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Cellulose@hydroxyapatite (HA) nanocomposites were prepared in NaOH/thiourea/urea/H, O solution via
situ hybridization. The composite materials combine the advantage of cellulose and HA with the high
specific surface area and the strong affinity toward fluoride. The composite materials were characterized
by FTIR, SEM, XRD, TG and XPS, and the adsorption of fluoride was investigated. Adsorption kinetics indi-

cated the adsorption equilibrium of fluoride was within 360 min and the adsorption process was well
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described by the pseudo-second-order kinetic model. The Langmuir and Freundlich isotherm models
could fit the experimental data well. At the initial fluoride concentration of 10 mg/L, the residual con-
centration using above 3 g/L adsorbent dose could meet the drinking water standard of WHO norms.
Furthermore, the coexisting anions had no significant effect on fluoride adsorption.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Fluoride in drinking water due to the serious threat to human
health is one of the serious worldwide problems (Bhatnagar,
Kumar, & Sillanpaa, 2011). Hydroxyapatite (Ca;o(PO4)s(OH),, HA)
is the main constituent of teeth and bones, and fluoride can sub-
stitute for hydroxide ion within the HA crystal structure to form
the fluorapatite (Cas(POg4)3F), which makes teeth and bones denser,
harder and more brittle (Mohapatra, Anand, Mishra, Giles, & Singh,
2009). The excessive ingestion of fluoride in drinking water can
cause dental fluorosis, even skeletal fluorosis, which are chronic
diseases manifested by mottling of teeth in mild cases, softening
of bones and neurological damage in severe cases (Fan, Parker, &
Smith, 2003). According to the World Health Organization (WHO)
norms, the permissible limit range of fluoride in drinking water is
0.5-1.5mg/L (Zhang, He, & Xu, 2012). However, in many parts all
over the world, such as India, China, United States and Mexico, the
fluoride concentration in ground water has far excessed the drink-
ing water standard value (Miretzky & Cirelli, 2011). Therefore, it is
essential to remove the excess fluoride from drinking water.

Various methods have been applied to remove the excess
fluoride from water, such as precipitation (Reardon & Wang,
2000), ion exchange (Meenakshi & Viswanathan, 2007), reverse
osmosis (Ndiayea, Moulin, Dominguez, Millet, & Charbit, 2005),
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electrodialysis (Lahnid et al., 2008) and adsorption (Ahmed, 2011;
Islam & Patel, 2011; Mohan, Sharma, Singh, Steele, & Pittman,
2012; Zhao et al., 2010). Amongst all the methods mentioned
above, adsorption is recognized as the most effective approach
for the removal of fluoride due to the low cost, high efficiency
and environmental friendly behavior (Gu, Fang, & Deng, 2005;
O’Connell, Birkinshaw, & O’'Dwyer, 2008). Many adsorbents have
been used for defluoridation, including activated alumina, carbona-
ceous materials, activated clay, rare earth oxides, titanium rich
bauxite, zeolites and modified natural polymers, etc. (Bhatnagar
etal., 2011; Miretzky & Cirelli, 2011; Mohapatra et al., 2009). How-
ever, some adsorbents lose the fluoride removal capacity at low
fluoride concentration, while some others are relative expensive
(Fan et al., 2003; Tian, Wu, Liu, et al., 2011). In terms of an excellent
adsorbent, the main requirement is a high benefit cost ratio.

The composite materials as the adsorbents containing natural
polymers and inorganic origin have attracted great attention due to
their combined advantages. Cellulose is the most abundant renew-
able biopolymer on earth, and is a very promising raw material
available at low cost to synthesize an adsorbent for defluoridation.
HA, an inorganic mineral, has been proved to be a good adsorbent
because of the low cost, availability and high defluoridation capac-
ity (Fan et al., 2003; Sundaram, Viswanathan, & Meenakshi, 2009).
Sundaram et al. (Sundaram, Viswanathan, & Meenakshi, 2008) syn-
thesized a nano-scale HA by precipitation and used it to remove
the fluoride from aqueous solution, and found that the adsorp-
tion capacity was 1.457 mg/L; Gao et al. (Gao et al., 2009) prepared
a nano-size HA by decomposition of precursor, and then investi-
gated the defluoridation ability of nano-size HA. It is found that the
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adsorption capacity of fluoride could reach 0.489 mg/g. However,
due to the high specific surface area and nano scale, the agglomer-
ation of nano-size HA is very serious, leading to the low adsorption
capacity of fluoride. In order to overcome the agglomeration of
nano-size HA, cellulose was used as the template to disperse the
nano-size HA in the cellulose matrix for the preparation of the com-
posite materials, which can combine the advantages of cellulose
and HA.

In the present work, we synthesized cellulose@HA nanocom-
posites in NaOH/thiourea/urea/H,0 solution and then character-
ized them by FTIR, SEM, XRD, TG and XPS. The effects of contact
time, pH, initial adsorption concentration and coexisting ions were
investigated for the removal of fluoride from drinking water.

2. Materials and methods
2.1. Materials

Medical absorbent cotton cellulose was obtained from Jiaozuo
league Hygiene group (China). Alkali cellulose is prepared by
treating cotton cellulose with 20% (w/v) aqueous NaOH solu-
tion. Calcium chloride (CaCly), sodium dihydrogen phosphate
(NaH;PO4), sodium hydrate (NaOH), urea, thiourea, sodium
sulfate (Na;SO4), sodium nitrate (NaNOs3), sodium phosphate
(Na3P04-12H,0) and sodium fluoride (NaF) were all analytical
grade supplied by local chemical agent suppliers. All the solvents
and reagents were used without further purification.

2.2. Synthesis of cellulose@HA nanocomposites

A solution with NaOH/thiourea/urea/H,0 of 8:6.5:8:77.5 by
weight was cooled to —12°C. 3.3 g cotton cellulose was imme-
diately added into the above solution under vigorous stirring for
5 min to obtain a cellulose solution. The obtained cellulose solution
was used for the preparation of cellulose@HA nanocomposites.

The cellulose@HA nanocomposites were synthesized according
to previous reported methods with major modification (Jia, Li, Ma,
Sun, & Zhu, 2010). 4.4 g CaCl, and 3.76 g NaH,PO4-12H,0 were dis-
solved into 100 mL distilled water, and then the above solution was
added into the obtained cellulose solution under vigorous stirring
at 90°C for 14 h. The obtained cellulose@HA was filtered, washed
sequentially with distilled water, ethanol and acetone, and then
dried in vacuum at 60°C.

2.3. Characterization of cellulose@HA

A Tensor 27 Fourier transform infrared spectroscopy (FTIR) was
used to verify the presence of functional groups in the adsor-
bent. The morphology of the samples was observed by Hitachi
S-4300 scanning electron microscope (SEM) operating at 15KkV.
X-ray photoelectron spectroscopy data (XPS) was obtained with
an ESCALab220i-XL electron spectrometer from VG Scientific using
300W AlKa radiation. The specific surface area was measured by
nitrogen adsorption at 77 K (BET method) using an automated gas
sorption analyzer (Quantachrome Instruments, autosorb-iQ). Ther-
mogravimetric analysis (TGA) measurement was performed from
room temperature to 650°C in air at a 10°C/min heating rate on a
Q600 TA Instruments.

2.4. Adsorption experiments

The adsorption experiments were carried out in the shaking
table at 200rpm and 25+ 1°C using 150 mL shaking flasks con-
taining fluoride solutions with different initial concentration. The
effects of contact time, pH value, adsorption isotherms, adsorbent
dose and coexisting ions on the equilibrium adsorption capacity
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Fig. 1. FTIR spectra of native cellulose (a), and cellulose@HA (b).

were investigated. The adsorbent dose was kept as 1 g/L for all the
experiments except for the adsorbent dose study. The pH values of
the solution were adjusted by 0.1 mol/L HCl or NaOH. The fluoride
concentration in the solution was analyzed using anion chromatog-
raphy (ICS-900, Dionex). The adsorption capacity g. (mg/g) was
calculated as described by the following equation
(Co—C)V

where Cy (mg/L) is the initial fluoride concentration, C, (mg/L) is
the fluoride equilibrium concentration, V (L) is the volume of the
fluoride solution and m (g) is the mass of adsorbent.

3. Results and discussion
3.1. Characterization of cellulose@HA

The specific surface area of cotton cellulose and regenerated cel-
lulose is 1.081 and 33.501 m2/g. However, the specific surface area
of cellulose@HA can reach 76.257 m2/g, which is higher than that
of cotton cellulose and regenerated cellulose. That is due to the
formation of HA nanocomposites in the cellulose matrix.

The FTIR spectra of native cellulose and cellulose@HA are shown
in Fig. 1. In the spectrum of native cellulose (Fig. 1a), typical
peaks for many functional groups of cellulose can be observed. The
adsorption band at 3424 cm™! is attributed to the OH stretching
vibration of cellulose and the other one at 2921 cm~! corresponds
to the C-H asymmetric and symmetric tensile vibration in pyra-
noid ring. The peak at 1636 cm~! originates from the bending mode
of the absorbed water. The band at 1372cm™! is due to the OH
bending vibration. The adsorption peaks at 1433 cm~!,1164cm™,
1114cm~1, 1058 cm~! and 896 cm™! relate to the CH, symmetric
scissoring in pyranoid ring, C-O antisymmetric bridge stretching,
the crystal absorption peak of cellulose I, C-O-C pyranoid ring
skeletal vibration and the 3-glycosidic linkages, respectively. These
peaks are all the characteristic absorption bands of native cellu-
lose (Liu, Zhang, Li, Yue, & Sun, 2010; Tian, Wu, Liy, et al., 2011).
Compared with the spectrum of native cellulose (Fig. 1a), some
typical characteristic peaks for HA in cellulose@HA (Fig. 1b) appear
at 1038cm!, 963 cm1, 604/566 cm~! and 472 cm~!, which are
attributed to the v3 PO43~, v PO43~ v4 PO43~ and v, PO43~, respec-
tively (Rehman & Bonfield, 1997). Furthermore, weak bands at
1457cm™!, 1419cm~! and 876cm~! correspond to v3_3 CO32-,
v3_4 CO32~ and v, CO32-, respectively, implying that the surface
PO, sites of HA were partly replaced by carbonate ions (Hong et al.,
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Fig. 2. XRD curves of cotton cellulose (a), alkali cellulose (b), and cellulose@HA (c).

2006; Islam, Mishra, & Patel, 2011; Rehman & Bonfield, 1997).
Additionally, the bands of C-H asymmetric and symmetric ten-
sile vibration in pyranoid ring at 2894 cm~! and the B-glycosidic
linkages at 896 cm~! in cellulose@HA are still present, while other
peaks of cellulose are hardly distinguishable, indicating the good
extent and homogeneity of composite materials (Hong et al.,
2006).

XRD curves of cotton cellulose, alkali cellulose and cellulose@HA
are showninFig. 2. The diffraction curve of cotton cellulose presents
four peaks at 26=14.8° (101), 16.3°(101), 22.7° (002), and 34.5°
(040), which is a typical cellulose I (native cellulose) structure
(Parikh, Thibodeaux, & Condon, 2007). After alkali treatment, the
structure of native cellulose transforms from cellulose I to cellu-
lose II, which can be proved by the appearance of characteristic
peaks of cellulose ITat 26=12°(101),19.8°(101),and 21.7° (002)
(Gurgel, de Freitas, & Gil, 2008). For cellulose@HA nanocompos-
ites, the peaks at 26=20.2° and 22.3° correspond to cellulose II
and all the other peaks are assigned to the characteristic peaks
of HA (JCPDS card no. 09-0432), indicating the formation of cel-
lulose@HA nanocomposites. Moreover, the crystalline structure of
HA is not affected by the presence of cellulose, implying that the
interact binding between cellulose and HA exists in cellulose@HA
nanocomposites (Nikpour, Rabiee, & Jahanshahi, 2012).

SEM images of cotton cellulose and cellulose@HA nanocompos-
itesare showninFig. 3. Most of cotton cellulose fibers are 10-20 pwm
in diameter and the surface morphology of cotton cellulose looks
smooth (Fig. 3a and c). However, the morphology of cellulose@HA
has lost the fibrous structure and presents the irregular flakes
(Fig. 3b and c). Furthermore, it is observed that the HA nanocrystal-
lites is homogeneously dispersed in the cellulose matrix. As shown
in the inset image in Fig. 3d, there are many small HA crystallites in
the range of 20-50 nm. Due to enormous hydroxyl groups in cellu-
lose and HA, hydrogen bonds can be formed between the cellulose
and HA, which makes the combination of cellulose and HA perfect.

XPS analysis was used to analyze the surface composition of
absorbent. As shown in Fig. 4, the photoelectron lines at a binding
energy of about 285, 533, 349, 440, 134 and 190eV attributed to
C 1s, 0 1s, Ca 2p, Ca 2s, P 2p and P 2s, respectively. The elemen-
tal ratio of Ca/P in cellulose@HA is 1.58, which is in reasonable
agreement with the standard value of HA (1.67). This indicates
that HA nanoparticles have dispersed successfully in the cellulose
matrix. A new peak in fluoride-loaded cellulose@HA appears at
686.2 eV which is assigned to F 1S. Moreover, in fluoride-loaded
cellulose@HA, the elemental ratio of Ca/P is 1.54 and the content of

oxygen remarkably decreases from 38.19 atom % to 31.59 atom %.
These reflect that the fluoride ion substitutes for hydroxide ion of
HA to form the fluorapatite (Mohapatra et al., 2009).

The thermal stability of cotton cellulose and cellulose@HA
nanocomposites was investigated using TGA. As shown in supple-
mental data Fig. S1, the first stage weight loss of cotton cellulose and
cellulose@HA is observed below 200 °C, which is due to the evap-
oration of about 4% and 7% hydrated and coordinated water. The
second stage from about 320°Cto 360 °Cis attributed to the decom-
position of cellulose. The third stage of cotton at around 510°C is
due to the oxidization of decomposition products (Liu, Fan, Dobashi,
& Huang, 2002). For cellulose@HA, however, the loss of CO32~ also
leads to the mass loss besides the oxidization of decomposition
products (Jia et al., 2010). The residual weights of cotton and cellu-
lose@HA are 0.4% and 51.5%, respectively. Thus, the excess amount
of cellulose@HA suggests that the cellulose@HA nanocomposites
are composed of at least 51.1% HA.

Supplementary material related to this article found, in the
online version, at http://dx.doi.org/10.1016/j.carbpol.2012.09.045.

3.2. Adsorption properties

3.2.1. Adsorption kinetics

The effect of contact time for fluoride in aqueous solution is
presented in supplemental data Fig. S2a. It is observed that the
adsorption capacity of fluoride increases with the increasing con-
tact time. Moreover, the initial adsorption rate is very fast and the
adsorption equilibrium is established within 360 min for fluoride
adsorption.

Supplementary material related to this article found, in the
online version, at http://dx.doi.org/10.1016/j.carbpol.2012.09.045.

Adsorption kinetic model are usually used to explain the adsorp-
tion process and clear out the potential rate-limiting step. Thus, in
this study, the pseudo-first-order kinetic model and the pseudo-
second-order kinetic model are used to study the adsorption type
and the mechanism.

The pseudo-first-order kinetic model is expressed as (Ho, Ng, &
McKay, 2000):

G = qe(1—e7M1%) (2)

where q; and g (mg/g) are the amount of solute at time t (min)
and at equilibrium, respectively, and k; is the rate constant of the
pseudo-first-order adsorption (min~1).

The pseudo-second-order kinetic model (Chandra et al., 2010;
Ho & McKay, 1999a) is described as:

kaqet

G = 1+ kaqget

(3)

The linearized form of the pseudo-second-order kinetic model
can be expressed as:

t_ 1 .1
qe k2ge? e
where ¢; and ¢. (mg/g) are the amount of solute at time t
(min) and at equilibrium, respectively, and k; is the rate constant
(gmg~!min~1).

When t— 0, the initial adsorption rate h can be defined as fol-
lows:

h = kqe? (5)

(4)

where g, (mg/g) is the amount of fluoride adsorbed at equilibrium,
and k is the rate constant of the pseudo-second-order kinetic model
(gmg~!min1).

The curves of the pseudo-first-order kinetic model and the
pseudo-second-order kinetic model are shown in supplemen-
tal data Fig. S2 and the kinetic parameters are calculated and
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10um

Fig. 3. SEM images of cotton cellulose (a, c) and cellulose@HA (b, d). Inset is enlarged image of cellulose@HA.

presented in supplemental data Table S1. The low correlation coef-
ficient (R?) of the pseudo-first-order kinetic model is obtained,
indicating that the adsorption process cannot be explained by
the pseudo-first-order kinetic model. This is owing to the fact
that the pseudo-first-order kinetic model is only applicable at
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Fig. 4. The wide scan XPS spectra of cellulose@HA (a) and fluoride-loaded cellu-
lose@HA (b). Inset is enlarged XPS spectrum of fluoride.

the initial stage (Ho & McKay, 1999b). Thus, it cannot fit well
the whole adsorption process. However, the R? value of the
pseudo-second-order kinetic model is very high and the theoreti-
cal value of gepsneo) is in better agreement with the experimental
Qe(exp) Values than qey(heo)- Thus, the adsorption process follows
the pseudo-second-order kinetic model, which is more likely
to predict the whole adsorption process. Moreover, the process
may be a chemical adsorption process involving valence forces
through sharing or exchange of electrons between adsorbent and
adsorbate (Bulut & Tez, 2007) and the chemisorptions are the rate-
limiting mechanism. Additionally, the initial adsorption rate h is
0.2883mgg ! min~1.

Supplementary material related to this article found, in the
online version, at http://dx.doi.org/10.1016/j.carbpol.2012.09.045.

3.2.2. Effect of pH

One important factor in the fluoride removal is the aqueous
solution pH, which can affect the adsorbent surface charge and the
degree of ionization. As shown in Fig. 5, the concentration of PO43~
and the adsorption capacity of fluoride decrease with increasing
pH. In terms of the PO43~ concentration, the HA nanocomposites
may be partially dissolved at low pH, leading to the increase of
P0O,43~ and Ca?* concentration. Meanwhile, the adsorbent surface
is positively charged due to the protonation and the dissolved Ca2*
concentration is high in the aqueous solution, which can react with
F~ to form CaF, precipitate. Therefore, the adsorption capacity is
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Fig.5. Fluoride uptake and dissolved PO43~ concentration as a function of pH (initial
concentration: 20 mg/L).

high at low pH value. With the increase of pH, the concentration of
protons decreases and the adsorbent surface charge becomes nega-
tive. The electrostatic repulsion increases between fluoride and the
adsorbent, which leads to the low adsorption capacity. Moreover,
at pH >6.5, PO43~ can hardly be detected in the aqueous solution,
indicating that the HA nanocomposites may not be dissolved. This
suggests that there is no CaF, precipitate at this pH value in the
aqueous solution. In order to avoid the HA dissolved, the optimum
pH value is observed at 6.5.

3.2.3. Adsorption isotherms

The adsorption isotherm models of Langmuir and Freund-
lich are usually used to describe the relationship between the
adsorbent and adsorbate. Langmuir isotherm model assumes a sat-
urated molecular layer (monolayer) on the adsorbent surface, while
Freundlich isotherms model assumes a heterogeneous surface and
a multilayer adsorption with an energetic nonuniform distribution
(Freundlich, 1906; Langmuir, 1918).

Langmuir isotherm model can be expressed as:

q _ Qmaxbce
*~ 1+bCe

where C, (mg/L)is the equilibrium concentration of fluoride in solu-
tion, ge (Mg/g) is the equilibrium adsorption capacity, Qmax (Mmg/g)
is the maximum adsorption capacity per gram of sorbent, and b
(L/mg) is the Langmuir constant related to the energy of adsorp-
tion. In this model, the dimensionless constant separation factor for
equilibrium parameter (R;) (Tian, Wu, Lin, Huang, & Huang, 2011)
can be defined as:
1
T 14 bCy

where Cy (mg/L) is the initial concentration of fluoride and b
(L/mg) is the Langmuir constant. The value of R; indicates the type
of isotherm to be irreversible (R, =0), favorable (0<R; < 1), linear
(R, =1) or unfavorable (R; > 1).

Freundlich isotherm model can be expressed as:

e = KCe'/M (8)

(6)

R; (7)

where C. (mg/L)is the equilibrium concentration of fluoride in solu-
tion, g. (mg/g) is the equilibrium adsorption capacity, Ky (mg/g)
and n are Freundlich constants related to adsorption capacity and
heterogeneity factor, respectively.

Supplemental data Fig. S3 shows the Langmuir and Freundlich
isotherms for fluoride adsorption and the isotherm parameters are
presented in Table 1. The correlation coefficients (R?) of Langmuir

Table 1
Langmuir and Freundlich parameters for fluoride adsorption.

Langmuir parameters

Quax (Mg/g) b (L/mg) R?
F 4.20 3.08 0.98103
Freundlich parameters
Kr (mg/g) n R?
F 2.76 5.52 0.98705

and Freundlich isotherm models are larger than 0.98, indicating
that both of the models can well explain the adsorption process
of fluoride on cellulose@HA. The maximum adsorption capacity
(Qmax) from Langmuir model is 4.2 mg/g, which is higher than that
of nano-size HA (1.457 and 0.489 mg/g) reported by Sundaram
et al. (Sundaram et al.,, 2008) and Gao et al. (Gao et al., 2009),
respecitively. This result demonstrates that the cellulose template
plays an important role in the fluoride adsorption. According to the
Eq.(7), the values of R; are in the range 0of 0.0177-0.1345, indicating
that the adsorption process is favorable. Furthermore, the Freund-
lich constant n is greater than 1 which is a favorable condition for
adsorption. This is consistent with the result of Langmuir model.
Supplementary material related to this article found, in the
online version, at http://dx.doi.org/10.1016/j.carbpol.2012.09.045.

3.2.4. Effect of adsorbent dose

The effect of adsorbent dose on the removal of fluoride is shown
inFig. 6.1t is observed that the equilibrium concentration of fluoride
decreases with increasing adsorbent dose. At lower adsorbent dose,
the number of active adsorption site is less for the removal of fluo-
ride. While due to the increase in the active sites with increasing the
adsorption dose, the number of active site is sufficient for fluoride
adsorption at high adsorbent dose. As shown in the inset figure, the
fluoride equilibrium concentration can decrease below 1.5 mg/L at
the initial concentration of 10 mg/L when adsorbent dose is above
3 g/L, which can fit the drinking water standard (below 1.5 mg/L)
recommended by WHO norms. Moreover, when the adsorbent dose
is above 4g/L, the fluoride equilibrium concentration can reach
around 0.8 mg/L, which is considered beneficial to human being
in drinking water (Mohapatra et al., 2009). In order to clear out the
property of the adsorbent surface, the distribution coefficient Kd is
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Fig.6. Equilibrium concentration and Kd values of fluoride as a function of adsorbent
dose (initial concentration: 10 mg/L, pH 6.5).
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used, which describes the binding ability of adsorbent surface to an
element. The Kd value can be expressed as:

(Co—Ce)V

kd = Cem

(9)

where Cy, Ce (mg/L) are the initial and equilibrium concentration of
fluoride in solution, respectively, V(L) is the volume of the fluoride
solution and m (g) is the mass of adsorbent. Tian et al. (Tian, Wu,
Liu, et al., 2011) reported that Kd value for an element showed two
different situations at a given pH value: if the surface was homoge-
neous, the Kd value stayed the same with adsorbent dose, whereas
if the surface was heterogeneous, the Kd value would increase with
increasing the adsorbent dose. As shown in Fig. 6, the Kd value
stayed around 0.6 L/g when the adsorbent dose was below 2.5 g/L,
implying that the surface of cellulose@HA is homogeneous; the
Kd value increased with increasing the adsorbent dose when the
adsorbent dose was above 2.5 g/L, indicating that the surface of
cellulose@HA is heterogeneous.

3.2.5. Effect of coexisting anions on fluoride adsorption

Drinking water may contain several coexisting anions which can
compete with fluoride for the adsorption sites. The effect of coex-
isting anions on fluoride adsorption was carried out in the presence
of nitrate, sulfate and phosphate (10 mg/L each anion) at 5 mg/L
initial fluoride concentration. As shown in Fig. 7, compared with
the adsorption without coexisting anions, the coexisting anions
have no significant effect on fluoride adsorption, indicating that
cellulose@HA nanocomposites show the strong affinity for fluoride.
The adsorption capacities of fluoride in the presence of the coex-
isting anions increase in the order of nitrate < sulfate < phosphate.
The relative affinity of adsorbent for fluoride compared to other
anions is likely to be related to the ionic radii. The order of
ionic radii is fluoride (0.133 nm) < hydroxyl ion (0.137 nm) < nitrate
(0.179 nm) < sulfate (0.230nm)<phosphate (0.238 nm) (Marcus,
1988; Sternitzke et al., 2012). Due to the smaller ionic radii, fluoride
ion fits better into the crystal structure of apatite and can substitute
for hydroxyl ion in HA, yielding the more thermodynamic stable
fluorapatite (Ca19(PO4)sF2), while other anions are too large to be
easily accommodated (Aoba, 1997). Thus, the adsorption capacity
of fluoride in the presence of coexisting anions is in the order of
nitrate < sulfate < phosphate.

4. Conclusion

A cellulosic composite material as absorbent has been success-
fully prepared for efficient removal of fluoride from drinking water.
The presence of cellulose facilitates the formation of nano-size HA
and the interact binding between cellulose and HA exists in cel-
lulose@HA nanocomposites. Cellulose@HA nanocomposites can be
used as an efficient adsorbent for the fluoride removal. Adsorption
kinetics indicates that the adsorption rate is rapid. The compos-
ite materials show a high adsorption capacity of fluoride compared
with the nano-size HA. The residual fluoride concentration in drink-
ing water can meet the drinking water standard of WHO norm
using above 3 g/L adsorbent dose at the initial fluoride concentra-
tion of 10 mg/L. The coexisting anions have no significant effect
on fluoride adsorption. Thus, cellulose@HA nanocomposites have a
great potential as a novel adsorbent for the fluoride removal from
drinking water.
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