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Ibuprofen is one of the most widely used drugs in the world, which affects
the health of living organisms by causing pollution in water sources.
Therefore, this study was conducted with the aim of determining the
effectiveness of modified carbon of straw and sesame stubble in removing
ibuprofen from aqueous solutions. For this purpose, ammonium chloride,
zinc chloride, and phosphoric acid were used to optimize the adsorbent.
Also, the changes in the absorbent surface and its characteristics were
studied using a scanning electron microscope (SEM) and infrared
spectroscopy (FTIR) technique. After determining the optimal conditions of
pH variables, contact time, temperature, and adsorbent dose, the surface
adsorption process was investigated under three Langmuir, Freundlich, and
Dubinin-Radoshkevich models. On the other hand, first-order and pseudo-
second-order kinetic models were used to process the adsorption data. The
results showed that the surface adsorption process followed the Freundlich
isotherm model pseudo-second-order kinetics. pH, contact time, initial
concentration of ibuprofen, and optimal adsorbent dose were 3, 120 min, 50
mg/l, and 0.10 g/l respectively at 25°C. The results of this study showed
that agricultural residues such as straw and sesame stubble can be used as
effective and cost-effective adsorbents to remove the remaining
pharmaceutical compounds 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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Introduction

Nowadays, many aquatic ecosystems are
threatened owning to growing anthropogenic
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pollutants. =~ Among  these  pollutants,
pharmaceutical compounds such as sedatives
are toxic compounds even in small amounts
can pose serious adverse effects on human
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and environmental health. The existence and
destiny of these compounds, as emerging
micropollutants, and also their residues and
their effects on treated wastewater and water
resources including rivers, lakes, and seas
have encouraged many studies in recent
years. The main sources of pharmaceutical
residues are domestic and hospital sewage
treatment plants. Ibuprofen (IBU) is one of
the most widely used drugs all over the
world, due to its anti-fever and analgesic
properties. This drug infiltrates the
environmental cycle in various ways and
impacts the health of living organisms by
polluting water sources. Nowadays, the

production of carbon materials from
biomasses such as graphene, activated
carbon, carbon nanotube, and carbon

nanofiber as adsorbents is growing due to
such features as large adsorption capacity,
high surface area, porosity, ease of operation,
and the simplicity of design. Meanwhile,
natural organic adsorbents are among the
alternatives for wastewater treatment due to
their lower density and price,
biodegradability, and renewability.
Pharmaceutical compounds are very resistant
to hydrolysis and biological and photolytic
degradations. Besides, the conventional
wastewater treatment process usually is not
designed for the complete and efficient
removal of these compounds. Therefore, this
study was conducted to remove ibuprofen
from aqueous solutions using modified
carbon sesame straw (MCSS).

Material and Methods

In the current study, all reagents were
purchased from Sigma-Aldrich (Spain) and
Merck (Germany). Stock solutions of 1BU
were created by adding 1 g of IBU powder in
methanol, and for further tests, IBU solutions
were supplied daily by diluting the stock
solution using double-distilled water. Sesame
straw was used as an adsorbent and
ammonium chloride, zinc chloride, and
phosphoric  acid were utilized for
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optimization and the adsorbent efficiency in
removing ibuprofen from synthetic aqueous
solutions was examined. Any changes in the
adsorbent surface and its properties were
analyzed using scanning electron microscopy
(SEM) and Fourier-transform infrared
spectroscopy (FTIR). Test adsorption of IBU
onto the synthesized adsorbent was
conducted through batch tests at 25 °C. After
determining the optimal conditions for pH,
contact time, temperature, and adsorbent
dose, the adsorption process was evaluated
under three models including Langmuir (L),
Freundlich (F), and Dubinin—Radushkevich
(D-R). The kinetic tests of IBU adsorption
onto MCSS were checked at various primary
contents (5.0-150 mg/L). Also, two pseudo-
first-order (PFO) and pseudo-second-order
(PSO) kinetic models were performed for
processing the adsorption data. All the
adsorption experiments were replicated
thrice, and the mean values were considered
the final results.

Results

The results indicated that the adsorption
isotherm was fitting well with the Freundlich
isotherm model, while the adsorption
kinetics was well fitted by the PSO model
(Tables 1).

Table 1 Obtained parameters for adsorption of IBU
onto synthesized adsorbent

Isotherm

Model Parameters IBU
L gm (mg/g) 55.6
b(L/mg) 0.028

R? 0.880

1/n 1.23

F n 0.815
Kf (mg/g) (L/mg)¥n 2.26

R? 0.980

D-R gm (mg/g) 29.8
E(kj/mol) 0.513

R? 0.800
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Fig. 1: a) Micrographs of FESEM, b) EDS spectrum, and c) elemental analysis map of activated carbon sample
from sesame straw
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Fig. 2: a) Micrographs of the FESEM test, b) EDS spectrum and ¢) elemental analysis map of carbon sample
modified with zinc chloride

Moreover, it was found that the optimum pH, ibuprofen, and adsorbent dose values were 3,
contact time, initial concentration of 120 min, 50 mg/l, and 0.10 g/l at 25 °C,
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respectively. It was also noted that the
mechanism of adsorption was complex
where several types of interaction between
ions and the surface of the prepared
adsorbent were involved.

Micrographs of FESEM test; EDS spectrum
and elemental analysis map of activated
carbon sample from sesame straw are shown
in Fig.1. Moreover, micrographs of the
FESEM, EDS spectrum, and elemental
analysis map of carbon sample modified
with zinc chloride are illustrated in Fig. 2.

FT-IR analysis confirmed the existence of
the bands at around 768, 871, 1026, and
1402 cm™, which can be attributed to
calcium carbonate. In addition, the band at
around 3433 and 1613 cm™ can be attributed
to tensile and bending vibration of O-H
groups in water, respectively. While the band
at around 2926 cm™ can be attributed to
asymmetric tensile vibration of C-H. On the
other hand, the band at around 2304 cmcan
be attributed to the tensile vibration of O-C-
O bonding.

Conclusions

In this descriptive study, the MCSS was
prepared and characterized for the removal
of IBU from aqueous solutions. The
equilibrium adsorption studies display that
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the equilibrium data follow the Freundlich
model, which indicates that the surface of the
MCSS is heterogonous and the mechanism
of adsorptiondoes not follow ideal
monolayer adsorption. Also, the kinetics of
IBU adsorption onto the synthesized
adsorbent indicates that the rate of adsorption
is fast. Accordingly, based on the results
obtained, agricultural residues such as
sesame straw could be used as an effective,
cost-effective, and eco-friendly adsorbent to
remove residual drug compounds from
aqueous solutions. Finally, as the reusability
of adsorbents is a great important factor in
evaluating their potential applications,
therefore, design of desorption and
reusability experiments are recommended in
future studies.
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