-NA and 4-NA, respectively, with a constant 
iron concentration of 0.05 mM.
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Introduction

In the Indian economy, an industry plays an important 
role. Dye manufacturing industries, pharmaceuticals, pes-
ticides, etc., represent the strong and fast-growing sector of 
the Indian industry. The untreated wastewater from indus-
tries, such as dyes, pharmaceuticals, pesticides, antiseptic 
agents, medicines for pharmaceutical and poultry synthe-
sis, gums, distillery, dye intermediates and printing, is the 
major contributors that cause damage to the water quality. 
The untreated wastewater disposals from these industries 
affect the quality of water and may have health issues such as 
blood, enzyme and nerve damage with cyanosis and the dan-
ger of suffocation. These industries use different commercial 
products and chemicals such as aniline and its derivatives, 
dyes and pH regulators.

Aniline has the general ability to inhibit enzyme activity, 
and hence, this has been listed as a probable human car-
cinogen by US Environmental Protection Agency (Dvorak 
et al. 2014). The aromatic amines such as aniline derivatives 
have widespread applications as dye intermediates, and most 
commonly used derivatives are 2-nitroaniline, 3-nitroaniline 

and 4-nitroaniline (Sun et al. 2007). These aniline deriva-
tives are used in the manufacture of different types of dyes 
such as acetate dyes, direct dyes and disperse dyes. These 
dyes are manufactured in China and India. If 1000 mg/L of 
dye is present in a dye bath (Manu and Chaudhari 2002) and 
about 50% is lost into effluent (Khan et al. 2004), the con-
centration of nitroanilines in effluent may exceed 300 mg/L 
since these are used as an intermediate.

The discharge of the untreated wastewater containing the 
aniline derivatives is harmful to the water bodies (Sun et al. 
2008). Hence, the removal of these aniline derivatives from 
the industrial wastewater is very important to reduce the 
pollution of the water bodies. The physical, biological and 
chemicals methods are available for the removal of these 
aniline derivatives. The biological treatment methods are 
not efficient for the removal of these aniline derivatives even 
though these methods are economical and also nitro group 
present in the aromatic ring enhances the stability to these 
aniline derivatives. Among the chemical treatment meth-
ods, for the removal of the removal of these aniline deriva-
tives, the advanced oxidation processes (AOPs) are the most 
promising methods (Sun et al. 2008). The Fenton’s oxidation 
process is another promising oxidation process for effective 
removal of the non-biodegradable pollutants (Neyen and 
Baeyens 2003). In the Fenton’s oxidation process, complex 
organic compounds are broken down in the form of carbon 
dioxide and water (Wang et al. 2016).
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Conventionally in the Fenton’s process, iron which acts as 
a catalyst is supplied using iron sulfate which adds to the cost 
of the process. Hence, there is a need to develop an economi-
cal process for the removal of the aniline derivatives from 
contaminated wastewater. In the present study, a low-cost 
naturally available material such as laterite which can sup-
ply iron as a catalyst can enhance the availability of hydroxyl 
radical. An attempt has been made for the degradation of 
the aniline derivatives using iron extracted from laterite as a 
catalyst to enhance the generation of hydroxyl radical.

Materials and methods

Chemicals

2-Nitroaniline, 3-nitroaniline and 4-nitroaniline were 
purchased from Himedia. Iron (II) sulfate heptahydrate 
 (FeSO4·7H2O), hydrogen peroxide (50% w/w), hydrochlo-
ric acid (HCl), sodium hydroxide (NaOH), sulfuric acid 
 (H2SO4) were procured from Merck India. The reagents used 
are of analytical grade and used without purification.

Experimental methods

The 2-NA, 3-NA and 4-NA stock solution in distilled water 
was prepared. The batch experiments were conducted in a 
2000-mL Erlenmeyer flask at ambient temperature. The pH 
was adjusted using 0.1 mM of  H2SO4 and 0.1 mM of NaOH. 
The iron extraction from laterite was carried out as per the 
procedure outlined by Olanipekun (2000). The required dos-
age of the iron extracted from laterite soil was added to the 
solution to start the reaction, and then, the hydrogen perox-
ide was added. After the solution was mixed continuously at 
200 rpm using magnetic stirrer, the samples were drawn for 
analysis after the reaction time and filtered using 0.45-µm 
Millipore filter membrane for further analysis.

Analytical methods

A standard solution of 2-nitroaniline, 3-nitroaniline and 
4-nitroaniline was prepared using 5 mM stock solution. The 
absorbance peak was recorded from 200 to 500 nm using 
UV–Vis spectrophotometer (Systronics-2201). The pH was 
measured using the digital pH meter (Lovibond). The COD, 
residual hydrogen peroxide, iron concentrations were meas-
ured as procedure outlined in the standard methods for the 
examination of water and wastewater (Eaton et al. 2005). 
The HPLC analysis was carried out using HPLC (Agilent 
Binary LC) which has an RP ZORBAX C18 silica column, 
with diode array detector (DAD) to confirm the results.

Results and discussion

Effect of pH

The present study is carried out to test the potential of 
iron extracted from laterite to replace the  FeSO4 normally 
used in the Fenton’s process and also to optimize the 
process conditions, viz. pH, hydrogen peroxide and iron 
concentration.

The pH value influences the hydroxyl radical generation 
which increases the oxidation efficiency. The experiments 
were conducted in the range of 2–4 to determine the opti-
mum pH. The initial 2-NA, 3-NA and 4-NA concentration 
was 0.5 mM. The other operating parameters were  H2O2: 
3.5 mM and Fe: 0.5 mM.

Figure 1 shows the effect of pH on 2-NA, 3-NA and 
4-NA removal efficiency. It can be observed from the 
figure that the removal efficiency increases initially, 
and thereafter, the removal of nitroaromatic compounds 
decreases at higher pH value.

The optimum pH of 2.5 was obtained for 2-NA and 
3-NA, and for 4-NA, it was 3. The maximum removal 
efficiency for 2-NA, 3-NA and 4-NA at optimum pH val-
ues is 89.1%, 86.5% and 88.2%. Maximum removal effi-
ciency at the optimum pH, may be due to the formation 
of Fe(OH)+ which is more active than the  Fe2+ in Fen-
ton’s oxidation process (Badaway and Ali 2006). When 
pH is less than the optimum pH, the reaction between 
the  H2O2 and  Fe2+ is affected so to reduce the formation 
of the hydroxyl radical and the formation of water by 
reaction between OH radical with  H+ ions (Lucas and 
Peres 2006). When the pH is more than the optimum pH, 
removal efficiency decreases due to the decrease in the 
oxidation efficiency and may be due to autodegradation 
of  H2O2 which will affect the formation of OH radicals 
(Badaway and Ali 2006).
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Fig. 1  Effect of pH on removal of 2-NA, 3-NA and 4-NA
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Effect of  H2O2 concentration

The effects of the concentration of peroxide and iron on the 
removal of chosen nitroaromatic compounds are studied, 
and the results are presented as below. The peroxide con-
centration was varied in the range of 2–22 mM for 2-NA, 
3–25 mM for 3-NA and 5–27.5 mM for 4-NA, and similarly 
iron concentration was also varied from 0.025 to 0.275 mM 
concentration. The concentration of the nitroaromatic com-
pounds was varied from 0.5 to 2.5 mM. Table 1 presents 
removal efficiency of the chosen compounds and COD 
removal efficiency at different optimum peroxide and iron 
concentrations for the different initial concentrations of the 
chosen compounds.

The maximum removal efficiency of 89.15% and COD 
removal of 73% were obtained for 2-NA concentration at 
hydrogen peroxide concentration of 3.5 mM and Fe con-
centration of 0.05 mM. The maximum removal efficiency 
of 3-NA of 84.3% and COD removal were 68.5% when 
the hydrogen peroxide concentration was 4.5 mM and iron 
concentration of 0.05 mM. The maximum 4-NA removal 
of 98.7% and COD removal of 84.7% were obtained at 

hydrogen peroxide concentration of 5 mM and at an iron 
concentration of 0.05 mM. It can be further inferred that 
the maximum removal efficiency of the chosen compounds 
occurred at the lowest chosen concentration of 0.5 mM.

Hydrogen peroxide plays an important role in Fenton’s 
oxidation. It was observed that increase in hydrogen per-
oxide concentration increased pollutant degradation. This 
trend is observed till hydrogen peroxide reaches a critical 
concentration; any further increase in the hydrogen perox-
ide concentration decreases the degradation. This may be 
because the production of hydroxyl radicals increases with 
the increase in the hydrogen peroxide concentration, and 
hence, there is an increase in the removal efficiency (Yilmaz 
et al. 2010). However, a further increase in the hydrogen per-
oxide concentration results in scavenging of the OH ion by 
hydrogen peroxide and the incremental generation of OOH 
radical which also consumes OH radical; hence, the removal 
efficiency decreases (Walling and Kato 1971; Kang et al. 
2002; Sun et al. 2007).

Effect of iron concentration

In order to find out the economical method for the degrada-
tion of 2-NA, 3-NA and 4-NA, the studies were carried out 
using the iron extracted from the locally available laterite 
soil. It was seen that the laterite extracted iron can also be 
used as a catalyst to enhance the hydroxyl radical generation. 
The optimum iron dosages were found out by varying the 
iron concentration from 0.025 to 0.275 mM for 2-NA, 3-NA 
and 4-NA, and the optimum dosages obtained for varying 
concentrations are shown in Table 1.

The optimum iron concentration increases with the initial 
concentration of the pollutant concentration. For 0.5 mM 
of 2-NA concentration, the optimum iron concentration 
obtained was 0.05 mM, whereas for 1, 1.5, 2 and 2.5 mM, 
the optimum iron concentration obtained was 0.1, 0.15, 0.2 
and 0.25 mM, respectively. Similar trends were obtained for 
3-NA and 4-NA. Iron was used as a catalyst to initiate the 
degradation by hydrogen peroxide. As the concentration of 
the iron increases, generation of OH radical increases which 
increases the degradation of the pollutant. At higher concen-
tration of iron, the removal efficiency decreased, and it may 
be due to the ferrous ion inhibition (Manu and Mahamood 
2011). Low concentrations of iron were used in the present 
study, proving their sufficiency to produce required quantity 
of OH radical to obtain the maximum degradation.

Effect of initial concentration

The effect of initial concentration on Fenton’s oxidation 
process was studied by varying the initial concentration of 
the pollutant concentration on all the model compounds 
selected. The removal of chosen model compounds and 

Table 1  Maximum removal efficiencies and optimum dosages of 
2-NA, 3-NA and 4-NA at different initial concentrations

Initial concentration 2-NA 3-NA 4-NA

0.5 mM
 % Removal 85.3 84.3 98.7
 % COD removal 69.9 68.5 84.7
 Optimum  H2O2 (mM) 3.5 4.5 5.0
 Optimum iron (mM) 0.05 0.05 0.05

1 mM
 % Removal 82.5 82.5 96.1
 % COD removal 66.4 61.5 80.7
 Optimum  H2O2 (mM) 7.5 9.5 10.5
 Optimum iron (mM) 0.1 0.1 0.1

1.5 mM
 %Removal 81.7 80.3 94.7
 %COD removal 60.3 59.1 76.5
 Optimum  H2O2 (mM) 12 14.5 16
 Optimum iron (mM) 0.15 0.15 0.15

2 mM
 %Removal 78.5 75.2 91.5
 %COD removal 58.2 55.9 75.3
 Optimum  H2O2 (mM) 16 19.5 21.5
 Optimum iron (mM) 0.2 0.2 0.2

2.5 mM
 %Removal 74.7 71.6 90.5
 %COD removal 56.2 52.2 72.8
 Optimum  H2O2 (mM) 21 24.5 27
 Optimum iron (mM) 0.25 0.25 0.25



 Applied Water Science (2018) 8:136

1 3

136 Page 4 of 4

COD removal efficiency decreased with the increase in 
the initial concentration of the chosen model compounds. 
Table 1 and Fig. 2 present the results of the above study 
with respect to the decrease in the removal efficiency of the 
pollutant concentration.

This may be due to fact that the requirement of OH radi-
cal increases with the increase in the concentration, and 
since the availability of the OH radical increases is lesser, 
the removal efficiency decreases with the increases in the 
initial concentration (Sun et al. 2008) and the COD removal 
efficiency decreased at higher concentration may be because 
of the formation of the intermediates during Fenton’s oxida-
tion which traps OH radicals (Manu and Mahamood 2011).

The 4-NA has obtained maximum removal efficiency of 
98.7% as compared to 85.3% of 2-NA and 84.3% of 3-NA. 
This may be due to the fact that anilines are ortho- and para-
directing groups, and steric hindrance is produced by aniline 
and nitro groups when the nitro group is in ortho position 
so degradation is difficult as compared to 4-NA. Hence, the 
4-NA has obtained maximum removal efficiency than 2-NA 
and 3-NA (Ahluwalia 2010).

Conclusions

The present study has established that the degradation of 
the aniline derivatives (2-NA, 3-NA and 4-NA) depends on 
the pH, hydrogen peroxide, iron and initial concentration. 
The optimum pH obtained during Fenton’s oxidation was in 
acidic range, i.e., 2.5 and 3. The optimum hydrogen peroxide 
concentration obtained was 3.5–5 mM, and optimum iron 
concentration was 0.05 mM to obtain the maximum removal 
efficiency. It has also been proved that the iron extracted 
from the laterite can also be used as a catalyst in Fenton’s 
oxidation process which ultimately reduces the cost of the 
oxidation process.
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