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ABSTRACT

The removal of fluoride from drinking water is one of the most important environmental issues in the world. The
problem of high fluoride in water sourcesin India and the rest of the devel oping world has exacerbated in the latest
past due to increasing shortage of water. More people are being exposed to high water fluoride resulting in elevated
levels of fluorosis in the societies. Fluoride (F) adsorption from solutions using Eleusine coracana seed powder
from synthetic wastewater was studied on batch basis and results were tested with adsorption kinetic models to

found the order of action. The equilibrium data was correlated to Temkin, Freundlich and Langmuir models and the
maximum Freundlich adsor ption capacity was found to be 4 mg/0.4 g.

Keywords: Eleusine coracana seed powder, Batch Adsorption, Isotherm Studiesisofption Kinetics,
Thermodynamic Studies

INTRODUCTION

Water pollution occurs due to the presence of tissbinorganic materials, organic materials sucpraseins, fats,
carbohydrates and other substances found in damesti industrial waste waters. In present daysyhead fast
growth of industrialization and urbanization leagts many environmental imbalances taking place. fagor
problem facing the global environment is water widn. The present study and the experimental thali@ating
that the water pollution due to discharging of eated industrial wastewater into healthy environmBecause of
this type of activity the concentration of groundter fluorine is increasing day by day. Fluoridgdred desirable
amounts (0.6 to 1.5 mg/l) in ground water is a maj@blem in many parts of the world. The prominstates,
which are severely affected, are Andhra PradesjasBen, Gujarat, Uttar Pradesh, Tamil Nadu andrigdna. The
effects of fluorine compounds on plants have baenmsarized by Dainest al. ( 1952) [1], Griffin and Bayles
(1952) [2], Miller and associates (1952) [3], andndierman (1952) [4].The principal fluorine beariminerals
which are used in large scale industrial processes fluorite or fluorspar (CaJ cryolite (N aaAlF 6)' apatite
(SCas (PQ 2Cak), and sedimentary phosphate rock. Taking all tiiestrs into consideration the present study
deals with removal of fluoride by bio sorption medh Adsorption method is easy to perform and iy\a&reap and
it may not produce high quantity of waste disposal.

EXPERIMENTAL SECTION
Selection of Adsorbent:

Eleusine coracana commonly known as finger millet, or ragi belongsth® family Gramineae, The grains of
Eleusine are unusual in that the outer layer (pericarmdsfused and can be easily removed from the seatl ¢
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(testa) below (Van Wyk & Gericke 2000) [5]. Per 1f)ahe straw is reported to contain (ZMB): 3.7rgtpin, 0.9 g
fat, 87.3 g total carbohydrate, 35.9 g fiber, 8dsp, 1110 mg Ca, 160 mg P, 260 mg Na, and 150K (@S.I.R.,
1948-1976) [6]. Potassium level in ragi seeds agh this may bind with chromium present in aqueeakuition.
Taking all these factors into consideratlEleusine coracana seed powder is selected as an adsorbent.

Batch adsor ption Experiments:

Batch adsorption studies were carried out by upiggweighted amounts of adsorbents to reach equilibwith
fluoride solution of various initial concentratiorf8 — 4 mg/L) at 273, 313, 333, and 353 K. At the eof
equilibrium period (60 min), the contents of thettlms were filtered, and then the supernatant sasnplere
subsequently analyzed for removal percentage ofifle bu using UV/Vis Spectrophotometer at wavellerigy0
nm. The amount of percentage removal is calculayeasing the following equation (7-11)

% Removal = initial concentration — Final concatitn X 100
Initial conceation

Selection of optimum contact time

The contact time strongly influences the adsorpgimtess, for this study an 1000 ml of differemi@@ntrations of
fluoride solutions were taken separately and theyewmixed with optimum adsorbent dosage and stifoed
different period of contact time i.e. for 1hr amué interval varies as 3,5,10,15...... 60 min. After gdetion of 60
mints contact time the samples were filtered thlowgatt man NO.1 filter paper and analyzed for fider
concentration using spectrophotometer method [12].

Deter mination of Optimum Dosage of Adsor bent

The effect of adsorbent dose on the removal ofrifiép is studied in neutral condition (pH 7), atlaemt
temperature (25 +°@) and contact time of 60 minutes for initial flide concentration of 4 mg/L. The added
amount of adsorbent was varied from 0.2 g — 1 .2ftgr completion of optimum contact time period tautions
were filtered and analyzed for residual and remov¥dluoride concentrations respectively. The desadpich gives
minimum residual concentration is chosen as optirdosage [13].

Effect of Initial Concentration of ion

The adsorption of fluoride onto various selectedoaldents was studied by varying initial fluoridencentration
using optimum adsorbent dosage, at ambient temper§25_+ 2C) and contact time of 60 minutes. The filtered
solutions were analyzed for residual and removdluofride concentrations respectively [14].

Deter mination of Optimum pH

A series of conical flasks were taken with 1000of¥t mg/L of fluoride solution to determine the iopam pH by
adding optimum adsorbent dosage at different pte. @H of the flasks was adjusted ranging from 3.0Gd®. The
flasks were kept at room temperature for optimumtact time. After stirring the samples are filtemt analyzed
for the chromium and fluoride concentration. ThesK which gives minimum and less concentrationsyBglected
as the optimum pH [15].

Effect of Temperature

Temperature has an important effect on the prosgaslsorption. The percentage of fluoride adsorpitostudied
as a function of temperature. The batch experimeset® performedat temperatures of ©, 36C, 40C, 50C, at
different initial (1, 2, 3 and 4 mg/L) concentratgoof fluoride.

Adsor ption I sotherm M odels

The parameters obtained from the different modeiesgimportant information on the adsorption meésas and
the surface properties and affinities of the adsoetrbThe most widely accepted surface adsorptiothésm models
for single-solute systems are the Langmuir and rkikch models. The correlation with the amount dé@ption

and the liquid phase concentration were tested théh_angmuir, Freundlich and Tempkin isotherm ¢igua [16].

Linear regression is frequently used to determime best-fitting isotherm, and the applicability isbtherm

equations is compared by judging the correlaticeffaents.

Temkin Adsor ption I sotherm M odel
The purpose of the adsorption isotherms is toedla adsorbate concentration in the bulk and dserbed amount
at the interface [17 - 19]. The assumptions mad&digkin are

v Heat of adsorption decreases with surface covatagdo the interactions between adsorbent and laatsof20].
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v' Bonding energies are uniformly distributed up totaie binding energies. Depending upon these tvetofa

Temkin proposed an empirical equation which is@spnted as follows [21-22]
v

The linear form of temkin equation is as follow®(ikin and Pyzhav)
qe = BT anT + BT ll’lCe (")

Where T is absolute temperature (K), R is univegsal constant (8.314 J/mol.k); 6 equilibrium binding constant
(L/Mg), by is Variation of adsorption energy (kJ/mol)} B Temkin constant (kJ/mol).The Temkin adsorption
isotherm model was chosen to evaluate the adsarptitentials of the adsorbent for adsorbates.dfatisorption
process follows Temkin adsorption isotherm modelghaph between &ersus ghas to show a linear relationship.

Langmuir Adsorption I sotherm M odel

Langmuir adsorption isotherm explains quantitativible formation of monolayer adsorbate on outefaser of the
adsorbent, and after that no further adsorptioaggitace. The theoretical Langmuir isotherm isdvidr adsorption
of solute from a liquid solution as monolayer aggion on a surface containing a large number ofitidal sites.
Langmuir isotherm model [23] explains uniform enesgof adsorption onto the surface without transatign of
adsorbate in the plane of the surface. The Langimsatherm has an assumption that the adsorptioarsaaithin
adsorbent at specific homogeneous site. The liimear of Langmuir equation is as follows:

C__1 G
de kL qm dm

Where @ is adsorption capacity equilibrium,,gis the maximum adsorption capacity, @& the solution
concentration at equilibrium ks Langmuir constant

Freundlich Adsorption Isotherm M odel

The Freundlich equation is basically empirical mubften useful as a mean for data description. &teaation
generally agrees with the Langmuir equation andegrpental data over moderate ranges of concentrgfid].
This is commonly used to describe the adsorpti@ratteristics for the heterogeneous surface [23%. data often
fit the empirical equation proposed by Freundlich.

The linear form of Freundlich equation is as folfo}j26]

logg=logk + 1/n(log @) ..... (v)

Where kis the Freundlich adsorption capacity anid the adsorption intensity. A plot of log eersus log €gives
a linear line with slope of 1/n and intercept df k.

Adsor ption Kinetic models

In order to examine the controlling mechanism cfaagtion processes such as mass transfer and aiesaction,
several kinetic models are used to test experirhel@®. The mechanism of adsorption involves thendbal

reaction of functional groups present on the serfa¢ the adsorbent and adsorbate. In present stiely
experimental data were tested with pseudo firsegrgseudo Second order, Elovich model and intrdicte

diffusion models [27].

Pseudo first order equation:

Pseudo-first-order kinetic modehe Lagergren rate equation, has been the mostlywided rate equation for
assigning the adsorption of an adsorbate fromwuadighase since 1898 [28} simple kinetic analysis of adsorption
is the pseudo-first-order equation in the form {2®].

do/dt =k (G Q) - (vi)
Where K is the rate constant of pseudo-first-order adgsmmptind g denotes the amount of adsorption at

equilibrium. After definite integration by applyirtbe initial conditions g= 0 att = 0 and¢r g at t = t, the linear
equation is as follows
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K1
2.303

log (g — q¢) = logq. — Xt....(vii)

The plot of log (g— @) versus t should give a straight line with slope-k/2.303 and intercept log.gPseudo first-
order kinetic equation differs from a true firsder equation in following ways

v' The parametek (0. — g;) does not represent the number of available sites,
v' The parameter, logyf) is an adjustable parameter and often it is foilvadi it is not equal to the intercept of the
plot of log @e— Q) versug, whereas in a true first order model the valubgf, should be equal to the intercept.

Hence, pseudo first order kinetic model is used dstimatingk alone, which is considered as mass transfer
coefficient in the design calculations [31].

Pseudo second-order kinetics

As pseudo first-order kinetic model gives oklgnd asy. cannot be estimated using this model, applicghiitthe
pseudo second-order kinetics has to be testedhéoestimation ofj. with the rate equation given by Ho 1995, [32].
The pseudo second order kinetic order equationesspd as

t 1

t
— = +—...... VIl
ac k242 (vii)

Where k is the rate constant of pseudo second order ditsor{m/mg/min) and gis the equilibrium adsorption
capacity (mg/gm) [33]. The plot ofgt versust should give a linear relationship which allows tmenputation of a
second-order rate constakt, and g.. The pseudo-second order model is based on thanptisn that the rate
limiting step may be chemical adsorption involvirajence forces through sharing or exchange ofrelestbetween
the adsorbent and adsorbate [34].

Elovich M odel

Elovich equation is also used successfully to descsecond order kinetic assuming that the actigd surfaces
are energetically heterogeneous, but the equaties dot propose any definite mechanism for adse+aasorbent
[35 - 36]. It has extensively been accepted thatdemisorption process can be described by this-eepirical
equation [37]. The Elovich or Roginsky—Zeldovichuatjon is generally expressed as follows [38 -14]),

4t _ o exp(—B q¢)....... (ix)

dg
Where,a is the initial adsorption rate (mg/g/mirg),is the desorption constant (g/mg). If the adsorpfits to the
Elovich model, a plot of qversus In (t) should give a linear relationshiphwa slope of () and an intercept of A/

In (of).

Intraparticle Diffusion M odel

In adsorption studies it is mandatory to find dw tate limiting step. Therefore the results olgdifrom the batch
adsorption experiments were used to study thelimitng step. The rate limiting step might be filon intraparticle
diffusion which was tested by plotting a graph estw amount of ion adsorbed and square root of[dite

qr = KigtY? + I.....(X)

Where gis the amount of chromium and fluoride adsorbed/¢nat time t (min), and | is the intercept (mg/ky)
and | values are obtained from the slopes anddeptrof the linear plot. If the postulated mechamis correct, then
a linear plot passing through the origin is obtdinAdditionally, the value of the rate constant €bffusion is
obtained from the slope of the line. However, & thata exhibit multi-linear plots, then two or meteps influence
the sorption process. In general, a mass transfeeps is diffusion controlled and its rate is dejgnt upon the rate
at which components diffuse towards one anothee ifitra-particle diffusion model has been appliadttiree
different forms:

(i) The amount of adsorption at any tintgjs plotted againsf’® to get a straight line passing through origin.sThi
means tha#\ is equal to zero which implies that the rate is limited by mass transfer across the boundary layer
This occurs when a system is agitated and mixedsiafficient extent (high turbulence);

(i) Multi-linearity in qt versust*? plot is considered (that is, two or three stepsiavelved). In this form, the
external surface adsorption or instantaneous atisorpccurs in the first step; the second stephis gradual
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adsorption step, where intra-particle diffusiorc@itrolling; and the third step is the final eduilum step, where
the solute moves slowly from larger pores to migooes causing a slow adsorption rate. The timeiredjdor the
second step usually depends on the variationseofylstem parameters such as solute concentragimpetature,
and adsorbent patrticle size;

(iii) qt is plotted againgf?to obtain a straight line but does not necessaglys through the origin; that is, there is
an intercept [42]. This implies that the rate imited by mass transfer across the boundary lay@s dccurs in a
slowly stirred batch adsorption process.

Thermodynamic parameters
Thermodynamic parameters were calculated from thgation of the equilibrium constank, at different
temperature by using following equation.

K (L/g) values were obtained using the Khan and &iethod [43] by plotting Ifq /C ) versusg and extrapolating
Cc e e e

to zero. The intercept of the straight line witk trertical axis gives the valueskf. The Gibbs free energy change
of the adsorption process is related&t@s in equation given below [44]

AG’ = - RT In K, ....(xii)

(0] [0}
The changes in enthalpyil ) and entropy AS) for chromium and fluoride adsorption were caltedafrom the
slope and intercept of the plot ofKt against 1T according to the van’t Hoff equation [45]

In Ko =AS - AH’
R RT ..... (xiii)

WhereAS® is change in entropgH° is change in enthalpyG° is change in free energy. Plottingknversusl/T
Cc

(o} (o} [0}
shows straight lines. From their slope and inteicApl and AS are determined. The negative valuesA®
indicate a favourable and spontaneous proces<§39,

Equilibrium parameter
In order to find out the efficiency of adsorptioropess, the dimensionless equilibrium paraméeis calculated
by using following equation [16, 47].
R = 1 .
1+ RC  ....(xiv)

Where G = Initial concentration (mg/L), b is Langmuir ibetrm constant. Values of the dimensionless equilibr
parameter explain the differences in the shapethefisotherm. Ther values lies between 0 and 1 indicate
favourable adsorption. TH& value above 1 indicates unfavourable.

Non-linear regression analysis

In this experimental study, a non-linear regressiaalysis was conducted to determine the isothardnkinetic
constants and statistical comparison values suatiessmination coefficient @R standard error of the estimate
(SEE) and Absolute sum of squares (ASS). The adsbrption data was evaluated using Graphpad égntific
software. As regression models were solved, they watomatically sorted according to the goodnégg-system
into a graphical interface. To determine the diatifsignificance of the predicted results 95 %faence was used
in the non-linear regression analysis.

RESULTSAND DISCUSSION

Effect of Contact Time and Kinetics of Adsorption:

The adsorption data of fluoride at different irdittmncentration ranging from 1-4 mg/l. however theerimental

data is measured after 60 minutes of contact toneadke sure that full equilibrium was attained. Peecentage
adsorption steadily increased with an increas@éncbntact time as shown in figure-1. The ratesdsbrption were
first tested with the Pseudo first order mechaniérhagergren by plotting log ¢en;) Vs time (Figure-2). The plots
have good linearity but it is deviating from pseuutst order kinetic. In order to find a more rddia description of

the kinetics, second order kinetic equation wadiagpo the adsorption data by plotting, tis time (Figure-3). The
plots are having better linearity. The results afpsion of fluoride by using ragi seed powder hasrbrepresented
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in the form of Elovich equation in Figure-4 at war$ initial concentration of fluoride. From the pl linear
relationship between the amount of fluoride adstrlipand In (t) was established. These plots showddrdiit
distinct linear regions within individual sets adtd and follows pseudo second order kinetics (45).

100

90
80 — & &
70
60
50 —— 4 mg
40
30
20
10

o B

(6] 10 20 30 40 50

% Removal

—fl— 6 Mg
10 mg

contact time in minutes

Figure-1: variation of contact time between fluoride and Eleusine coracana seed powder

Adsor ption Kinetic M odels:

Pseudo First-Order Kinetics:

The plot of log (qe-qt) versus t gives a straighe which represents the pseudo first-order kasetor the removal
of fluoride usingEleusine coracana seed powder. The values of first-order rate caonistdg and ge for the initial
fluoride concentration ranges of 4, 6 and 10 nWike regression correlation coefficient is found®in the range
of 0.00-0.045, which seems to be poor linearity sindws the non-applicability of pseudo first-oréaretic model

for the removal of fluoride usingleusine coracana seed powder. The true value of ge obtained fropegments
for 4, 6 and 10 mg/L of initial fluoride concenimis are 0.6, 2.1, and 2.3 mg/l respectively whimot in

agreement with the pseudo first-order model predietalues as given in table-1

1-
N -- 4 mg

0 . . , = 6mg
T 5 10 15 = 10 mg
3 -14 time in minutes
=
o -21
o

-3- |

-4 ¢

Figure-2: Lagergren pseudo first order

Pseudo Second-Order Kinetics

As a result of non-applicability of pseudo firstder, the kinetics for adsorption of fluoride &heusine coracana
seed powder is tested with the pseudo second-&mdetic model. Application of pseudo second ordieekics by
plotting t/qt vs. t, yielded the pseudo second-pbrdde constant, )k calculated equilibrium capacity ge, and
regression correlation coefficient for the initilsioride concentration ranging from 4-10 mg/L agparted in Table-
1. The calculated ge values show a good agreemitnttiae experimental values and the obtained vafoes
regression correlation coefficients are in 0.998geg which indicates that the pseudo second ordetik model
can be applied for the removal of fluoride uskigusine coracana seed powder as an adsorbent

132



N. Gandhi et al J. Chem. Pharm. Res,, 2016, 8(7):127-141

15+
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Figure-3: pseudo second order kinetic model

Elovich Kinetic Equation:

The Elovich kinetic constantg and p are obtained from the intercept and slope respagti The regression
correlation coefficients (¢ are obtained in the range of 0.55 - 0.87 fowvallies of initial fluoride concentration,
which are found to be less than the values caledlasing second-order kinetic model as shown ineTeh The
regression correlation coefficients for second pideetic model are more than the pseudo first-oatel Elovich
kinetic model for all values of initial fluoride noentration. Thus the kinetics of fluoride adsaptusingEleusine
coracana seed powder as an adsorbent can be better exgphlayngseudo second-order kinetic model.

8=
-o— 4 mg
- 6 Mg
- 10 mg

I —— s """
-
2=
o T T T 1
o 1 2 3 4

In(t)

Figure- 4: Elovich model

Intraparticle Diffusion M odel:

To check the involvement of intraparticle diffusidghe experimental data tested with intrapartigfusion model
proposed by weber. The plot gt verstisshown different behavior with involvement of varsodiffusions (Figure-
5). The said figure explains us:

The initial linear region is altributed to film difsion, governed by boundary layer effect

The second parallel line describe the intrapartidfeision stage

The final gradual uptake and stable line is goverog the pore diffusion mechanism. The correlatoefficient
(R?) values, obtained values of;kand| from the slope and intercept were listed in tablé&rom the figure-5 and

table-1 it is concluded that the adsorption of fide by Eleusine coracana seed powder cannot describe by using
intraparticle diffusion model.
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- 4 mg/L
--m- 6 mg/L
--a- 10 mg/L

O L] L] L] L]
(0] 10 20 30 40

t 1/2

Figure-5: Intraparticle diffuson Model

Effect of Initial Fluoride Concentration on Ragi Seed Powder

The initial concentration of fluoride solution wearied (1, 2, 3 and 4 mg/L) and batch adsorptiqgreerents were
carried out with 1000 ml of fluoride solution andyth of adsorbent at room temperature. The percemtagoval is
decreased as increase in the initial concentratidluoride. The high percentage removal at lowelesoncentration
of fluoride may be attributr to the avilability afiore active centres on the surface of the adsortient). The
experimental results were shown in figure- 6.
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30

% Removal
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O 1 2 3 — 5

concentration of fluoride in mg

Figure- 6: Variation of initial concentration of fluoride
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Figure-7: Effect of adsor bent dosage
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Effect of Eleusine coracana seed powder Dosages:

The amount oEleusine coracana seed powder was varied from 0.2 gm to 1.0 gm wittonstant concentration of
(2 mg/L) fluoride with euilibrium period of 60 mites at room temperature. The amount of fluorideaksptis
increased with increase in the amounttdusine coracana seed powder (Figure-7). The incresing capcityraf a
uptake of fluoride is due to presence of 7.3 gm$uaftein, Fat 1.4 g m, Carbohydrate 72 gm, Minegakks g
Calcium 344 mg, Fibre 3.6 gm in 100 gm Eifeusine coracana seed powder. The calcium which is present in
Eleusine coracana seed powder is responsible for binding and remof/8ilioride from water and waste water [46].

Effect of pH on adsor ption process:

The results of pH effect on the fluoride removdicéncy are shown in Figure- 8. With increasing fsbim 4 to 7,
the fluoride removal efficiency decreased from 72d 62.14%, and maximum adsorption capacity shatpH 3.
This can be attributed to the formation of weaklgized hydrofluoric acid in strong acidic conditsoire. at pH 3.

S0
80 _
70 — R
60 —
50 —
40 —
30
20
10
O

O 5 10 15
pH of the aqueous solution

% Removal

Figure-8: Effect of pH on fluoride adsor ption by Eleusine coracana seed powder

Effect of Temperature on Adsorption of Fluoride:

Temperature has a pronounced effect on the adsorptipacities of the adsorbents. In the presedysadsorption
isotherms of fluoride are studied at different temaure of 8C, 40C, 60C, 80C and 108C. The particle size of
adsorbent used for isotherm studies are 250 meprhdnt dosage 1gm/100ml and the contact time isié0tes.

The percentage of adsorption of fluoride ions a#@minutes was found to be 57, 82, 87, 93 anceggactively at
0, 40, 60, 80 and 160. The plots of temperature versus percentage rahud\fluoride byEleusine coracana seed

powder is given in figure-9. The increase in theagdtion capacity of fluoride at higher temperatcoafirms that

the endothermic nature of the process [47].

100
SO
S0
7O
S0
50
a0
30
20
10
O

% Removal

O 50 100 150

Temperature in ©C

Figure-9: Adsorption capacity of fluoride by Eleusine coracana seed powder at different temperature
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Two-parameter isotherms:

Freundlich isotherms:

A graph was constructed between log x/m and log@@eit shown in figure-10. From the figure-10, svfound
that the adsorption capacity increases with inerdastemperature. Freundlich gave an empiricalticiahip
between the quantity of fluoride adsorbed by thegiamount of adsorbent and concentration of ftleoifhe 1/n
value and log k value at 20 is indicating high values, it means the adsorptiapacity is more at that temperature.
In this study, the n values in Freundlich equatioa calculated to vary within the range of 0.08-this indicates
favourable adsorption of fluoride onto the studs$orbents, as reported in other studies (10,a1)he basis of
determination coefficients, RSS, ASS, SEE and Shesthe Freundlich model fit the adsorption isathalata
better than other two parameter models (Table-2).

1.0-
0.8
E 0.6-
=
o>
o 0.4-
0.2+ ® v
) ) ) ) ) ]
.5 0.6 0.7 0.8 0.9 1.0 1.1

o

o°cC
40 ° C
60 ° C
80 °C

4«rnoe

log Ce

Figure-10: Freundlich isotherms plotsfor removal of fluoride by Eleusine coracana seed powder

Langmuir isotherm:

The linear plot of specific sorption (Ce/ge) agaihe equilibrium concentration (Ce), shows that #fllsorption of
fluoride by Eleusine coracana seed powder obeys the Langmuir model. The Langeuwristants @and b were
determined from the slope and intercept of the gitat are presented in Table-2.

10-
A
5
@ = e 0°cC

< o . . = 40° cC
(&5 5 10 15 S 60 o C
Ce v 80 © c

L5

-10-

Figure-5.3.11: Langmuir isotherm adsor ption isotherm for removal of fluoride by Eleusine coracana seed powder

Temkin isotherm:

The sorption data were analyzed according to tieali form of the Temkin isotherm and the lineatgphlre shown
in Figure-12. Examination of the data shows that Temkin isotherm provides a close fit to the fldersorption
data. From the graph and table-2 it was foundttf@proposed Temkin isotherm is does not fit fer élxperimental
data as compare to other adsorption isotherm models
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10-
® 0°cC
s =  40° C
A 60°cC
o ©7 v 80°cC
[ampy
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v
2-
O L] L) L]
(0] 5 10 15

Ce

Figure-12: Temkin adsor ption isotherm model for adsor ption of fluoride by Eleusine coracana seed powder

Thermodynamic Studies:

The figure-13 is represents the plot of In K Vs Was found to be linear and the Enthalpy chang¢®y and
Entropy changeAS®) are determined from the slope and intercept. Mdwgative values oAH® indicate that the
adsorption interaction is exothermic. The positredues ofAS’ shows the increased randomness at solid interface
during adsorption of fluoride bigleusine coracana seed powder.

-1.6 - o
-1.8 =

-2.0=

InK

2.2 =

2.4+

0.0028 0.0030 0.0032 0.0034 0.0036 0.0038 0.0040
1/T

Figure-13: Thermodynamic parameter s of Eleusine coracana seed powder
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Figure-14: FTIR spectrum of Eleusine coracana seed powder before adsor ption
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Equilibrium parameter:
Values of the dimensionless equilibrium paramekr, of different temperatures are calculated for ithidal
concentrations of Fluoride are given in table-4e Plarameters explain the differences in the shafpée isotherm.

The observe®®_values for Fluoride are between 0 to 1 and it iatiNe of the favourable adsorption [48 -49].
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Figure-15: FTIR spectrum of Eleusine coracana seed powder after adsor ption

Table-1: Kinetic parametersfor adsor ption of Fluoride by Eleusine coracana seed powder

SNo | Parameters Fluoride concentration | Fluoride concentration | Fluoride concentration
(4mg/L) (6 mg/L) (10 mg/L)
Pseudo first order kinetic model
R? 0 0 0
ASS - -
01 SEE 1.906 1.594 0
RSS 3.63 2.54 0.000
Ky - - -
Pseudo Second order kinetic model
R? 0.999 0.999 0.999
ASS 0.066 0.021 0.023
02 SEE 0.129 0.750 0.760
RSS 0.066 0.021 0.023
K, 0.284 0.199 0.137
Elovich model
R? 0.551 0.873 0.860
ASS 0.134 0.189 0.953
03 SEE 0.183 0.217 0.488
RSS 0.134 0.189 0.953
o 2.517 3.421 3.881
B 6.451 2.288 1.079
I ntraparticle diffusion model
R? 0.179 0.414 0.401
04 ASS 0.258 1.019 4,714
Kig 0.008 0.031 0.065
| 2.822 4,232 5.604

600

400
1/lem

Fourier Transform Infrared Spectroscopy:

The FTIR spectra dEleusine coracana seed powder before adsorption and after adsorptéya shown in figure-14
and figure-15. On comparing IR spectra it was fotlmat there are significant changes were obsereéord and
after adsorption process. The peaks at 3427.54stits 3379.51 crhindicates the involvement of —OH groups of
bio polymeric compounds. The peaks at 1978.97 and 1932.67 cthhave shown major differences in the region
of 1900-2000 cr, which is due to asymmetric stretching of C=C konthe peaks in the region of 1500 to 1550
cm® (1550.77 cnt, 1531.48 cnif and 1517.98 cif) have been shifted to great extent indicatingaimno groups
involvement in adsorption of fluoride from aque®asdution. The peaks in the 1400- 1500 tragion (1494.83 cin

1 1462.04 cnl and 1429.25 cil) have been modified to great extent indicating phesence of C-H groups
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involvement in binding the fluoride molecules. Byatyzing the FTIR spectrum @feusine coracana seed powder
before and after adsorption OH groups of alcohal ahenols, ester groups (aromatic and aliphaticugsp
anhydride group (-CO-0O-COQ), aldehydes and keto8e€)) and amide groups are binding the fluoride ks to
the surface.

Table-2: Adsorption isotherm constant and statistical comparison values of adsor ption isotherm modelsfor Fluoride adsor ption by
Eleusine coracana seed powder

Temperature°C
S.No | Parameters 0 0 | 40 | 50
Temkin Adsorption | sotherm

R? 0.954 | 0.616] 0.593 0.39¢
ASS 0.916| 4.115 5523 4.39p
01 SEE 0.676 1.434 1.661 1.481
RSS 0.915| 4.115 5.52 4.392

ar -1.850| 0.650| -0.97( 0.74

br 0.975| 0.575| 0.635 0.380

Langmuir Adsorption Isotherm |

R’ 0.573 0.001 0.505 0.008
ASS 0.458| 0.423] 1438 3.58p

02 SEE 0.478 0.460| 2.68 1.33

RSS 0.45 0.42 14.3 35

Qo 2.836 1.607 9.379 2.041

b. -0.175| -0.006/ -0.857 0.039

Freundlich Adsorption Isotherm

R’ 0.924 0.768| 0.627| 0.661
ASS 0.020| 0.032] 0.039 0.05p
03 SEE 0.100 0.127] 0.141 3.000
RSS 0.020| 0.032 0.03 0.029
Log ki -0.741| -0.273] -0.157 -0.474

1/n 1.674 1.107 0.870 1.109

Table-3: Thermodynamic parameters of Fluoride adsor ption by Eleusine coracana seed powder

S.No | Temperature | AG®(KJ/ mol) | AS° (KJ/ mal) | AH® (KJ/ mol)
01 273 6.937 x 10 1.166 -930.9
02 303 8.546 x 10
03 313 9.119 x 10
04 323 9.712 x 10
05 333 10.322 x 10
06 353 11.599 x 10

Table-4: Equilibrium parameter R, values at different concentration and different temperatures

0 Concentration of Fluoride (mg/L) and R, values
SNo | Temperature (°C) 7"/ 6 mg/L 10 mg/L
01 0 0.303 0.202 0.121
02 40 0.251 0.167 0.100
03 60 1.748 1.165 0.699
04 80 0.240 0.160 0.096
CONCLUSION

Water containing more than 1.5 mg/L of fluoridentst recommended for drinking. Most commonly usedraha
has problems of low capacity leaching of alumin#mon toxic Eleusine coracana seed powder used in present
study removes fluoride without release of ion dgriemediation process. The process is cost effeeid eco-
friendly which can be used by the poor people.

The present bio adsorption study suggests as atfaitalternative for detoxification of toxic fluimie present in the
water. The percentage removal of fluoride was fotméunction of adsorbent dosage and contact ti@@imum
dosage and optimum contact time for adsorption ggeds 0.6 gm and 20-30 min respectively. The ptage
removal is more at lower concentration compareligh concentration. The statistical analysis rev¢ladt the data
follows Freundlich and Temkin Adsorption isotherommpared to that of Langmuir adsorption isothernoater
temperature. The adsorption process follows Psesgdond order kinetics. Thermodynamic data indicétes
process is exothermic and spontaneous.
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