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ABSTRACT

The main objective of this study is to investigate the sorption behavior of fluoride in tea waste under
various fluoride concentrations in water in Sri Lanka to study the fluoride removal from drinking water.
The physicochemical characteristics of tea waste were investigated using SEM, AAS, BET, and FTIR
analysis. The results obtained by batch experiments showed that the maximum percentage removal
efficiency of 42.58+0.97 was at pH 6, after 20 min of contact time, and with an adsorbent dose of 1.5
g. The adsorption equilibrium isotherms followed by the Langmuir model, and the reaction obeyed the
pseudo-second-order model. Phosphate ions have shown maximum influence on fluoride removal by
the tea waste-laterite mixture. A mixture containing 65% tea waste and 35% laterite showed the
highest removal efficiency with a maximum adsorption capacity of 0.0216 mg/g. Finally, a fluoride
removal setup was prepared and the filtering performance of the tea waste-based mixture was studied
under selected influent fluoride concentrations of 1.5 ppm, 2.0 ppm, and 2.5 ppm, respectively. The
results of this experiment showed that each filtering set-up with different influent concentrations had
significant fluoride removal efficiency to the WHO drinking water quality standard limit of 1.5 ppm.
The optimum fluoride removal happened at pH6 in both batch experiments and filtering set-up
experiments. Therefore, the material can be applied for fluoride removal without changing the normal
pH of potable groundwater.
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INTRODUCTION

Fluorine is the most electronegative element that occurs naturally. Fluoride is one of the most
abundant anions in drinking water and can be either beneficial or harmful to human health, depending
on the concentration and amount consumed (Cai et al., 2015). Fluoride has a beneficial effect on teeth
at low concentrations, but excessive fluoride can be harmful. The majority of fluoride in the human
body is ingested through drinking water (Jayarathne and Jayawardana, 2018). According to the WHO,
the standard fluoride concentration in drinking water ranges from 0.5 to 1.5 mg/L (WHO, 2011). Higher
fluoride levels in potable water in hot tropical lands where people consume a large amount of water
can lead to excessive fluoride intake (Chandrajith et al., 2012).

Defluoridation techniques are used to reduce fluoride levels in drinking water. Precipitation and
coagulation, membrane separation, ion exchange, and adsorption are some of the primary
defluoridation techniques used (Jagtap et al., 2012). Even though most defluoridation methods are
commercially available, removing fluoride from water is not always simple or inexpensive. Attempts to
develop a method of defluoridation that can be sustained under varying social, financial,
environmental, and technical constraints have not been fully successful (Brunt et al., 2004). Therefore,
the development of cost-effective, easy-to-handle, and quick defluoridation methods is in high demand
in developing countries like Sri Lanka. Adsorption is generally regarded as an appropriate technique for
small community water sources compared to other methods due to its simplicity of design, ease of
operation, availability of a diverse range of adsorbents, and low operating and investment costs
(Bhatnagar and Sillanpaa, 2011).

Recent increase in consumption of tea worldwide have resulted in large quantities of tea waste
(Tsubaki and Azuma, 2013), which generates a significant amount of tea-based organic waste. As per
findings, Turkey disposes of about 30,000 tons of tea factory waste in the small bays that surround the
Black Sea (Yagmur et al., 2008).Thus, production of such a large amount of waste alone from the tea
sector would inevitably contribute to environmental problems associated with its inappropriate

disposal (Hussain et al., 2018).

Little work has been done so far to test the use of tea waste in the defluoridation of drinking water (Cai
et al., 2015). There are no studies done on the use of tea waste for sorption experiments in Sri Lanka
(Chandrajith et al., 2020). The objective of study is to effectively use tea waste for potential applications
by studying the sorption behaviour of fluoride in tea waste under selected water types and developing

tea waste-based amendments to remove fluoride.
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MATERIALS AND METHODS

Materials

Tea waste was collected from households and washed with boiling water several times until the
supernatant solution remained colorless (Karthik and Suresh, 2019). The washed tea waste was oven-
dried at 105 °C until tea waste got dried. Then the dried tea waste was grounded and sieved in a 0.5
mm US standard sieve. The laterite soil obtained from the southwestern part of Sri Lanka was washed
several times using distilled water to remove impurities. Then the sample was air-dried for around 24
hours to remove moisture and soil samples were ground with the motor and the pestle. Finally, the
ground samples were sieved using a US standard sieve of 0.5 mm. prepared tea waste powder and
laterite powder were placed in zip lock bags to reduce moisture loss and contamination. Groundwater
samples were randomly collected from Kalutara and Colombo districts in the western province, and
samples were taken as composite samples. Nitrate, sulphate, chloride, and phosphate solutions were
prepared by dissolving sodium nitrate (NaNOs), sodium sulphate (Na;SO.), sodium fluoride (NaF),
respectively and potassium phosphate dibasic anhydrous (K;HPQ,) in distilled water. All chemicals and

solvents used during experiments were of analytical grade quality.

Physico-chemical analysis of tea waste

X-ray Fluorescence (XRF) analysis: The powdered laterite samples were initially analyzed for major and
trace elements by X-ray fluorescence spectrometry (RIX 2000). The sample was split and oven-dried
for 48 hours at 160 °C. Under a force of 200 kN for 60 seconds, powdered samples (< 63 um) were
compressed into briquettes (Nayanthika et al., 2018).

Fourier-Transform Infrared spectroscopy (FT-IR) analysis: FT-IR analysis was performed to investigate
the chemical bandings of all filter media before and after filtration. Small amounts (2-5 mg) of samples
were placed directly on the crystal and operated by the machine with the assistance of the staff.

SEM (Scanning electron micrograph) and EDX (Energy-dispersive X-ray spectroscopy): The test was
carried out utilizing double-sided conductive carbon tape of gold-sputtered ground soil samples
mounted on the SEM sample holder. At a steady current of 25 mA, gold sputtering of ground soil was
achieved (Nayanthika et al., 2018).

Atomic absorption spectroscopy (AAS): There can be chemical changes occur and elements readily
available in the samples can be leached to the solution during the experiment. An elution test was
carried out and the filtrate was acidified using concentrated HCl for preservation. The prepared

samples were analyzed to determine element concentrations.
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Determination of the textural properties of mixtures: The textural properties of the studied samples
were determined from the adsorption and desorption isotherms. The powdered sample was analyzed
for specific surface area and pore size distributions by N, adsorption at 77 K using the Autosorb 1Q-MP
(1 Stat.) Viton BET surface area analyzer (Gibson et al., 2020). The pore size distribution was obtained

from the adsorption isotherm using the BJH (Barrett- Joyner-Halenda) method (Barrett et al., 1951).

Determination of the pH (pzc) of tea waste

For the determination of the pH value at the point of zero charges of tea waste, solutions of 50 ml 0.1
M NaCl were taken, and the initial pH (pH;) of solutions was adjusted between 2 and 10 by the addition
of 0.1 M HCl and 0.1 M NaOH. After pH adjustment, 0.05 g of tea waste was added to the solutions,
and the suspension was shaken at a speed of 120 rpm at room temperature. After 24 hours, the
solutions were filtered by a 0.45 um cellulose acetate membrane, and the final pHs (pHs) of the filtrates
were measured. The difference between the initial and final pH values (ApH = pH; - pHs) was plotted
versus pHi. The pH at which ApH = 0 was considered the pH value at the point of zero charges

(Hafshejani et al., 2016).

Investigation of possible sorption behavior of different fluoride concentrations with the tea waste in

selected water type under common salinity /hardness

Step 01- Groundwater samples were collected from the districts of Colombo and Kalutara. Then, tea
waste (TW) was added to the collected groundwater samples, maintaining a tea waste: groundwater
ratio of 1:200 (g: ml). The mixture was shaken at 120 rpm at 25 °C at room temperature for 1 hour. The
solid phase was separated using centrifugation at 4000 rpm for 10 minutes. Then, solutions were
filtered by millex-GP syringe filter unit pore size 0.45 um. The concentration of remaining fluoride was
determined in supernatants by the Hach DR900 Multiparameter Portable Colorimeter. The percentage
removal efficiency was calculated using equation 1 (Hafshejani et al., 2016).

Step 02- Fluoride concentrations in collected groundwater samples were adjusted between 0.31 mg L
'and 11.1 mg L% To investigate the potential sorption behavior of tea waste in groundwater under low
to high fluoride concentrations. The required amounts of material were then added to the fluoride

level-adjusted groundwater samples and the procedure in step 01 was repeated.

Determination of the optimum mixing ratio of tea waste and laterite
Tea waste and laterite powder were combined at various mass percentages of tea waste, ranging from

50% to 100% while maintaining the overall mass constant at 1 g. A series of fluoride solutions (Co = 2
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mg L) were added with the prepared mixtures keeping a ratio of [m:V] = [1:50]. The mixtures were
then shaken for 1 hour with an agitation speed of 120 rpm at room temperature. The solid phase was
separated by centrifugation at 4000 rpm for 10 min. The solutions were filtered by a millex-GP syringe
filter unit pore size of 0.45 um. The concentration of remaining fluoride was determined in
supernatants by the Hach DR900 Multiparameter Portable Colorimeter. The percentage removal
efficiency was calculated using equation (1) and the amount of fluoride absorbed per unit weight of
adsorbent (qe in mg g™1) was calculated as equation (2).

- (Co-Ce)x100
Percentage removal Efficiency B — (D
0

. . (CO'Ce)xV
Adsorption capacity Bi— 2)
Where Cois the initial fluoride concentration and C. is the equilibrium concentration of fluoride in
solution (mg L), V is the volume of solution (L), and m is the mass of the tea waste and laterite (g)

(Hafshejani et al., 2016, Viglasova et al., 2018).
Batch Experiments of Fluoride

The effect of adsorbent dosage on fluoride adsorption was studied by adjusting the adsorbent dosage
from 0.5 g to 10.0 g with an initial fluoride concentration of 2 mg L™%. Then TWL65 mixture (tea waste
65% and laterite 35%). The influence of contact time on adsorption experiments was investigated. The
mixture was kept for different time intervals from 5.00 minutes to 6.00 hours while shaking under 120
rpm in the mechanical stirrer to determine the optimum contact time for fluoride removal. The pH of
the synthesized solution was adjusted to 6.00 in both experiments.

The effect of adsorbent dosage on fluoride adsorption was studied by adjusting the solution pH from
pH 2-11 by using 0.1 M HCl and 0.1 M NaOH at optimum with an initial fluoride concentration of 2 mg
L* with optimum dosage and optimum contact time. Throughout the experiment, required amount of
material was added to the solution, maintaining a 1:200 (g: ml) ratio of the TWL65 mixture and the
fluoride solution. The mixture was shaken at 120 rpm at 25°C at room temperature. The solid phase
was separated by centrifugation at 4000 rpm for 10 min. The solutions were filtered by millex-GP
syringe filter unit pore size 0.45 um. The concentration of remaining fluoride was determined in

supernatants by the Hach DR900 Multiparameter Portable Colorimeter.
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Adsorption Kinetic Studies of fluoride by TW65

Kinetic adsorption experiments were conducted with a series of solutions with an initial fluoride
concentration of 2 mg L™, optimum pH, and optimum adsorbent dosage, at room temperature of 25°C
by varying the contact time with an agitation speed of 120 rpm. After the predetermined time interval
was completed, the solids phase was removed from the solutions by filtration using 0.45 um cellulose
acetate membrane filters, and fluoride concentrations were analyzed. The dynamics of the fluoride
adsorption process by TWL65 were evaluated with the pseudo-first-order (Eq. (3)) (Lagergren, 1898),
pseudo-second-order (Eq. (4)) (Ho and McKay, 1999) kinetic models.

qr = qe(1 —e~1t) 3)
_ q2kat
qt - 1+qek2t (4)

Where qg: and ge are the amounts of nitrate ions adsorbed on the modified biochar (mg g™*) at time t
and equilibrium time, respectively; ki is the rate constant of the pseudo-first-order (min?), k; is the

rate constant of the pseudo-second-order (g mg™* min™?).

Adsorption Isotherms of fluoride by TW65

Equilibrium adsorption experiments were conducted using a series of solutions with initial fluoride
concentrations of 1.5-3.5 mg L™ with an optimum solution pH and optimum adsorbent at room
temperature 25 °C. The mixtures were shaken at 120 rpm, and after equilibration, samples were
filtered by 0.45 um cellulose acetate membrane filters and were analyzed by the HACH DR900
Multiparameter Portable Colorimeter for the determination of residual fluoride concentration. The
Langmuir (Langmuir, 1916), Freundlich (Freundlich, 1906) and Temkin (Kinniburgh, 1986) models were
applied to fit the equilibrium data. Each isotherm model was expressed by relatively certain constants,

which characterized the surface properties and indicated the adsorption capacity of this material.

Effect of co-existing (competing) anions on fluoride removal by TW65

The fluoride adsorption potential of the mixture TWL65 was also investigated in the typical presence
of co-existing (competing) anions (e.g., phosphate, sulfate, and nitrate) in real groundwater.
Experiments were conducted by adding varying concentrations of co-existing anions (5-50 mg L™) in a
fluoride solution with a fixed fluoride concentration of 2 mg L™, optimum pH, optimum contact time
and optimum adsorbent dosage. The mixtures were shaken at a speed of 120 rpm at a room

temperature of 25 °C. Then the solid phase was separated from the solution by filtration using a millex-
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GP syringe filter unit pore size 0.45 um. The concentration of remaining fluoride was determined by

the Hach DR900 Multiparameter Portable Colorimeter.

Fluoride removal study with TW65

A simple fluoride removal setup was designed to study the effect of feeding volume on fluoride removal
efficiency and changes in pH of effluent solutions using transparent plastic pipes with a 3.5 cm diameter
and a cross-sectional surface area of 38.5 cm?. The height of the pipes used to prepare filter columns
was 20 cm. Prepared three different influent fluoride solutions (1.5 ppm, 2.0 ppm, and 2.5 ppm) were
used for filter from each filter setup. The influent laboratory-prepared fluoride solution was entered
into the filter at the top and effluent was collected from the bottom of the columns of each filter
(Chathuranga et al., 2015). Each column was filled with 100 g of TWL65 filter media with a sand layer
about 1 cm in height at the bottom.

Analysis of Data

All analyses were performed using IBM SPSS Statistics 18.

RESULTS AND DISCUSION
Physico-chemical analysis of tea waste and laterite

The composition of the soil samples used was determined using an XRF analysis.

Table 1: Composition of raw laterite

Samplel Sample2 Sample3 Average Min Max SD

Minerals/wt %

Si0; 44.6 44.3 44.8 44.6 44.3 44.8 0.252
Al;O3 32.9 335 33 33.1 32.9 335 0.321
Fe,03 19.3 18.8 18.9 19.0 18.8 19.3 0.265
TiO, 2.31 2.34 2.33 2.32 2.31 2.34 0.015
K,0 0.171 0.168 0.162 0.167 0.162 0.171  0.005
CaO 0.078 0.07 0.085 0.078 0.07 0.085  0.008

Elements/wt %

Fe 64.8 64.6 65.8 65.1 64.6 65.8 0.643
Al 16.3 15.8 15.8 16.0 15.8 16.3 0.289
Si 14.9 15.6 14.7 15.1 14.7 15.6 0.473
Ti 191 191 1.90 1.9 1.87 191 0.023
Zr 1.00 0.98 1.00 1.0 0.984 1.00 0.009
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Tb 0.26 0.19 0.30 0.3 0.196 0.347 0.076
Co 0.18 0.20 0.20 0.2 0.181 0.201 0.010
Gd 0.17 0.16 0.00 0.2 0.164 0.175 0.008
K 0.13 0.13 0.10 0.1 0.129 0.131 0.001
\Y% 0.08 0.08 0.10 0.1 0.085 0.088 0.002

There were 33 elements and compounds found in laterite (Table 1).

Fe was the most common element in all three samples, accounting for 65. 1£0.643 % of the total mass.
Aside from that, Al and Si were plentiful. When it comes to the compounds discovered by XRF analysis,
SiO; is the most abundant of all three analyzed samples. High levels of Al,O3 and Fe,Os were also found.
TiO,, Ca0, and K,0 are among the other compounds discovered (Nayanthika et al., 2018).

Elution analysis was carried out for tea waste to find readily available metal ions that can be leached
into the solution. The elements which can be leached to the filtrates were checked through atomic

absorption spectroscopy (Table 2).

Table 2: Elements detected in the elution analysis of tea waste

Constituents determined Element concentration
(ppm)
Fe 0.11
Mg 8.6
Na 12.6
Mn 0.3
Al <0.1
K 3.3
Ca 2.7

According to the results obtained, Na, Mg, K, Fe, Mn, Al, and Ca were found, and these elements were
present at ppm level. All elements were present in ppm levels that were highly below the WHO drinking

water quality guidelines (WHO, 2011).
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SEM observed the surface topography of the tea waste.
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Figure 1: SEM images of tea waste (a), (b) at higher magnification

The surface of the tea waste was rough (Bansal et al., 2020) and had tiny pores, and the adsorbent

surface was irregular and porous (Fig. 1).

of fluoride ions onto tea waste (Mondal

Thus, the surface of tea waste would facilitate the adsorption

, 2017).

BET analysis was performed to study the surface area, total pore volume, and average pore radius of

the TW and TWL65 mixture. The BET surface area was higher in the TWL65 mixture than in the TW,

which is relatively higher than other co

mmon-plant-based adsorbents (Bakar et al., 2016).

The average pore radii of TW and TWL65 recorded were 3.3077 nm and 8.9620 nm, respectively, which

fall within the range of mesoporous pore size within 2-50 nm. The N, adsorption/desorption isotherm

exhibits the type IV behaviour for TWL65 (Fig.2), which is characteristic of mesoporous structure based

on the IUPAC classification.

—m— TWL65 Desorption
—®— TWL65 Adsorption
—#&— TW Desorption
—w— TW Adsorption

30
!
25 - ”’
/!
B 20 ’ﬂ’
8 |
E s ’/
@ /
/
g 10 /’
§ s
. s
& i"l"f:i:}:;:;:,,, —
o a8 80 -
0 :;:ilfx;L ¥ T X XXX XXTXEEE =
0:2 0:4 0!6 018 : :O

0.0

Relative Pressure (P/P,)

Figure 2: Low-temperature nitrogen adsorption and desorption isotherms of TW and TWL65 samples
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The main advantages of mesoporous materials are narrow pore size distributions and high surface
areas, simple organic functioning strategies, biocompatibility, and low toxicity (Wu and Zhao, 2011).
The applicability of both blends for the study is thus confirmed. Points of zero charge (pHpzc) are the
pH at which the adsorbent's net surface charge is zero. The difference between the initial and final pH

values (ApH = pHi — pHf) was plotted versus pHi.

pHi

Figure 3: The difference between the initial and final pH values

The pH at which ApH = 0 was considered as the pH value at the point of zero charges (Wu and Zhao,

2011). The results of this experiment show that the pHpzc of tea waste is about 5.10 (Fig. 3).
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Figure 4: FTIR spectra of TWL65 before and after fluoride adsorption
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Before and after fluoride adsorption, FTIR spectra were obtained for TW and TWL65 (Fig.4). The broad
and intense absorption single band at around 3332 cm™ correspond to O-H stretching vibrations
caused by inter and intermolecular hydrogen bonding of polymeric compounds (macromolecular
associations), such as alcohols, phenols, and carboxylic acids found in pectin, cellulose, and lignin,
indicating the presence of "free" hydroxyl groups on the adsorbent surface (Wu and Zhao, 2011). The
symmetric and asymmetric C—H stretching vibration of aliphatic acids is responsible for the peak at
2920 cm. The peak at 1616 cm™ is caused by asymmetric stretching vibrations of C=0, while an
aromatic compound group causes the peak at 1515 cm-! (Bansal et al., 2020). However, in the TW
mixture, distinct changes are not noted between the spectra before and after fluoride adsorption onto
tea waste. This indicates that the main structures of both soil mixtures were not altered due to fluoride

adsorption.

Sorption properties of fluoride by tea waste under selected water types in the typical
salinity/hardness range
Stepl- After adding tea waste to the fluoride non-adjusted groundwater samples, diverse fluoride

removal behaviors were observed as shown in Fig.5a.
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Figure 5(a): Variation of fluoride sorption efficiency with changes in initial fluoride concentration (mg

L) of groundwater samples

Both the sorption and leaching behavior of fluoride by tea waste could be observed during the
experiments. Favorable (positive) sorption efficiencies were interpreted as fluoride removal from the
solution, whereas negative sorption efficiencies were interpreted as fluoride leaching into the solution.

Step 2- Fluoride concentrations in collected groundwater samples were adjusted to align with fluoride

50



AV P S Buddhima et al., JSLAAS, Vol 4 Issue 1 (2022) 40-62

levels in water in Sri Lanka from <0.01 mg/L to 8.00 mg/L(Bansal et al., 2020), to further investigate the
potential sorption behavior of tea waste in groundwater under low to high fluoride concentration
range as the experimental procedure outlined in section 2.4 (step 02). According to the initial fluoride
concentration of water samples, both the sorption and leaching behavior of fluoride by tea waste could
be identified when tea waste was added to fluoride-adjusted and non-adjusted groundwater samples

(Fig.5b).
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Figure 5(b): Variation of fluoride sorption efficiency with initial fluoride concentration (mg L?) of

adjusted groundwater samples

During the sorption studies, higher fluoride levels in water resulted in fluoride sorption, whereas lower
fluoride levels in water resulted in fluoride leaching by tea waste. Thus, behavior of fluoride sorption
by tea waste varies depending on the fluoride concentration in the water. Similar sorption behavior
was observed in tea leaves as mentioned in (Malde et al., 2006), which indicated that fluoride is easily
released from tealeaves in low-fluoride water and tealeaves may release or absorb fluoride, depending
on the fluoride content of water.

Determination of the optimum mixing ratio of tea waste and laterite

The fluoride removal efficiency is the highest when TWL65 is used, including 65% of tea waste and 35%
of laterite powder. The lowest removal efficiency was seen in TW (100% tea waste), which was made
of 100% tea waste powder. As the highest removal efficiency (40.83 £1.607) % was recorded in TWL65
(65% of tea waste and 35% laterite powder), it was considered the optimum mixture and was used to

carry out further studies (Table 3).
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Table 3: Results of optimum mixing ratio

Tea Remaining fluoride Percentage Adsorption
waste concentration/mg L? removal efficiency/% capacity/ mgg*
percentage/%

50 1.24+0.075 40.33%+3.753 0.087+0.004
55 1.44+0.020 30.50£1.000 0.07210.001
60 1.32+0.154 34.50+7.697 0.080+0.008
65 1.23+0.032 40.83 £1.607 0.76910.002
70 1.41+0.174 32.00£8.718 0.077+0.009
75 1.68+0.030 18.50+1.500 0.043+0.002
80 1.54+0.026 25.50+1.323 0.060+0.001
90 1.62+0.129 21.6716.449 0.049+0.006
100 1.77+0.096 14.00+4.822 0.014+0.005

Batch Experiments of Fluoride

When the adsorbent dose of tea waste increases, the percentage of removal was also increased, and
the highest adsorption efficiency was achieved at 1.5 g with the removal efficiency of 40.77+5.19% (Fig.
6a).
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Figure 6(a): Variation of fluoride removal efficiency with changes of TWL65-mixture dosage
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Further increase in adsorbent dosage beyond 1.5 g did not significantly affect the fluoride adsorption
efficiency, and with further increase in adsorbent dose, the adsorption efficiency remained constant.
Due to the increasing number of accessible active sites of the adsorbent, the removal efficiency is
commonly increased by increasing the amount of adsorbent dose. The adsorption capacity, however,
remains constant after a certain adsorbent dose (Pooresmaeil et al., 2018). The adsorption potential

of TWL65S for removing fluoride was found to be rapid in the early stages of contact time.
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Figure 6(b): Time-dependent variation in removal fluoride efficiency for TWL65

The rate of adsorption decreases with time after 20 minutes, and the adsorption mechanism reaches
equilibrium within 20 minutes. According to (Pooresmaeil et al., 2018), this observation may be
explained by a larger number of active sites on TWL65S for fluoride ion adsorption in the early stages.

The adsorption efficiency increased as the aqueous phase pH values increased from 2 to 11 (Fig. 6c).
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Figure 6(c): Variation of fluoride removal efficiency with changes in pH for TWL65 mixture
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Initially, the percentage of fluoride ions removed increased rapidly with the increasing pH of the
solution, with pH 6 being the optimal pH. A further increase in pH results in a significant decrease in
the adsorption percentage. This could be because of the electrostatic repulsion between the oppositely

charged adsorbate and adsorbent (Al-Othman et al., 2012).

Adsorption kinetic studies of fluoride by TW65
Table 4: Kinetic parameters of fluoride adsorption by TWL65

Kinetic Model Parameter Value
Pseudo first order R2 0.4650
K1 (min?) 0.0015
Qe (ca) (Mg g7 0.0216

Je (exp) (ME g7) 5.65x10°
Pseudo second order R? 0.9950
K2 (g mg™ min) 24.136
Qe (ca) (Mg g7 0.0216
Ge (exp) (MG &) 0.0164

According to the Table 4, the qc values calculated from the pseudo-second-order model is 0.0216 mg
g which is close to the experimental values Qexp value 0.0164 mg-g™! than the pseudo-first-order
model. These findings confirmed the applicability of pseudo-second-order kinetic model to determine
the rate of reaction. (Smitha et al., 2017).

Adsorption isotherms studies of fluoride by TW65

To investigate the interaction of fluoride with the surface of TWL65, adsorption isotherms were
plotted. The Langmuir isotherm model (Langmuir, 1916) has a higher R? value (0.92529) compared to
the Freundlich isotherm model value of R?-0.88853 and the Temkin isotherm model value of R? -
0.77121 (Table 5).

The adsorption of fluoride data was well represented in the Langmuir model, which indicates that the
adsorption mechanism follows the monolayer adsorption behavior. The adsorbent has active sites with
uniform energy on the surface of the adsorbent. Based on the linear regression coefficient, the model

that best fits for TWL65 was the Langmuir adsorption isotherm model.

54



AV P S Buddhima et al., JSLAAS, Vol 4 Issue 1 (2022) 40-62

Table 5: Langmuir, Freundlich and Temkin isotherm parameters for adsorption of fluoride on TWL65

Isotherm Parameter Value
Langmuir R? 0.92529
Omax 0.01708
Ke 0.44602
Freundlich R? 0.88853
n 0.36023
Kr 0.01196
Temkin R? 0.77121
Br 9.37952
Kr 1.00173

Table 6: pH variation of effluent with feeding volume of influent solutions (1.5 ppm, 2.00 ppm and 2.5

ppm)

Influent (FI) concentrations

1.5 ppm 2.0 ppm 2.5 ppm

pH pH pH
Max 6.5 5.6 5.2
Min 5.9 6.25 5.73
Mean 6.15 6.15 6.15

Effect of competing ions on fluoride removal by TW65

It was found that the removal efficiency of TWL65 towards fluoride was reduced due to the presence
of co-existing (phosphate, nitrate, and sulfate) in the water. Nitrate and sulfate have nearly identical
effects on fluoride adsorption, which showed removal efficiency ranging between 27.77+ 0.555% to
48.23+7.692% in the presence of nitrate and between 33.33+ 3.469% to 42.40+0.320% in the presence
of sulfate. Phosphate ions have shown maximum effects on the adsorption of fluoride, and the removal

efficiency varied between 0.555+ 0.555 to 44.31+ 3.239% (Fig. 7).
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Figure 7: Effect of competing anions on the adsorption capacity of TWL65 for fluoride adsorption

The decrease in fluoride removal in the presence of phosphate could be attributed to the high affinity
of adsorbent for carbonate and phosphate ions and their competition for active binding sites with
fluoride (Chen et al., 2011). The fluoride removal efficiency decreased as the concentration of the
competing ion increased. It could be explained by the fact that in multi-element solutions, the
electrostatic interaction of co-existing anions with adsorption sites of TWL65 mixture was much

stronger than the electrostatic interaction of fluoride ions species.

Effluent fluoride concentration variations with feeding volume and fluoride removal efficiencies
under 1.5 ppm, 2.0 ppm, and 2.5 ppm influent fluoride concentrations

Fluoride concentrations in the effluent dropped as the feeding volume increased, and fluoride removal
efficiency increased gradually in the initial stage of the filtering process in all fluoride removal set-ups

with 1.5 ppm, 2.0 ppm, and 2.5 ppm influent fluoride concentrations as shown in fig.8.
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Figure 8: Fluoride concentration variation with feeding volume of influent solution (1.5 ppm) (a),
Fluoride concentration variation with feeding volume of influent solution (2.0 ppm) (b) and Fluoride

concentration variation with feeding volume of influent solution (2.5 ppm) (c)
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When feeding more volume, the effluent fluoride concentration decreased, than the initial stage of the
filtering process. Similar fluoride removal trends were observed in the study conducted on the
development of activated iron oxide soil pellets to study the filtering efficiency of fluoride ions in
aqueous fluoride solutions (Jayarathne and Jayawardana, 2018). However, when more volume is
added, time passes and the available sites are decreased, while the effluent fluoride concentration
increased. In all three setups with different influent fluoride concentrations, fluoride removal
efficiencies were found to be closer or lower than the WHO drinking water quality standards level for
fluoride of 1.5 ppm (WHO, 2011) and Sri Lankan drinking water standards level (Institute, 2013) for
fluoride of 1 ppm. When the feeding volume was increased, the pH values in the filtrates varied, but
the pH values did not differ significantly from the initial values of the influent solutions in all three
fluoride removal setups (Table 6). The mean pH values of the filtrates were lower than the maximum
permissible pH level of the drinking water quality standard in Sri Lanka, which is 6.5-8.5 (Institute,
2013).

CONCLUSIONS

The study was planned to investigate the sorption behavior of tea waste with dominant harmful
fluoride concentrations and finally, a novel adsorbent was introduced by amending laterite to tea
waste. The initial sorption behavior of tea waste with different fluoride levels in groundwater
concluded that fluoride leaches from tea waste with lower fluoride levels in the water, while tea waste
absorbs fluoride when the fluoride concentration is high in water. Thus, it is vital to examine the
chemical kinetics of fluoride adsorption by tea waste with the necessary amendments to reduce
possible desorption for the effective use of tea waste. In this experiment, laterite powder was
discovered to be a suitable amendment. Thus, TW65 (65% tea waste:35% laterite) an be used to
remove fluoride from water while maintaining the normal pH of potable groundwater. In batch
experiments, fluoride removal was highest around pH6, whereas the influent fluoride solution at pH6
produced better filtering performances in fluoride removal experiments using a simple fluoride
removal setup. The addition of laterite to tea waste inhibited fluoride leaching from tea waste into the
water. Therefore, tea waste and laterite mixture can be introduced as an eco-friendly adsorbent for

removing fluoride from portable groundwater under natural pH conditions.
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