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ARTICLE INFO ABSTRACTS

Keywords: Excessive fluoride intake in drinking water sources in Ethiopia (Ziway town) causes health issues in the residents.
Cationic surfactant The goal of this study was to utilize the defluoridation of drinking water using clinoptilolite zeolite modified with
Defluoridation

a cationic surfactant Hexadecy Trimethyl Ammonium Bromine. The treatment’s removal efficiency has been
optimized by the pH of the solution (5.5 + 0.2-8.5 + 0.2), initial fluoridated water (1-10 mg/L) to fast fluoride
removal at a potency of 5.5 g/L, dose of surfactant modified zeolite (2.5-18 g/L), contact time (30-min, and the
effect of temperature (80-120 °C), which better removal efficiency as temperature increased. The study was
examined, at the constant Blank of 10 mg/L, 5 g/L of Hexadecy Trimethyl Ammonium Bromine dosage records
the highest fluoride removal potential at the end of the60 min runtime: Sodium Low Silica X (Na-SX) (88.4%),
Sodium Linde Type A (Na-LTA) (64.6%) and Reagent only Zeolite (ZR) (25%). Incompatible with this reflection,
the model waters with pH maintained at 5.5 &+ 0.2 and 6.5 + 0.2 verified rapid fluoride removal (89.7% and
72.3% respectively) within the first 3 h of runtime. The best performance of this treatment efficiency were
obtained at pH (5.5-8.5), stock solution < 10 mg/L, adsorbent dose < 18, and more delayed time. The findings of
this study indicated that unmodified clinoptilolite zeolite was incapable of adsorbing fluoride ions, but the
surfactant-modified zeolite adsorbed fluoride but requires adequate pH control, temperature, and running times.
The coincidence of large amount of natural zeolite and high level of fluoride in drinking water in Ethiopian rift

Drinking water
Modified clinoptilolite

valley areas pulls the very vital aspect, which requires the modified treatment technology.

1. Introduction

Fluoride is an electronegative element that is attracted to the posi-
tively charged ion of alkali metals and alkaline earth metals (Sodium,
Potassium, Calcium, Magnesium, etc.). Alkaline earth metals have low
ionization energy, low electron affinity, low electronegativity, highly
reactive, and often form divalent cations, whereas alkaline metals have
also the same property as alkaline earth, but it’s the most reactive
metals, due in part to their larger atomic radii and low ionization en-
ergies (Pandey, 2021). This group of metals have high reactive with
group 7 elements (e.g. Fluorine), which have high electronegativity. The
maximum concentration of calcium in the body is present in bones and
teeth, which draw the most fluoride and deposit it as calcium fluo-
rapatite crystals (Ram et al., 2021).

According to the U.S. Public Health Service, the optimum fluoride
concentration in the water supply was between 0.7 mg/L tol.2 mg/L,
the World Health Organization recommendation for fluoride’s permis-
sible limit is 1.5 mg F/L (Ali et al., 2016). But, in Halaba district of
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Southern Ethiopia fluoride levels from boreholes are high (2.6-7.0 mg/)
L yet the incidence of fluorosis is modest (Demelash et al., 2019).
Drinking water users living in the vicinity of four drinking water systems
that have been in operation for more than 35 yrs out of 625 persons were
surveyed, 5% had severe dental fluorosis and 42% had mild forms
(Demelash et al., 2019). Water samples collected from defluoridation
plants in Wonji-Shoa plantation and factory villages revealed elevated
fluoride concentration ranging from 3.8 mg/L to 12.7 mg/L. Among 115
springs sampled in the Rift Valley, (90.0% of the 20 hot springs and
12.6% of the 95 cold springs) had fluoride levels above 1.5 mg/L (Sara
Datturi, Assefa Kumsa, Seifu Kebede, 2017). The total samples collected,
53.3% were from deep wells, 24% shallow wells, 16.1% from springs,
3.7% from rivers and 1.2% from lakes (Steenbergen et al., 2011). In
Ethiopia’s major Rift Valley almost 14 *10° people rely on fluoride-rich
water sources (Tekle-haimanot et al., 2006). The public drinking water
supply source of Ethiopian Rift Valley (Ziway town), the Nalgonda
method (use of aluminum sulphate and lime) is practiced. The Nalgonda
technique was developed and adapted in India by the National

Received 21 September 2022; Received in revised form 22 December 2022; Accepted 7 January 2023

Available online 11 January 2023

2666-7908/© 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:dessalegn.geleta@ju.edu.et
www.sciencedirect.com/science/journal/26667908
https://www.sciencedirect.com/journal/cleaner-engineering-and-technology
https://doi.org/10.1016/j.clet.2023.100596
https://doi.org/10.1016/j.clet.2023.100596
https://doi.org/10.1016/j.clet.2023.100596
http://creativecommons.org/licenses/by-nc-nd/4.0/

D.G. Ebsa

Environmental Engineering Research Institute to be used at either
community or household level (Asma M., et al., 2022). It uses the process
of aluminum sulphate based coagulation flocculation-sedimentation,
where the dosage is designed to ensure F~ removal from the water. In
Ethiopia, under the fluorosis mitigation project promoted by UNICEF
and the Federal Water and Energy Ministry, the Nalgonda technique has
been piloted in several rural communities (Ahmad Z et al., , 2022). Most
communities of kebeles 02, 07, and 04 were used their drinking water
supply sources directly from ground water sources using chlorination
treatment in this Great Rift Valley, in rural areas majority of the popu-
lation were used their drinking water supply from hot springs. Ground
water usually contains dissolved mineral ions that can affect the water’s
usage depending on the type and concentrations of the ions involve.
Accordingly the fluoride concentrations in wells selected for dental
fluorosis analysis for the communities received clinical dental fluorosis
examination for Ziway town and its rural area drinking water source for
Cheleki 18 mg/L, Wonji camp.9.7 mg/L, Wulumbula 10.4 mg/L, and
Wegea 13.2 mg/L, are some of them among 13 water supply sources
sampled for dental fluorosis (Zhang et al., 2020).Therefore, it is too
difficult for defluoridation of drinking water supply sources for this area
by using Nalgonda and sand filtration alone, and the main objective
study were removal of fluoride concentration by modified natural
zeolite with Cationic surfactant. Mostly, the alkali metals and alkaline
earth metals of cations surfactant usually attached to the zeolite struc-
ture are sodium, potassium, magnesium, lithium, barium, and calcium
(Dong et al., 2021). The use of cationic surfactants to modify zeolites in
particular greatly increases the adsorption potency and affinity for an-
ions removal in an aqueous solution (Rahmani et al., 2010).

The most common synthetic/modified zeolites used in industrial
applications are zeolite (X, A, Y, and P) and naturally occurring zeolites
(analcime, chabazite, clinoptilolite, erionite, ferrierite, heulandite, lau-
monite, mordenite, and phillipsite)(Zhang et al., 2020). Clinoptilolite
mineral is one of the most typical natural zeolites, easily accessible from
mines, and excellent as a sorbent because to its natural characteristics.
Surfactant modified clinoptilolite was an effective sorbent for both
organic compounds and inorganic anions from water which consist of
alumino silicate mineral of porous structure that have valuable prop-
erties (Zhang et al., 2020).

Aluminum has a slightly positive charge than silicon, the framing
typically has a net negative charge that is countered by a replaceable
cation like (Nag, Ko, Ca, Mg)3), (Als Sizp 072. 20H20) (Gul et al., 2022;
Guoru et al., 2021; Muhammad et al., 2022). Most of the natural and
modified zeolites have high selectivity for cations for which have a wide
application in water purification, mainly in the uptake of heavy metal
pollutants, ammonia, and radioactive species (Joseph et al., 2019).
Zeolite modification can be accomplished through various approaches,
including ion exchange, in which the original zeolite’s exchangeable
cation is replaced by Hexadecy Trimethyl ammonium bromide. The ion
exchange of Hexadecy Trimethyl ammonium bromide (HDTMA-Br) with
clinoptilolite can be eliminate fluoride concentration from drinking
water sources, due to this interaction. There is no any advanced treat-
ment technology or modified treatment technology used for this area,
and most of the researchers studied were focused on determination
fluoride concentration in daily intake in water supply sources. This have
a negative implication on the health condition of the society living
around that area. The outcomes of the study were to remove excess
fluoride in drinking water, which is high affects society’s health by using
naturally available material by simple modification with cationic
surfactants.

2. Materials and methods
2.1. Materials and chemicals

The study was used different materials, Chemicals and Reagents
were used during this study. For-instance Crusher (jaw, mortar and
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pestle) for Size reduction No.16 mesh, Sieve (sieve sample), Analytical
balance, Incubator shaker Vacuum filter, and Centrifuge. Chemicals and
Reagents used for the study were NaCl (determine the surface chemis-
try), Sodium fluoride, NaOH and HCI (adjustment of pH), Clinoptilolite
(adsorbent) distilled water, HDTMA-Br, and Nitric acid are some it.

2.2. Study design flow diagram

In order to gain the output of the study was gathered different
samples and literature reviews as described in Fig. 1.

2.3. Sample collection

Drinking water samples were collected from the Ziway area from
ground water and surface sources and additional from the drinking
water distribution system. Among different water sources, two samples
were taken from river sources (Bulbula river mouth 38.74326° E,
8.051128° N which was located in kebeles 05, and giving services for
4567 populations and Meki river 38.848733° E, 8.051238° N which
found in kebeles 02, which give services for 6754 population). The other
points of sample collection were from boreholes (floriculture industries
38.740261 E, 7.917644 N of the population where services and Kore-
konch 38.755692 E, 7.99505 N which services 5489 of the population).

2.4. Analysis of defluoridation

The removal of fluoride concentration by natural zeolite with
cationic surfactants was analyzed by standard procedures of the water
quality guidelines. This can be measured or set as the existence of
fluoride elements and free compounds, which may exist in an aqueous
form, and the removal efficiency, and the overall removal efficiency of
the study was calculated as :

Removal efficency =1 — % * 100% (€]

Where; Ct is the dye concentration at time t and Co is the initial dye
concentration. The quantity 125 of fluoride concentration adsorbed on
the Cetriamonium bromide-modified cornstalk biochar was calculated
by the following equation:

Y
ge=(Ct—Ce) W 100% (2)

\'%
qt=(Co—Ct) W 100% 3

| Collection of zeolite sample
'

Crushing, Sieving and drying of Zeolite raw

|
Modification of zeolites by surfactant (HDTMA-Br) loading

¥ Mixing the powder of zeolite with a solution of (HDTMA-Br)

®  Separation of Surfactant modified zeolites (SMZ) sludge by filtration

| Physicochemical and morphological characterizations of SMZ |

}

’ Testing performance of NMZ by different effect condition

Batch Experiment | Results & Discussions
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Fig. 1. Study design flow chart.
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Where ge and qt (mg/g) are the adsorption capacity at equilibrium and t
min; Co is the initial concentration of fluoride concentration in solution,
while Ce and Ct (mg/L) are the concentrations of fluoride at equilibrium
and min, respectively; V (L) is the volume of solution and W (g) is the
mass of adsorbent used.

2.5. Surfactant modified zeolite (SMZ) preparation

The hydrothermal treatment methods employed in zeolite formation
usually involve appropriate pretreatments processes. The rate of crys-
tallization and nucleation time were both considerably accelerated by
potassium ions. According to (Badessa et al., 2020), the surface of
nanoparticles of (K, Na) clinoptilolite was produced by hydrothermally
processing a (K, Na)-aluminum-silicate slurry containing starting in-
gredients with a Si/Al : (Na + K)/Si: K/(Na + K): HoO/Al with a molar
ratio of 6.0:0.42:0.5:52.5. Furthermore (Dey et al., 2022; Manikandan
et al., 2013), crystalline clinoptilolite could be obtained from a batch
composition of 2.1Nay0: Al1203:108i30:110H50, according to the pro-
cess reported by (Yahya et al., 2020). Two protocols each were adopted
to synthesize zeolites Na-LSX (Sodium Low Silica X) and zeolite LTA
(Linde Type A) using different alumina and silica sources. Zeolite
Na-LSX was synthesized using a locally available clinoptilolite mineral
source (alumina and silica). Zeolite LTA (Linde Type A) was synthesized
from locally available clinoptilolite and bauxite minerals as the source of
silica and alumina respectively.

Sodium Meta silicate and sodium aluminate laboratory reagents
were also used to synthesize another zeolite nicknamed zeolite ZR.
Zeolite LTA (Linde Type A) was synthesized from locally available cli-
noptilolite and bauxite minerals as the source of silica and alumina
respectively. Sodium silicate and sodium aluminate laboratory reagents
were also used to synthesize another zeolite nicknamed zeolite ZR. The
ability for internal intercalation has been 800 meq/Kg, and the capa-
bilities for exterior electrostatic interaction were 90-110 meq/Kg
(Chengying B., et al., 2021). The zeolite was crushed and sieved into two
different grain sizes for the test performed and the laboratory batch
studies: 1.4 to 0.4 mm (14-40 mesh) for the test run and 0.18 to 0.15 mm
(80-100 mesh) for the laboratory batch studies.

3. Results
3.1. Modification of clinoptilolite zeolites

The unmodified and modified (Table 1) different surface chemistry
(Na-LST, Na-LTA, and ZR) of natural cationic surfactants proportions
were justified. This percentage of natural zeolite weights has been taken
accordingly to the proposed modified cationic surfactant of natural
zeolite formations. The modified natural zeolites of cationic surfactants
have been oxidized by the same elements and replaced by carbon in
place of iron, copper, and sulfur in the case of modified cationic sur-
factants of Na-LSX. In the same manner for both modification of Na-LTA
and modification of ZR zeolites, carbon elements were oxidized without
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replacing other compounds/elements as indicated in Table 1.

3.1.1. Batch experiments

A series of batch adsorption experiments were conducted (using
zeolite Na-LSX and Na-LTA) to determine the fluoride removal poten-
tials for unmodified and modified zeolites.

3.1.2. Removal of fluoride using unmodified zeolites

This batch experimental process was conducted to investigate the
fluoride removal potential of all considered unmodified natural zeolites
(Na-LSX, Na-LTA, and ZR) (Fig. 2).

As indicated in Fig. 2, beyond the initial 45 min until the end of
runtime, all the unmodified zeolites maintained maximum adsorption
levels indicating a period of near equilibrium.

3.1.3. Effect of varying HDTMA-Br dosage on fluoride uptake

Based on this issue, the study investigated which cationic surfactant
dosage (HDTMA-Br) was recorded as the lowest and highest fluoride
concentration in drinking water as (Fig. 3) (see Fig. 4).

3.1.4. Effect of reaction time on fluoride removal
The intention of this experiment was to determine the effect of re-
action time variations on fluoride removal efficiency.

3.1.5. Effect of pH on fluoride removal

The influence of pH on fluoride absorption was studied using
modified zeolites Na-LSX, Na-LTA, and ZR at pH values of 5.5 + 0.2, 6.5
=+ 0.2, and 7.5 + 0.2. The solutions were maintained at their required pH
using 0.1 N NaOH, 0.5 and 1 N HCI solutions. In addition, a batch setup
was concurrently run without pH adjustments using modified Na-LSX,
Figs. 7 and 8 depict the results obtained.

3.2. Discussions

Same of modified zeolites elements were common before and after
the modification of zeolite with cationic surfactants (Na-LTA and ZR),
but, (Na-LSX) changed before and after modification. The changed ele-
ments, designates the modified zeolites have a good pore space and
highly activated for adsorption of fluoride concentration than others
unmodified zeolite. This requires activating and reshaping the frame-
work structure of zeolite or substitution of silicon with aluminum (Si/Al
atoms in the crystal zeolitic structure. Indeed, the modified natural ze-
olites with cationic surfactants, Zeolite Na-LSX was found to be the best
performing adsorbent than Zeolite Na-LTA and ZR at constant pH 5.5
and 105 °C. The percentage composition of Si and Al elements from the
Energy Dispersive X-Ray analysis (Table 1) gives Si/Al ratios of 1.39,
1.01, and 1.197 for zeolite Na-LSX, Na-LTA, and ZR respectively. Almost
all of the geopolymer gels can be transformed into zeolite at a higher
molar ratio of Si/Al. It confirms that the molar ratio of Si/Al has a sig-
nificant effect on the phase transformations and microstructure. The
NaA zeolite is the main phase when the molar ratio is less than 1.25, and
the main phase is transformed to analcime as the molar ratio increases

Table 1

Modification of natural zeolites cationic surfactants’
Unmodified Na-LSX modified Unmodified Na-LTA Na-LTA modify D Un modified ZR modified
ID V (%) V (%) V (%) V (%) V (%) V (%)
(o2 68.5 48.1 0.3 0.2 [} 8.9 7
Na 8.4 5.6 10.8 6.6 Na 72.2 47.1
Al 9.2 6.1 11.3 6.2 Al 8.5 7.8
Si 13.1 8.5 66.7 45.3 Si 10.1 9.3
S 0.2 0.2 11 6.1 S 0.32 0.2
K 0.2 0.1 35.6 28.6
Fe 0.3 0.2
Cu 0.1 31.3

Where V is represented Volume.
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Fig. 4. Fluoride removal using zeolite Na-LSX modified with different dosage of HDTMA-Br.

from 1.5 to 2 (Mohammadi et al., 2013). More Zeolites with low silica
content and a Si/Al ratio approaching one generally exhibit more hy-
drophilic characteristics than high silica zeolites with a high Si/Al ratio,
which influenced hydrophilicity by the nature of the charge-balancing
cations in the pores (Mohammadi et al., 2013). This result of a modifi-
cation indicates, in the 1st and 2nd columns have a better morphological
structural pore space and activated composition of elements that highly
adsorbed the fluoride concentration. This shows, Na-LSX has pure
crystal products and uniform particle sizes which more performance to

removes fluoride concentration in drinking water. During this modifi-
cation of natural zeolite/clinoptilolite, same as the modified zeolites by
cation surfactant, the existing elements remained constant both after
and before modification. This result was recorded in both Na-LTA and
ZR types, whereas in the Na-LSX composition one heavy element (cop-
per) was lost since this modification.

The prepared raw material and modified cationic surfactants were
used for adsorption of batch experiments in different scenarios of vari-
ation with HDTMA-Br dosages from 2.5 to 18 mg/L. Increasing the
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dosage of HDTMA-Br from 0.17 to 7 g/L caused more removal of
chromate, which was consistent with the finding of the present study
(Kumar and Arunabha, 2018). This was occurred, due to the fact that the
surfactant molecules made two layers on the zeolite surface; one side
was hydrophilic and the other side was hydrophobic. The removal ef-
ficiency of unmodified zeolites adsorbent was only slight fluoride
removal by the unmodified zeolites occurred in the initial 15 min of the
runtime. Beyond to this, fluoride concentration of the solution leached
back into the solution until the end. This poor fluoride uptake could be
attributed to the repulsion between the negatively charged zeolite sur-
face and the negatively charged fluoride ions. The surface loading for
optimum fluoride removal is less than or equal to 0.1042 mg/g. A dose
of 24 g corresponding to the capacity of 0.0889 mg/g of adsorbent was
considered for further adsorption studies (Mohammadi et al., 2013). The
pH values recorded for the test rose from an initial pH of 7.5-8.5. Fig. 3
describes the fluoride removal performances by the three unmodified
zeolites when the pH of the fluoride-contaminated solutions was main-
tained at 6.5 + 0.2. The result of the blank setup indicates that there was
no fluoride removal over the entire duration of the experiment. This
depicts the fluoride removal performances by unmodified zeolites
(Na-LSX, Na-LTA, and ZR) without any pH adjustment (7.5-8.5). This
suggests that the fluoride removal was only due to adsorption by the
unmodified zeolites and as it described in Fig. 3 when the pH of the
solution was maintained at 6.5 & 0.2 the adsorption of fluoride signif-
icantly increased. This is the reason for piercing fluoride concentrations
decrease within the initial 45 min of the test indicating rapid attachment
onto the free sites. This superficially hydrophilic nature of the unmod-
ified zeolites might have also enhanced the affinity and rapid uptake of
fluoride anions. As expressed in Fig. 2, beyond the initial 45 min until
the end of runtime, all the unmodified zeolites maintained maximum
adsorption levels indicating a period of near equilibrium. The high
fluoride removal performance by zeolite ZR could be attributed to its
inherent nature, that is the combined properties of zeolite Na-LSX and
Na-LTA. The illustrated Figure, (2 and 3) represent the fluoride removal
potentials of unmodified zeolites Na - LSX, Na-LTA, and ZR with a
runtime under controlled pH and without adsorbents, and each zeolite
was modified with a variety of HDTMA-Br dosages concentrations (2.5,
5,7.5,10,12.5, 15, and 18) g/L. The effect of cationic surfactant dosage
for adsorption of fluoride removal of the study to modify the natural
zeolite types (Na-LTA) 5 g/L of HDTMA-Br were most effective dosage
for adsorption of 1-10 mg/L. The study investigated the effect of fluc-
tuating HDTMA-Br dosage on fluoride adsorption by increasing 2.5 g/L
and with the variation of 15 min intervals until the end of 120 min.
The effective dosage of cationic surfactant was observed during the
study, and 5 g/L of the dosage were effective, above this value, the
adsorption of modified zeolite was almost constant. Accordingly (Fig. 8),

—Na-LSX(2.5) Na-LTA(5)
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stated at 5 g/L HDTMA-Br have the highest fluoride removal potential at
3 h of runtime: Na-LSX (88.4%), Na-LTA (64.6%), and ZR (25%).
Application of the modified Nano zeolite with a concentration of 0.8 g/
L, shows a higher potential of humic acid adsorption from water, and its
modification by 0.5-10 g/L HDTMA-Br can remove 70% of humic acid
(25-96%) on an average (Bhaumik and Kumar, 2014). The maximum
removal efficiency for humic acid is 96% and 86% for the surfactant
dosage of 7 and 10 g/L respectively, which show that in experiments
with surfactant dosages less than 3 g/L, the turbidity is increased (Rango
et al., 2012) (see Fig. 5).

The intention of this experiment was to determine the effect of re-
action time variations on fluoride removal efficiency. Equal amounts of
zeolite Na-LSX were modified by stirring in equal volumes of 5 g/L
HDTMA-Br with the aid of a flocculator. Fig. 6 perceived that fluoride
removal is rapid for all the modification times within the first 120 min of
runtime and above 120 min, the performance of adsorption (removal
efficiency) was almost constant. Mostly, fluoride removal performance
increased with increasing modification time until 24 h, and between 24
and 36 h, fluoride removal was slightly increased at 36 h, the removal
efficiency of fluoride was remains steady towards the end of the test
indicating a period of near-equilibrium (see Fig. 9).

According to (Dey et al., 2022), the amount of HDTMA-Br sorbed
onto the zeolite during modification is a function of the initial
HDTMA-Br concentration and the sorption time (i.e., reaction or contact
time). Inferences from their work suggest that provided the concentra-
tion of HDTMA-Br used in the modification of the zeolite is above the
external cation exchange capacity of the zeolite, HDTMA-Br coating on
the surface increases with increasing modification reaction time. As
increasing, the contact time for the HDTMA-Br zeolite modification fa-
vors its sorption equilibrium and the formation of bilayer coating on the
zeolite surface. This effect was observed during the fluoride adsorption
whereby the fluoride removal performance of zeolite Na-LSX increased
with increasing modification reaction time. The longer reaction times
favored the coating of HDTMA-Br on the zeolite surface. The fluoride
removal performance increased from 61 to 64.6% from 2 h through to 24
modification times at the end of runtime (Fig. 6). This also determined
that the 24-h adjustment reaction time resulted in the highest removal
efficiency potential (64.6%), whereas 36 h resulted in nearly identical
performance (88.4%).

The slight discrepancy could be due to interference from the release
of excess, loosely bound HDTMA-Br molecules from the 36 h of modi-
fication reaction time. Because of this, the formation of a complete
bilayer HDTMA-Br coating probably occurred at the 24 h of modification
reaction time. This translated into the increased fluoride removal during
the batch adsorption process. At the end of the 3-h runtime, the zeolite
prepared using merely laboratory reagents (Na-LSX) had the maximum

——Na-LTA(7.5) ——Na-LTA(10)
——Na-LTA(18)
60 75 90 105 120

Fig. 5. Fluoride removal using zeolite Na-LTA modified with different dosage of HDTMA-Br.
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fluoride removal (88.4%), because beyond this time the removal effi-
ciency was almost constant or horizontal. Zeolite Na-LTA and ZR pro-
ceeded by reduced fluoride removals of 64.6 and 25%, respectively. In
HDTMA-Br dosages of 7 and 10 g/L, the maximum removal efficiency
for HA was 96 and 86%, respectively, with a slight variation in the pH
value and turbidity unit (Mohapatra et al., 2009). The only slight fluo-
ride removal occurred within the first 5-10 min of runtime, which
represents only 5% fluoride removal from the initial 10 mg/L concen-
tration. This, fluoride ions leached back into the solution and thus
increased the concentration of fluoride to about the initial concentration
(10 mg/L) with pH maintained at 5.5 and 6.5 experienced rapid fluoride
removal (88.4 and 64.6%, respectively) within the first 60 min s of

4. Conclusions

Drinking water supply for the study area was highly polluted by
fluoride concentration, which is extremely above WHO guidelines. The
modified Clinoptilolite was successfully conducted using varying
HDTMA-Br dosages (0.5, 1, 2, 5, 10, and 15) g/L, and used 10 mg/L of
initial fluoride solution, this publicized that the fluoride removal po-
tential of the Clinoptilolite Nano zeolite modified increased with
increasing HDTMA-Br dosage. The operational parameters such as
adsorbent dose, contact time, pH, and initial fluoride concentration
were found to have an effect on the removal efficiency of modified
zeolite. The 5 g/L HDTMA-Br dosage used to modify zeolite Na-LSX gave
the best fluoride removal potential which was preferably chosen for
further batch removal processes and significantly dependent on pH.. To
maintain the pH of fluoride solution (6.5 + 0.2), for unmodified and
modified zeolite Na-LSX recorded considerable fluoride uptakes. At the
optimum operation conditions, the adsorbents modified Clinoptilolite
with cationic surfactant exhibited highest fluoride removal efficiency of
84.4 and 89.7%, respectively, for 5 mg/L of initial fluoride concentra-
tion at the pH maintained at 5.5 + 0.2 and 6.5 + 0.2. The investigated 5
mg/L HDTMA-Br dosage, 24 h modification reaction time, and a
controlled pH of 5.5 + 0.2, maximum fluoride removal (88.4%) was
obtained using modified zeolite Na-LSX as adsorbent. This represents
88.4%, 64.6% and 25% decreased fluoride removal from the controlled
pH of 5.5 + 0.2, 6.5 + 0.2, and 7.5 £ 0.2 respectively. This study
showed that modification of Nano zeolite by cationic surfactants, to
reduce its negative surface charge, markedly improve its efficiency in
the adsorption of fluoride from an aqueous solution. The HDTMA-Br/
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Fig. 8. Fluoride removal with pH maintained using modified Na-LSX at pH (5.5 &+ 0.2, 6.5 &+ 0.2, and 7.5 + 0.2).
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Fig. 9. Fluoride removal underperformance with pH maintained using modi-
fied Na-LST at pH (5.5 + 0.2, 6.5 £ 0.2, and 7.5 + 0.2) and uncontrolled pH

using modified Na-LST absorbents.

Clinoptilolite ratio, and pH have to coincide in isoelectric point can be
an optimum ratio for the modification.
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