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Abstract—Oxidation by Fenton reaction of methyl 

orange dye was carried out using Fe2+ impregnated on 

mangosteen shell as heterogeneous catalyst. The catalyst 

was prepared by wet impregnation method and 

characterized using SEM. The effectiveness of this catalyst 

in the decolourization of dye as well as the influence of 

hydrogen peroxide concentration, catalyst loading and pH 

on the decolourization efficiency was examined. In the Fe2+ 

loaded mangosteen catalyst, maximum decolourization 

efficiency of 93.3% was obtained at [H2O2] = 260 mM, 

catalyst loading = 0.15 g/l and pH = 7.0 for an initial dye 

concentration of 30 ppm in 180 minutes at room 

temperature. These findings demonstrate that the Fenton 

process is a promising technique for decolourization of 

methyl orange dye from aqueous solutions. The system is 

economic and environment friendly as agricultural waste 

material is used as a heterogeneous catalyst. The prepared 

catalyst can be reused for successive cycles because of their 

stability however there was no significant leaching of iron. 
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I.  INTRODUCTION 

Effluents from textiles, leather, cosmetics, paper, printing and 

plastic industries contain various kinds of synthetic dye stuffs 

that are harmful to the environment and have mutagenic 

effects (Mathur et al., 2007). Literature reports that over 15% 

of the dyes are lost in wastewater without treatment during 

their synthesis and dyeing processes (Han et al., 2011). Since 
these effluents are usually strongly coloured their direct 

release into the water body causes damage to aquatic and 

human life because of their toxic and carcinogenic effects. 

Although a variety of techniques are presently available for 

treatment of such waste waters, most of them suffer from a 

number of disadvantages. Physical methods mostly involve 

transfer of the pollutant from one phase to another rather than 

their elimination, whereas chemical oxidation methods lead to 

complete mineralization of organic pollutants (Oturan et al., 

2011; Nadia et al., 2016). Biological treatments are cheap but 

time consuming. Considering the advantages and 

disadvantages of the treatment processes currently available 

for the purification of dye laden waste water, it is a matter of 

great concern to develop a novel and cost effective technique 

for the same. Advanced oxidation processes in this regard 

have received great consideration recently since the target 

contaminants are destructed by the highly acting reactive 

oxygen species (Neyens et al., 2003; Liao et al., 2009; Ling et 
al., 2010; Nidheesh et al., 2012; George et al., 2013). The 

oxidation with Fenton reaction based on ferrous ion and 

hydrogen peroxide is an effective technique for the destruction 

of a variety of hazardous organic pollutants (Fenton, 1894; 

Daud et al., 2010; Rodriguez et al., 2010; Sun et al., 2010; 

Martinez et al., 2011; Gan et al., 2013; Zhu et al., 2014;). 

Several studies related to using Fenton reaction for the 

treatment of azo dyes waste waters have been conducted 

earlier (Gomathi et al., 2009; Nidheesh et al., 2013). Although 

these studies have proven this process to be effective, energy 

efficient and least tedious, the best outputs are available at 

higher concentration of Fe2+ ions and low pH values. In 
addition, large amount of iron sludge is formed due to 

oxidation reactions which require man power and separation 

techniques thereby incurring time losses and capital (Gulin, 

2013). These limitations can be overcome by employing a 

heterogeneous Fenton catalyst combining high activity, low 

iron leaching and neutral pH environment. Therefore, in the 

present study mangosteen shell based catalyst for 

heterogeneous Fenton degradation of textile dyes was 

prepared, characterized and investigated for methyl orange 

decolourization efficiency. The study was also an attempt to 

further advance the use of mangosteen shells which is a major 
waste product of food and pharmaceutical industries (Okonogi 

et al., 2007; Ahmad et al., 2010). Through this work the 

preparation of an environmentally friendly and low cost 

catalyst which can be used in the treatment of dye laden waste 

water was realized.   
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II. MATERIALS AND METHODS 

A. Reagents– 

Methyl orange (C14H14N3NaO3S), FeSO4.7H2O, 30% (w/v) 

H2O2 purchased from Nice Chemicals, Kochi, India. All the 

chemicals used were of analytical grade and used without 

further purification. A known concentration of dye was 

prepared in distilled water and used as the stock solution for 

all studies.  

B. Preparation of iron loaded heterogeneous catalyst – 

Catalyst preparation was conducted as reported elsewhere with 

slight modifications (Laiju et al., 2014). Fresh mangosteen 

fruit was purchased from the local market and the shells were 

separated. The shells were washed thoroughly for removing 

the impurities such as dust and were dried in a hot air oven to 

constant weight. The dried mangosteen shells were ground and 

sieved to separate particles passing through BIS 200 mesh 

screen for further catalyst preparation. 5g of mangosteen shell 
powder was added to 0.05M iron solution (FeSO4. 7H2O) and 

was mixed thoroughly with the help of a sonicator (Equitron; 

set power 75W; frequency 50Hz) for 30 minutes. After this the 

prepared catalyst was washed thoroughly using distilled water 

several times and dried in an oven at 70°C for 24 h and used 

for further experiments. Scanning Electron Microscopy (SEM) 

investigations of the mangosteen shell powder before and after 

loading of iron were conducted in a JEOL JSM-6390LV 

operated at 20 kV. 

 

C. Heterogeneous Fenton Experiments – 

Batch Fenton reactions were conducted in a 250 ml iodine 

flask and a volume of 200 ml was considered as the working 

volume for all experiments. The initial pH of the waste water 

sample of methyl orange was adjusted to 7.0. To this solution, 

different concentrations of catalyst and hydrogen peroxide 

were added. It was then kept on a rotary shaker to conduct the 
analysis. The samples were taken at various time intervals and 

the optimum values of pH, catalyst concentration, hydrogen 

peroxide concentration and concentration of waste water were 

found out. To find the optimum value of pH, the waste water 

sample was taken in 3 different iodine flasks and the pH was 

adjusted to 3.0, 7.0 and 9.0 in each. The effect of the hydrogen 

peroxide concentration on heterogeneous Fenton reaction was 

determined by taking concentrations as 0.13M, 0.26M, 0.52M 

and 1.32M. To find out the optimum value of catalyst 

concentration, loadings ranging from 0.025, 0.05, 1.0, 1.5 and 

2.0 g/l were taken. The effect of concentration of dye was 
studied by taking 10, 20, 30, 50 ppm of waste water sample. 

D. Analytical methods – 

The UV–Vis spectra of the methyl orange was recorded from 

200 to 800 nm by using UV–Visible Spectrophotometer 

(Shimadzu, Japan). The spectrum showed that the maximum 

absorbance wavelength (kmax) of methyl orange was at 464.5 

nm. Therefore, the absorbance of methyl orange in the 

experiment was determined at this wavelength. Before the 

measurement, a calibration curve was obtained using the 

standard methyl orange solution with a series of known 

concentrations. The dye decolourization efficiency was 

calculated as: 

 

Decolourization efficiency %=(1 – Ct/Co)x100  ………    (1) 
 

where Ct and Co are the concentrations of dye at kmax  and 

reaction time )0 and t respectively. 

III. RESULTS AND DISCUSSION 

 

A. Effect of H2O2 dosage on the decolourization of methyl 

orange – 

 
H2O2 plays a major role as a primary source of generating 
hydroxyl radicals in Fenton’s reaction. However, from a 
commercialized perspective, optimizing the concentration of 
hydrogen peroxide is very important (Dükkancı et al., 2010). 
The effect of H2O2 dosage on the degradation of methyl orange 
dye was examined by changing the initial concentration of 
H2O2 from 0.13M to 1.32M. The results of the experiment are 
depicted in figure 1. From the figure, it can be observed that 
increasing the input of H2O2 from 0.13M to 0.26M, the 
decolourization of methyl orange increased within 180 minutes 
of reaction. This is contributed by the elevation in hydrogen 
peroxide concentration which ultimately surges the production 
of hydroxyl radicals. But, a further escalation in H2O2 
concentration from 0.26 to 1.32M showed a decrease in 
efficiency of the heterogeneous Fenton process. This decline in 
effectiveness is mainly due to the scavenging reaction 
occurring at a higher H2O2 concentration, where the H2O2 
reacts with hydroxyl radicals to generate hydroperoxyl radical 
(Eq.2). The hydroperoxyl radical has as a very low oxidizing 
power compared to hydroxyl radicals (Fentona et al., 2009; 
Dükkancı., 2010). Therefore, 0.26M was considered as the 
optimum concentration for the experiments. 

H2O2+ OH⋅→ H2O2+ HO⋅
2           ……………………. (2) 
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Fig. 1.  Effect of hydrogen peroxide concentration on decolourization 

B. Effect of catalyst loading on the decolourization of 

methyl orange – 

To study the effect of Fe-MSP concentration on the methyl 

orange dye removal efficiency of the heterogeneous Fenton 

system, experiments were carried out with varying catalyst 

concentrations ranging from 0.1 to 0.2 g/l. The results of the 

experiment are shown in figure 2. With a rise in catalyst 

concentration from 0.1 to 0.15 g/l, a notable increase was 

observed in the efficiency of dye decolourization. This 

inflation in concentration of Fe-MSP is mainly due to the 

increase in hydroxyl radical production. However, an 

additional increase in the catalyst concentration from 0.15 to 

0.2 g/l decreased the dye removal efficiency to around 70%. 
This reduction in dye removal efficiency is mainly due to the 

scavenging reaction that occurs between ferrous ions and 

hydroxyl radicals (Brillas et al., 2009). At higher catalyst 

concentrations, ferrous ions react with hydroxyl radicals to 

form ferric ions and hydroxyl ions (Eq.3). This leads to the 

accumulation of ferric hydroxide precipitate. Thus, 0.15 g/l 

was chosen as the optimal catalyst concentration for the 

experiment. 

 Fe2++OH⋅→Fe3+ + OH−  ………………………………… (3) 

 

 

Fig. 2. Effect of catalyst concentration on dye decolourization 

C. Effect of concentration of methyl orange on the 

decolourization – 

The degradation of various methyl orange concentrations was 

studied and the results are shown in figure 3. It can be found 

that the decolourization efficiency of methyl orange decreased 

with increase in the concentrations of methyl orange. While 

increasing the concentration of methyl orange from 10 to 50 

ppm, a significant reduction was observed in the 

decolourization as the efficiency dropped from 95% to 83% 

within 180 min of reaction time. This is due to a relative lower 

concentration of hydroxyl radicals produced compared to the 

concentration of methyl orange. Therefore, 10 ppm was 
chosen as the desired concentration for further experiments. 

 

 
Fig. 3. Effect of concentration of methyl orange on decolourization 

 

 

D. Effect of solution pH – 

pH is an important parameter in any Fenton process as the 
lifetime of hydrogen peroxide is highly affected by the 

solution pH. It is industrially accepted that the optimal 
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solution pH of the conventional Fenton process is around 3.0. 

However, Fenton reaction works even at neutral pH, 

predominantly in the case of the heterogeneous Fenton process 

(Idel-aouad et al., 2011). Therefore, to check the effect of 

solution pH on the heterogeneous Fenton process, various 

experiments were administered at different pH levels varying 

from 3.0 to 9.0. The results obtained after each experiments 
are plotted in figure 4. From the figure, it can be observed that 

the degradation efficiency of the heterogeneous Fenton 

process diminished with an increase in solution pH from 3.0 to 

7.0. With an increase in solution pH from 7.0 to 9.0, the 

removal efficiency of the system further depleted. This is 

mainly due to the instability of hydrogen peroxide at higher 

pH and generation of insoluble hydroxocomplexes like 

[Fe(H2O)8 (OH)2]4+, [Fe2(H2O)7 (OH)3]3+ and [Fe2(H2O)7 

(OH)4]5+ by the iron species (Neyens et al., 2003). Moreover, 

at solution pH 9.0, ferric ions tend to exist in the forms of 

ferric hydroxide precipitate and Fe(OH)4− complex. 
Consequently, these complexes result in the accumulation of 

pollutants which will have to be removed by coagulation 

principles. Furthermore, at pH less than 3.0, considerable 

amounts of the ferrous and ferric ions are in Fe2+ and 

Fe3+forms (Pignatello et al., 2006) making it evident that 

Fenton reaction is accurate at pH 3.0. However, the graph 

depicts the efficiency of neutral pH almost similar to pH 3.0 

for the heterogeneous Fenton reaction using Fe-MSP. 

Therefore, pH 7.0 was taken as the optimal solution pH for 

this study. 

     Fig. 4. Effect of pH on dye decolourization 

E. Regeneration study – 

One of the main advantages of heterogeneous Fenton reaction 

over homogeneous Fenton reaction is catalyst regeneration. 

Accordingly, to study the decolourization efficiencies of raw 

and recycled catalysts, a purely prepared catalyst and a 

residual catalyst obtained after a heterogeneous Fenton 

reaction were taken. A series of experiments were conducted 

to understand the degradation efficiencies of both catalysts in 

heterogeneous Fenton reaction and the result is illustrated in 

figure 5. It can be found out from the graph that the efficiency 

of raw catalyst is around 95% whereas the recycled catalyst 

presented a lesser value that is 70% respectively under 180 

minutes. The basic factor contributing to the reduction in 

efficiency is the behavioral variation in the leaching pattern of 
the prepared catalyst (Xavier et al., 2013). Another cause is 

the adsorption of organic species present in the waste water to 

the active catalytic sites thereby poisoning the catalyst 

(Hassan et al., 2011) To conclude, this porous volume 

reduction in active sites of recycled Fe-MSP plummet the 

efficiency of the recycled catalyst compared to the raw 

catalyst. 
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Fig. 5. Decolourization efficiency of raw and recycled catalyst  
 

IV. CONCLUSION 

The objective of this study was to investigate the probability 

of decolourization of methyl orange by heterogeneous Fenton 
process based on environmental friendly and low-cost 

materials available locally. For the heterogeneous catalyst 

preparation, an agricultural waste material (mangosteen shell 

powder) was used with 0.05M of iron doping. Ferrous ion 

was loaded in these supports by incipient impregnation 

method using a sonicator. The results indicated that Fe-MSP 

based heterogeneous Fenton process can be used as a good 

alternative to the conventional treatment method for the 

treatment of dyeing wastewater. The stability of the catalyst 

was examined using the recycled Fe-MSP, and it was found 

that the efficiency of the recycled catalyst is less than that of 

raw Fe-MSP, due to the poisoning of active sites by the 
sorption of organic pollutants. The degradation of the organic 

pollutant in the leachate is mainly due to solid Fe ions present 

in Fe-MSP rather than the leached Fe ions. Under the optimal 

condition, the maximum dye decolourization efficiency was 

obtained as 93.3%. The system is economic and 

environmental friendly as agricultural waste materials are used 

as a heterogeneous catalyst. 
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