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ABSTRACT

In this study, natural bentonite was prepared and tested for the removal of diazo dye throughthe
adsorption process. Investigated biosorbent was characterized using XRD, N, sorption, XRF, total
surface area using methylene blue method and TEM techniques. The effect of major parameters,
such as initial dye concentration, adsorbent dosage, pH, contact time and temperature were investi-
gated and discussed.Resultsshow that studied bentonite after purification exhibited high adsorption
capacity toward acid dyes. Maximum adsorption of Congo red dye(CR)was achieved between pH
4 and 5. Kinetic study revealed that the adsorption profile is well fitted by the pseudo-second-order
kinetic model and chemisorption process was proposed.Isotherm data were investigated according
to Langmuir and Freundlich equations. Thermodynamic study showed the spontaneous nature of
adsorption with endothermic process.Removal of lead heavy metal was investigated by adsorption
into Congo red loaded purified bentonite and results show a high % removal (98.83 %).

Keywords: Bentonite; Adsorption; Acid textile dye; Sorption isotherms; Sorption kinetics;Langmuir

and Freundlich models

1. Introduction

Textile industry generates large quantities of dye waste-
water effluents. The discharge of these pollutants into natu-
ral water bodies raises environmental problems due to the
pollution caused by their coloration [1]. It is a real degrada-
tion of the environment. Also has and an enormous harm-
ful effect on the human health [2,3]. Especially, textile dyes
present a very weak biodegrability [4] which makes the bio-
logical treatments difficult and in case of degradation, they
may produce carcinogenic substances.

A study effected on chemical classifications of dyes,
shows that diazo dyes are the most toxic [5]. Toxicity by
exposure to azo dyes and their metabolites is not a new fact.
Since 1895, the increase in the number of cancers of blad-
der observed in workmen of textile industry is connected to
their exposure prolonged to the azo dyes [6].

*Corresponding author.

Hence, alternative and efficient technologies for the
removal of textile dyes are required. Several analytical
processes have been used to remove dyes into wastewa-
ter such as chemical oxidation [7], coagulation [8], bio-
logical treatment [9], reverse osmosis [10], adsorption
[11]. Among these processes, adsorption have attracted
increasing interest because they could completely remove
highly refractory organic pollutants such as azo dyes [12],
heavy metals [13] and pharmaceutical compounds [14].
Among which, adsorption on activated carbon is an effec-
tive processes but it is expensive and produces a mud
which constitutes itself an environmental threat [15]. To
overcome these drawbacks, researchers increase interest
into cheaper and more readily available adsorbents such
as natural materials.

In recent years, attention has been focalized in clay min-
eral due to its abundance and availability, also according
to its important surface and cation exchange capacity [16].
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Previous studies have used clay mineral as adsorbent such
as bentonite [17], sepiolite [18] and kaolinite [19] to remove
dyes from wastewater.

However, several works were based on modification
of these adsorbents via physical and chemical process [16],
which is necessary for the adsorption of anionic dyes, as
the net negative charge on the dye and clay surface brings
charge repulsion and thus, resulting in lowering surface
interaction and adsorption rate.

In this investigation, regarding their abundance and
low-cost a locally Tunisian bentonite, without any further
modification, was used to remove an anionic diazodye CR,
very used in textile industry. The effect of different parame-
ters such as pH, initial concentration of CR, adsorbent dose
and temperature were studied to determine the best condi-
tions of dye adsorption. Also, kinetics adsorption and ther-
modynamic studies were investigated.

2. Experimental section
2 .1. Chemicals

Congo Red (CR) is a synthetic anionic secondary
diazo dye (IUPAC name: [l-napthalene sulfonic acid,
3.3-(4.4-biphenylenebis (azo))bis(4-amino-)disodium salt])
and used without any further purification in this study. The
molecular weight is 696.66 g-mol™”, the maximum wave-
length of CR in neutral medium is at A =498 nm and the
structural formula is: C,,H,,N,Na,O,S,.

Molecular structure of this dye is represented in Fig.
1. As can be shown, it contains -NH, and -SO, functional
groups. The CR sodium salts was the first synthetic dye
capable of directly dying cotton [20]. It has a strong affinity
for cellulose fibers and very used in textile industry.

The color of CR changes from red to blue in acidic
medium. This change is due to the resonance between
charged canonical structures [21] and the red color is sta-
ble in the pH range of 5-10 [22]. The stock solution of CR
was prepared by dissolving known quantity of CR powder
in distilled water and successive dilutions were made to
obtain the working solution at desired concentrations.

2 .2. Adsorbent preparation

Clay, used in this study, is a natural calcium smectite
from a soil of Kef Abbed (north of Tunisia). This materi-
als was previously crushed and sieved to reduce a particle
size. Then, it underwent a purification stage as follows: a
100 g of raw clay was suspended in polyethylene bottle
containing a solution of NaCl (1 M). After 12 h of agitation,

~
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Fig. 1. Chemical structure of Congo red.

clay particles are separated from the solution by centrif-
ugation at a speed of 6000 rpm for 30 min. This step is
repeated several times to provide a complete substitution
of the interlayer ions (Ca*", Mg?, Li*...) by sodium ion and
finally obtain purified Na saturated clay. Impurities such
as carbonate, quartz, calcite associated to the clay fraction
were also eliminated.

The Na saturated clay is finally washed with distilled
water several times; this step was followed by a dialy-
sis process to remove the excess of chloride ions, AgNO,
test is needed to verify the elimination of chloride ions.
Obtained clay is dried at 333 K and then crushed and
sieved.

The raw and purified bentonite being labeled ArB and
ArP respectively.

2.3. Characterization methods

Composition of the clay sample was identified by
X-ray diffractometer (XRD) and analysis was carried
out using a PANalytical X’Pert High Score Plus diffrac-
tometer, CuKa radiation. Chemical composition of both
samples was investigated by X-ray fluorescence spec-
trometer. Also, the composition of ArP sample was con-
firmed with EDX system. The Fourier transform infrared
(FTIR) spectra were acquired on a Perkin Elmer 783 dis-
persive spectrometer in the range of 4000-400 cm™. Cat-
ion exchange capacity (CEC) was estimated as described
in previous studies [23,24]. Sample morphology was
given by Transmission electron microscopy (TEM). BET
surface area (S,;;) and pore volumes of adsorbent were
measured using the physical adsorption of nitrogen by
QuantachromeAutosorb-1 instrument. The adsorption of
methylene blue dye on bentonite in solution is used to
determine either their cation-exchange capacities (CEC)
or their total specific surface area (Ss) via UV-Vis spectro-
photometer.

2.4. Adsorption experiments

The adsorption kinetics was carried out in a batch pro-
cess. For each experiment, 50 ml of the CR solution at speci-
fied concentration were stirred with an amount of adsorbent
during different time intervals (20-120 min). The suspen-
sions were then centrifuged and the remained dye concen-
trations in the supernatant were measured with UV-visible
spectrophotometer (Shimadzu Model Perkin Elmer) at 498
nm wavelength (A__ ).

The percentage adsorption of CR and equilibrium
adsorption capacity, Q, (mg/g), was calculated by the fol-
lowing relationships, respectively:

CO _Ce

0

% Adsorption =100 (1)

g.=vS=C )
m

where C; and C, are the initial and the equilibrium concen-
tration of CR (mg-L™), respectively. V is the volume of the
dye solution, and m is the mass of adsorbent.
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In this work, all adsorptions experiments were carried
by the same way under several conditions such as pH, tem-
perature, dye concentration and adsorbent dose.

3. Results and discussions
3.1. Characterization of the adsorbent
3.1.1. Chemical analysis

Chemical composition of raw and purified bentonite
was performed by X-ray fluorescence spectrometer. Results
are given in weight percent of oxides (Table 1).

A scan be seen from Table 1, the presence of silica and
alumina as major constituents with traces of potassium,
magnesium and calcium oxides was confirmed [25].

From this analysis, the structural formula of the Na
exchanged clay was investigated

CaO 05 0 145 0479 (817 87Al[) 13 (A126 FeO 678 Mg 0. 547) OZZ ThIS
formula shows that the two types of substitutions exist
(octahedral and tetrahedral substitutions) which gives a
beidellitic-montmorillonitic character to this smectite.

3.1.2. X-Ray diffraction

The clay sample, before and after purification, was
analyzed by XRD measurements (Figs. 2 and 3). Results
show that mineralogical composition of clay is composed
mamly of smectite, kaolinite, illite, and quartz. The smectite
is deduced by the existence of peaks at 15.3 A on the raw
sample which was shifted to 12.38 A after purification and
to 17.69 A after ethylene glycol treatment. The presence of
kaolinite was confirmed by the existence of peaks at 7.19 and
3.57 A on the normal and glycoled diffractograms. These
peaks disappear after calcinations at 550°C during 2 h. The
appearance of peaks at 4.27 and 3.35 A marked the presence
of quartz, which disappears after purification, and peaks at
10.32 and 2.57 A marked the presence of illite [26,27]. Heat-
ing the sample above 550°C collapses the interlayer spacing
at 10 A, this data support the clays smectite group.

3.1.3. FTIR analysis

The FTIR spectra of purified and raw samples are shown
in Fig. 4. The broad band’s at around 3419 cm™ (H-O-H

Table 1

Chemical composition (% weight (w %)) of raw and Sodium

bentonite
M O, (w%) Sample ArB ArP
SiO, 40.66 52
MgO 3.53 42
CaO 19 04
Fe,O, 4.89 4.8
ALO, 9.23 15.3
Na,O 116 1.63
KO 043 0.76

2

stretching) and 1646 cm™ (H-O-H bending) indicate the
presence of adsorbed water. The presence of an asymmetric
stretching mode of Si-O-5i was suggested by the absorption
bands at the range of 1035-1123 cm™. The asymmetric and
symmetric bending modes of O-Si-O are observed at 536
and 469cm™, as in other silica and silicate systems.
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Fig. 2. X-ray diffractogram of ArB and ArP.
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Fig. 3. Diffractogram of oriented samples of ArP (LC: heated
blade, LG glycol blade; LN: normal blade).
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Fig. 4. Infrared spectrum of ArB and ArP.
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The additional peaks at 686 and 796 cm™ in raw clay,
which are absent in Na-bentonite, indicate the presence of
quartz accompanying the crud sample, eliminated after
purification [25].

3.1.4. Cation exchange capacity (CEC)

The cationic exchange capacity (CEC) was estimated
using the copper ethylendiamine ((EDA),CuCl,) complex
[24]: it was calculated from the quantity of Cu(EDA)*
adsorbed by the clay. Results show that CEC value of
clays samples decrease from 56.7 meq/100 g (ArB) to
98.87 meq/100 g (ArP), suggest that the clay sample used
belonged to smectite group.

3.1.5. Specific surface area and porosity
3.1.5.1. Total specific surface area Ss

Methylene blue dye (BM) adsorption on bentonite is
used to determine either their cation exchange capacities
(CEC) or their total specific surface area (Ss) [25]. In a series
of 100 ml glass bottles, 20 ml of sorbent dosage (2g-L™") and
a variable volume of methylene blue at initial concentration
of 0.5 g-L™ were placed in consecutive order. The mixtures
were kept at room temperature during 1 h under stirring.
After centrifugation, the supernatant was analyzed by spec-
trophotometer at A= 665 nm (Fig. 5). Then, the amounts
of each adsorbed solution were determined and these val-

les(mm ol L_l)
= MW £ (=) ~ o [Ne]

—— AP

o
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Fig. 5. Uptake of BM by clay sample before (ArB) and after pu-
rification (ArP) to estimate CEC and Ss of the clay sample Q_, :

Amount of MB adsorbed by clay sample. C;: initial concentra-
tion of MB.

Table 2
Specific surface area and CEC (methylene blue method)

Ss (m>g™) CEC (meq/100 g)
ArP 902 97.83
ArB 492 62.3

335

ues allowed the determination of both CEC and Ss (Table
2). The highest values of Ss and CEC indicate that this clay
belongs to bentonite type. It can be noticed that the CEC
values of ArP and ArB agree well with those determined by
copper ethylendiamine method.

3.1.5.2. Adsorption N,

Fig. 6 shows the N, isotherms at 77 K for raw and puri-
fied clays. The isotherms are of type IV, corresponding
tomicroporous solids. Both samples show a hysteresis loop
type H4 according to IUPAC classification.

Table 3 presents the values for specific surface area,
S, volume of N, adsorbed at P/P = 0.98; V_, , mesoporos-
ity surface and volume; S, and VB],, _ respectively,
from the Barret—]oyner-HJalenda method and average
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Fig. 6. Nitrogen adsorption/desorption isotherms at 77 K for
raw and purified bentonite (A). And BJH-method pore size dis-
tribution curves from nitrogen sorption data (B).

Table 3
Textural properties of both samples

Sample ArB ArP
Sy (M2/8) 42.695 57963
V.. (cc/g) 0.06 0.07
D A) 19.003 19.109
Sy (M?/g) 31.051 38.316
V.. (cc/g) 0.051 0.059




336 F. Ayari et al. / Desalination and Water Treatment 105 (2018) 332-342

pore diameter (D) of both samples. It can be seen that S
increase after purification which confirm that purification
stage took place.

3.2. Adsorption studies
3.2.1. Kinetic study

The adsorption data of CR uptake onto ArP and ArB
versus contact time are presented in Fig. 7. According
to this figure, adsorption kinetics of CR by ArP and ArB
takes the same forms characterized by a strong increase of
the adsorption in the first minutes of contact time (adsor-
bate-adsorbent), followed by a slow increase until reaching
equilibrium which is less than 40 min. The highest percent
of CR removal was attributed to ArB sample (Fig. 7).This
can be explained by the fact that in the interlayer sheet of
the raw sample there is bivalent (Ca**, Mg?...) and mon-
ovalent (Na*, K*, Li*...) cations, so much more positive
charges exist in the raw sample, contrary to ArP which was
saturated, after purification, only with monovalent cations
(Na*). However, ArP has been used as adsorbent for the rest
of adsorption experiments because of its interlayer homo-
geneity which can simplify the comprehension of adsorp-
tion mechanism.

From the literature, adsorption of a solute by a solid
in aqueous solution is a phenomenon whose kinetics are
often complex. The adsorption rate is strongly influenced
by several parameters related to the state of the solid, gen-
erally having very heterogeneous reactive surface and to
the physicochemical conditions under which adsorption is
carried out.

In order to analyze experimental data, it is necessary
to identify the step that governs the overall removal rate
in the adsorption process. In general, adsorption may
be described as a series of steps [28]: (i) Transport of the
adsorbate from the fluid to the external adsorbent surface
through the boundary layer (film diffusion), (ii) diffusion
of the adsorbate within the pores of the adsorbent (particle
diffusion), (iii) Adsorption itself onto the surface.

Certain kinetic models are available to understand the
behavior of the adsorbent and to predict the mechanism
involved in the sorption process. Pseudo-first-order and
pseudo-second-order models are the most frequently used
in the literature [29].
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Fig. 7. Kinetic of CR adsorption in ArB and ArP.

3.2.1.1. Pseudo-first-order kinetics models

The pseudo-first-order model can be expressed by the
following equation [29,30]:

d
d—’z:Kl(%—qt) @)

After the integration at initial condition g, = 0 at t = 0;
Eq. (4) can be given:

Ln(q,-q,)=Ing,—kt (4)

where g, and q, (mg-g™") are the adsorption capacity at equi-
librium and at time ¢, respectively; K, (min™) is the rate
constant of the pseudo-first adsorption. The validity of this
model can be squared by linearized plot of In (g,— g,) versus
time (t) (Fig. 8a). The rate constant K, and the correlation
coefficients were estimated from the slope of the plot and
illustrated in Table 4. The calculated equilibrium adsorption
capacity g, seemed to be much lower than the experimen-
tal values g, . Also, correlation coefficients of the pseudo
first-order model (R* = 0.605) are low. According to these
results, it can be concluded that the pseudo-first order
kinetic don’t fit very well the experimental data.

3.2.1.2. Pseudo-second-order kinetics models

The pseudo second-order kinetic equation based on the
adsorption capacity is given by Eq. (5) [29,30]:
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Fig. 8. The first order (a) and the second order (b) Pseudo kinet-
ics for adsorption of CR by ArP.
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Table 4
Kinetic parameters of the pseudo first and second order

Pseudo first order Pseudo second order Doenp)

Kl qe(cal} R? KZ qe(cal} R?

0.0063 39720 0.605 0.0012 588230 0999 585.194
dq 2

- =Ki(a.-q) ®)

Considering the initial condition, integration of Eq. (6)
gives:
t 1 t

—_— + —
a ka o q.

where g, and g, (mg-g™") are the adsorption capacity at equi-
librium and at time t, respectively; K, (g'mg"-min™) is the
rate constant of the pseudo-second-order adsorption. This
model can be squared by a linearized plot t/g, of versus
time (f) (Fig. 8-b). The rate constant K, and g, are deter-
mined from the intercept and slope of the plot (Table 4). It
can be seen that the maximum adsorption capacity, g, is
in accordance with the experimental values. In addition,
a high correlation coefficient R* was obtained (R? = 0.999).
These finding suggest that Congo red dye adsorption obeys
a pseudo-second-order model and the confirmation of the
assumption [31] that the rate limiting-step of Congo red
onto ArP may be chemisorption which involves valence
forces by sharing or electron exchange between the adsor-
bent and the adsorbate [32]. Chen et al. [16] report the same
results for the adsorption of Congo red dye onto organo-at-
tapulgite showing that pseudo-second-order is the most
reliable model and the chemisorption in the main rate con-
trolling step of the adsorption process.

Similar results for the adsorption of acid dyes have also
been reported by other researchers [33-35].

(6)

3.2.2.Sorption isotherms

Adsorption isotherms were determined at 25°C by
shaking 100 mg of the adsorbent (ArP) with 50 ml of CR
solution with variant concentrations for 60 min. After shak-
ing at 5000 tr-min™, the solution was separated from the
solid by centrifugation. The residual concentrations in the
supernatants were determined by UV-Visible spectropho-
tometer at 498 nm, and the solid phases were analyzed by
FTIR spectroscopy at the range of 400-4000 nm™.

According to Giles classification [36], adsorption
isotherms of congo red by ArP (Fig. 9), expressing the
adsorbed amounts (g,) as a function of equilibrium con-
centration (C), seem to be of the L-type. In this kind of
isotherm, the initial portion provides information about
the availability of the active sites to the adsorbate and the
plateau suggests a monolayer formation. The initial curva-
ture indicates that a large amount of dye is adsorbed at a
lower concentration as more active sites of ArP are avail-
able. As the concentration increases, it becomes difficult
for a dye molecules to find vacant sites, and so monolayer
formation occurs.

1] 5 10 15 20
C. pmoll-1

Fig. 9. Adsorption isotherm of CR by ArP.
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Fig. 10. FTIR spectrums of: (a) CR powder only, (b) ArP before
CR adsorption and (c) ArP after CR adsorption.

Table 5
Most important adsorption bands of CR functional groups

Functional groups Frequency (cm™)

u(C=0),, 1667
u(N-H) 1500
d(C-H),, 837-914 726

Uptake of CR byArP has been confirmed by FTIR study
(Fig. 10). Results show new absorption bands in ArP FTIR
spectrum after dye adsorption, in comparison with FTIR
spectrums of ArP and CR, these bands linked to specific
functionals groups of CR structure (Table 5).

3.2.3. Effect of pH on dye removal

Dye adsorption onto clay is strongly dependent on pH
solution [37]. This can be attributed to the chemical form of
dye in solution and functional groups present on the adsor-
bent surface at a specific pH [38]. CR is a diazo anionic dye
and is a pH sensitive, exposure to HCI causes color change
from red to blue (Fig. 11), due to n—r* transition of azo group
shift to higher wavelength because of protonation [39]. At
lower pH, CR become cationic and shows two tautomeric
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Fig. 11. Structure of Congo red at (a) pH > 5.5, (b) pH < 5.5 [39,40], (c) Experimental values of A__ .

forms of protonated CR [40], i.e. ammonium rich variety
and azonium variety (Fig. 11b).

In this work, effect of initial pH on the amount of
adsorbed dye was studied at 25°C over a range of pH from
2 to 12. Experiments were conducted on suspensions of 0.1g
of ArP in 50 ml of dye solution with initial concentration of
69.66 mg-L. The suspensions were stirred for 1 h and then
centrifuged. Dye concentrations in the supernatant were
measured by UV-visible spectrophotometer at the specific
., which is determined experimentally (Fig. 11c). The pH
was adjusted by adding a few drops of NaOH (0.1 M) or
HCI (0.1 M) before each experiment.

As shown in Fig. 12, the amount of dye adsorbed per
unit mass of adsorbent at equilibrium increased as pH was
increased from 2 to 5, reaching a maximum at pH range 4-5
with 92% of dye removal. We have noted an almost com-
plete discoloration of the solution for pH range 4-5. The
maximum adsorption can be estimated at pH = 4.5.

At lower pH, the negatively charged silica sites of ben-
tonite are neutralized by H* ions and alumina sites are pos-
itive, the number of negatively surface charged decrease.
However, significant CR adsorption was reached. On the
other hand, at lower pH CR (dipolar molecule H,N*-R-SO,")
presents two protonated tautomeric species (Fig. 11b): an
ammonium form, where the protons attached to the amino
nitrogen and an azonium form, they were attached to the
0-azo nitrogen. Many functional N-sites are presented on
CR and some of nitrogen form hydrogen bonds by accept-
ing protons from the solution and some are protonated to
form cationic species.

Therefore, the maximum adsorption of cationic dye at
lower pH may be due to the mechanism of cation exchange,
replacing Na*, initially present in the interlayer space of
bentonite. Thereafter, adsorption decreased with increas-
ing pH. Above pH 6, the percentage of dye removal drops.
The overhead setup can be attributed to the changes in the
polarity of the electric double layer on both the silica and
alumina contents of the clay from positive to negative. The
high negatively charged adsorbent surface sites (at high
pH) did not favor the adsorption of deprotonated CR due

800
P

600 - \--“"t‘
“op 4 .
en 4 e
& 400 4 :
s

200 -

0 T T T T T T
0 2 4 6 8 10 12 14

pH

Fig. 12. Effect of pH on CR removal by ArP.

to electrostatic repulsion. Also, an abundance of OH- ions
in basic solution creates a competitive environment with
anionic ions of CR for the adsorption sites causing a signif-
icant reduction in the removal of CR dye from the solution.

Previous works [41] suggest that -NH,, -N=N-, -HN-N
and SO, groups of CR were involved in the adsorption.
Adsorption of CR by ArP has been confirmed by the appear-
ance of some of this functional group in IR spectrum of clay
sample after dye adsorption (Fig. 10).

3.2.4. Effect of adsorbent dosage

The effect of ArP adsorbent dosage on the removal of CR
anionic dye (at natural pH) is illustrated in Fig. 13. It can be
seen that the percentage of CR removal increased with the
increase in adsorbent dosage. This can be attributed to the
increase of adsorbent surface area and availability of more
adsorption active sites resulting from the increase dosage
of the adsorbent. Previous studies showed a similar behav-
ior for other dyes, for example, Ashraf et al. [42] reported
that acid yellow sorption onto biosorbent “Typhaangustata’
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increased with the increase of adsorbent dose, which was
due to the formation of a large number of adsorbing sites.

3.2.5. Influence of temperature

Effect of temperature on CR dye removal was investi-
gated at 20, 30, 40 and 50°C (Fig. 14). It could be clearly seen
that, the amount adsorbed at equilibrium increases with
increasing temperature. When the temperature increased
from 20°C to 50°C, the maximum amounts of CR removed
by this purified bentonite (ArP) are found to be increased
from 581 to 638.837 mg.g™!, estimated a complete removal
of this dye by clay mineral without any further modifica-
tion. Therefore, this system was endothermic which is more
favorable at higher temperature.
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Fig. 13. Effect of adsorbent (ArP) dose on the removal of CR.
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Fig. 14. Effect of temperature on CR removal.

Table 6
Langmuir and Freundlich parameters

It is found that higher temperature enhances the sorp-
tion of CR. It is common that increasing temperature may
cause a swelling influence in the adsorbent structure lead-
ing to the insertion of supplementary dye molecules. But, it
is necessary to note that in some previous studies [43,44] an
increase in temperature may cause an increase or a decrease
in the amount of dye adsorbed by various kinds of clay
minerals.

3.3. Modelization of experimentals data

Equilibrium data of Congo red adsorption onto purified
bentonite (ArP) were analyzed using the linearized form of
Freundlich and Langmuir models.

3.3.1. Langmuir model

The Langmuir model [45] assumes monolayer adsorp-
tion on a uniform surface with a finite number of adsorp-
tion sites. Once a site is occupied, no further sorption can
take place at that site, the surface will eventually reach a
saturation point where the maximum adsorption of the sur-
face will be achieved. The linear form of the Langmuir iso-
therm model [Eq. (7)] is given in Table 6.

Accordingly, experimental adsorption data were ana-
lyzed using the linearized form of Langmiur isotherm,
obtained by plotting C /g, versus C, (Fig. 15). The calculated
Langmuir isotherm constants and the corresponding coeffi-
cient of correlation, R? are shown in Table 6.

3.3.2. Freundlich model

The Frendlich adsorption is applicable to monolayer
(chemisorption) and multilayer adsorption (physisorption)
and is based on the assumption that the adsorbate adsorbs
onto the heterogeneous surface of an adsorbent [46]. The lin-
ear form of Freundlich equation [Eq. (8)] is given in Table 6.

The equilibrium data were further analyzed using the
linearized form of Freundlich isotherm, by plotting In g,
versus In C, (Fig. 16). The calculated Freundlich isotherm
constants (K., ) and the corresponding coefficient of cor-
relation, R? are shown in Table 6.

As can be noted from modelization results, experimen-
tal data agree very well with Langmuir model (R*= 0.996)
compared to Freundlich equation (R* = 0.861). Also, the
value of maximum adsorption capacity, q,, calculated from

Langmiur model

Freundlich model

Linearized eqations

C, 1 C, Ing,=1/n1InC,+1InK, (8)

PR )

qe Lqm qm
g, maximum adsorption K, Langmuir C,: equilibrium n: adsorption intensity ~ K: Freundlich
capacity (mg-g™) constant (L-mg™) concentration (mg-L™) constant (L-mg™)
R? R, K, g, R? 1/n K,
0.996 0.014 1 1000 0.861 0.401 264.01
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Fig. 15. Langmuir plots of CR by ArP.
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Fig. 16. Freundlich plots of CR by ArP.

Langmuir plot close the experimental value. Hence, it can
be deduced that CR adsorption into ArP sample, without
any further modification, is a monolayer adsorption mech-
anism with a good rate of removal.

The same results were reported for the CR adsorption
onto coal-based mesoporous activated carbon [15], flyash
[11] and organo-attapulgite [16] confirming the monolayer
adsorption.

Essential characteristics of Langmuir isotherm can be
expressed in terms of a dimensionless constant assigned
to as separation factor R, that is given by the following
equation:

1
R = (1+K,C,) ©)

where C, (mg-L™) is the initial concentration of adsorbate, and
K, is Langmuir constant. The value of R, indicates the shape
of the isotherm which is [13]: (i) unfavorable (R, > 1), (ii) lin-
ear (R, = 1), (iii) favorable (0 < R, < 1), (iv) or irreversible (R, =
0). The R, values are observed to be in the range 0-1 (Table 6),
indicating that the adsorption was a favorable process.

3.4. Thermodynamics study

Adsorption process is always accompanied by a ther-
mal process [47] which can be either exothermic (AH <

0) or endothermic (AH > 0). The measurement of AH’ is
a main parameter to understand the adsorption mech-
anism: chemisorption or physisorption. So, according to
Gibbs-Helmholtz relationship [48] the heat of adsorption
AH'is given as follows:
AG = AH - TAS (10)
where AG® Gibbs free energy (KJ-mol™), AH® enthalpy
(KJ-mol™), AS® entropy (KJ-mol-K™) and T temperature (K).
The enthalpy AH and entropy AS were determined
according to following equations (Eq. (11)) and (Eq. (12)):

AG=—-RTLnKc
LnK = ASO B AHOQ
R RT

where R is the universal gas constant (8.3143 J-mol™-K™)
and K is the distribution coefficient, calculated as follows:

(11)

(12)

KA

Ce (13

where g, (mg-g™") is the equilibrium Congo red concentra-
tion adsorbed onto purified clay and C, (mg-L™) is the equi-
librium concentration of Congo red in solution.

Using the predict equations and plotting Ln K vs. tem-
perature (T) graphic (figure not shown), thermodynam-
ics parameters were calculated and results are shown in
Table 7. As can be seen, the positive values of AH confirm
the endothermic nature of adsorption process and its low
values (< 40 KJ-mol™) indicate that this is a physical adsorp-
tion [49]. The negative values of AG® represent the adsorp-
tion process of CR into ArP is favorable and spontaneous in
nature. The positive values of AS show the increased disor-
der at the solid solution interface components.

3.5. Application to remove lead heavy metal from wastewater

Wastewater contained heavy metals, considered as tox-
ics and mutagenics elements [50]. So, in order to treat these
environmental problems, the complexed Congo red-satu-
rated Na bentonite ArP was used as adsorbent to remove
lead heavy metal. For this experiment, the same conditions
of CR adsorption were applied (natural pH, ambiant tem-
perature, 0.1 g of complexed CR-ArP). Aqueous solution of
lead was prepared from Pb(NQO,), and the concentration is
in order to the ArP clay CEC. ArP was also tested as adsor-
bent to remove lead heavy metal solution.

We reported that the final pH value of CR loaded
ArP suspension is 6.5 and the initial pH value of the lead
aqueous solution were fixed at pH 5. Results are shown in
Table 8. It can be seen that the complex CR-ArP exhibited
a high % adsorption of Pb reached 98.83 % compared with
ArP which presents only 40.65%. This high % adsorption
of lead by CR-ArP is due to electrostatic attraction between
the positive charge of cationic heavy metal and the negative
charge of sulfonate groupe (SO-,) in Congo red loaded into
purified clay (CR-ArP). According to our previous work
[13,25], in the pH range between 6-7 a significant amount
of Pb(Il) hydroxide Pb(OH)* may be present in the solution
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Table 7
Experimental results of thermodynamics of Congo Red
adsorption

Temperature (K) 293 303 313 323
AG (KJ-mol™) -0914 -1.865 -2.815 -3.765
AH (KJ-mol™) 23.930
AS (J-mol*-K?) 95.034

Table 8

Removal of Pb with different adsorbents
Adsorbents % Adsorption
ArP 40.65
CR-ArP 98.83

and in this condition the adsorption process of Pb was sup-
plumented by the retention of Pb(OH)*.

4. Conclusion

In this investigation, Ca-bentonite was collected, puri-
fied and used without any further modification, as adsor-
bent for treatment of industrial wastewater and water
polluted with anionic dyes. Adsorption results reveal the
following conclusions:

e Amount of CR adsorbed was found to increase with the
increase of initial CR concentration, adsorbent dosage,
temperature and pH in the range of 4-5,

e Adsorption reached equilibrium inside 40 min,

e Experimental data fit very wellwith Langmuir iso-
therm model, which suggests a monolayer adsorption
process,

e Adsorption kinetics followed a pseudo-second-order
kinetic model. This indicates that chemisorption could
be the adsorption mechanism of dye removal by Na sat-
urated bentonite (ArP),

¢ Thermodynamic study confirms the endothermic
nature of this process.

As contribution to valorization of waste from adsorp-
tion process, the complex CR loaded into ArP was tested
in lead heavy metal removal and results show a high %
removal compared to ArP only. This is due to electrostatic
interaction between negative charges in sulfonat group
(8O,) in CR and positive charges in Pb** and Pb(OH)*
species.
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