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A new biocomposite was prepared by incorporating inorganic ion exchanger namely zirconium(IV)
tungstophosphate (ZrWP) into the chitosan biopolymeric matrix. The sorption behaviour of fluoride
from aqueous solutions by this ZrWP/chitosan (ZrWPCs) composite has been investigated by batch tech-
nique. The fluoride sorption was studied as a function of contact time, pH, initial fluoride concentration,

competing co-ions and temperature. The defluoridation capacity (DC) of the adsorbent was found to be
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2025 mgF- kg~!. The composite was characterized using FTIR and SEM with EDAX analysis. The equilib-
rium sorption data were fitted to Freundlich and Langmuir isotherms. The kinetics of sorption was found
to follow pseudo-second-order and intraparticle diffusion models. The values of thermodynamic param-
eters indicate the nature of sorption is spontaneous and endothermic. The biocomposite was successfully
used for the removal of fluoride from the field water taken in a nearby fluoride endemic village.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The presence of fluoride in water may be due to natural and
anthropogenic sources. Fluoride ions present in aqueous environ-
ment are of great concern because of their possible accumulation
and damage to the human tissues. The World Health Organisa-
tion suggested a limiting concentration of 1.5mgL~! for fluoride
content in drinking water [1-3]. Excessive intake of fluoride
(>1.5mgL-1) leads to fluorosis. Recent research in the field of flu-
oride removal has focused on the development of sorbents with
increased affinity, capacity and selectivity towards fluoride [4-6].

Ion exchangers have played a vital role in the domain of water
treatment. In recent years, synthetic inorganic exchangers based
on tetravalent metals have been objects of considerable study
because of their selectivity towards the removal of toxic ions [7,8].
Zirconium-based ion exchangers have received attention because
of their excellent ion-exchange behaviour and some important
chemical applications in the field of ion exchange. The selectiv-
ity may be enhanced by varying the composition of the materials
[7-11].

Nowadays, technology is devoted to the development of new
materials which are able to satisfy the specific requirements in
terms of both the structural and functional properties. The mod-
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ern development of polymeric materials have introduced a new
generation of composites. The main advantage of the polymeric
composite materials resides in the possibility of combining the
physical properties of the constituents to obtain new structural or
functional properties. Composites can be shaped into any desired
form viz., beads, candles and membranes. Due to the possibility
of designing properties, polymeric composite materials have been
used for field applications.

The powdered zirconium(IV) tungstophosphate (ZrWP) cannot
be directly used in fixed bed columns or any other flow-through
systems because it cause excessive pressure drops. To circum-
vent such technological bottlenecks, polymeric hybrid composites
were prepared by dispersing powdered ZrWP particles onto
porous polymeric substrates. Styrene supported zirconium(IV)
tungstophosphate composite was prepared and used in the
exchange of cations and sorption of pesticides [10,11]. Currently,
the biopolymers namely chitin and chitosan possess the unique
properties like biodegradability, biocompatibility and bioactivity.
These biopolymers also play a promising role in the removal of
toxic ions present in water [6,12-14].

The main objective of the research work s to synthesize chitosan
supported ZrWP by dispersing ZrWP into the chitosan biopolymeric
matrix for fluoride removal. Various influencing parameters on the
defluoridation capacity (DC) of the composite viz., contact time, pH,
initial fluoride concentration, competing co-ions and temperature
were optimized. The equilibrium data was fitted with isotherms
and kinetic models. The suitability of the composite was tested with
a water sample collected from a fluoride endemic village.
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2. Materials and methods
2.1. Materials

Chitosan (85% deacetylated) was supplied by Pelican Biotech
and Chemicals Labs, Kerala (India). ZrOCl,-8H,0, Na,WO4-2H,0,
H3PO,4 and all other chemicals used were of analytical grade. For the
field study, water containing fluoride was collected from a nearby
fluoride endemic village.

2.2. Synthesis of ZriWPCs composite

ZrWPCs composite was synthesized by mixing the solutions
of ZrOCl,-8H,0 (0.1 M), Na;WO4-2H,0 (0.1 M), H3PO4 (0.1 M) and
chitosan in the volume ratios of 1:1:3:1 respectively with constant
stirring. The gel so obtained was left undisturbed for 24 h. Then the
composite gel was washed with distilled water until the neutral pH
reached and dried at 60 °C in an oven. Finally, the ZrWPCs compos-
ite was ground to fine powders of uniform size and used for fluoride
sorption studies.

2.3. Fluoride sorption experiments

Defluoridation experiments were carried out by batch equilibra-
tion method in duplicate. In a typical case, 0.1 g of the sorbent was
added to 50 mL of NaF solution of initial concentration 10 mgL~!.
The contents were shaken thoroughly using a thermostated shaker
rotating at a speed of 200 rpm and the filtrate was analyzed for flu-
oride. The influence of various parameters like contact time, pH and
presence of other anions on DC of the sorbent were investigated.
For the kinetic studies, the effect of different initial fluoride concen-
trations viz.,9,11,13 and 15 mg L1 at three different temperatures
viz., 303,313 and 323 K on sorption rate was studied by keeping the
mass of the sorbent as 0.1 g and the volume of solution as 50 mL at
neutral pH. The solution was then filtered and the residual fluoride
ion concentration was measured.

2.4. Analysis

The fluoride ion concentration was measured using an expand-
able ion analyzer EA 940 and the fluoride ion selective electrode
BN 9609 with the relative accuracy of +1 significant digit, detec-
tion limit of 0.02mgL-! and the reproducibility of +2% [15]. The
pH measurements were done with the same instrument with a pH
electrode. All other water quality parameters were analyzed using
the standard methods [16]. The pH at zero point of charge (pHzpc)
of the composite was determined by a pH drift method [17].

2.5. Composite characterization

Fourier transform infrared spectrophotometer (FTIR) spectra of
the composite were obtained using JASCO-460 plus model to con-
firm the functional groups present in it. Surface morphology of
the composite was examined with scanning electron microscope
(SEM) with HITACHI-S-3000H model fitted with an energy disper-
sive X-ray analyzer (EDAX) which allows a qualitative detection
and the localization of elements present in the composite. SEM
images enable a direct observation of the surface of the fresh and
the fluoride-sorbed composites.

2.6. Statistical tools

Computations were made using the Microcal Origin (Version
6.0) software. The significance of the data trends and the goodness
of plot fit were discussed using the error bar plot, regression cor-
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Fig. 1. Effect of contact time on DC of the sorbent in the presence of 10 mg L~ initial
fluoride concentration with a dose of 0.1 g in neutral pH 7 at 303 K.

relation coefficient (r), chi-square analysis and standard deviation
(SD).

3. Results and discussion
3.1. Effect of contact time

The DC of the sorbent may vary with the time of contact between
the sorbate solution and the sorbent. The variation of DC of Zr'W-
PCs composite with respect to contact time with sorbate solution
was carried out with the different period of contact in the range of
10-60 min at 303 K. Fig. 1 shows that Zr'WPCs composite reached
saturation at 30 min, and hence for further studies the contact time
was fixed as 30 min. The DC of ZrWPCs composite was found to be
2025 mgF~ kg~! at 30 min contact time.

3.2. Influence of pH of the medium

To determine the chemical condition at which fluoride ions are
effectively sorbed onto ZrWPCs composite, the sorption studies
were carried out at five different initial pH levels viz., 3, 5, 7, 9 and
11 by keeping all other influencing parameters like contact time,
dose and initial fluoride concentration as constant at 303 K. The
pH of the working solution was controlled by using 1 M HCI/NaOH
solution. Fig. 2 shows the DC of ZrWPCs composite as a function of
pH, which indicates that the DC of the sorbent was influenced by
the pH of the medium. The composite recorded a maximum DC of
2142 mgF- kg~! at pH 3 followed by a gradual decrease trend with
increase in pH and a minimum DC of 1165 mgF~ kg~was observed
in pH 11. The reason could be in acidic environment the positive
charged composite surface attracts more fluoride ions whereas in
alkaline medium the hydroxyl groups will compete with fluoride
ions in the active sites of the composite during sorption.

3.3. Effect of co-anions

The anions like Cl-, SO42~, NO3~ and HCO3~ ions are commonly
present in water. In order to know the effects of these ions on flu-
oride sorption by ZrWPCs composite was studied as a function of
competing anion concentrations. Fig. 3 shows the dependence of
DC of ZrWPCs composite in the presence of co-anions viz., Cl—,
S042~, HCO3~ and NOs~ ions with a fixed initial concentration of
200 mg L1 prepared using sodium salts of the respective ions with
10mgL-1 as initial fluoride concentration for 30 min at 303 K. It
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Fig. 2. Effect of pH on the DC of the composite with 10mgL-" initial fluoride con-
centration with a dose of 0.1 g for 30 min at 303 K.
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Fig. 3. Influence of foreign anions on the DC of the composite with 10 mgL-" initial
fluoride concentration with a dose of 0.1 g at 303 K.

was inferred that there was no remarkable influence on the DC in
the presence of Cl-, S042~ and NO3 ~ ions except HCO3 ~ ion. Infacta
slight increase in DC was observed in the presence of CI-, SO42~ and
NO5~ ions. The decrease in the DC of ZrWPCs composite in the pres-
ence of bicarbonate ion may be due to on hydrolysis of NaHCOs it
will release OH~ ions which will increase the pH of the solution and
will compete with fluoride ions in the active sites of the composite.

3.4. Characterization of ZrWPCs composite
The characteristics of Z'WPCs composite are shown in Table 1.

Fig. 4a and b represent the FTIR spectra of ZrWPCs compos-
ite and the fluoride-sorbed ZrWPCs composite. The band at

Table 1
Characteristics of Zr'WPCs composite.

Constituents ZrWPCs composite

Inorganic material Zirconium(IV) tungstophosphate

Organic matrix Chitosan
Particle size (nm) 435
Density (gcm—3) 1.221
BET surface area (m2g~') 3.55
PHzpe 2.84
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Fig. 4. FTIR spectra of (a) Zr'WPCs composite and (b) fluoride-sorbed ZrWPCs com-
posite.

1000-1100cm~"! represents the presence of PO43~ groups in the
composite [11]. A broad band at 3456 cm~! indicates the presence
of -P-OH groups in the composite. The widening of broad band at
3456 cm~! in the fluoride-sorbed ZrWPCs composite may be taken
as an indicative of the electrostatic attraction between the sorbent
and the fluoride [12].

SEM images of ZrWPCs composite are shown in Fig. 5a and b. The
fluoride-sorbed ZrWPCs composite is shown in Fig. 5c. The change
in the SEM images of the sorbent before and after fluoride treat-
ment indicates the fluoride gets sorbed into the composite. This
is further supported by the EDAX analysis. The EDAX spectra of
ZrWPCs composite confirm the presence of respective ions in the
composite (cf. Fig. 5d). The sorption of fluoride have occurred on
ZrWPCs composite which were confirmed by the presence of fluo-
ride, Zr+F and W +F peaks in the EDAX spectra of fluoride treated
ZrWPCs composite (cf. Fig. 5e).

The surface morphological changes of ZrWPCs composite were
also confirmed by the shifting of pH;p. values. The pHzpc of Zr'WP
is 2.65 where as for ZrWPCs composite it was shifted to 2.84 which
clearly show the occurrence of structural changes in Zr'WPCs com-
posite.

3.5. Sorption isotherms

The isotherm is used to characterize the interaction of each fluo-
ride species with the sorbent. This provides a relationship between
the concentration of fluoride in the sorption medium and the
amount of fluoride sorbed on the solid phase when the two phases
are at equilibrium. The most commonly used two isotherms namely
Freundlich and Langmuir isotherms have been employed.

3.5.1. Freundlich isotherm
The linear form of Freundlich [18] isotherm is represented by
the equation,

log e = log kr + % log Ce (1)

where ¢, is the amount of fluoride adsorbed per unit weight of the
sorbent (mgg1), Ce is the equilibrium concentration of fluoride in
solution (mgL-1), kr is a measure of sorption capacity and 1/n is
the sorption intensity. The linear plot of log ge vs. log C, indicates
the applicability of Freundlich isotherm. The values of 1/n, n and
kr of Z'WPCs composite are listed in Table 2. The values of 1/n lie
betweenOand 1and the nvalueliesin the range of 1-10 confirm the
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Fig. 5. SEM micrographs of Zr'WPCs composite (a) (at 2 wm), (b) (at 10 wm) and (c) fluoride-sorbed ZrWPCs composite (at 10 wm); EDAX spectra of (d) ZrWPCs composite
and (e) fluoride treated ZrWPCs composite.
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Table 2
Freundlich and Langmuir isotherms of ZrWPCs composite.

Temperature (K) Freundlich isotherm Langmuir isotherm

1/n n kr (mgg=')(Lmg")!/" r X Q° (mgg™) b(Lg™) R r X

303 0.928 1.078 0.238 0.999 2.10E-6 7.634 0.022 0.833 0.990 2.32E-3

313 0.776 1.289 0.397 0.999 1.60 E-4 8.929 0.036 0.755 0.972 2.80E-4

323 0.708 1.412 0.532 0.998 1.91 E-4 9.901 0.055 0.669 0.982 339E-4
Table 3 rium parameter [12]
Thermodynamic parameters of Zr'WPCs composite.

Thermodynamic parameters ZrWPCs composite Ry = 1 (3)

L =
1+ bGC,

AG° (k] mol-1)

303K -9.98
313K -9.30
323K -8.71
AH° (kjmol~1) 29.27
AS° (Kfmol-1K-1) 0.06

favorable conditions for sorption. With the rise in temperature, the
kr values get increased which indicates that the nature of fluoride
uptake by ZrWPCs composite is an endothermic process.

3.5.2. Langmuir isotherm
Langmuir [19] isotherm model can be represented in the form
of equation

Cc 1  Ce
qe Q°

ge Qo (2)
where Q° is the amount of the sorbate sorbed at complete mono-
layer coverage (mgg~!), which gives the maximum sorption
capacity of the sorbent and b (Lmg~!) is the Langmuir isotherm
constant that relates to the energy of sorption. A linear plot is
obtained for the sorbent when C,/q. is plotted against C. which
gives Q° and b values from the slope and intercept respectively and
the calculated results are listed in Table 2. The increase in Q° values
with respect to temperature indicates the endothermic nature of
fluoride sorption.

In order to find out the feasibility of the isotherm, the essen-
tial characteristics of the Langmuir isotherm can be expressed in
terms of the dimensionless constant separation factor or equilib-

where b is the Langmuir isotherm constant and C, is the initial
concentration of fluoride (mgL-1). The R; values lying between 0
and 1 indicate favorable sorption for all the temperatures studied
(cf. Table 2).

3.5.3. Chi-square analysis

To identify the suitable isotherm for fluoride sorption onto the
composite, the chi-square analysis was carried out. The equivalent
mathematical statement for chi-square analysis is

2
2 (de — ge.,m)
X Z Ge,m

where g, is equilibrium capacity obtained by calculating from
the model (mgg~') and g, is experimental data on the equilibrium
capacity (mgg~1). If data from the model are similar to the exper-
imental data, x2 will be a small number, while if they differ, x2
will be a bigger number. The results of chi-square analysis are pre-
sented in Table 2. As Freundlich isotherm possess lower x? values
and hence this isotherm can be considered as the best fitting model
for the sorption of fluoride on ZrWPCs composite than Langmuir
model.

(4)

3.6. Thermodynamic treatment of the sorption process

Thermodynamic parameters associated with the sorption viz.,
standard free energy change (AG°), standard enthalpy change
(AH°) and standard entropy change (AS°) were calculated as fol-
lows.

Table 4
Kinetic models of ZrWPCs composite.
Kinetic models Parameters 303K 313K 323K
9mgL! 11mgL! 13mgL' 15mgL! 9mgL! 11mgL' 13mgL' 15mgL! 9mgL' 11mgL' 13mgL! 15mgL!
Pseudo-first- kqq (min=1) 0.143 0.142 0.136 0.127 0.131 0.129 0.128 0.124 0.131 0.129 0.117 0.131
order
r 0.991 0.994 0.988 0.986 0.993 0.992 0.985 0.992 0.991 0.987 0.994 0.995
SD 0.087 0.068 0.096 0.097 0.073 0.071 0.101 0.071 0.077 0.095 0.058 0.059
Pseudo- qe (mgg™1) 1.429 1.689 1.949 2.232 1.639 1912 2.183 2.494 1.838 2.141 2.404 2.740
second-order
k(gmg'min-') 0270 0.328 0.358 0.306 0.403 0.424 0.403 0.375 0.420 0.394 0.432 0.453
h(mgg 'min~') 0.550 0.937 1.361 1.524 1.082 1.550 1.923 2.331 1.420 1.808 2.494 3.401
r 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999
SD 0.025 0.018 0.012 0.013 0.012 0.011 0.070 0.062 0.069 0.080 0.046 0.030
Particle kp (min~1) 0.143 0.144 0.137 0.127 0.131 0.129 0.129 0.125 0.130 0.131 0.118 0.130
diffusion
r 0.991 0.995 0.988 0.986 0.993 0.993 0.985 0.992 0.992 0.987 0.994 0.995
SD 0.201 0.157 0.220 0.222 0.168 0.164 0.233 0.162 0.178 0.219 0.133 0.135
Intraparticle ki (mgg~! min—%°) 0.104 0.100 0.090 0.101 0.081 0.082 0.084 0.092 0.080 0.086 0.080 0.083
diffusion
r 0.984 0.958 0.988 0.986 0.986 0.980 0.989 0.987 0.986 0.987 0.986 0.975
SD 0.025 0.041 0.019 0.023 0.019 0.022 0.017 0.020 0.018 0.019 0.018 0.025
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The free energy of sorption process, considering the sorption
equilibrium coefficient K,, is given by the equation

AG® = —RT InK, (5)

where AG° is the standard free energy of sorption (kjmol~1), T
is the temperature in Kelvin and R is the universal gas constant
(8.314Jmol~1K-1). The sorption distribution coefficient K,, was
determined from the slope of the plot In(ge/Ce) against C, at differ-
ent temperatures and extrapolating to zero C, according to Khan
and Singh method [20].

The sorption distribution coefficient may be expressed in terms
of AH° and AS° as a function of temperature:
AS°  AH°

R = RT
where AH° is the standard enthalpy change (k] mol~1) and AS° is
the standard entropy change (k] mol~! K-1). The values of AH° and
AS° can be obtained from the respective slope and intercept of the
plot of In K, against 1/T.

The values of thermodynamic parameters are shown in Table 3.
The negative values of AG° confirm the spontaneous nature of flu-
oride sorption. The value of AH° is positive indicating that the
sorption process is endothermicin nature. The positive value of AS°
indicates the possibility of randomness at the solid/liquid interface
during fluoride sorption.

InK, = (6)

3.7. Sorption kinetic models

The two main types of sorption kinetic models namely
reaction-based and diffusion-based models were adopted to fit the
experimental data.

3.7.1. Reaction-based models

The most commonly used pseudo-first-order and pseudo-
second-order models were employed to explain the solid/liquid
sorption.

A simple pseudo-first-order kinetic model [21] is given as

_ kad
log(qe — q¢) = log ge — 53030 (7)

where q; is the amount of fluoride on the surface of the composite
at time t (mgg~1) and k,q is the equilibrium rate constant of the
pseudo-first-order sorption (min—1). The linear plots of log(qe — g¢)
against t gives straight line indicate the applicability of pseudo-
first-order model. The slope of the straight line plot of log(qe — q¢)
against t at three different temperatures viz., 303, 313 and 323K
give the value of the pseudo-first-order rate constant (k,4) and r
are listed in Table 4.

In addition, the pseudo-second-order model is also widely used.
There are four types of linear pseudo-second-order kinetic models
[22] the most popular linear form is

t_1,t
e

g h

where q; = (q2kt)/(1 + gekt), amount of fluoride on the surface of
the composite at any time, t (mgg-1), k is the pseudo-second-
order rate constant (gmg-! min—!), g, is the amount fluoride ion
sorbed at equilibrium (mgg~') and the initial sorption rate, h = kq?
(mgg~1min~1). The value of g, (1/slope), k (slope?/intercept) and
h (1/intercept) of the pseudo-second-order equation can be found
out experimentally by plotting t/q; against t. The values of g, k,
h and r of the pseudo-second-order model were obtained from
the plots of t/q; vs. t for fluoride sorption at three different tem-
peratures viz., 303, 313 and 323 K of ZrWPCs composite and are
presented in Table 4. The values of g. increase with the increase in
temperature indicating fluoride sorption increases with the rise in

(8)

Zr¥__4F
W& __6F"
¥
Chitosan ZrwWPCs Exhausted
polymeric composite composite
matrix

--- Electrostatic attraction and complexation

Scheme 1. Mechanism of fluoride removal by ZrWPCs composite.

temperature. The higher correlation coefficient (r) values obtained
for pseudo-second-order model than pseudo-first-order indicating
the applicability of the pseudo-second-order model for the fluoride
sorption onto the composite.

3.7.2. Diffusion-based models

For a solid-liquid sorption process, the solute transfer is usu-
ally characterized either by particle diffusion or by intraparticle
diffusion control.

A simple equation for the particle diffusion controlled sorption
process [12,23] is given as follows,

In (1 _ %) — _kyt 9)
where kp is the particle rate constant (min~!). The value of parti-
cle rate constant is obtained by the slope of the plot In(1 — C;/Ce)
against t.

The intraparticle diffusion model used here refers to the theory
proposed by Weber and Morris [24] and its equation is

qr = k;t'/? (10)

where k; is the intraparticle rate constant (mgg~! min=—02). The
slope of the plot of q; against t*2 will give the value of intraparticle
rate constant.

The straight line plots of In(1 — C¢/Ce) vs. t and q; vs. t9° indi-
cate the applicability of both the particle and intraparticle diffusion
models respectively. The kp, k; and r values at three different
temperatures viz., 303, 313 and 323K for both the particle and
intraparticle diffusion models and are illustrated in Table 4. The
r values obtained for both the particle and intraparticle diffusion
models are almost comparable and suggest that the fluoride diffu-
sion on ZrWPCs composite follows both the models.

3.7.3. The best-fit model

The assessment of the employed kinetic models for fitting the
sorption data was made by standard deviation and the model
which possess lower values of SD show better fit to sorption data.
The SD values of ZrWPCs composite for all the kinetic models are
summarized in Table 4. Smaller SD values were observed for the
pseudo-second-order and intraparticle diffusion models indicate
that these two models are significant in defining the fluoride sorp-
tion process and suggest that the sorption of fluoride ion onto the
pores of Z'WPCs composite.

3.8. Sorption mechanism

The possible mechanism for the removal of fluoride by Zrw-
PCs composite is governed by adsorption/complexation and ion
exchange mechanism as shown in Scheme 1. The positive charge
of the composite at the surfaces viz., Zr** and W6* attracts the neg-
atively charged fluoride ions by means of electrostatic attraction
as well as complexation [12]. An ion exchange mechanism also
involved as the -P0O43~ group present in Zr'WPCs composite is con-
sidered as the charge carrier which may gets exchanged for F~ ions.
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Table 5

A comparison of the DCs of a few reported sorbents.
Sorbents Defluoridation capacity References

(mgF-kg")

ZrWPCs composite 2025 Present study
Nano- 2840 [25]
hydroxyapatite/chitin
composite
Nano- 1560 [26]
hydroxyapatite/chitosan
composite
Nano- 1296 [27]
hydroxyapatite
Protonated 1664 [6]
chitosan beads
Carboxylated 1385 [28]
chitosan beads
Raw chitosan bead 52 [6]
Commercial ion 97 [4]

exchange resin

Table 6

Field trial results of Zr'WPCs composite.
Water quality parameters Treatment

Before After

F- (mgL') 2.48 1.38
pH 8.52 7.95
Cl- (mgL!) 390.00 326.00
Total hardness (mgL-") 420.00 357.00
Total dissolved solids (mgL~") 800.00 600.00

The high DC of ZrWPCs composite may be due to the availability
of higher valence ions (Lewis acids) which shows high selectiv-
ity towards fluoride ion as it is the hardest Lewis base. At lower
PH values where the surface acquires positive charge, the fluoride
removal may be due to electrostatic attraction and complexation
mechanism and hence observed high DC. However, at high pH val-
ues where the surface acquires negative charge, only ion exchange
could remove fluoride and hence it recorded lower DC.

A comparison of the DCs of the reported sorbents is given in
Table 5. Zr'WPCs composite possess an comparable DC with that of
the reported sorbents.

3.9. Field study

The ZrWPCs composite used in the present study is also tested
with field sample taken from a nearby fluoride endemic village.
About 0.1g of the sorbent was added to 50 mL of fluoride water
sample and the contents were shaken with constant time at room
temperature. These results are presented in Table 6. It is evident
from the result that the sorbent, ZrWPCs composite can be effec-
tively employed for removing the fluoride from water.

4. Conclusions

The defluoridation studies of ZrWPCs composite have been car-
ried out in batch mode. The DC of ZrWPCs composite was influenced
by the pH of the medium and decreased in the presence of bicarbon-
ate ions. The sorption of fluoride onto ZrWPCs composite followed
Freundlich isotherm. The sorption process was found to be spon-
taneous and endothermic in nature. The rate of sorption followed
pseudo-second-order kinetic model and occurred through intra-
particle diffusion. Field studies indicated that ZrWPCs composite
could be used as an effective defluoridating agent. ZrWPCs com-
posite could be made into any desired form and used to remove
fluoride selectively from water.
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