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Abstract
In the present study, the adsorptive potential of modified bentonite in a batch system for the removal of aniline and phenol 
from aqueous solutions was investigated. The effect of various parameters including contact time (10–120 min), pH (2–10), 
adsorbent dosage (0.4–1.5 g/L) and initial concentration of aniline and phenol (50–200 mg/L) was investigated in this 
experimental laboratory study. Maximum removal of aniline and phenol was achieved at contact time of 30 and 45 min for 
aniline and phenol, respectively, and at the lowest studied initial concentration of 50 mg/L. Optimum bentonite dosage of 1 
and 0.4 g/L was obtained for phenol and aniline, respectively. The adsorption process was better at the pH of 6 for aniline 
and pH of 4 for phenol. It was found that the equilibrium data was best followed by the Langmuir and Freundlich isotherms. 
Also, the pseudo-second-order kinetic model was best applicable for phenol and aniline adsorption. It was defined that 
bentonite not only was an inexpensive absorbent, but also a quite effective adsorbent for the removal of aniline and phenol 
from water and wastewater.
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Introduction

Organic compounds are used as intermediates for the manu-
facture of various synthetic compounds such as dyestuffs, 
rubbers, pesticides, plastics and paints (Ahmadi and Kord 
Mostafapour 2017a). The aniline can transform the hemo-
globin into methaemoglobin causing anorexia, erythrocyte 
damage and spleen effect (Han et  al. 2006; Matsushita 
et al. 2005). Phenol is considered as the priority pollutant 
since it is harmful to organisms even at a low concentration 
(Rahmani et al. 2008) due to its toxicity and carcinogenicity 
properties. Thus, it is fully recommended to remove phe-
nol and aniline from industrial effluents before discharge 
to the water stream (Kord Mostafapoor et al. 2017). Sev-
eral treatment methods have been proposed for the removal 
of aniline and phenol from contaminated waters, including 

oxidation, biodegradation, chemical coagulation, solvent 
extraction, incineration, reverse osmosis and adsorption 
and other processes(Ahmadi et al. 2017a; Mozafarian et al. 
2006; Taherkhani et al. 2015), among which adsorption is 
one of the most effective techniques in either laboratory or 
industrial scale (Ahmadi and Kord Mostafapour 2017b; Rod-
rigues et al. 2011). The highly used adsorbing materials are 
the active granulated carbons, but they are very expensive 
and not easily revived (Ciambelli et al. 1984).

Bentonite as a porous material exists in the environment 
in ease and abundance, and montmorillonite is the most 
important phase in it (Ahmadi et al. 2017b). It is a three-
layered clay mineral composed of a silica and alumina. 
Its layers are not electrically neutral and have a negative 
charge. To overcome the electrical repulsion due to it, the 
negative charge is established between the layers and a 
series of positively charged cations fall between that lay-
ers, and they are called inter-layers cations (Liu and Zhang 
2007). One of the methods for the activation of natural 
bentonite is activation by strong mineral acids. As a result 
of the contact between the montmorillonite and sulfuric 
acids, inter-layers cations are separated and proton is sub-
stituted. Activated bentonite is able to degrade a range 
of water contaminants and industrial wastewaters (Shen 
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2002). For example, reduction of fluoride(Mahramanliglu 
et al. 2002), removal of paints (Özcan and Özcan 2004) 
and removal of organic compounds (Ahmadi and Kord 
Mostafapour 2017c) from industrial wastewater.

The adsorptive potential of modified bentonite in a 
batch system for the removal of aniline and phenol from 
aqueous solutions was investigated. The impact of various 
factors such as the contact time, adsorbent dosage, pH 
and initial concentration of aniline and phenol were stud-
ied and their optimum conditions were also determined. 
Finally, the adsorption experimental data were fitted into 
the adsorption isotherm and kinetic models.

Materials and methods

Aniline  (C6H5NH2) and phenol  (C6H5OH) are aromatic 
compounds with molecular weights of 93.13 g/mol and 
94.11  g/mol, respectively; they were purchased from 
Sigma-Aldrich Co, Germany. Their stock solutions 
(1000 mg/L) were prepared, and the desired concentrations 
of aniline and phenol solutions were prepared by dilution 
of the prepared stock solution. The chemical structures of 
aniline and phenol are shown in Fig. 1.

Characterization of the adsorbent

The acid-modified bentonite was synthesized by the fol-
lowing steps. First, the bentonite (clay) was obtained 
from Zahedan, Iran (Longitude: 29°29′46.68″N, Latitude: 
60°51′46.44″E). Bentonite was washed thoroughly with 
distilled water and dried at 105 °C for 24 h. A total of 15 
gr of bentonite was activated by using 20 ml of sulfuric 
acid for 24 h. Then, it was rinsed thrice with distilled water 
and dried at 110 °C for 1 h. After that, the clay was ground 
and sieved using a 100-mesh sieve. The chemical compo-
sition of the bentonite was obtained through XRF and is 
presented in Table 1.

Batch adsorption experiments

The most effective factors for adsorption process, including 
contact time (10–105 min), pH (2, 4, 6, 8, and 10), adsorbent 
dose (0.4–1.5 g/L) and initial concentration of aniline and 
phenol (50–150 mg/L) were assessed on aniline and phenol 
removal. The optimum pH was determined by varying the 
pH in the range of 2–10 and keeping other variables con-
stant (contact time, adsorbent dose and initial aniline and 
phenol concentration). The experiments were performed in 
a100-mL beaker with a constant concentration of aniline and 
phenol. Then, this mixture was shaken with a shaker device 
of enforcing model with 150 rpm at temperatures between 
20 and 25 °C. 0.1 N HCl and NaOH were used to adjust the 
of the pH solution. The final aniline and phenol concentra-
tion in solution were measured using a UV–visible spectro-
photometer at wavelengths of 198 and 500 nm, respectively 
(Rahdar and Ahmadi 2017; Ahmadi et al. 2017b).

The removal efficiency (RE) and sorption capacity (qe) 
of the bentonite were determined applying Eqs. (1) and (2), 
respectively(Ahmadi et al. 2017c):

where RE (%) and qe (mg/g) are the removal efficiency and 
adsorption capacity, respectively. C0 (mg/L) is the initial 
concentration, Ce (mg/L) is the concentration at the equi-
librium, m (g) is the mass of the adsorbent and V (L) is the 
volume of the solution.

Results and discussion

Effect of pH

The pH value of the solution is an important controlling 
parameter in the adsorption process, as can be seen from 
Fig. 2 and Table 2. The effect of pH on aniline and phenol 
uptake in the batch process was studied by varying the pH 
from 2 to 10. Figure 2 and Table 2 show that the adsorption 

(1)%RE =
(C0 − Cf)

C0

× 100

(2)qe = (C0 − Ce) ×
V

M

Fig. 1  The chemical structures of a aniline and b phenol

Table 1  The chemical composition of bentonite

Bentonite SiO2 Al2(SO4)16H2O Na(Al, Mg)2
Si4O10(OH)2.
2H2O

Na–Ca–AL–
Mg–Si–O–H2O

W (%) 25 29 9 10.1
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of aniline and phenol at contact time of 60 min were max-
imum at pH values of 6 and 4, respectively. Aniline is a 
weak base and anionic in nature that changes to positively 
charged anilinium ion under acidic conditions. The influence 
of pH also depends on the point zero charge  (pHZPC) of the 
adsorbent and protonation constant (pKa). The point of zero 
charge is the point where the charge on catalyst surface is 
zero (Ahmadi et al. 2017b; Rahdar et al. 2018). pKa value 
for aniline is 4.6; phenol is a weak acid compound with 
pKa ≈ 9.5 (Rahdar and Ahmadi 2017; Kord Mostafapoor 
et al. 2017). At a pH value less than the  pHZPC of bentonite 
(which was obtained as 4.6), the surface of the bentonite 
had a positive charge. In acidic pH, electrostatic attrac-
tion between the pollutants’ negative and bentonite posi-
tive charge increased; therefore, the efficiency of removal 
increased (El-Latif et al. 2010). The adsorbent surface better 
adsorbs anion at low pH values and in the presence of  H+ 
ions. In alkali pH conditions, the concentration of  OH− ions 
increase; therefore, competition between them and anions 
increase. The efficiency of removal decreases because of the 

repulsive force of negative charges of bentonite and pollut-
ants (Zhong et al. 2010).

Effect of initial concentration

To determine the effect of initial aniline and phenol concen-
tration on the adsorption process, the initial concentrations 
of aniline and phenol were varied from 50 to 150 mg/L at 
the optimum pH, adsorbent dose of 0.6 g/L and contact time 
of 60 min. As presented in Fig. 3 and Table 3, aniline and 
phenol removal efficiency decreased with increasing initial 
concentration, so maximum efficiency was achieved at the 
initial concentration of 50 mg/L. As a result, the adsorption 
rate decreases, this may be owing to the finite number of 
active sites on the adsorbent that becomes saturated at high 
concentration of aniline and phenol (Sui et al. 2011).

Effect of adsorbent dose

The effect of adsorbent dose on the removal of aniline and 
phenol was studied by varying the dose of adsorbent from 
0.4 to 1.5 g/L (Fig. 4 and Table 4). The percentage of phenol 
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Fig. 2  Effect of pH on removal efficiency of pollutants by bentonite 
(contact time = 60 min, dosage = 0.6 g/L, aniline and phenol concen-
tration = 100 mg/L)

Table 2  Effect of initial pH on aniline and phenol removal by ben-
tonite

Adsorbate Initial pH Ce (mg/L) Qe (mg/g)

Aniline 2 19.65 5
4 19.1 5.2
6 13.3 6.2
8 15.4 5.8

10 15.5 5.7
Phenol 2 12.93 6.2

4 9 6.8
6 18.17 5.3
8 24.93 4.2

10 25 4.16
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Fig. 3  Effect of initial concentration on removal efficiency of pollut-
ants by bentonite (time = 60 min, dosage = 0.6 g/L, optimum pH)

Table 3  Effect of initial concentration on aniline and phenol removal 
by bentonite

Adsorbate Initial concentration, 
C0 (mg/L)

Qe (mg/g) % Removal

Aniline 50 6.1 73.6
100 11.8 70.6
120 13.6 67.99
150 16.3 65.3

Phenol 50 8.2 97.9
100 15.8 95
120 18.3 91.6
150 21.5 86.2
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removal steeply increased with the adsorbent loading up to 
1 g/L, but aniline adsorbed decrease as the dose of adsorbent 
increases from 0.4 to 1 g/L; this indicates that increase in 
the adsorbent dose lead to the decrease in the efficiency of 
aniline which may be as a result of the decrease in the active 
surface of the adsorbent (Ahmadi and Kord Mostafapour 
2017a). The increased adsorption of phenol by increasing 
the amount of adsorbent is as a result of an increase in the 
active sites and effective surface in the adsorbent (Sui et al. 
2011).

Effect of contact time

Figure 5 and Table 5 show the effect of contact time on Ce 
and percent removal efficiency of aniline and phenol onto 
the modified bentonite at a constant initial concentration 
(50 mg/L) and optimum adsorbent dosage and optimum pH. 
The uptake of aniline on the modified bentonite was rapid 
in the first 30 min (97.3%), but the uptake of phenol on the 
modified bentonite was rapid in the first 45 min (95.3%) 

and then the adsorption rate decreased gradually and finally 
reached equilibrium. The increase in contact time from 10 
to 30 min resulted in the increase in aniline adsorption, and 
the increase in contact time from 10 to 45 min resulted in the 
increase in phenol adsorption, because of more frequency of 
collisions between pollutants and adsorbent. Increasing the 
retention time resulted in more collision, which increased 
the pollutant adsorption by the adsorbent. Then, the adsorp-
tion process was slow as the time was increased further. This 
result can be supported by the results of the study (Mohanty 
et al. 2005). 

Adsorption isotherm

The Langmuir isotherm is based on single layer and homog-
enous adsorbed material with the same energy on the sur-
face. Freundlich isotherm was calculated using a hetero-
geneous surface with non-uniform distribution of surface 
absorption heat. The Freundlich isotherm is shown by Eq. 3 
(Sui et al. 2011):

where qe is the amount of aniline and phenol adsorbed 
(mg/g), Ce is the equilibrium concentration of aniline and 
phenol in solution (mg/L), and Kf and n are the constants 
incorporating the factors affecting the adsorption capacity 
and intensity of adsorption, respectively.

The Langmuir isotherm model is presented as Eq. 4 (Sui 
et al. 2011; Kakavandi et al. 2013):

where qm (maximum adsorption capacity) is a monolayer 
adsorption capacity (mg/g), qe is the amount of pollut-
ant adsorbed on the adsorbent (mg/g) and KL is Langmuir 

(3)log
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qe
)

= log
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+
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n
log
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)
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Fig. 4  Effect of adsorbent dose on removal efficiency of pollutants 
by bentonite (contact time = 60  min, pH = 6, pollutants concentra-
tion = 50 mg/L)

Table 4  Effect of adsorbent dose on aniline and phenol removal by 
bentonite

Adsorbate Adsorbent dose 
(g/L)

% Removal Kd (Ce/C0)

Aniline 0.4 96.48 1
0.6 93.37 1.88
0.8 90.1 2.8
1 83.34 4.8
1.5 80 5.2

Phenol 0.4 91 1.6
0.6 91.1 1.59
0.8 92.24 1.4
1 94.2 1
1.5 93 1.1
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Fig. 5  Effect of contact time on removal efficiency of pollut-
ants by bentonite (pH = 6, dosage = 1  g/L, pollutants concentra-
tion = 50 mg/L)
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isotherm constant related to the affinity of the binding sites 
and energy of adsorption (L/mg). The essential specifica-
tions of a Langmuir isotherm can be expressed as the idiom 
of a dimensionless constant separation factor or equilibrium 
parameter, RL, which is defined by Eq. 5 (Mohanty et al. 
2005):

The RL value indicates whether the process is unfavorable 
(RL > 1), linear (RL = 1) or favorable (0 < RL < 1) (Igwegbe 
et al. 2016).

Adsorption kinetics

The rate of an adsorption process is elucidated through 
adsorption kinetic models (Balarak et al. 2016). The kinetics 
of adsorption depends on the chemical and physical proper-
ties of the adsorbent (Kilic et al. 2011). Linear equations 
relating to kinetics are shown as follows (pseudo-second-
order, pseudo-first-order and intraparticle diffusion model):

The pseudo-first-order rate equation is defined as in Eq. 6 
(Sui et al. 2011):

where qt and qe is the amount of adsorbate adsorbed at time t 
and at equilibrium (mg/g), respectively, and k1 is the pseudo-
first-order rate constant for the adsorption process  (min−1).

The pseudo-second-order model can be represented in the 
following form (Mahvi and Heibati 2009):

where K2 is the pseudo-second-order rate constant 
(g mg−1min−1), q and qe is the amount of the pollutant 
adsorbed on the adsorbent (mg/g) at equilibrium and at time 
t, respectively.

(5)RL =
1

1 + KLC0

(6)Log(qe − qt) = log qe −
k1

2.303
t

(7)
t

qt
=

1

K2q
2
e

+
t

qe

The intraparticle diffusion model is given by Eq. 8 (Kho-
shnamvand et al. 2017):

where c is a constant and the kid is the intraparticle diffusion 
rate constant (mg/g min1/2), qt is the amount adsorbed (mg/g) 
at time t (min).

The adsorption kinetic and isotherm parameters are 
shown in Tables 6 and 7. The results showed that aniline 
on bentonite fits best into the Freundlich isotherm model 
(R2 = 0.99), but phenol on bentonite fits best into the Lang-
muir model isotherm model (R2 = 0.997). In the two cases 
of isotherms, high correlation coefficient was obtained and 
this reflects the consistency of the results of this study with 
the Langmuir and Freundlich isotherms (Figs. 7, 8). RL and n 
represent the desirability of the isotherm. The adsorption of 
aniline and phenol on the adsorbent (bentonite) is favorable 
since 0 < RL < 1 (Table 6).

The R2 of the kinetic models (Fig. 6) suggest that the 
pseudo-second-order model mechanism is predominant 
which means that the uptake process follows the pseudo-
second-order expression with correlation coefficients 
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Fig. 6  Pseudo-second-order kinetic plot on a aniline and b phenol removal by bentonite

Table 5  Effect of contact time on aniline and phenol removal by ben-
tonite

Adsorbate Contact time 
(min)

Ce (mg/L) % Removal

Aniline 10 1.75 96.48
20 1.5 96.87
30 1.3 97.3
45 4.3 91.5
60 4.6 90.7

105 4.3 90.5
Phenol 10 2.8 94.2

20 2.7 94.58
30 2.48 95
45 2.35 95.3
60 3.8 92.4

105 3.9 92.2
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greater than 0.999. According to the kinetic coefficients, 
the obtained data follows the pseudo-second-order 
model and it’s the best model to determine reaction rate 
that reflects the rapid adsorption of phenol and aniline. 
This proposes that the rate-limiting step is chemisorp-
tion (Igwegbe et al. 2016; Al-Ghouti et al. 2005). It is 

consistent with other studies (Rahdar and Ahmadi 2017; 
Ahmadi and Kord Mostafapour 2017a).

Table 6  The adsorption 
isotherms constants for aniline 
and phenol adsorption

Freundlich isotherm Langmuir isotherm

q
0

(

mg

g

)

kl

(

l

mg

)

RL R2 Kf n R2

Phenol 23.64 0.43 0.044 0.997 8.6 3.12 0.97
Aniline 37.04 0.015 0.57 0.987 0.977 1.39 0.99

Table 7  The adsorption kinetic 
model constants for aniline and 
phenol adsorption

C0 (mg/L)
50

Pseudo-second-order Pseudo-first-order Intraparticle diffu-
sion

K2 (g/mg min) R2 Qe (mg/g) K1(1/min) R2 Qe (mg/g) Kpi C R2

Phenol 0.05 0.999 4.58 0.016 0.46 0.033 0.09 4.8 0.388
Aniline 0.01 0.999 11.26 0.02 0.56 0.157 0.13 12.5 0.603
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Fig. 7  Langmuir isotherm plot on a aniline and b phenol removal by bentonite

0
0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

0.8 0.85 0.9 0.95

Lo
gq

e

LogCe

0
0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

0 0.2 0.4 0.6 0.8

Lo
gq

e

LogCe

(a) (b)

Fig. 8  Freundlich isotherm plot on a aniline and b phenol removal by bentonite



Applied Water Science (2018) 8:170 

1 3

Page 7 of 8 170

Conclusions

The adsorptive potential of modified bentonite for the 
removal of aniline and phenol from aqueous solutions has 
been examined. Highest removal was achieved at contact 
time of 30 and 45 min for aniline and phenol, respectively; 
it was found to decrease as the initial concentration was 
increased for both adsorbates. The removal of aniline was 
maximum at pH of 6 and adsorbent dosage of 0.4 g/L 
whereas for phenol, maximum removal was achieved at 
pH 4 and dosage of 1 g/L. The process of aniline and phe-
nol adsorption on modified bentonite conformed to the 
Freundlich and Langmuir isotherms with regards to their 
correlation coefficients, R2. The kinetic data of aniline 
and phenol adsorption on modified bentonite followed 
the pseudo-second-order model. The experimental study 
shows that the modified bentonite by sulfuric acid can give 
good efficiency for the removal of aniline and phenol.
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