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ABSTRACT

This study aimed to modify pumice using aluminum chloride as an adsorbent for defluoridation. Batch and
column experiments were carried out to evaluate the effects of pH, initial fluoride concentration, contact time,
dose, and temperatur. The modified pumice adsorbent showed good fluoride removal in both batch and column
studies. Fluoride up-take was observed to be effective >7%, at pH 6.5-7.5, and adsorption equilibrium time was
observed at 60 min. the adsorption results were modelled using kinetic and isotherm models. Experimental data
indicated that fluoride adsorption follows the second-pseudo-order kinetics model (R? > 0.99) and fits well with
both the Freundlich and Langmuir isotherm models, which showed favorability for the adsorption of fluoride with
a maximum capacity of 0.083 mg/g. The negative values of AH® and AGP indicate that the adsorption process
was feasible, exothermic, and spontaneous. The column performance showed the best fluoride uptake efficiency,
with a breakthrough capacity of 0.48 mg/g. The %R was approximately %100 using 0.1M NaOH. Fluoride levels
in real wells water decreased dramatically (e.g. 4.1-0.88, 7.1-1.54, and 6.2-1.46 mg/L). The results revealed that
modified pumice has the potential for fluoride removal from drinking water.
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1. INTRODUCTION (bone cancer) and/or dental fluorosis [4]. Other negative

. . o effects of excessive fluoride in drinking water include

Groundwater is the primary and preferred drinking water thyroid issues, arthritis, and Alzheimer’s disease [5]. Flu-
supply in many regions of the world, including many rural oride ion removal from solutions is important in various
and u.rban towns. The types of rocks in th.e area are industries, such as water treatment, pharmaceuticals,
the primary determinants of naturally occurring fluoride and food production. There are several methods avail-
in the groundwater. For instance, sedimentary rocks, g for removing fluoride ions from solutions, such as

sandstone, and limestone are primary sources of fluo-
ride [1]. In drinking water, fluoride is one of the many
essential trace elements that must be present within the
allowed limits (<1.5 mg/L) for the normal growth of hu-
man and animal bones [2]. However, consumption of
more than the permitted concentration limit, is harmful to
bone formation [3]. Excess fluoride can have detrimental
effects on human health by interacting with calcium in
the bones. As a result, it results in skeletal fluorosis

ultrafiltration [6], osmosis [7], ion exchange [8], coagu-
lation [9], electrodialysis [10], adsorption [11, 12]were
studied. Adsorbents are generally regarded as low-cost
adsorbents because they are widely available and need
little processing [13—15]. The main characteristics that
affect the permeability, stability, and longevity of granular
filters, are their size, shape, distribution, porosity and
texture of the employed particles [16]. In addition, modi-
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fied natural adsorbents with high capacity can be used
for fluoride removal from drinking water, such as zeolite
[17], kaolin [18], bentonite [19], gypsum [20], and pumice
[21], which are important natural adsorbent resources
that can be used for demineralization. Pumice is a high
volcanic rock that is primarily composed of silica and
aluminum oxide, with large surface area and skeleton
structure, porosity and mechanical strength, low cost,
and non-toxic are the major benefits over the other syn-
thetic or natural adsorbents materials. This method has
been widely applied to remove pollutants from aquatic en-
vironments [22]. Yemen is one of the most water-scarce
people in the world, with 18 million people unable to ob-
tain safe and clean water or sanitation with acceptable
quality, and some of them who can’t provide drinking
water are among the biggest problems they will face the
people of Yemen in the next generation [23]. In recent
years, the regional war in Yemen has led to the poor
maintenance of water treatment plants, which has led
to poor quality of water, which constitutes a threat to
consumers’ health. To the best of our knowledge, there
are no reported data related to the use of Yamani pumice
stone as an adsorbent for water. Therefore, the present
work aimed to study the possibility of modifying natural
pumice for defluoridation from wells water and to investi-
gate the parameters affecting the adsorption efficiency
and selectivity for fluoride ions.

2. MATERIALS AND METHODS

2.1. CHEMICAL AND REAGENTS

All chemicals were used without further purification, and
all reagents were of analytical grade. Extra pure sodium
fluoride was purchased from Merck, aluminum chloride
hexa hydrate (97%), sodium hydroxide (97%), and sul-
furic acid (95-98% w/v) were purchased from BDH, Hy-
drochloric acid (37% w/v) was purchased from SIGMA.

2.2. PREPARATION OF SOLUTIONS

- A stock solution (100 mg/L) of fluoride ions was pre-
pared by dissolving an accurate weight (0.02210 g) of
NaF in a 100 ml volumetric flask with deionized water.

- (0.5M) solution of aluminum chloride was prepared
with an accurate weight (12.4454 g) of AICl5.6H,O
and dissolved in 100.0 mL of deionized water.

- (0.1M) solution of sodium hydroxide was prepared by
accurately weighing (0.4124 g) of NaOH and dissolv-
ing in 100.0 mL of deionized water.

- (0.1M) H>SO4 and HCI were prepared individually by
diluting the appropriate volume of acid in the required
volume with deionized water.

2.3. INSTRUMENTS

All spectrophotometric measurements were performed
using (DR-3900 HACH) according to method No. 8029.

- pH measurements were performed using a pH me-
ter (Palintest PT 1330 Micro 800 pH meter, United
Kingdom) connected to a combined glass electrode.

- A mechanical shaker (Gallenkamp flask shaker de-
vice, UK) was used. The water was purified using a
Direct-Q3 water purification system (Millipore, Bed-
ford, MA, USA).

2.4. MODIFICATION OF PUMICE (M.P)

The pumice stone was collected from the Isbil area of
the Dhamar Governorate. First, the coarse Pumice stone
was washed with deionized water to remove dust and
impurities, then crushed using a mortar, and sieved to
produce the desired particle size fractions. Next, to mod-
ify the adsorbents, the desired pumice particle size was
soaked in an aluminum chloride solution for 24h at room
temperature, and the solid material was separated and
soaked again in sodium hydroxide for 5h. After that
washed with deionized water until the pH of the solution
was neutral. The modified adsorbent was oven-dried for
5h at 300°C and stored in a closed bottle until use.

2.5. BATCH EXPERIMENTS

In separate 50mL stopper flasks, an accurate weight
(0.5£0.001g) of M.P was added to 15mL of an aque-
ous solution containing many fluoride ions, and the solu-
tion pH was adjusted to the desired values using (0.1M)
sodium hydroxide or hydrochloric acid solutions. The so-
lution was shaken for the optimum time, the solid phase
was separated, and the concentration of fluoride ions was
determined spectrophotometrically [24]. The amount of
fluoride ions removed was calculated from the difference.
The adsorption percentage (%E) was calculated using
the following equations [25]:
C, —-C
c (1)
where C, and C are the fluoride ion concentrations be-
fore and after adsorption, respectively. The influence
of shaking time, fluoride ion concentration, and foreign
ions,etc. was investgated in the same manner under
specific conditions, as shown in Table 1.

%E =

2.6. COLUMN EXPERIMENTS

To study the breakthrough capacity, the standard solution
of fluoride ions was adjusted to the optimum separation
condition and percolated through the M.P packed column
at 2ml/min. flow rate. Fluoride ion content before and
after percolation was measured. Then the column was
washed with a suitable eluting agent to strip the trapped
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Table 1. Experimental conditions at 25 ° C.

adsorbent
Run parameters pH F1conc dose time
mg L g /15mL min.
1 Effect of pH 4-9 4 0.5 120
2 Effect of cont_act ti_me_ 3 05 3120
and adsorption kinetic
3 Effect of (M.P) dose 4 0.1-1.5 60
4 Effect of foreign ions 4 0.5 60
5 Effect of initia-l 0.1-15 1 60
concentration
Effect of temperature
6 (298, 308, 318 K) 3 0.5 3-120
fluoride ions for use in subsequent cycles. 100
3. RESULTS AND DISCUSSION a0
3.1. PH EFFECT
. 80
One crucial factor affecting fluoride adsorption processes ¥
is pH. In a range of 4 to 9, and under the conditions in Ta- 70
ble 1, the effect of solution pH on the removal of fluoride
was investigated. As shown in Figure 1, the maximum 60
adsorption percentage was attained at pH 7 with an ad-
sorption efficiency of 80%, which could be attributed to 50
the ability of the modified adsorbent to form strong elec- 3L 55 7L Qg
trostatic interactions with fluoride species. On the other ' ' F'H ' '

hand, the unmodified pumice did not adsorb fluoride ions,
with E% equal to zero, which indicates the successful
treatment of pumice for the removal of fluoride ions from
solutions. In addition, from Figure 1, we can see that at
higher pH values, the presence of hydroxide ions could
potentially interfere with the adsorption process, hinder-
ing the adsorbent’s ability to effectively bind fluoride ions,
which led to a decreased removal efficiency of fluoride
ions.

3.2. EFFECT OF SHAKING TIME AND ADSORP-
TION KINETIC STUDY

Using batch tests, the effect of theshaking time was inves-
tigated under the conditions illustrated in Table 1. After
the equilibrium, the adsorbent was separated and the
amount of fluoride ions remaining in the solution was
measured.The adsorption efficiency and the amount of
fluoride ions were calculated as usual. The obtained
results are plotted in Figure 2. Showed that the optimum
time required for maximum fluoride adsorption was ap-
proximately 60 min. And the static capacity was 0.083

mg/g.

- Adsorption kinetics:
Two simplified kinetic models, pseudo-first-order and

Figure 1. Effect of pH on the adsorption efficiency.
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Figure 2. Effect of time on the adsorption efficiency.

pseudo-second-order, were applied to investigate the
adsorption kinetics of M.P. [25].

- Pseudo-first-order kinetics model:

The linear pseudo-first order equation was given by
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equation 2:

log(qe — q:) = logqe — k1 ﬁ @)
where g, and g; (mg/g) represent the adsorption ca-
pacities at equilibrium and time ¢ (min), respectively,
and k; (min“") is the adsorption rate constant obtained
from the slope of the plot of log(g. — g:) against time
(t), as shown in Figure 3. The experimental results
are presented in Table 2.

0 20 40 60

y=-0.0312x - 1.2238
R*=0.9823

3
oF

1
(S

loglge-agt
R
Ln
L
.
L]

tirme min.

Figure 3. pseudo first order kinetic model for adsorption.

- Pseudo-second-order kinetics model:

The linear equation of the pseudo-second-order
model is given by equation 3.

E_ 1t

q kaq? o qe
where g, and g; as described previously, k; (9/mg.
min) is the adsorption rate constant obtained from
the intercept of plotting (t/q:) against time (t). The
calculated parameters are summarized in Table 2,
and demonstrated in Figure 4 was indicated that the
R, values obtained from both models are close to
unity, but R, for pseudo-second-order kinetic model
(0.9991) was the best fit. The adsorption behavior
of fluoride ions by the adsorbent indicated that ad-
sorption was the rate-controlling step. In addition, the
calculated g, value (0.087 mg/g) agrees well with the
experimental g, value (0.083 mg/g).

- Kinetic Validation Study: The most suitable model
for describing the kinetic studies of fluoride ion adsorp-
tion onto the adsorbents was identified using standard
deviation (%S.D.)[26], which was calculated using
equation 4:

(©)

_ 2
%S.D.:lOO\/Z[((qe’eXp Z\Z“fa'l)/qe’ex'“’)] (4)

where N is the number of data points, and ge,exp and

2000
1500 y=11413x+57.257
R*=0.9551 .

1000 -f
. e
< 500 _.r'"

o
0 50 100 150
time min.

Figure 4. pseudo second order kinetic model for adsorption.

9e,cal (MQ/g) are the experimental and calculated equi-
librium adsorption capacites, respectively. As shown
in Table 2, the lowest value of % S.D. of the pseudo-
second-order kinetic model (1.9679) suggests that the
pseudo-second-order model is the most appropriate
equation for describing the adsorption kinetics.

3.3. EFFECT OF ADSORBENT DOSE

Different adsorbent doses were introduced into the solu-
tion and adjusted to the optimal conditions for adsorption,
as shown in Table 1. The obtained results are shown in
Figure 5. The results show that the adsorption percent-
age is directly proportional to the amount of M.P. dose
required to reach a maximum adsorption efficiency of
80% at 0.5g. At a higher dose of more than 0.5g of M.P,,
the adsorption percentage remained constant [27].

100.00

80.00

0 02040608 1 12 14 16 1.8
dose wt. g

Figure 5. Effect of adsorbent dose.

3.4. EFFECT OF FOREIGN ANIONS

The effects of foreign anions such as chloride, bicarbon-
ate, sulfate, nitrate, and phosphate were investigated.
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Table 2. Parameters of adsorption kinetics study for pseudo-first and second-order kinetics

Kl:]ztcljc; pseudo first orderr pseudo-second order
Parameter qemex/p qf‘nfa/'c Kq R2 %S.D | g. (calc) Ky R2 %S.D
99 99 min™! mg/g  |(g/mg).min
Fluoride 0.083 0.059 0.072 0.982 9.912 0.087 2.275 0.999 1.968

Under the conditions described in Table 1, the choice of
anions and thconcentrations were based on their avail-
ability in groundwater. The results are shown in Figure 6.
The results in Figure 6 show that the defluoridation effi-
ciency was unaffected by the presence of up to 50mg/L
of nitrate ions, sulfate, chloride ions up to 200mg/L, phos-
phate ions 0.5mg/L and bicarbonate ions up to 10mg/L.
but at higher concentrations ex: 5mg/g phosphate ions
and 200mg/g bicarbonate ions the defluoridation effi-
ciency decreases to 62% and 55%, respectively. These
results demonstrate the selectivity of M.P for defluorida-
tion under the investigated conditions.

With Out PO4 NO3 504

10“ yﬁ'?.ﬂ" e"i;;‘-‘;.\" s ¥ ,18“,*'{1 ™

p*

o

E (%)

OO NP Al L ® @
Cone. ppm

Figure 6. Effect of foreign anions.

3.5. THERMODYNAMIC INVESTIGATIONS

To clarify and validate the mechanism of fluoride adsorp-
tion onto M.P, ,the thermodynamic parameters AG°, AH®,
and AS° of adsorption under the conditions indicated in
Table 1 were evaluated using equations.(5-7), [28].

AG® = RTInK, (5)
Y
K. = C. (6)
AS°  AH°
InK, = R RT (7)

The values of AH? and AS° can be obtained from the
slope and intercept of the plot of In K. against 1/T. The
obtained data are presented in Table 3. From these

data, we can see that at each tested temperature, the
calculated values of AG° were negative, indicating that
fluoride ion adsorption onto M.P. occurred spontaneously
and that M.P. has a high affinity for fluoride ion adsorp-
tion from solution under experimental conditions. The
calculated values of AH® and AS° are -47.4222 kJ mol™!
and -0.1385 kJ mol"! K1, respectively. A negative value
of AH® indicates an exothermic adsorption process. A
negative AS° value indicates a decrease in randomness
at the solid/solution interface during the fluoride adsorp-
tion process [29, 30]. The hypothesis of fluoride ion
chemisorption onto M.P. was validated by the thermody-
namic investigation results.

Table 3. Thermodynamic parameters at different tempera-
tures.

. A GO . AS® »
TC | InKe | 1y molt G kemort ket R
25 | 2488 | -6.165
a5 | 1843 | 4700 | 47422 | 0138 | 0.999
45 | 1285 | -3.398

3.6. ADSORPTION ISOTHERM

The adsorption of different initial concentrations of flu-
oride ions was investigated using batch experiments.
Isotherms describe the precise relationship between the
amount of fluoride adsorbed onto M.P. under the experi-
mental conditions in Table 1. Consequently, using four
of the most widely used isotherm models, an analysis of
isotherm data for the maximum capacity gm and other
parameters was performed [31, 32].

- Langmuir adsorption model:
The Langmuir isotherm assumes that a single adsor-
bate binds to a single site on the adsorbent, and all
surface sites on the adsorbents have the same affin-
ity for the adsorbate, which implies a homogenous
surface energy distribution. The saturation monolayer

can be represented by equation 8.
1 1 1

. e _|_ -
de (CEKLQm) qm
where C, is the equilibrium concentration of thesor-

(8)
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bent (mg/L), g is the maximum sorption capacity of
the adsorbent (mg/g), K; is the Langmuir constant,
and g, is the equilibrium sorption capacity of the ad-
sorbent in mg/g sorbent. From the slope and intercept
of the plot of 1/4, versus 1/C, as shown in Figure
7 the values of g, and k. were determined and the
calculated parameters are summarized in Table 4. On
this basis, the monolayer maximum adsorption ca-
pacity, ., was found to be 0.0399 mg/g fluoride ions.
From an analysis of a distinctive feature known as the
dimensionless equilibrium (R), as given in equation
9.

1
1+K.G ©)
where C, is the highest initial concentration (15 mg/L)
and the Langmuir constant K; and the Langmuir
adsorption isotherm are confirmed by the value of
Ry, where R; > 1 is unfavorable, R; = 1 is linear,
0 < Ry < 1is favorable, and R; < 0 is irreversible. In
the present study, the R value was (0.01884), indi-
cating that the sorption intensity for fluoride ions was
the most favorable.
Freundlich adsorption model:
The Freundlich model is an empirical method for ad-
sorbents with heterogeneous adsorbing surfaces, as-
suming that multilayer adsorption occurs on heteroge-
neous surfaces. The Freundlich adsorption isotherm
is given by equation 10:

Rg

log g :logKF—F%logCg (10)

where g, and C, are the amount adsorbed (mg/g) and
the adsorbate concentration at equilibrium, respec-
tively. The Freundlich isotherm constant K¢y and the
intensity of adsorption (n) are Freundlich constants
that affect the adsorption process. Kr and n can be
determined from a plot of log g, vs. log C,, as shown
in Figure 8. The isotherm evaluation results are pre-
sented in Table 4. As shown in this Table, the n value
(1.5418) was greater than 1; therefore, it can be con-
cluded that M.P. is a suitable adsorbent and beneficial
for the adsorption process. The R, values obtained
from the Langmuir and Freundlich adsorption models
were close to unity (0.9941 and 0.9835, respectively),
but the Langmuir adsorption model best fitted the
fluoride ion adsorption behavior of the adsorbent.
Temkin adsorption model:

Temkin and Pyzhev (1940) explained the heat of ad-
sorption of all molecules on the adsorbent surface by
assuming indirect adsorbate/adsorbent interactions

centration in the solution (mg/L), and K (L mg™)
is the binding constant that represents the maximum
binding energy. Bt is the adsorption heat linked to the
Temkin isotherm constant, by as shown in equation

12:
RT

br
where R is the gas constant (8.31 J/mol K) and T
is absolute temperature (298 K). The isotherm con-
stants kt and Bt can be obtained from the slope and
intercept of the plot of g, versus In C, as shown in
Figure 9. The experimental results showed low cor-
relation with the Temkin isotherm (R?>= 0.8556). The
value of by was more than 8KJ/mole indicating a very
strong connection between the fluoride ions and the
surface of the adsorbent.
Dubinin—Radushkevich (D-R) adsorption model:
The adsorption mechanism and the energy required
for the process should be ascertained using other
isotherms, as the Langmuir and Freundlich isotherm
models do not provide information on the mechanisms
or the energy needed for adsorption. These data can
be acquired by applying the (D-R) isotherm formula
13:

Br (12)

Ing, = Ing, — pe? (13)
where g, is the equilibrium adsorbed amount of the
adsorbed substance (mg.g), gm is the theoretical
saturation capacity (mg. g), B is the D—R model
constant (mol? kJ2), ¢ is the Polanyi potential (kJ
mol '), and is given by equation 14.

s:RTln(lJri) (14)
Ce
where R is the universal gas constant (8.314 J mol™’
K"), T is the absolute temperature (298 K), and C,
is the equilibrium concentration of the adsorbate (mg
L'"). The values of g and g,, can be calculated from
the slope and intercept of the plot of Ing, vs. € as
shown in Figure 10. The mean free energy of adsorp-
tion (E, kJ mol") can be calculated using equation 15
based on the g value.

E- 1 (15)

V2P
From the D-R isotherm parameters in Table 4, the cal-
culated value of E is 11.9522 kJ mol!. The range of
values of E between 8 and 16 kJ mol ! indicates that,
under the operating conditions, chemical adsorption
plays a significant role.

in adsorption isotherms. The Temkin isotherm model
in equation 11 can be represented as follows:

3.7- BREAKTHROUGH CAPACITY

A solution of 3mg/L of fluoride ions adjusted to the op-
timum conditions for adsorption was passed through
the column packed with 1 g of M.P at a flow rate of 2
mL.min"" until the effluent concentration reached that of

ge = BrInKt + KrInC, (11)

where g, is the amount of fluoride ions adsorbed per
gram of adsorbent (mg/qg), C, is the equilibrium con-
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Table 4. Physicochemical adsorption parameters of fluoride ions by M.P.

Isotherm Symbol Parameters Values
models
Gm Maximum adsorption capacity (mg/g) 0.03994
Langmuir Ky Langmuir constant(L/mg) 3.4721
Ry Dimensionless equilibrium 0.01884
R? Correlation coefficient 0.9941
n Intensity of adsorption g/mg 1.5418
Freundlich K; Freundlich isotherm constant (L/mg) 0.03294
R? Correlation coefficient 0.9835
Kr Temkin equilibrium binding constant (L/g) 30.7739
i -1
Temkin br Temkin isotherm constant (kdmol™) 165.1714
By Temkin isotherm constant related to heat of sorption 0015
(J/mol)
R? Correlation coefficient 0.8556
G adsorption capacity (mol g™) 1.9146 *®
bR B D-R constant (mol? kJ2) 0.0035
Ep Free energy (kJmol ") 11.9522
R? Correlation coefficient 0.9951
800 015
y=7.2115x+25.039 @ y =0.015x + 0.0514
600 | R?=0.9941 .7 R2=0.8556 01 °
W ‘_.". ,.-"'"
:g_: 400 . £l 905.
REL |
200 |q o ¥ 0
o @ 6 -4 -2 0 2 4
-0.05
0 50 1/ce 100 150 In Ce
Figure 7. Langmuir isotherm Figure 9. Temkin isotherm
0 -14
-3 -2 -1 0 _.‘L 2 16 500 1000 1500 2000 2500
y = 0.6486x - 1.4823 . Lo® . ®e. - 0.0035x-13.166
2 ert y: o N 2 _
L R 0.983._?__.. 2 c 18 ﬂ._.;0.9951
B0 - .
0 ¢ 20
L
-4 22
g2
log Ce

Figure 8. Freundlich isotherm

Figure 10. D-R isotherm
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the feed solution. The breakthrough capacity per gram
(mg.g™") of adsorbent was calculated according to the
following equation:

V09 X Co

Dynamic Capacity = -

(16)

where Vs, is the effluent volume (mL) at 50% break-
through curve, C, is the concentration of the feed solu-
tion (mg/L), and m is the mass of the adsorbent (g). The
breakthrough curves are shown in Figure 11. Saturation
of the column was reached after passing 350mL of 3
mg/L fluoride ions. The capacity of the M.P. column for
fluoride ions was estimated to be 0.48 mg g™'.

0 100 200 300 400

Veed valum ml.

Figure 11. Breakthrough curve for fluoride ions using M.P
adsorbent

3.8. EFFECTED OF ELUTING AGENTS ON THE
RECOVERY OF FLUORIDE IONS

After the percolation of fluoride ions through a column
packed with M.P., the trapped ions on the column can be
stripped out using different eluting agents such as (0.1M
HCI, H,SO4 or NaOH). The obtained data are summa-
rized in Figure 12. Sodium hydroxide exhibited a higher
recovery percentage (R%=100%) of loaded fluoride ions
on M.P., while HCI or H,SO,4 exhibited a lower recovery
percentage (R%= 40% and 65%, respectively).

3.9. REGENERATION AND REUSED STUDY

The regeneration and reuse of the adsorbent were eval-
uated by passing 100 mL of a 3 mg/L fluoride solution
through the column at a flow rate of 2 mL/min. Then, the
untrapped fluoride ions in the effluent were determined,
and the amount of fluoride ions adsorbed was calculated
using equation no. 17.

qe = [(Co — Ce) * V]/m (17)

100

(0.1IM)HCl  (0.1M)
NaOH

eluting egent

(0.1M)
H2504

Figure 12. Effect of deferent eluting agent on the stripping of
fluoride ions

where g, is the amount of adsorbed fluoride (mg.g™),
C, is the initial concentration of fluoride (mg.L™"), and
C, is the equilibrium fluoride concentration in the solu-
tion (mg. L"), m is the mass of the adsorbent (g), and
V is the volume of the ions solution (L). Also, the ad-
sorption efficiency calculated by using the equation no.1.
After that pass 20mL of 0.1M NaOH to elute the loaded
fluoride ions on the column. The eluted fluoride ions
in the effluent were then determined and the recovery
% R was calculate. In the last step, the column was
washed with deionized water until the effluent solution
became neutral. Subsequently, the previous procedures
were repeated several times. The obtained data are
summarized in Table 5, which shows the successful re-
generation of the column four times with recovery per
cent ranging from 100% to 68%; however, the adsorption
efficiency in the subsequent cycles dropped from 79%
to 40% in the third cycle; so, we can use the column for
defluoridation with satisfactory efficiency for three cycles.
On the other hand, the decreasing adsorption efficiency
with subsequent cycles may be due to the weak loading
between the modifier and adsorbent surface or may be
due to a high concentration of the letting agent 0.1M
NaOH, which requires a fourth study to show the nature
of binding between the modifier and adsorbent surface.

Table 5. Regeneration and reused efficiency of M.P for defluo-
ridation.

Noyde | Qeng | E% | Onug | R%
1 240 79 240 100.0
2 240 70 180 85.7
3 240 40 84 70.0
4 240 29 60 68.9
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3.10. APPLICATION FOR DRINKING WATER

Water samples were collected from different wells (w)
and treatment plants (s) in Sana’a City according to the
standard method [24]. 100mL of water samples was
passed through a column packed with M.P. under lap
experimental conditions. The fluoride ion concentration
was measured before and after the treatment (feed and
effluent), and the results are summarized in Table 6. The
results showed that the fluoride ion concentration in the
wells water was higher than that in the treatment plant,
where in wells water ranged from to 2.6-7.1 mg/L while
the fluoride ion concentration in the treatment plant was
1.55, 2.1 mg/L. After passing the wells water samples
through the column packed with M.P. ranged from 0.53
to 1.54 mg/L and these values are within the acceptable
value permitted according to WHO and YSMO (< 1.5
mg/L). Also, in the water samples of the treatment plant
after percolating through the column the fluoride ions
concentration was 0.3, 0.4 mg/L these values are lower
than the permitted value. From these results, we can
conclude that the M.P. is able to remove fluoride ions
under the study conditions with high efficiency. This has
improved the quality of drinking water and reduced its
consumer health.

Table 6. Characteristics of actual drinking water quality before
and after adsorption.

Sample Conc. Conc. E%
code Before mg/L | After mg/L
wi 4.1 0.88 78.5
w2 2.6 0.53 79.6
w3 4 0.87 78.2
w5 5.9 1.33 77.4
w6 6.2 1.46 76.4
w7 3.5 0.71 79.7
w8 71 1.54 78.3
S 1.55 0.3 80.6
S2 2.1 0.43 79.5

4. CONCLUSION

This study focused on the desorption and regeneration
of Yemeni local natural pumice for fluoride removal from
aqueous solutions and its application to wells water de-
fluoridation. The results indicate that modified pumice is
a good choice because it is a low-cost, easily prepared,
and effective sorbent with a relatively high adsorption
capacity for fluoride. The sorption capacity of the modi-
fied pumice as a sorbent was significantly affected by the

contact time and initial concentration of fluoride ions in
the solution. Co-existing anions were significantly unaf-
fected by the adsorption efficiency of fluoride ions, even
at high concentrations. Further investigations are needed
for field studies, such as optimization of application in
drinking water treatment plants.
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