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Abstract

Defluoridation of groundwater using brick powder as an adsorbent was studied in batch process. Different parameters of adsorption, viz.
effect of pH, effect of dose and contact time were selected and optimized for the study. Feasible optimum conditions were applied to two
groundwater samples of high fluoride concentration to study the suitability of adsorbent in field conditions. Comparison of adsorption by brick
powder was made with adsorption by commercially available activated charcoal. In the optimum condition of pH and dose of adsorbents, the
percentage defluoridation from synthetic sample, increased from 29.8 to 54.4% for brick powder and from 47.6 to 80.4% for commercially
available activated charcoal with increasing the contact time starting from 15 to 120 min. Fluoride removal was found to be 48.73 and 56.4%
from groundwater samples having 3.14 and 1.21mhdluoride, respectively, under the optimized conditions. Presence of other ions in
samples did not significantly affect the deflouridation efficiency of brick powder. The optimum pH range for brick powder was found to
be 6.0-8.0 and adsorption equilibrium was found to be 60 min. These conditions make it very suitable for use in drinking water treatment.
Deflouridation capacity of brick powder can be explained on the basis of the chemical interaction of fluoride with the metal oxides under
suitable pH conditions. The adsorption process was found to follow first order rate mechanism as well as Freundlich isotherm.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction activated carbofi3], bone charcodH], natural zeolite$5],
burnt clay[6] and other low-cost adsorbents.

Widespread occurrence of fluoride above the prescribed The shortcomings of most of these methods are high oper-
limit in groundwater meant for human consumption has ational and maintenance costs, low fluoride removal capac-
caused multidimensional health problems, most commoniity, lack of selectivity for fluoride, undesirable after effects
being dental fluorosis and skeletal fluorosis. Fluoride is one on water quality, generation of large amount of sludge and
of the most abundant constituents occurring in groundwater complicated procedure involved in the treatment. The most
in India and creates a major problem in safe drinking water commonly adopted method in India, Nalgonda technique of
supply. Several methods of defluoridation of drinking water community defluoridation, is based on precipitation process
have been developed. However, in India, precipitation and and is very efficient and cost effective. The major limitations
adsorption are the most preferred. Precipitation process isof Nalgonda technique are daily addition of chemicals, large
based on the addition of chemicals and removal of insoluble amount of sludge production, least effective with water hav-
compounds as precipitates. In adsorption method, differenting high total dissolved solids and high hardness. Besides,
types of adsorbents are being used for defluoridation, e.g.it converts a large portion of ionic fluoride (67-87%) into
activated alumingl], coconut shell carbof2], chemically soluble aluminium complex and practically, removes only a

small portion of fluoride in the form of precipitate (18—33%).
— Therefore, this technique is erroneofd. Residual alu-
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as 0.08 mgt! in drinking water has been reported to cause Table 2 _ ,
Alzheimer’s diseas[@—ll]and has strong carcinogenic prop- Physico-chemical properties of groundwater samples before treatment

erties[12—15] Parameters Hussainpur Thodwal
In the present study, an attempt has been made for defluopH 8.33 7.75
ridation of drinking water using brick powder (BP) as a new, Ecb_d_t I;*(‘)‘ g-;5
; ; _ urbidity . .

feasible, suitable and low-cost adsorbent. DS 46970 £600.0
Total alkalinity 304.0 164.0
Total hardness 904.0 948.0

2. Materials and methods Chloride 532.0 384.0
Fluoride 3.14 121
Phosphate 3.30 5.52

Bricks utilized as adsorbents were manufactured in a brick
kiln, situated near Hisar, Haryana (India). These bricks were
washed with distilled water, dried and ground to obtain fine
powder. The brick powder was washed several times with ] . ) -
distilled water till clear water was obtained and was dried Ing dose and contact time, respectively. Optimum conditions
in oven at 105C for 12 h. The dried material was sieved to Were selected for further studies. Groundwater samples col-
separate less than 3p@n size of particles for the present lected from two villages, namely Hussainpur and Thodwal,
study. The comparison of the BP was made with the com- Har_ya}na, were .s_tud|ed for defluondgmop_under the feasible
mercially available activated charcoal (CAC) LR grade. The ©Ptimized conditions to check the suitability of the BP under
characteristics of BP and CAC used in the present study arefi€ld conditions. The physico-chemical properties of ground-
given in Table 1 The BP does not require any impregna- water samples were determined before batch study according
tion or activation in preparation of adsorbent as well as its {© the standard method$ble 3.
easy accessibility in rural area reduce it cost as compare to
CAC.

The stock solution of 100 mgt fluoride was prepared by ~ 3. Results and discussion
dissolving 221 mg of anhydrous NaF in 11 of distilled water.

Test solution of 5mgi! F~ was prepared from fresh stock 3-1- Effect of pH

solution keeping in view that the maximum concentration

of fluoride reported in groundwater of most of the fluoride- ~ The effect of pH on removal of fluoride was studied in
affected area is around 5 gt All the experiments were  the pH range of 4.0-9.0 and results are showhi@ 1 pH
carried out in 250 ml conical flasks with 100 ml test solu- Played a major role in fluoride adsorption on BP. Maximum
tion at room temperature (253°C). These flasks, along adsorption of fluoride was found to be 51.0-56.8% in pH
with test solution and adsorbent, were shaken in horizon- Fange between 6.0 and 8.0. Percentage removal fell sharply
tal shaker to study the various control parameters. At the @s pH decreased below 6.0 and above 8.0. The lower adsorp-
end of desired contact time, the conical flasks were removedtion efficiency of fluoride in acidic medium might be due
from shaker and allowed to stand for 2 min for settling the 0 the formation of weakly ionized hydrofluoric acid, which
adsorbent. Then, samples were filtered using Whatman no.feduces availability of free fluoride for adsorption. In alkaline
42 filter paper and filtrate was analyzed for residual fluoride conditions, lower adsorption may be due to the competition
concentration by SPADNS method, described in the Stan- of OH™ ions with F~ ions for adsorption because of similar-
dard Methods of Examination of Water and Wastewite}. ity in F~ and OH" in charge and ionic radius. The obtained
Batch study was conducted to determine the optimum con- results for maximum adsorption were similar, as reported for
ditions and to study the effect of pH, adsorbent dose and fluoride removal by rare earth oxides as adsorlperni

contact time on test solution. The effect of pH on fluoride was

Sulphate 148.2 50.51

Allvalues are in mgt! except pH, EC in mmho crt and turbidity in NTU.

studied by adjusting the pH of test solution using 0.1N HCI 90 4
or 0.1N NaOH on fixed quantity of adsorbent, while effect € so
of adsorbent dose and contact time were studied by vary- g 870 »_\‘_\“\1\,\'
o T
< S 60 |
Table 1 2c
Characteristics of adsorbents t'5 501
— 8 401 - BP
Characteristic BP CAC = —-e-CAC
i o 30 . . ‘ ‘ .
Bul_k density (g/cc) 1.02 0.46 4 5 A - 8 3 10
Moisture (%) 7.0 5.0 pH
Matter soluble in water (%) 1.12 15
e
;/I:tter soluble in acid (%) 621'23 7212 Fig. 1. Effect of pH on fluoride removal. Contact time and initial fluoride
Particle size ¢m) <300 <300 concentration are 60 min, 5.0 nglifor both BP and CAC. Adsorbent doses

are 1.0 g/100 ml for BP and 0.6 g/100 ml for CAC.
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Fig. 2. Effect of adsorbent dose on fluoride removal. pH 8.0 for BP and
4.0 for CAC, contact time and initial fluoride concentration are 60 min,
5.0mg -1 for both adsorbents.

Typically, BP is a mixture of oxides of silicon, aluminium,
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Fig. 3. Effect of contact time on fluoride removal. pH 8.0 for BP and 4.0 for
CAC, adsorbent doses 0.6 and 1.0 g/100 ml for BP and CAC, respectively.

iron, calcium, magnesium, etc. In the presence of water these
species can be hydroxylated. The specific adsorption reactionthe rate of removal might be due to the fact that initially

can be explained by two-step mechanism as follows:
=SOH + H" & =SOH, T,
=SOH," +F~ < =SF + H»0.

0)
(ii)

In case of CAC, adsorption of fluoride decreased with
increase in pH. The results obtained in this study were found

to be similar as reported in literature (for activated alumina)
[18].

3.2. Effect of dose

The effect of adsorbent dosage on adsorption of fluoride

all adsorbent sites were vacant and the solute concentra-
tion gradient was high. Later, the fluoride uptake rate by
adsorbent had decreased significantly, due to the decrease in
number of adsorption sites. Decreased removal rate, partic-
ularly, towards the end of experiment, indicates the possible
monolayer of fluoride ions on the outer surface, pores of both
the adsorbents and pore diffusion onto inner surface of adsor-
bent particles through the film due to continuous shaking
maintained during the experiment.

3.4. Adsorption isotherms

The adsorption data were fitted to linearly transformed

at pH 8.0 for BP and 4.0 for CAC and contact time 60 min Freundlich isotherms. The linearized Freundlich equation is

for both adsorbents was studied. The results are presente
as percentage removal of fluoride versus adsorbent dosag
in Fig. 2 The removal of fluoride increased from 43.2 to
56.8% for 0.2—2.0 g/100 ml dosage of BP and 49.4-84.2%
for 0.2—2.0 g/100 ml dosage of CAC. However, it can be seen
fromFig. 2that after dosage of 0.6 g/100 ml in case of BP and
1 g/100 mlin case of CAC, there was no significant change in
percentage removal of fluoride. It was due to the overlapping
of active sites at higher dosage, thus, reducing the net surfac
area[19]. So, these amounts of doses were used for further
study.

3.3. Effect of contact time
Fig. 3 shows the progression of adsorption reaction, the

percentage removal of fluoride by BP and CAC after differ-
ent contact times. As contact time was increased, initially,

percentage removal also increased, but after some time, it
gradually approached an almost constant value, denoting

attainment of equilibrium. It was assumed that the equilib-
rium time is that at which curves appear nearly asymptotic
to the time axis. In the present case, the equilibrium time
was obtained at 60 min for BP and CAC. The changes in

%iven as:

(iii)

wherex is the amount of solute adsorbed (mg)the mass of

adsorbent used (g¥e the equilibrium solute concentration
in solution (mg/l) andK; a constant, which is a measure of
adsorption capacity andrilis a measure of adsorption inten-

1
log (%) =log Ks + " log Ce

esity. The values oK; andn were obtained from the slope

and intercept of the plot between logf) and logCe. The
Freundlich equation deals with physico-chemical adsorption
on heterogeneous surfaces. In the present study, valugs of
andn were found to be 41.56 and 0.135 for BP and 3.27 and
0.67 for CAC. The isotherm fitted well for both adsorbents
with a correlation coefficienti?) greater than 0.97.

3.5. Adsorption kinetics

The rate constaritq for sorption of fluoride, for both the
adsorbents was studied by applying Lagergren rate equation:

(iv)

log (ge — q) = l0g ge — kad2.303



292 A.K. Yadav et al. / Journal of Hazardous Materials B128 (2006) 289-293

o
w

‘l}/ ‘

4 BP
e CAC

iy
(9]

|°9I (qe-q)
S
o

R® = 0.9822 (BP)

-1.5

Contact Time (min.)

75

90

R® = 0.9049 (CAC)

Fig. 4. Lagergren plots for adsorption of fluoride.

wherege andg (both in mg/g) are the amounts of fluoride
adsorbed at equilibrium and at timeaespectively. Straight-
line plots of log ge — ¢) versust at different times indicate
the validity of Lagergren rate equatioRig. 4). In our study,
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Fig. 5. Plots of amount of fluoride adsorbed vs. time for intra-particle dif-
fusion of fluoride.

ison to CAC. This could be due to the increase in escaping
tendency of fluoride ions from BP and hence reducing the
film thickness. The linear portions of the curves do not pass
the origin inFig. 5. This indicates that mechanism of fluo-
ride removal on adsorbents is complex and, both, the surface
adsorption as well as intra-particle diffusion contribute to the

adsorption data did not fitin the Lagergren equation partially. "ate-determining stef21,22]

This is supported by the values of regression coefficigfi (
0.9822 and 0.9049 for BP and CAC, respectively. The values

of kag at room temperature were calculated from the slope 4- Conclusions
of linear portion of plot and were found to be 2.030?

and 2.47x 102 min—1 for BP and CAC, respectively. As in
Fig. 4, linearity of the plots indicates the applicability of the

In the present study, a new adsorbent BP was studied
for removal of fluoride from synthetic as well as from two

first-order kinetics equation for the system under experimen- groundwater samples of different fluoride concentrations.

tal conditions.

3.6. Intra-particle diffusion study

In adsorption studies, it is necessary to determine the
rate-limiting step. Therefore, the results obtained from the
experiments were used to study the rate-limiting step. Since
the particles were vigorously agitated during the experiment,

The conclusions drawn from the above study are given below:

(1) Adsorption of fluoride on BP from aqueous solution was
found to be first order reaction and mechanism of flu-
oride removal on adsorbent was found to be complex.
The surface adsorption as well as intra-particle diffusion
contributes to the rate-determining step. Deflouridation
capacity of BP can be explained on the basis of the chem-
ical interaction of fluoride with the metal oxides under

it is reasonable to assume that the mass transfer from the  suitable pH conditions.
bulk liquid to the particle external surface did not limit the (2) The optimum pH was found to be in range of 6.0-8.0 for

rate. One might, then, postulate that the rate-limiting step
might be film or intra-particle diffusion. That is why, in
this study, possibility of existence of intra-particle diffusion

maximum adsorption of fluoride, which makes it very
suitable for use in drinking water treatment, especially
in rural areas.

was tested by plotting the graph between amount of fluo- (3) Presence of others ions in groundwater did not signifi-

ride adsorbed and square root of tinkeg 5. The double
nature of these plots may be explained as: the initial curve
portions are attributed to boundary layer diffusion effect,
while the final linear portions are due to intra-particle diffu-
sion effec20]. The rate constant for intra-particle diffusion
coefficientKp, for both of the adsorbents was determined
from slopes of linear portion of the respective plots. The
values fork, are 3.77x 1072mg gt min=0° for BP and
1.36x 102 mg g 1 min~93for CAC. The extrapolations of
liner portion of plots back td&-axis provide intercepts, which
are proportional to the extent of boundary layer thickness. As
evident fromFig. 5, film thickness is less for BP in compar-

cantly affect the deflouridation process thereby indicat-
ing that BP is selective adsorbent for fluoride. Com-
parisons of BP and CAC reveal that BP is economical
adsorbent for removal of fluoride due to greater and easy
abundance as compared to CAC, and it can work on nat-
ural pH while CAC can work on acidic pH.
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