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Raw clay for ibuprofen and chlortetracycline removal from aqueous solution
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ABSTRACT

This study aimed to evaluate the adsorption performances of local raw clay for the removal of
ibuprofen (IBP) and chlortetracycline (CTC) well detected in aquatic environments. The CTC
and IBP adsorption was carried out in batch system at different conditions. The results revealed
the efficiency of this adsorbent without any modification at a concentration of 2 g/L, 293°K, and
an initial concentration of pollutant 50 mg/L. The maximum adsorbed quantities of CTC and IBP
are 24.515 and 14.005 mg/g at 120 and 90 min respectively. The effect of pH was almost negligi-
ble for both drugs. The raw clay samples before and after adsorption were analyzed by scanning
electron microscopy coupled with energy-dispersive X-ray analysis and infrared spectroscopy. The
results showed that the two pollutants were differently adsorbed on the tested clay. Kinetic study
showed that the pseudo-second-order model fitted well the experimental data for both drugs,
and the sorption results were best represented by Langmuir model (0.04 < R, < 0.7 and R* > 0.97).
The maximum Langmuir adsorption capacity at 293°K, is 47.65 for IBP and 64.65 mg/g for CTC.
The sorption of both pollutants is exothermic. For the CTC spontaneous favorable physisorption

was observed. However, Elovich model confirmed the chemisorption of IBP.
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1. Introduction

Pollution of surface and ground water by pharmaceu-
tical products is a serious environmental problem [1,2].
Pharmaceuticals known as emerging pollutants are a group
of pollutant that are not controlled in the environment.
They caused dangerous effects on all ecosystems [3]. These
molecules reach aquatic bodies, through human secre-
tion by leaching from land and water drainage or from
industrial solid and liquid effluents [4].

Pharmaceutical residues were detected in aquatic envi-
ronments in 1960, since that year, researchers have been
interested in the related consequences related to the exis-
tence of these micro pollutants in the environment [5,6].
The main sources of these molecules are wastewater

* Corresponding author.

treatment plants (WWTP), health care establishments and
the pharmaceutical industry [7].

Generally, the elimination of pharmaceutical pollutants
is carried out at the level of wastewater treatment plants,
their efficiency varies from 0% to 90%, and it depends
on the properties of the substance to be eliminated [8,9].
Conventional methods do not eliminate this compounds,
because their concentrations are very low (ng/L and ug/L)
compared to other pollutants (pesticides, heavy metals,
dyes, hydrocarbons), although they present a high biologi-
cal activity. This situation is intensified progressively by the
very great diversity of the drugs used and rejected mainly
by urinary and fecal tract [8,10].

Among different pharmaceuticals often detected in
water resources, we have anti-inflammatory drugs like
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ibuprofen (IBP) and antibiotics like chlortetracycline (CTC)
[5,11]. IBP is widely used as an analgesic, antipyretic as well
as for the treatment of rheumatic disorders, it is low-solu-
ble in water but it has a high mobility in aquatic environ-
ments [12,13]. It was reported that ibuprofen concentration
in aqueous medium is usually high, because it is excreted
in its initial form in the urine [14].

According to Lawrence et al. [15], ibuprofen decreases
the number of Cyanobacteria in the biofilms exposed to this
substance during development. Frequently, ibuprofen is
degraded at wastewater treatment plants to its metabolites.
Carboxy-IBP and hydroxy-IBP have been identified as the
main first metabolites of IBP widely detected in effluents
and environmental samples. These substances presenting
ecological risk similar or higher to the original molecule
[16], for this reason, many researchers are still interested
on the elimination of this molecule [13,17].

Antibiotics are the most widely used pharmaceutical
compounds around the world; they have received increas-
ing attention as pollutants due to their hazardous and car-
cinogenic properties causing chronic poisoning to aquatic
or terrestrial organisms. Indeed, antibiotics highly induced
bacterial resistance in various environments [18,19].
Chlortetracycline is an antibiotic frequently used in human
and veterinary medicine; it is one of the first Tetracycline
invented in 1940. It contains four carboxylic rings and sev-
eral ionizable functions [20,21]. The CTC is the most con-
sumable drug in high concentrations in animal husbandry,
it is excreted in its active form by the urinary and fecal
tract, and consequently it affects soils and surface waters
[22,23]. A study carried out by Puicharla et al. [24] showed
that there is strong interaction between metal ions and CTC
molecules in soil, which causes their accumulation in envi-
ronment. Consequently, resistance to this antibiotic will
increase leading to serious problems that threaten human
and animal health. In addition, CTC can affect several micro-
organisms, aerobic and anaerobic, Gram positive and Gram
negative [25].

At present, the effect of pollution by drug residues
is still unknown because it is so difficult to detect them at
low concentrations [8,15]. Several processes were used to
eliminate pharmaceuticals from aquatic environments [26].
Adsorption was proved an easy method to be operated,
cheap and efficient to remove organic and inorganic pol-
lutants. Activated carbons are the most used adsorbents for
their high adsorption capacity, however, preparation and
regeneration techniques are very expensive, so researches
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Fig. 1. Molecular structure of IBP (a) and CTC (b).

investigated unconventional adsorbents with low cost such
as: biomass, seaweeds, agricultural residues and clays [27].

Natural clays are aluminum silicates characterized
by small particle size (2 pm), large specific surface, and
charged surface, which facilitates interactions with pollut-
ants. In addition, they are non-toxic, inexpensive and very
abundant in nature [28,29]. Taking benefit of these proper-
ties, this work aimed to test natural clay for the sorption of
CTC and IBP.

According to the literature, the elimination of ibu-
profen and antibiotics by activated carbon [13,17,30,31],
and by modified clays [20,32,33] are widely studied. In
this work, the raw clay was used without any physical or
chemical treatment that amplifies the cost or the inherence
of the residue after remediation. The objective of this study
is to investigate the adsorption efficiency of raw local clay,
very abundant in Algeria, for the elimination of two drugs
widely detected in aqueous effluents, namely ibuprofen and
chlortetracycline. The experimental operating conditions
such as the contact time, the initial pH, the concentration
of the adsorbent, the initial concentration of the pollutant
and the temperature were optimized in a single batch sys-
tem. Kinetic and thermodynamic studies were carried out
to examine the sorption nature and its relation with the
efficiency of the clay to eliminate CTC and IBP.

2. Materials and methods
2.1. Materials

IBP (Fig. 1a) and CTC (Fig. 1b), were supplied by Saidal
(Antibiotical Group of Médéa). Ethanol (C,H,OH), sodium
hydroxide (NaOH) and hydrochloric acid (HCI) (95%
purity), were provided by Sigma-Aldrich. The clay used in
this work is obtained from Maghnia (North West of Algeria).

2.2. Methods
2.2.1. Adsorbent preparation

A mass of clay was dispersed in a volume of distilled
water under stirring. After 8 h of stirring the mixture is
allowed to settle. The supernatant water was analyzed by
spectrophotometer Genesys 10 UV-Visible. The clay was
washed several times, until that the optical density of the
supernatant will be almost constant. After that, clay sam-
ple was dried at 40°C for 72 h, then crushed using a mortar
and sieved. Particles smaller than 45 um were retained for
adsorption tests.

(b)
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2.2.2. Adsorption essays

A stock solution (1 g/L) of IBP was prepared in alkaline
medium using NaOH because IBP dissolves hardly and
slowly in distilled water [34]. However, the CTC stock solu-
tion (1 g/L) was prepared in the presence of ethanol. All the
experiments were realized by diluting the stock solution
until the desired concentrations.

The adsorption tests were carried out in 250 mL
Erlenmeyer’s flask. The clay mass was brought into con-
tact with 50 mL of pollutant solution. The mixture was
stirred by a Heidolph Unimax 1010 shaker with at speed
of 250 rpm. Samples were taken at: 5, 10, 20, 30, 60, 90, 120,
150, 180 min, and filtered using vacuum pump (0.45 um)
porosity after different contact time: The concentrations of
IBP and CTC were determined by spectrophotometer Gen-
esis10 UV-Visible at 222 nm (Fig. S1) and 370 nm (Fig. S2),
respectively.

2.2.3. Kinetic study

Sorption kinetic was carried out at ambient temperature,
and a fixed mass of adsorbent (0.1 g). First, the adsorbed
mass per gram of adsorbent (Q,) was calculated using
Eq. (1). Then, the equilibrium time was determined from
the curve Q, vs. time (%), it corresponds to the moment when
the pollutant concentration in the liquid phase remains
constant. The maximum adsorbed quantity at equilibrium
(Q) and the adsorption efficiency (E%) were calculated by
Egs. (2) and (3), respectively.

Moreover, the effect of wvarious factors such as
pH (pH = 3-10), initial concentration of pollutant
(C,=5-150 mg/L), concentration of adsorbent (C,=2-14 g/L)
and temperature (T = 293-323°K) were investigated at
equilibrium time. Optimal conditions were deduced from
this parametric study. The pH was measured by HANNA
pH meter. It is adjusted by the addition of NaOH (0.1 M)
and HCI (0.1 M).
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Three kinetic models were tested; the pseudo-first-order
[35] the pseudo-second-order [36], and Elovich model [37],
given by Egs. (4)—(6), respectively:

K
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2.2.4. Modeling of adsorption isotherms

The adsorption isotherms were studied using three mod-
els: Langmuir, Freundlich and Temkin (Table 1). Adsorption
isotherms describe the quantity of pollutant adsorbed at
equilibrium on the adsorbent (Q: mg/g) as a function of
the residual concentration of the pollutant in the solution
(C: mg/L). The adsorption isotherms of the two pollutants
were carried out at optimal conditions.

2.2.5. Adsorbent characterization

A morphological and structural study of the adsorbent
was carried out by scanning electron microscopy (SEM; FEI
Quanta 650), and infrared spectroscopy Bruker Tensor II.
The chemical composition was determined by quantitative
energy-dispersive X-ray analysis (EDX) using Bruker EDS
detector. All these analyses were performed for raw clay
before and after adsorption. The pH of zero charge of the
raw clay was determined by mixing 50 mg of clay with
50 mL of NaCl solution 0.01 M at different pH 2.0, 4.0, 6.0,
8.0, 9.0, and 10, then, the mixtures were stirred for 48 h.
The difference between the final and the initial pH (ApH)
was plotted against initial pH. The pH of zero charge is the
pH at which the ApH equal zero [26].

3. Results and discussions
3.1. Kinetic study

Fig. 2 shows the variation of adsorbed quantity vs.
time for IBP and CTC. The quantity of both drugs increases
with the increase of time until equilibrium. For the IBP, the
adsorption extent augments slowly to reach the maximum
value of 14.005 mg/g after 120 min. There is no apprecia-
ble change between 120 and 180 min, implying attainment
of equilibrium of the sorption. However, the CTC retention
began from the first minutes of contact with the clay then
remains almost constant with a maximum adsorbed quan-
tity of 24.515 mg/g reached at 90 min. For both substances,
the increase in the first stage of adsorption is due to the
presence of a high number of free sites on the surface of the
adsorbent. Nevertheless, the CTC molecules show a quick

Table 1
Isotherms equations

Isotherm model ~ Equation Parameters References
, KC,  Q,(mg/g)
L = e 38
angmutr Q.=Q, 1+K,C, K, (L/mg) (38
N
F lich =K.C"
reundlic Q,=K¢C, K, (Limg) [39]
. A, (L/mg)
Temk =BInA r 4
emkin Q, nA,C, B (KJ/mol) [40]
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Fig. 2. Kinetic results of adsorption of IBP and CTC on raw clay
(T=293°K; C,=2 g/L; C, =50 mg/L).

sorption rate and the equilibrium was reached quickly more
than that of IBP. This behavior could be explained by the
chemical structure of CTC (Fig. 1b). Where, the steric affin-
ity of CTC probably improved its adsorption on the clay
surface leading to a short equilibrium time. Indeed, CTC
molecule shows divers chemical bounds (OH, NH,, and
ketone bounds) compared to the IBP. The equilibrium indi-
cated the saturation of the active sites present on the solid
surface and may be the presence of repulsion between the
adsorbed molecules, and the non-adsorbed ones [3].

Table 2 represents the results of the kinetic study for
both drugs. It reveals the poor fitting of the pseudo-first-or-
der model to the experimental data (Fig. S3). On the other
hand, the curves of the pseudo-second-order model (Fig. S4)
show a good linear relation with a high R? (R? =1 for the CTC
and 0.97 for the IBP). In addition, the calculated adsorbed
quantity (Q_,) was very close to the experimental one (Q,,)-
According to these results the adsorption process fits well
the pseudo-second-order model. Moreover, the Elovich
model (Fig. S5) fits well only the experimental data of IBP
(R*=0.96).

According to Metwally et al. [41] and El Bendary et al.
[42], the pseudo-second-order model generally indicated
that the process is chemisorption involving chemical
bounds between the raw clay and the pollutants molecules.
In addition, the Elovich model confirmed the chemisorp-
tion process in the case of IBP [43]. However, for the CTC
the nature of the adsorption process could not be phys-
ical. Several studies have found that the adsorption of
IBP on different adsorbents followed the pseudo-second-
order model [12,28,34]. Also, the literature reported that the
same result was obtained for the adsorption of CTC on raw
clay [44].

3.2. Parametric study
3.2.1. pH effect

Fig. 3 represents the pH of zero charge (pH,,) of the
adsorbent. It was found that pHPZC = 7. The pH effect on
the adsorption capacity of the two pollutants was carried
out at a temperature of 293°K, with a clay concentration of
2 g/L and an initial concentration of 50 mg/L for each pol-
lutant. The obtained results are shown in Fig. 4. At pH =4,
the ibuprofen is at a pH lower than its pKa (4.9). Clay has
a negative charge (<Pszc) on its surface, which promotes
interactions between the molecule and the adsorbent. On
the other hand, in a basic medium, the pH is higher than
the pH zero charge, the decrease in the adsorption capac-
ity is remarkable, this is reflected by repulsion between
the solute and the surface of the adsorbent [17]. The maxi-
mum removal rate of IBP is 56.02% at pH = 4. These results
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Fig. 3. Point of zero charge of raw clay.
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Fig. 4. Effect of pH on the adsorbed quantity and on removal rate
of the two pollutants (C, =2 g/L; C, = 50 mg/L; T = 293°K).

Table 2
Pseudo-first-order and pseudo-second-order parameters for the removal of IBP and CTC onto raw clay
Molecules Pseudo-first-order Pseudo-second-order Elovich
Q. (mg/g) Q. (mg/g) K, (min) R Q. (mg/g) K,(g/mgmin) R* A (mg/gmin) B(g/mg) R
IBP 14.005 11.904 0.0186 0.97  15.503 0.00263 0.97 0.62 0.964 0.964
CTC 24.515 13.533 00117 0.173  24.390 0.884 1 4.128 3.12 0.476
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are in agreement with the results obtained by studies of
Styszko et al. [27] and Khalaf et al. [34].

The influence of the pH on the adsorption capacity of
CTC was determined under the same experimental con-
ditions as the IBP, the results show a maximum capacity at
neutral pH (pH =7), and the removal efficiency varies from
91.15% to 98.06% in the interval pH = 3-10 (Fig. 4). There-
fore, the pH has a non-obvious effect on the CTC sorption
under these conditions. In general, adsorption efficiency may
depend on the solution pH, especially when electrostatic
interactions dominate the adsorption process [45].

3.2.2. Effect of adsorbent concentration and initial
concentration of pollutants

The effect of the raw clay concentration was studied
at 293°K and initial concentration of 50 mg/L for CTC and
IBP. Fig. 5 shows that, the adsorbed quantity decreases
significantly with the increase of the adsorbent concen-
tration in the interval 2-14 g/L. This trend is typical for
increasing the adsorbent dosage and it is ascribed to the
agglomeration of clay particles. Hence, the number of
accessible active sites is reduced and the diffusional path
will be longer [42,46].

On the other hand, the effect of the initial concentra-
tion of the pollutant on the adsorption capacity of clay
was studied at T = 293°K and 2.00 g/L of adsorbent. Fig. 6
shows that the retention capacity of clay increases with
the increase of the initial concentration of the pollutant
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Fig. 5. Effect of the adsorbent concentration on the adsorbed
quantity of CTC and IBP on raw clay (C, =50 mg/L; T = 293°K).
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Fig. 6. Effect of initial concentration of CTC and IBP on the
adsorbed quantity (C =2 g/L; T =293°K; pH =7 for CTC; pH =4
for IBP).

(CTC and IBP). Increasing the initial concentration of pol-
lutant will augment the number of molecules in contact
with the adsorbent surface. This behavior will increase
the diffusion of the substances towards the support sur-
face and consequently, this will overcomes the mass
transfer resistance of the drugs between the aqueous and
solid phases, then the adsorption capacity will increase
[13,42,45]. According to Thiebault et al. [47], the max-
imum quantity of an anionic pollutant adsorbed on clay
was observed for large solid-liquid ratios.

3.2.3. Effect of temperature

To demonstrate the influence of temperature on the
adsorption process of CTC and IBP on clay, a series of
experiments were carried out at different temperatures and
under optimal conditions.

Fig. 7 shows a slight decrease in the adsorbed quantity
of IBP in the range of 293-313°K as well as for the CTC.
Therefore, it can be concluded that the temperature has a
negligible influence on the elimination of the two pollu-
tants in the interval of 293-323°K.

3.3. Modeling of adsorption isotherms

The results of isotherms modeling (Figs. S5-57) are pre-
sented in Table 3.

Freundlich’s model defines the adsorption mechanism
on a heterogeneous surface [32]. Langmuir’s model assumes
that the adsorbent has a constant number of adsorption
sites and each site is occupied by a single molecule [29,48].
In the case of the Langmuir isotherm (Table 3), the correla-
tion coefficients are 0.97 and 0.98 for IBP and CTC respec-
tively. The maximum adsorption capacity for CTC and IBP
based on Langmuir model are 67.567 mg/g for CTC and
47.846 mg/g for IBP.

The dimension less equilibrium parameter of Langmuir
R, is defined by Eq. (7).

1
R, = 1K) )
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Fig. 7. Effect of temperature on the adsorbed quantity of CTC
and IBP on raw clay (C,=2 g/L; C, =50 mg/L; pH =4 for IBP and
7 for CTC).
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The value of R, indicates the type of the isotherm to
be either unfavorable (R, > 1), linear (R, = 1), favorable
(0 <R, <1) or irreversible (R, = 0) [49]. According to Table 3,
the R, values are between 0 < R, <1, 0.0473 and 0.714 for
the CTC and IBP respectively, meaning that the adsorp-
tion of these drugs onto the studied clay is favorable. The
smaller R value indicates a highly favorable adsorption.
This result is consistent with Freundlich isotherm model-
ing where the adsorption of IBP and CTC was found favor-
able. Compared to Langmuir and Freundlich models, the
Temkin modeling shows low correlation coefficients with
both pharmaceuticals (R? < 0.840). Based on the correlation
coefficients, Langmuir model represents better the adsorp-
tion of IBP and CTC on clay (R?> = 0.97 and 0.98). These
results are similar to those found in the literature [27,44].

3.4. Thermodynamic study

The thermodynamic parameters; enthalpy (AH), entropy
(AS), and Gibbs free energy (AG) were calculated using
Egs. (8)—(10) [3,50].

InK, = +— 8

TR TR ®

AG =-RTInK, )
Q,

K, == 10

s (10)

e

The thermodynamic properties of adsorption are
grouped in Table 4. In the case of CTC, AG was negative
over the entire temperature range revealing the spontaneity
of the adsorption process. Conversely, the IBP sorption is
non spontaneous [46].

Table 3

Parameters of isotherm models obtained from the modelling results

139

The enthalpy values obtained for IBP and CTC are -2.115
and -30.829 kJ/mol, respectively, indicating that this pro-
cess is exothermic. The negative values of entropy indi-
cate that the distribution of the molecules on the clay
surface is important [43,48].

3.5. Characterization of adsorbents

The IR spectrum of the raw clay before adsorption
(Fig. 8a) presents two bands in the range 3,200-3,800 cm™.
The first band is located around 3,618.93 cm7, it is attributed
to the vibrations of OH groups in the octahedral layer. And
the second one (3,400.95 cm™) corresponds to the vibra-
tions of the molecules of water adsorbed on the solid sur-
face [28,37]. Another characteristic band is observed at
1,636.97 cm™ corresponds to the deformation vibrations
of adsorbed water molecules.

The most intense band located around 993.08 cm™ is
attributed to the elongation vibrations of the S5-O bond.
Bands appearing below 1,100 cm™ are generally assigned
to the vibration bands of the bonds: Si-O, Si-O-Si, Si—-O-Al,
Si-O-Mg [20,50].

The comparison of the spectrum of raw clay (a) with
those after adsorption (Fig. 8b and c) shows a slight change
after adsorption, where the intensity of some adsorption
bands decreases. This reveals that the structure of the adsor-
bent was slightly altered during the adsorption of each
pollutant.

The SEM image of the raw clay (Fig. 9a) shows the
presence of many layers composed of aggregates of irreg-
ularly shaped particles. Fig. 9b and c show the swelling
of clay particles after adsorption and also an agglomera-
tion was observed. This behavior can be explained by the
occupation of the free spaces and cavities by the adsorbed
pollutant. The EDX analysis of the adsorbent reveals the
presence of silicon (Si), carbon (C), oxygen (O) and alu-
minum (Al) as main elements as well as other elements
such as: calcium (Ca), potassium (K), magnesium (Mg),

Langmuir Freundlich Temkin
Q, (mg/g) K, (L/mg) R? R, Kf (L/mg) n R? A, (mg/g) B, (KJ/mol) R?
IBP 47.846 0.008 0.971 0.7142 0.574 0.887 0.929 0.196 10.995 0.688
CTC 67.567 0.402 0.980 0.0473 3.779 2.329 0.994 5.333 19.632 0.840
Table 4
Thermodynamic parameters of the adsorption IBP and CTC onto raw clay
Molecules Temperature (K) Q, (mg/g) AG (kJ/mol) AH (kJ/mol) AS (J/mol K)
293 14.005 +1.099
IBP 303 10.113 +2.807 -2.115 -13.086
323 12.296 +1.946
293 24.623 -8.511
CTC 303 23.789 -5.753 -30.829 -78.750
323 23.040 -4.755




140 K. Addouch et al. / Desalination and Water Treatment 265 (2022) 134-145

LT
95|
1636872
THILE—

'-_M ’T \A
g": A
E - 5
= Lo S
1 3 L
ut A 4 4
E ﬁ = & A i\
= i 1 £ - }
E X = 2 A2
= ny BT 5
- 1 &
= E - =
- L O
£ 2
= g A
g F = = g
:’. : 2 F A ] :
'Eg N
. . c ; : .m..-lnl._r!"ill!.'ﬂ.‘- _M‘.};. _
3500 ELL 2500 2000 150 1000 500

Wavenumber (Cm™)

Fig. 8. Infrared spectrum of raw clay before sorption (a), after sorption of IBP (b) and after sorption of CTC (c).

Fig. 9. SEM images of clay before adsorption (a), after adsorption of IBP (b) and after adsorption of CTC (c).



K. Addouch et al. / Desalination and Water Treatment 265 (2022) 134-145 141
cps/eV
1 —3
14— Elemant Weizht (%) Atemic (%)
3 silicon 33.06 28.45
12 Aluminum 9.31
B Iron 168
ic 'Na Magnesium 1.41
1 Oxygen 2273
- 10 Ti Posateium 139
z ] ki 55
wu 8 s Mg Froy 3242
5 - Al Ca odium 0.62
- 1 'Fe 'Si K Ti Fe
£ &
a
] |
= |
|
] Al 4
o- ~ - ,.A = = . —— P - T g |
6 10 12 14
keV
cps/eVv
20 —h
3 £llm!nl’ Weighe (%) Atomic (%8)
Carbon 6.19 12,04
Oxygen 20.62 30,1
Alagnesium 319 3,06
Aluminum 14,52 12,83
Silicon 44,22 36,78
= Potastium 162 0,97
— Caleium 157 0,92
2 Iron 724 3,03
S e Titan 052 0,26
= i
A A x4
— - S —— s e
a 6 8 i0 12 i4
keV
—¢
] Element Weight (%) Atomic (%)
7 Oxygen 21.63 29.36
] Alumi 13.41 10.76
20 ‘r_-. sux“::lmm r;o 29.06
] Potassium 2.48 1.38
1Ti Calcium 168 091
- 1Cc Na Tren 6.08 236
Fr . Carben 12.92 23.20
'G 15 Magnesium 2.09 L.86
e lea i Titan 118 0.53
o = Si Ca Chlerine 0.54 0.33
2 1o Al cl K Ti Sadium 0.28 0.27
£ 10- F
o ‘i
¢ A e
o T L y T =TT T T = |
2 4 6 8 10 12 14
Energy (KeV)

Fig. 10. EDX spectrum of natural clay before adsorption (a), after adsorption of IBP (b) and after adsorption of CTC (c).

iron (Fe), titanium (Ti) and sodium (Na) (Fig. 10a). The
EDX peaks of the clay after adsorption (Fig. 10b and c)
indicate the disappearance of sodium (Na) in the case of
IBP, and the appearance of a new peak, that corresponds
to chlorine (Cl) for CTC. These changes prove the reten-
tion of both pollutants by our adsorbent. According to
these results and the chemical structure and composition
of each pollutant, it was deduced that the adsorption of
IBP molecules could be explained by cation exchange
process [28] and the retention of CTC by clay could be
due to electrostatic interactions and the formation of
complexes between metal ions and CTC [24].

4. Conclusion

The removal of two drugs (IBP and CTC) from aque-
ous solutions was carried out by adsorption on natural
clay. The sorption of each pollutant was studied at sev-
eral parameters. The optimal value of the clay concen-
tration is 2 g/L with an initial concentration of 50 mg/L
of both xenobiotic. A fast kinetic was found for the anti-
biotic CTC, and the adsorbed quantity at equilibrium was
24.515 mg/g with an adsorption efficiency of 98.50% at
90 min and pH = 7. Furthermore, the adsorbed quantity
of IBP at equilibrium was 14.00 mg/g with an efficiency of
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Table 5
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Comparison of the maximum adsorbed quantity of IBP and CTC on different adsorbents

Molecules Adsorbent Q, (mg/g) Reference
IBP Activated carbon 417 [11]
Activated carbon 105.91 [17]
Raw clay 47.84 This work
Kaolinite 3.1 [31]
Montmorillonite 6.1 [31]
Clay micelle complex 62.5 [34]
Raw clay 3.52 [50]
CTC Tron(IlT)-loaded cellulose nanofibers 232.56 [19]
Illite/Smectite clay 159.7 [33]
Raw clay 177.7 [44]
Raw clay 67.567 This work
Sugarcane bagasse biochar (SBB) 25.740 [51]
Corn cob biochar (CCB) 36.118 [51]
Standard activated carbon (SAC) 377.537 [52]
NH,Cl-modified activated carbon 482.466 [52]
56.02% at 120 min and pH = 4. The pseudo-second-order K — Langmuir adsorption constant, L/mg
model fits well the sorption kinetics of both pollutants. In K, — Distribution coefficient
addition, Langmuir’s model gives the highest correlation m — Mass, g
coefficients for the adsorption of the two micro pollut- pH,,. pH of zero charge
ants. The thermodynamic study of the adsorption of IBP  pKa — Acidity constant
and CTC on raw clay indicates that the adsorption process  Q, — Equilibrium adsorption capacity, mg/g
of CTC was spontaneous and non-spontaneous for IBP.  Q__ — Experimental adsorption capacity, mg/g
Moreover, the adsorption of both drugs is exothermic and  Q_, — Calculated adsorption capacity, mg/g
the distribution of the molecules after adsorption increases.  Q,_ — Maximum adsorption capacity, mg/g
The characterization of the clay before and after adsorp-  Q, — Adsorption capacity at time t, mg/g
tion confirms the adsorption of CTC and IBP on raw clay. R — Gas constant, 8.31 J/mol K
It was found that this clay was very efficient without any R, — Equilibrium parameter of Langmuir
further modification as a natural adsorbent for both drugs, = AH — Enthalpy, kJ/mol
especially for the CTC. Table 5 summarise the results of AG — Gibbs free energy, kJ/mol
recent works realized on different adsorbents. The studied  AS — Entropy, J/mol K
clay shows remarkable results compared to other adsor-
bents (Table 5). This abundant clay could be considered as References
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