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AbstractThis study considers the feasibility of uptake of cephalexin, an emerging contaminant, from aqueous solutions by using green local montmorillonite (GLM), montmorillonite coated with ZnO (ZnO/GLM) and montmorillonite coated with TiO2 (TiO2/GLM) in the presence of H2O2. Batch adsorption experiments were carried out as a function
of pH, initial concentration of the cephalexin, adsorbent dosage, contact time, and temperature. Finally, the adsorbents
were characterized by XRD, SEM and FTIR analyses. XRD patterns showed dramatic changes in the adsorbents after
loading with the nanoparticles, confirming successful placing of the nanoparticles onto GLM. The GLM mineral surface after nanoparticle loading appears to be fully exposed and more porous with irregular shapes in particles diameters of 1-50 microns. FTIR analyses also confirmed dramatic changes in surface functional groups after modification
with these nanoparticles. The results showed that the removal efficiency of cephalexin was better at lower pH values.
Totally, the removal efficiency increased with increase in adsorbent dosage and contact time and decreased with concentration and temperature increase. The thermodynamics values of Go and Ho revealed that the adsorption process
was spontaneous and exothermic. In isotherm study, the maximum adsorption capacities (qm) were obtained to be
7.82, 17.09 and 49.26 mg/g for GLM, ZnO/GLM and TiO2/GLM, respectively. Temkin constant (BT) showed that
adsorption of cephalexin from solution was exothermic for all three adsorbents.
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into the environment for a long period can cause health problems
in the near future, including the promotion and development and
spread of antibiotic resistance species, change in microbial ecology
and transfer into food chain and subsequently, unexpected effects
on human health [6]. Cephalexin is a kind of semisynthetic cephalosporin antibiotic that is extensively used for the treatment of
infections in humans or animals [7,8]. Accumulated levels of cephalexin in drinking water can result in mutagenic and carcinogenic
effects in the human body [8]. Various procedures, such as bioaugmentation, solid phase extraction, liquid membrane separation,
nanofiltration, electro-Fenton oxidation, enzymatic complexation
and sono-chemical degradation, have been utilized for uptake of
cephalexin from aqueous environments [9]. Adsorption is an effective separation process to remove contaminants within water and
wastewater that has advantages in terms of ease of operation, cost,
flexibility and simplicity of design compared to other methods [1012]. Among adsorbents, clay minerals are inexpensive adsorbents
and are extensively used in various water treatment processes due

INTRODUCTION
Antibiotic agents have been applied in large quantities for the
control of human and veterinary microbial infections and also for
aquaculture applications [1,2]. However, about 30 to 90% of the
antibiotics is not completely metabolized in the human body and
is excreted through urine and feces, with eventual discharge into the
surrounding environment as harmful compounds [3]. Such extensive use results in the release of large amounts of antibiotics in industrial effluents and aquatic environment which need to be properly
treated before discharging into the streams and water bodies [4].
Unfortunately, conventional treatment procedures cannot efficiently
remove antibiotics in sewage treatment plants [5]. Although their
levels in the receiving waters are low, their continual introduction
†
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to their eco-friendliness, easy availability, non-toxicity, presence of
several types of active binding sites on the surface and large surface area [13,14]. Raw and modified clays have been utilized as
efficient adsorbents for the removal of various dyes, pesticides and
antibiotics [15,16]. In large scale applications, these minerals can
be alternative adsorbents to activated carbons [9]. Many studies
have been focused on coating nanoparticles onto clay minerals in
order to considerably improve the adsorption efficiencies of the
materials for the adsorption of different contaminants from aqueous solutions. Recently, considerable attention has been centered
upon the use of nanomaterials due to their special properties [17,
18]. Nanoparticles range in size from 1 to 100 nm [19]. Most of
the atoms are available on the surface which can easily bind with
the other atoms to remove contaminants from aqueous environment. In addition, due to high surface to volume ratio of nano-materials, their adsorption capacity could be greatly increased [17,20,
21]. Literature studies about the surface of various oxidants including TiO2, Al2O3, ZrO4, CeO2 and ZnO showed that the materials
had relatively high adsorption capacities. The adsorption properties of the oxides, including TiO2 nanoparticles, strongly depend
on the characteristics of the solid, e.g., morphology, crystal structure, specific surface area, defects, surface impurities, hydroxyl coverage and modifiers [22]. Control of these items can be achieved
by applying an appropriate synthetic or modified procedure. However, some previous studies in the literature applied strong oxidants such as HNO3, KMnO4, O3 and H2O2 in surface modifications
to increase the adsorption capacities of different adsorbents [23].
In the present study, we used a green local montmorillonite collected from Sarcheshmeh region in Ardabil, Iran as a support material for TiO2 and ZnO nanoparticles. H2O2 was applied for the
stabilization of TiO2 and ZnO nanoparticles onto montmorillonite. Then, the adsorption efficiency of the new sorbents was evaluated for the removal of cephalexin.
MATERIALS AND METHODS
1. Materials
This research was carried out experimentally on a batch basis.
All of the chemicals were obtained from Sigma-Aldrich Company.
Commercial TiO2 and ZnO nanoparticles used for the adsorbent
preparation were obtained from Mehregan Shimi Company. The
size of the TiO2 and ZnO nanoparticles was less than 20 nm.
2. Preparation of the Adsorbents
Green local montmorillonite (GLM) clay was collected from
Sarcheshmeh region in Ardabil, Iran. After crushing in a laboratory
mill, it was sieved and other impurities were removed. After that,
it was sun dried for two days. The clay was washed several times
with distilled water to remove any color and remaining impurities
and oven dried for 24 h at 60 oC. Again, it was sieved through a 10
mesh screen to obtain uniform and smaller particle sizes and
stored in a desiccator for further use.
3. Modification Process
For loading TiO2 and ZnO nanoparticles onto prepared montmorillonite, 200 mL of double distillated water was poured into a
beaker having 1 g of each nanoparticle and agitated at 300 rpm.
Thereafter, 100 g of montmorillonite was added to the solution and
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mixed for 1 h to be uniformly distributed. At this stage, potassium
permanganate and hydrogen peroxide were added into the solution drop by drop to stabilize the nanoparticles onto the clay. Then,
the prepared montmorillonite was dried in an oven for 24 h at
100 oC. The resulting sample was transferred to a furnace at 500 oC
for 2 h for stabilization. Finally, the resulting adsorbent was kept in
a container in absence of moisture to be used for conducting the
adsorption experiments. The value of pHpzc of the adsorbent was
determined. Finally, the materials were characterized by SEM images
and FTIR spectrum to determine surface and functional properties of the prepared adsorbents.
4. Adsorption Experiments
Batch experiments were carried out for cephalexin adsorption
using a 100 mL Erlenmeyer flask on the shaker. Cephalexin powder obtained from Iran Daru Company was used for preparation
of required concentrations of cephalexin. For the experiments, initially 50 mL of the sample with desired concentration was added
into each Erlenmeyer flask, and the pH of the solution was adjusted to the desired values by adding HCl and NaOH. Then a
predetermined mass of the adsorbent was added into each Erlenmeyer flask and immediately placed on a shaker. The samples were
collected and analyzed for determination of residual concentration
of cephalexin at regular time intervals during the adsorption process. We aimed at providing insight into the influence of main
operating parameters, such as initial pH (2-11), adsorbent dosage
(1-10 g), contact time (1-150 min), cephalexin concentration (25200 mg/L), temperature (10-40 oC), agitation speed (0-200 rpm)
on the adsorption of cephalexin. All the experiments were conducted in duplicate and the mean values were reported.
5. Determination of Cephalexin Concentration
Residual concentration of cephalexin was determined from the
absorbance of the solution measured by a spectrophotometer (model
Lambda 25, PerkinElmer) at a wavelength of 216 nm according to
Standard Methods for the Examination of Water and Wastewater.
Adsorbents characteristics including surface area, crystalline structure and functional groups were determined by use of XRD, FTIR
and SEM analyses.
RESULTS AND DISCUSSION
1. Adsorbent Characterization
XRD is one of the preferred procedures to follow the structural

Fig. 1. XRD patterns of GLM, ZnO/GLM, and TiO2/GLM.
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Fig. 2. XRD patterns of ZnO/GLM before and after adsorption of
cephalexin.

changes caused after modification of an adsorbent. XRD patterns
of green montmorillonite (GLM), GLM coated with ZnO and GLM
coated with TiO2 are depicted in Fig. 3. As can be seen, after nanoparticles loading in the presence of H2O2, strong peaks of 2 =28.8
and 2 =27.95 belonging to SiO2 become stronger compared to
the other peaks [24]. The change in the phases can be attributed
to the oxidant activity of H2O2 in oxidation of some metals in the

Fig. 3. XRD patterns of TiO2/GLM before and after adsorption of
cephalexin.

GLM structure. As the amount of nanoparticle loading onto GLM
is 1% W/W, the XRD analysis cannot detect the small amounts of
nanoparticles on GLM [25]. However, Xue et al. reported that
modification of an adsorbent by H2O2 has little influence on the
mineral components of adsorbent [26].
Fig. 4 shows scanning electron microscopy (SEM) micrographs
of the adsorbents. Fig. 4(a), (b) show GLM surface before the nano-

Fig. 4. SEM images of GLM (a) and (b), ZnO/GLM (c), and TiO2/GLM (d).
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Fig. 5. FTIR spectra GLM, ZnO/GLM and TiO2/GLM.

particles loading, respectively in two magnifications. As observed
from the figure, GLM particles are rough and feature a high porous
structure, with irregular shapes in range of 1-50 microns. Also, in
Fig. 4(b), the surface of the GLM is covered with a small number
of pores and is rough and homogeneous. Fig. 4(c) and 4(d) also
show ZnO/GLM and TiO2/GLM, respectively. After treatment with
H2O2, the surface of the adsorbents becomes layered and rough.
Also, the adsorbent surfaces changed dramatically with many pores
on the surfaces after ZnO and TiO2 loading. These changes on the
surface were likely to result in highly porous structure, resulting in
a high surface area for better adsorption of cephalexin. Small particles in the SEM image confirm the loaded nanoparticles on GLM.
However, Xue et al. reported that use of H2O2 has a little influence
but not enough to increase the number of pores or change the adsorbent structure that could dramatically increase the adsorbent
surface [26].
2. FTIR Spectroscopy
The functional groups of the adsorbents were detected using
Fourier transform infrared spectroscopy (FTIR) in a range of 400
to 4,000 cm1. The FTIR spectra of GLM, ZnO/GLM and TiO2/
GLM are shown in Fig. 5. The results revealed the presence of different functional groups on the surface of these adsorbents. The
bands detected in 3,224 and 3,634 cm1 regions were attributed to
O-H stretching vibrations [27]. Also, the bands at 1,053 cm1 were
attributed to Si-O-Si stretching vibrations. The bands in range of
1,650-1,636 cm1 were assigned to the bending vibrations of hydroxyl
functional groups [28]. The peaks of 521 and 467 cm1 in GLM
modified with TiO2 belong to Al-O-Si and Si-O-Fe. Coating GLM
with TiO2 nanoparticles displace above peaks to 530 and 462 cm1.
For ZnO/GLM, the peaks changed to 538 and 470 cm1. Furthermore, considerable changes of the peaks at 3,638-3,420 cm1 and
1,630-1,650 cm1 for GLM coated with TiO2 nanoparticles and GLM
coated with ZnO nanoparticles revealed the increase of some functional groups such as hydroxyl. This increase in the number of
oxygenated groups is due to the application of H2O2 in the process of nanoparticles loading [26].
3. Effect of Contact Time
Contact time between adsorbate and adsorbent is an important
parameter in adsorption process. The effect of contact time on the
adsorption of cephalexin onto GLM, ZnO/GLM and TiO2/GLM
was examined (see Fig. 6). The adsorption rates of cephalexin by
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Fig. 6. Effect of contact time on the adsorption of cephalexin by
GLM, ZnO/GLM and TiO2/GLM (pH=7, cephalexin concentration=25 mg/l, agitation speed=150 rpm and dosage=4 g/L).

the three adsorbents were fast within the first 30 min of the adsorption process because of the presence of numerous vacant adsorption sites at the early stages of the process. Beyond 30 min,
removal percentages reduced gradually. Generally, an adsorbent is
ideal when it adsorbs a contaminant in low contact time with a
high removal yield. From Fig. 6, cephalexin adsorption was rapid
for the first 30 min, and later it decreased gradually and finally
attained equilibrium after 60 min, which the amount of the contaminant adsorbed was negligible. Therefore, we considered 60 min
as an optimum contact time for the antibiotic adsorption. Generally, adsorption of cephalexin occurred in two stages. At first 30 min,
the adsorption was rapid, which was due to external surface adsorption. After 30 min, the uptake increased at a lower rate, which
can be attributed to internal surface adsorption [29]. Fig. 6 also
illustrates that GLM coated with the nanoparticles can adsorb cephalexin in lower contact time that GLM alone. Accordingly, adsorption percentage of the antibiotic by TiO2/GLM at 60 min was about
30% more than that of GLM.
4. Effect of Agitation Speed
Fig. 7 depicts the influence of agitation speed on the removal
efficiency of cephalexin by GLM, ZnO/GLM and TiO2/GLM. The

Fig. 7. Effect of agitation speed on the adsorption of cephalexin by
GLM, ZnO/GLM and TiO2/GLM (pH=2, cephalexin concentration=25 mg/l, contact time=60 min, dosage=4 g/L).
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Fig. 8. Cephalexin ionization states: pKa1=2.56, pKa2=6.88, isoelectric point=4.5.

Fig. 9. Effect of pH on the adsorption of cephalexin by GLM, ZnO/
GLM and TiO2/GLM (cephalexin concentration=25 mg/l, contact time=60 min, and dosage=4 g/L, agitation speed=150
rpm).

Fig. 10. Effect of adsorbent dosage on the adsorption of cephalexin
by GLM, ZnO/GLM and TiO2/GLM (pH=2, contact time=
60 min, dosage=4 g/L, agitation speed=150 rpm).

overall adsorption efficiency increased significantly with an increase
in the agitation speed. The removal efficiencies of cephalexin by
GLM and TiO2/GLM were 10.52 and 19.23%, respectively, in the
absence of agitation. In the case of agitation at 200 rpm, the removal
efficiencies increased to 95.6 and 71.96%, respectively. By increasing the agitation speed, the interactions between adsorbate and adsorbent become higher due to enhanced turbulence as the thickness of the liquid boundary layer decreases, which in general increase
the removal efficiency of contaminants in the solution [30].
5. Effect of Solution pH
Solution pH is an intrinsic item that influences the adsorption
process by affecting the solution chemistry of contaminants and the
activity of functional groups of the adsorbent surface. Fig. 9 shows
the effect of solution pH on the removal of cephalexin by GLM,
ZnO/GLM and TiO2/GLM at contact time of 60 min. The highest removal efficiency was observed at pH=2. Therefore, pH=2
was considered for optimization and the experiments. Note that
the removal efficiency decreased with increase in pH value. For
example, at pH=2 the removal percentage of cephalexin by TiO2/
GLM was 91.23%, which decreased to 42.04% at pH=11. This can
be attributed to the cationic structure of cephalexin at pH<2.56
and pHpzc (pH point of zero charge, pH at which charge transition of surface occurs) of the adsorbent which was at pH=8. Cephalexin is a dipole ion with carboxyl and amino groups in its structure
(Fig. 8). It is known that cephalexin ion exists as a zwitterion, cationic and anionic chemical species depending on pH values [31].
Based on the pHpzc, it is expected that the adsorbent surface
becomes negatively and positively charged at basic (pH>8) and acidic
environments, respectively. A high removal efficiency of the anti-

biotic at acidic conditions indicates that the contaminant adsorbs
on the adsorbents via its carboxyl groups [32]. At basic conditions,
the levels of electrostatic repulsion forces between the antibiotic and
negative sites on the surfaces of the adsorbents diminish, which
reduces the removal efficiency of the contaminant from solution.
Increase in the solution pH value increases the numbers of OH
groups, which in general results in the decline in the positively
charged binding sites, and therefore, the removal efficiency of cephalexin decreases [33].
6. Effect of Adsorbent Dosage
The amount of adsorbent dosage used for this work is an important factor as it determines the removal percentages, as shown
in Fig. 10. Specifically, the cephalexin removal percentage increased
from 33.72 to 44.36% with increasing GLM and TiO2/GLM dosages from 0.4 to 4 g/L, respectively. The present work shows that
the removal percentage of cephalexin increased with the increase
in adsorbent dosage. This can be attributed to higher adsorbent
surface area and availability of more binding sites resulting from
the increasing amounts of adsorbent dosages [34]. As shown in
Fig. 6, 0.4 g of GLM adsorbed 67% of cephalexin. But at the same
amount of TiO2/GLM and ZnO/GLM adsorbents, the removal
efficiencies increased to 91.4 and 87.16%, respectively. The results
of the present study agree with the results obtained by Noorimotlagh et al. who investigated wastewater sludge modified with zinc
oxide for the adsorption of methylene blue from aqueous solutions. They reported removal capacities of 6.6 mg/g and 2.9 mg/g
for nanoparticles and raw sludge, respectively. The found that removal efficiency of the adsorbent increased with loading zinc oxide
nanoparticles onto wastewater sludge [35].
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Fig. 11. Effect of initial concentration on cephalexin adsorption by
GLM, TiO2/GLM and ZnO/GLM (pH=7, dosage=4 g/L, agitation speed=150 rpm).

7. Effect of Cephalexin Concentration
The initial concentration of a contaminant is another important factor, which influences the extent of contaminant uptake from
the solution. Removal efficiency of cephalexin decreased with increase
of initial concentration. Accordingly, as the initial concentration of
cephalexin increased from 25 mg/L to 200 mg/L, the removal percentage of cephalexin onto TiO2/GLM and GLM decreased from
62.92 to 48.36% and 33.4 to 12.73%, respectively (Fig. 11). This
indicates that the initial concentration strongly affects the removal
efficiency. Moreover, this can be explained by the fact that more
available binding sites were being covered as cephalexin concentration increased. However, the adsorption capacity at equilibrium
increased with an increase in initial concentration of cephalexin.
This can be attributed to an increasing concentration gradient of
the contaminants, which acts as a driving force to overcome the
resistance between the aqueous phase and the adsorbents [33].
Moussavi et al. studied the removal of amoxicillin antibiotic by
NH4Cl-induced activated carbon. They found that by increasing
the concentration of amoxicillin from 100 mg/L to 500 mg/L, the
removal percentages of the antibiotic onto SAC and NAC decreased from 100 to 41.7% and from 99.3 to 68.3%, respectively,
due to saturation of available binding sites on the adsorbent surface with concentration increase [36].
8. Effect of Temperature
Temperature is one of the key factors to consider in the adsorption process. Thus, the influence of temperature on cephalexin adsorption by GLM, ZnO/GLM and TiO2/GLM was examined and
the findings are presented in Fig. 12. When the solution temperature was increased from 10 to 50 oC, the removal efficiency of cephalexin decreased and therefore, maximum removal occurred at 10 oC.
Reduction of adsorption efficiency with temperature increase can
be attributed to higher turbulence, which weakens the electrostatic
attraction forces between the adsorbent and the antibiotic [37].
Thermodynamic studies of an adsorption process are necessary
to evaluate whether the process is spontaneous or not. The Gibbs
free energy change, Go, as an indication of spontaneity of a chemical reaction, is an important factor for spontaneity. Both entropy
and energy items must be calculated to determine Go value of the
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Fig. 12. Effect of temperature on cephalexin adsorption by GLM,
ZnO/GLM and TiO2/GLM (pH=2, dosage=4 g/L, agitation
speed=150 rpm, cephalexin concentration=25 mg/L, contact time=60 min).

adsorption process.
The van’t Hoff equation was applied to calculate thermodynamic
parameters, which is defined as:
q
Kd  ----e-  
Ce

(1)

o

G   RTLnKd
o

(2)
o

S H
LnKd  --------  ---------R
RT

(3)

where, Kd is the thermodynamic equilibrium constant, qe is the
amount of cephalexin adsorbed (mg/g), Ce is cephalexin concentration (mg/L),  is the density of the solution (=1,000 g/L), Go
is the standard free energy change (J/mol), T is the absolute temperature (K) and R is the gas constant (8.314 J/mol·K) [38].
The standard entropy change (So) and the standard enthalpy
change of adsorption (Ho) are calculated from the intercept and
Table 1. Thermodynamic data for adsorption of cephalexin by GLM,
ZnO/GLM, and TiO2/GLM
Adsorbents T (K) Go (kJ/mol) So (J/mol.k) Ho (kJ/mol)

GLM

283
293
303
313
323

15.16
15.29
15.05
14.95
14.62

13.68

19.16

ZnO/GLM

283
293
303
313
323

18.83
18.14
18.23
17.37
16.96

44.79

31.48

TiO2/GLM

283
293
303
313
323

19.62
19.28
19.04
18.52
17.41

50.57

34.10
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Fig. 13. van’t Hoff plots for the adsorption of cephalexin by GLM,
ZnO/GLM, and TiO2/GLM.

slope of van’t Hoff plot (ln K versus 1/T), respectively. The thermodynamic parameters related to the adsorption process are summarized in Table 1 and van’t Hoff diagram in Fig. 12. The values of
Go were negative at all reaction temperatures studied, which indicates that the adsorption process of cephalexin by GLM, ZnO/GLM
and TiO2/GLM is spontaneous over the range of temperatures
studied. Additionally, the results illustrated that enthalpy values
(Ho) was negative for all the three adsorbents, which demonstrates that the adsorption process is exothermic. Furthermore,
negative So values were obtained, which indicates a decrease in
randomness at the solid-solution interface during the adsorption
of the antibiotic onto the adsorbents [39].
9. Isotherm Studies
Adsorption isotherms describe the relationship between adsorbate and adsorbent in a system, determining the maximum adsorption capacity of an adsorbent and estimate the possible adsorp-

Table 2. Non-linear forms of isotherm models of Langmuir, Freundlich, Temkin and Redlich-Peterson
Langmuir

Q m Ka Ce
qe  ------------------1 KaCe

Freundlich

q e  K f Ce

Temkin

RT
qe  ------- ln KTCe
BT

Redlich-Peterson

ARPCe
qe  -----------------------g
1 BRPCe 

1/nF

Table 3. Parameters of isotherm models of Langmuir, Freundlich,
Temkin and Redlich-Peterson
Isotherm model
Langmuir
Qm (mg/g)
KL (L/mg)
R2
qe (%)
Freundlich
KF (mg/g)
nF
R2
qe (%)
Temkin
KT (L/g)
BT (J/mol)
R2
qe (%)
Redlich-Peterson
ARP (L/mg)g
BRP (L/g)
g
R2
qe (%)
April, 2018

Adsorbents
GLM

ZnO/GLM

TiO2/GLM

7.82
0.016
0.96
12.14

17.09
0.02
0.983
11.26

49.26
0.009
0.996
5.38

0.53
2.13
0.987
5.35

1.32
2.15
0.975
10.06

1.04
1.45
0.985
13.5

0.18
1.66
0.966
9.61

0.22
3.68
0.977
13.59

0.14
8.71
0.978
23.34

0.30
0.23
0.68
0.981
6.58

0.39
0.035
0.92
0.978
10.41

0.38
0.00008
1.93
0.999
5.11

Fig. 14. Plots of Freundlich, Langmuir, Temkin and Redlich-Peterson models for cephalexine adsorption onto the GLM (a),
ZnO/GLM (b) and TiO2/GLM (c).
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tion mechanism of a pollutant [40]. The equilibrium experimental
data in the present study were then fitted to the Freundlich, Langmuir, Temkin and Redlich-Peterson models to evaluate removal
behavior and estimate model parameters for cephalexin adsorption by GLM, ZnO/GLM, and TiO2/GLM. The nonlinear diagrams of these isotherms are shown in Fig. 14 and their models
are given in Table 2. Origin 6.1 software was used to fit the experimental data to nonlinear forms of isotherms.
Langmuir model describes monolayer adsorption of an adsorbent on a homogeneous surface [41]. As shown in Table 3, the
maximum adsorption capacities (Qm) were obtained to be 7.82,
17.09 and 49.26 mg/g for GLM, ZnO/GLM and TiO2/GLM,
respectively. Based on the table, the value of Qm for TiO2/GLM is
much more than those of two other adsorbents, indicating the
important role of nanoparticle loading in the enhancement of adsorption efficiency of the pollutant. Freundlich isotherm is an empirical model which describes the adsorption of an adsorbate on an
adsorbent on a heterogeneous surface. Heterogeneity factor, nF,
can also be employed to describe the system’s heterogeneity when
nF=1, the adsorption is linear, nF<1 implies chemical and nF>1
represents physical adsorption [42]. As shown in Table 3, the value
of nF for GLM, ZnO/GLM and TiO2/GLM are 2.13, 2.15 and 1.45,
respectively. The values of nF for all of these adsorbents are above
1, indicating the physical adsorption of cephalexin on the adsorbents.
Temkin isotherm assumes that the adsorption heat of all the
molecules in layer diminishes linearly with coverage due to interactions between adsorbent-adsorbate. Temkin constant, BT, is related
to the heat of adsorption. When 1<BT, the adsorption process is
exothermic and vice versa [41,43]. According to Table 3, the amount
of BT is above 1 for these three adsorbents (GLM=1.66, ZnO/
GLM=3.68 and TiO2/GLM=8.71), representing their exothermic
nature for the adsorption of cephalexin. These findings also agree
with the results of thermodynamic studies.
The Redlich-Peterson is an empirical adsorption model which
has three parameters. It can be applied to represent adsorption
equilibrium over a wide range of concentration. It features some
parameters from both the Langmuir and Freundlich isotherm,
and consequently, it may be employed either in homogeneous or
heterogeneous conditions. In Redlich-Peterson equation, g is an
exponent between 0 and 1. When g=1, the Redlich-Peterson model
is closer to the Langmuir isotherm equation, and when g=0, it
becomes the Freundlich equation [40]. In the present study, the
value of g for all three adsorbents was unity, indicating the Langmuir isotherm model gives a better fit to the obtained experimental data.
CONCLUSION
The present study revealed that green local montmorillonite
(GLM) coated with ZnO and TiO2 in the presence of H2O2 could
be cheap and effective adsorbents for the removal of cephalexin from
aqueous solutions. Loading ZnO and TiO2 nanoparticles onto GLM
changed the pore size distribution, produced more functional groups,
and improved the antibiotic adsorption capacity. TiO2/GLM showed
a better adsorption for cephalexin as compared to ZnO/GLM.
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SEM analysis showed that the nanoparticle coated onto GLM in
the presence of H2O2 provided a rough surface with a highly porous
structure and greater surface area suitable for loading the antibiotic. XRD patters showed the appearance of new peaks onto GLM
after coating with TiO2 and ZnO. The thermodynamics parameters revealed that the adsorption process was spontaneous and
exothermic.
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