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Abstract

Activated Montmorillonite was applied for the sorption of pyridine as a
health-toxic substance. Fourier-transform Infrared spectroscopy (FTIR), zeta
potential analysis, thermogravimetric analysis (TGA), N, physisorption anal-
ysis and X-ray diffraction (XRD) method were used to investigate the struc-
ture and composition of Montmorillonite. The batch sorption system was
used to study the effect of different parameters on the adsorption. Results had
shown that neutral pH had a significant effect on the sorption of pyridine;
thermodynamic calculations indicated that the adsorption of pyridine over
Montmorillonite was exothermic reaction and the equilibrium capacity was
slightly increased by using H,SO, as activating agent by comparison with that
obtained by using HCI and H,PO,. Fitting the experimental data to isotherms
models indicated that the experimental data were well fitted by Fowler Gug-
genheim isotherm models. Finally the results obtained by FTIR and TGA
proved that the relative affinity of the pyridine toward the Montmorillonite
was related to the electron donor-acceptor complexes that were formed be-
tween the basic sites (nitrogen or oxygen) and hydrogens (acidic site).
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1. Introduction

The presence of organic pollutants in the ecosystem is the most important envi-
ronmental problem in the world. The literature reviewed that there has been a
high increase in production and utilization of organic pollutants in last few dec-
ades resulting in a big threat of pollution [1]. Efficient techniques for the remov-
al of highly toxic organic compounds from water and wastewater have drawn
significant interest [2].

Among the different organic pollutants in wastewater, pyridine behaves as an
interesting pollutant. In fact, it is a basic heterocyclic organic compound [3],
which persists for longer duration in water. It is widely used as a solvent and in-
termediate in the production of agricultural chemicals, drugs, dyestuffs and
paints, rubber products, polycarbonate resins and textile water-repellents, as well
as in laboratories [4]. Pharmaceutical agents are manufactured using pyridine as
catalyst [2]. Therefore, increasing amounts of pyridine containing waste water is
generated by various industries, and considered toxic even at low concentrations
to aquatic life and produce nuisance because of the malodorous and pungent
smell [5].

The different physico-chemical methods of pyridine elimination from water
stream have been developed and they are known as biodegradation [2] [6],
chemical oxidation [6], ozonation [2], and adsorption phenomenon’s [7].

Among them, adsorption method is recognized as an effective and low cost
technique for the removal of organic pollutants from water and wastewater, and
it produces a high-quality treated effluent [8]. Therefore, several adsorbents were
used for the treatment of wastewater and especially for the removal of pyridine
such as activated carbon, zeolites and clay minerals [9].

Activated carbon is considered as the most widely used adsorbent because of
its highly adsorption capacity. However, adsorption over activated carbon re-
mains an expensive process due to the difficult regeneration of this material [4]
[10] [11].

Industrial zeolites have been used with specific properties for various applica-
tions [12] [13], but due to their high cost and the complexity of their regenera-
tion, the application of this type of adsorbents is limited [14].

Consequently, in order to design efficient, inexpensive, ecological and recycl-
able materials [15], inorganic material especially Smectite group such as Mont-
morillonite, have been widely investigated [10] [16].

Montmorillonite is a member of the Smectite group expandable 2:1 layer-type
of clay materials [17]. This dioctahedral clay is composed of staked alumi-
no-silicate layers [18]. The silica tetrahedra (T) (Si** in tetrahedral coordination
with O?) and alumino octahedra (O) (AI** in octahedral coordination with O*")
are interconnected (by the sharing of O” at polyhedral corners and edges) in
such a way that a sheet of alumina octahedral is sandwiched between two sheets
of silica tetrahedral, thus making the composition of T-O-T layer [19].

According to many authors, silane is readily intercalated into the interlayer
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space, in the swelling clay minerals such as Montmorillonite [19] [20].

Chemical modifications on the surface of clay were also conducted to improve
their sorption capacity [17]. Indeed, surface modification of clay minerals has
attracted much attention because the obtained products exhibiting properties
suitable for many applications in material science [21].

Clays such as Montmorillonite can bind a large number of organic molecules
because of their large specific surface areas and of their Van der Waals,
ion-dipole, and/or dipole-dipole interactions [22].

In the present work, several characterization techniques especially Fouri-
er-Transform Infra-Red (FTIR), X-ray diffraction (XRD) and Zetametry were
used in order to identify the changes in the structure and properties of the
Montmorillonite clay.

More precisely, this work aimed to study in one hand the removal of organic
molecules such as Pyridine in wastewater over Montmorillonite clay, and on the
other hand, to compare the adsorption capacity of the activated and
non-activated Montmorillonite. In this context and in order to achieve these
goals, adsorption process was conducted in a batch apparatus where the effect of
various parameters, such as adsorbent dose, pH and temperature was studied.

Furthermore, we have tried to highlight the effect of the acidic and alkaline
treatments of the Montmorillonite clay.

2. Experimental Part

The clay adsorbent used in this investigation was the Montmorillonite K10 (la-
beled MK10) and it was supplied from Sigma Aldrich. The MK10 samples used
in this study consisted of crystallites with an average size of 2 micrometer.

A stock solution was of the test reagents were made by dissolving pyridine in

deionized water.

2.1. Activation Process

Montmorillonite (MK10) was treated with various types of chemical activation
agents especially with inorganic acids such as hydrochloric acid, sulfuric acid
and phosphoric acid solutions and with a base (NaOH). The treatments with the
three acids are prepared according to a standard calculation procedure given in
the literature [16].

The MK10 sample is treated by acid solution or a NaOH solution, and then
the resulting suspension is stirred at room temperature for 24 h. After that, the
resulting slurry is poured into a Biichner funnel to separate the acid and the
Montmorillonite. The residual Montmorillonite is washed several times with
distilled water until a neutral pH. After collection, each clay sample is dried at
105°C for 4 h.

The used concentration of all activating agents is fixed to 0.5 mol/L.

2.2. Characterization Techniques

Zeta potentials of Montmorillonite samples were measured at 22°C = 1°C using
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a Zeta Meter 4.0 equipped with a microprocessor unit (PRASE-EDST, LU, Leb-
anon).

FT-IR study was carried out using FTIR-6300 apparatus from JASCO
(PRASE-EDST, LU, Lebanon). FTIR spectra were recorded in the range of 400 -
4000 cm ™ at a resolution of 4 cm™" with KBr pellets technique. The samples for
FTIR were prepared by mixing the powdered samples with potassium bromide
(1% wt/wt) and compressed into 0.7 cm-diameter pellets.

X-ray diffraction patterns were obtained for powder samples, using a D8
Bruker X-ray diffractometer (copper anticathode of wavelength AKa = 0.154060
nm; PRASE-EDST, LU, Lebanon). The data were collected in the 28 range of 5°
to 80° with a step size of 0.02° per second. The collected diffractograms were
analyzed using EV A software.

The microporous and mesoporous volumes and the specific surface area were
determined from nitrogen adsorption-desorption isotherms performed at
—196°C on a Micromeritics ASAP 2420 apparatus using the DFT, the BET (on a
linear P/PO domain between 0.01 and 0.3), and the single-point (P/P, = 0.26)
methods, respectively (IS2M, UHA, France). The calcined samples were placed
in a glass measurement cell, and then they were degased at 350°C under vacuum
prior to the measurement.

Thermogravimetric analysis was performed in flowing air using a Setaram
Labsys thermoanalyser, heated from 30°C to 800°C at a heating rate of 5°C

min~' and was cooled down to room temperature (IS2M, UHA, France).

2.3. Adsorption Experiment

Adsorption experiments were performed using a batch equilibration technique.
Pyridine (99.5% purity) was purchased from Sigma Aldrich and labeled Py.

Py characteristics are summarized in Table 1. The diluted pyridine solutions
were prepared in the concentration range of 25 to 250 mg/L in deionized water.
The pH of the solution was adjusted using HCI (0.1 mol/L) or NaOH (0.1 mol/L)
solutions. For each equilibration technique, 40 mg of the MK10 adsorbent was
added to 20 ml of Py solution and stirred at room temperature in a batch expe-
riment up the equilibrium. For the determination of the optimum mass, a 20 ml
of Py solution was conducted with different dosages of adsorbents (m) till the
equilibrium was reached.

For adsorption isotherms, Py solutions of C; = 25 - 250 mg/L were agitated
with known mass and incubated in an incubator shaker at different temperatures
20°C, 30°C and 40°C until reaching equilibrium.

The amount of Py adsorbed at equilibrium was calculated as:
m,(0)=(C,—-C,)xV

where Cj and C, are the initial and equilibrium concentrations (mg/L) of Py in
the solution, V'is the Volume (L), m, is the mass of the adsorbent (g) and q. is
the adsorbed amount of Py on the MK10 adsorbent (mg/L).
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Table 1. Physicochemical properties of pyridine [1].

Chemical formula C;H;N
Solubility water and apolar solvents
Purity 99.5%
Molecular mass 79.1
Ammax 256 nm
pKa 5.23
Kinetics diameter 0.6 nm

3. Results and Discussion

3.1. FTIR Characterization

Fourier-transform Infrared spectroscopy, a relatively simpler and sensitive tech-
nique used to study the mineralogical and chemical structure of clay minerals
[23] [24].

The FTIR spectra of the untreated and treated Montmorillonite in the wave
number range between 4000 - 400 cm ™' are shown in Figure 1.

The spectrum of the untreated Montmorillonite exhibits absorption bands at
3630 cm™, which is assigned to the stretching vibrations of the OH groups of the
octahedral sheets [25] and at 1656 cm™ which represents the bending vibrations
of the OH groups for the water molecules adsorbed on the surface of the clay.
The band at 1046 cm™ was attributed to the stretching vibration of Si-O
(in-plane), whereas the bands around 531 and 469 cm™ were attributed to
Si-O-Al (where Al is the octahedral cation) and Si-O-Si bending vibrations, re-
spectively. The untreated Montmorillonite spectrum contains bands at 797 cm™
and 693 cm™" which are attributed to orthodase and quartz, respectively.

FTIR spectra of Figure 1 show a decrease in intensity as a result of the acidic
activation of the Montmorillonite. This reflects the leaching of octahedral ca-
tions, from the Montmorillonite structure, causing the loss of water band hy-
droxyl groups coordinated to them [26].

During the acid treatment of the Montmorillonite, initially interlayer cations
are replaced with H* ions followed by dissolution of the aluminum octahedral
and silicon tetrahedral sheets with subsequent dissolution of structural cations
[24]. FTIR study clearly demonstrates that the acid treatment affects first the oc-
tahedral sheet of Montmorillonite clay resulting into the dissolution of octahe-
dral cations [16]. Therefore, the acidification treatment does not affect the crys-
talline structure of the Montmorillonite. On the other hand, a decrease in the
intensity on the OH group of the absorption bands at 1600 and 3600 cm™, this
may be due to the replacement of H,0 molecules by those H" after the acidifica-
tion treatment [27].

In our results, we found that no much variation of the absorption bands in
Montmorillonite clay after its activation with different types of acid, an alkaline

agent compared with the untreated clay minerals.
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Figure 1. FTIR Spectra of the (a) untreated Montmorillonite, and treated Montmorillo-
nite with: (b) hydrochloric acid, (c) sulfuric acid, (d) phosphoric acid and (e) sodium hy-
droxide.

3.2. XRD Characterization

The XRD patterns of the samples are given in Figure 2, here was no significant
difference between the XRD patterns of the different types of activated clay with
that of the untreated MK10 clay.

The basal d 001 reflexion at 8.86 of the MK10 untreated and treated with acids
remains unchanged.

The corresponding peaks showed no modification of 2 theta values observed
at 19.91 (003), 20.92 (0.20), 26.68 (003) and others peaks indicated that conser-
vation of two-dimensional lattice [28].

Therefore, the acidification treatment does not affect the crystalline structure
of the Montmorillonite. This observation is in agreement with the obtained re-

sults of analysis by FTIR.

3.3. Zeta Potential

In a range of investigated pH (2 to 11), the mobility is negative as observed by
the electrophoretic mobilities (Figure 3). This negative mobility indicates that
the clay is negatively charged.

A previous study reported that [29], the decrease in the absolute value of the
zeta potential as the pH diminished was probably due to the displacement of the
equilibrium between the hydrogen of the solution and the hydroxyl groups of

the particle edges, according to:
SO+ H" ——-SOH (1)
SOH +H"* ~ SOH,* (2)
where S stands for any surface site.

On the other hand, the absence of an isoelectric point is usual in clay with

permanent crystalline charge like smectites [30].
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Figure 2. XRD patterns of (a) untreated Montmorillonite; and treated Montmorillonite
with: (b) sodium hydroxide; (c) hydrochloric acid; (d) sulfuric acid; (e) phosphoric acid.
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Figure 3. Zeta potential (¢) of Montmorillonites as a function of pH, at 25°C.

3.4. Porous Textures of the Montmorillonite

The specific surface area (Sggr), the total pore volume and the pores diameter of
the treated and untreated Montmorillonite are reported in Table 2. The specific
surface area of the samples ranges between 222 and 195 (m*/g). The total pore
volume was estimated from the volume of nitrogen helds at the relative pressure
P/P, = 1. The average of the pores diameter is around 5.4 nm (DFT). The pres-
ence of a high Syp; is considered as an important factor when the clay minerals
are used as adsorbent. The decrease in pore volume due to alkaline treatment
may be due to accumlation of hydroxides of cations present on the Montmoril-

lonite.

3.5. Comparison of the Adsorption Isotherms of Pyridine before
and after Activation

The study of the adsorption of pyridine on Montmorillonite was performed at

room temperature and under atmospheric pressure with a range of concentra-
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tions between 25 and 250 mg/L.

The effect of the adsorption of pyridine over the activated and non-activated
Montmorillonite was studied (Figure 4). The results show that the isotherms
have the same appearance. However, there is an increase of pyridine adsorption
by 120% after activation by hydrochloric acid over Montmorillonite clay. A
maximum value of 20.5 mg/g for activated clay was reached by comparison with
9.5 mg/g for the un-activated Montmorillonite.

This is an indication that the activation has a positive impact on the adsorp-
tion efficiency of the activated clay.

Previous studies found that the activation seems to have an enormous influ-
ence on the increase of the capacity and the efficiency of the clay adsorbed the
organic molecules [31].

This increase in productivity can be justified firstly by the formation of
Montmorillonite H'; this form of Montmorillonite would result from the elimi-

nation of two AI**

of four of the central layer [32].

These transformations would leave the whole lattice of the elementary struc-
ture with a negative charge which would be immediately compensated by H".
This result confers acidity on the activated clays and increases considerably their

activity.

3.6. Effect of the Adsorbent Dose (m) towards Py Adsorption

The effect of the adsorbent mass (m = 40, 60, 80 and 100 mg) on the uptake of
Py by the activated MK10 was studied in the concentration range of 25 - 250
mg/L. The results show (Figure 5) that the Py removal was increased rapidly
with a decrease in the adsorbent mass (m).

An increase in the adsorption capacity with a decrease of the adsorbent dose
can be attributed to the increase in the availability of surface area for adsorption
and hence the availability of more adsorption sites. Thus, the optimum mass for
MK10 can be taken as m = 40 mg to attend the equilibrium with the value of
20.85 g/L.

3.7. Influence of pH on Pyridine Adsorption over MK10 and
Different Types of Activated Clay

3.7.1. Montmorillonite Activated by Inorganic Acids

The effect of pH was studied at pH equal to 3, 7, 9 and 11 (Tables 3-5). The

choice of this pH range is carried out to examine the evolution of the adsorption

of solute associated with different chemical forms which are present, depending

on pH.

Pyridine adsorption isotherms over Montmorillonite activated by inorganic
acids clearly show that the pH of the solution has a significant role on the ad-
sorption capacity (Figure 6(a)-6(c)). Therefore, the adsorption has been shown
to be more favored at pH equal to 7 where the molecular species (C;H;N) were

predominantly formed in the medium.
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Figure 4. Adsorption isotherms of pyridine obtained before and after acti-
vation of Montmorillonite by HCL
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Figure 5. Effect of the mass of the adsorbent on the adsorption of pyridine
over activated MK10, at room temperature.
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Figure 6. Effect of pH on the adsorption of pyridine at room temperature over
MKI10 activated by (a) phosphoric acid; (b) hydrochloric acid; (c) sulfuric acid.

Table 2. Textural properties resulting from the analysis of N2 adsorption isotherms of the
treated and untreated Montmorillonites.

Abbreviation Mt MtCl MtP MtS MtNa

SBET (m%g) 222 215 218 216 195
Total porous Volume (cm?*/g) 0.315 0.273 0.299 0.30 0.218
Microporous Volume (cm?/g) 0.036 0.037 0.039 0.04 0.033
Mesoporous Volume (cm?*/g) 0.279 0.236 0.26 0.26 0.185

Average of the Pores
. 5.4 5.4 54 5.4 5.4
Diameter (nm)

Table 3. Parameter values of Fowler-Guggenheim Model obtained from isotherms of py-
ridine adsorption over Montmorillonite activated by hydrochloric acid.

pH 3 7 9 11
K (L/g) 30 54.6 54.6 3
W (J/mol) —-1340 -1220 -1220 -1330
Qads (mg/g) 12.3 20.5 20 1.5
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Table 4. Parameter values of Fowler-Guggenheim Model obtained from isotherms of py-
ridine adsorption over Montmorillonite activated by sulfuric acid.

pH 3 7 9 11
K (L/g) 16.5 20 145 3.1
W (J/mol) ~1280 -1220 -1300 -1230
Qads (mg/g) 20.5 255 13.7 1.5

Table 5. Parameter values of Fowler-Guggenheim Model obtained from isotherms of py-
ridine adsorption over Montmorillonite activated by phosphoric acid.

pH 3 7 9 11
K (L/g) 55 66.6 49 7
W (J/mol) —1340 —1340 ~1500 ~1400
Qads (mg/g) 16.5 20.5 9.5 3.5

Some studies indicated that [33], the replacement of K* ions with H* ions by
lowering pH completely removed the additional repulsive forces. In acid solu-
tion, all the hydration repulsive forces exist at the surface of the Montmorillonite
were removed due to the diffusion of H* ion into the interlayers and neutralizing
the surface hydroxyl group.

At pH 3, a decrease in the amount of adsorption is observed, this can be ex-
plained by the surface weakly negative of the Montmorillonite at this pH, and
thus a weak interaction takes place between the associated species C;H,NH™ po-
sitively charged and the surface weakly negative.

Whereas at pH 11, a strong interaction between OH" of the solution and the
cations present in the structure, which reduces the adsorption capacity with re-
spect to pyridine.

The various values determined from the Fowler-Guggenheim model are re-
ported in Tables 3-5.

A good correlation was found between these parameters and the results ob-
tained:

The interaction constant K, between the adsorbent and the adsorbate, was
more important over Montmorillonite at pH = 7. On the other hand, the inte-
raction energy between the adsorbed molecules (W) is constant and is of the or-

der of —1.2 kJ/mol whatever the type of the used acid.

3.7.2. Effect of Acid Type
The influence of activating agents of montmorillonite on adsorption of pyridine
was investigated using different types of acid. The effect of uptake was studied
using the following conditions: pH = 7, Pyridine = 250 mg/L, activated mont-
morillonite = 2 g/L.

As can be noticed in Figure 7, the equilibrium capacity was slightly affected
by using H,SO, by comparison with that obtained by using HCI and H,PO,.

It was reported that sulphuric acid is preferred because it does not evaporate
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during the acid activation step, thus permitting a more complete activation of
the clay. The authors also stated that phosphoric acid has a similar action, but
poorly soluble aluminum phosphate is formed. However, it does not migrate in-
to the pores easily. Hydrochloric acid is less desirable as an activating acid, as it
evaporates during activation and forms soluble salts which can be washed out of
the micropores of the clay product [34].

That is why, for the remainder of this work, Montmorillonite activated by
H,SO, is selected.

3.7.3. Montmorillonite Activated by NaOH

The effect of the alkaline activation (NaOH) was studied for several solutions of
Py having different pH. NaOH was chosen because a relatively low concentra-
tion and lower cost were required for the activation process compared to KOH
[35]. The results show (Table 6) that the maximum adsorption of pyridine was
observed at pH = 3 (Figure 8). This increase of pyridine-sorption at acidic pH
might because of the increase of the surface with hydroxyl ions resulting from
the alkaline activation and the strong interaction taking place between the asso-
ciated species C;H;NH', positively charged, and the surface. The decrease in
maximal adsorption capacity by alkaline activation comparing with acidic

Montmorillonite could be due to decrease in BET surface area (Table 2).

3.8. Influence of Temperature on Pyridine Adsorption

The influence of temperature on the adsorption of pyridine was studied between
20°Cand 40°C.

The results indicated that the adsorption capacity was decreased as tempera-
ture was increased. This come from the fact that pyridine adsorption by acti-
vated Montmorillonite is an exothermic process. That is also observed with the
parameters of the fowler-Guggenheim model (Table 7). K is the equilibrium
constant for the adsorption of the adsorbate on an active site. It represents the

interaction between the adsorbate and the adsorbent.

25 -

20 -

?ﬂ 15 -
Ea mMtS

v)

mMtCl

'§ 10 -
Mt P

5 4

0 .

250 mg/L 50 mg/L

Figure 7. Influence of acid types as activating agents of Montmorillonite on
adsorption of pyridine at room temperature and pH = 7.
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Figure 8. Effect of pH on the adsorption of pyridine over Montmoril-
lonite activated by sodium hydroxide (MtNa), at room temperature.

Table 6. Parameter values of Fowler-Guggenheim Model obtained from isotherms of
pyridine adsorption over Montmorillonite activated with Sodium Hydroxide.

pH 3 7 9
K (L/g) 20 10 12
W (J/mol) -1095 -1050 -950
Qads (mg/g) 10 3 4

Table 7. Thermodynamics parameters for the adsorption of pyridine over activated
Montmorillonite MtS.

T(°C) 20 30 40
K (L/g) 54.5 46.7 40.4
W (J/mol) —1460 ~1580 -1820
Qads (mg/g) 19.6 18.13 14.67
AG”’ (J/mol) -9540 -9480 -9420
AH" (J/mol) —11,240 —11,240 ~11,240
AS® (J/mol.K) -5.8 -5.8 -5.8

Therefore, the highest K value at T = 20°C (54.5 L/g) than that at T = 30°C
(K=46.7L/g) and T = 40°C (K = 40 L/g) indicates the important interaction
between pyridine molecules and the Montmorillonite at lower temperature. As
the adsorption process is spontaneous, the free energy change (AG") must be
less than zero. Moreover, AH" is also negative since the adsorption is exothermic
(Table 7).

According to equilibrium shift principle, the increase of temperature en-
cumbers adsorption since it causes a decrease in the value of the free energy

change and thus a decrease in the spontanousity of the adsorption process.

4. Mechanism of Pyridine Adsorption on Montmorillonite

The sorption mechanism of pyridine on Montmorillonite has been investigated
firstly using IRTF spectroscopy.
By comparing the two Montmorillonite spectra before and after pyridine
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adsorption (Figure 9), several peaks show shift in the frequency of absorption
bands. This is due to the interaction of the corresponding functional groups with
pyridine. Shifts were observed for the bands corresponding to Si-O bending
from 1046 to 1048, Si-O-Al symmetrical stretching, from 531 and 469 to 527
and 466, indicating that pyridine interacts with Montmorillonite at Si-O sites.

New peaks appear in the spectrum of Montmorillonite after pyridine adsorp-
tion at 690 and 1480 with low intensities. These new-appearing peaks corres-
pond to the vibration of the C-H and C-C bonds of pyridine. This result assures
that pyridine was adsorbed principally by hydrogen bonding.

The thermal behavior and mass loss of Montmorillonite before and after ad-
sorption as investigated by TGA analysis is presented in Figure 10. The Mont-
morillonite before adsorption exhibited a total mass loss of 12% between 30°C
and 800°C. Between 30°C and 200°C, the mass loss was 6%, corresponding to
the loss of most of the surface and interlayer space water. This was followed by a
slow 5% mass loss between 200°C and 600°C, likely due to dehydration of resi-
dual interlayer space water that may have been more tightly bound due to cation
bridging. At temperatures above 600°C, the Montmorillonite exhibited a 1%

mass loss due to dehydroxylation.

Before Adsorption

— After Adsorption

T T T

400 800 1200 1600 2000

Frequency (cm?)

(a)

1480 690

Before Adsorption

e A fter Adsorption

T T T T 1

1450 1250 1050 850 650

Frequency (cm™)
(b)

Figure 9. FTIR spectra of Montmorillonite MtS before and after pyridine
adsorption. (a) Between 400 - 2000 cm™; (b) between 650 - 1500 cm™.
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Figure 10. TGA curves of the Montmorillonite MtS before and after pyridine adsorption.

It is clear from the thermogram of the Montmorillonite after pyridine adsorp-
tion that the mass loss between 90°C and 120°C is bigger than that obtained for
the Montmorillonite before adsorption, these new mass loss is due to pyridines
molecules adsorbed over Montmorillonite. The Montmorillonite after adsorp-
tion experienced greater mass loss at lower temperature, indicating that the py-
ridines were more absorbed into the external surface and confirm the results
obtained by FTIR.

5. Conclusions

The release in the nature of toxic compounds resulting from industrial facilities
constitutes a real problem which requires a rapid treatment in order to prevent
the environmental pollution.

The purpose of this study is the use of economical material to adsorb at low
concentration the pyridine (Py) molecule, which is a naturally occurring alkaloid
found in many plants. An inexpensive adsorbent “Montmorillonite clay” is cho-
sen to adsorb pyridine.

It presents the advantages to be low-cost, available and it shows good adsorp-
tion properties towards many organic compounds. More precisely, the Mont-
morillonite clay can be easily activated by acid to become a promising adsorbent
for pyridine removal from aqueous solution.

The effect of various parameters, such as adsorbent dose, pH, contact time
and temperature on the removal of pyridine, a series of batch adsorption studies
were carried out in order to determine the optimal experimental conditions
which allow to obtain a higher adsorption. The results showed that the best ad-
sorption of pyridine is obtained under neutral pH, at room temperature and us-
ing a lower mass of the clay adsorbent. Results obtained by FTIR and thermo-
gravimetry proved that adsorption of pyridine had occurred by physical interac-
tions as hydrogen bond interactions. The equilibrium data were well described
by the Fowler-Guggenheim model. Thermodynamic calculations indicated that
the adsorption of pyridine over Montmorillonite was spontaneous and exother-

mic reaction. These observations are important in terms of economic interest as
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well as environmental protection.
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