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Chitin, a natural amino polysaccharide, has been incorporated with Sn(VI) for effective adsorption of fluoride from water.

The impregnation of Sn(VI) on chitin was carried out using microwave assisted technique. The material was thoroughly
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characterized using FTIR, SEM, EDX and XRD. The increase in surface area and pore volume as revealed by BET studies and
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enhanced thermal stability TGA-DTA studies have proved it to be a better adsorbent compared to chitin. This tin-

impregnated chitin (SnC) has been exploited for its defluoridation property. Optimum working conditions include pH 4.0,

adsorbent dose of 100 mg and contact time of 45 minutes. Under optimum conditions, SnC was found to have adsorption

capacity of 14.77 mg/g. The equilibrium studies showed that the data fits well with Freundlich isotherm model.

Thermodynamics and kinetics parameters have been evaluated. The material has been applied for the defluoridation of

real water sample resulting in 95.6% fluoride removal in a single run. SnC was found to be recyclable material and can be

regenerated and reused multiple times adding a greener dimension.

Introduction

Fluoride contamination is a common problem in areas where
ground water contains alarming concentrations of fluoride.
WHO guidelines suggest 1 mg/L as the maximum permissible
limit for drinking water L Higher concentrations of fluoride are
known to cause digestive, respiratory and nervous system
disorders in addition to fluorosis >*. Excess of fluoride has
been reported to interfere in carbohydrate metabolism and
damage DNA .

Dissolution of mineral rocks and soils in water® and the waste
water released from semiconductor industries, thermal power
plants, electroplating, rubber and fertilizer industries are
reasons for increased fluoride concentration in drinking
water’. This is of great concern for more than 20 developed
and developing countries. Fluorosis is endemic in China, India,
Rift Valley countries in Africa and Sri Lanka. Therefore, it is
important to develop effective methodologies for remediation
of fluoride.

Defluoridation of ground water as well as effluents has always
been a challenge. lon exchange, precipitation, reverse osmosis
and adsorption are the common defluoridation techniques 8
Adsorption technique is cost effective, highly efficient as well
as eco-friendly. Biosorbents like cellulose, chitin and chitosan
have been used in native form or in modified form for
small size and high

defluoridation of water. Due to

® Department of Chemistry, R.T.M. Nagpur University, Nagpur-440033, India
b Department of Chemistry, National College, Tiruchirappalli-620001, India.

t Footnotes relating to the title and/or authors should appear here.

Electronic Supplementary Information (ESI) available: [details of any
supplementary information available should be included here]. See
DOI: 10.1039/x0xx00000x

This journal is © The Royal Society of Chemistry 20xx

electronegativity of fluorine, it has a great tendency to interact
with multivalent metal ions and rare earth metals such as
zirconium and lanthanum. Zr(IV)—ethylene diammineg, alginate
entrapped Fe(III)—Zr(IV)w, zirconium impregnated collagenll,
zirconium impregnated activated charcoallz, and lanthanum
modified chitosan®® are some of the sorbents reported for
adsorption of fluoride. Biocompatibility and biodegradability of
biopolymers make them effective host matrix for the
incorporation of multivalent metal ions as compared to
synthetic ponmers“.

Chitin is the most abundant natural amino polysaccharide and
is estimated to be produced annually almost as much as
cellulose. It has become the material of great interest not only
as an underutilized resource, but also as a new functional
material of high potential in various fields. It has gained much
attention for biomedical applications due to its
biocompatibility and restorative properties. Its crystalline
structure, resulting from intra- and intermolecular hydrogen
bonds, is responsible to a great extent for its thermal and
chemical stabilityls'”. However, its poor adsorption capability
towards fluoride led to its non-applicability for defluoridation.
In order to overcome this problem, modified chitin composites
can be synthesized and such composites have been reported
for fluoride removal %, Tin(lV), a cation with high positive
charge, has been incorporated into the lattice structure of
iron(lll) oxide and used as an adsorbent for the removal of the
fluoride ion from the aqueous phase21.

In present work, we report a novel compound formed by
impregnation of tin metal on chitin biopolymer matrix. It has
been applied for fluoride removal with better adsorption
capacity as compared to reported modified biopolymers.

J. Name., 2013, 00, 1-3 | 1



RSC/Advances

Experimental
Materials
Analytical grade reagents were used for the fluoride

adsorption studies. Millipore water (Elix 3 Millipore unit) was
used in preparation of the stock solution of fluoride. A 1000
mg/L stock solution of fluoride was prepared using sodium
fluoride (Merck, India) and stored in a polypropylene bottle.
The working solutions of 5, 10 and 15 mg/L fluoride were
prepared by appropriate dilutions in polypropylene volumetric
flasks. Chitin was procured from Loba Chemie Private Limited,
India. All the chemicals were used as received without further
purification.

Preparation of Sn-impregnated chitin (SnC) adsorbent

A known weight of chitin biopolymer (2.0 g) was dispersed in
minimum volume of acetone. About 2 mL of anhydrous Sn (IV)
chloride was added to the dispersed chitin and stirred for 10
min to get a homogeneous mixture. It was subjected to
microwave irradiation for 2 min with 30 s alternating time
interval. It was filtered and washed with Millipore water till
negative test of chloride was obtained. The SnC adsorbent was
dried at 60 °C in a vacuum oven (Biotechnics, India) for 4 h.
This solid material was characterized thoroughly and used for
adsorption studies.

Physico-chemical characterization

Structural details of Sn-chitin could be explained on the basis
of FT-IR spectra recorded using Bruker Alpha spectrometer in
the wavelength range 500-4000 cm™. The XRD spectra were
recorded by X-ray diffractometer system Righaku-Miniflex 300.
Surface morphology of adsorbent was studied using Scanning
Electron Microscope (SEM) model TESCAN VEGA 3 SBH. Energy
dispersive X-ray (EDX) analysis was performed for elemental
composition using X- ray analyzer Oxford INCA Energy 250 EDS
System during SEM studies. Thermal analysis of SnC was
carried out using Setsvs TG-DTA 16. The Brunauer—-Emmet—
Teller (BET) surface area estimation was carried out by
nitrogen adsorption—desorption method on single point
surface area analyzer model Smart Sorb 92/93.

Analysis

The concentration of fluoride was measured using ORION
pH/ISE meter 710 At equipped with a calibrated fluoride ion
electrode model ORION 9609 BNWP. The reproducibility of
instrument was checked by using TISAB Il buffer. Calibration of
fluoride ion selective electrode was performed by using 1, 5
and 10 mg/L standard solutions of fluoride which gave an
optimum slope between 90 and 100%.

Adsorption procedure

For batch absorption studies, 5-70 mg/L fluoride solutions was
equilibrated with 100 mg SnC in a stoppered polypropylene
conical flasks. Each system was stirred for 45 min. The amount

2| J. Name., 2012, 00, 1-3

of fluoride adsorbed (mg /g) on SnC at equilibrium (g.) can be

given by-

Co—Ce
w

qe: xV
(1)
also the percent removal capacity was calculated using

following formula.

Co —Ce

%Removal=———=x100
Co
where C, and C. refer to the initial and equilibrium liquid
phase concentrations in mg /L of fluoride, V is the volume of
fluoride solution in liter and W is the weight of SnC adsorbent
in gram. All the batch adsorption experiments were performed
with three replicates to obtain reliable results.

(2)

Results and discussion
Material Characterization

In the FTIR spectrum of pure chitin (Fig.1a), the bands at 3452
and 3266 cm ™" can be attributed to the -OH and -NH stretching
respectively. The bands ranging from 2886 to 2961 cm™ due to
-CH; symmetric stretching and -CH, asymmetric stretching
while the band at 1380 cm™ appeared due to -CH bending. The
peaks of Amide | bands (two types of hydrogen bonds between
C=0 group with the -NH group of the adjacent chain and the -
OH group of the inter-chain) have been observed at 1629 and
1662 cm . Amide Il band (in-plane N—-H bending and C-N
stretching mode) has been observed at 1558 cm™. The peaks
ranging from 1027 to 1163 cm™" can be attributed to the
asymmetric bridge oxygen and C-O stretching 2 After
impregnation with Sn(VI), the —OH peak gets broadened due to
alterations in hydrogen bonding network of chitin (Fig.1b). In
SnC, the peak at 813 cm™tis assigned to Sn-O vibration. Small
peaks between 1600 cm™ = 1900 cm™* are attributed to Sn-OH
3. The changes in IR spectra of chitin
confirmed that tin was impregnated on chitin matrix.

vibrational modes

In the XRD pattern of pure chitin (Fig 2a), the peak at 20 =
19.6° represents the (110) crystalline plane of chitin, together
with a few other weak intensity peaks 2, Sharp diffraction
peaks between 26 = 16° and 22° values indicate that chitin has
crystalline structure. The insolubility of chitin in water is due to

its rigid crystalline structure resulting from the regular
formation of intra and intermolecular hydrogen bonds.
a b

e
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Fig.1 FT-IR spectrum of (a) Chitin (b) SnC.
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In SnC (Fig.2b), the diffraction peaks at 20 = 26.5° and 51.5° for
the (110) and (211) planes of Sn (JCPDS 21-1250) confirm
impregnation of tin on chitin % After adsorption of fluoride,
(Fig.2c), the decrease in intensity of peaks at 26 = 26.5° and
51.5° indicate deterioration of crystalinity due to interaction
between Sn(lV) and fluoride ion.

The SEM images (Fig 3) clearly show structural and
morphological differences in chitin, SnC and fluoride-adsorbed
SnC. The chitin seems to have a smooth surface morphology.
But the SnC shows porous and rough morphology due to the
impregnation of Sn(IV) thereby increasing the surface area and
porosity. In the EDX spectrum of SnC, a peak of Sn appeared in
the range 3 to 4 eV confirmed the successful loading of Sn
onto the chitin matrix. The adsorption of fluoride was
ascertained from the EDX spectrum which shows the presence
of fluorine along with the other major peaks such as C, O, N

and Sn respectively.

Thermal analysis

In the thermogram of chitin (Fig. 4a), two decomposition steps
could be observed, the first occurs in the range of 50-110 ‘C,
and is attributed to water evaporation. The second occurs in
the range of 300-400 ‘C and could be attributed to the
degradation of the polysaccharide structure of the molecule,
including the dehydration of polysaccharide rings and the
decomposition of the acetylated and deacetylated units of
chitin®®.

TGA curve of SnC also shows weight losses in the same
regions. However, the percent weight loss has been reduced
substantially from 55% to 18%. This indicates better thermal
stability of SnC over chitin that can be attributed to
incorporation of metal into the matrix leading to
crosslinking of the polymeric chains. As the tin metal is much
more stable as compared to organic polymer, it imparts
additional stability to the matrix.

The DTA curve for chitin shows two endotherms. The one

ion

around 90 °C can be attributed to removal of moisture while
the one at 380 °C that overlays the exotherm at 400°C
indicates the decomposition. In case of SnC, the exothermic
peak around 400 °C indicates partial breakdown of polymeric
or crosslinked structure.

The surface area is a vital parameter in adsorption study. BET
surface area and pore volume of chitin and SnC were
measured by nitrogen adsorption-desorption method at 77 K.
From Table 1, it is clear that the surface area and pore volume
of SnC is higher than that of chitin. The increase in surface area
and pore volume of SnC is attributed to interaction between
Sn and chitin as observed in SEM images. It leads to formation

This journal is © The Royal Society of Chemistry 20xx

of porous structure thereby enhancing the surface area as well
as pore volume.

Effect of contact time

The effect of contact time on the efficiency of defluoridation
by SnC was studied by varying the contact time in the range 5-
75 min with initial fluoride concentration of 5, 10 and 15 mg/L
with 100 mg SnC at 298 K. The adsorption was found to be
rapid initially and reached equilibrium in about 45 min (Fig.
5a). This is quite obvious because of availability of more
adsorption sites on SnC surface in the beginning which
consequently get loaded with fluoride ions with time.

Effect of adsorbent dose

The dosage of SnC for defluoridation from aqueous medium
was determined by varying the amount from 20 mg to 200 mg
with initial fluoride concentration of 5, 10 and 15 mg/L for
contact time of 45 min. It can be seen from the results (Fig. 5b)
that, beyond 100 mg of SnC dose, the adsorption-desorption
equilibrium is reached resulting in no observable rise in %
removal of fluoride. Hence, 100 mg of SnC was fixed as the
optimal dosage in all subsequent experiments.

pH point of zero charge (pHpzc)

The pH at the point of zero charge (pHpzc) of the adsorbent
was determined by batch equilibration technique 7 In eight
conical flasks, 50 mL of 0.1M NaCl solution were taken and 100
mg of SnC adsorbent was added to each flask. The initial pH
was adjusted from 2.0 to 9.0 using dilute H,SO, and NaOH
solutions. After a period of 24 h, the final pH values of
supernatant solutions were measured. The pHp;c of the SnC
adsorbent was determined from the plot of ApH [pHinitia-
PHsinal] versus pHinitiai- The pHpzc was found to be 4.8 (Fig.5c).
When pH <pHp,c the surface charge would be positive, and at
pH >pHpzc, it would be negative. Therefore, the positive
adsorbent surface favours the adsorption of fluoride, whereas
above pHy,, the fluoride would be adsorbed to a lesser extent
due to the repulsive interaction between fluoride ions and
negative adsorbent surface.

Table 1 Surface parameters

Material Surface Area Pore volume
(m*/g) (cm’/g)
Chitin 1.78 6.0 x 10-3
SnC 2.83 30.1x 10-3

J. Name., 2013, 00, 1-3 | 3
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Fig.2 XRD pattern (a) Chitin (b) SnC (c) After adsorption of F.
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Fig.3 SEM Images and EDX spectrum (a) Chitin (b)SnC (c) After adsorption of F.

Effect of pH

At low pH, the formation of undissociated HF attributes to
reduction in the defluoridation. Also, the small size of fluoride
ion leads to higher degree of solvation®®. The pH of the
solution was varied from 2.0 to 8.0 at varying initial fluoride
ion concentration of 5, 10 and 15 mg/L, contact time of 45 min
at room temperature. The effect of pH onto SnC biopolymer

4| J. Name., 2012, 00, 1-3

adsorbent for the fluoride ion adsorption has been shown in
Fig.5d. It was found that defluoridation was maximum at pH
4.0 and so the pH of 4.0 + 0.2 was maintained throughout the
studies.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 4 TGA-DTA analysis (a) Chitin (b) SnC.

Adsorption isotherms

To quantify the sorption capacity of SnC for fluoride sorption,
Langmuir and Freundlich isotherms have been studied at three
different temperatures (303, 313 and 323K). The adsorption
studies were carried out by equilibrating 50 mL aqueous
solutions of varying initial fluoride concentrations (5 to 70
mg/L) at optimized pH 4.0 and adsorbent dose of 100 mg for
45 min.

Langmuir isotherm

The monolayer adsorption on homogeneous surface can be
illustrated by Langmuir isotherm model®. It relates the
maximum adsorption capacity (qo) and the Langmuir constant
related to affinity of binding sites (b) in linearized Langmuir

equation-
Ce 1 G 3)
e qob a,

The maximum adsorption capacity gy, and the constant b were
obtained from the slope and intercept of the plot of C./q.
against C.(Fig 6a). A high defluoridation capacity of 14.77 mg/g
at 323 K accounts for excellent adsorption behavior of SnC for
fluoride. A dimensionless separation factor R, that describes
the feasibility of the sorption phenomenon is given by-
1

1+bC,

The value of R, was found to be less than unity (Table. 2)
indicating the effective interaction®® between the Sn-chitin and
fluoride.

(4)

R,

Freundlich isotherm

A linearized Freundlich isotherm® equationfor

solutions is given as

aqueous

1
logae =logkp +—logCe (5)
n

This journal is © The Royal Society of Chemistry 20xx
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Fig.5 Effect of (a) Contact time (b) Adsorbent dose (c) Point of
zero charge and (d) pH on adsorption efficiency.

Where kg refers to adsorption capacity and n indicates the
adsorption intensity. The logarithmic plot of g, against C, gives
the constants kg and n (Fig.6b).The smaller value of 1/n (higher
value of n between 1 and 10) signifies an active interaction®
between SnC and fluoride.

Chi square analysis

To identify a suitable isotherm model for the sorption of
fluoride on SnC, chi- square analysis33 has been carried out.
The mathematical statement is given by

_ 2
XZ — Z (qeqqe,m) (6)

The value of xz would be less when the data obtained from a
particular isotherm model is close to the experimental values.
The results of chi-square test are shown in Table. 2. The lower
xz values for Freundlich isotherm as compared to Langmuir
isotherm suggests that Freundlich model is the best fitting
model for the fluoride removal by SnC. Similar result has been
obtained from the plot of ge versus Ce (Supplementary Fig.1)

Table 2 Study of isotherm models

Sl.  Isotherm Parameters 303K 313K 323K

No.

1 Langmuir qo(mg/g) 12.47 13.44 14.77
b(L/mg) 0.16 0.09  0.06
R 0.12 021 035
r 0.941 0.903  0.887
x 0.013 0.014  0.079

2 Freundlich Ke(mg "/g/L) 2.20 1.67 1.14
n 2.03 1.84  1.60
r? 0.998 0.989 0.984
x 9.63E-07 0.006 0.005

J. Name., 2013, 00, 1-3 | §
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Kinetics of adsorption

The amount of metal ion adsorbed by the adsorbent depends
on the contact time and thus, the study of the kinetics of
adsorption is of considerable significance. The studies were
carried out using three different fluoride concentrations at
optimized pH 4.0. A 50 ml fluoride solution was equilibrated
with 100 mg of adsorbent at three different temperatures for
different time intervals (5-90min). The results obtained have
been summarized in Table 3.

The pseudo-first-order and pseudo-second-order
models were employed to correlate the solid-liquid
adsorption. The pseudo-first-order kinetics®* is given by the
equation

kinetic

log(de —at)=logge — (8)

gt
2.303
where ge (mg /g)and qt (mg /g) refer to the amounts of
fluoride adsorbed at equilibrium and at time t with the first-
order rate constant kl(min'l). The plot of log (qe - qt) against t
gives pseudo-first-order rate constant. (Supplementary Fig. 2)

L35 .
The pseudo-second-order equation ~” is given as

t 1 t
—_— +—

Gt koge? e

(9)

where k, is the pseudo-second- order rate constant in
g/mg/min. The plot of log t/ q; against t (Supplementary Fig. 3)
gives pseudo-second-order rate constant. Regression
coefficient of 0.999 for pseudo-second-order rate kinetics
offers a best fit model in adsorption of fluoride by SnC.
Permeation of fluoride by diffusion from bulk liquid phase to
the surface of the adsorbent is rate determining step as
explained by Weber Morris intraparticle diffusion model 3,
According to this model, q; and t+2 of adsorption process are
related as:

ap =kine.t'/2 +cC (10)

If the intercept in plot of g, verses 2 passes through origin,
then intraparticle diffusion is the only rate-limiting step. This
plot is linear and the slope gives the intraparticle rate constant
kintin mg /g/minl/z. The non-zero intercept (Supplementary
Fig. 4) showed that diffusion is not the only rate-limiting step

0 5 10 15 20 % 30 l 05 00 0s 10 15
¢, (mgn) Logc,

Fig.6 (a) Langmuir adsorption isotherm (b) Freundlich
adsorption isotherm.
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indicating that the adsorption of fluoride by SnC was
controlled by boundary layer as well as diffusion process37.

Thermodynamics of adsorption

Effect of temperature on adsorption of fluoride by SnC was
studied in order to obtain relevant thermodynamic parameters

with three different initial fluoride concentrations. The
obtained results are depicted in Table 4.

The free energy change of adsorption (AGO) is given by

AG? = —RTInK (11)

and van't Hoff equation38 which relates standard entropy (ASO)
and enthalpy (AH0 ) changes is given by

(12)

where R is the gas constant (8.314 J/mol/K). The value of
equilibrium constant K has been evaluated from the ratio of
concentration of fluoride adsorbed to that in the solution
phase. The values of AH (kJ/mol) and AS (kJ/mol/K) were
obtained from slope and intercept of the plot of In K against
1/T respectively (Fig.7). The negative value of standard free
energy change AGC indicates the spontaneous nature; negative
enthalpy change indicates the exothermic nature while
negative entropy change indicates the decrease in randomness
of fluoride as it passes from solution to adsorbed state.

Column study

In order to understand the applicability of adsorbent for larger
sample volumes, column adsorption studies were performed
using polypropylene column (30 cm length, 1 cm inner
diameter) packed with 1 g of adsorbent to the height of 6 cm.
Fluoride solution (10 and 15 mg /L) maintain at pH 4.0 were
passed through the column at a flow rate of 5 mL/min. After
every 10 min interval, solution phase concentration of fluoride
was analyzed in column eluate. The important parameters
obtained from breakthrough curve (Fig. 8a) are calculated
using following formulae and results were depicted in Table 5.
These results clearly indicate that larger sample volumes
containing fluoride can be effectively treated using column
method compared to batch adsorption.

000300 000305 000310 000315 000320 000325 000330
1T (1K)

Fig.7 van't Hoff plots.

This journal is © The Royal Society of Chemistry 20xx
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Table 3 Kinetics of adsorption of fluoride on SnC.

Temperature Rate model Parameters Concentrations
(K) 5 10 15
(mg/L) (mg/L) (mg/L)
Pseudo-first- Ky 0.11 0.12 0.11
order kinetics ge.exp (mg/g) 1.18 2.22 3.26
gecal (mg/g) 0.51 1.06 0.74
r’ 0.934 0.921 0.856
Pseudo-second- K2 0.23 0.13 0.16
303 order ge.exp (mg/g) 1.18 2.22 3.26
kinetics gecal (mg/g) 1.26 2.35 3.38
r’ 0.998 0.999 0.998
Intraparticle Kint 0.08 0.14 0.14
diffusion r? 0.861 0.908 0.872
Pseudo-first- Ky 0.11 0.03 0.12
order kinetics ge.exp (mg/g) 1.15 2.00 2.99
gecal (mg/g) 0.62 0.91 1.11
r2 0.932 0.871 0.925
Pseudo-second- K, 0.16 0.09 0.14
313 order ge.exp (mg/g) 1.15 2.00 2.99
kinetics gecal(mg/g) 1.26 2.19 3.12
r’ 0.997 0.995 0.992
Intraparticle Kint 0.09 0.16 0.14
diffusion r? 0.880 0.892 0.922
Pseudo-first- Ky 0.11 0.11 0.12
order kinetics geexp (mg/g) 1.07 1.86 2.85
gecal (mg/g) 0.85 0.78 0.98
r 0.944 0.931 0.891
Pseudo-second- Ky 0.17 0.23 0.19
323 order geexp (mg/g) 1.07 1.86 2.85
kinetics gecal (mg/g) 1.24 1.97 2.96
r 0.998 0.995 0.994
Intraparticle Kint 0.11 0.11 0.11
diffusion r 0.898 0.873 0.912
concentration. It is observed from Fig. 8b that presence of co-
anions leads to decrease in defluoridation capacity due to the
Breakthrough Capacity (%) = competition among them for the active sites on the adsorbent
Breakthrough Volume(L)xInlet concentration(mg/L) (12) surface which3;jepends on the charge, concentration and size
Wt. of adsorbent (g) of the anions ™. Chloride ions have been found to be strongest
Exhaussion Capacity = interference.
Exhaustion Volume(L) xInlet concentration(mg/L) (13)
Wt. of adsorbent (g) .
Degree of column utilization = —B;iil;t:lsr;ss];:ﬂ::ze X 100(14) Reusability of adsorbent

The column eluent was tested for possible leaching of tin in
the form of Sn(ll) or Sn(VI). It was observed that such leaching
does not take place under experimental conditions. However,
it was found to contain significant concentration of chloride
confirming the ion exchange phenomenon between fluoride
and adsorbent.

Effect of assorted ions

The effect of co-anions on defluoridation capacity of SnC was
studied with fixed initial concentration of 1mM for co-anions
such as 5042', cl, NO3',CO32' and equivalent initial fluoride

This journal is © The Royal Society of Chemistry 20xx

The regeneration of adsorbent is an important aspect from a
greener point of view. Reagents such as sodium chloride,
sodium nitrate, sodium suphate and sodium carbonate were
examined for desorption studies. The best results were
obtained with 5% (v/v) sodium chloride solution. The NaCl
solution results into waning of electrostatic interaction
between SnC and fluoride ions leading to desorption of
fluoride ions. From Fig.8c, it is observed that ionic salts such as
NaCl and NaNOj; solutions shows good result for desorption of
fluoride ion. The regenerated SnC were recharacterized by FT-
IR and SEM-EDX indicating no structural changes in SnC. The
regenerated SnC was tested for fifteen adsorption-desorption
cycles and it was observed (Fig 8d) that there is marginal

J. Name., 2013, 00, 1-3 | 7
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Table 4 Thermodynamic parameters of adsorption
Concentration Parameter T (K) AH° (kJ/mol) AS° (kJ/mol/K)
(mg/L) 303 313 323 328
5 K 15.13 5.85 3.63 2.38
AG° (kJ/mol) -6.84 -4.59 -3.46 -2.39 -50.82 -0.14
10 K 7.77 4.07 2.93 2.16
AG° (kJ/mol) -5.16 -3.66 -2.90 -2.14 -35.08 -0.09
15 K 6.78 3.91 3.16 2.54
AG° (kJ/mol) -4.31 -3.03 -2.65 -1.94 -27.06 -0.07
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Fig.8 (a)Effect of sample volume on column efficiency (b) Effect
loaded fluoride ion (d) adsorption cycles for regenerated SnC
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of co-anions (c) Effect of various reagents on desorption of

Table 5 Column study: Parameters obtained from breakthrough curve

Inlet F" concentration (mg/L) 10 15
Breakthrough volume(mL) 800 600
Exhaustion volume(mL) 1750 1250
BreakthroughCapacity(mg/g) 8.0 9.0
Exhaustion Capacity(mg/g) 17.5 18.75
Degree of column utilization (%) 45.7 48.0

8 | J. Name., 2012, 00, 1-3
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decrease in adsorption efficiency upto five cycles. However,
the adsorption efficiency decreases substantially and remains
only 48% in fifteenth cycle.

Fluoride sorption mechanism

The binding of SnCl, on chitin can be explained by means of
molecular binding to the surface of chitin containing hydroxyl
groups as well as glycosidic linkages of chitin biopolymer4O.The
metal ion present on SnC adsorbent can interacts with the
fluoride ions in two ways. It has a strong electrostatic
attraction with fluoride ions and also can exchange chloride
ions with fluoride ions (Fig.9) resulting into an increase in
adsorption capacity. The ion exchange phenomenon was
confirmed by performing test for chloride ions in the
supernatant obtained after fluoride adsorption on SnC and the
eluate in column studies. The presence of chloride ions on SnC
was also detected in EDX spectra of adsorbent. The EDX
spectra clearly shows reduction in chloride peak with the
introduction of fluoride peak after equilibration with
fluoride.Apart from this,the hydrogen bonding between the
chitin polymeric chainsmay also reinforce the adsorption of
fluoride anion on the SnC.

Field Study

In order to confirm the applicability of the SnC for removal of
fluoride, it was tested with sample taken from Chandrapur
district which is fluoride affected area in Central India. The
report of Central Ground Water Board, Nagpur region
mentions about fluoride concentrations above maximum
permissible in Chandrapur district. About 100 mg
sorbent was added to 50 ml of fluoride containing water
sample collected from Chandrapur region and kept for
constant stirring at room temperature for 45 minutes. The
results obtained for single adsorption are depicted in Table 6

limits

demonstrating the ability of this material towards
defluoridation.
Electrostatic attraction
NHCOCH; : NHCOCH;3
e -OH .
OH | 5
0 = 20 ps T,
o > ° 7
= 7
Gl s"CI Lo R [ Ion Exchange
k/ \_//
o) /0
: o) ~ o .
o it WY o
1~ HO i HO—_ 6
= H3;COCHN H3;COCHN —in

Fig.9 Mechanism of fluoride adsorption on SnC

This journal is © The Royal Society of Chemistry 20xx

Comparison with other related adsorbents

Present work has been compared with similar studies carried
out by various workers (Table 7) including the types of
isotherm models studied, thermodynamic and kinetic studies,
optimum pH and adsorption capacity under optimum
conditions. The results clearly indicate that the adsorption
capacity of SnC is higher than most of the reported materials
except Zr(Vl)-ethylene diamine. However, this material is
obtained in the form of gel which makes the separation
difficult. The method is laborious and requires multiple
decantations for fluoride removal. On the other hand, SnC
method is a single extraction process. Another important
advantage of SnC is the biodegradability of chitin that adds
greener dimension.

Conclusions

Chitin was incorporated with Sn(VI) to give an excellent
fluoride adsorbent SnC. Characterization of this material
showed improved properties for better adsorption that led to
adsorption capacity of 14.77 mg/g. The kinetics and isotherm
studies indicate pseudo-second order kinetics in accordance
with Freundlich adsorption isotherm. Column studies clearly
indicated that the material can be used to larger sample
volumes in column extraction as compared to batch
extraction. Applicability towards real sample, recycling and
reusability are the most encouraging properties of SnC.
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Table 6 Field trial results of the SnC.

Parameter Before After
Treatment Treatment
F (mg/L) 2.51 0.11
pH 7.51 7.43
5042' (mg/L) 133.38 109.71
Cl'(mg/L) 247.75 152.32
Total hardness(mg/L) 382.21 241.74
Total dissolved 629.63 479.55

solids(mg/L)
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Table 7 Comparison of SnC with reported adsorbents
Adsorbent de Study pH Kinetic thermodyna  Mechanism Iso- Adsorbent  Ref.

model mics therm characteri

zation
Nano- 2.84 E,K,T 3.0 Pseudo Spontaneous Chemisorptio LF SEM, 41
hydroxyapati second order and ns and ion EDX,FTIR
te/chitin endothermic exchange
composite
Lanthanum 4.7 E,K,T 5.0 Pseudo first Spontaneous lon exchange L,F SEM, 13
incorporated order and EDX,FTIR,
chitosan endothermic XRD
beads
Al-Zr 5.76 E,K,T 5.5 Pseudo Spontaneous Electrostatic, LF SEM, 40
impregnated second order and hydrogen EDX,FTIR,
cellulose exothermic bonding and XRD
complexation
Fe-Sn 10.50 EK,T 6.4 Pseudo Non- lon exchange L,F,D- SEM,FTIR, 21
bimetal second order spontaneous R XRD
oxide and
endothermic

Zirconium 4.95 E,K,T 5.0 Pseudo Spontaneous electrostatic L,F,D- EDX,FTIR, 42
impregnated second order and R, Tm  XRD
cellulose exothermic
Zr(IV) 37.03 E,KT 7.0 Pseudo Spontaneous Electrostatic L,F,D- SEM,FTIR, 9
ethylenedia second order and and ion R, Tm  TGA-DTA
mine endothermic  exchange
Sn 14.77 E,K,T 4.0 Pseudo Spontaneous Electrostatic LF SEM- This
impregnated second order and and ion EDX,FTIR, work
chitin exothermic exchange TGA-DTA

d.- Adsorption capacity E-equilibrium; K-kinetic; T-thermodynamic; L-Langmuir; F-Freundlich; D—R-Dubinin—Radushkevich; Tm-
Temkin isotherms; X-ray diffraction (XRD); scanning electron microscopy(SEM); scanning electron microscopy coupled with
energy dispersive X-ray spectroscopy (SEM—-EDX); Fourier transform infrared spectroscopy (FT-IR), thermogravimetric analysis

(TGA).
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