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ABSTRACT

This research aims to carry out an experimental study to remove toxic phenol from wastewater
by Faujasite-type Y zeolite as adsorbent. The adsorbent was firstly synthetized and characterized
by X-ray diffraction to determine both its mineralogical composition and the crystal structure of
zeolite, differential thermal analysis-thermogravimetric analysis to understand its thermal behav-
ior with respect to the sintering temperature, the N, adsorption/desorption method to get the sur-
face area measurements and scanning electron microscopy coupled with energy-dispersive X-ray
spectroscopy to study the surface morphology. The operating conditions such as contact times,
pH and temperature of adsorption were studied and optimized to improve efficiently the process
of adsorption. The adsorption analysis showed an adsorption capacity of 83 mg/g towards phenol
at optimum pH = 4 and 52°C. The reaction kinetics was studied by pseudo-first-order and pseu-
do-second-order models, and it was observed that the pseudo-second-order accurately described
the adsorption kinetics. In addition, the Freundlich and Langmuir adsorption isotherms models
were applied, the found results showed that the Langmuir adsorption isotherm model is the most
appropriate to describe the adsorption of phenol on Faujasite zeolite. The thermodynamic results
also confirm the reversibility and disorder of the process, indicating that the phenol adsorption
was primarily physical, and the decisive effect of m—m interactions and H-bonds on the adsorption
capacity could not be considered the main force. As well as, high silica zeolites have several acidic
sites, and associated base sites, which could act as active adsorption sites for phenol, suggest that

the zeolites have potential applications in the removal of organic pollutants from wastewater.
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1. Introduction world do not have access to drinking water and urgently

Nowadays, the sources of potable water are very lim-
ited to fill the daily life needs. Indeed, many parts of the

* Corresponding author.

need economical, reliable and efficient methods to treat local
raw water sources. Additionally, the increase in industrial
activities is putting increasing pressure on the world’s fresh-
water reserves [1]. These activities generate a wide variety
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of chemicals that are discharged into the water cycle [2].
Industrial and agricultural discharges containing toxic and/
or bio-refractory products have become a major concern,
leading to widespread awareness and stricter legislation
regarding tolerated limits [3]. Among these pollutants, phe-
nol which is a severe pollutant due to its toxicity. Depending
on its duration of exposure, it can cause many diseases even
at low concentrations. Phenol is also present in agricultural
runoff due to several pesticides affecting soil and groundwa-
ter. Phenol reduces soil porosity, affecting seed germination.
Therefore, disposing of phenol in a cost-effective and envi-
ronmentally friendly manner is an effective way to ensure
human health and protect the environment.

Despite the continuous improvement of processes and
human behavior, the techniques for treating unavoidable
pollution still face difficulties because there are no univer-
sal treatment methods [4]. Among aqueous effluents, those
containing toxic organic pollutants pose specific techno-
logical difficulties. Numerous methods and techniques of
removal of pollutants have been developed in recent years.
Several methods like adsorption, flocculation, oxidation,
membrane processes, enzyme degradation, ion exchange,
enzyme degradation, etc, have been used to treat phe-
nol-containing wastewater [5].

The adsorption process is a widely used technology for
the purification or removal of substances in the gas or lig-
uid phase. Therefore, it is the most favorable method for
removing pollutants and has become an analytical method
of choice, very effective and simple in its use [6]. In gen-
eral, it uses materials like highly porous adsorbents or con-
taining functional groups to improve adsorption capacity.
Among the used adsorbents, there are clays, activated alu-
mina, activated carbon, agro-industrial residues and nat-
ural and synthetic zeolites, etc. [7,8]. Also, several natural
and synthetic materials are tested in the adsorption of phe-
nol and can be used in water treatment processes. Zeolitic
materials are inorganic crystalline alumina-silicates with
an ordered microporous structure and uniform pore size,
which present particular physicochemical properties and
are useful in various fields (ion exchange, separation and
catalysis), due to their controlled porosity and the presence
of exchangeable compensation cations, as well as their high
hydrothermal resistance [9,10].

The zeolites are among the most studied materials for
environmental applications and are a suitable choice as
new adsorbents. Especially, FAU-Y zeolite has a larger spe-
cific surface area than other types of zeolites with a higher
porosity. The main characteristics of this material are: low
cost, high stability and well defined pores and a typical
microporous structure. In addition, this type of zeolite is
very hydrophilic. These properties have made it possible
to choose this type of zeolite as an adsorbent support to
eliminate phenol in an aqueous medium [11,12].

Structural and textural properties of material depend
upon preparation method, used precursors and precipi-
tating agent. Different researchers have widely used this
material due to these promising properties in the adsorp-
tion of volatile organic compounds [13], trichlorophenol
[14,15], CO, [16] and Cd(II) [17].

Because of its efficiency, its simplicity of implemen-
tation and low capital cost, adsorption remains one of the

most widely used techniques for removing organic pollut-
ants. This method requires the choice of an adsorbent with
good characteristics (high specific surface area, availability,
low cost). Several research works focus on the use of syn-
thetic zeolite in the removal of organic and inorganic pollut-
ants in wastewater [18]. In addition, several reviews show
the effectiveness of adsorption on zeolite in the treatment
of wastewater [19].

In the present work, low-cost Faujasite-type Y zeolite
was hydrothermally prepared and characterized by differ-
ent techniques. As application to evaluate the material per-
formance, this zeolite was used as an adsorbent of dynamic
adsorption experiments to remove phenol from the solu-
tion medium. In addition, the adsorption process was sys-
tematically studied, including the adsorption kinetics,
adsorption isotherms and adsorption thermodynamics.

2. Materials and methods
2.1. Chemicals and reagents

Hydrochloric acid (HCI, 37 wt.%), sodium hydroxide
(NaOH, 98 wt.%), sodium aluminate, sodium silicate and
polyethylene (PE) were acquired from Sigma-Aldrich for
zeolite synthesis. It should be noted that all preparation
experiments were performed with self-produced distilled
water.

2.2. Adsorbent preparation
2.2.1. Germination gel

To prepare the germination gel, 0.0255 mol of NaOH
and 5.328 x 10 mol of sodium aluminate were dissolved
in 0.277 mol of distilled water. After dissolution, 0.02 mol
of sodium silicate were added to the mixture. The polyeth-
ylene (PE) container was closed and the gel was allowed to
cure for 24 h at room temperature with stirring [20].

2.2.2. Growth gel

The growth gel was prepared as follows: 8.75 x 10 mol
of NaOH and 0.033 mol of sodium aluminate were dissolved
in 1.82 mol of distilled water. After dissolution, 0.125 mol
of sodium silicate was added gradually under strong agi-
tation. The gel was left to cure for 2 h after the end of the
addition. Once the growth gel was ready, the germination
gel was added under strong agitation and the whole was
placed in a closed polyethylene (PE) container at 80°C for
24 h. After drying, the zeolite was filtered and washed with
distilled water until pH = 10 and finally, it was dried [21].

2.3. Characterization of the adsorbent

The adsorbent was characterized using different tech-
niques. Fourier-transform infrared spectra (FTIR) was
collected from 400 to 4,000 cm™ on a FTIR spectrometer
(Shimadzu, JASCO 4100). X-ray diffraction analysis is used
in order to identify the crystalline phases and it was per-
formed using an X'Pert PRO MPD diffractometer employ-
ing CuKo radiation (Kal = 1.5418 A). The surface morphol-
ogy of the samples was conducted by scanning electron
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microscopy (SEM, Topcon Model EM200B), equipped with
energy-dispersive X-ray (EDX) analysis. Thermogravimetric
analysis (TGA) and differential thermal analysis (DTA)
were carried out in an air atmosphere using LABSYS Evo
equipment. N, adsorption/desorption measurements were
obtained using Micromeritics ASAP 2010 to calculate the
zeolite textural parameters. The point of zero charges was
determined by the potentiometric titration [22].

2.4. Adsorption of phenol

These experiments were done by mixing 20 mL of phe-
nol with a concentration ranging from 10 to 50 mg/L, with
a zeolite mass of 0.1 g. The batch experiments on the pH
effect were carried out at 298 K. The pH of all solutions was
adjusted to the desired pH (of 2 to 11) with a tolerance of
+0.02 from the desired value, under continuous stirring of
400 rpm. The effect of ionic strength on the adsorption equi-
librium of zeolite was studied under the following experi-
mental conditions, phenol solutions (10 M) are mixed with
different concentrations of NaCl (0.001, 0.0001 mol/L) and
KCl1 (0.001, 0.0001 mol/L) before the addition of the amount
of solid and the continuation of the adsorption process.
The experiments on the temperature effect were conducted
at temperatures ranging from 20°C to 60°C at pH = 4.

It should be noted that the phenol concentrations were
determined at A = 270 nm, using the Shimadzu UV-1240
spectrophotometer. Eq. (1) was used to determine the
adsorption capacity of phenol in the kinetic and isotherm
experiments.

_G6-C
_m

Q xV_, 1)

adsorbent

where Q is the adsorption capacity (mg/g), C, is the initial
concentration of the phenol solution (mg/L), C, is the equi-
librium phenol concentration (mg/L), m_,_ . is the mass
of used zeolite (g) and V_, is the volume of the phenol
solution (L).

Adsorption experimental data were adjusted to nonlin-
ear kinetic and isotherm models. The modeling of the adsor-
ption kinetics was carried out by the pseudo-first-order
and pseudo-second-order according to Egs. (2) and (3) [23]:

q, = qq (1 _ e—txkl ) (2)

t
=P xk x—— 3
e ®)

3. Results and discussion
3.1. Characterization of the adsorbent

3.1.1. X-ray diffraction analysis

The X-ray diffractogram of the synthesized zeo-
lite based on silicate and aluminate precursor is given in
Fig. 1. It shows that the solid is well crystallized, thus the
lines obtained confirm the presence of the crystalline

Faujasite-type zeolite phase similar to that reported by
Haghdoost et al. [24] (powder diffraction file N° 00-043-0168).
The lines of this diffractogram are intense and sharp and no
lines other than those of the zeolite phase are detected [25].
The crystal parameters and chemical formula are given in
Table 1.

3.1.2. N, adsorption/desorption

N, adsorption/desorption was used to characterize the
pore structure of Faujasite zeolite (Fig. 2). This isotherm
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Fig. 1. X-ray diffractogram of Faujasite zeolite.

Table 1
Crystal parameters of the synthesized zeolites

Materials ~ Parameters Crystal ~ Chemical
system  formula
Zeolite a=b=c=2479A Cubic  (Na,),,[ALSiO,]
a=p=x=90° 32(H,0)
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Fig. 2. N, adsorption/desorption isotherm of synthesized
zeolite and distribution of pore size.
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clearly shows an H,-type hysteresis loop often obtained
with rigid stacks of spherical particles of uniform size. The
capillary condensation jump is abrupt, signifying homo-
geneous pore sizes [26]. The textural parameters derived
from the nitrogen adsorption isotherms are reported in
Table 2 (area, volume and pore diameter).

3.1.3. Fourier-transform infrared spectroscopy

The FTIR of zeolite powder is shown in Fig. 3 and
Table 3. The spectra shows bands located at 3,477 and
1,640 cm™. These bands reflect the presence of elongation
and deformation vibrations of the O-H and H-O-H bonds
of the adsorbed water molecules, respectively [27,28].
In addition, a strong absorption band located between
1,000 and 1,100 cm™ represents a vibration band of Si-O
bond [29]. In addition, two absorption bands at 458 and
553 cm™ are characteristic of the vibration bond of Al-O.
Thus, two absorption bands at 687 and 762 cm™ [30] are
attributed to the vibrations of the Si-O-Al and Si-O-Si
respectively [31].

3.1.4. SEM examination

SEM analysis of the zeolite is presented in Fig. 4.
The images show the existence of crystals with an aver-
age size ranging from 0.53 to 1.8 pm and a bi-pyramidal
shape with a square or cubic octahedral base characteris-
tic of Faujasite-Y type zeolite. The results of the SEM were
complemented by chemical analysis by EDX which shows
that the synthesized material is a Faujasite type zeolite.
The mass percentage of Na, Al and Si is about 51.4 wt.%
with that of oxygen (50.8 wt.%) gives an overall percent-
age equal to 100%, which proves the purity and the best
crystallinity of Faujasite [32,33].

Table 2
Structural parameters derived from N, adsorption isotherms
of Faujasite zeolite

Material Syer (M/8) V. (cm’/g) D, (A)
Zeolite 639.619 0.320 20.894
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Fig. 3. Infrared spectra of Faujasite zeolite.

3.1.5. Gravimetric and differential thermal analysis

The changes in the physicochemical properties of the
zeolite synthesized can be followed by TGA and DTA. The
DTA/TGA curves of the Faujasite-type zeolite are shown
in Fig. 5. A broad endothermic peak (Fig. 5b) between
25°C and 250°C with a maximum at 160°C associated
with a loss of mass (Fig. 5a). It corresponds to the depar-
ture of the physisorbed water which does not destroy the
crystal structure. The second exothermic peak accompa-
nied by a second loss of mass occurs in the range of 300°C
and 500°C and is attributed to the oxidation of zeolite
elements (Si and Al) [31-33].

3.1.6. pH of zero charge point

The pH_, corresponds to the pH value for which the
net charge on the adsorbent surface is zero [33]. Results
of pH__ are shown in Fig. 6. The intersection of the curve
with the axis passing through zero gives the point of pH of
zero charge. The nature of dominant charge on the surface
of solid is dependent on the value of pH on comparison
with that of the pH = 11.4 of our synthesized material. A
negative surface charge in the pH higher than 11.4 and the
inverse is correct.

3.2. Adsorption of phenol
3.2.1. pH effect

The pH is an important factor in any adsorption study.
It allows to control this process and can condition both the
surface charge of the adsorbent as well as the structure of
the adsorbate. The results of Fig. 7 show the influence of
pH on the adsorption of phenol on zeolite. It should be
mentioned that the optimized removal efficiencies are
obtained in acidic medium. A better adsorption efficiency
was observed at pH equal to 4 by removing phenol with
a yield of 98.83%. The observable effect of pH of aqueous
solution in the adsorption process can be justified by the
relationship between three quantities: pH of the medium,
pH of the zero charge point and the dependency of phenols
ionization at different pH values. The ionic ratio of phe-
nolate and anionic ions can be calculated by this formula

[Eq. (4)].

1
D hynolate = m (4)

Table 3
Functional groups and assignment of FTIR bands for Faujasite
zeolite

Functional groups Bands (cm™)

O-H stretching vibration 3,477

O-H deformation 1,640

Si-O stretching vibration 1,000-1,100
Si—O-Si stretching vibration 458-553
Si-O-Al bending vibrations 687-762
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Fig. 5. DTA/TGA curves of Faujasite zeolite.
where (Dphemlate increases as the pH value increased. Table 4
shows the anionic forms at pH 4, 7 and 11 for each studied
compound. The amount of phenolic compound adsorbed
decreased when the amount of the anionic species in solu-
tion increased (i.e., when the pH was increased, being the
most optimal conditions at pH = 4). Generally, the modifi-
cation of the ionic charge of the surface of zeolite is related
to the pH value of the medium. The decrease in the quantity
adsorbed as a function of pH is due to the presence of elec-
tronic repulsion forces between the zeolite surface and the
anion formal charge [33].

Fig. 6. Surface charge curves of zeolite Faujasite suspensions at
ionic strength 0.001 M.

In other, the pH of the dilution medium conditions the
rate of protonation of the compounds. The modification of
the ionic charge of the surface of zeolite is related to the pH
value of the medium. It is known that below pH of the point
of null charge (the point of zero charge of Faujasite-type
Y zeolite was 11 and corresponded to the pH on which its
surface presented the equilibrium of positive and negative
charges) the positive charge that dominates on the surface
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Fig. 7. pH effect on the adsorption of phenol on zeolite.
Table 4
Ionic forms of phenol at various pH values
Adsorbate  pKa herolate
Phenol 9.95 pH4 pH7 pH11
112x10°%  9.99x10*  9.09x10™"

of zeolite and pH > pKa of phenol in phenolate form, justi-
fies the important quantity adsorbed of phenol [34]. On the
other hand, other authors have suggested the existence of
the existence of hydrogen-type bonds between zeolite and
phenol thanks to the appearance of hydroxides in the zeolite
structure (Mn(OH)m). Under these conditions, only non-elec-
trostatic interactions such as m—m interactions and donor-
acceptor interactions can promote the adsorption of phenol
on the zeolite surface, with a potential contribution from
H-bond interactions [35]. These interactions are responsible
for the greater adsorption capacity of phenol at acidic pH.
In the basic medium, a competition between phenolate ions
and hydroxyls (OH"), in addition to the dominant-negative
charge on the surface, justifies the decrease of the adsorbed
quantity of phenol [36] can dominate the interaction between
phenol and the surface of the zeolite, which explains the
strong decrease in the adsorption capacity. It is concluded
that the adsorption of phenol is favorable in the acid range,
these results are confirmed by works cited in the literature
[37-39].

3.2.2. Ionic strength effect

The results obtained in Fig. 8 show that the amount of
adsorption increases slightly with the increase of NaCl and
KClI concentrations which justifies the role of the charge in
the adsorption process of phenol which confirms the pres-
ence of electrostatic mechanism. Dong et al. [38] observed
the same phenomenon when studying the adsorption of
bisphenol A on an exchange-modified zeolite and they
suggested that this increase was attributed to the decrease
in phenol solubility. Mishra et al. [39] and Yingji et al. [40]
observed that with the decrease in phenol solubility, the
adsorption decreased, resulting in the clogging of the site
by the zeolites.

79.5
78.8
791 785
78.5 |
w78
R
E’ 77.5 77.02
S ?? -
>
W 76.5 76.08 76
£
o 76
75.5 -
75 -
?4-5 - T T T T
=
5 5 5 5 F
3 S S & 5
] = = o 2
g g g g §
. P~ s aF =

Fig. 8. Effect of ionic strength on the adsorption equilibrium.

3.2.3. Temperature effect

Adsorption is a process that can be exothermic or endo-
thermic. For this purpose, we followed the impact of tem-
perature on the adsorption of phenol on zeolite. The effect
of temperature on the adsorption of phenol has been stud-
ied in numerous works, most of which have noted a pos-
itive influence of temperature on the adsorption capacity
of zeolites [40]. Since the increase of the temperature facil-
itates the diffusion of the adsorbed molecules towards the
internal pores of the adsorbent particles by decreasing the
viscosity of the solution. The most pronounced effect of
temperature was observed in the change from 303 to 333 K,
the adsorption capacity of phenol was improved from 72
to 84 mg/g (Fig. 9). This significant change in adsorption
capacity is due to the mineralogical composition of this
zeolite rich in silica which is an expansive mineral under
the effect of temperature. This results in a better incorpo-
ration of organic molecules in its interfoliar space. The
first effect of the temperature increase favors the diffusion
of the molecules through the external boundary layer and
the internal pores of the adsorbed particles. The second
effect of the temperature increase leads to a variation of the
spaces between the solid particles and decreases the rate
constants of the fixation of the phenol molecules accord-
ing to the Arrhenius law. Similar behavior to that found in
this work has been shown by other works [39].

3.3. Thermodynamic parameter

Parameters such as free energy change (AG°®), enthalpy
change (AH°) and entropy change (AS°) can be estimated
by equilibrium constants changing with temperature
(Fig. 10). The free energy change of the adsorption reaction
is given by Eq. (5) [41].

AG®=-RTInK, )

where AG® is the free energy change (kJ/mol), R is the gas
constant (8.314 J/mol-K), T is the absolute temperature (K)
and K. indicates the equilibrium constant (q/C). The val-
ues of AH® and AS° can be calculated from the Van't Hoff
equation [Eq. (5)] [41].
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The values of the thermodynamic adsorption parame-
ters of the pollutant is grouped in Table 5. They show that
the adsorption reactions of phenol on zeolite are sponta-
neous (AG° < 0) and endothermic (AH® > 0). Also, random
interference at the solid-liquid interface was shown by the
small positive values of the entropy changes AS° (0.229 kJ/
mol'K). The decrease in adsorption free energy values
(AG®) with temperature indicates that the adsorption of
the treated pollutants is promoted by thermal agitation
in the range of studied temperatures [42]. It is concluded
that the phenol molecules are less organized at the solid/
liquid interface than in the liquid phase for these systems.
This allows us to conclude that the phenol adsorption pro-
cess is spontaneous. The results found in this work are in
agreement with other previous works which have shown
that the adsorption of phenol by zeolites is spontaneous
and can be exothermic [43] or endothermic [44].
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3.4. Kinetics: contact time effect and modelling

Adsorption experiments to evaluate the effect of con-
tact time on phenol adsorption were performed on phe-
nol solutions with an initial concentration of 50 mg/L and
at a temperature of 30°C for a period ranging from 20 to
180 min [42].

The results presented in Fig. 11 show that the adsorbed
quantity of phenol increases rapidly in the first 30 min to
reach an optimum of 99.46% and remains approximately
constant after 30 min, indicating an equilibrium state. This
shows that the equilibrium of phenol’s adsorption by zeo-
lite is very fast. Then, the adsorption slows down grad-
ually. This is due to the availability of the high number of
vacant adsorption sites on the solid surface at the initial
stage of adsorption. However, the remaining unoccupied
external sites are challenging to occupy as the time is due
to the formation of the repulsive force between the phe-
nol molecules on the solid surface (adsorbed) and those

va in the aqueous phase (free). In addition, the phenol mole-
1 Kk cules are of medium size and can be quickly diffused into
82 the internal pores until they become saturated, which will
80 > reduce the mass transfer between the liquid and solid phase
S - with time [43]. These lead to a decrease in the adsorp-
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Fig. 11. Variation of the amount of phenol adsorption on zeolite as a function of time.
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the equilibrium state after 60 min. In short, equilibrium  Table 6
is reached after 30 min for phenol, a strong adsorption of = Parameters of the phenol adsorption isotherm on zeolite
phenol is observed in the first minutes of contact, then the
adsorption rate begins to decrease slowly until stabilizing Model Parameters 30°C 40°C 50°C
a.t.a maxgnum limit Val.ue at. time equlhprlqu, the quan- 4 (mge) 170 197 205
tities retained become invariable, resulting in extremely . "
rapid adsorption. Indeed, 99% of the phenol adsorption Langmuir K, (L/mg) 0.004 0.006 0.002
capacity is respectively reached during the first minutes. R? 0.98 0.98 0.99
K, (mg/g) 2,07 7.37 3.60
3.5. Isoth henol ad . i Freundlich 1/n 0.46 0.63 0.58
.5. Isotherm of phenol adsorption on zeolite R? 0.96 0.96 0.99

The adsorption isotherms of phenol on zeolite were
examined using the Langmuir and Freundlich models
(Fig. 12). For the three temperatures studied, the coef-
ficients of correlation (R?) of the Langmuir models are
higher than those obtained with the Freundlich models
(Table 6). The model proposed by Langmuir in 1916, is
a simple theoretical model whose assumptions are: the
adsorption is total when all the sites are covered by a
monologue of adsorbed substance, each site can receive
a molecule, all the sites are equivalent and the surface is
without asperity and the adsorption of a molecule on a
site is not influenced by the occupation of the surround-
ing sites. It can be underlined that in this model, the
adsorbent charge tends toward a maximum limit value
g,, corresponding to a total occupation of the adsorption
sites by a monolayer of the targeted substance [39,43,44].

3.6. Mechanism of adsorption

Three models have been proposed to interpret the
adsorption mechanism of phenol [45]. The electron
donor-acceptor complex (chemical adsorption), the m-m
dispersion interactions (physical adsorption), and the sol-
vent effects. The electron donor-acceptor complex assumes
that the surface oxygen groups of zeolite and aromatic rings
of phenol act as electron donors and acceptors, respec-
tively [46]. According to the thermodynamic analysis,
phenol adsorption was primarily physical, indicating that
this mechanism could not be considered the main force.

The solvent effects occur when some adsorption sites for
phenol are occupied by water molecules. Water molecules
can be adsorbed on the surface oxygen groups by hydro-
gen bond and block part of pores in zeolite [45]. High-
silica zeolites have a high silica content and, therefore, a
relatively hydrophobic surface. Phenol is hydrophilic and
polar, so phenol is more likely to be adsorbed onto Si-OH
single bonds replacing water molecules. High silica zeo-
lites have several acidic sites, and associated base sites,
which could act as active adsorption sites for phenol.

The characterization of the solids after adsorption
of phenol by FTIR can help to understand the mecha-
nism of adsorption of phenol on zeolite. On the spectra
(Fig. 13) we observe the appearance of a band located at
1,030 cm™. This band is attributed to the vibration of the
C-H bond of phenol. Moreover, a remarkable variation of
the intensity of the bands according to the concentration
of phenol. An important effect on the intensity of the band
attributed to the O-H bond which shows the role played
by the solvent in this phenomenon. All these elements
and the thermodynamic data confirm the fixation and the
penetration of phenol molecules in the zeolite and show
that the adsorption can be chemical.

3.7. Comparison with other adsorbents

Simplicity, efficiency of the adsorption process and price
of the adsorbent are the main factors discussed for its use.
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Table 7

Literature results of the adsorption of phenol by different adsorbents

Adsorbent Adsorption capacity (mg/g) References
Zeolites Y modified 24 [47]
Magnetic SN-functionalized diatomite 2.04 [48]
Clarified sludge from basic oxygen furnace 1.05 [49]
Hydrotalcite MgAL-CO, 0.005 [50]
Organo-modified basaltic clay and 41 [51]
NiO 8.52 [52]
Microorganism P. putrid and acid-modified CESEP/ZIF-8 5.96 [53]
Na-bentonite 9.19 [54]
Lignite 6.21 [55]
Moroccan pyrophyllite 11.00 [56]
This work 90
with a removal efficiency of 98%. The adsorption of phe-
nol on zeolite is affected by temperature and its removal
102M Fate increases Wit.h increasing tempgrature .all'ld .adso.rption
is favored at acidic pH. The adsorption equilibrium is well
represented by the Langmuir isotherm model and the sat-
uration time is fast. Thus, the adsorption kinetics follows a
¢ 10"M pseudo-second-order kinetic model. Finally all the results
g show that zeolite has a promising potential to act as an
E alternative candidate for wastewater treatment.
g
" 1M
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Fig. 13. Infrared spectra of Faujasite zeolite after phenol adsorp

Here, we compared the adsorption capacity of synthetic
materials to adsorb phenol in aqueous media with other
natural and artificial adsorbents (Table 7). Porous zeolites
offer advantages over commercial and a few other adsor-
bents for phenol removal. To the current end, the table lists
the adsorption capacities of economic zeolites with some
adsorbents for phenol removal as described within the liter-
ature. The reported data show that the adsorption capacity
of zeolite for phenol is much higher than that of commer-
cial zeolite and comparatively higher than that of another
adsorbent, indicating that the prepared porous zeolite
has advantages in the treatment of wastewater containing
phenol.

4. Conclusion

In the present work, Faujasite zeolite (FAU) was prepared
from sodium aluminate and sodium silicate and character-
ized by various physicochemical methods. This material
was tested as an adsorbent of phenol in aqueous medium.
The results of this study show that the zeolite presents excel-
lent adsorption performance of phenol in aqueous solution
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