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ABSTRACT

Cresols are phenolic pollutants found in industrial wastewaters. Their efficient removal is
an important environmental concern. The isotherms and kinetics of the adsorption of an
aqueous solution of o-Cresol, on a local Algerian Montmorillonite clay mineral (sodium clay
(SC)) were determined experimentally. Various parameters influencing the adsorption were
optimized, mainly the effect of the contact time, initial concentration and pH of the solution
were studied. The experimental results obtained show that the equilibrium of sorption is
reached within 15 min with a percentage of 99.507%. Indeed, the adsorbent dose is 15 mg
with o-Cresol concentration of 62 mg/L, T = 25˚C and pH 6.31 for the better adsorption.
Results deducted from the adsorption isotherms also showed that the retention is pre-
dictable from these isotherms in agreement with the Langmuir model. Pseudo-second-order
model describes the o-Cresol adsorption behavior with an intraparticle diffusion. In addi-
tion, the adsorption heat is around −31 kJ/K mol, which are in the limit between physical
and chemical adsorption. The use of adsorptive properties of SC for the treatment of indus-
trial wastewater seems to be an interesting solution.
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1. Introduction

Pollution of the environment in general and water
pollution in particular, has attracted the attention of
scientists about the subject of growing concern at the
world level for the release of heavy metals, dyes, pes-
ticides, phenols and other organic and inorganic com-
pounds in the environment.

These chemical pollutants have serious conse-
quences on the fauna, flora, and water courses [1,2].
Their presence in the water, even trace amounts,
changes its flavor, color, and odor making it nonsuit-
able for consumption or toxic. Among the organic
compound feared phenol and its derivatives.

Indeed, the first responsible for this pollution is
industrialization, because technology development,
several chemicals are produced and can be found in
water, accidentally or by discharges.
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As the toxicity of these phenolic compounds is
important, their concentration (up to several grams
per liter) inhibits or reduces unfortunately microor-
ganisms in plants treating wastewater [3]. The pres-
ence of phenols greatly reduced biodegradation of
organic components [2,4], which makes the degrada-
tion of phenols very difficult.

The importance of protecting natural environments
and improving water quality are increasing thanks to
the inspection and monitoring of the environment in
sounding the alarm on each health disaster proposing
regulations increasingly stricts.

Cresols are phenols used as antiseptics and disin-
fectants. They also enter into the composition of many
organic products: pesticides, antioxidants, phenolic
resins [5,6]. Cresol is a mixture of three isomers of
methylphenol (CH3-C6H4OH) ortho-, meta-, and para-,
which are unpleasant odor, but less toxic than ordi-
nary phenol. These may produce very serious diseases
like cancer or other pathologies [7–10].

Various techniques and methods of wastewater
treatment are used to rid these contaminants. The
most used physicochemical processes are as follows:
coagulation, chemical precipitation, ion exchange, and
adsorption [11–14] and membrane processes [15–17]
and oxidation [18,19]. Their degradation by biological
way [7,20–22], with the ability of many microorgan-
isms to decompose, is a strategy widely used in orga-
nized detoxification of polluted environments.

Water treatment by adsorption is used for its effi-
ciency in removing organic micro-pollutants [16,23].
Several studies have shown that adsorption on acti-
vated carbon is readily achievable [1,11,24]. However,
the use of inexpensive adsorbents for water treatment
is a subject of great interest [15,25]. Then, the elimina-
tion of phenolic pollutants from wastewater by inex-
pensive materials, such as natural or synthetic zeolites
[12,13,26,27], the resins [28,29], and especially clays
[16,30,31]. Today, clays are known by their abundance
in nature [32,33], their ion-exchange properties and
their high adsorption capacity [32–34]. Multiple
physicochemical properties of clays give their proper-
ties quite remarkable: swelling, flexibility, plasticity,
etc. They seem to be a better adsorbent to degrease
and bleach wastewater polluted by industrial dis-
charges [35], [42].

The objective of this work is to study this material
in the removal of phenolic compounds as o-Cresol.
The adsorption capacity is estimated by obtaining the
adsorption isotherms and the kinetic of the process is
also studied. The parameters of the adsorption process
will be determined and optimized: the contact time,
the initial concentration of the pollutant, or the pH of
the aqueous solution.

2. Materials and methods

2.1. Adsorbent and adsorbate

Montmorillonite collected from Roussel, Hammam
Boughrara (Maghnia located to the west of Algeria)
has been used. This montmorillonite is commercial
and it is provided by ENOF (National Company of
the Non-ferrous Mining Products). The recovered
solid phase was saturated with sodium ions by stir-
ring in sodium bicarbonates (NaHCO3). This clay has
been called as sodium clay (SC).

The analysis of o-Cresol has been performed using
the maximum wavelength of the UV–visible spectrum
at λmax = 270 nm.

2.2. Characterization methods

The montmorillonites have been characterized
using different spectroscopic techniques (XRD, Fourier
transform infrared spectroscopy (FTIR), BET) before
and after adsorption. The X-ray diffractograms were
made using a Bruker model diffractogram D8-
Advance to the operating wavelength of the copper
Kα (λ = 1.5418). FTIR was performed using a Bruker
Alpha, over a range of 400–4,000 cm−1 with a resolu-
tion of 2 cm−1. The specific surface of the adsorbents
was determined by physical adsorption of nitrogen at
77 K using an Autosorb-6 equipment model (Quan-
tachrome). The specific surface (SBET) of adsorbent
before and after adsorption was calculated using the
BET equation (Brunauer–Emmett–Teller) assuming
that the surface of the nitrogen molecule is 16.2 Å2.
The specific surface area, microporous volumes and
pore size deduced from the data of adsorption–des-
orption isotherms of N2 are, respectively, calculated
according to the methods of Dubinin–Radushkevich
(DR) and Barrett, Joyner and Halenda (BJH). The
pHPZC is defined as the pH for which there is neutral
charge on the surface of the adsorbent. A volume
(50 mL of sodium chloride solution (0.01 mol/L) was
placed in capped bottles and the pH was adjusted
from 2 to 12 by adding concentrated sodium hydrox-
ide or hydrochloric acid. A 0.15 g of clay was then
added to the NaCl solutions. After stirring magneti-
cally for 48 h, the final pH was measured and plotted
against the initial pH. The pH corresponding to the
point of intersection with the pH (final) = pH (initial)
was taken as the pHPZC of the material [36,37].

2.3. Experimental protocol

The adsorption equilibrium was achieved by vary-
ing; the initial concentration of o-Cresol from 3.9 to
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62.5 mg/L; the contact time was between 0 and
240 min; adsorbent mass from 10 to 50 mg; the pH
was varied from 2 to 11; and the temperature between
6 and 70˚C. The adsorbed amount of o-Cresol (qe)
(mg/g) was calculated using the following equation:

qe ¼ X

m
¼ ðCi � CeqÞV

m
(1)

Furthermore, the adsorption percentage is calculated
using the following equation:

% adsorption ¼ ðCi � CeqÞ100
Ci

(2)

3. Results and discussion

3.1. Characterization of the adsorbent

Fig. 1 shows X-ray diffractograms of the raw clay
(RC), SC, and the sodium clay after adsorption of
o-Cresol (SCA), respectively. The predominant peaks
in the raw bentonite are those of silica SiO2 α-quartz
(2θ = 21˚ and 27˚), and those of the montmorillonite
(6˚, 17.5˚, and 20˚). Also, characteristic peaks of illite
(9˚, 20.70˚, and 29.36˚) are observed. Similar diffrac-
tograms were found by Konan [38]. Comparing these
results with those of SC, it can be noted that the impu-
rities, such as quartz, are largely eliminated during
the Sodium homoionization. The sodium homoioniza-
tion of the SC, induces the lowering of the reticular
distance, from 19.24 to 16.69 Å. This decrease is due to
the exchange of cations Ca2+, Mg2+, and K+ by Na+

ions which is smaller [36]. This confirms the good
purification of the clay. On the other hand, in the
diffractogram SCA, it can be observed an increase in
d001 to 14.58 Å due to the presence of o-Cresol

molecules incorporated into the interlayer space dur-
ing the adsorption.

The infrared spectra of the RC, SC and sodium
clay after the adsorption of o-Cresol are shown in
Fig. 2; the spectra show the presence of a band at
3,620 cm−1 attributed to the OH-Al, the band at
3,580 cm−1 to the Fe bond for OH of clays 2:1. More-
over, the band to 915 cm−1, marks the deformation
vibrations (bending) of the OH-Al bonds clay
dioctahedral 2:1 [36].

The band centered around 1,630 cm−1 is assigned
to the deformation vibrations of H2O molecules
adsorbed between the layers. Other bands at 875 and
1,460 cm−1 can be assigned to the vibration of
carbonate ions CO2�

3 . Another band in the range
3,200–3,800 cm−1, with an intense peak and shoulders
at 3,400 and 3,625 cm−1 corresponds to the montmoril-
lonite.

The comparison of the spectra of the RC and SC
reveals a shift of the wave number of the band of OH
groups centered around 1,634–1,632 cm−1 [39]. In addi-
tion, the appearance of the band situated at 1,460 cm−1

for the SC characteristic to the carbonates [39]. A dis-
placement of the fine bands of stretching vibration of OH
groups located at 3,620 cm−1 centered at 3,493 cm −1 and
to 3,621 and 3,403 cm−1, respectively [39].

The FTIR spectra of the SC before and after
adsorption of o-Cresol (SC and SCA), respectively,
show a decrease in the wave number of the band of
OH groups located at 3,619 and 3,693 cm−1 and a
weakening of the strong band between 900 and
1,200 cm−1 centered around 1,040 cm−1 corresponds to
the stretching vibrations of Si–O bond. The spectra
also detect a decrease and a shift of stretching vibra-
tion bands of OH groups centered around 1,632–
1,634 cm−1.

The BET surface area of RC is 34, 67 m2/g for SC.
Furthermore, the results show that the pore size distri-
bution value of the SC 4.06 nm is higher than that the
RC is 2.87 nm. An increase in the pore volume of
0.01 cm3/g for RC to 0.04 cm3/g for SC.

The pHpzc values of RC and SC are 4.28 and 5.11,
respectively. When the pH is less than the value of
pHpzc, the surfaces are charged positively when the
pH is higher than the value of pHpzc, the surfaces are
negatively charged. Montmorillonite is positively
charged at pH < 5.11 and negatively charged at
pH > 5.11.

3.2. Adsorption kinetics

Fig. 3 shows the amount of o-Cresol adsorbed with
time in an adsorption process for a concentration of
o-Cresol of 62.5 mg/L. It can be observed that theFig. 1. XRD adsorbents RC, SC, and SCA.
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equilibrium is reached very fast within 15 min. The
maximum adsorption is achieved with an adsorption
capacity of about over 300 mg/g. The other results
were reported for the adsorption of o-Cresol, Adsorp-
tion of o-Cresol from dilute aqueous solution on ben-
tonite clay treated by acid. The maximum adsorption
capacitiy of o-Cresol was around 16.5 mg/g and the
equilibrium was attained after 48 h [31]. Indeed, The
removal of o-Cresol from water by the hybrid process
of clay adsorption (Montmorillonite and kaolinite).
Batch adsorption equilibrium experiments showed
that the amount of adsorption for o-Cresol decreased
in the order kaolin > montmorillonite. The maximum
adsorption capacitiy of o-Cresol for kaolin and

montmorillonite was an obout 8.4 and 7.98 mg/g,
respectively, with a rapid initial step and reach
equilibrium within 250 min. However, the adsorption
of o-Cresol onto montmorillonite is faster than that
onto kaolin [16].

3.3. Effect of adsorbent dose

To observe the effect of the dose of adsorbent
(Fig. 4), the tests were carried out at different doses
(15, 20, 30, 40, 50, and 100 mg/250 mL). From the
results obtained in Fig. 5, the percentage of adsorption
increases with increasing adsorbent dose. With
15 mg/250 mL of the clay, the adsorbed rate of the
o-Cresol is very high as it reaches 99.5866%.

3.4. Effet the pH of the medium

Fig. 5 shows the effect of the pH in the adsorption
capacity for a concentration of 62.5 mg/L for the SC.
In the range of pH tested, the elimination of the
o-Cresol using SC increases with pH up to pH 6.31
and then decreased significantly for more basic pH.
The maximum adsorption is reached at pH 6.31.

It is well known that the properties of inorganic
adsorbents are characterized by charges on its surface.
The first type of reaction sites for clays is the silanol
and aluminol groups Si–OH and Al–OH, respectively,
and the charge of these groups depend on the pH of
the solution [40]. The maximum amount adsorbed
was found at pH 6.31. These results can be explained

Fig. 2. FTIR spectra of samples RC, SC, and SCA.
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Fig. 3. Kinetics of adsorption of o-Cresol on SC ([C] =
62.5 mg/l; m (SC) = 50 mg; T = 25˚C; pH 6.31).
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on the basis of the pHpzc value of SC (5.11) and pKa
of o-Cresol (10.26). At this pH range, o-Cresol exists in
the molecular form and is basic in nature due to the
electron releasing groups of methyl and hydroxyl [11].
Also, SC which has a net positive charge
(pHpzc = 5.11) has more affinity for the molecular form
of o-Cresol and this results in its high adsorption
uptake. Different results of pH were reported for the
adsorption of o-Cresol on clays. A o-Cresol adsorption
test showed that the maximum adsorption capacity of
o-Cresol for Kaolin and Montmorillonite was an obout
8.4 and 7.98 mg/g at pH 9.1, respectively [16].

In too acidic conditions, the number of positively
charged adsorption sites increases because the H+ ions
are then very mobile and occupy the active sites of the
clay surface. In the basic conditions, the adsorption
capacity decreases as a dominant negative charge on
the clay surface cause repulsion with the o-Cresol.

3.5. Influence of temperature

To study the influence of temperature on the
adsorption capacity of the o-Cresol on the adsorbent,
a series of experiments was conducted at various tem-
peratures: from 280 to 343 K is shown in Fig. 6. The
amount of o-Cresol adsorbed reached a maximum
after 15 min at a temperature of 25˚C. The variation of
the temperature of the reaction medium affects
slightly the adsorption of o-Cresol. When the tempera-
ture increases to 25˚C, the adsorption decreases which
is probably for desorption.

3.6. Adsorption isotherm

Fig. 6 shows the adsorption isotherms of o-Cresol
on SC were assessed by plotting the relation of qe as a
function of Ceq as illustrated (Fig. 7) after adsorption
tests. The Langmuir model assumes monolayer
adsorption, while the Freundlich model is empirical in
nature which assumes the adsorption is heterogeneous
on the surface [15,37].

The experimental data were analyzed according to
the Langmuir and the Freundlich models (Figs. 8
and 9).

The Langmuir and Freundlich adsorption isotherm
can be described by the following relations,
respectively [35,37]:

Ceq

qe
¼ 1

KLqm
þ Ceq

qm
(3)

log qe ¼ log KF þ 1

n
Ceq (4)

Fig. 7 clearly shows different adsorption capacities for
the isotherm models in the nonlinear form of experi-
mental data with both isotherm model (Langmuir and
Freundlich). The linearized forms of the Langmuir
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Fig. 4. Curve optimization of the adsorbent dose, Adsorp-
tion%—adsorbent dose ([C] = 62.5 mg/l; t = 15 mn;
T = 25˚C; pH 6.31).
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and the Freundlich models give correlation coefficients
in the range of 0.98–0.99 (Table 1). A good linear
regression was obtained for the Langmuir model con-
firm the results of the isotherm models in the nonlin-
ear form. This indicates the probable formation of a
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Fig. 7. Adsorption Isotherm of o-Cresol on SC.
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Fig. 8. Langmuir adsorption isotherm of o-Cresol on SC.
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Fig. 9. Freundlich adsorption isotherm of o-Cresol on SC.

Table 1
The parameters of Langmuir and Freundlich isotherms

Adsorbat O-Cresol

Adsorbate Na-Clay
Langmuir isotherm Freundlich isotherm
R2 = 0.9936 R2 = 0.9883
KL = 1,46,272 KF = 2,780, 51,099
qm = 2,673, 6,538 n = 0.93424
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Fig. 10. Pseudo-first-order for the adsorption of the
o-Cresol on SC.
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Fig. 11. Pseudo-second-order for the adsorption of the
o-Cresol on SC.
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monolayer of dye without mutual interactions of
localized sites whose energy is identical. The results
compare competitively with some published results
[14,16,17,31]. This may provide an advantage for
developing countries local economies to use such
low-cost adsorbents.

3.7. Kinetic analysis of o-Cresol

To better understand the adsorption mechanism of
o-Cresol on SC, kinetic models of pseudo-first-order,
pseudo-second-order [37,41], and the model of intra-
particle diffusion [35,37] have was used in this study
(Figs. 10, 11, and 12).

The equations of the first and second pseudo order
were used to describe the adsorption reactions, using
equations Lagergren:

log qe � qtð Þ ¼ log qeð Þ � K1

2:303

� �
t (5)

t

qt
¼ 1

K2q2e

� �
þ 1

qe

� �
t (6)

Morris and Weber consider the evolution of the solute
concentration in the solid phase follows a t1/2 [43]:

qt ¼ X

m
¼ Kdiff t

1=2 (7)

3.8. Thermodynamic adsorption

The variation of the adsorption constant ln (Kd) as
a function of 1/T allows to deduce the thermody-
namic adsorption function like enthalpy and entropy
(ΔH and ΔS) (Fig. 13).

Table 2 shows the obtained values for these param-
eters. The analysis of the results in indicates that the
adsorption of the o-Cresol is spontaneous. Negative
values of ΔH which are less than 40 kJ/mol suggest
that the process of physical adsorption appears to be
exothermic as corresponds to an adsorption process.
In addition, the entropy values are negative low near
zero, resulting in increased mobility of adsorbed
species. These findings are in agreement with those
obtained by the results of m-Cresol adsorption on acti-
vated carbon [14].
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Fig. 12. Intraparticle diffusion for the adsorption of the
o-Cresol on SC.
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Fig. 13. ln Kd vs. 1/T for the adsorption of the o-Cresol on
SC.

Table 2
Thermodynamic parameters of adsorption

Adsorbat o-Cresol
Adsorbate Na-Clay

T˚K 280 285 298 308 318 333 343

ln Kd 7,86,853,896 7,46,855 6,76,609 6,50,263 6,13,369 5,40,332 5,362,367
ΔG (kJ/K mol) −18,01,395 −17,7,636 −17,1,129 −16,6,124 −16,1,118 −15,3,611 −14,8,605
ΔS (kJ/mol) −0.05005
ΔH (kJ/K mol) −32.02922
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4. Conclusion

The elimination of organic pollution by the
conventional treatment is not sufficient, in particular
for the water contaminated by organic compound.
Processes using adsorption then often constituted of a
technical choice. The aim of our study was to investi-
gate the specific adsorption performance of montmo-
rillonite toward organic compounds o-Cresol present
in industrial effluents.

The effect of some experimental parameters was
studied using a batch adsorption technique. The
results showed that the time required for complete
adsorption and equilibrium is reached very fast within
15 min. With 15 mg of the clay, the adsorbed o-Cresol
rate is very high as it reaches 99.58%. The best rate is
obtained when the pH is neutral 6.31. The kinetic
analysis indicates fast reactions with a second-order
kinetics and intra-particle diffusion. The adsorption of
o-Cresol is exothermic and spontaneous, and of a
physical type. The results deduced from the plot of
the adsorption isotherms of o-Cresol shows that reten-
tion is predictable from these isotherms in agreement
with the Langmuir model.

Finally, the SC proves to be a best adsorbent to
remove the micro-pollutant o-Cresol from industrial
wastewater.
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