
INTRODUCTION

Iron is one of the major impurities that is
commonly found in many sources of water. Iron
deposited in the distribution system may promote
the growth of microorganisms leading to high
contamination in drinking water 1. Iron pipes may
release corroded iron in water. Chlorine and
Bleaching powder added to drinking water as a
germicide, oxidizes and corrodes iron. The iron
content is prescribed to 0.3 ppm or less as a drinking
water quality standard 2.

Although iron is an essential mineral
helping in the transportation of oxygen in the blood,
its presence in ground water above a certain level
makes water unusable due to its metallic taste
discoloration, odor, turbidity and staining of laundry3.
Iron "overload" in drinking water may cause
vomiting, bleeding and circulatory disorders4. When
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ABSTRACT

Iron is one of the most troublesome elements in water. Rainwater as it infiltrates the soil and
underlying geologic formations dissolves iron, causing it to seep into aquifers that serve as sources of
ground water. Although iron is an essential mineral for human, its presence in ground water above a
threshold level make the water unusable mainly for aesthetic considerations such as discoloration,
metallic taste, odor, turbidity and staining of laundry. Iron is mainly present in water either the soluble
ferrous iron or the insoluble ferric iron. Water containing ferrous iron is clear and colourless due to its
soluble nature. On exposure to air the ferrous iron is converted to ferric iron and turns water reddish
brown appearance. Moreover, iron oxides, which are formed in reservoirs upon aerial oxidation of
dissolved iron promotes growth of microorganism. A method for removal of iron from water by using
the modified coconut shell charcoal has been systematically investigated. The iron removal results
from the adsorption of oxygen followed by the oxidation of Fe2+, catalyzed by the adsorbent carbon
surface. The Fe3+ precipitates on the solid, forming a hydrated iron oxide coated carbon that is also
able to absorb iron. The present modified coconut shell charcoal has been found to be very effective
and remove iron to below 0.3 ppm in water without increasing the pH above the acceptable limit.
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the iron combines with tea, coffee and other
beverages, it produces an inky, black appearance
and a harsh, unacceptable taste. Vegetables cooked
in water containing excessive iron turn dark and
look unappealing5.

Iron is mainly present in water in two forms
either in soluble ferrous iron or insoluble ferric iron.
Water containing ferrous iron is clear and colorless,
because the iron is completely dissolved. When
exposed to air, the water turns cloudy and a reddish
brown substance begins to form. This sediment is
the oxidized or ferric form of iron that will not dissolve
in water5. The rates of oxidation are not rapid and
this reduced form can persist for sometime in
aerated water. This happens when the pH is below
6. In addition, iron can form stable complexes with
humic and tannic substances in water that can be
even more resistant to oxidation than the inorganic
species alone 6.
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Determination of iron is very important in
explorations of new water supplies, particularly from
bore well and other surface water sources. The
drinking water can be rejected only on the basis of
excess iron present in it. When water-containing iron
above 0.3 ppm, then it is necessary to decide
whether chemical treatment can remove the excess
iron and if it seemed to be feasible, the option for
best chemical treatment is to be done.

Aeration is the most common method for
removal of iron from ground water3. During the
process of aeration, the soluble ferric iron is
converted to insoluble ferric state, which can easily
be separated from the system.  The iron content in
surface water is very low due to natural aerial
oxidation of iron into its higher oxides, which
subsequently separate out. There are various
methods for removing iron from ground water. They
are ion-exchange method 7, oxidation with oxidizing
agents such as chlor ine and potassium
permanganate 8, 9, supercritical fluid extraction 10,
bioremediation 4, 11, treatment with lime stone 12,13

magnetic separation 9 and use of activated carbon
and other filtering materials 14,15.

The present study aims to develop a cheap
and easy technology to prevent health disorders
due to the presence of excess iron in drinking water.
The iron removal system is developed by selecting
coconut-shell charcoal as the substrate material.
MnO2 is effectively incorporated on the coconut shell
charcoal and it is used for adsorbing iron from
contaminated water. The developed technique
seemed to be very effective in reducing the iron
concentration below 0.3 ppm.

EXPERIMENTAL

Substrate material
Coconut shell charcoal is prepared by

heating half splitted coconut shell at a temperature
of 900 °C for 4 hours using a muffle furnace. The
prepared coconut shell charcoal is pulverized using
a ball mill and sieved using standard sieves to obtain
the required particles size. The proximate analysis
of the coconut shell charcoal is as follows

Adsorption process
The iron-contaminated water (10.0 ppm)

was prepared by adding calculated amount of
FeSO4 in double distilled water. The characteristics
of water taken for the study are given in the following
table.

Table 1: Proximate composition

S. No. Parameter Composition (%)

1 Fixed Carbon (%) 76.2
2 Volatile Matter (%) 15.4
3 Ash Content (%) 6.3
4 Moisture (%) 2.1

Table 2: Characteristics of the water

S. No. Parameter Value

1 pH 6.35
2 Conductivity (µmho) 178
3 Turbidity (NTU) 6
4 Fe (ppm) 10.0

100 ml of the water is taken in a ground
joined stoppered conical flask and mixed with
required amount of coconut shell charcoal (viz.100
ppm, 200ppm….) of particle size 0.4 mm. The flask
is stirred for definite time  (5 min) using Red Devil
shaker. Then the flask is allowed to stand still. After
a regular intervals of time, the water is filtered using
Whatman No. 41 filter paper and the iron present in
the water is determined by colorimetric methods
using Elico -SL  159 UV- spectrophotometer. The
plots were drawn with iron concentrations in water
against amount of charcoal.

Variation of adsorption of iron with residence
time

The experimental setup is same as above.
The only modification in the experiment is giving
different residence time (1 hr, 2hr, 3hr, and 4 hr) for
the adsorbent to remove iron from solution. The aim
of the study was to optimize the residence time for
the removal of iron in water. The graphs were plotted
with the concentration of iron in water against
residence time.
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Variation of adsorption of iron with shaking time
Different shaking time is given for the

system (5min, 15min, 30 min) and measure the
amount of iron removed from the solution. This study
is conducted to optimize the proper mixing of the
adsorbent and adsorbate.

Variation of particle size of adsorbent for
adsorption of iron in water

The particle size of the adsorbent is varied
from 0.4 mm to 0.2 mm to understand the effective
size of the adsorbent for the maximum adsorption
of iron from water. Different residence time was also
given to ensure the maximum absorbance. The
study not only aimed to reveal the maximum
adsorption capacity of the charcoal but also to know
the practical feasibility of the size of adsorbent that
can be implemented in water system.

MnO2 modification of the adsorbent
1.0ppm of MnO2 is incorporated in to

charcoal by adding the calculated amount of KMnO4

into the charcoal of particle size 0.4 mm and dried
at a temperature of 60°C for 1hr. The modified
coconut shell (100 ppm) is added in the water
system. The shaking time is given 5 minutes. The
amount of iron removed from the system with
different residence time is estimated and plotted
against the residence time.

RESULTS AND DISCUSSION

Optimization of amount of charcoal for the
removal of iron from water

Figure 1 shows the amount of iron
removed from the water by varying the amount of
coconut shell charcoal (0.4 mm size) and residence
time with constant shaking time of 5 minutes.

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 200 400 600 800 1000

Amount of Charcoal (ppm)

C
on

ce
nt

ra
tio

n 
of

 ir
on

 in
 w

at
er

 (p
pm

)

Fig. 1: Effect of amount of charcoal on the adsorption of iron.
(Initial conc. : 10.0 ppm, Residence time:  - 1hr, - 2 hr, - 3 hr, -4hr)

From the graph it was clear that the
coconut shell charcoal was very effective to remove
the iron content in the water. Increasing the
concentration of charcoal and also residence time
the amount of iron removal from water also
increased. It was observed from the figure that the
concentration above 500 ppm of charcoal can
marginally improve the removal of iron from the

system. Hence 500 ppm of coconut shell charcoal
can be taken as the optimum concentration. As the
residence time increases the iron removal also
increases. This is due to more adsorption of iron by
the adsorbent by increasing the contact time
between adsorbent and adsorbate. The maximum
iron removal is found by giving a residence time of
4 hrs. The decrease in the iron content in water
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above 3 hrs residence time was very low and hence
the study would not focused to give attention for
more than 4 hrs of residence time. The concentration
of iron is reduced from 10.0 ppm to 0.5 ppm by
adding 1000 ppm coconut shell charcoal having a
residence time of 4 hours.  This value lies above
the standard value (0.3 ppm). So further study
focused to increase the shaking time of the system.

Effect of shaking time for the removal of iron in
water

The shaking time was increased from 5
minutes to 30 minutes and noted the amount of
iron removal at various residence time. The graph
is plotted by the amount of iron  against the shaking
time and is given below.
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Fig. 2: Variation of adsorption of iron with shaking time

(Initial conc. : 10.0 ppm, amount of charcoal (0.4mm) : 500 ppm,
Residence time:  - 1hr, - 2 hr, - 3 hr, -4hr)

As the shaking time increases the iron
removal also increases. This is due to proper
intermixing of adsorbate and adsorbent. But
increasing the shaking time has less importance
since it is very difficult to implement in practical
environments. The minimum iron content in the
system was found to be 0.5 ppm using 500 ppm
coconut shell charcoal at a shaking time of 30
minutes and a residence time of 4 hrs.

Behaviour of adsorption of iron with respect to
particle size of the coconut shell charcoal

The adsorption behaviour of iron with
respect to the particle size of the coconut shell
charcoal is given in Fig. 3.

As the particle size decreases the amount
of iron get adsorbed on coconut shell charcoal from
the water increases. This is due to more effective

surface area of the adsorbent for adsorbing the iron.
The iron concentration was bring down to the
standard value of 0.3 ppm in water by using 500
ppm coconut shell charcoal having a size of 0.2
mm and giving a residence time of 4 hrs without
increasing the shaking time beyond 5 minutes. A
problem was noticed while using the coconut shell
charcoal of having 0.2 mm is that it is very difficult
to settle down the adsorbent and to remove it from
the system. Hence it is found to be practically not
feasible to reduce the particle size below 0.4 mm.

Effect of MnO2 incorporated charcoal on
adsorption of iron

MnO2 modified charcoal has been
introduced into the system and the removal of iron
was estimated and compared with bare charcoal-
water system. The results of the study are given in
Fig. 4.
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The iron concentration in water was found
to be decreased to the level of 0.2 ppm by using
the MnO2 modified coconut shell charcoal at a
residence time of 4 hrs. The increase in the iron
removal is due to the increase in the effective
adsorption sites by the incorporated MnO2 particles
and the catalytic effect of these MnO2 particles to
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Fig. 3: Variation of adsorption of iron with particle size of coconut shell charcoal
(Initial conc. : 10.0 ppm, Residence time:  - 1hr, - 2 hr, - 3 hr, -4hr)

oxidize Fe2+ to Fe3+. The Fe3+ precipitates on the
solid, forming a hydrated iron oxide coated carbon
that is also able to absorb iron. The present modified
coconut shell charcoal has been found to remove
iron to below 0.3 ppm without increasing the pH
above the acceptable limit.

Fig. 4: Effect of MnO2 incorporated charcoal for iron removal

(Initial conc. : 10.0 ppm,   - 500 ppm charcoal ( 0.4mm) , - 500ppm charcoal(0.4mm) +1.0 ppm MnO2)
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CONCLUSION

Ø The coconut shell charcoal has been found
to be a good adsorbent to remove the iron in
drinking water and optimum concentration
was found to be 500ppm.

Ø As the particle size of coconut shell charcoal
decreases, the iron removal increases. But
the particle size beyond 0.4 mm cannot be
recommended due to difficulty of removing
the adsorbent from the system.

Ø As the shaking time increased the adsorption
also get increased. Here also more shaking
time cannot be recommended due to the
limitation of applying in practical condition

Ø The optimum residence time for the removal
of iron in water was found to be 4 hours

Ø MnO2 incorporated coconut shell charcoal is
very effective to remove the iron content in
water below 0.3 ppm without increasing the
pH..
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