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ABSTRACT

Nowadays, antibiotics are used in large amount to care animals and humans. Tetracycline (TC) is
widely used as an antibiotic and most of it is discharged into the water environment. In this study, the
adsorption of TC by magnetite nanoparticles loaded eggshell (MNLES), egg membrane (MNLEM),
azolla (MNLA) and fig leaves (MNLFL) as facile, economic and cheap adsorbents were studied.
MNLES, MNLEM, MNLA and MNLFL were prepared with chemical co-precipitation method and
were characterized with Fourier-transform infrared spectroscopy, X-ray diffraction, scanning elec-
tron microscopy and energy-dispersive X-ray instruments. The dose of adsorbents, pH of solution,
ionic strength and contact time were examined and optimized as experimental variables affecting
TC removal. Kinetic and equilibrium data for TC adsorption on each of the studied adsorbents were
obtained. Pseudo-first-order, pseudo-second-order, intraparticle diffusion and Elovich kinetic mod-
els were studied for investigating the kinetic of adsorption. At the optimum conditions, the sorption
of the TC on the MNLES, MNLEM, MNLA and MNLFL adsorbents were best described by pseu-
do-second-order kinetic model. The equilibrium data of MNLES for TC adsorption were fitted well
to Freundlich isotherm whereas the data of MNLEM, MNLA and MNLFL for TC adsorption were
fitted the Langmuir isotherm. The results showed that MNLEM can be used as efficient adsorbent for
removal of TC from aqueous solutions. It was found that MNLES and MNLEFL have TC adsorption
less than MNLEM and also MNLA did not considered as a good adsorbent for TC removal.
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1. Introduction

Antibiotics especially tetracyclines are the most import-
ant pharmaceutical pollutants that enter in water envi-
ronment. Industries that manufacture these drugs and
also medicinal uses in humans and animals are sources
of pollution [1,2]. Nowadays, different methods such as
photolysis, ion-exchange, ozonation and adsorption are
used for TCs degradation or removal in water and waste-
water treatment [3]. Between them, adsorption is a useful
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method because of its efficiency and affordable benefits
[4-6]. Up to now, different adsorbents were used for TC
removal including activated carbon [7], graphene oxide
[8], resins [9], magnetite [4-6], chitosan [10] and clays [11].
The use of magnetic sorbents to remove contaminants has
particular importance due to the ease of attraction in the
magnetic field, speed and economics [2-12].

Today, we see an increase in azolla in ponds, farms and
in the aquatic environment as a source of pollution. On the
other hand, fig tree is abundant in the northern regions of
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Iran, so, large quantities of fig leaves are available. Also,
large amount of eggs are consumed daily in the world.
The eggshell is thrown away that can be used without any
cost, as well as egg membrane. Therefore, all selected nat-
ural adsorbents have no cost. Natural matters modified
with magnetite nanoparticles are used as new adsorbents
for adsorption of environment pollutants because of their
large surface area, cheapness, sufficient stability, easy to
preparation, non-toxicity and high adsorption efficiency
[4-6,13-16]. Between different methods for preparation of
magnetite (Fe,O,) nanoparticles (MNPs), co-precipitation
was selected because of its facility to produce iron oxide
from iron ion solution [17-19]. So, this study focused on
eggshell, egg membrane, azolla and fig leaves modified
with magnetite nanoparticles as adsorbents for TC removal.
The amounts of adsorbents, pH of solution, ionic strength
and contact time were examined to determine optimum
conditions to obtain highest TC removal efficiency. Pseudo-
first-order, pseudo-second-order, Elovich and intraparti-
cle diffusion models were examined for kinetic adsorption
and equilibrium data were evaluated based on Langmuir,
Freundlich and Temkin isotherm models.

2. Experimental
2.1. Reagents and materials

TC (Fig. 1) was obtained from Merck (Darmstadt,
Germany). Analytical reagent grade was selected for all
materials and reagents. Double distilled water (DW) was
used for dilution of solutions and also calibration curve was
plotted using proper concentrations of TC in DW. Ferric
chloride hexahydrate (FeCl,-6H,0), ferrous chloride hep-
tahydrate (FeCl,7H,0), ammonia (NH,, 28 wt.%), hydro-
chloric acid (37 wt.%) and sodium hydroxide were pre-
pared from Merck. Stock solutions of TC (C,. = 44 mg L)
were prepared in DW for optimization studies.

2.2. Instrumentation

A Jenway pH meter (model 370, England) for adjust-
ment the pH of solutions, single beam spectrophotometer
(Jenway, model 6105, England) for measuring the absor-
bance of TC solution, scanning electron microscopy (SEM,
model EM3200, USA) for study the surface morphology
and particle size, X-ray diffraction (XRD, Philips, model
X'PERT MPD, Netherlands) using CuKa radiation source
with 20 range of 0.5°-70° and Fourier-transform infrared

CH; CHj
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Fig. 1. Chemical structure of Tetracycline

spectroscopy (FT-IR, Bruker, model Alfa, Germany) for
study the structure of MNPs were used. Also, coffee grinder
(model MCG 1575, China) and magnetic stirrer (Heidolph
MR3001, USA) were utilized and for magnetic separation
a strong super magnet (1 cm x 3 cm x 5 cm) with 1.4 T
magnetic field was applied.

2.3. Preparation of the adsorbents

Azolla filiculoides were obtained from fish ponds in
Keshelvarzal, Rasht, Iran. The egg was prepared from store
and fig leaves were collected from trees in Rasht, Iran.
Eggshell and egg membrane were collected, washed with
DW and dried in the oven at 105°C. Then, they were sieved
to 150-200 um particle size and were dried at 105°C for 24 h
to remove moisture and stored in a closed bottle for later
use in adsorption studies [20].

The azolla was washed with DW and dried in sun.
They were then powdered and sieved for using as a biosor-
bent and dried in oven at 100°C and milled in a coffee mill.
The particles smaller than 0.5 mm were stored in order to
modify their surface [21].

For fig leaves, 10 g of fig leaves were stirred in 2 L
DW strongly (at a speed of 40 rpm) at 25°C + 1°C during
4 h, then filtered, washed with DW to remove the surface
sticky particles and water soluble materials, and dried
in oven at 80°C for 24 h after filtration. These materials
were crushed and sieved (>0.125 mm), for further batch
sorption experiments [22].

2.4. Preparation of magnetite nanoparticle
loaded natural adsorbents

Magnetite nanoparticles loaded eggshell (MNLES),
egg membrane (MNLEM), magnetite nanoparticle loaded
azolla (MNLA) and magnetite nanoparticle loaded fig
leaves (MNLFL) were synthesized using co-precipitation
method. FeCl,-6H,0O (6.1 g) and FeCl,-4H,O (4.2 g) were dis-
solved in 100 mL DW and heated to 90°C. 10 mL ammonia
solution (28 wt.%) and 1 g of natural adsorbents powders
(separately for preparation of MNLES, MNLEM, MNLA
and MNLFL) were rapidly added to 200 mL of DW. The
pH of the reaction medium was adjusted to 10. The mix-
ture was stirred at 80°C for 30 min and then cooled to room
temperature. The black precipitates of natural adsorbents
modified with magnetite nanoparticles were collected,
washed with DW, dried at 50°C (24 h) and finally stored for
further use [22]. It is clearly observed that all the MNLES,
MNLEM, MNLA and MNLFL were attracted by the mag-
net due to the good magnetic behaviour of the synthesized
nanoparticles.

2.5. TC adsorption optimization

In primary experiments, the UV-Vis absorption of TC
at various pHs were studied with measuring absorbance
of TC solution (44 mg L) at 358 nm to study the effect of
solution pH on the absorption behaviour of TC. Various
experimental parameters affecting the TC removal effi-
ciency were studied and optimized to achieve maximum
adsorption efficiency. For optimization studies, 0.03 g of
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each adsorbent was separately added to 20 mL solution
containing TC in a 50 mL beaker. The pH of each solution
was adjusted to the desired value using 0.1 mol L HCl or
NaOH solutions and the mixture was stirred rapidly for
30 min. After TC adsorption, adsorbent was quickly sepa-
rated from the sample solutions by using the super magnet
(1.4 T). The TC residual concentrations in the supernatant
clear solution were determined with spectrophotometer
using the proper calibration curve. The following equa-
tion was applied to calculate the TC removal efficiency
in the experiments:

9r =S =C 100 (1)
C

0

where C; and C, are the initial and residual concentrations
of TC after removal by synthesized adsorbents.

3. Result and discussion
3.1. Characterization of the synthesized MINPs

Characterization of the synthesized MNLES, MNLEM,
MNLA and MNLFL were studied using XRD and SEM
instruments. Fig. 2 shows the SEM images of the pre-treated
eggshell, egg membrane, azolla, fig leaves and synthe-
sized magnetic adsorbents (MNLES, MNLEM, MNLA and
MNLFL). Images indicated that surface of natural adsor-
bents were modified with magnetite nanoparticles to create
magnetic properties.

Fig. 2. The SEM image of (a) pretreated fig leaf, (b) MNLFL, (c) pretreated azolla, (d) MNLA, (e) pretreated egg shell, (f) MNLES, (g)

pretreated egg membrane, and (h) MNLEM.
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The XRD pattern of pre-treated natural adsorbents,
MNLES, MNLEM, MNLA and MNLFL are shown in Fig. 3.

As the XRD patterns of MNLES and MNLEM show, the
typical peaks of Fe,O, can be observed. According to this
figure, the diffraction peaks at 20 = 34.32°, 42.14°, 46.11°,
50.76° and 55.88° for MNLES, 20 = 35.36°, 41.65°, 50.70°,
67.72° and 74.72° for MNLEM and 26 = 35.2°, 41.5°, 50.6°
and 63.2°, 67.7°, 74.7° for MNLFL and MNLA are matched
well with the XRD pattern of pure magnetite. The results
confirm that Fe,O, nanoparticles are successfully impreg-
nated onto the surfaces of natural adsorbents.

The FT-IR spectra of both modified and unmodified
eggshell, egg membrane, azolla and fig leaves are shown
in Fig. 4.

The spectra display absorption bands, indicating the
complex nature of natural adsorbents as well as the bands
related to the magnetite nanoparticles. FT-IR spectroscopic
analysis of pre-treated eggshell and egg membrane indicated

broad bands at 3,420 cm™, representing surface bonded
—-OH groups. The band observed at about 2,850-2,920 cm™
could be assigned to the aliphatic C-H groups. The strong
band at 1,638-1,648 cm™ represents the C=C stretching
vibrations, absorption band around 1,380-1,415 cm™ rep-
resents S=O stretching of sulphate. The band observed at
about 870 and 710 cm™ could be assigned to the alkene C=C
bond. The FT-IR of azolla and fig leaves indicated broad
band at 3,420 cm™, representing bonded ~-OH groups and
aliphatic C-H group at 2,850-2,920 cm™. At wave num-
bers around 1,720 cm™ a shoulder is observed which may
be related to the stretching vibrations of carbonyl in car-
boxyl group. The bands at 1,620-1,630 cm™ represent the
C-O stretching vibration conjugated with the NH, (amide
1 band). Absorption bands around 1,380 cm™ represent
alkyl group. The band observed at about 1,000-1,100 cm™
could be assigned to the aliphatic C-N band. The spectra
in Fig. 4 shows that there were almost the same functional
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Fig. 3. XRD pattern of (a) Fe,O,, (b) pretreated fig leaf, (c) MNLFL, (d) pretreated azolla, (¢) MNLA, (f) pretreated egg membrane,

(g) MNLEM, (h) pretreated egg shell, and (i) MNLES.
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Fig. 4. FT-IR spectra of (a) pretreated egg shell, (b) MNLES, (c) pretreated egg membrane, (d) MNLEM, (e) pretreated fig leaf,

(f) MNLFL, (g) pretreated azolla, and (h) MNLA.

groups on the surface of MNLA, MNLFL, MNLES and
MNLEM. Stretching of Fe-O at 1,019-1,150 cm™, O-H at
1,330-1,420 cm™, stretching and bending vibrations of O-H
at 1,632 and 3,446 cm™, stretching vibrations of Fe-O at
500-1,000 cm™ are in agreement with the magnetite spec-
trum. Thus, all the above results indicate that the magnetic
nanoparticles were loaded on the natural adsorbents.

As shown in Fig. 5, energy-dispersive X-ray spectros-
copy (EDX) analysis revealed that MNLES and MNLEM
have 34.57% and 20.75% Fe that means 1 g MNLES and
MNLEM have 0.47 and 0.28 g Fe,O,, respectively. Also, EDX
analysis revealed that MNLFL and MNLA have 33.48%
and 26.36% Fe which means the presence of 0.46 and
0.36 g of Fe,O, in 1 g of MNLFL and MNLA, respectively.
These analyses confirm the presence of iron oxide in the
synthesized natural adsorbents.

3.2. Optimization the experimental parameters
3.2.1. Effect of adsorbent amount on the TC removal efficiency

The adsorption process is significantly affected by the
adsorbent amount because it is related to the adsorption

capacity. The dependence of the TC adsorption on the
amount of adsorbents was studied at room tempera-
ture by varying the adsorbent amount from 0.01- 0.06 g
(0.5-3 g L) in contact with 20 mL solution (C,. =44 mg L™,
pH = 7). According to the Fig. 6, 0.02 g (1 g L) of MNLES
and MNLEM and 0.01 g (0.5 g L") of MNLA and MNLFL
showed the maximum TC removal efficiencies. TC removal
efficiency was increased by increasing the contact surface
of the adsorbents with TC and the greater availability of
the adsorbents. As the amount of adsorbent increases, the
number of sites available for adsorption increases. On the
other hand, at high adsorbent amounts, the adsorption sites
remain unsaturated during the adsorption process, reducing
the amount of TC adsorbed per unit mass of adsorbent.

3.2.2. Effect of contact time on the TC removal efficiency

Effect of contact time on the TC adsorption was stud-
ied to determine necessary time by adsorbents to remove
TC (44 mg L) from solution. Absorbance of the residual
solution at A =358 nm was measured at different times.
It was observed that 59% and 44.4% of TC were adsorbed by
MNLEM and MNLFL after 45 min, respectively. TC removal
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Fig. 6. Effect of amount of adsorbents on the removal efficiency
of TC (C,.=44 mg L7, V=20 mL).

efficiency was changed from 40% to 41.5% by MNLES with
changing contact time from 45 to 55 min. Also, MNLA
showed low removal efficiency as 33.7% at 55 min and had
not good removal for TC (Fig. 7). So, agitation time of 45 min
was selected as optimum time.

3.2.3. Effect of pH on the TC removal efficiency

Changes in the solution pH affect surface adsorption
because of its effect on the dissociation of groups at the
active surface of the adsorbents and functional groups of
TC. The effect of pH on TC adsorption was done in the pH
range of 3 to 12 depending on the surface charge of mag-
netic nanoparticles and pK, values of TC and because of

1000

"lﬂﬂ T Fena
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|?ICD

three acid dissociation constants of TC that start at pH = 3.30.
For this purpose, 0.01 g of adsorbents was added to 20 mL
of 44 mg L™ TC solution at different pHs in the range
of 3 to 12.

TC is an amphoteric molecule. So, it has three acid dis-
sociation constants (3.30, 7.68 and 9.68) that are related to
the tricarbonyl, dimethyl amine and p-diketone groups,
respectively [23]. In pH less than 3.30, H,TC" ions are
the main form in the solution due to the protonation of
dimethyl amine group. As the pH increases, they become
uncharged as zwitter ionic form (TC) and then changed
to anionic forms. In the pH range of 3.30-7.68, dimethyl
amine group and a negatively charged hydroxyl group are
the forms of TC and H,TC as the main form and tetracy-
cline presents as a zwitter ion, due to the loss of a proton.
When the pH rises to 7.68-9.69, H,TC  ions are the dominant
form of TC. In the pH value upper than 9.69, TC is mainly
in the form of HTC* due to the loss of protons from the
tri-carbonyl system and phenolic diketone moiety [24,25].

As pH increases from 5.0 to 8.5, the dominant species
of TC changed from being neutral or zwitterion to neg-
atively charged (Fig. 8). Electrostatic repulsion between
similar charges of TC and MNPs was greater at either
lower pHs (positive-positive repulsion) or higher pHs
(negative-negative repulsion), thus creating a maximum
electrostatic attraction at the intermediate pHs range [26].

Results show that in the pH range of 3 to 9, adsorption
of TC on natural adsorbents decreases slowly but in greater
pHs, more decrease in removal is occurred that is related
to the repulsion of negative form of TC with negative sur-
face of the adsorbents. Therefore, pH = 7.0 was chosen as
optimum pH for further experiments.
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Fig. 8. Effect of pH of solution on the TC removal (C . =44 mg
L7, V=20mL).

3.2.4. Effect of NaCl concentration on
the TC removal efficiency

Effect of ionic strength on TC removal was studied with
different concentrations of NaCl (0-0.1 M). Fig. 9 shows
that increasing the NaCl concentration has not any signifi-
cant effect on TC removal efficiency. Also, it indicated that
adsorption of TC on the magnetite modified natural adsor-
bents is independent of ionic strength of solution [4,27].

3.3. Study of kinetic and adsorption isotherms

The kinetic parameters, which are helpful for the pre-
diction of the adsorption rate, give important information
for designing and modelling of the adsorption processes
and we can select optimum operating conditions for
removal processes. In order to predict controlling mecha-
nism for adsorption onto adsorbents, pseudo-first-order,
pseudo-second-order, Elovich and intraparticle diffusion
models were studied. Correlation coefficients (R* values
close to 1) were used for expression correlation between
experimental data and the kinetic models. In the present
study, kinetic studies were performed in the time inter-
vals ranged from 0 to 55 min. After contact between the
adsorbents (separately) and TC during the time inter-
vals, the residual TC concentration was measured with
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Fig. 9. Effect of NaCl concentration on removal of TC (C,. =
44 mg L; V=20 mL).

spectrophotometer at 395 nm. Fig. 10 shows the equilib-
rium concentrations of TC at the adsorption time interval
of 5-45 min. The TC residual concentration in the solu-
tion was monitored and the adsorption capacity at time
t (9, mg g™') was calculated by the following equation:

(C,-C)xV

W @)

q,=
where C; and C, are the initial and equilibrium concentra-
tions (mg L™) of TC at a given time ¢, respectively. Also, V
is the solution volume (L) and W is the weight of the adsor-
bent (g). The removal rate was very fast during the initial
stages of the adsorption process. The kinetic of adsorption
was obtained as pseudo-second-order according to follow-
ing equation. The pseudo-second-order reaction rate may
be dependent on the amount of solute adsorbed on the
surface of adsorbent and the amount adsorbed at equilib-
rium. The kinetic rate equations for pseudo-second-order
reaction can be written as follows:

i_ 1 +lt 3
9, Ka |4, )

where g, and g, are the values of adsorbed TC at each time and
at equilibrium and K, (g mg™ min™) is the pseudo-second-
order rate constant. If the second-order kinetic equation
is applicable, the plot of t/g, against t (Eq. (3)) should give
a linear relationship. The g, and K, can be determined from
the slope and intercept of the plot. Fitting of kinetic data to
pseudo-second-order kinetic model, was shown in Fig. 10
and Table 1.

Pseudo-second-order kinetic model was confirmed
with higher correlation coefficient values (R* > 0.9912)
rather than pseudo-first-order kinetic model (R? < 0.6328).
Hence, pseudo-second-order kinetic model was more valid
to describe the adsorption behaviour of TC on MNLEM,
MNLES, MNLA and MNLFL. It shows that the TC adsorp-
tion followed by chemisorption mechanism via electrostatic
attraction.

Fig. 11 shows the intraparticle diffusion model.

If the intraparticle diffusion model is involved in the
adsorption process, the graph will be linear. If the drawn
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line passes through the origin, the intraparticle diffusion is
the controller step, but if the line doesn’t pass through the
origin, it indicates that some degree of control is the bound-
ary layer and the intraparticle penetration is not the only
controller step and other processes may control the rate of
adsorption. So, we conclude that this model isn’t controller.

Equilibrium isotherm equations are used to describe
the experimental sorption data. The parameters obtained
from the different models provide important information
on the sorption mechanisms and the surface properties and
affinities of the sorbent. The equilibrium adsorption iso-
therm was determined using batch studies. 20 mL of the
TC solution with various initial TC concentrations were
poured into a beaker. The time required to reach equilib-
rium as determined in equilibrium studies was 55 min.
The amount of TC uptake by the MNLA, MNLFL, MNLES
and MNLEM, g, (mg g™), was obtained by Eq. (2).

Adsorption data obtained in a concentration range of
10-50 mg L were correlated with the following linear forms
of Langmuir (Eq. (4)) [28], Freundlich (Eq. (5)) [29] and
Temkin (Eq. (6)) [30].

Adsorption isotherm models:

Langmuir equation:

C 1 1
—<+ +—0~C, 4)
qe Klqmax qmax
— MNLA waaes MNLFL
- L o
100 MNLEM - iumm MNLES -

; - -

gt

Time (mman)

Fig. 10. Fitting of kinetic data of the TC removal to the pseudo-
second order kinetic models for MNLES, MNLEM (adsorbent
mass: 0.02 g (1 g L)) and MNLA, MNLFL (adsorbent mass:
0.01g05gL™") (pH=7; C,. =44 mgL™").

Table 1
The values of parameters obtained by different kinetic models

Freundlich equation:

log g, =log K, +%logC,z 5)
Temkin equation:

q,=K,-In(K,)+K, In(C,) (6)

where g, is the equilibrium TC concentration on the adsor-
bent (mg g™), C, is the equilibrium TC concentration in
the solution (mg L), g, is the monolayer capacity of the
adsorbent (mg g™'), K, is the Langmuir constant (L mg™)
and is related to the free energy of adsorption, K, is the
Freundlich constant (L g) and n (dimensionless) is the
heterogeneity factor.

In the Langmuir model, a plot of C/g, vs. C, should
indicate a straight line with slope 1/q__ and an intercept
of 1/(K,q,..)- K, is related to the heat of adsorption (L g™')
and K, is the dimensionless Temkin isotherm. The cor-
relation coefficient for the study of TC adsorption iso-

therm on the MNLFL (RzLa“gmuir =0.9932, R2_ i = 0.777),
MNLA (R}, i = 09991, R} 1 = 0.6595) and MNLEM
Riangmuir = 0.9956, R2 . i = 0.8905) (Table 2) adsorbents

showed strong positive evidence that TC adsorption fol-
lows the Langmuir isotherm (Fig. 12). This indicates that

—#—=MNLA =8-=MNLFL ==k==MNLES ==3=MNLEM

0.9 4
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0 T T T T T

qt(mg/g)

Fig. 11. Intraparticle diffusion model of TC removal for all
adsorbents (C.. =44 mg L™; V=20 mL).

Kinetic models Parameters MNLES MNLEM MNLFL MNLA
TC
K, (min™) 0.056 0.049 0.5089 0.13
Pseudo-first-order G (M &™) 0.107 0.1419 0.168 0.009
R? 0.6328 0.624 0.5 0.4985
K, (g mg™ min™) 0.046 0.073 4.08 0.203
Pseudo-second-order o (MG ™) 0.749 0.755 0.676 0.920
R? 0.9977 0.9958 0.9968 0.9912
B 6.238 5.69 24.75 5.243
Elovich a 0.058 0.085 2.3 x 10 0.373
R 0.9885 0.9931 0.6036 0.9217
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Table 2
The results of adsorption isotherms
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Isotherm models Parameters MNLFL MNLA MNLES MNLEM
q... (mgg?) 29.94 22.98 25.64 39.84
Langmuir R 0.9932 0.9991 0.7994 0.9956
K, (Lmg) ~10.12 1.26 0.115 ~0.025
K.(mg g)(L g™ 11.92 18.07 3.03 1.8 x 10°
Freundlich n 3.62 19.01 1.373 0.551
R 0.777 0.6595 0.9715 0.8905
R 0.7376 0.6424 0.9423 0.6554
Temkin K2 (L g’T) 11.239 7.6 x 10° 0.525 5x10*
K1 (kJ mol™) 5.2541 1.1277 0.172 -0.0018
2.5 4 6 y = 0.0435x + 0.0344
2 - y =0.0334x - 0.0033 a R2=0.9991 b
R2 = 0.9932 ]
815 o 4
) )
o 1 @) 2 -
0.5
0 T 1 O T T 1
0 20 40 60 80 0 50 100 150
Ce Ce
0.2 - 0.6 -
0.15 A y =0.0251x - 0.0575 0.5 - d
3) ' R2 = 0.9956 ) 0.4 -
. £ _
g o v 2893 y = 0.0339x + 0.338
0.05 - . 0.2 1 R? = 0.7994
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Fig. 12. Langmuir model, a plot of C /g, vs. C, for (a) MNLFL, (b) MNLA, (c) MNLEM, and (d) MNLES.

TC adsorption occurs on a homogenous surface by mono-
layer adsorption without any interaction between adsorbed
compounds and it shows that all adsorption sites have
the same bond to the adsorbed molecules and no trans-
fer of adsorbed occurs at the adsorbent surface. The q__
value from the Langmuir model for adsorption of TC were
29.94, 22.98, 25.64 and 39.84 mg g for MNLFL, MNLA,
MNLES and MNLEM, respectively. All isotherm data are
shown in Table 2.

The correlation coefficient for MNLES (R? = =0.7994,
R: i = 0.9715) showed that adsorption of sl"C onto the
adsorbents follows the Freundlich isotherm more than
Langmuir model. The value of g, for adsorption of TC on
the MNLES was 25.64 mg g'. If the value of n™' in Freundlich
equation is between 0 tol, it indicates the heterogeneity
of surface and desired adsorption level. This parameter

is 0.728 (n = 1.373), therefore TC has proper adsorption
on MNLES adsorbent.

In Table 3, different adsorbents that were used in lit-
eratures for TC removal were compared in based on their
q,... values. As can be seen, the proposed magnetite mod-
ified natural adsorbents have better g __ values for TC
removal in comparison to others. This can be related to the
structure and functional groups of their surface, as well as
their surface modification with magnetic nanoparticles,
which creates a large surface with high efficiency and high
adsorption speed.

4. Conclusion

The sorption of drugs from aqueous solutions plays
a significant role in water pollution control. The MNLES,
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Table 3
Comparison of optimum conditions achieved by the proposed
sorbent and the other reported sorbents for TC removal in

seawage
Adsorbents Capacity (mg g”')  References
Graphene 39.1 [31]
Zirconium metal-organic  23.1 [32]

framework (UIO-66)

Nanocellulose 7.73 [33]
Pumice stone 20.02 [34]
Chitosan 23.92 [35]
Activated carbon 1.98 [36]
Bamboo charcoal 23.5 [37]
Fe,O, 10.989 [38]
MNLF 29.94 This work
MNLA 22.98 This work
MNLES 25.64 This work
MNLEM 39.84 This work

MNLEM, MNLA and MNLFL are synthesized easily. Due
to their high surface areas, high adsorption capacity can
be achieved using magnetic nanoparticles loaded them.
For this purpose, the utilization of the MNLES, MNLEM,
MNLA and MNLFL as efficient adsorbents was successfully
carried out for removal of TC. The adsorption followed the
pseudo-second-order kinetic model, suggesting chemisorp-
tion mechanism. The fit of the Langmuir isotherm model
on the TC adsorption data of MNLEM, MNLA and MNLFL
in the present system shows the formation of a monolayer
covering of the adsorbate at the outer space of the adsor-
bent. For MNLES, adsorption data of TC were fitted well
to the Freundlich model. The data reported here should
be useful for the design and fabrication of an economically
treatment process for TC adsorption in industrial effluents.
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