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3,4-Dichloroaniline (3,4-DCA) 

It indirectly possesses a significance amount of toxicity and could be a potential poisoning pesticide 

contaminant of ground water. Therefore, 3,4

system. As the metabolite of liuron, diuron, phenylurea, acylanili

also detected during the removal process 

chloroazobenzene, which was a carcinogen and potential genotoxin.

Many industrial processes, and agricul

containing recalcitrant organic pollutant which need to be disposed off in a proper manner. Also the 

concentration of chemicals in the effluent streams should be kept at a certain minimum level in or

with the environmental laws, which are becoming more stringent these days. 

Advanced oxidation processes (AOPs)

reactive species, such as hydroxyl radicals (

toxic and non-biodegradable compounds, yielding CO

(AOPs), processes using Fenton type reagent are relatively inexpensive and oxidizing agent is eas

is the mixture of Fe
2+

 and H2O2, capable to degrade all types of herbicides by generating highly reactive 

radical (Arnold et al., 1995; Wang and Lemley, 2001) given in Eq. (1).

 

H2O2 + Fe

 

However, it is seen that the homogeneous Fenton’s process generates high iron sludge and adds extra 

sulphates from FeSO4. 

Therefore, the heterogeneous Fenton

2011), iron supported clays (Hassan and Hameed, 2011), goethite (

Fe3O4 (Zhang et al., 2009) have been 

Laterite main composition is iron, aluminum, silicon oxides and Ti, Mg, Mn, Ca, K, Na in small traces 

(Gualtieri et al., 2015). Moreover, main privileges of laterite are: abundance, low cost, thermally stable, no 

toxicity in the environment and a proper alternative to the traditional iron. With all these advantages, few 

researchers were studied the natural later

Pakdehi, 2014), azo dye (Khataee et al., 2015) and paracetamol (Manu and Mahamood, 2011
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ABSTRACT 

Degradation of aqueous 3,4-Dichloroaniline (3,4-DCA) using Fenton Oxidation was attempted in this 

Fenton oxidation is considered one of the cheapest advanced oxidation processes due to high availability 

2, wherein Fe
2+

catalyses hydroxyl radical (
•
OH) production fro

low cost and locally available laterite soil was used as a source of iron rather than using iron salt (Ferrous 

3,4-Dichloroaniline is a principal product of biodegradation of diuron and 

Dichloroaniline (3,4- DCA), Fenton Oxidation, Laterite soil 

 

I. INRODUCTION 

DCA) is widely used in manufacture of dyes, herbicides and pharmaceuticals. 

a significance amount of toxicity and could be a potential poisoning pesticide 

contaminant of ground water. Therefore, 3,4-Dichloroaniline should be removed before entering natural aquatic 

system. As the metabolite of liuron, diuron, phenylurea, acylanilide and carbamate pesticides, 3,4

also detected during the removal process of these pesticides[1–3]. It could be converted into 3,3’,4,4’

chloroazobenzene, which was a carcinogen and potential genotoxin. 

Many industrial processes, and agriculture and domestic activities leads to wastewater streams 

containing recalcitrant organic pollutant which need to be disposed off in a proper manner. Also the 

concentration of chemicals in the effluent streams should be kept at a certain minimum level in or

with the environmental laws, which are becoming more stringent these days.  

processes (AOPs) are effective remediation methods based on the generation of

radicals (
•
OH), which reacts rapidly and with low selectively with a variety of 

biodegradable compounds, yielding CO2 and inorganic ions (pignatello et al., 2006). Among the 

(AOPs), processes using Fenton type reagent are relatively inexpensive and oxidizing agent is eas

, capable to degrade all types of herbicides by generating highly reactive 

radical (Arnold et al., 1995; Wang and Lemley, 2001) given in Eq. (1). 

Fe
2+

 → 
•
OH + OH

−
 + Fe

3+  
(1) 

However, it is seen that the homogeneous Fenton’s process generates high iron sludge and adds extra 

Therefore, the heterogeneous Fenton-like processes e.g. nano zero valent iron (nZVI) (Xu and 

clays (Hassan and Hameed, 2011), goethite (α-FeOOH) (Ortiz de la Plata et al., 2010) and 

) have been successfully applied. 

Laterite main composition is iron, aluminum, silicon oxides and Ti, Mg, Mn, Ca, K, Na in small traces 

ieri et al., 2015). Moreover, main privileges of laterite are: abundance, low cost, thermally stable, no 

toxicity in the environment and a proper alternative to the traditional iron. With all these advantages, few 

researchers were studied the natural laterite as Fenton’s catalyst for the removal of sodium azide (Khataee and 

Pakdehi, 2014), azo dye (Khataee et al., 2015) and paracetamol (Manu and Mahamood, 2011
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using Fenton Oxidation was attempted in this 

Fenton oxidation is considered one of the cheapest advanced oxidation processes due to high availability 

production from H2O2. The 

iron rather than using iron salt (Ferrous 

Dichloroaniline is a principal product of biodegradation of diuron and 

is widely used in manufacture of dyes, herbicides and pharmaceuticals. 

a significance amount of toxicity and could be a potential poisoning pesticide 

Dichloroaniline should be removed before entering natural aquatic 

de and carbamate pesticides, 3,4- DCA was 

]. It could be converted into 3,3’,4,4’-tetra-

ture and domestic activities leads to wastewater streams 

containing recalcitrant organic pollutant which need to be disposed off in a proper manner. Also the 

concentration of chemicals in the effluent streams should be kept at a certain minimum level in order to comply 

ds based on the generation of 

d with low selectively with a variety of 

and inorganic ions (pignatello et al., 2006). Among the 

(AOPs), processes using Fenton type reagent are relatively inexpensive and oxidizing agent is easily handled. It 

, capable to degrade all types of herbicides by generating highly reactive 
•
OH 

However, it is seen that the homogeneous Fenton’s process generates high iron sludge and adds extra 

zero valent iron (nZVI) (Xu and Wang, 

FeOOH) (Ortiz de la Plata et al., 2010) and 

Laterite main composition is iron, aluminum, silicon oxides and Ti, Mg, Mn, Ca, K, Na in small traces 

ieri et al., 2015). Moreover, main privileges of laterite are: abundance, low cost, thermally stable, no 

toxicity in the environment and a proper alternative to the traditional iron. With all these advantages, few 

ite as Fenton’s catalyst for the removal of sodium azide (Khataee and 

Pakdehi, 2014), azo dye (Khataee et al., 2015) and paracetamol (Manu and Mahamood, 2011). 
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The aim of the present study is to determine the 

DCA removal from synthetic wastewater in an economical way.

 

 

A. Materials 

3,4-DCA was purchased from Sigma Aldrich (99.5% pure) and the physico

listed in Table 1. The reagents, HCl (35%), H

in India. Laterite soil for the extraction of iron is taken from NITK, Surathkal campus.

 

Table1: Physical and chemical properties of 3,4

Properties 

Structure 

 

Molecular formula                  

 

Purity (%)                                                                             99.5

 

Vapour pressure (Pa)                                                      1.3 (20 

 

Molecular weight (g mol

 

Melting point (

 

Solubility in water (mg L

B. Wavelength scanning  

For studying the wavelength of 

and 50mg/l) were prepared in distilled water. Keeping th

the wavelength of the compound was determined.

C. Calibration of the 3,4-Dichloroaniline

For obtaining the calibration curve of concen

concentrations in ascending order (5,10,20,30,40, and 50

maintaining the wavelength obtained

3,4-DCA. 

D. Extraction of Iron from laterite soil 
Iron is extracted from laterite soil as pe

for the extraction of iron is taken from NITK, Surathkal campus. The laterite soil is crushed to powder and is 
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The aim of the present study is to determine the efficiency of Fenton’s reaction in the process 

from synthetic wastewater in an economical way. 

II. MATERIAL AND METHODS 

DCA was purchased from Sigma Aldrich (99.5% pure) and the physico-chemical properties are 

Table 1. The reagents, HCl (35%), H2O2 (50% w/w), NaOH were obtained from Merck manufactured 

in India. Laterite soil for the extraction of iron is taken from NITK, Surathkal campus. 

Table1: Physical and chemical properties of 3,4-DCA 

 

3,4-DCA 

 

 

Molecular formula                                                          C6H5Cl2N 

Purity (%)                                                                             99.5 

Vapour pressure (Pa)                                                      1.3 (20 
◦
C) 

Molecular weight (g mol
−1

)                            162 

Melting point (◦C)                                                                  72 

Solubility in water (mg L
−1

)                                          580 (20 
◦
C) 

For studying the wavelength of 3,4-DCA solutions of different initial concentrations (5, 10,20,30,

) were prepared in distilled water. Keeping the solution one by one in UV- Vis spectrophotometer, 

the wavelength of the compound was determined. 

Dichloroaniline 

For obtaining the calibration curve of concentration versus absorbance, 3,4-DCA solution

er (5,10,20,30,40, and 50mg/l) were placed in UV-Vis spectrophotometer 

maintaining the wavelength obtained during wavelength scanning. Thus a calibration curve was obtained for 

Extraction of Iron from laterite soil by leaching with HCL 
Iron is extracted from laterite soil as per the procedure explained by Olanipeku

for the extraction of iron is taken from NITK, Surathkal campus. The laterite soil is crushed to powder and is 
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of Fenton’s reaction in the process of 3,4-

chemical properties are 

NaOH were obtained from Merck manufactured 

DCA solutions of different initial concentrations (5, 10,20,30, 40 

Vis spectrophotometer, 

DCA solutions of different 

Vis spectrophotometer 

curve was obtained for 

ipekun (2000). Laterite soil 

for the extraction of iron is taken from NITK, Surathkal campus. The laterite soil is crushed to powder and is 
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passed through 50 micron sieve. 1.0g of the sieved soil sample is taken in a glass beaker and 20ml of 1:1 HCL is 

added. This solution is mixed and grinded ti

hot plate for maximum evaporation till the residue is formed. The residue left is baked in an oven for 1 hour and 

20ml of 1:1 HCL is added and it is heated for 1 minute

The solution is filtered through a whatman 42 filter 

cylinder and dilute up to 100 ml, the solution obtained is the iron extracted from the

E. Procedure for treatment  

For the treatment of 3,4-

solution was prepared (10 mg/l). The pH of the solution was tested. It was adjusted to the required pH by the 

addition of0.1 N H2SO4 or NaOH as per requirement. Then extracted iron solution was added to the required 

dosage. Then immediately after the addition of H

of reaction, the solution is taken out and tested for concentration.

 

III.

 

A. Wavelength Scanning 

The wavelength scanning of 3,4

50mg/l. The wavelength obtained for 5mg/l 10

obtained for 40mg/l and 50mg/l was 247nm and 250nm respectively. Shown in fig. 1(a), fig. 1(b), fig. 1(c), fig. 

1(d), fig. 1(e), and fig. 1(f). 

B. Iron extracted from the Laterite soil
Extracted iron solution from l

Fe
2+

, which could be used economically as a catalyst.

C. Calibration of 3,4- DCA 

Differentconcentrations of 3,4

50mg/l) were prepared and placed in UV

concentration versus absorbance. 

D. Effect of pH value on the degradation of 

The initial value of 3,4-DCA:H

pH value was varied fixing the total reaction time of 24 hours. The maximum degradation efficiency of 3,4

DCA was 81.9% at pH value of 2.0, at the pH value of 2.5, 3, 3.5, 4 and 5, the degradation 

67.25%, 31.23%, 19.10%, 1.77% and 3.75% respectively.
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passed through 50 micron sieve. 1.0g of the sieved soil sample is taken in a glass beaker and 20ml of 1:1 HCL is 

xed and grinded till the entire sample is dissolved completely. The sample is kept on a 

hot plate for maximum evaporation till the residue is formed. The residue left is baked in an oven for 1 hour and 

20ml of 1:1 HCL is added and it is heated for 1 minute, following which, 20ml of hot distilled 

The solution is filtered through a whatman 42 filter paper and the filtrate obtained is transferred to Nessler’s 

cylinder and dilute up to 100 ml, the solution obtained is the iron extracted from the laterite soil.

DCA using Fenton reagent, initially a known concentration of 3,4

). The pH of the solution was tested. It was adjusted to the required pH by the 

or NaOH as per requirement. Then extracted iron solution was added to the required 

dosage. Then immediately after the addition of H2O2, the reaction was started. After the specific time

of reaction, the solution is taken out and tested for concentration. 

III. RESULTS AND DISCUSSIONS 

The wavelength scanning of 3,4-DCA was conducted for 5mg/l, 10mg/l, 20mg/l

obtained for 5mg/l 10mg/l, 20mg/l and 30mg/l was 243nm and the wavelength 

was 247nm and 250nm respectively. Shown in fig. 1(a), fig. 1(b), fig. 1(c), fig. 

Iron extracted from the Laterite soil 
Extracted iron solution from laterite soil was containing 2.6mg/l (in 0.1ml solution)

, which could be used economically as a catalyst. 

Differentconcentrations of 3,4-DCA in ascending order (5mg/l, 10mg/l, 20mg/l, 30

) were prepared and placed in UV-Vis spectrophotometer. A calibration curve was plotted with 

Effect of pH value on the degradation of 3,4-DCA 

DCA:H2O2 and 3,4-DCA:Fe
+2

 ratios were fixed to 1 and 100 respectively and 

ng the total reaction time of 24 hours. The maximum degradation efficiency of 3,4

DCA was 81.9% at pH value of 2.0, at the pH value of 2.5, 3, 3.5, 4 and 5, the degradation 

67.25%, 31.23%, 19.10%, 1.77% and 3.75% respectively. 
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passed through 50 micron sieve. 1.0g of the sieved soil sample is taken in a glass beaker and 20ml of 1:1 HCL is 

l the entire sample is dissolved completely. The sample is kept on a 

hot plate for maximum evaporation till the residue is formed. The residue left is baked in an oven for 1 hour and 

, following which, 20ml of hot distilled water is added. 

aper and the filtrate obtained is transferred to Nessler’s 

laterite soil. 

y a known concentration of 3,4-DCA 

). The pH of the solution was tested. It was adjusted to the required pH by the 

or NaOH as per requirement. Then extracted iron solution was added to the required 

, the reaction was started. After the specific time (24 hours) 

/l, 10mg/l, 20mg/l, 30mg/l, 40mg/l and 

g/l was 243nm and the wavelength 

was 247nm and 250nm respectively. Shown in fig. 1(a), fig. 1(b), fig. 1(c), fig. 

(in 0.1ml solution) concentration of 

g/l, 30mg/l, 40mg/l, and 

Vis spectrophotometer. A calibration curve was plotted with 

fixed to 1 and 100 respectively and 

ng the total reaction time of 24 hours. The maximum degradation efficiency of 3,4-

DCA was 81.9% at pH value of 2.0, at the pH value of 2.5, 3, 3.5, 4 and 5, the degradation efficiencies were 
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Fig.1(a): Wavelength scanning result of 3,4

                Fig. 1
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Fig.1(a): Wavelength scanning result of 3,4-DCA (5mg/l) 

Fig. 1(b): Wavelength scanning result of 3,4-DCA (10mg/l
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Fig. 1(c): Wavelength scanning result of 
 

Fig.1(d): Wavelength 
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Fig. 1(c): Wavelength scanning result of 3,4-DCA (20mg/l) 

Wavelength scanning result of 3,4-DCA (30mg/l) 
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Fig. 1(e): Wavelength scanning result of 3,4

Fig. 1(f): Wavelength 
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Fig. 1(e): Wavelength scanning result of 3,4-DCA (40mg/l) 

Wavelength scanning result of 3,4-DCA (50mg/l) 
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Aqueous 3,4-DCA could be degraded effectively

degradation efficiency of 3,4-DCA decreased with increased pH value and the maximum efficiency 

removal of 10mg/l concentration 3,4

the degradation of different concentration of 3,4

beneficial and very economical to improv
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IV. CONCLUSIONS 

DCA could be degraded effectively by Fentonoxidation in an 

DCA decreased with increased pH value and the maximum efficiency 

concentration 3,4-DCA was at pH value 2. So the optimum value of pH 2 could be used for 

the degradation of different concentration of 3,4- DCA. The addition of extracted iron

beneficial and very economical to improve the degradation efficiency of 3,4-DCA. 
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