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ABSTRACT

Adsorption of fluoride was done from its aqueoustsan by using microwave assisted activated
carbon. The activated carbon was prepared by cadaiion of Acacia Auriculiformis scrap
wood char followed by microwave heating. A batcllgton fluoride sorption was carried out at
various experimental conditions, including differepH, initial fluoride concentrations,
adsorbent concentrations, competitive anion chieriand different temperatures. Fluoride
adsorption was found to be pH dependent and thermsm removal of fluoride was obtained at
pH of 4.4. On the other hand, the fluoride adsanptivas reduced in the presence of chloride
ions. The percentage removal of fluoride was fotanide increased with increase in temperature
and adsorbent dose and a maximum removal of 97.@%wtained with an adsorbent dose of 2
g/l. On the other hand, the adsorption of fluoridas also increased with decrease in particle
size and the maximum removal occurred at a parscte of 58 um. In order to investigate the
mechanism of fluoride removal, various adsorptisathhierms such as Langmuir, Freundlich,
Tempkin and Herkin-Jura were fitted at 293, 303d 823 K . The experimental data revealed
that the Langmuir isotherm gave more satisfactoryfdr fluoride removal. The monolayer
adsorption capacity according to Langmuir isothemras found to be 19.92 mg/g. The
adsorption process was observed to follow a psesdond-order Kkinetic model.
Thermodynamic parameters were also determined dahge in enthalpy and entropy were
found to be 6.094 kJ/mol and 19.022 J/mol-K respelgt

Keywords: Adsorption; Mean square error; Sum of square pr@hi-square, Regression
coefficient.

INTRODUCTION

Adsorption of hazardous ions such as fluoride le®ime major concern for public health in the
present decade. Unfortunately, the fluoride comatmn of ground water has been identified in
many places around the world [1]. The natural presef fluoride generally occurs through soil
and rock formation in the form of fluorapatite, dhgpar and amphiboles, geochemical deposits,
natural water systems and earth crust [2, 3]. lditexh to this fluoride can also be found in
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various industrial activities, specially semicontduic electroplating, glass, steel, ceramic and
fertilizers industries [4]. According to the Worldealth Organization (WHO) the maximum
permissible limit of fluoride is 1.5 mg/l in casédrinking water whereas the acceptable fluoride
concentration lies in the range of 0.5 - 1.5 mg/lpar the APHA standards. Therefore higher
fluoride concentration cause severe harmful effectaquatic life as well as in human bodies.
Excess intake of fluoride by human being may le¢ads$ental caries, bone fluorosis, and lesions
of the thyroid, endocrine glands, and brain [5judfbsis can attack the major organ of the
human body like neck, spine, pelvic and shouldartgoand small joints of hands and feet etc.
Because of these reasons the pollution of grountgrna@y fluoride contamination has been a
major concern. Various treatment techniques haven baeveloped commercially such as,
Membrane filtration [6], precipitation [7], nandfiition [8], ion-exchange [9],
electrocoagulation flotation [10], and adsorptidi][ have been used for fluoride removal but
adsorption is worth mentioning amongst all. Thesgade reason lye in the fact that adsorption
can be applied for the removal of fluoride everlomt concentrations. In the recent years an
extensive research has been made on the removkloofde by using natural, synthetic, and
biomass materials such as activated alumina [j2hsh [13], alum sludge [14], chitosan beads
[15,16], red mud [17], zeolite [18], calcite [19lydrated cement [20], attapulgite [21], and acid-
treated spent bleaching earth [22].

But widespread uses of some of these adsorbenits kilme to their high cost and difficulty of
preparation. Therefore use of a low cost adsorbecit as wood based activated carbon could be
a better alternative. In the present study batcoruadion of fluoride was done from its aqueous
solution by using Acacia Auriculiformis wood basadtivated carbon. The activated carbon was
prepared by microwave activation of the char pregarty carbonization of Acacia
Auriculiformis scrap wood. A batch adsorption stualgs carried out at various experimental
conditions, including different pH, initial fluored concentrations, adsorbent concentrations,
different competitor anions, and different temperes. In order to investigate the mechanism of
fluoride removal various adsorption isotherms wads® studied at different temperatures.

MATERIALS AND METHODS

2.1. Raw materials

The scrap wood of Acacia Auriculiformis selected fiois work, was collected from local saw
mill. Methylene blue (MB), hydrochloric acid and amania were procured from Merck
Specialities Private Limited, Mumbai, India.

2.2. Preparation of char

The char was prepared by carbonization of AcaciaicAiliformis scrap wood in an inert
atmosphere. The wood scrap was first cut into smades of 2 mm width and 40 mm of length,
cleaned with distilled water and was sun dried Zdrh prior to the carbonization. The wood
pieces were kept on a ceramic boat which was platethe center of a 40-mm i.d tubular
furnace. The material was then heated from ambiemperature to the carbonization
temperature of 750 °C at the rate of 4 °C/min aoatinuous flow of N (300 ml/min) and then it
was kept at this temperature for 1h for subseqgaetntation.

It was then allowed to cool to ambient temperatarpresence of Nflow. The char (C750N)
was sieved to obtain the desired size fractionsstored in a desiccator over silica gel.
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2.3. Microwave-activation of char

The C750N was further activated in a domestic naoicem (IF20PG3S) for five minutes at a
constant input power of 800 W and a frequency &2MHz. After treating in the microoven
C750N was termed as AC750NMWS5.

2.4. Characterization of activated carbon

The surface area and the total pore volume of tepgred char and the activated carbon were
determined by using Nadsorption-desorption method by using Brunauer Ethiteller (BET)
apparatus (Autosorb-1, Quantacrome). The surfaopepties and the microporous structure
were investigated by using Scanning Electron Micopge (SEM) (Hitachi, model SU-70).

2.5. Adsorption equilibrium

The monolayer adsorption capacity of AC750NMWS5 faroride was determined by the
equilibrium study. The equilibrium study was cadrieut by adding 0.1 g of adsorbent into a
series of 250 ml conical flask containing 100 mluson of fluoride and was shaken in a
mechanical shaker for 8 h at room temperatureerAfis the samples were centrifuged and the
concentrations were analyzed in a fluoride ele@rg@rion, 9606BNWP). The equilibrium
adsorption capacity was calculated from the reatetiip

qe — (CO _Ce)v

w (1)
where, ge (Mg/g) is the equilibrium adsorption capacity, is the fluoride concentration at
equilibrium (mgl), Vis the volume of solutiodandw is the weight of adsorbent (g).

2.6. Data analysis
The experimental data were analyzed using Origio.(YArsion 8) computer software. The
goodness of fit was measured through the regressiefficient (R).

RESULTS AND DISCUSSION

3.1. Characterization of the prepared adsorbents

The BET surface area &), total pore volume () and average pore size of C750N and
AC750NMW5were determined from the physical adsorption datd.cat 77 K and the values
are shown in Table 1. It can be seen from Tableat AC750NMWS5 has the highest surface
area and total pore volume. Inside the microovehigh temperature could be reached in
comparatively shorter period of time resulting giadon of huge amount of energy at a
molecular level. Consequently, the roughness ofpii@ walls may also be increased due to
rapid heating with the formation of additional aetisites [23]. Besides, rapid heating could
accelerate the release of tar or volatile mattemfthe pore interior which results into higher
pore volume [24]. The surface morphology of actdatcarbons was investigated through
Scanning electron microscope (SEM) analysis. Thsl $&ages of C750N and AC750NMW5
are shown in Figure 1a and 1b. It can be obsert@u Figure la that a typical honeycomb
structure with pores of different size was formedtbe surface of char (C750N) when it was
treated at optimum condition. The similar surfacerphology could also be observed when
activated carbon was prepared from corncob by atednaictivation [25]. The roughness of the
interior pores of activated carbon was increase@nwh was further treated in a domestic
microoven (Figure 1b).
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Table-1 Comparison of surface properties of C750Nral AC750NMW5

Adsorbent Surface area Total pore volume Average pore diameter
(m*g) (cclg) A)

C750N 514.2 0.36 27.99

AC750NMW5 695 0.50 28.55

- .
(-\ 7
b o o
at @ - - EHT = 2000 kv Signal A = SE1 Date 114 Jun 2010
10 um

EHT =20.00 kv Signal A= SE1 Date :9 Dec 2010 WD = 85mm Mag= 3.00KX e W
WD = 80mm Mag= 250KX ime 11:42:

Time :11:42:29

Fig 1. The SEM image of (a) C750N (b) AC750NMW5

3.2. Equilibrium study
In order to establish an appropriate relationslevieen the adsorption capacity)(gnd fluoride
concentration (g at equilibrium by using AC750NMWS5, the data wditéed to Freundlich,
Langmuir, Tempkin and Harkins-Jura isotherms. Thandmuir isotherm represents the
unimolecular adsorption of the adsorbate molecaléhe adsorbent surface [26]. The model can
be expressed as:

1 1 1

_ = +

qe KIQm Qm (2)

where, K, is the Langmuir constant related to the energwddorption (I /mg) an®@, is the
maximum amount of adsorption corresponding to ceteplhe monolayer coverage on surface
(mg/g). Similarly, the Freundlich isotherm can b&ed for non-ideal sorption that involves
heterogeneous surface energy systems [27, 28kaxpressed by the following equation:

ge = Ke (Co)™" ®3)
where, Kk is a rough indicator of the adsorption capacitg &m is the adsorption intensity. In
general, with the increase of the adsorption cap#Gi value increases. The Tempkin isotherm
describes the heat of adsorption and interactidawedsn adsorbent-adsorbate molecules [29].

The Tempkin isotherm can be expressed as:

g, =B,Ink; +B,InC, 4)

where, k and B are Tempkin isotherm constant.

The Harkins—Jura adsorption isotherm can be expddsg the following equation [30]:
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i = (Ej - [lj |OgCe
9 \AJ (A (5)

where,B, andA are the isotherm constants.

The Harkins—Jura adsorption isotherm tells aboetrtultilayer adsorption which is explained
with the existence of a heterogeneous pore digiobuThe experimental data fitted to different
isotherms at three different temperatures are showfig.2a-c. It can be seen that Langmuir
isotherm fitted well in each case. Besides, theieslof the different equilibrium constants are
shown in Table 2.

Table-2 Equilibrium model constant at different tenperatures

[sotherm [sotherm-equations Temperature (K)
303 313 32
o E
Langmuir G, = Cekiy
1+ K0,
K; (l'mg) 0.869 0.9611 1.0102
Q. (mg'g) 18.95 19.24 10.26
R: 0.9954 0.9941 0.9941
Freundlich ¢, = K (C)M"
1n 03128 0.2987 0.2982
Kr (l'mg) 93484 10,110 10.269
R= 0.9933 09882 0.9891
B, 4.038 4.030 4.020
o 9528 11.194 11.876
R: 0.9954 0.9913 09918
l = (i] — [l] log Ce
H-J g, \AS A4
A 271.266 309247 306.68
B- 2.633 2.7306 26712
R: 0.9919 0.9810 0.9829

3.3. Nonlinear analysis and error estimation ofeliént isotherms

The isotherm was analyzed nonlinearly and the spoeding values of isotherm parameters are
summarized in Table 3. The adjusted—R squared wgsodness-of-fit measure in multiple
regression analysis that penalized additional exgitay variables by using a degrees of freedom
adjustment in estimating the error variance. hosed that the Langmuir adsorption isotherm is
the best correlated one with a highvlue (0.9966). The chi-square valy€is a test statistic
that is calculated as the sum of the squares arebd values minus expected values divided by
the expected values. Thé can be expressed in the following way:

2 (Qy=Qup)’
- e em 6
X T o, (6)
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The chi-square values of different isotherms avergin Table 3. In statistics, the sum of squares
(SSE) is a quantity used in describing how welladel, often a regression model, represents the
data being modelled. In particular, it measures\udweation in the modelled values. The total
sum of squares, measures the variation betweeolberved data and to the residual sum of
squares. The residual sum of squares (RSE) meatwegariation in the modelling errors.
Therefore the sum of squares error is the sumeftuares of the deviations of the predicted
values from the mean value of a response variabbestandard regression model. A test statistic
that is calculated as the sum of the squares arebd values minus expected values divided by
the expected values.
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Fig. 2. Equilibrium isotherms at different temperatures (a) 30 °C (b) 40 °C (c) 50 °C

Table 3 Nonlinear analysis of different isotherm

Isotherm Statistical parameters 30°C 40°C 50°C

Langmuir R° 0.9966 0.9941 0.9941
y 2 0.0772 0.1424 0.1438
Qo-error 0.5484 0.7228 0.7096
K -error 0.0780 0.1126 0.1173
RSE 0.4926 0.8544 0.8625

Freundlich  R? 0.9953 0.9882 0.9891
y 2 0.1083 0.2827 0.2654
Ke-error 0.2269 0.3406 0.3220
n-error 0.0221 0.0335 0.0320
RSE 0.64975 0.2827

Tempkin R? 0.9964 0.9913 0.9918
x? 0.0821 0.2081 0.1989
B;-error 0.2471 0.3875 0.3722
kr-error 1.8641 3.4574 3.5716
RSE 0.4926 1.25 1.1935

Herkin-Jura R? 0.9919 0.9810 0.9830
x 2 0.1871 0.4548 0.4131
A-error 26.766 46.702 43.816
B-error 0.1489 0.2523 0.2333
RSE 1.1225 2.729 2.4787

3.4. Effects of various adsorption parameters

3.4.1. Effect of pH

The adsorption of fluoride was studied over a phbeaof 2.5 to 7 as shown in Fig. 3. The effect
of pH on fluoride adsorption was studied at aniahftuoride concentration (§ of 10 mg/l with

an adsorbent dose (m) of 1 g/l. It was seen frogn Fithat the fluoride removal increased with
decrease in pH values and as the pH was increem®ad®f5 to 7, the fluoride removal efficiency

was decreased from 81.7% to 57%. The adsorptianhalr ions gets affected due to the strong
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affinity for H* and OH ions on the adsorption sites. Because of higHeiohl concentrations at
lower pH the negative charges on the adsorbendceirfet neutralized. This is in turn reduces
the hindrance to diffusion of negatively chargaeflde ions and gives rise to the more active
surface for adsorption [31]. However, no appre@abtrease in fluoride removal was observed
within a pH range of 2.5 to 4.4. It may be ascribedhe fact that initially at lower pH, the
formation of weak hydrofluoric acid took place wietards the rate of fluoride adsorption. The
maximum fluoride removal was achieved at a pH df Zherefore an initial pH of 4.4 was
selected for the rest of the adsorption study.

100

80 | s
60 |

40 F

% Removal

20 1

Fig. 3. Effect of pH for the adsorption of fluorideonto activated carbon (G=10 mg/l, m=1 g/l, temperature= 30 °C)

3.4.2. Effect of contact time and initial concentrations

The effect of agitation time and initial concenwaton the adsorption of fluoride ions is shown
in Fig. 4. It was quite evident from Fig. 4 tha¢ thptake of fluoride ions increased with the lapse
of time and reached to saturation after 20 minlitevas further revealed that, the percentage
fluoride removal was decreased with the increaseitial concentration of fluoride. At higher
fluoride concentration the availability of activkes on the adsorbent is less which causes lower
adsorption efficiency32]. So it can be concluded that the percentage upsdkighly dependent

on initial concentration of fluoride ions. The phaftthe fluoride ions uptake versus time curves is
single, smooth and continuous leading to saturatiich indicates the possible monolayer
coverage of fluoride ions on the surface of theodasnt[33].

3.4.3. Effect of adsorbent dose

The percentage uptake of fluoride as a functionadforbent dose at an initial fon
concentration and at temperature of 10 mg/l an8iG3 shown in Fig. 5. The pH of the solution
was kept constant at 4.4. The adsorbent dosagesaniasl from 1 g/l to 2 g/l and equilibrated
for 120 min. The percent removal of fluoride in@ed with increase in adsorbent dose and a
maximum removal of 97.2% was obtained with an dusar dose of 2 g/l. The higher removal
capacity at higher adsorbent dose attributed tattadability of more effective surface area of
the prepared adsorbent for adsorption [34].
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Fig. 4. Effect of agitation time and initial concetration (mg L-1) for the adsorption of fluoride onto activated
carbon (pH = 4.4, m =1 g/l, temperature = 30 °C)

98

92 |

90 |

% Remov:

86 |

84
0.8 1.3 1.8 2.3

Adsorbent dose (g/l)

Fig. 5. Effect of adsorbent dose (g/l) for the adsption of fluoride onto activated carbon (Co=10 mg/l, m=1 g/l,
pH = 4.4, temperature= 30 °C)
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3.4.4. Effect of particle size

The de fluoridation of #on were carried out at four different particleesizamely 58-149, 149-
177, 177-250 and 250-5%%n as shown in Fig. 6. It was interesting to not# the adsorption
of fluoride increased with decreasing particle s&kenaximum removal efficiency of 84.8% was
achieved with a particle size of 38n. With decrease in particle size the availabifymore
specific surface area increases, which leads te@sing adsorption efficiency [35]. Hence, the
particle size of 58m was chosen for further experiments.

100
90 -
80 - o
70 -
S 60 ¢
0 0 B
£
g 50 ¢
S 40 -
30 1 —o—58-149um
20 - —o—149-177um
10 - —A— 177-255um
B 255-595um
0 20 40 60 80 100 120 140

Time (min)

Fig. 6. Effect of particle size gm) for the adsorption of fluoride onto activated cabon (Cy,=10 mg/l, m=1 g/l
pH = 4.4, temperature= 30 °C)

3.4.5 Effect of Interfering co-ion

The effect of coexisting anion such as chloriddloaride adsorption was studied by varying the
chloride ion concentration from 0.01 M-1.0 M. Thmtial concentration and temperature was
fixed at 10 g/l and 30 °C respectively. The adsortiose was 1 g/l while the pH was kept
constant at 4.4. The effect of chloride on the @etrecemoval of fluoride is shown in Fig. 7. It
can be depicted from Fig. 7 that the removal obrilde decreased with increase in NaCl
concentration from 0.01 to 1M. The added NaCl a@edan inhibitor or a radical scavenger,
which retards the rate of fluoride adsorption. Aslism chloride dissociates into sodium and
chloride ions in water; each ion is hydrated withrny water molecules and the water molecules
available for dissolution of the fluoride ion demses with the decrease of fluoride ion
concentration in the adsorbate solution.

Simultaneously, the adsorbent surface becomes bamie due to presence of Nand H ions
which in turn decelerate the rate of fluoride agson [36].
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% Removal

—=—0 M NaCl
——0.01M
—=—0.1M NaCl

—— 1 M NaCl

0 20 40 60 80 100 120 140
Time (nun)

Fig. 7. Effect of chloride ion concentration (M) fa the adsorption of fluoride onto activated carbon(Cy=10
mg/l, m=1 g/l, pH = 4.4, temperature= 30 °C)

100
95
=
z
= 90 f
[4b]
[a'd
85
80
28 33 38 43 48 53

Temperature (°C)

Fig. 8. Effect of particle size gm) for the adsorption of fluoride onto activated cabon (Cy,=10 mg/l, m=1 g/l,
pH = 4.4, temperature= 30 °C)

3.4.6. Effect of temperature
The percentage uptake of fluoride is highly depehda temperature.The effect of temperature

on percent adsorption of fluoride was studied e¢ehdifferent temperatures such as, 30 °C, 40
°C and 50 °C. It was seen from Fig. 8 that the greiage adsorption of fluoride increased from
84.8 to 97.33 % when the temperature was increfaged30 °C to 40 °C. This may be attributed
to the fact that at higher temperature the rateaddorption gets accelerated which in turn
indicated the endothermic nature of reaction [37].
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3.5. Thermodynamic study
The change in standard Gibb’s free ene@), enthalpy AH) and entropyAS) were evaluated
from the thermodynamic study. The nature of adsampprocess was further analyzed through
thermodynamic study [38]. The changes in Gibb’e fe@ergy, enthalpy and entropy at standard
state were determined. The Gibb’s free ener§@)(can be obtained from the following
equation:

AG =-RTInK, 7)

Where,Ris the universal gas constant (8.314 J/mol-K)s the adsorption equilibrium constant
(Eq. 6) andT is the absolute temperature (K). Besides, otharpaters such as enthalpy change
(AH), and entropy chang@&$), were determined from Van't Hoff equation:

_AS AH

R RT (8)
The values of these thermodynamic parameters asepted in Table 4. The negative values of
AG (kJ/mol) indicate the spontaneity of the adsorptreaction. On the other hand, the
endothermic nature of the adsorption process isackerized by the positive values aH
(kJ/mol). The randomness at the solid/liquid irded during sorption of fluoride by activated
carbon of the adsorption reaction is reconfirmedhaypositive value oAS (J/mol-K). It may be
because of the adsorbed water molecules gain mamslational entropy than that is lost by the
adsorbate fluoride molecules which increase thedoamess of the process [39]. This
phenomenon also indicates the increase of discedsriof the system with changes in the
hydration of adsorbing fluoride ions [40].

InK,

Table 4 The values of thermodynamic parameters

Thermodynamic parameters

Temperature i\ AS (J/mol-K)  AG (kJ/mol)
303 19.02 -0.351 0.970
313 0094 -0.103
323 0.027

3.6. Kinetic study

3.6.1. Pseudo first and second order rate kinetics

Pseudo-first-order and pseudo-second-order meaghawias investigated in order to propose
adsorption kinetic model [41, 42]. They can be egped by Eq. (9) and (10)

log(d, —¢,) =logqg, - e 2.302 ©)

%t - %quz +%e (10)

Where, gand g are the amount of adsorbed fluoride (mg/g) at tiraed at equilibrium time,
respectively. kand k are rate constants for first-order and secondrorelgction. The kinetic
data evaluated at various experimental conditioes shown in Table 5. In case of pseudo
Second order rate kinetics the value of correlatioefficient (R = 0.9999) is much accurate in
compare to the first order rate kinetics. Therefarenay be concluded that the adsorption of
fluoride followed a second-order kinetic model.
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Table 5 Values of kinetic parameters at different @perimental conditions

] T PSs m Pseudo 1% order Pseudo 2% order
(mgl) (*C) (um) (gl ki qs R* ks Qs R*
(1min) (mg/'g) (g mg-min} (mg/g)

10 30 38 1 0.0009 166 0967 0.271>  8.489 (0.9999
) 30 38 1 0.0389 366 0.8483 1.24 472 1.0000
10 0 S8 1 0.0707 757 09023 3.62 o711 1.00
10 a0 38 1 0.0631 777 0.8929 1.16 974 1.00
20 30 163 1 0.0193 14.69 09423 0.116 11.93 0.9999
20 30 4225 1 0.0311 13.85 0.9097 0.0369 11.33 09994
20 3 58 12 0.0262 1380 0.9036 0.1037 1217 0.9999
20 3 S8 2.0 0.0010 11.67 09334 0016 336 09971

3.6.2 Intraparticle diffusion

An intraparticle diffusion model was also studieddentify the rate defining step for adsorption
[43]. The intraparticle model can be evaluated frim rate kinetic data taken at various
experimental conditions. The intraparticle model ba expressed as

g, =kt (11)

where gis the amount adsorbed (mg/g) at a given time nYmnd k (mg/g mif) is the
intraparticle diffusion rate constant.

9

(=)
1

q; (mg/g)

— D ) s L
I

<

0 2 4 6 8 10 12

time % (min)

Fig. 9. Itraparticle diffusion model

The plot of the quantity of the fluoride adsorbeghiast the square root of time is shown in.Fig
9. If the plot is linear and pass through the oripen intraparticle diffusion is a rate-controgjin
step otherwise the plot will reflect a three phasd¢ure., namely an initial linear portion
followed by an intermediate linear portion and at@hu. The first linear portion implied the
external surface adsorption (stage 1) during th&t 20 min. Then a stage of intraparticle
diffusion (stage 2) was attained and continuedaupQ min. Finally, an equilibrium adsorption
(stage 3) was reached. The transportation of ileowas caused through diffusion into the
particles and finally retained in the internal oréhe rate constant of intraparticle diffusion was
calculated to be 1.822 mg/g min0.5 for fluoride.
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3.7 Comparison of adsorption capacity of differenadsorbents

The maximum adsorption capacity of AC750NMW5 wasnpared with the adsorption
capacities of different adsorbents of previougdiere and it was found that AC750NMWS5 had
better adsorption capacity for fluoride in companigo the other adsorbents [Table 6].

Table 6 Comparison of monolayer adsorption capacitpf AC750NMW5 with other adsorbents for fluoride

Adsorbate Adsorbent Adsorption References
Capacity (mg/qg)
Fluoride  Rice Husk 0.019 Wahecd et.al., 2009
Fluoride  Groundnut Shell  2.32 Veeraputhiran, et al., 2011
Fluoride  Cynodon Dactylon 4.617 Alugumuthu et al, 2010
Fluoride Present adsorbent  18.95 Present work
CONCLUSION

It can be concluded that the adsorbent AC750NMVWpared from Acacia Auriculiformis scrap
wood has shown better adsorption capacity for ftleom comparison to other adsorbents. The
adsorptive removal of fluoride increased with dasee pH value and the maximum fluoride
removal occurred at a pH of 4.4. Besides, the itl@oremoval increased with increasing contact
time, temperature and adsorbent doses but withedserin particle size. The presence of
chloride ion reduced the rate of #n diffusion to the surface of the prepared adsotblt was
further observed that the equilibrium behaviour banwell predicted by Langmuir adsorption
isotherm.
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