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a b s t r a c t

The adsorption of ampicillin onto natural and organo-bentonite was studied. Organo-bentonite was
obtained by modifying the natural bentonite obtained from Ponorogo, Indonesia, using CTAB surfac-
tant by microwave heating. The temperature dependent form of the Langmuir, Freundlich, Sips and Toth
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equations was employed to correlate equilibrium data. Based on the evaluation of the physical meaning
of fitted isotherm parameters of each model, it is clear that Toth equation can represent the equilib-
rium data better than other models. The adsorption performance of natural and organo-bentonite for the
removal of ampicillin from pharmaceutical company wastewater was also studied. In real wastewater,
both adsorbents could not completely remove the ampicillin due to the sorption competition with other
substances which also present in the wastewater.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Antibiotics are designed specifically as a drug to treat or prevent
nfective diseases in human or animal body. The use of antibiotics
as become an indispensable in human life and the global mar-
et consumption of these drugs increase steadily every year. For
reventing or treating infections in humans or animals, only some
arts of the antibiotics given dose are metabolized and the rest are
xcreted still as active compound [1,2]. Residues from human envi-
onments, medical wastes, farms, pharmaceutical and hospitals
ewage may contain various antibiotics and antibiotic resistance
enes that can contaminate natural environments [1]. In addi-
ion, antibiotics and antibiotic resistance genes can also accumulate
hrough industrial route, where the concentration is usually much
igher than that originated from public excretion [2]. The expo-
ure of antibiotics in aquatic environment may increase the number
f antibiotic resistant bacteria. These may pose a serious threat to
ublic health in that more and more infections may no longer be
reatable with known antibiotics [3].

Ampicillin is a beta-lactam that has been used extensively to
reat infections caused by both gram-positive and gram-negative

acteria. Ampicillin is part of the amino penicillin family and is
oughly equivalent to its successor, amoxicillin in terms of spec-
rum and level of activity. Ampicillin is against microorganisms

∗ Corresponding author. Tel.: +62 313891264; fax: +62 313891267.
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S. Ismadji).

304-3894/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2011.04.052
by inhibiting the synthesis of cell wall during active multiplica-
tion. Currently, ampicillin is used to treat a wide range of diseases
and infections such as gonorrhea, urinary tract infections, ear, nose
and throat infections. Similar to its successor, ampicillin has also
been known to be hardly degradable, still remains as active com-
pound in urine and human feces [4]. The existence of ampicillin
in environment causes some potential problems due to increas-
ing of ampicillin resistant bacteria. Approximately 35–40% of E. coli
isolates are resistant to ampicillin, also more than 95% of all K. pneu-
monia isolates are similarly inherently resistant to this antibiotic
[4].

The removal of ampicillin from pharmaceutical wastewater is
quite expensive, however this wastewater must be treated prop-
erly prior to the release into environment. Among the available
process for the treatment of wastewater containing antibiotics, the
adsorption process is considered as the most effective and effi-
cient method [2,5–8]. The main drawback of adsorption process
for wastewater treatment is the cost of adsorbent. Commercially
available adsorbents such as activated carbon are expensive. If inex-
pensive and abundantly available materials are found in nature
as the alternative adsorbents, the adsorption process offers a very
attractive method for environmental remediation.

Bentonite is a low cost material that widely used in many
fields of material science technology and the utilization of this
clay material for the treatment of wastewater containing haz-

ardous substances has received great attention in recent years
[9–11]. Indonesia has a huge bentonite reserve located in several
provinces and it has potential application for industrial wastewa-
ter treatment. However, studies about the utilization of bentonite

dx.doi.org/10.1016/j.jhazmat.2011.04.052
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:suryadiismadji@yahoo.com
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or the treatment of antibiotic effluent are still very scarce.
o the best of our knowledge, the study of ampicillin removal
y using bentonite and its modified form (organo-bentonite)
riginated from Indonesia is not available in the literature. In
his study, we employed bentonite from Ponorogo as the raw

aterial for organo-bentonite preparation. A cationic surfactant,
ethyltrimethylammonium bromide (CTAB) was employed as the
odifying agent.
The use of temperature dependent form of various isotherm

odels in representing liquid phase adsorption experimental data
n the adsorption of antibiotic is still not available in the litera-
ure. All of adsorption studies of antibiotic only compared their
xperimental data with adsorption models at single temperature
2,12,13]. It is important that temperature dependent should be
resented in correlating experimental data by different isotherm
odels at various temperatures. The temperature dependent form

f the Langmuir, Freundlich, Sips and Toth equation was employed
o represent experimental data in this study. The validity and
hysical meaning analysis of the isotherm parameters were also

mparted in selecting the best model.

. Materials and methods

.1. Materials preparation

Ampicillin was obtained as trihydrate from PT. Coronet Crown,
idoarjo, East Java, Indonesia and used without any further treat-
ent. Bentonite was acquired from a mining site located on

onorogo, East Java, Indonesia. Prior to the use, the bentonite was
urified to remove any organic and inorganic impurities using
2O2. The suspension was heated at 100 ◦C to remove excess
ydrogen peroxide. Subsequently, the bentonite was rinsed with
eionized water at least three times and dried in an oven (Mem-
ert UM 400) for 2 h at 105 ◦C. The purified bentonite was crushed

nto powder by using microhammer mill (JANKE and KUNKEL)
o obtain particle size of −100/+120 mesh. The cation exchange
apacity (CEC) of the bentonite was 57 meq/100 g clay based on the
STM C837-99 procedure. The cetyltrimethylammonium bromide

CTAB), which belongs to quaternary ammonium salts, was used as
odifying agent in organo-bentonite preparation.

.2. Preparation of organo-bentonite

Organo-bentonite was synthesized according to following pro-
edure: 2.0 g of natural bentonite was dispersed in 10 mL of distilled
ater containing CTAB with the amount of equivalent to 1.5

imes of the CEC of the natural bentonite. The suspension was
hen stirred at 60 ◦C for 15 min and dried in a microwave oven
National NN-S327 WF) at 600 W for 5 min. The resulting organo-
entonite was repeatedly washed with deionized water to remove
he superficially CTAB adsorbed on the adsorbent surface. The
rgano-bentonite was then dried in an oven at temperature 105 ◦C
or 4 h, crushed and sieved through −100/+120 mesh screen.

.3. Characterizations of materials

Natural bentonite and organo-bentonite were subjected to pow-
er X-Ray Diffraction (XRD) analysis to examine whether the CTAB
olecules were intercalated on the adsorbent structure. The X-

ay diffraction patterns of sample were recorded in a Bruker DS
dvance diffractometer using Cu K� radiation at 40 kV, 40 mA and
step size of 0.01◦. The carbon and nitrogen content of the natural

nd organo-bentonite were analyzed using an elemental-analyzer
Perkin-Elmer).

The natural bentonite and organo-bentonite were also charac-
erized using Fourier Transform Infrared (FTIR) spectrometer to
Fig. 1. XRD pattern of (a) natural bentonite and (b) organo-bentonite.

identify the surface functional groups. The analysis was performed
based on KBr disk procedure and the sample spectra was recorded
in a FTIR FTS-3500 GX (Bio-Rad) instrument at mid-IR wavenumber
range of 500–4000 cm−1.

2.4. Adsorption experiments of synthetic ampicillin solution

The adsorption experiments were conducted by adding a known
amount of natural or organo-bentonite into 250 mL iodine flasks
containing 100 mL of ampicillin solution with an initial concen-
tration of 300 mg/L (pH = 7.8). The solutions were then shaken in
a thermostat shaker (Memmert) at 100 rpm for 35 min at various
temperatures (30 ◦C, 40 ◦C and 50 ◦C). Afterward, the flasks were
removed from the bath and the mixtures were centrifuged (Het-
tich Zentrifugen EBA-20) at 2500 rpm for 15 min to remove solid
particle. The initial and equilibrium concentration of ampicillin
in solution was determined spectrophotometrically in a GENESYS
10 V using Folin–Ciocalteu reagent [14]. All of adsorption experi-
ments in this study were performed in triplicate and the results
were given as average. The possible leaching of CTA cation during
adsorption process was also checked by conductivity measure-
ment using a WTW LF-535 conductometer. The experiment was
carried out by adding organo-bentonite into distilled water and
stirred for 30 min. The solid suspension was then centrifuged and
the conductivity of water was measured. The results showed that
the conductivity of water did not change, indicated that CTA cation
in the bentonite interlayer was not leached during the contact with
water.

The amount of ampicillin adsorbed per was calculated by fol-

lowing mass-balance equation:

qe = C0 − Ce

m
× V (1)
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Table 1
Elemental analysis of natural and organo-bentonite.

Sample d0 0 1 (nm) C (% wt) N (% wt) C/N molar ratio

Natural bentonite 1.72 – – –
Organo-bentonite 2.37 5.97 0.41 17
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where KF0 is the adsorption capacity at reference temperature T0
[(mmol/g)(L/mmol)−n], A0 is the characteristic of adsorption poten-
tial (J/mol) and ˛ is a constant parameter.

Table 2
Surface functional groups of natural and organo-bentonite.

Peak assignment Wavenumber (1/cm)

Natural
bentonite

Organo-
bentonite

Al–OH or Si–OH stretch 3626 3624
O–H stretch (H2O) 3437 3419
C–H stretch (–CH2 of CTA structure) – 2920

– 2850
O–H bend (H2O) 1639 1633
C–H stretch (in-plane binding) – 1472
Si–O stretch (in-plane for silicate layer) 989 1042
Fig. 2. Result of FTIR for (a) natural bentonite; (b) organobentonite.

here C0 and Ce are the initial and the equilibrium ampicillin con-
entrations in liquid phase (mg/L) respectively, V is the volume of
olution and m is the mass of adsorbent.

. Results and discussion

.1. Characterizations of materials

The X-ray diffraction analysis was performed to characterize the
ayer structure of natural and organo-bentonite. The XRD patterns
f sample were shown in Fig. 1. The increase of basal spacing from
.72 nm to 2.37 nm was caused due to the intercalation of CTAB
olecule onto the interlayer space of bentonite which expanded

ts interlamellar spacing and later will promote ampicillin removal.
he elemental analysis of carbon and nitrogen in the organo-
entonite were also conducted to probe the presence of CTAB in
he bentonite interlayer and the results were given in Table 1.

The surface functional groups of materials were analyzed
y FTIR spectroscopy. The spectra of both natural and organo-
entonite were given in Fig. 2 for direct comparison while the
unctional groups along with its corresponding wavenumber are
ummarized in Table 2. In organo-bentonite, the symmetric and
symmetric vibration of C–H stretch (–CH2) was appeared at
850 cm−1 and 2920 cm−1, respectively. The C–H stretch of CTA
tructure in-plane binding was noticed at 1472 cm−1. The bands
t 516 cm−1 and 522 cm−1 were assigned to the Al–O–Si (octahe-
ral layer) bend for natural and organo-bentonite, respectively. The
i–O–Si bend was also observed at 468 cm−1 for natural bentonite
nd 469 cm−1 for organo-bentonite.

.2. Adsorption isotherms

In the liquid phase adsorption, many factors affect the adsorp-

ion process such as temperature, affinity of adsorbate, adsorbent
oncentration, and pH. The adsorption isotherm is crucial impor-
ance in designing the adsorption system. Several isotherm
quations are available and the most widely used for correlation of
s Materials 190 (2011) 1001–1008 1003

experimental data are Langmuir, Freundlich, Sips and Toth [15–17].
These models with their temperature dependent form are used to
correlate the equilibrium data in this study. The nonlinear and lin-
ear form of Langmuir isotherm is given in the following equation
[18]:

qe = qmax
CeKL

1 + CeKL
(2)

1
qe

= 1
qmax

+ 1
KLqmaxCe

(3)

where qe is the equilibrium amount of ampicillin adsorbed
(mmol/g), qmax is the maximum adsorption capacity of the adsor-
bent (mmol/g) and KL is the adsorption affinity or the Langmuir
equilibrium constant (L/mmol). It is important that the tempera-
ture dependent form of isotherm parameters should be presented
in correlating equilibrium data at various temperatures. The tem-
perature dependent form of Langmuir parameter are given below
[19,20]:

qmax(T) = q0 exp(ı(T0 − T)) (4)

KL = K0 exp
(−Qads

RT

)
(5)

Here q0 is the adsorption capacity at reference temperature T0
(mmol/g), ı is the constant parameter related to the expansion coef-
ficient of solute, K0 is the adsorption affinity at same reference
temperature (L/mmol), Qads is the heat of adsorption (J/mol) and
R is the universal gas constant (8.314 J/mol K).

The Freundlich isotherm is an empirical model describing the
adsorption process in heterogeneous systems which has nonlinear
and linear form as follows [18]:

qe = KF C1/n
e (6)

log qe = log KF + 1
n

log Ce (7)

where KF is the characteristic constant of Freundlich model related
to the adsorption capacity [(mmol/g)(L/mmol)−n] and n is the
parameter characterizing the heterogeneity of the system. The tem-
perature dependent form of these parameters is expressed below
[20]:

1
n

= RT

A0
(8)

KF = KF0 exp
(

−˛RT

A0

)
(9)
Al–Al–OH bend 913 911
Si–O bend (quartz) 792 794
Al–O–Si bend 516 522
Si–O–Si bend 469 468
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The Sips equation, which also called as Langmuir–Freundlich
quation is one of three parameter model describing the adsorption
rocess in heterogeneous system. The nonlinear and linear form of
ips model is [18,20]:

e = qmax
(CeKS)1/n

1 + (CeKS)1/n
(10)

n
(

KS

qe

)
= ln aS − 1

n
ln Ce (11)

here KS is the Sips constant related to adsorption affinity (L/mmol)
nd n characterizes the system heterogeneity. The temperature
ependent form of KS and n can be expressed as [20]:

S = KS0 exp
[

Qads

RT0

(
T0

T
− 1
)]

(12)

= 1
(1/n0) + �(1 − T0/T)

(13)

here KS0 is the affinity coefficient at reference temperature T0, n0
s the value of parameter n at the same reference temperature and

is a constant parameter.
The Toth model is generally described well in many sorption

tudies with sub-monolayer coverage and heterogeneity of the
ystem, which satisfying both low and high-end boundary of con-
entration. The nonlinear and linear forms of Toth equation can be
xpressed as follow [18,20]:

e = qmax
KT Ce(

1 + (KT Ce)t
)1/t

(14)

n
(

qe

KT

)
= ln Ce − 1

t
ln (aT + Ce) (15)

here KT is the Toth constant representing the affinity coeffi-
ient (L/mmol) while t characterizes the system heterogeneity,
hich is a dimensionless constant and the value usually less

han unity [20]. The parameter KT and t are specific for particu-
ar adsorbate–adsorbent system which has temperature dependent
orm as follow [20]:

T = KT0 exp
[

Qads

RT0

(
T0

T
− 1
)]

(16)

= t0 + �
(

1 − T0

T

)
(17)

here KT0 is the affinity coefficient at reference temperature T0,
0 is the parameter t at the same reference temperature and � is a
onstant parameter.

The isotherm parameters of Eqs. (2)–(17) were calculated by
sing nonlinear least square fit of the model to the ampicillin
dsorption equilibrium data. The fitting of equilibrium data were
onducted for all temperatures of ampicillin adsorption isotherms
imultaneously by using T0 = 298.15 K. As the objective function to
e minimized, the sum of squares errors was employed as follow:

SE =
((∑

qe(exp) − qe(cal)

)2

N

)1/2

(18)

here qe(exp) is the experimental amount of ampicillin adsorbed,
e(cal) is the calculated amount of ampicillin adsorbed and N is the
umber of experimental data.

The temperature dependent parameters of Langmuir, Fre-
ndlich, Sips and Toth models obtained from the fitting procedure

escribed previously were summarized in Table 3 while the equi-

ibrium data of ampicillin adsorption along with the models fit were
hown in Figs. 3 and 4. In these figures, it can be seen that all mod-
ls could represent the equilibrium data fairly well. However, in

Fig. 3. Equilibrium data of ampicillin adsorption onto natural bentonite and the
model fit (inset is the linear form of models)
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Fig. 4. Equilibrium data of ampicillin adsorption onto organo-bentonite and the
model fit (inset is the linear form of models)

Table 3
The fitted parameters of temperature dependent form of several isotherm models.

Isotherm model Parameter Adsorbent

Natural
bentonite

Organo-
bentonite

Langmuir q0 (mmol/g) 0.1441 0.2477
ı (K−1) 0.006 0.0058
Qads (kJ/mol) 18.83 14.31
K0 (L/mmol) 0.0007 0.0112
SSE 0.1 0.15

Freundlich KF0 (mmol/g)(L/mmol)−n 0.5763 0.4439
−˛/A0 0.7677 0.5021
SSE 0.119 0.157

Sips q0 (mmol/g) 0.0657 0.1212
ı (K−1) 0.0032 0.0031
KS0 (L/mmol) 3.0898 3.1293
Qads (kJ/mol) 5.99 42.37
n0 0.829 1.554
� 7.962 4.323
SSE 0.118 0.135

Toth q0 (mmol/g) 0.0545 0.0625
ı (K−1) 0.0087 0.0086
KT0 (L/mmol) 1.8532 3.5505
Qads (kJ/mol) 2.81 21.27
t 1.443 0.085
0

� 72.62 12.60
SSE 0.122 0.096

order to explore the applicability of the models in correlating exper-
imental data, the physical meaning of each parameter need to be
analyzed. The ampicillin adsorption mechanism onto natural and
organo-bentonite should also be discussed before examining the
physical meaning of isotherm parameters in each model. As men-
tioned by Ho et al. [21] that linear analysis of Sips and Toth models
involve trial and error procedure by varying isotherm parameter
(KS for Sips; KT and aT for Toth), often the parameter obtained is
not the optimum one. Accordingly, the nonlinear least square fit
method is still preferred to obtain the best fitted parameters for
Sips and Toth models.

Ampicillin (pKa = 2.5 for its free carboxylic acid groups and
pKa = 7.2 for its free amino groups) is ionized in solution [4]. In
basic solution, the silanol groups (Si–OH) of bentonite and ampi-
cillin structure will deprotonate due to excessive amount of OH−

ions in the solution. At pH 7.8, the carboxylic acid and silanol groups
was deprotonated as follow [2]:

≡ COOH + OH−→ COO− + H2O

Si–OH + OH− → SiO− + H2O

The electrostatic repulsion between deprotonated silanol
groups with negatively charged oxygen atoms of carboxylate
anions was occurred as shown in Fig. 5, which retarded the adsorp-
tion process. In this case, the adsorption of ampicillin onto natural
and organo-bentonite took place as a result of physical interac-
tion such as Van der Waals force between the surface group of
adsorbent and the adsorbate molecule. On modified bentonite
(organo-bentonite), the presence of cethyltrimethylammonium
cation (CTA) in bentonite interlayer played a positive role in the
adsorption of ampicillin. With the presence of negatively charged
carboxylic oxygen atom in ampicillin, an electrostatic interaction
was occurred between positively charged organo-bentonite surface
and negatively charged ampicillin (Fig. 6), resulting in the increase
of the adsorption capacity for ampicillin removal.

The parameter KF0 in Freundlich and q0 in Langmuir, Sips, and

Toth model represent the adsorption capacity of the adsorbent.
Based on the experimental data, it was obvious that modification
of natural bentonite with CTAB surfactant enhanced its adsorption
capacity. The parameter q0 in Langmuir, Sips and Toth model was in
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l group and negatively charged oxygen atom of carboxylic group.
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Table 4
Characteristics of synthetic and real wastewater.

Parameter Synthetic
wastewater

Real
wastewater

DO (mg/L) 5.4 3.9
BOD5 (mg/L) 19 304
COD (mg/L) 296 2217
TSS (mg/L) – 14.8
pH 7.8 5.6
Fig. 5. Repulsion mechanism between deprotonated silano

greement with the experimental data, however Freundlich model
ails to give the correct value of KF0 . The significant difference of
0 value in Langmuir and Sips models for both natural and organo-
entonite may be due to the different theoretical justification of the
odels. In Langmuir model, the surface of the adsorbent is assumed

o be homogeneous (heat of adsorption is constant over the sites)
nd ideal (n = 1) while in Sips and Toth models, the effect of hetero-
eneity of the adsorbent is included. Since the Freundlich model

ails to give reasonable value for the adsorption capacity parameter,
t will not be included in the further discussion.

The expansion coefficient of solute (ı) should be independent
f the type of adsorbent and specific for a given component.

Fig. 6. Adsorption mechanism of am
T (◦C) 30 30

picillin onto organo-bentonite.
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Table 5
Comparison of the adsorption performance of natural and organo-bentonite for ampicillin removal from synthetic and real wastewater.

Parameter Synthetic wastewater Real wastewater

Adsorbent Natural
bentonite

Organo-
bentonite

Natural
bentonite

Organo-
bentonite

Adsorbent dose (g/100 mL solution) 4.5 4.5 4.5 4.5
Initial concentration (mg/L) 126.4 126.4 126.4 126.4
Final concentration (mg/L) 12.7 – 51.4 11.9
% removal 89.9 100 59.3 90.6
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he value of ı parameter obtained from the fitting of Lang-
uir, Sips and Toth model is in agreement and independent

f the type of adsorbate. Additionally, the value of ı in the
agnitude of 10−3 K−1 is consistent with the value for many

ubstances [19]. Based on the verification of ı parameter, the Lang-
uir, Sips and Toth model are still appropriate in correlating the

xperimental data.
How strong an adsorbate molecule attracts into the adsorbent

urface is measured by the affinity parameter. In Langmuir model,
he affinity parameter at T0 is expressed as K0 while for the Sips and
oth model are KS0 and KT0 , respectively. When the affinity param-
ter is high, the solid surface is covered with more solutes as a
esult of stronger affinity towards the surface. Since the adsorption
echanism of ampicillin onto organo-bentonite also involved elec-

rostatic attraction, thus the solute has stronger affinity towards
he solid surface. The parameter KS0 in Sips model for both natural
nd organo-bentonite are similar hence the fitting values of this
arameter are not consistent, so this model will not be included in
he subsequent discussion. The fitting of affinity parameter of the
angmuir and Toth model are still consistent with experimental
ata.

One of the basic quantities in adsorption studies is the heat
f adsorption. In case of physical adsorption, the released energy
s partly adsorbed by the adsorbent and partly dissipated to the
urrounding. The portion adsorbed by the solid increase the par-
icle temperature and cause slows down the adsorption kinetics
ecause the mass uptake is controlled by the rate of cooling of
he particle in the later course of adsorption [20]. In chemisorp-
ion, a vice versa of phenomena takes place, in which higher
emperature is favored for the adsorption process. Physisorption
as an adsorption energy less than 40 kJ/mol while higher energy
40–800 kJ/mol) reveals to chemisorption [22]. The parameter Qads
n Langmuir and Toth model denotes the exothermic nature of
mpicillin adsorption. In physical adsorption, the increase of tem-
erature weakens the adsorbate–adsorbent interaction hence the
mount of ampicillin adsorbed decreased. As mentioned above,
ther mechanism (electrostatic interaction) also took place dur-
ng the adsorption of ampicillin onto organo-bentonite thus higher
alue of Qads is expected. The value of Qads parameter in Toth
odel is in agreement, in which the heat of adsorption of ampi-

illin onto organo-bentonite was higher than natural bentonite.
nconsistency of this fitting parameter was observed in Langmuir

odel.
The t0 parameter characterizes the system heterogeneity. The

arameter t0 in Toth model is usually less than unity. The
resence of CTA cation in the bentonite interlayer cause the adsor-
ent more heterogeneous and increase its adsorption capacity.
he Toth model can represent this phenomenon and t0 deviate
urther away from unity in the sorption system using organo-

entonite. Based on the evaluation of the physical meaning of
tted isotherm parameters of each model, it was clear that Toth
odel can represent the adsorption experimental data better than

ther models.
3.3. Adsorption of ampicillin from real pharmaceutical
wastewater

In order to assess the feasibility of organo-bentonite to be
used for wastewater treatment in industrial practice, the adsorp-
tion experiments of ampicillin from a pharmaceutical company
wastewater (Coronet Crown Pty Ltd.) was also conducted. The syn-
thetic wastewater contains only ampicillin while real wastewater
may contain various substances. The DO concentration of both sam-
ples was measured by an OXI 96-B dissolved oxygen meter while
TSS, BOD5 and COD concentration were analyzed according to Stan-
dard Methods procedure [23]. The characteristics of the synthetic
and real wastewater were given in Table 4.

The adsorption performance of natural and organo-bentonite
for ampicillin removal from synthetic and real wastewater was
reported in Table 5. In real wastewater, both adsorbents could not
remove the ampicillin completely due to the sorption competition
with other substances that also presented in the wastewater. In
addition, lower removal efficiency of ampicillin onto natural ben-
tonite in real wastewater may be due to the repulsion forces which
occurred between deprotonated silanol groups (Si–O−) of ben-
tonite and carboxylate anions (COO−) of ampicillin. The adsorption
of ampicillin onto natural bentonite can still take place as a result
of Van der Waals interaction and electrostatic interaction between
protonated amine (NH3

+) of ampicillin with deprotonated silanol
(Si–O−) of bentonite in less extent.

3.4. Reusability of the adsorbent

The reusability of adsorbent is a crucial importance in indus-
trial practice to make the wastewater treatment become economic.
The regeneration of organo-bentonite was performed by chemical
treatment using diluted hydrochloric acid as an elution solution.
The reusability of organo-bentonite was examined by carrying out
of adsorption–desorption experiments in three cycles. In the third
cycle, the removal efficiency of ampicillin from real wastewater
using organo-bentonite still 84%. Here, the application of organo-
bentonite for the removal of ampicillin in industrial application still
feasible.

4. Conclusion

The adsorption of ampicillin from aqueous solution onto natural
and organo-bentonite was studied. The adsorption study was per-
formed in batch system at various temperatures (30 ◦C, 40 ◦C and
50 ◦C). Modification of bentonite was conducted using CTAB sur-
factant by microwave heating at 600 W for 5 min. The physical and
chemical characterizations of materials were performed by FTIR,
elemental-analyzer and XRD analysis. The widely used isotherm

models (Langmuir, Freundlich, Sips, and Toth) with their tempera-
ture dependence form were employed to correlate the equilibrium
data. It was found that Toth model could represent the equilibrium
data better than other models used in this study. The electrostatic
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