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ABSTRACT
Objectives: In this article, novel montmorillonite nanoparticles (MON-NP)
evaluated in order to facilitatethe sorption of Amoxicillin (AMO) from aqueous solutions in batch operations. Methods: Batch experiments were performed to study the influence of various experimental parameters such
as contact time, adsorbent dosage, initial concentration of the AMO and
temperatures at fixed solution pH. The Langmuir, Freundlich and DubninRandkovich (D-R) models were subjected to sorption data to estimate sorption capacity, intensity and energy. Results: The optimum conditions of
sorption were found as follows: a sorbent amountof 0.8 g in L of AMO
solution (10 mg/L), contact time 90 min atfixed pH and temperature 7 and
25°C, respectively. To study the kinetics of removal process, three equations, i.e. Morris–Weber, Lagergren (pseudo first order) and pseudo second order were used. The AMO sorption process waswell described by the

pseudo second order kinetic model. The maximum adsorption capacity (qe)
from Langmuir isotherm model was determined to be 39.41 mg/g and for
D–R isotherm was 32.47. Conclusion: The results indicate that MON-NP
could be employed as a low-cost in wastewater treatment for the removal
of AMO.
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INTRODUCTION
With the widespread use of antibiotics, pharmaceutical effluents
containing antibiotics have recently attracted wide attentions since it
has potential adverse effects.1,2 Although the injuriousness of antibiotics
is not so intuitive like other environmental pollution, residues of the
antibiotic drug have become a seriously ignoredproblem.3,4 The abuse
of antibiotics can damage the immune functionof animals, when again
infected and then they need more antibiotics to treat. Thus, it could sink
into a vicious cycle.5,6
In recent years, the adsorption process has been considered for removal
of many elements.7 The operation of adsorption process is dependent
on many parameters such as pH, the kind of adsorbent and the kind of
pollutant.8,9 For this purpose, many adsorbents for removal of antibiotics
have been used such as activated carbon, brick powder, activated alumina
and charcoal.10,11 Activated carbon has been widely used for this purpose
because of its high adsorption capacity. However, its high cost sometimes
tends to limit its use.12,13
Clays are widely applied in many fields such as polymer nano-composites,
adsorbent, catalysts, photochemical reaction fields, ceramics, paper
filling and coating, sensors and biosensors, due to their high specific
surface area, chemical and mechanical stabilities and a variety of surface
and structural properties.14,15 The most-used clays as nano-adsorbents
are montmorillonite/smectite group and kaolinite group clays.16,17
This paper reports on the ability of montmorillonite clay (MC) to remove
AMO from aqueous solution.18 Clay has already been shown to have a
high adsorption capacity, which may even exceed that of activated
carbon under the same conditions of temperature and pH.19

For the present study, a batch-contact-time method was used and the
equilibrium of AMO adsorption on to MON-NP was investigated
with attempts to fit the data to Langmuir, Freundlich and DubininRadushkevich (D-R) equations. The uptake of AMO on MON-NP
was examined as a function of adsorbate concentration, adsorbent
concentration and contact time.

MATERIALS AND METHODS
Amoxicillin (CAS Number 26787-78-0; chemical formula, C16H19N3O4S;
MW, 365.40 g/mol) was used as the adsorbent in this study obtained
from Sigma Aldrich Co; it was used without further puriﬁcation. A
Montmorillonite nanoparticle was obtained from the Iranian Nanosany
Corporation and was used without further purification.
The 1000 mg/L stock solution of AMO was prepared by dissolving 1
g of AMO powder in one liter of distilled water. In the present study,
Laboratory Erlenmeyerflasks were used for adsorption experiments.
Batch sorption experiments were performed at a constant temperature
of 25°C on a magnetic mixer at 150 rpm. Through the dilution of
1 g/L stock solutions, 100 mL of the AMO solution was prepared for
each adsorption test. Using the diluted solution of hydrochloric acid
or sodium hydroxide, the initial pH was adjusted to variable values.
Also different concentrations of AMO (10, 25, 50, 100 mg/L) at various
dosage of nano adsorbent (0.1, 0.2, 0.4, 0.6, 0.8 and 1 g/L) at different
reaction times were studied for the optimization of the AMO removal
process with MON-NP. After that, the solutions were filtered through
a0.45 μm filter and finally AMO concentrations were measured with
a spectrophotometer (HACH DR 5000) at 280 nm wavelength. The
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adsorption capacity of MON-NP in the removal of AMO was calculated
using the following equation:20,21
(Co-Ce) ×V
qe=

M

Where C0 is initial concentration of AMO (mg/L), Ce is final concentration
of AMO (mg/L), M is mass of adsorbent (g) and V is volume of solution
(L).

RESULTS
The SEM images give information about the surface morphology. Figure
1. Show the SEM images of MON-NP. According to SEM images, MONNP are stacks of multi-layers with a sheet structure. Regarding to this
Figure, these nanoparticles consist of irregular morphology with a size
of a few micrometers. Furthermore, the heterogeneous surface of the
particles is clear.
Figure 2 shows the amounts of AMO adsorption on MON-NP adsorbent
with dosages of 0.1, 0.2, 0.4, 0.6, 0.8 and 1 g/L. Figure 3 shows that
with increasing the adsorbent masses, the adsorption capacities of the
adsorbents decreases. So the maximum amount of adsorption with
MON-NP occurred when the adsorbent mass was 0.2 g/L.
The adsorption of AMO on MON-NP was investigated as a function of
contact time (10–150 min) at concentrations of 50 mg/L with an initial
solution pH of 7. It was noticed that AMO removal increased with time
(Figure 3). AMO uptake by MON-NP increased when the initial AMO
concentration increased from 10 to 100 mg/L (Figure 4).

ADSORPTION KINETIC
The kinetic data of AMO adsorption onto MON-NP was used in Morris–
Weber (following Equation) to examine the change in the concentration
of sorbate onto sorbent with contact time.
qt = Kid t1/2 + C
Where qt is the sorbed concentration of AMO at time ‘t’. The MorrisWeber transport (Kid) rate constant value is calculated from the slope of
the linear plot of Figure 5 (qt versus t1/2).
In Lagergren, a pseudo-first-order equation was suggested for the
sorption of liquid/solid system based on solid capacity. It is assumed
in this equation that the rate of change of sorbate uptake with time is
proportionate to the difference in the saturation concentration and the

amount of solid uptake with time.The Lagergren equation is mostly used
in liquid phase sorption. The general equation is given as:23
		
K1t

Log (qe− qt) = log qe 		

2.3

Where qe is the sorbed concentration at equilibrium and K1 is the first
order rate constant. The linear plot of log (qe−qt) against time ‘t’ reveals
the applicability of the above equation for AMO sorption onto MON-NP.
The sorption of AMO onto MON-NP following pseudo-second-order
kinetics is expressed as Equation:23
t
qt

=

1
K2qe

2

t

+

qe

Where qt denotes the amount of AMO adsorbed at time t and qe
shows that amount at equilibrium (mg/g). Also, K2 (g/mg.min) is the
pseudo-second-order rate constant for the adsorption process. The
rate equations and the related values are given in Table 1. The best-fit
model was selected based on the match between experimental (qe exp)
and theoretical (qe cal) uptake values and linear correlation coefficient (R2)
values at four studied concentrations. The values obtained by pseudosecond-order model (Figure 6 and Table 1) were found to be in good
agreement with experimental data and can be used to favorably explain
the AMO adsorption on MON-NP.

Adsorption isotherms
To study the adsorption isotherms the experimental data were analyzed
using Freundlich, Langmuir and Dubinin-Radushkevich (D-R) isotherm
models. The linear forms of Langmuir, Freundlich and D-R can be
expressed as follows:24

Where qe is the equilibrium concentration of AMO in the solid phase
(mg/g), qm is the maximum adsorption (mg/g), K is the Langmuir
adsorption equilibrium constant (L/mg), KF is the Freundlich constant
representing the adsorption capacity (mg/g)(l/mg)n and n is the
Freundlich constant representing the intensity of adsorption. Also at
D-R Eq where qe is the amount of AMO adsorbed per unit dosage of the
adsorbent (mg/g); qm denotes the monolayer capacity; β indicates the

Table 1: The results of kinetic model studies related to the AMO adsorption onto MON-NP.
AMO
Concentration
(mg/L)

(qe) exp

10

Intraparticle diffusion
model

Pseudo-first order

Pseudo-second order

Kid

I

R2

(qe) cal

K1

R2

(qe) cal

K2

R2

9.971

0.613

3.571

0.774

4.147

0.034

0.812

9.241

0.0072

0.999

25

23.49

1.623

6.114

0.814

11.92

0.051

859

24.18

0.0059

0.998

50

45.93

3.256

8.358

0.823

23.59

0.063

0.834

39.74

0.0047

0.998

100

82.72

6.045

11.82

0.805

41.68

0.067

0.861

84.36

0.0041

0.996

Table 2: Isotherms constants for the removal AMO onto MON-NP.
Langmuir

Freundlich

D-R

qm

RL

KL

R

n

KF

R

E

qm

R2

39.41

0.041

0. 144

0.998

3.47

9.451

0.847

6.476

32.47

0.925

2
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activity coefficient related to the mean sorption energy and finally ε is
the Polanyi potential.

DISCUSSION
As can be concluded from the results, due to greater availability of
the exchangeable sites or surface area at higher concentrations of the
adsorbent, with increasing of adsorbent dosage from 0.2 g/L to 1 g/L,
the removal efficiency of AMO increased. This was due to increasing
collisions and also free bond on absorbent surfaces.23,25

Figure 1: SEM images of montmorillonite nanoparticles.

Figure 4: The effect of initial concentration on the adsorption capacity (pH=7
and adsorbent. dose =2.5 g/L).

Figure 2: Effect of adsorbent dose on AMO removal efficiency (C0 = 50 mg/L,
pH=7, Contact time=90 min).

Figure 3: Effect of contact time on AMO removal efficiency (pH=7 and adsorbent dose =0.8 g/L).
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The trends of the plots in Figure 3 exhibit that AMO uptake was rapid
in the beginning followed by a slower removal that gradually reached
a plateau.24 Maximum removal of AMO was achieved within the first
45 min of contact time and equilibrium was attained in 90 min. There
was no significant change in AMO uptake by MON-NP in the following
150 min. Similar results were observed by Yu who investigated the effect
of contact time on removal of tetracycline from aqueous solution by
carbon materials and indicated that adsorption increases with increasing
contact time.3
The effect of initial AMO concentration on equilibrium adsorption
was also investigated at five different initial AMO concentrations

Figure 5: Intra-particle diffusion plots for of AMO adsorption onto MON-NP.

Figure 6: Pseudo-second order kinetics of AMO adsorption onto MON-NP.
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(10-100 mg/L). AMO uptake by MON-NP increased when the initial
AMO concentration increased from 10to 100 mg/L (Figure 5). This
behaviour can be explained due to the increase in the driving force
of the concentration gradient, as an increase in the initial AMO
concentration.26 Such phenomenon is common in a batch reactor with
either constant adsorbent dose or varying initial adsorbate concentration
or vice versa.22,27
Most of adsorption processes in various solid phases depend on the time
element. Knowledge of the kinetics of these processes is important to
understand the dynamic interactions of AMO with MON-NP and predict
the rate of adsorption with time. Some kinetic models, i.e Morris– Weber,
Lagergren and pseudo second order models were used for their validity
with the experimental adsorption data for the adsorption of AMO onto
MON-NP. These models were supposed to offer no mass transfer (both
external and internal) resistance to the overall adsorption process.28 A
study was conducted on the adsorption kinetics and the findings suggest
that these rates along with the solute uptake rate control the residence
time of adsorbate uptake at the solid–solution interface including the
diffusion process.29,30
The intra-particle diffusion approach can be used to predictif intraparticle diffusion is the rate-limiting step. The data exhibitmulti-linear
plots, revealing that the process is governed by two ormore steps (Figure
6). The first linear portion (phase 1) at both concentrations, can be
attributed to the immediate utilization of the most readily available
sorbing sites on the sorbent surface. Phase 2 may be attributed to very
slow diffusion of the sorbate from thesurface site into the inner pores.
Thus initial portion of AMO sorptionby MON-NP may be governed
by the initial intra-particle transport of AMO controlled by surface
diffusion process and the later part controlled by pore diffusion.31
Table 2 presents the statistical results together with the isotherm
constants. Results suggest that the AMO adsorption by MON-NP
can bematched using the Langmuir equation. Also, the D-Requation
suggests there is a considerable correlation factor. It can be understood
from the D–R isotherm that the heterogeneity of energies is close to the
adsorbentsurface. The quantity is related to the mean sorption energy,
E, which is the free energy for the transfer of 1mole of AMO from the
infinity to the surface of the adsorbent.27 It is clear that we can use the
E magnitude to estimate the adsorption type. If this value goes below
8 kJ/mol, the adsorption type is expressed by the physical adsorption
and between 8 and16 kJ/mol the adsorption type can be explained by
ion exchange.28 In this study, the E values were below 8 kJ/mol. This
reveals that the adsorption of AMO onto MON-NP was in fact a physical
adsorption.

CONCLUSION
The present study was conducted to evaluate the feasibility of MON-NP
for AMO removal from aqueous solutions. Batch adsorption studies
were performed as a function of contact time, initial AMO concentration
and adsorbent dose and influence of other interfering anions. AMO
sorption kinetics was well fitted by pseudo-second-order kinetic model.
The maximum sorption capacity of MON-NP for AMO removal was
found to be 39.41 at 25±2°C. The AMO sorption has been well explained
using Langmuir isotherm model. Results from this study demonstrated
the potential utility of MON-NP for AMO removal from water.
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