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Received: November 06, 2021 Fluoride is one of the developed compounds that can enter water resources
Revised: December 13, 2021 in different ways. The World Health Organization has recommended its
Accepted: December 26, 2021 maximum permissible concentration in drinking water of 1.5 mg/I so that
its concentration exceeding the permissible limit can be harmful to the
health of living organisms and ecosystems. The aim of this study was to

Keywords: determine the efficiency of activated carbon modified by the thermo-
Adsorbent chemical method from oak fruit in fluoride removal. This research was
Activated Carbon conducted in a discontinuous system on a laboratory scale, and for this
Agueous Solutions purpose, the effect of effective parameters such as time, pH, concentration,
Fluorine adsorbent dose, and other factors was investigated. The results of the
Oak experiments showed that the maximum amount of removal takes place
during 90 min, pH=3, adsorbent dose of 0.1 g/l, and pollutant concentration

. of 50 mg/l. The results of the synthetic models showed that the Freundlich
*Corresponding author: model with the coefficient of determination (R=0.863) is a better model
lorestanib@iauh.ac.ir than the Langmuir model with the coefficient of determination (R2=0.736)

. to describe the synthetic behavior of the absorber. Until now, most

E|$3 10 absorption methods have been performed to remove the pollutant

. E: concentration of 30 mg/l. In the current study, with the input pollutant

[m] & concentration of 50 mg/l, it can be stated that the activated carbon modified

from the oak fruit is a cheap, efficient, and effective adsorbent. It is
considered available to remove fluoride from aqueous solutions.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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natural sources such as minerals, geochemical
sediments, basalt, and artificial sources,
including the discharge of industrial wastewater,

Introduction
Fluoride is one of the soluble ions in water
sources, which enters water sources through
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which depending on its concentration and
consumption in drinking water can be a serious
health risk of living organisms. The World
Health Organization has recommended 1.5 mg/L
of fluoride in drinking water. The maximum
concentration of fluoride in drinking water for
children 6-8 years old should be 0.60 mg/L.
Therefore, the lower level is considered for the
first two years of life, and the recommended
upper limit for adults and children in the older
age group is 1.0 mg/L. Today, the high
concentration of fluoride in water sources is
considered a problem in many countries such as
Iran, Irag, India, and Mexico. Unfortunately, its
concentrations up to 30 mg/L have been found in
the drinking water of 25 countries around the
world.

A slight concentration of fluoride is necessary for
the normal mineralization of bones and the
formation of tooth enamel. However, its
excessive concentration can be dangerous and
lead to dental and skeletal fluorosis. In this
regard, purification of aqueous solutions
contaminated with fluoride ion concentration can
be done with methods such as ion exchange,
micro and nanofiltration, flocculation, chemical
precipitation, sedimentation, and membrane
filtration which have high costs and low
efficiency. Surface adsorption is considered an
economical, cost-effective, common, simple, and
high-efficiency method for fluoride removal in
developing countries. In the process of surface
adsorption, the pollutant transfers from the liquid
phase to the solid phase, resulting in the
complete removal of the pollutant. Adsorbents
should have excellent adsorption capacity as well
as a high number of vacant sites, suitable
porosity, the active surface of atoms, and high
specific surface area. These benefits are obtained
by using a proper modification of adsorbents
(activation). Surface adsorption is a process used
to separate many organic and inorganic
pollutants from water environments. This process
has a high ability to remove pollutants due to its
low cost, high flexibility, simple design, and
management. Surface adsorption by using
activated carbon is a widespread method for
removing pollutants due to its high surface area
and its high adsorption capacity. However, its
most important limitation is the high cost of
commercial activated carbon preparation.

Therefore, using agricultural residues and
especially of oak fruit as one of the raw materials
of carbon production is effective in reducing the
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cost of active carbon. Thus, the presented study
aimed to examine the effectiveness of activated
carbon modified with chemicals (ammonium
chloride) produced from oak fruit as an efficient
adsorbent in absorbing fluoride from aqueous
solutions. Therefore, the impact of effective
variables such as pH, contact time, fluoride
concentration, kinetics, and adsorption isotherms
was investigated.

Material and Methods

This study has been conducted in a batch system
on a laboratory scale and for this reason .To
examine the characteristics, structural features,
morphology, and microscopic structure, and
determine the factor groups on modified
absorbent were evaluated by using ammonium
chloride, the experiments of X-ray diffraction,
Scanning Electron Microscope (SEM), and
Fourier Transform Infrared Spectroscopy (FTIR).
Thus, the impacts of effective parameters such as
time, pH, concentration, and adsorbent dose were
investigated. The isotherm of the experimental
data was evaluated by using Langmuir and
Freundlich equations. Also, the equations of
absorption Kkinetic were examined to obtain the
best absorption model.

Results

To determine the effect of ammonium chloride
on the appearance characteristics of the
absorbent, images of raw and modified
absorbents were taken using a scanning electron
microscope. The size of particles is in the range
of nanometers, and related analyzes determined
the structural characteristics of absorbent before
and after modification via the XRD device. To
check the morphology and microscopic structure
of these two absorbers, FESEM test was used,
and also for their elemental analysis, EDS tests
and elemental analysis map were done. The
results of experiments indicated that the
maximum amount of removal was done in 90
minutes, pH =3, and absorbent dose of 0.10 g/L
with 50 mg/L concentration. The results of FTIR
and BET indicated that the activated carbon
produced has a high surface area and a developed
micropore structure. The highest specific surface
area was 20.3 m?/g, the maximum pore volume
was 0.074 cm?/g and the lowest average pore size
was 2.21 nm.

The study of adsorption isotherm describes the
interaction between the adsorbent and the soluble
substance. The results indicate that the removal
of fluoride by carbon modified with chemical
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activator (ammonium chloride) follows the
Freundlich adsorption isotherm with the
coefficient of determination (R = 0.86). During a
similar study on the adsorption of fluoride by
activated carbon from apple waste, they
concluded that the adsorption data is more
consistent with the Freundlich isotherm, which is
in agreement with the result obtained from the
present study. Adsorption isotherm of the
modified activated carbon by chloride
ammonium is shown in Fig. 1.
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Fig. 1 Adsorption isotherm of the modified activated
carbon by chloride ammonium:
a) Langmuir isotherm b) Freundlich isotherm
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Conclusions

In this study, the activated carbon produced from
oak fruit was used to remove fluoride from the
aqueous solutions. The results of the study
showed that:

1. The highest fluoride removal efficiency (71%)
occurred at pH = 3, adsorbent dose of 0.10 g/L at
a contact time of 90 min.

2. By increasing the pH of the solution, the
pollutant removal efficiency decreased.

3. The adsorption reaction follows the first-order
kinetics with the coefficient of determination
(R?=0.98) and the adsorption isotherm with the
coefficient of determination (R?=0.863) from the
Freundlich model.

Because oak is one of the most dominant trees in
the Zagros forests and most of its fruit is
discarded, by using the obtained results, it is
possible to utilize activated carbon produced
from oak fruit as an attractive currency absorber,
affordable, and environmentally friendly for
removing  fluoride from the  agueous
environments. Due to the fact that the tests were
done by using a synthetic sample in the
laboratory, it is suggested to confirm the results
of activated carbon produced from oak fruit for
real wastewater and to measure the effect of the
organic substances and other pollutants on the
absorption rate.
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