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Excessive fluoride in potable groundwater is a serious health problem in rural areas of many developing countries.(e presence of
a small amount of fluoride in potable water is beneficial to human health, but a high amount (>1.5mg/L) has adverse effects. (e
present study is aimed to prepare a new cost-effective adsorbent of kaolin clay that can be used as a valuable defluoridating agent.
Characterization of the prepared adsorbent was carried out using DSC, FTIR, TGA, and XRD. Also, the surface area of the
adsorbent was measured by BETanalysis. (e clay was activated with concentrated H2SO4, and the effects of various experimental
parameters such as temperature (25, 40, 50, and 60°C), pH (2, 4, 6, and 8), particle size (<0.075, 0.075–0.15, and 0.15–0.30mm),
contact time (30, 60, 90, 120, and 150min), and dose of the adsorbents (0.5, 1, 1.5, 2.0, and 2.5 g) were investigated using a batch
adsorption method. (e specific surface area of raw and activated clay was found to be 10.598m2/g and 5.258m2/g, respectively.
(e optimum fluoride removal by both adsorbents was obtained at pH 4, temperature 50°C, particle size 0.075mm, and 60min. In
both adsorbents, the degree of fluoride removal was increased with a decrease in the particle size of the adsorbent and increased
contact time and dosage of the adsorbent. In all parameters, adsorption by activated clay was better than raw kaolin clay for
retaining fluoride. (e obtained data were well fitted with Freundlich and Langmuir isotherm models.

1. Introduction

Nowadays, technology is playing a major role in energy,
environment, and green technology environment [1–10].
Fluoride ion exists in natural waters, and it is a vital
micronutrient in humans in avoiding dental caries and in
facilitating the mineralization of hard tissues, if taken at a
suggested range of concentration [11]. (e World Health
Organization (WHO) has established a guideline of
1.5 mg/L for fluoride in drinkable water [12]. Higher
concentration than this rate can cause fluorosis (dental
and skeletal) and numerous types of neurological harm
in harsh cases, such as cancer, damage kidney, liver,
nervous systems, thyroids, respiratory problems, Alz-
heimer, and reduce pregnancy [13].

(e incident of high fluoride concentrations in un-
derground water and the risk of fluorosis allied with using
such water for human consumption are troubles faced by
many developing countries, particularly Rift Valley

countries such as Ethiopia [14]. Ethiopia is the most
impacted nation in Africa by the fluoride problem. In
Ethiopia, the concentration of fluoride in the potable
water sources has been reported above 33mg/L [15].
Based on the Ministry of Energy and Water of Ethiopia,
the supply of drinking water in the rural Rift Valley region
depends on groundwater [16, 17]. Presently, many people
are used to drinking water from bore wells in the Rift
Valley, and fluorosis becomes a serious health problem
[18, 19].

(ere are several fluoride removal techniques reported
in the literature including chemical precipitation [9],
membrane processes, reverse osmosis [20, 21], adsorption
[22, 23], ion exchange, and electrocoagulation [24, 25].
However, the use of these techniques is limited by high
operational cost and ineffective removal efficiency. Ad-
sorption is predicted as the most effective, capable, and
widely used crucial method in the water and wastewater
treatment processes [26].
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Different types of adsorbent materials such as activated
carbon [27], clay [28], fluorspar and quartz [29], fly ash [30],
kaolinite [31], bone char [32], red mud [33], and bentonite
[34] have been employed to find out which one is eco-
nomically feasible for defluoridation. Kaolin clay and clay
minerals are naturally plentiful, renewable, and environ-
mentally sustainable [35–37]. (ey are considered as strong
adsorbents [38] due to their low cost, sorption properties,
and ion exchange perspective.

Clay is a simple sedimentary material composed mostly
of fine particles of hydrous aluminium silicates and other
minerals and impurities [39]. Both clay powder and fired
clay are capable of sorption of fluoride as well as other
pollutants from water. (e ability of clay to clarify turbid
water is well known. (is property is believed to have been
known and utilized at the domestic level in ancient times
[38]. (e present study intends to remove fluoride from
groundwater using economically effective and locally
available kaolinite clay adsorbents. Raw clay and acid-treated
kaolinite clay have been characterized using DSC, FTIR,
TGA, and XRD. Also, the surface area of the adsorbent was
measured by BET analysis. (e effects of operating pa-
rameters such as temperature, pH, particle size, time, and
adsorbent dosage were studied in a batch adsorption ex-
periment. Adsorption isotherms were also studied.

2. Materials and Methods

2.1. Materials and Chemicals. Natural kaolin clay was col-
lected from the local area, Debre Tabor town, specifically
Gasay in the Amhara Region, Ethiopia. All laboratory grade
reagents such as sodium hydroxide (NaOH), distilled water,
liquid nitrogen, and sulfuric acid (H2SO4) were used without
any purification.

2.2. Preparation of Adsorbents. (e raw kaolin clay was
benficiated in order to remove and purify kaolin from other
combined impurities such as soluble salts, metallic oxides,
and impurities (pebbles and quartz) from the clay. (e
beneficiated clay was dried at 105°C for 2 h. After effective
drying, it was crushed by using a jaw crusher and then
sieved through <0.075, 0.075–0.15, and 0.15–0.3mm sieve
sizes. (e powder of clay was calcined at 750°C for 2 h using
the muffle furnace (Nabertherm B180) for processing into
metakaolin and then was cooled for 1 h. (e essence of this
is to dehydroxylate the beneficiated kaolin to form an
activated amorphous material called metakaolin. Fur-
thermore, metakaolin was activated by using 2M of H2SO4
for 12 h at room temperature to split into silica and alumina
components. (en, the sample was washed continuously
with distilled water to remove acid and made it to neu-
tralize. After all, the sample was dried at 105°C for 12 h in
the oven, and finally, samples were kept in a desiccator for
further analysis.

2.3. Preparation of Fluoride Concentration. (e solution of
fluoride was prepared using distilled water by diluting the
prepared stock solution (100mg/L) to preferred

concentration. Sodium fluoride (NaF) with a purity of 97%
was used as a source of stock solution. (e known fluoride
concentrations were prepared, and their absorbency values
were measured from the UV/VIS spectrometer.

2.4. Experimental Design and Descriptions. A measured
amount of the fluoride tap water sample (100mL) was taken
in a 250mL conical flask for the batch experiment. In the
conical flask, calculated amount of the adsorbent powder
was added and stirred with a magnetic stirrer on a hot plate
at 300 rpm.(e batch adsorption experiment was performed
for a wide range of temperature (25, 40, 50, and 60°C),
contact time (30, 60, 90, 120, and 150min), solution pH (2, 4,
6, and 8), particle size (<0.075, 0.075–0.15, and
0.15–0.3mm), and adsorbent dosage (0.5, 1, 1.5, 2, and
2.5 g). At the closing stages of each test, a little amount of the
solution was taken at a fixed time, and the residue was
filtered. After the adsorption experiment, the absorbency
value of the solution was measured. (e final fluoride
concentration was calculated from the calibration curve.(e
percentage of removal of fluoride was calculated by equation
(1), and the equilibrium state concentration of fluoride
adsorbate in the solid phase (Qe, mg/g) was determined by
equation (2):

(%)adsorption �
Co − Ce

Co
∗ 100, (1)

adsorption capacity (Qe) �
(Co − Ce)V

M
, (2)

where Co is the initial fluoride concentration (mg/L), Ce is
the residual fluoride concentration in the liquid phase at
equilibrium (mg/L), m is the amount of the adsorbent (g),
and v is the volume of the solution (L).

2.5. Analysis and Characterization. (e absorbency value of
the fluoride concentration was analyzed using a UV/VIS
spectrometer (Lambda 35 Ferkin Elmer) at wavelength
620 nm after scanning of fluoride solution [40]. (e specific
surface areas of raw and activated adsorbents were analyzed
by the Brunauer–Emmett–Teller (BET) model NOVA 4000 e
analyzer. Fourier-transform infrared (FTIR) spectra were
found in the range of 400–4000 cm−1 to examine the major
functional group present in kaolin clay and the percentage of
transmittance by using JASCO model 4100 before and after
adsorption for both adsorbents. (e quantitative and
qualitative characterization of phases, crystalline, and the
number of amorphous phases present were characterized by
using an X-ray diffractometer (Min 3740) by a continuous
scanning axis of 2θ with a scan range of 10–80°. (ermal
property and mass loss of the kaolin adsorbent were ana-
lyzed by thermogravimetric analyzer (SDT Q600) with
liquid nitrogen from a temperature of 20 to 1000°C.

3. Results and Discussion

3.1. Characterization of Kaolin Adsorbents. In this study,
kaolin adsorbents were characterized based on surface
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functional groups, textural surface area, thermal stability,
and crystallite. (e effect of operational conditions such as
contact time, temperature, solution pH, adsorbent dosage,
and particle size was also studied in the batch experiment.

3.2. FTIR Analysis. (e major functional group present in
kaolin was revealed by the FTIR analysis, FTIR on four
samples was analyzed, and these are raw kaolin (before and
after adsorption) and activated kaolin (before and after
adsorption). Both samples illustrate the same major picks,
but their transmittance percentage intensity showed a broad
range of difference as presented in Figures 1(a) and 1(b).(e
absorption bands observed at 3481 cm−1 and 1659 cm−1

could be corresponding to the OH vibration mode of the
hydroxyl molecule, and the bands between 3450 and
3670 cm−1 are attributed to the OH stretching mode. In the
1000 cm−1 and 500 cm−1 region, the main functional groups
were Si-O and Al-OH. (e region at 780–798 cm−1 is due to
Si-O-Si intertetrahedral bridging bonds in SiO2 and OH
deformation band. When comparing the adsorbents, acti-
vated kaolin showed the lowest pick due to the replacement
of the fluoride ion on the active surface of the adsorbent. It
can also be observed that the bending shape of the adsorbent
before adsorption has a high transmittance value than after
adsorption.(is attributes due to the occupation of all active
site adsorbates by fluoride molecules after adsorption. (e
obtained results ensure that the surface of adsorbents was
occupied by fluoride molecules, and due to this, transmit-
tance has been decreased after adsorption. (is is because
the number of ions adsorbed is high on the adsorbent
surface, and the ability of light to transfer through the
surface of the adsorbent is low [41].

3.3. Surface Area Analysis. (e BET was performed on ac-
tivated and raw kaolin clay to evaluate the surface area. (e
BET result presented in Table 1 shows that smaller particle
sizes had larger surface areas. Activation of kaolin clay has
tended to increase the surface area of the adsorbent through
removing the volatiles or impurity from the surface of the
adsorbent. To develop high surface area and porosity of the
adsorbent to maximize adsorption efficiency, the material
needs to be carbonized at low temperature followed by
chemical activation [42]. It has been notified from the result
that the surface area for both raw and activated adsorbents is
higher as compared to the surface area of 10.598m2/g
(activated clay) and 5.258m2/g (raw clay) result reported by
Srinivasan [43] at less than 0.075mm particle size.

3.4. .ermogravimetric Analysis of Kaolin Clay.
Differential scanning calorimetry (DSC) and thermog-
ravimetry analysis (TGA) have been used to study the
thermal effects during the fluoride ion adsorption process.
(e dependence on water absorption has been studied with
the kaolin clay powder. Studying the thermal property of
kaolin clay by using thermogravimetry analysis is important
to know the temperature resistance of silicon, aluminum,
and other complex functional groups [44].(ermal property

and mass loss of the kaolin clay adsorbent were analyzed by
thermogravimetric analyzer (SDT Q600) with liquid ni-
trogen from a temperature of 20 to 1000°C. (e result is
presented in Figure 2. It has been showed that activated
kaolin clay was found to be structurally stable from 300 to
750°C, and above this temperature, a new spinal-like phase
was formed. From this, it can be decided that activated
kaolin clay can be used for the removal of fluoride from
groundwater. A large release of volatile matter and moisture
content were observed concurrent with weight loss and
endothermic reaction in the TGA value. (e intensive mass
loss is observed from 75°C to 200°C, which corresponds to
removal of surface moisture, and from 300°C to 430°C, slight
mass loss has been observed which represents volatile matter
and removal of the interior.

3.5. X-Ray Diffraction (XRD) Analysis. XRD stated the
structural faults in kaolin because of variability in the peak
situation and inflection of their intensity in the kaolin XRD
pattern. XRD identification of order and disorder is inter-
esting because of overlapping peaks and boundaries in
kaolinite. Activated kaolinite prepared has three main in-
tensity diffraction peaks at 2θ values of 19.075°, 32°, and
33.5°, and also, less intensity result has been observed at 2θ
67.6°, 61°, 18.7°, 49.5°, and 78.8°. (e activated kaolin clay
notifies some amorphous structures at some diffraction
peaks. At 2θ values of 21°, 24.1°, 15.12°, and 27.2°, an
amorphous structure is observed as displayed in Figure 3.
(e XRD pattern also shows that the peak which lies in the
range of 20–30° is indicative of the degree of crystalline
which is a basic property for the adsorption process. (is
designated that most of activated kaolin clays were crys-
talline which enhances the removal capacity of the fluoride
ion on the surface of the adsorbent.

3.6. Effects of Operating Parameters

3.6.1. Effect of Temperature. (e temperature dependence of
fluoride adsorption by raw clay and activated kaolin clay was
intentioned with the range of 25–60°C at pH 4, fluoride
concentration 25mg/L, and at less than 0.075mm particle
size. (e percentage of adsorption of the fluoride ion at 1 h
contact was found to be 42.3, 50.2, 56.4, and 55.53% for raw
clay and 57.2, 61.27, 68.2, and 67.02% for activated clay,
respectively. (e graph of the temperature against fluoride
adsorbed by the material at four different temperatures is
presented in Figure 4. It has been shown that the increase in
the percentage of fluoride removal at higher temperatures
confirms that the process is endothermic. (is is because at
higher temperatures, the interface between the fluoride ion
and the adsorbent increased with the temperature. (e first
stage (25°C–40°C) of the adsorption process corresponds to
external surface adsorption or instantaneous adsorption
stage. (e second stage is that when the temperature in-
creases (40°C–50°C), the adsorption stage gradually in-
creases. In this model, the clay mineral is treated as being
surrounded by a boundary layer film of water molecules
through which the fluoride ion must be diffused before
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adsorption on the clay surface. (e subsequent segment
amount indicates primarily intraparticle dispersion. (e
dispersion transport of fluoride occurs through the inner
pores of the adsorbent.(e third location of the curve shows
(50°C–60°C) the decline in the rate of diffusion getting an
equilibrium stage. (e inspection about the enhanced
fluoride adsorption rate by the adsorbent at higher tem-
perature is in perfect agreement with the earlier finding
[36, 38, 39].

3.6.2. Effect of pH. (e effect of pH for removal of fluoride
by raw kaolin and activated kaolin clay adsorbents was
studied at pH of 2, 4, 6, and 8. Other parameters were fixed;

the temperature was 50°C, the particle size was ≤0.075mm,
the dose was 1 g, and the contact time was 1 h. As shown in
Figure 5, when initial pH of solution increased from 2 to 4,
the percentage of removal of fluoride increased from 45.9 to
56.4% and 57.2 to 68.2% for raw kaolin clay and activated
kaolin clay, respectively. However, as solution pH increased
from 4 to 8, the percentage of fluoride removal decreased
from 56.4 to 30.4% and 68.2 to 41.06% for raw kaolin clay
and activated kaolin clay, respectively. (is is because the
clay contains Al2O3 which acts as an anion on the active site
of the adsorbent. Increasing the pH value leads to an increase
in the number of negatively charged sites (the hydroxyl ions,
OH−) on the adsorbent; as a result, the percentage of fluoride
removal decreased. (is is in all probability due to the

Table 1: Summary of BET surface area results of different particle sizes of adsorbents.

Particle size (mm) Surface area of activated clay (m2/g) Surface area of raw clay (m2/g)
<0.075 10.598 5.258
0.075–0.15 7.498 3.312
0.15–0.30 7.396 2.504

0 200 400 600 800 1000
0

2

4

6

8

10

12

14

M
as

s l
os

s (
m

g)

Temperature (°C)

TGA

(a)

DSC

0 200 400 600 800 1000 1200
–0.20

–0.15

–0.10

–0.05

0.00

H
ea

t fl
ow

 (µ
V

)

Temperature (°C)

T = 161°C

T = 295°C

T = 760°C
T = 972°C

T = 943°C

(b)

Figure 2: (ermogravimetric analysis of the kaolin clay adsorbent.
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Figure 1: FTIR result of (a) activated kaolin and (b) raw kaolin before and after adsorption of fluoride.

4 International Journal of Chemical Engineering



competition for adsorption sites between fluoride and hy-
droxyl ions at the clay surface. (ese effects provide more
support to earlier findings that the adsorption of anions on
kaolin minerals declines as pH of the solution increases [44].
(e drop-off in adsorption of fluoride with an increase in pH
has been explained on the root of a decrease of positive
charge on the clay minerals. At minor pH, the positively
charged ion exterior on the adsorbent does not favor the
sorption of anionic (H+) solution due to the repulsion of
electrostatic force emerging between positively charged
particles of the solution and the adsorbent surface. (is is
due to the maximum attraction between fluoride and ad-
sorbent active site, and thus, the adsorbent surface is fully
occupied by fluoride. At all pH, the percentage of removal of
fluoride on activated kaolin clay is greater than that on raw
kaolin clay. (e optimum removal of fluoride for adsorbents
was found at a pH value of 4. Besides, pH at point of zero
charge (pHpzc) was obtained as 6.5. (us, when pH of
aqueous solution is under pHpzc, the active surface of the
kaolin adsorbent becomes positively charged. However, at

pH above pHpzc, the surface of the adsorbent is negatively
charged, and there is strong electrostatic attraction between
the fluoride molecule and the surface group. On the con-
trary, the effects of the pH value on the fluoride adsorbent
from aqueous solution using the kaolin adsorbent were
investigated. (e highest adsorption of pH for this material
studied was obtained at pH 4.0. (is effect can be attributed
to the acid-base properties of hydroxyl groups that might be
present on the adsorbent surface, and the fluoride species in
solution resulted in deprotonation and protonation of the
kaolin surface.

3.6.3. Effect of Particle Size. (e percentages of fluoride
removal with different particle sizes of the powder were
premeditated. (e result is present in Figure 6. (e ex-
periment was conducted by using three different particle
sizes of <0.075, 0.075–0.15, and 0.15–0.30 μm at the tem-
perature of 50°C, pH value of 4, and adsorbent dosage of 1 g
for 1 h. It has been observed that the higher percentage
removal of fluoride was recorded 56.4% and 68.2% of by raw
and activated kaolin clay, respectively. (is is due to the
availability of more surface area and void fraction on the
surface of the adsorbent [45]. (e adsorption process is a
surface event; the fluoride removal efficiency of the sample
with 0.075 μm registered higher efficiency due to larger
surface area and available porosity. At all particle size ranges,
the percentage of removal of fluoride on activated kaolin clay
is greater than that on raw kaolin clay because activation of
the raw clay increases the porosity of the adsorbent by re-
moving the impurities such as ferrous oxide, sodium, and
magnesium present in the adsorbent.

3.6.4. Effect of Contact Time. To examine the minimum time
required for the maximum performance of the adsorbent
process, the contact time varies from 30 to 150min at a
minimum dose of 1 g/100mL, pH 4, and temperature of
50°C with different particle sizes (<0.075, 0.075–0.15, and
0.1–0.30mm). From Figures 7(a) and 7(b), it can be observed
that the removal efficacy was increased with increased
contact time rapidly up to 60min. Further increase in the
contact time was not effective to improve adsorbent effi-
ciency. However, it gradually approaches to a constant value
exhibiting the fulfillment of equilibrium. (e sorption re-
action process indicates that it has been followed by a pattern
of the two phases. (e first phase was the rapid phase where
the rate of removal was very rapid, and this had occurred in
initial 60min.(is may be due to the instantaneous sorption
reaction in which fluoride ions were adsorbed rapidly on to
the exterior of the raw and activated kaolin clay due to
specific chemical interaction or affinity of the adsorbent
active site and fluoride ion. After 60min, the rate of sorption
was decreased because of minor sorption. Consequently, the
movement of fluoride ions was from the boundary layer to
the interior pore. From the result, a related trend was viewed
for contact time and sorption efficiency of raw and activated
kaolin clay. However, percentage of removal of raw clay
increased from 18.6 to 54.4 for the first 60min while that of
activated clay increased from 42 to 68%. While there was no
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significant decrease in the percentage of removal of fluoride
after 60min for adsorbents, an equilibrium time of 60min
was taken, and this was employed in all subsequent ex-
periments [29].

3.6.5. Effect of Dosage. (e effect of adsorbent dosage on
fluoride adsorption on raw and activated kaolin clay at a
contact time of 60min, temperature of 50°C, and pH value
of 4 for 1 h was studied. (e percentage of removal of both
raw and activated clay particles at various dosages
(0.5–2.5 g) was examined. (e results are presented as
percentage of fluoride removal versus adsorbent dosage in
Figure 8. From Figures 8(a) and 8(b), it has been shown that
the percentage of fluoride removal increases by increasing
sorbent dosage from 0.5 to 2.5 g and stayed almost constant
after 1.5 g of the sample in both raw clay and activated
kaolin clay samples.(is may be due to the configuration of

stable aluminum fluoride complexes at high primary
fluoride concentration. (e percentage of fluoride removal
increased from 23 to 61.4% for raw clay and from 35 to
74.1% for activated kaolinite clay. However, it can be
observed that, after the dosage of 1.5 g for the adsorbent
used, there was no significant alteration in the percentage
of removal of fluoride due to the overlapping of active sites
at higher dosage, thus reducing the net surface area. (ese
results were inconsistent with the experimental results
given by Ergun et al. [46] as a higher dosage of the ad-
sorbent causes overlapping of active sites. In order to secure
the minimum dosage adsorbent for the highest fluoride
removal, testing as a function of dosage was conducted.(e
increase in sorption capacity with an increase in adsorbent
dosage is observed since any adsorption process depends
upon the number of active sites present. (e same ex-
planation holds good for the increased percent removal of
activated clay than raw clay [29].

3.6.6. Adsorption Isotherm. Both Langmuir and Freundlich
isotherms were used in adsorption to be aware of the level and
scale of favorability of adsorption. (ese two most familiar
isotherm models were performed in the current study to an-
alyze equilibrium data of the solute between the adsorbent and
the solution. (e parameters gained from this special model
afford themain information on the adsorptionmechanism and
the surface properties and affinities of the adsorbent. Langmuir
adsorption parameters have been calculated by shifting
Langmuir equation (3) into a linear form as in equation (4):

qe �
qmkLCe
1 + kLCe

, (3)

1
Qe

�
1

Qm
+

1
KlQmCe

. (4)

(e values of qm and kL have been computed from the
intercept and slope of the Langmuir plot of 1/Qe verses 1/Ce,
respectively. (e correlated coefficients (R2) were computed
from both models. (e Langmuir isotherm can be stated
based on a dimensionless constant called the separation
factor (RL) which is defined as expressed by equation (5).
(e value of (RL) is tabulated in Table 2 to identify the
favorability of adsorption [47].

RL �
1

1 + kLCo
, (5)

where kL is the Langmuir constant relating to the energy of
the adsorption process (L/mg) and Co is the highest initial
fluoride concentration (mg/L).(e calculated value of RL for
the powder of activated clay and raw clay adsorbents was
0.35 and 0.136, respectively. So, the value of RL is the range
of 0 and 1 for the activated and raw clay adsorbent indicating
that the equilibrium adsorption has been favorable. (e
applicability of the Freundlich adsorption isotherm model
has been evaluated with experimental statistics. (e
Freundlich parameters have been determined by trans-
forming Freundlich equation (6) into a linear form as
mentioned in equation (7):
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Table 2: Types of the separation factor, RL of the Langmuir isotherm.

RL value Types of isotherm
RL obtained result

Activated clay Raw clay
RL> 1 Unfavorable — —
RL � 1 Linear — —
0<RL< 1 Favorable 0.35 0.136
RL � 0 Irreversible — —
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Qe � Kf +
���
Cen

√
, (6)

lnQe � lnkf +
1
n

 ∗ lnCe. (7)

(e Langmuir and Freundlich isotherm model pa-
rameter values are presented in Table 3. (e favorability of
adsorption of the Freundlich isotherm model can be
characterized in terms of its magnitude exponent n. If the
value of sorption intensity (n) is between 2 and 10, it
represents good, 1 to 2, quite hard, and less than 1, not good
adsorption behavior [48]. In this study, the value of n was
1.34 and 0.85 for activated clay and raw clay adsorbent,
respectively, which showed the favorability of adsorption
for activated clay is moderate and poor adsorption for raw
clay.

4. Conclusion

(is work presents a new low-cost adsorbent used for the
removal of fluoride from groundwater. A series of
defluoridation experiments was conducted and confirmed
that the total of fluoride removal is affected by factors such as
temperature, pH, particle size, adsorbent dose, and contact
time. (e result of the present investigation discloses some
important observations of fluoride adsorption, such as ac-
tivation and calcination of an adsorbent can significantly
increase the defluoridation capacity through increasing the
surface area and porosity by removing volatile matter from
the surface of the adsorbent. BETanalysis of the clay showed
that the smaller particle size that had a larger surface area
was found to exhibit better removal capacity. (e maximum
fluoride removal was found to be 75% which occurred in
60min with a fixed dose of 1 g activated kaolin clay. As the
contact time between the adsorbate and the adsorbent in-
creases, the rate of fluoride removal also increases up to the
equilibrium point and then becomes constant, and no sig-
nificant removal occurs. (e adsorption process follows the
Freundlich model, and the adsorption mechanism monitors
the entire particle dispersion which defines the surface
heterogeneity. At last, it can be concluded that the activated
kaolin clay adsorbent can be used as a low-cost, effective
alternative adsorbent for the removal of fluoride from
groundwater. It is recommended that this economical ad-
sorbent can be applied in an industrial scale to optimize the
treatment costs of their water treatment plant.
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