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ABSTRACT: In the present study, a simplest and most effective method was applied to removal of Cu®" ions from an
aqueous solution using Montmorillonite clay, nontoxic and abundantly available as an adsorbent. The used adsorbent
was characterized using X-ray diffraction (XRD), the X-ray fluorescence spectrometry, Fourier Transform Infrared
Spectroscopy (FT-IR) and scanning electron microscope (SEM) coupled with EDX analysis. Adsorption experiments
were conducted under various conditions,.i.e., contact time , initial concentration, pH of Cu(ll) ions solution, adsor-
bent mass, and particle size . The results proved that the adsorption of Cu(ll) ions by Montmorillonite clay was favor-
able at pH=5.5 with an extraction yield of 85% after 30 min contact. The equilibrium isotherm data were analyzed
using the Langmuir and Freundlich equations. In all cases, the adsorption process fitted the second-order kinetics well,
and the isotherm equation due to Freundlich showed good fits with the experimental data. In order to value our Cu-
Montmorillonite clay (Cu-MC) support, we thought of applying it as recyclable heterogeneous catalyst for the conden-
sation of Knoevenagel. The model reaction was carried out at room temperature, using a quantity of 0.5 mg of catalyst
and a volume of 2ml of ethanol, the reaction yield was excellent (87%). The recyclable solid catalyst was effective for
five successive cycles, indicating that this clay is a potentially eco-friendly heterogeneous catalyst.

INTRODUCTION

Montmorillonite Clays actually are excellent adsorbent
for the removal of heavy metals from aqueous solutions
due to their large specific surface area, chemical and
mechanical stability, layered structure and high cation-
exchange capacity [1]. They are natural, inexpensive,
environmentally friendly and widely available [2-4].
These clays are considered an effective supports in the
heterogeneous catalysis presenting several advantages,

such as high activity and selectivity [5]. For example,

they were used as excellent catalysts, for, the condensa-
tion of Knoevenagel [6], which is one of the most useful
reactions and the most used for the formation of carbon-
carbon bonds in organic synthesis. Moreover,
Knoevenagel condensation products are not just used as
intermediates for drug synthesis, polymers, cosmetics and
perfumes [7, 8], but also have many uses, including the
inhibition of anti-phosphorylation of EGF receptor activi-

ty and anti-proliferative [9]. In this present work, the
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focus is on the montmorillonite clay (MC) of Bengurir
region due to its importance in the field of adsorption of
copper (I) ions and its multi-faceted catalytic applica-
tion. The adsorption behaviors of Cu?* onto montmoril-
lonite clay is evaluated under identical experimental
conditions. The adsorption Kinetics, effects of pH, adsor-
bent mass, and adsorption isotherms behavior of copper
(1 Cu-
Montmorillonite (Cu-MC) catalyst was characterized by

ions onto MC were investigated. The

scanning electron microscope (SEM) and Fourier Trans-
form Infrared (FTIR), and applied for condensation de
of Cu-

Knoevenagel. The distinctive advantages

Montmorillonite catalysts with high catalytic activity
characteristics will make them a promising group of

efficient heterogeneous catalysts.

MATERIALS AND METHODS

Material used

In this work, the montmorillonite clay (MC) sample was
obtained from the Bengurir area, in the Marrakesh-Safi
region in central Morocco. Its exact location is shown in
Figurel (Jbel Kharrou anticline, a 25 km east of Skhour

Rehamna town).
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Figure 1. Geological location of the sampling area.

Characterization of the MC sample

XRD measurements were performed using a XPert PRO
Philips diffractometer with CuKa radiation (A = 1.5406
A). Clay sample’s element composition was defined by
X-ray fluorescence spectrometry (Model Axios PW4400,
PANalytical) with 1 kW wave-length dispersion. The
infrared spectrum was obtained using a BRUKER FT-IR-
ATR spectrophotometer, a 0.01g of the clay was diluted
with KBr. The spectrum was recorded between 4000-400
cm®. The morphology and elemental composition of the
used clay were done using a scanning electron microsco-
py (SEM), with an energy dispersive X-ray spectrometer
(EDX).

Adsorption experiment

Adsorption process was applied out at ambient tempera-
ture (25°C) by mixed a weighed amount (0.5g) of MC
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with 100 mL of Cu(ll) ions solution at a concentration
range from 10 to 200mg L™ were prepared by diluting the
stock solution (CuSO,45H,0). The mixture solutions
were agitated at a constant rate for 120 min to reach a full
equilibrium state. The influence of pH on Cu?* ions
adsorption was studied at different initial pH values
(adjusted by 0.1M H,SO,4 or 0.1M NaOH) ranging be-
tween 3 and 7 using a fixed quantity of adsorbent (0.59).
The remaining copper ion concentration in the superna-
tant solutions was analyzed by atomic absorption spec-

trometry (220 AA Spectrometer type).

The adsorbed quantity (q;) by the MC during the adsorp-
tions series and The adsorption percent were determined

using the following equations[10]:

\%
qc = (G — Ce)-;
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. _ Ci - Ce
% Adsorption = " 100

With:

C;: Initial concentration of copper ions (mg L™).

C.: Concentration of copper ions at equilibrium (mg L™).
m: Mass of clay (g).

V: Volume of the solution (mL).

General procedure for condensation of Knoevenagel:

Synthesis of 3a-d compounds

To an equimolar mixture of aromatic aldehyde 1 (Lmmol)
and malononitrile 2 (Immol), 0.5mg of our catalytic
support (Cu-MC) is added to 2ml of ethanol. The reaction
mixture is then agitated at ambient temperature. The

progress of the reaction is examined by thin layer chro-

matography (TLC) using the mixture n-hexane/EtOAc
(5:1) as eluent. After the completion of the reaction,
dichloromethane is then added to the reaction mixture,
after that the catalyst is recovered by simple filtration and
after that the filtrate is cooled. Then the obtained solid is
filtered and recrystallized from ethanol. Compounds 3 a-
d are perfectly characterized by IR, 1H NMR and 13C
NMR, and confirmed by comparison of their melting
points and spectral data with those reported in the litera-
ture [11].

RESULTS AND DISCUSION

Characterization of the MC sample
X-Ray Diffraction

XRD analysis represented in Figure 2 was used to inves-
tigate the structure of the MC.
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Figure 2. X-ray diffraction spectra of the MC.
(Mont: montmorillonite, K: Kaolinite, Q: Quartz, I:1llite)

The X-Ray Diffraction analysis indicated that the miner-
alogical composition of the used clay sample contains
Montmorillonite as the major clay mineral associated

with a mixture of Illite, Quartz, and Kaolinite.
X-ray fluorescence analysis

The composition of the MC was characterized by X-ray

fluorescence analysis, and results are represented in
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Tablel. XRF results in this Table show that silica, calci-
um, iron, alumina, and magnesium oxides are the main
constituents of the used clay. As confirmed by XRD
analysis, the predominant content of SiO, is due to the
presence of Quartz. On the other hand, the presence of a
higher content of MgO and CaO suggests that Mg?* and
Ca®* are the predominant exchangeable cations. The
higher content of K,O is explained by the presence of
Hlite [12].
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Table 1. Chemical composition of the MC.

Composition

Content (%)

SiO,
Al,0O4
Fe,03

CaOo

K;0
MgO
Na,O
TiO,
P.AF

51
21.7
391
3.16
3.15
3.12
1.28
0.66

11.2

Infrared spectroscopy

Characteristic infrared absorption bands of the investigat-
ed clay were determined by FTIR spectra. As shown in
Figure3, the band located at 3600 cm™ is attributed to the
stretching vibration of clay hydroxyl group O-H, while
those located at wavenumbers of 1428 cm* and 1634
cm ! are associated with stretching vibrations of the H20
intercalated in the MC. The characteristic peaks occur-

220

ring around 1000 cm™ and 519 cm™ can be assigned to
Si-O and Al-O-Si bending vibration, respectively.It ob-
served from the infrared spectrum that the obtained re-
sults confirm the presence of the siliceous compounds,
which is in agreement with the results obtained from the
X-ray diffraction and based on the bibliographic data [13-
15].

200

180
160
140
120
100
80
60
40
20

Transmittance (%)
3618,7681

—MC
—— Cu-MC

1634,3757
1428,0298

693,2839

796,4568
519,7219

979,6612

4000 3500 3000

2500

2000 1500

1000 500

Wave number (cm™)

Figure 3. IR spectra of MC.

It is noted that after the adsorption of copper ions the

band observed around 976,66 cm™ is due to the asym-

metric valence vibration of Si-O band moved to 982,55

cm due to the adsorption of copper (Table 2).

Table .2. Assignment of vibration bands before and after adsorption.

Natural clay (MC) Clay after extraction (Cu-MC) Functions

3618.7 3618.7 -OH

1634.3 1634.3 O-H
1428.02 1427.06 O-H

976.66 982.55 Si-O
796.45 795.49 Si-O du quartz
693.28 676.8 M-O

519.72 518.75 O-Si-O and Si-O-Si
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The comparison of the spectra before and after copper
(I1) adsorption shows that vibrations of O-H and Si-O
bonds are sensitive to the adsorption reaction. In fact, a
notable shift in their vibrational wave numbers is ob-
served indicating a change in the vibrational energy of
the functional group. These results approve the involve-
ment of these groups in the binding of Cu (II) to MC
[16]. The replacement of the vibration band of the O-H
bond towards low wave numbers after adsorption implies
a decrease in the force constant and a reduction in the
covalent character of this bond. As regards the Si-O bond
the opposite phenomenon is observed. In fact, the number
of valence vibrations of this bond increased after adsorp-

tion indicating an increase in covalent character.

Scanning electron microscope

Surface morphology and elemental composition of the
investigated clay before and after copper adsorption were
analyzed using SEM-EDX. Figure 4 shows the morphol-
ogy and composition of the MC and Cu-MC. Before the
adsorption, results indicate the existence of particles with
irregular appearance and different sizes mainly because
of its crystallinity. After copper adsorption, MC mor-
phology seems a bit homogeneous and somewhat with
less open porosity.
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Figure 4. Scanning electron micrographs and EDX spectrograms of MC and Cu-MC.
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The analysis spectra of these two samples clay show from
the shape and intensity of the revealed peaks that silicon
and oxygen are the main elements of clay. It is also rec-
orded that the aluminum intensity is relatively important
compared to the other elements of clay. The EDX spec-
trum of the MC (Figure 4a) demonstrate the absence of
the characteristic peak of copper. On the other hand, the
clay spectrum after adsorption indicates the appearance
of copper peaks. This means that the copper is inserted in

the MC, which explains the compacted MC surface mor-

MC surface.
Adsorption characteristics of Cu?* on natural clay
Effect of contact time

The adsorption capabilities of the Cu (1) ions on the MC
was evaluated at different concentrations and adsorption
times. Experiments were conducted at a copper concen-
tration range from 10 to 200mg L™ and a time interval of
120minutes. Results of this analysis are represented in

phology that detected after Cu (I1) ion adsorption (Figure Figure 5.
4b). This result illustrates that Cu (I1) ion adsorbed on the
12 o === 10mg/L
- /_u,'u( O] === 25mg/L
10 ¥ 50mg/L
=== 100mg/L
81 === 150mg/L
:.C; 200mg/L
E ¢
o
4-1 [
= =0 4
0 v v .
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Time(min)

Figure 5. Effect of contact time on Cu?" adsorption onto MC at different initial concentration.
(Vag = 100ml, pH=5.5, m¢2,=0.5g, T=25°C).

The data presented that the adsorption of Cu®" ions on
MC was fast and the equilibrium was reaches after 30min
for a lower Cu®* concentration (10 mg L™) while it
reaches after 40min for higher concentrations (25 to
200mg L™) (Figure 5). The adsorption process is fast at
the beginning of the reaction due to the abundant adsorp-
tion sites in the clay surface, and then it becomes constant
due to saturation. Similar adsorption behavior was ob-

served by other researchers [10].
Effect of pH

Solution pH is the best variable the adsorption of Cu(ll)
ions. To study pH influence, experiments were conducted
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at 3-7 pH range with 10mg L™ of Cu?* ions.By analyzing
results in Figure 6; we could see that the adsorbed quanti-
ty of Cu (1) on the MC increases with increasing solution
pH. At high acidic solutions (pH<4), Cu (lI) adsorption
rate is very low. The decreased adsorption rate at this pH
is associated to the existence of higher amount of H+
ions, which could occupy a large number of adsorption
sites, causing a decrease in Cu?* adsorption [17]. When
pH increases (pH > 4), the adsorption rate increases due

to the decrease in H* cations [18].
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Figure 6. Effect of pH on the adsorption capacity of Cu?".
(Vag = 100ml, [Cu2+]i=10mg.L'1, Mgiay= 0.5g, T=25°C).

Effect of mass

The purpose in this study is to specify the amount of the
MC powder needed to eliminate the maximum amount of
copper (1) ions optimizing the mass of material is of
significance to boost the cost-effectiveness in any treat-
ment process [19]. The clay mass effect was studied on

Cu?* ions elimination from aqueous solutions by varying
the quantity of MC from 0.1 to 2g while keeping other
parameters constant. The results of this study are illus-

trated in Figure 7.
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Figure 7. Effect of agitation time and clay

(Vag = 100ml, [Cu*]=10mg L™

The % adsorption increases from 19 to 88 with increasing
adsorbent mass because of the availability of adsorption
sites [20] therefore in order to achieve maximum removal

efficiency, a 0.5g was selected as the optimal mass.
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mass on the percent adsorption.
, pH=5.5, T=25°C).

Effect of particle size

To study the influence of MC particles size on the Cu(ll)
ions adsorption capacity, experiments were performed
using initial solutions, containing 100ml copper(ll)
solution at a concentration of 10 mg L™ and 0.5g MC at
different particles size (D < 0.63mm, D< 0.32 mm, D <
0.225 mm and D< 0.112 mm).
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Figure 8. Effect of particle size on the Cu (Il) adsorption onto MC.
(Vag = 100ml, [Cu?]i = 10mg L™, pHi=5.5, mgay=0.5g, T=25°C ).
It is clear that decreasing the clay particle size from 0.63 To explain this phenomenon it may be necessary to dis-
to 0.112 mm has increased the adsorption of Cu (Il) ions cover the total surface area of each size of clay particles
and hence increased the maximum adsorption capacity. by the titration method using blue methylene. Table 3
This improvement in adsorption is because of increasing shows the variation of the total surface area with the size
the total surface area of MC particles, and as a result, of MC particles.
more active sites are exposed to Cu (1) ions [21].
Table 3. Particle size and total Surface Areas of MC.
Particle size (mm) D<0.63 D<0.32 D<0.225 D<0.112
R (%) 52 68 78 85
Total specific area (m2.g™) 134 138 142 145.23
The small particles of MC have a much larger surface 0. Quantity of Cu(ll) ions adsorbed at time t (mg g™

area than the larger MC particles. This large surface area
ge: Quantity of Cu(ll) ions adsorbedat equilibrium time

(mg g™

allows the clay to hold a greater quantity of Cu (I1) ions.

Kinetic study
k. Rate constant (1 min'™).

Pseudo-first-order (PFO) and Pseudo-second-order

(PSO) models The PSO model assumes that the uptake rate is second

order with respect to the available surface sites [23]. It
The PFO equation was proposed by Largergren [22] in has the following differential form:
1898. It has the next differential form:

dq
- Kz(CIe'Q)z

dq—k dt
T 1(9e-q)
Its linearized form is:
Its linearized form is:
t 1 1
— = ﬁ +—t
In(ge — q¢) = In(qe) — ket qr  kaqe® Qe
Where: With,
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k, : Rate constant (g (mg min)™).

The adsorption kinetics of Cu?* on MC presented in

Figures 9 and10.The kinetics parameters are listed in
Table 4.

2 @ 10mg/L
10 m25mg/L
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0 1
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4 o L 4
- R?=0.8745
-5 9 R?=0.8497
-6 1 R2=0.9645
R2=0.9467
-7
- R?=0.8792 t(min)
Figure 9. Plot of pseudo-first-order kinetics for various initial concentrations.
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Figure 10. Plot of pseudo-second-order kinetics for various initial concentrations.

As we can see from Table 4, the coefficients of determi-
nation R2 for the kinetic model of pseudo-first-order
(PFO) and are lower than those of the pseudo-second-
order (PSO).

These obtained results show that the pseudo-second-order
kinetic model is better described for the Cu(ll) adsorption
on natural clay [24-26]. In addition, the theoretical (g ca)
values calculated by the pseudo-second-order model are
very close to the experimental adsorption values (Qeexp)

for all concentrations.
Intraparticle Diffusion model (IPD).

The diffusion mechanism was further examined by the

equation of the IPD rate, expressed in equation [27]:
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q=kq 24 C
Where :
Kg: Rate constant (mg g.min™).
C: Intercept at the origin.

The Ky was retained from the slope of the g, curve with
respect to t*. The applying of this model to the experi-
mental findings is manifest in Figurell.and the values of
the determinants are stated in the Table 4. As designated
the presence of the intercept C # 0 shows that the traces
do not pass through the origin. The attendance of the

boundary layer effect (C) showed that there's a adsorption
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of Cu(ll) ions on the MC surface indicating that the sorption.
inner diffusion is not the only rate limiting step of ad-
12 » ¢ 10mg/L
a [ | [ [ N [ | m25mg/L
10 [ | 50mg/L
¢ o 'YX J 3 ©100mg/L
8 + ¢ ¢ W 150mg/L
- 200mg/L
e 2
£ o
S5
4
- g EE EE H
24 |
= 2 * o * e o
[ | 2
N
0 2 4 § wz(mird 10 12 “ s

Figure 11. Plot of Intraparticular diffusion model for various initial concentrations of Cu(ll)

Table 4. Parameters of adsorption kinetic models.

Pseudo-first ordre
[Cu*] (mgL™)

pseudo-second ordre

Intra-particular Diffusion

ke Qe R k2 Qe R? Kq C R?
10 0.073 1.028 0.825 0.172 1.711 0.999 0.112 0.419 0.568
25 0.047 1.791 0.874 0.160 3.837 0.996 0.258 0.856 0.654
50 0.042 2.891 0.849 0.026 6.650 0.997 0.440 1.636 0.676
100 0.033 1.921 0.964 0.003 9.12 1 0.483 4.036 0.765
150 0.042 0.925 0.946 0.0004 11.360 1 0.540 5.928 0.661
200 0.029 0.721 0.879 0.0004 11.393 1 0541 5.957 0.661

Isotherm Study

Adsorption isotherms are developed to correlate adsorp-
tion equilibrium for the adsorbent materials characteriza-
tion and also for the design of the industrial adsorption
metals process.

In this research work, two isotherms models have been
established (Langmuir, Freundlich) to determine the
experimental data of the adsorption procedure. These

isotherms are broadly used isotherms by researchers [28].
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The linear and non-linear regression method was per-
formed to detect the best isotherm. Linear and non-linear
equations are presented in Table 5. [29]. The Langmuir
and Freundlich isotherms models can be designated into
linear and one non-linear forms as assumed in Table 5.
Where K| and K signify Langmuir and Freundlich con-
stants respectly [30].
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Table .5. Adsorption isotherm equations.

Isotherms Equations linear forms Plot.
Lang-1 % _ 1 C. s_e: f(C,)
de KL' Amax Qmax ¢
Lang-2 i = ( 1 )l + 1 1_ f(l)
de K- Gmax” Ce Qmax de Ce
qmKLCe
Lang-3 e= q
’ 1#KiCe & = K- Gmax — K- qe - = f(4e)
C, Ce
1 q qe
Lang-4 = __ 1 q.=f(=)
q q e
e max KL Ce Ce
Freundlich Ge=KrCo/" Lng, = ~LnC, + LnK: Lng. = f(LnC.)

Four different error deviations (x°>, ARE, EABS,
and HYBRID) were tested to evaluate the ap-

plicability of each model isotherm equation to the
experimental data (Table 6) using the solver add-
in functions of Microsoft Excel software

Table 6. Equations of error deviations.

Error functions. Equations. Ref.
Determination coefficient (R?) LI ) (1) - [31]
2(@max=Ge) 2 Amax=e)
. - (QecarQe.exp)
Chi Square Statistic (x?) x2=§jM [29]
e,exp
100 -
Average relative error (ARE) — decrp™Goal [32]
n i=1 qc,cxp
n
Sum of the absolute errors (EABS) Z | Qe xp-Te,call [33]
I+1
Hybrid fractional error function 100 (Ge.exp™Te.cal) [34]
(HYBRID) n-p 4 Qe,exp

Linear isotherm models

To describe the relationship between the adsorption
capacity g and its equilibrium concentration C,, Four
linear forms of Langmuir isotherm Figurel2, and Freun-
dlich isotherm Figurel3 were studied. The adsorption
intensity for adsorbent used in this study found from the

linear Freundlich isotherm model is higher (n> 1) imply-
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ing a good adsorption process with lower errors functions
and higher r* value. For linear Langmuir isotherm x?,
ARE, EABS, and HYBRID were higher than Freundlich
isotherm. Hence, Freundlich model is the befitting iso-
therm to study the elimination of Cu (Il) ions on used

clay surface [33].
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Figurel2. Lang-1; Lang-2; Lan-3; Lang-4 linear isotherms.
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Figurel3. Freundlich linear isotherm.
Table 7. Linear isotherm parameters for adsorption of Cu (1) ions on MC.
Isotherms Lang-1 Lang-2 Lang-3 Lang-4 Freundlich
gm=12.42 gm=9.241 gm=11.5164 gm=10.902 1/n=0.4282
Isotherms
parameters K.=0.0719 K(=0.146 K(=0.09 K(=0.107 Ke= 1553
R? 0.99 0.96 0.82 0.82 0.98
r? 0.99 0.98 0.91 0.90 0.99
X2 457 1.5921 19.6534 3.38 0.40
ARE 31.78 71.69 143 6.13 16.85
EABS 10.02 4.30 6.21 10.37 9.06
HYBRID 114.43 39.80 84.6 491.33 54.40
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Non-linear isotherm models.

Non-linear method is used to detect the non-linear forms
of Langmuir and Freundlich isotherm as presented in

Figures 14 and 15. As observed from Table 8. the two

isotherms had the same value of r? = 0.99 but the Freun-
dlich isotherm had the lowest error functions. So Freun-

dlich isotherm is the best-fitting isotherm.
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Figure 14. Non-Linear fitting of the Langmuir isotherms models.
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Figure 15. Non-Linear fitting of the Freundlich isotherms models.
Table 8. Non-linear isotherm parameters for adsorption of Cu (I1) ions on MC.

Isotherms Langmuir Freundlich
Qmax=12.819 1/n=0.3634
Isotherms parameters
K. =0.05 Kg=1.97

R® 0,728 0,938

r’ 0.99 0.99

x? 0.444 0.440

ARE 11.04 5.28

EABS 0.66 0.31

HYBRID 11.12 11.00
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Comparison of linear and non-linear isotherm.

As stated in Table 7 and Table 8 the linear forms had the
lowest r? value than the non-linear forms.

Thus, the different results for four linear forms of Lang-
muir isotherm are because the error structure will get
various upon linearizing the nonlinear equation. The error
deviations may vary depending on the way the equation
is linearized. Various results for the four linearized equa-
tions are also due to the different axial settings, that
would amend the result of linear regression and influence
the determination process [35]. So, it will be more suita-
ble to use non-linear method to estimate the parameters
involved in the isotherm. Also, non-linear method had an
advantage that the error deviations do not get altered as in
linear technique. Hence the non-linear method is an
important method to get the isotherm parameters.

Application of studied clay as a catalyst for condensa-
tion of Knoevenagel.

Catalytic test for knoevenagel condensation reaction.

Initially, we searched to develop a simple and efficient
process for knoevenagel condensation. First, we carried
out of 4-chlorobenzaldehyde (1a) with malononitrile (2)
in the presence of 3 mg of our catalytic support in 2 ml of
ethanol at room temperature. This reaction is considered

as a model reaction (Figurel6). Based on the obtained

results, It is noted that in the absence of the catalyst, the
product 3a is obtained for after 180 minutes with a low
yield of 54% (Table 9, Entry 1). On the other hand, the
same reaction carried out in the presence of one of our
catalysts leads to the desired product 3a with a yield of
72% and 87% respectively (Table 9, Entry 2-3). The clay
after adsorption (Cu-MC) is the adequate catalyst for this
transformation in terms of time and yield (Table 9, En-
try3). After determining the right, catalyst for this reac-
tion, then we performed the model reaction in 2 ml of
different solvents in the presence of 3 mg of our catalytic
support  at room temperature. According to Table 10,
ethanol is the best solvent for this transformation in terms
of time and efficiency of the reaction (Entryl). To esti-
mate the optimal amount of our catalyst needed to con-
dense 4-chlorobenzaldehyde with malononitrile in 2 ml
of ethanol at room temperature, we varied the catalyst
mass from 0.5 to 5mg In terms of yield, we noted that 0.5
mg of the catalyst gave the best result (Table 11, Entry
1). When the used mass exceeds the optimal amount of
the catalyst, we observe a slight decrease in the yield
(Table 11, Entry 2-6). This can be explained by the dis-

persion of the substrates on the surface of the support.

cl Cat. (3 mg)

1a + CN

[\ 2

CN

2 ml EtOH, r.t

CN
Cl

3a

Figure 16. Reaction model: Condensation of 4-chlorobenzaldehyde 1a and malononitrile 2

After proving that the clay after adsorption (Cu-MC) is
an excellent heterogeneous catalyst for the synthesis of

3a compound under optimal conditions and to better
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confirm that these conditions are valid for noevenagel
condensation, we have condensed a variety of aromatic

aldehydes with malononitrile (Figurel7.).
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NC
2\\‘CN Cu-MC (0,5mg) Are /fiN
0o— *+ - ~~"CN
';,_\r 2 ml EtOH, t.a 3a-d
1

Figure 17. Synthesis of alkenes catalyzed by the Cu-MC

Table 12 shows that 3a-d compounds are produced with
good to excellent yields. Apparently, the Knoevenagel
condensation not significantly affected by the nature of
the substituent linked to aryl group of aldehyde. These
results show the effectiveness of our catalytic system.
Then we studied one of the most important parameters in
green chemistry, which is the reuse catalyst .For this
reason, we performed the model reaction under the opti-
mal conditions (0.5mg (Cu-MC), 2 ml EtOH at room
temperature). The catalyst removed from the reactive
mixture by simple filtration was washed with ethanol and
dried in the oven. The recycled catalyst can be used for
subsequent reactions without loss of catalytic activity. As

indicated in Table 13, it is clear from the latter that our
catalyst could be recycled for five successive cycles
without any significant loss of its catalytic power. To
finalize our study, we compared the catalytic power of
our catalyst with other catalysts reported in the bibliog-
raphy. Results are grouped in Table 14. These results
show that the catalytic capacity of our catalyst (Cu-MC)
is greater than those reported in the literature (short reac-
tion time, excellent performance, mild reaction condi-
tions). Therefore, we believe that this simple, rapid and
effective method is an improvement over other proce-

dures.

Table 9. Catalytic test on reaction model.

Entry Catalyst Time (min)° Rdt (%)*
1 Without Catalyst 180 54
2 Clay before adsorption (Cp) 30 72
3 Clay after adsorption (C,) 10 87
%Isolated yields; "Time reported in min monitored by TLC.
Table 10. Study of solvent effect on reaction model
Entry Solvent (2ml) Time (min)° Rdt (%)?
1 EtOH 10 87
2 MeOH 10 80
3 HO 20 42
4 CH:CN 35 33
4 CH;CN 35 33
?Isolated yields; "Time reported in min monitored by TLC.
Table 11. Mass Effect of Catalyst in reaction model
Entry Ca (Mg) Time (min)” Rdts (%6)*

1 0.5 5 97

2 1 5 94

3 2 7 90

4 3 10 87

5 4 10 82

6 5 10 80

®Isolated yields; "Time reported in min monitored by TLC.
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Table 12.Generalization of the Knoevenagel reaction

Melting point °C

Product MC Time(min) Rdt (%)*
Find Lit.
3a p-CICeH, 5 97 160-162 158-159 !
3b p-MeCgH, 30 95 118-119 118-11914
3c p-NO,CeH, 5 99 118-119 118-119 14
3d CeHs 60 89 80-81 80-81*
®Isolated yields; "Time reported in min monitored by TLC.
Table 13. Catalyst recycling study in noevenagel 3a condensation.
Product Number of cycles
1 2 3 4 5
3a
97 97 94 94 90

Table 14. Comparison of the effectiveness of clay after adsorption (Cu-MC) with other catalysts.

Catalyst Reaction conditions English Rdt (%)%
CaP04,2H,0 0.01g, 3ml EtOH, t.a, 10min 80-961
PMO-IL-NH; 0.5mol%, Sans solvant, t.a, 90-180min 88-971%
NazCa(HPO,), 0.006g, 3ml EtOH, t.a, 10-65min 82-991%!

RhPt@GO NPs 0.07mmol, H,0:MeOH,(1,2),t.a, 8-35min 85-9011¢!
ZrKP-MePh 2mol%, sans solvant, t.a, 1h 94-96!*"!
Cu-MC 0.5 mg, 2 ml EtOH, t.a, 5-60 min 89-99 (Present work)

%Isolated yields; "Time reported in min monitored by TLC.

CONCLUSIONS

In this research study, MC has a promising adsorption
rate for the elimination of Cu(ll) ions. The operative
parameters for adsorption were the concentration of
copper solution (10 mg/L), sorbent assay (0.59/100 ml)
and temperature (293 K). The elimination of Cu (lI) ion
depends on the pH and the optimal adsorption was ob-
tained at pH=5.5. For adsorption isotherme, non-linear
isotherm method has preferable performances, compared
with linear isotherm. The results presented that the non-
linear Freundlich isotherm is a more suitable model for
describing the adsorption of Cu (Il) ions on MC Adsorp-
tion kinetics are described by pseudo second-order mod-
el.

The second part of this study is the application of Cu-MC
as a recyclable heterogeneous catalyst for the condensa-
tion of Knoevenagel resulting an excellent yield (87%),
an operational simplicity, additional to a low environ-
mental impact and could be used for five cycles without

any significant loss of its catalytic power.
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