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Introduction

Drinking water containing Fluoride ion (F ) >1.5 mg l
is harmful to human health (WHO, 2004). Since early 20

century, the physiological effects of excess F on human
health has been reported (Hiemstra and Riemsdijk, 2000).
Intake of F can be either beneficial or detrimental to human
health. A low dose of F (<0.5 mg l ) is responsible for
inhibiting dental caries, while a higher dose (>1.5 mg l ) has
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been caused incurable tooth and skeletal fluorosis
(Mahramanlioglu ., 2002; Malakootian ., 2015).

Usually two types of process are applied for the
removal of excess of F from water. Precipitation and
adsorption are used for F removal. In precipitation processes,
several chemical compounds are used to precipitates the F . In
most of the precipitation process, aluminium and calcium
salts have been used to remove F from water (Reardon and
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Fluoride in drinking water has an intense effect on bones and teeth. The concentration of fluoride
>1.5 mg l in drinking water is harmful for human health. In the present study the naturally
occurring geomaterial limonite (Iron Ore) has been used as the adsorbent for the investigation of
defluoridation capacity by Batch adsorption technique in aqueous condition. Various parameters
such as contact time, adsorbent dose, adsorbate concentration, adsorbent particle size and
agitation speed at room temperature (298K) and pH (7±0.3), has been optimization for the
adsorption of F onto limonite. The initial rate of the adsorption was very fast and after 120 minutes
it attained equilibrium. Three known Isotherm Models (Langmuir, Freundlich and Temkin) used
to study the mechanism and nature of adsorption onto the surface of limonite. The experimental
results are best fitted into the Langmuir and Temkin isotherm models (R > 0.99). The average
monolayer adsorption capacity (Q ) obtained for limonite is 0.269 mg g . The experimental data
highlights that surface sites of adsorbent (limonite) are heterogeneous in nature and fits into a
heterogeneous site binding model. The kinetic study revealed that the adsorption process followed
Pseudo 2nd order model. The removal efficiency of limonite for the naturally high F water sample
(4.12 mg l ) under optimized condition obtained 66.9%. The maximum adsorption capacity Q (F
adsorbed) at equilibrium is calculated 2.208 mg g . The isotherm and kinetic studies reveal that
limonite can be used as an adsorbent for fluoride removal. The OH-group of limonite acts as ion
exchange with F ion confirm by Fourier Transmission-IR spectroscopy analysis (FT-IR). XRD
(X-ray Refraction Dispersive) peaks also give good evidence of surface adsorption onto limonite
and surface morphology by Scanning electron microscopy (SEM) image. In the future we can use
this technology for fluoride removal in large scale by using limonite which is cost-effective, eco-
friendly, minimal processing and easily available in the study area.
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Wang, 2000; Karthikeyan and Elango, 2007). During this
process aluminum salts react with F in water and form
precipitate of AlF and Al(OH) F whereas, calcium salts
react to form CaF . On the other hand, adsorption processes
involved passage of water through a contact solid bed where
F is removed by ion-exchange or surface chemical reaction.
The solid bed is made from activated alumina, charcoal,
alum, ash (Young and Hwei-mei, 2002; Tan ., 2008;
Chen ., 2011; Malakootian ., 2015). Most of the
available materials for defluoriation are expensive and
technically non-feasible in rural areas. Many bio-adsorbent
have been also reported in the defluoridation process in
aqueous condition such as, sugarcane charcoal, bone char,

, leaf of ,
, etc. (Mondal ., 2013; Wei ., 2009;

Veeraputhiran and Alagumuthu, 2011; Jamode ., 2004).
For past few years, geo-materials like red-mud, goethite
soils, kanuma mud etc. have been used as adsorbent for F
removal under aqueous conditions (Mohan and Pittman,
2007; Reardon and Wang, 2000 and 2001). Ores like bauxite
and lateritic ores have also reported as effective adsorbent for
defluoridation (Das ., 2005; Sarkar ., 2006). Using
geomaterials as adsorbent for F removal in drinking water is
popular because of easy availability and cost-effectiveness.
Adsorption of F onto the surface of adsorbent is explained by
two steps, protonation/ ligand-exchange mechanism (Alain,
2006).

Previous reported treatment technologies have
several drawbacks that limit their practical applicability in
the poor, undeveloped F affected regions across the world.
Adsorption principle, based on the batch technique
considered the best alternative for the removal of F from
drinking water in the poor undeveloped tribel's region. But a
few basic problems like pH adjustment, temperature
maintenance, dissolution problem and low efficiency failed
this technique in mentioned areas.

The main objective of the present study is that,
limonite (Iron ore) can effectively remove F from aqueous
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solution at a relatively low level under normal condition. As a
result, studies have been ongoing to find socially acceptable,
efficient, simple removal methods, easily available and low-
cost material.

The reagents used in this
present study are of analytical grade. The stock solution of F
(100 mg l ) was prepared by using NaF and other F test
solution was prepared by subsequent dilution of the stock
solution.

In the present study the derived
limonite was collected from NMDC (National Minerals
Development Cooperation) Chemical Laboratory, BIOM
(Bailladila Iron Ore Mines), Bacheli, Chhattisgarh (India).
The light yellow colour of limonite consists of FeO-43.6%,
SiO -26.3%, Al O -18.4%, TiO -1.1% and P O -0.56%. The
density of limonite was calculated 2.7-3.4 g cm and
hardness found to be 4.5-5.2. The ore was crushed into small
pieces, and then washed several times with de-ionized water
to remove the dirt and other materials attached to its surface.
Final washing was done with double distilled water, and the
pieces were dried at 105-110°C for 24 hours. Finally, the
product was stored in vacuum desiccators until required
(Alagumuthu ., 2010; Chaudhari and Sasane, 2014).

The adsorption isotherm and
kinetics experiments were performed by batch adsorption
technique at room temperature (298 K). 100 ml of standards
solution of F have been taken in conical flask and agitated in
temperature controlled mechanical shaker (REMI RS-24BL,
Rotator) with limonite. The efficiency of limonite for F
removal under aqueous condition were studied under various
experimental conditions like particle size, contact time,
adsorbent dose, initial F ion concentration and agitation
speed to achieve the optimized experimental condition. F
concentration was measured with Nova 60 spectroquant®
photometer.

Materials and Methods

Instrument and chemicals :

Adsorbent preparation :

Adsorption experiments :
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Table 1 :

Adsorption isotherm / Kinetics model Mathematical formula Linear form Plot

Note:

Adsorption isotherm and Kinetics model with their linear form.

Langmuir Isotherm Q = Q K C /1+K C C /Q =C /Q +1/K Q C /Q vs C
Freundlich Isotherm Q = K C log Q = logK +1/n (log C ) log Q vs log C
Temkin Isotherm Q =B ln(K C )/b Q = B lnK + B lnC Q vs log C
Pseudo-1 order dq /dt =K (Q -q ) ln(Q -q )= ln Q - K t ln (Q -q ) vs t
Pseudo-2 order dq /dt =K (Q -q ) t/q =1/K Q +t/Q t/q vs t
Intra-particle diffusion q =K t +C q vs t

C = Equilibrium concentration (mg l ), Q = Amount of F ion adsorbed (mg g ), Q = Complete monolayer adsorption (mg g ), K = Langmuir
adsorption equilibrium constant(l mg ), K = Freundlich adsorption capacity( mg g . l mg ), n= Freundlich adsorption intensity, B =Temkin isotherm
constant(J mole ), K = Isotherm equilibrium binding constant (l g ),K = 1 order rate constant of adsorption(min ), K = 2 order rate constant of
adsorption (l.mg min ),q = Amount of adsorbate adsorbed at time t, K = rate constant for intra-particle diffusion (mg g .min )
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Table 4

Water quality parameters Before After

treatment treatment

: Physico-chemical parameters of defluoriation drinking water
from sampling area

Fluoride (mg l ) 4.12 1.36
pH 8.02 7.62
Electrical Conductivity (μS cm ) 842 644
Total Hardness ( mg l ) 232 206
Total Alkalinity (mg l ) 204 136

-1

-1
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-1

Table 3 :

Adsorption kinetic model Parameters Value

Pseudo –1 order, Pseudo – 2 order and Intra-particle diffusion
parameters for adsorption of F .

Pseudo-1 order Q exp (mg g ) 2.58
Q , cal (mg g ) 1.95
K (min ) 0.032
R 0.945

Pseudo-2 order Q exp (mg g ) 2.58
Q , cal (mg g ) 2.577
K (l.mg min ) 0.010
R 0.860

Intra-particle diffusion K (mg g .min ) 0.275
C (mg g ) 0.32
R 0.991
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Table 2 :

Adsorption isotherm model Parameters Value

Isotherm parameters obtained using the linear method for the
adsorption of fluoride onto limonite at 298K

Langmuir isotherm Q (mg g ) 0.269
K (l mg ) 2.283
R 0.992

Freundlich isotherm K ( mg g . l mg ) 1.197
n 2.793
R 0.979

Temkin isotherm K (l g ) 2.036
B (J mole ) 1.626
R 0.990

m
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The F ion concentration retained in the adsorbent
phase, Q ( mg g ), was calculated according to the following
(Sajana ., 2009) Eq. (1)

Q = C - C /W (1)

where, Q is the amount of F ion adsorbed (mg g ), C
and C are the initial and residual concentration at equilibrium
(mg l ), respectively, of F in solution, and weight of the
adsorbent is expressed as W (g).

Three most popular isotherm models
have been used to describe the possible mechanism of
adsorption of F ion onto the surface of limonite. Langmuir,
Freundlich and Temkin isotherm models are used and their
mathematical expression is given in Table 1.

To understand the kind of kinetics,
work during defluoridation at the surface of limonite, three
adsorption kinetics models have been studied. The
mathematical expression and their linear form of Pseudo- 1
order, Pseudo- 2 order and Intra-particle diffusion given in
Table 1.

In adsorption process, contact time plays a very
important role. The effect of contact time on adsorption of F
ion onto the surface of limonite was studied. Batch
adsorption studies using 1.25 g of the adsorbent and different
concentrations 2.0 mg l , 3.0 mg l , 4.0 mg l , 6.0 mg l , 8.0
mg l and 10.0 mg l of F at 298K were carried out as a
function of time to evaluate the removal of F and adsorption
rate constants. Adsorption of F increased with time and
gradually attained equilibrium after 120 min. It was clear that
the time taken to reach equilibrium conditions appeared to be
independent of initial F concentration. Therefore, 120 min
was fixed for minimum contact time for maximum
defluoridation of the adsorbent. Adsorption of F decreased
from 86 to 45% on increasing F concentration from 2.0 to
10.0 mg l . Further, it was observed that removal curves of F
were continuous and smooth, which highlights the possibility
of formation of monolayer coverage of F at the interface of
the adsorbent (Alagumuthu ., 2010). Further for all the
experiments, standard solution of F 3.0 mg l was used
because of maximum removal percentage (86%).

The effect of particle size on defluoridation was
examined by using limonite with five different particle sizes
viz. >53 μm, 53-106 μm, 106-150 μm, 150-225 μm and 225-
303 μm. However, it is a surface phenomenon, removal
efficiency of the adsorbent with size 53 μm was found higher
defluoridation capacity due to larger surface area. This was
due to surface area related with the number of the active pores
of the adsorbent. With decrease of particle size, number of
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Adsorption isotherm :

Adsorption kinetics :

Results and Discussion

active pores increased. The access to all pores is facilitated in
small size particles (Gupta ., 2004; Streat ., 1995).
Hence, the limonite with a particle size of 53 μm was selected
for further experiments.

The effect of varying concentrations (0.1 -2.5 g) of
adsorbent on the adsorption of F at pH 7±0.3 (pH meter,
Elico Model 1012) was studied. With increase of the
adsorbent dose removal of F was observed to be proportional
to some extent. After that, the curve lapsed as flat, indicating
higher F adsorption occurring at 1.25 g and beyond remained
constant. In order to determine the kind of surface adsorption,
distribution coefficient (D ) was used. A distribution
coefficient D reflects the binding ability of the adsorbent
surface for an element. The D values of a system mainly

et al et al
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depend on the type of adsorbent surface and pH ( Sajana .,
2009; Alagumuthu ., 2010 ) It is expressed in (Eq.2)

D = C /C (2)

Where C is F concentration in the solid particles (mg kg )
and C is the concentration in water (mg l ) after passing
through adsorbent. It was observed that the distribution
coefficient D increased with increases of the limonite dose,
indicating the heterogeneous surface of the limonite
(Veeraputhiran and Alagumuthu, 2011). At constant pH, the
value of D increases with limonite concentration. If the
surface is homogenous, the D values at a given pH (7±0.3)
should not change with adsorbent concentration
(Alagumuthu ., 2010). Thus, it was concluded that
adsorption of F onto limonite was kind of heterogeneous
adsorption and 1.25 g of limonite was used for all the
forthcoming experiments (optimized value).

In batch adsorption technique, agitation speed is one
of the important factors. The effect of agitation speed of
adsorption of F ion onto limonite was studied over the range
of 100-400 rpm for 2 hr with 100 ml of standard solution
containing 3.0 mg l of F ions and 1.25 g of limonite. The
results indicate that with increase of agitation speed
adsorption percentage increases and maximum adsorption of
84.4% was seen at 250 rpm. At low speed, percentage of
adsorption of F ion onto limonite were lower because of low
speed limonite particles could not spread properly in the
solution for providing the active binding surface for the
adsorption of F ions (Tan ., 2008). 250 rpm showed
maximum adsorption because at this speed, maximum mass
transfer of F from bulk to the active surface site of the
limonite was possible and beyond it adsorption attained
equilibrium.

The isotherm analysis for F adsorption onto the
limonite at pH 7.0±0.3 and 298 K is shown in Fig.1a, 1b and
1c. Results indicate that the adsorbent have high affinity for F
adsorption under these conditions. The equilibrium data was
determined by using linear regression of the isotherm model
equation, viz., Langmuir (Fig. 1a), Freundlich (Fig. 1b) and
Temkin (Fig. 1c). The related parameters were obtained by
calculating values of slopes and intercepts of the respective
linear plots as shown in Table 2. The experimental results fit
into the Langmuir and Temkin isotherm models and obtained

et al

et al

et al

et al

c s w

s

w

c

c

c

- -1

-1

-

-

-1 -

-

-

-

-

-

R > 0.99. The average monolayer adsorption capacity (Q )
obtained for limonite was 0.269 mg g . The experimental
results indicated that adsorption was due to the Langmuir
monolayer surface adsorption. The Freundlich isotherm
model, described the data comparatively better (R =0.979).
The Freundlich adsorption constant (K ) obtained from the
linear plot was 1.197 (Table 2). The Freundlich coefficient
(n), 2.793, indicated favorable adsorption of F ion. The value
of n >1 indicated cooperative adsorption (Ozacar and Sengil,
2005). Although values of Freundlich coefficient (n) between
2-10 represents the beneficial adsorption (Mohapatra .,
2004; Sarkar ., 2006; Daniel ., 2015). The linear plot
for Temkin adsorption isotherm, based on chemisorptions,
relatively described the present isotherm data as R = 0.990.
This indicates that adsorption of F onto the adsorbent might
be attributed to chemisorptions with physical forces. From
the value of R ( Correlation coefficient) the order of isotherm
model can be as follow Langmuir> Temkin> Freundlich
isotherm.

For Pseudo-1 order values of adsorption rate
constant (K ) for F adsorption was determined from the plot
ln (Q -q ) vs (t) shown in Fig.2(a). From the slope and
intercept values of K and Q were calculated which shown in
Table 3. The 1 order rate constant, K , Q and R determined
from the model indicate that this model failed to estimate Q
since the experimental value of Q differed from the
estimated one. Pseudo-2 order model is based on the
assumption that during the adsorption process, there are
chemical interaction between functional group of adsorbent
(limonite) and adsorbate (F ) (Bulgariu and Bulgariu, 2012;
Dong-Luo ., 2013) The plot of (t/q ) vs (t) gave a linear
relationship (Fig. 2b) of the Pseudo-2 order model, and
helps in calculation of Q , K and R . The coefficient of
correlation for 2 order kinetic model was equal to 0.860.
Pseudo-2 order parameters are given in Table 3. Both
Pseudo 1 order and Pseudo 2 order model given thespecific
uptake value at equilibrium, which is defined as Q but the
value obtained for Q by Pseudo 2 order model was
close to the experimental specific uptake value Q ,
whereas for Pseudo 1 Order model, Q is lower than Q
(Table 3). The experimental result of this study was best fit
and accomplished by the application of Pseudo-2 order
kinetic equation. The values of the intra-particle diffusion
model i.e K and C were obtained from the slopes and
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Table 5

Material Removal capacity mg g of F Adsorbent dose (g) pH Mode of operation Reference

: Comparative study for the adsorption capacities of selected geomaterial

Jajarm Bauxite 0.087 15.0 7.0 Batch Malakootian ., 2015
Activated Silica gel 0.244 4.0 2.0 Batch Mondal .,2012
Bauxite 1.8 1.8 6.0 Batch Chaudhari and Sasane, 2014
Limonite 2.208 1.25 7.03 Batch Present Study

-1 -

et al

et al
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Fig. 2b : Adsorption of F at 298K through Pseudo-2 order plot using
linear method (at optimized condition, pH=7±0.3, adsorbent amount=
1.25 gm, agitation speed= 250 rpm and initial F concentration= 3.0 mg l )
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Fig. 2a : Adsorption of F at 298 K through Pseudo-1st order plot using
linear method (at optimized condition pH=7±0.3, adsorbent amount=1.25
gm, agitation speed= 250 rpm and initial F concentration=3.0 mg l )
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Fig. 2c : F adsorption at 298 K through Inter-particle diffusion model
using linear method (at optimized condition pH=7±0.3, adsorbent
amount= 1.25 gm, agitation speed= 250 rpm and initial F concentration=
3.0 mg l )
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Fig. 1a : Plot of Langmuir isotherm for the adsorption of fluoride on
limonite adsorbent at 298K using linear method (at optimized condition,
pH=7±0.3, adsorbent amount=1.25 gm, agitation speed= 250 rpm and
initial F concentration=3.0 mg l )
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Fig. 1b. Plot of Freundlich isotherm for the adsorption of fluoride on
limonite adsorbent at 298K using linear method (at optimized condition,
pH=7±0.3, adsorbent amount=1.25 gm, agitation speed= 250 rpm and
initial F concentration=3.0 mg l )
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Fig. 1c : Temkin isotherm plot for adsorbent efficiency at 298K using
linear method (at optimized condition, pH=7±0.3, adsorbent
amount=1.25 gm, agitation speed=250 rpm and initial F
concentration=3.0 mg l )
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Fig. 3 : X-ray diffraction of (a) untreated limonite and (b) F- treated

limonite
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intercepts of the plot, q v/s t . The Fig. 2c shows that all the
lines not passes through the origin and thus, it can be
concluded that the surface adsorption and intra-particle
diffusion both occur simultaneously. Divergence from origin
or near saturation was due to difference in mass transfer rate
between initial and final stages of adsorption. Further, such
divergence from the origin indicates that the pore diffusion is
not the only rate limiting step (Cheung ., 2007; Mondal

., 2012). The intra-particle diffusion parameters are given
in Table 3. The correlation coefficient R showed that the
intra-particle diffusion model fits better (>0.99) with the

t

0.5

2

et al et

al

experimental results than Pseudo-2 order and Pseudo-1
order model. (Table 3)

In order to understand the mechanism and nature of F
adsorption onto limonite various instrument such as, FT-IR,
XRD and SEM were used. FT-IR was done in order to
determine the type of functional group present in limonite,
which promotes the adsorption of F onto limonite. Whereas,
XRD and SEM were analyzed for both untreated and F ion
treated limonite. Powdered limonite was used to study X-ray
diffraction (Model PANalytical instrument, Germany) on
untreated and F treated limonite (Fig. 3a). The appearance of
new bands and disappearance of old bands/shifts and
decrease in the transmittance percentage indicates the
adsorption of F ion onto the limonite surface (Fig.3b).
Fourier Transmission–IR (model 370, Thermo scientific,
USA) analysis give the information about the nature of
functional group present in the limonite. The band or shift
appears 3911.0-3602.0 cm . It indicates the presence of –OH
group, which might be involved in the F ion removal through
ion-exchange. Other bands appeared at 2364 cm , 1824 -
1610 cm 1504 cm , 1236.0-1010 cm , 884-508.0 cm
which assigned to C=C stretching, C=O stretching of ester,
anhydrides, carboxylic or amides, C-O stretching of ether and
N-H deformation of amide respectively (Fig. 4).

Thus, spectral analysis of limonite are clearly showed
that the hydroxyl group (-OH), carboxyl (-COOH) and
carbonyl (C=O) group were leading contributors in F uptake
by the limonite (Geetanjali and Nilanjana, 2014). COO also
plays a vital role in F ion removal through anion exchange
(Karthikeyan ., 2005). Scanning electron microscope
(Model 6390LV, Germany) analysis helps us to know the
morphology of surface sites. The SEM images of untreated
and treated limonite were quite different in surface texture,
flock and level of porous surface. The SEM image of
untreated limonite showed the different porous layer and
surface appear irregular (Fig. 5a). The pours and size of
showed irregular in treating limonite might be due to F
adsorption. The appearance of different surface of treated
limonite confirms the layer of F ion on the surface (Fig.5b).

The possible mechanism for the adsorption of F ions
were specified and involved ligand exchange between
hydroxyl ions (-OH) and F ion according to the following
Eq.(3) and (4) (Alain, 2006)

FeOH + H FeOH (3)

FeOH + F FeF + H O (4)

The defluoridation efficiency of limonite was also
examined in field trial. 100 ml of groundwater sample was
collected from nearby fluoride-endemic village which
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Fig. 4 : FTIR of limonite at 298K

3500 3000 2500 2000 1500 1000

Wave number cm
-1

A
bs

or
ba

nc
e 

un
it

s 0.020

0.015

0.010

0.005

0.000

O-H Streching C=O Str. for COOH group 633

668

12361010
884

3724

3824 3689

36283911

3602

2364

1824 1504

1740
1610



On
lin

e C
op

y

Journal of Environmental Biology, September 2016

925

contained 4.12 mg l of F . About 1.25 g of limonite added to
100 ml of sample and the contents were shaken with constant
time for 2 hr at room temperature (298K). The results are
presented in Table 4. 66.9% of reduction of F concentration
was observed. The maximum adsorption (Q ) for limonite
obtained 2.208 mg g shown in Table 5.There is also
significant reductions in the levels of other water quality
parameters were observed in addition to F . It is evident from
the result that the limonite can be effectively used for
removing the F from water.

There are several types of geomaterial used as
adsorbent such as bauxite, silica gel, kolinite, jajram bauxite
etc. for F removal in aqueous condition. (Malakootian .,
2015; Chaudhari and Sasane, 2014; Mondal .,2012;
Sugita ., 2005). The adsorption capacities of various
adsorbent are compared with limonite given in Table 5. From
comparison limonite finds better to many other adsorbents
reported in the relevant literatures.

For checking the regeneration capacity of limonite,
0.1 to 0.5 M of NaOH solution has been used. At 0.2 M NaOH
concentration, limonite had desorbed up to the level of 71.2%
of F . To test adsorption potential of regenerated adsorbent,
two more cycles of adsorption-desorption studies were
carried out by maintaining the initial conditions of the same.
In 3 cycle, the adsorbent capacity has shown 21.5%. From
the observation this adsorbent having somewhat reuse
potential for F removal.

Limonite is an easily available material and requires
minimal processing without advanced setup for

-1 -
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-

-

-

-

rd

-

e

et al
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defluoridation. Limonite has been used as an adsorbent due
to its cost beneficial and good regeneration properties. In
future the present work can be extent for the removal of F
selectively from water, in large scale by applying simple set
up.

-
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