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Adsorption of Tetracycline Antibiotic from Aqueous Solutions using
Natural Iragi Bentonite
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Abstract

Natural Iragi bentonite was employed in this study as inexpensive adsorbent for the removal of Tetracycline hydrochloride
antibiotic from aqueous solutions. The removal of about 90% of the Tetracycline was achieved under the optimum adsorption
conditions of 2 h equilibrium time, 0.2 g bentonite dose, 20 mg/L initial Tetracycline concentration, and at a pH between 6
and 7. The thermodynamic investigation was carried out at various temperatures ranging between 20-40 °C. The resulted
thermodynamic parameters emphasize a decrease of the randomness, an exothermic, and a spontaneous nature of the
adsorption process arising from the negative values of the entropy change, the enthalpy change, and the Gibbs free energy
change, respectively. The kinetic studies showed that the pseudo-second order model could fulfill a better fit of the
experimental data, and more than one process would influenced the diffusion of tetracycline from the solution into the
bentonite. The Isotherm studies reveals that Langmuir model provided a best fit to the isotherm curve, with a maximum
adsorption capacity of 23.69 mg g'1. The results suggest that Natural Iragi bentonite can be used as a cost-effective adsorbent
for the removal of Tetracycline hydrochloride from aqueous mediums.

Keywords: Antibiotics; Tetracycline; Bentonite; Adsorption.

enhance their growth [3]. Because of its high

1. Introduction solubility in water, it was found that TCN through the
use of organic fertilizers for plants, can reach the soil
Water pollution remains a critical global threat [1]. and also the aquatic ecosystem [9]. A large part of
The presence of chemical pollutants in wastewater ~these antibiotics is not used in the metabolism
has gained increasing importance in recent years [2]. process as it passes through the body of the
These chemical pollutants such as pharmaceuticals, organisms and is throw to the environment causing a
surfactants, dyes, and heavy metals can easily contamination of water resources [10]. Although the
permeate to the environment and cause a potential concentrations of antibiotics in ground and surface
risk to the organisms [3]. waters are relatively low [11], their continued
existence threatens environmental life, and their
Recently, residual antibiotics have been impacts should not be neglected [12]. Therefore, it is
discovered in the surface and ground water all over substantial to remove antibiotic remains from their
the world [4, 5]. Due to their efficiency to treat main sources before discharging them into the
diseases resulted from infection; antibiotics are aquatic environment.
widely used in large quantities to control diseases that ) )
influence the organisms [6].  Tetracycline Several techniques have been widely used for
hydrochloride (TCN) is one of the most important _remov_al of various antibiotics from aqueous so_lutl(_)ns
pharmaceutical antibiotics used in the treatment of including Ozonation [13, 14], Advanced oxidation
many infections caused by various types of infectious processes [15], Photo-catalytic degradation [16-18],
bacteria [7, 8]. It has been commonly applied to treat Coagulation [19, 20], and Adsorption [21-23].
animal diseases, including adding it to animal feed to However, it possess a numerous obstacles including

low efficiency, complicated operation, and toxic by-
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product generation [1]. Among these methods,
adsorption is promising for water purification due to
its simplicity in fabrication, inexpensive, high
performance, and absence of toxic intermediates [23—
25]. Many adsorbents have been used to remove
water pollutants such as activated carbon [26-28],
metal oxides [29, 30], clays [31], and agricultural
wastes [32,33]. However, the low economic cost of
natural adsorbents has led researchers to focus on its
widely utilization in water remediation [4].

Clays are natural adsorbents exists in high
abundance in the nature [34]. Clays known for its
ability to intercalate pharmaceuticals into the layered
structure has stimulated its utilization in drug
delivery [35]. Among the used clays, Bentonite is one
of the most available natural mineral that widely have
been utilized in waste and toxins disposal from
aqueous medium [36]. Bentonite have been one of
the significant raw material used in various
applications [37]. Its applicability in environmental
and industrial applications is mainly due to its
availability, and non-toxicity, low cost, porous
structure, large surface area, higher thermal and
chemical stability, and high cation exchangeability
[38].

The objective of this project is to evaluate the
ability of local Iragi bentonite on the deportation of
Tetracycline hydrochloride antibiotic from aqueous
solutions, and to assess the extreme effective
conditions that influence the adsorption operation.

2. Materials and Methods

2.1. Materials

Tetracycline hydrochloride (TCN) with was provided
from the state company for drugs industry and
medical appliances in Samarra (Iraq), and it was used
as received without any further purification. The
chemical structures of TCN is displayed in Fig. 1.
The clay used in this work is a natural Iragi bentonite
(IBT) that was collected from the region of Diyala
(eastern of Iraq). It was first washed several times
with deionized water and then washed with ethanol at
50 °C for 1 h. in order to eliminate any impurities.
The sample was then dried in the oven at 105 °C for 2
h. and sieved using molecular sieves (Retsch,
Germany) to obtain small particles with a size less
than 100 pm. The field emission scanning electron
microscopy (FESEM) was employed to characterized
the surface morphology of the natural Iraqi bentonite.

2.2. Adsorption Experiments
A stock solution of TCN with a concentration of
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Fig. 1. The chemical structure of TCN.

250 mg/L is prepared by dissolving TCN in deionized
water and used it further to obtain concentrations in
demand. The effects of a diverse factors including pH
(3-10), bentonite dosage (0.01-0.3 g), contact time
(10-180 min), initial TCN concentration (20-100
mg/L), and temperature (20-40 °C) on the adsorption
of TCN on IBT are examined. The adsorption
experiments were carried out in 100 ml conical flask
with 25 ml of TCN solution. To get a superior
agitating performance, each solution is shaken using
a controlled shaking water bath (GFL, Germany)
using a speed of 120 rpm. After adsorption, each
solution was centrifuged at a speed of 4000 rpm for 5
min by utilizing (Gallenkamp centrifuge, England) to
get the supernatant with the remained TCN
concentration. The residual TCN were measured at
360 nm using UV—Visible Spectrophotometer (UVD-
3000, LABOMED, INC). The amount of TCN
adsorbed on the IBT surface was then acquired from
the concentration difference. Moreover, an acidic
solution of 0.1 M of hydrochloric acid and an alkaline
solution of 0.1 M of sodium hydroxide were
employed to adjust the pH of the TCN solutions to
the appropriate values.

The adsorption efficiency (% Adsorption), and the
amount of TCN adsorbed per gram of IBT q: (mg/g)
were determined using the following equations,
respectively:

Co—C
% Adsorption = % X 100 (1)
0
(Co— CHV
qc = % (2)

Where, C, is the initial TCN concentration (mg/L),
Ce and C; are the TCN concentration (mg/L) at
equilibrium and at time (t), respectively, V is the
volume of the TCN solution (L), and m is the mass of
the IBT clay (9).

The main thermodynamic parameters for the TCN
adsorption onto IBT were estimated from the
following equations:

AG = — RT InK, 3)
e AS_aH A
nk, = -~ o5 C))
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Where, AH is the enthalpy change (J mol?), AS is
the entropy change (J mol? K?), AG is the free
energy change (J mol™?), R is the gas constant (8.314 J
mol?! K1), T is the absolute temperature (K), and Ke
is the equilibrium constant that can be obtained from:

_ Co— Ce
e — C,

)

The kinetic studies of the TCN adsorption onto
IBT were estimated for the experimental data by
employing four kinetic models, the pseudo-first order
model [39], pseudo-second order model [40],
Intraparticle diffusion model [41], and Elovich model
[42], whose linearized equations are given in Egs. (6)
—(9), respectively:

In(qe — (it) =1In Qel_ kit (6)
t

o)t () 2
G = kine t'7 +C (8)
q: = (%) Inap + (%) Int 9

Where ge and q: are the adsorption capacities
(mg/g) at equilibrium and at time (t), respectively. ki
is the pseudo-first order rate constant (min), k; is the
pseudo-second order rate constant (g. mg . min). Kint
is the intraparticle diffusion constant (mg. g*. min-
Y2) and C is the intercept, which is proportional to
the thickness of the boundary layer thickness. a (mg
g! min?) and B (g mg?) are the Elovich's constant
that give the information about the initial rate of the
removal and extent of surface coverage for
chemisorption, respectively.

The isothermal studies was performed using
Freundlich and Langmuir isotherm models, whose
linearized form can be given in equation (10) and
(11) respectively:

Ing. =InK; + ~InC, (10)
1 _ 1 + ( 1 ) 1 an
qe Qm quL Ce

Where Kg and n are the Freundlich constants
linked to the adsorption capacity and adsorption
intensity, respectively. The value of n can provide a
denotation of the compatibility of adsorption system.
If n < 1, this reveals that the process is
chemisorption; while if n > ladsorption process is
physical [1]. gm is an essential parameter denotes the
superior adsorption capacity (mg/g), and K. is the
Langmuir affinity constant correspond to the required
energy for the adsorption (L/mg).
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3. Results and Discussion
3.1. Characterization of IBT

The surface morphology of the natural Iraqi
bentonite used in this work was characterized by
employing the field emission scanning electron
microscopy (FESEM). The high resolution FESEM
image for the surface morphology of IBT is shown in
Fig. 2. It can be clearly observed irregular shapes
with various particle sizes. In addition, an unsmooth
and rough surface with a small particles less than 100
nm sizes can supply more surface area to allocate
superior contact between the IBT adsorbent surface
and the antibiotic molecules.

D5=24.44 nm

"D'-{'= 18.77 nm

D4 =33.47 nm

SEM MAG: 200 00 Owt! Bloam I

WO: 485 v 7m0 200 i
View el 1,04 o Datedrvily)( 002219

Fig. 2.FESEM image of natural Iragi bentonite.

3.2. Effect of pH on the adsorption of TCN onto IBT
The pH of the medium is a substantial parameter
affecting the TCN removal on the bentonite surface.
The pH impact on TCN removal was investigated
between 3-10 using the initial TCN concentration of
20 mg/L, bentonite dose of 0.2 g, equilibrium time of
120 min., and at 20 °C. Tetracycline hydrochloride is
recognized to present in the solution with different
forms, and each form relies on the pH values. Under
acidic conditions it exist as H TCN*, and it present as
H,TCN™ at the basic conditions, while close to
neutral the dominant form is HsTCN [8]. The
variation of the pH on TCN uptake onto IBT surface
are presented in Fig. 3. It can be clearly seen a low
TCN adsorption under acidic conditions. At lower pH
values, hydrogen ions H* would adsorbed on the IBT
surface, causing the clay to have more positively
charged surface. Thus, the electrostatic repulsion of
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the H,TCN* with the clay surface can lower the
adsorption efficiency [36]. The opposite is true under
basic conditions, where H* are separate from the IBT
surface, causing the clay surface to become more
negative. Thus, the electrostatic repulsion of the
H,TCN™ with the negatively charged IBT surface can
lower the uptake level of the antibiotic.

% Adsorption
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] ] 10
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=

Fig. 3. Effect of the pH on the adsorption of TCN
onto IBT.

In addition, the superior adsorption efficiency can
be attained at a pH between 6 and 7 that is nearly to
the natural pH of the TCN solution used in this work,
which is about 6.5. At this pH the antibiotic present
as HsTCN where the inhibitory electrostatic repulsion
were decreased. This indicates that adsorption of
TCN was disfavored in highly acidic or basic extent;
therefore all solutions were tested at the pH of 6.5
that considered the normal value of TCN in the
aqueous medium.

3.3. Effect of IBT dose on the adsorption of TCN

The variation of the IBT amount as a function of
the TCN removal efficiency was studied using a
normal pH solution of 6.5, 20 mg/L initial TCN
concentration of, 120 min equilibrium time, and at 20
°C. Fig. 4 shows the effect of IBT clay on the
adsorption of TCN from aqueous solutions. A low
adsortion efficiency of about 35% can be seen when
small dose of 0.01 g of IBT was utilized. Also, a
gradual rise of the removal efficiency of TCN was
observed as the clay amount increased to reach its
highest value of about 90% using 0.2 g of IBT. The
availability of the active adsorption sites on the
adsorbent surface play a crucial role in explaining
this result [33]. So that, it is more probably that
employing a small amount of the clay can take off a
small amount of TCN molecules. Increasing the clay
dosage can provide more adsorption sites to remove
additional TCN molecules, which can result in a
greater increase in the removal efficiency. Further
increase in the clay dose does not show any
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significant change of the adsorption efficiency, which
could contribute to achieving the equilibrium state.
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Fig. 4. Effect of the IBT dose on the adsorption of
TCN.

3.4. Effect of contact time on the adsorption of TCN
onto IBT

The influence of contact time on the removal of
TCN on bentonite clay was investegated with various
contact times ranged from 10-180 min. using a
normal pH solution of 6.5, TCN initial concentration
of 20 mg/L, bentonite dose of 0.2 g, and at a
temperature of 20 °C. The adsorption efficiency of
60% was observed after only 10 min, as shown in
Fig. 5, indicating a good affinity between TCN
particles and IBT surface that is refer to the presence
of a considerable number of unoccupied adsorption
sites on the IBT surfaces. In addition, as the contact
time increases, the adsorption of TCN on the IBT
surface increases and the uptake rate becomes slower
consequent to the decline in the available Adsorption
sites, and to the slow diffusion within the pores of the
clay particles [9].

Moreover, After 120 minutes the removal process
stabilized and remains constant. This means that no
additional adsorption could occur after this time,
which indicate that the equilibrium has accomplished
in 120 min. After attaining equilibrium, the
remaining sites are hard to occupy due to the
resistance between TCN particles on the IBT surface
and the incoming TCN particles [32].

1000 4
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Yo Adsorption

20 4
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timme {muim. )

Fig. 5. Effect of the contact time on the
adsorption of TCN onto 1BT.
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3.5. Effect of TCN initial concentration on its
adsorption onto IBT
The effect of TCN initial concentration on the

removal efficiency was tested using various
concentrations ranging from 20-100 mg/L, normal pH
solution of 6.5, equilibrium time of 120 min.,
bentonite dose of 0.2 g, and at a temperature of 20
°C. The results are presented in Fig. 6, which shows
an adsorption efficiency of about 85% at a
concentration of 20 mg/L. A progressive decline in
the uptake level was noticed as the antibiotic
concentration increase. This indicates that the
residual antibiotic concentration will be higher for
higher initial antibiotic concentrations, which can be
associated with the decline in the relative number of
the free adsorption sites that required to take off the

100 +

= 90 A
2
& 80 - .—‘\’\.\.
b
2
< 70 1
<
2 60
50 T T T T T
0 20 40 60 80 100
Conc. (mg/L)

Fig. 6. Effect of the TCN initial concentration on
the adsorption of TCN onto IBT.

antibiotic molecules [43, 44].

3.6. Effect of Temperature on the adsorption of TCN
onto IBT and Thermodynamic Study.

The effect of temperature on the removal of TCN
by IBT was investigated using various temperatures
ranging between 293-313 °C, normal pH solution of

6.5, initial TCN concentration of 20 mg/L, bentonite
dose of 0.2 g, and an equilibrium time of 120 min.
Fig. 7 displays the adsorption efficiency as a function
of temperature. A perfect adsorption efficiency of
about 90% was noticed at a lowest temperature, and
as the temperature increases, the uptake level
decreases. Elevating the temperature can break the
attraction forces between adsorbate and adsorbent

100 -
90 - u\‘_\_‘_\‘\’
80 -

70 A

% Adsorption

60

50 T T T T T ]
288 293 298 303 308 313 318

Temperature (°K)

Fig. 7. Effect of the temperature on the adsorption
of TCN onto IBT.

[30], which may promote the ability of TCN
molecules to separate from IBT particles. This
suggests that removing TCN on the IBT clay is an
exothermic process, and elevating the temperature
would result in reducing the adsorption efficiency.

These experimental data at several temperatures
were  further analyzed to determine the
thermodynamic parameters for the adsorption
operation. The Gibbs free energy changes AG were
determined from equation (3), while the enthalpy
change AH and the entropy change AS were
estimated using equation (4) from the slope (2344.8)
and intercept (-5.8257) of the straight line of the plot
between In K versus 1/T, respectively. The resulted
thermodynamic parameters are listed in Table 1.

Table 1: Thermodynamic parameters for the TCN adsorption onto IBT surface at various temperatures.

T (°K) AH (J molY) AS (J molt K1) AG (J mol?) R?
293 -19494.7 -48.4349 -5334.92 0.9888
298 -5010.35
303 -4791.68
308 -4656.73
313 -4301.37

The calculated thermodynamic parameters suggest
a decrease in the randomness during the interaction of
TCN with IBT particles that refers to the negative
value of AS. Also, an exothermic behavior of the

Egypt. J. Chem. 64, No. 10 (2021)

removal process attributes to the negative value of
AH that is in agreement with what was mentioned
earlier, which shows that the removal of TCN on IBT
surface decreased with elevated temperature (see Fig.
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7). Moreover, a spontaneous nature of the removal
process revealed from the negative values of AG, and
elevating the temperature leads to an increase in the
AG values, which indicates that the uptake of TCN
on IBT is less preferable with elevated temperature.

3.7. Kinetic studies

The kinetic studies provide beneficial insights into
the description of the uptake rate and therefore
modelling the removal process. The pseudo-first
order Eq. (6) and the pseudo-second order Eq. (7)
rate equations are widely applied for modeling the
experimental data acquired from adsorption process
[23]. These two models were applied in this project to
assess the adsorption data of TCN removal onto IBT,
and the results are presented in Table 2.

Table 2: Kinetic parameters for the TCN adsorption
onto IBT surface.

Kinetic model Parameter value
e exp. (mg. g4) 2.248
Pseudo-first order e cal. (mg. g%) 1.336
ki (mint) 0.139
R? 0.968
Pseudo-second ge cal. (mg. g1) 2.306
order k2 (g. mgt. min‘t) 0.117
R? 0.999
Elovich a (mg gt min?) 51.306
B(@mg?) 4.496
R? 0.789

Intraparticle kint @ (Mg. g*. min'¥?)  0.251

diffusion kint 2 (Mg. g~ min'¥2)  0.040
kint 3) (Mg. g~. min'2) 0.001
R%(1) 0.982
R%w) 0.943
R?@3) 0.144

Based on the correlation coefficient R? values, it
can derive that a best fitted kinetic model is with the
pseudo-second order rate equation. It also clarifies
that the calculated adsorption capacity (ge cal.)
resulted from applying pseudo-second order is much
adjacent to the experimental value (ge exp.). This
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finding emphasizes that the TCN adsorption on IBT
surface followed the pseudo-second order model,
which endorsed the chemisorption nature of the
process that comprises sharing or exchanging of
electrons between TCN particles and IBT surface.
Moreover, the Elovich model is useful for describing
the heterogeneous surfaces. The smaller value of R?
denote that Elovich model is inconvenience for
evaluating the adsorption data that confirms that the
IBT surface is a homogenous surface.

Further analysis of the adsorption data were
employed using intraparticle diffusion model Eqg. (8),
to explore the rate dominant step in the TCN removal
onto IBT. The intraparticle diffusion plot of the TCN
amount versus the square root of time is illustrated in
Fig. 8. It can be clearly seen a collection of three
steps that can be observed usually using this model
[45, 46]. The first step was related to the mass
transfer across the boundary layer surrounding the
external adsorbent surface. The intraparticle diffusion
within the internal framework of the adsorbent
particle is the intermediate step. Finally, an
adsorption equilibrium starts take place, where the
intraparticle diffusion become slower attributed to the
considerably low adsorbate concentrations remains in
the solution. In addition, if the intraparticle diffusion
is the rate-controlling step in the adsorption process,
then it should give a straight line passing within the
origin [47]. The non-linearity of the plot over the
whole time extent was clearly observed, and it does

25 4

qt (mg/g)
- i %)

=
in

=

10 15
time"? (min'?)

=
th

Fig. 8. Intraparticle diffusion plot for the TCN
adsorption onto IBT.

not pass over the origin, which reveals that the
adsorption of TCN onto IBT is influenced by more
than one process and the intraparticle diffusion is not
the controlling step in the removal process.
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3.8. Isothermal studies

The adsorption isotherm describes the mechanism
engaged in the adsorption operation. Freundlich and
Langmuir isotherms consider as the most ordinarily
utilized isotherms in the removal studies. Freundlich
isotherm describes the heterogeneity of the adsorbent
surface and assumes a multilayer surface coverage
[48], while Langmuir isotherm assumes a monolayer
adsorption where a homogenous distribution of the
adsorption energy through the whole coverage of the
adsorbent surface [49].

The experimental equilibrium data for the
influence of initial TCN concentration on its
adsorption onto IBT were further analyzed to fit with
Freundlich (Eq. (10)) and Langmuir (Eg. (11))
isotherm models. The linear plots of the employed
models are presented in Fig. 9, and the isotherm
parameters are summed up in table 3.

0.5 - (a)

0 0.1 0.2 0.3 0.4
1/Ce

] )

2.5 A

W

= 2
= 1.5 1

0.5 4

0 T T T T |
0 0.5 1 1.5 2 25

In Ce

Fig. 9. Langmuir (a), Freundlich (b) adsorption
isotherm plots for the adsorption of TCN onto
IBT.

The dimensionless constant separation factor Rp
considers an essential characteristic of Langmuir
model that can be obtained by:

1

Re=a7 k,.Co) (12)
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RL magnitude can be used to elucidates the
possibility of the adsorption system being
unfavorable if (R. > 1), linear if (R. = 1), favorable if
(0 < RL < 1), orirreversible if (R. = 0). The R values
were obtained to be in the extent of 0.231-0.857,
while n value was obtained to be less than 10,
indicating the favorability of the removal process. In
addition, a linear pattern was observed for both
isotherms, with a better fit of the data with Langmuir
isotherm as indicated from their R? values, which
proposes that the TCN removal onto IBT applied to
Langmuir isotherm. Moreover, The maximum
adsorption capacity of IBT was found to be 23.69 mg
g%, which is greater than that of agricultural waste
(gm = 15.52 mg g™) [8].

Table 3: Isothermal parameters for the TCN adsorption
onto IBT surface

Isothermal model Parameter value
Freundlich Kr (mg. g%) 1.010
n 0.75
R? 0.983
i gm (Mg. g%) 23.69
Langmuir ke (L mg'l) 0033
R? 0.995

RL 0.231-0.857

4. Conclusions

In this work, the ability of Natural Iragi bentonite
as effective and low-cost adsorebent material to
remove Tetracycline hydrochloride from aqueous
solutions was examined. The optimal adsorption
conditions obtained to be 0.2 g clay dose, 2 h contact
time, 20 mg/L initial antibiotic concentration, and pH
between 6 and 7. The temperature would influence
the removal process, and rising the temperature
would decrease the uptake level. A decline in the
randomness, an exothermic, and spontaneous nature
of the adsorption process were indicated from the
negative amounts of the thermodynamic operators. A
better fit of the data was obtained by applying
Langmuir isotherm with a maximum adsorption
capacity for the bentonite of 23.69 mg g The
pseudo second-order model well described the
adsorption kinetic, and the intraparticle diffusion
does not solely the rate-controlling step in the
removal process. The existing work displays that
Natural Iragi bentonite can be an efficient adsorbent
for removing tetracycline hydrochloride from
aqueous solutions.
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