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Abstract

The ability of inorganic-organic pillared clays to adsorb basic yellow (BY28) and humic acids (HA) from
wastewater was investigated at 20 °C. Adsorption rate data in single systems indicated that BY 28 was
adsorbed more rapidly than HA. The pseudo-second-order kinetic model was found to correspond to the
kinetic curves with regression coefficients greater than 0.99. The obtained results of the modeling of
adsorption isotherms in single-component systems at the different considered pH using nonlinear regression
showed that the best fit was obtained with the Freundlich isotherm (R2 > 0.96). In binary systems (BY28/HA),
the adsorption at three molar ratio (r = BY28 / HA = 1/3, 1/1 and 3/1) showed that BY28 and HA solute
retention rates were improved through a synergistic effect compared to those obtained in single-component
single-solute systems. The Sheindorf-Rebhun-Sheintuch (SRS) model was used to predict isothermal data
from binary systems using single-component data. The correlation between theoretical and experimental data
had limited success due to the competitive and interactive effects between dye and humic acids.
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difficulties  encountered both  during the
regeneration process and its reuse make are limiting
Industrial plants such as textiles, plastics, food and factors. Over the past decade natural and/or
paper generate large quantities of wastewaters modified clay minerals as adsorbents had been
containing organic pollutants which may have widely used to treat organic and/or inorganic
negative impacts on humans, animals and pollutants. The choice was justified basing on

1. Introduction

ecosystems. This is the motivating factor of many
studies that have been devoted to the development
of new processes for the removal of colour and
organic load from these contaminated effluents,
over the last decade. Among various methods,
adsorption techniques produce high quality treated
effluents and sorption processes have been studied
as a method for removing dyes from wastewater. In
this field, activated carbon is widely used as an
adsorbent because of its large surface area, its
microporous structure and its high adsorption
capacity [1]. But its current high cost and

economical considerations, their abundance and
their great availability [2-4].

These solids are obtained by introducing large
molecules of metal alkoxides, organic precursors of
(inorganic) polyoxycations into their interlamellar
spaces. These organo-inorganic clay materials have
been extensively studied in recent years [2-6]
because of their high efficiency in removing
organic compounds and their good thermal
stability. In the same way, several other previous
studies have clearly shown that hydrophobic
organo-inorganic clays can effectively remove
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organic compounds, especially dyes, from aqueous
solutions [4, 7]. In general, organo-inorganic-clay
minerals called also surfactant-modified pillared
montmorillonite (AlI-SMPM) are produced in
powder form and are characterized by few physical
properties such as particle size and porosity.

The objective of the present work is
therefore to study the adsorption capacities of this
new generation of prepared Al-SMPM in the
removal of basic yellow acids (BY28) and/or humic
acids (HA) from aqueous solutions. The
performance of AI-SMPM has been evaluated
under different operating conditions. The effects of
contact time, initial pH and adsorbent were
investigated.

II. Materials and methods

II.1 Adsorbates characterization

A. Basic yellow (BY28): All reagents were of an
analytical grade. Stock solutions of the basic
yellow dye were prepared by dissolving Basic
yellow 28 (BY28, Fluka AG) in distilled water
at the desired initial concentration. The
molecular structures and main characteristics
of these dyes are listed in Table 1. A stock
aqueous solution (1g L") of the BY28 was
prepared in  deionised MilliQ  water.
Experimental solutions of the desired
concentration (15 mg L) were obtained by
successive dilutions.

B. Humix acids (HA): The used synthetic humic
acids were commercial products provided by
the company (Acros). Their molecular
structures are shown in Table 1. They were
regularly prepared by dissolving 1g of humic
acid in 62.5 mL of NaOH (2 N) and then
supplementing up to 1 L with distilled water

Table 1. Basic Yellow 28 and humic acids structures

Chemical structure Commecial Name Amax (NM)
BY28 C{CH 3, Sandocryl Gold 455
|
a2 —CH=N—M OCH 4 Yellow
Mo+ |
| CHa
CHs
HA
DRAGUNOW (1958) Humic aCidS 254
FUCHS [1969)

This solution was stirred during 24 H and kept at a
temperature of 4°C away from light. Solutions of
10 mg L™ were prepared by successive dilutions of
the base solution.

I1.2 Preparation of the adsorbent

The aluminium surfactant-modified pillared
montmorillonite (AI-SMPM) was synthesized
according to previously reported methods [2]. The
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crude bentonite (Maghnia deposit in the west of
Algeria) was supplied by the ENOF Company
(Algeria), and transformed to sodic homoionic
montmorillonite noted Na-Mt. The intercalation of
Na-Mt by the pillaring solution was obtained using
the following parameters: Final concentration of
aluminium [Al];= 0.1 M; molar ratio OH/Al = 1.8;
ratio Al/Na-Mt = 5 mmol g"'. The protocol of the
preparation consisted to dropwise adding a solution
of aluminium polycation (pillaring solution) to a
suspension of Na-Mt (0.5% (w/w)). The obtained
solution was filtered and washed several times with
distilled water and then dried at 40°C at least for 72
h. The obtained aluminium pillared montmorillonite
was then modified by adding CTAB (cetyl
trimethyl-ammonium  bromide), a  cationic
surfactant, in order to increase the hydrophobicity
of the solid. The CTAB was added by direct mixing
(co-adsorption) to a suspension of aluminium
pillared montmorillonite noted Aly(OH),-Mt (0.5%
w/w) at room temperature and molar ratio CTAB/
AlL(OH),-Mt= 1 mmol g'l. The resulting solid
(named CTA-AL(OH),-Mt or AI-SMPM) was
washed several times with distilled water,
centrifuged and dried at 40°C for 72h. All prepared
adsorbents were sieved and stored in glass flasks
for further use [2]Al(OH),-Mt= 1 mmol g"'. The
resulting solid (named CTA-AlL(OH),-Mt or Al-
SMPM) was washed several times with distilled
water, centrifuged and dried at 40°C for 72h. All
prepared adsorbents were sieved and stored in glass
flasks for further use [2].

I1.3. Experimental studies in single and binary
systems

I1.3.1. Adsorption Kinetics

Adsorption experiments for BY28 and/or HA onto
Al-SMPM were carried out in brown flasks at room
temperature by shaking 0.1 g of adsorbent with 100
mL of the dye solution having an initial
concentration of 15 mg L™ for BY28 and 10 mg L
for AH, by means of a mechanical shaker
(EDMUND BUHLER GmbH SM-30) at a constant
agitation speed of 200 rpm. The samples were
withdrawn from the shaker at intervals from 0 to
1440 min then filtered through a 0.45 pm
membrane and analysed spectrophotometrically
using a SHIMADZU 1700 PHARMASPEC
spectro-photometer. For single component systems,
residual concentrations of BY28 and/or HA in all
solutions were determined at 458 nm and 254 nm,
respectively.

I1.3.2. Adsorption isotherms
Isotherm studies were conducted by shaking
different quantities of adsorbent (varying from
0.005 to 0.1 g) in 100 mL of adsorbate solutions
with an initial concentration of 15 mg L for BY28
and 10 mg L™ for HA. The pH of the medium was
varied from 3 to 9 by adding few drops of 0.0IN
NaOH or 0.01N HNOs; accordingly. The samples
were shaken at constant speed of 200 rpm for 24h
in order to achieve the equilibrium state. Samples
were taken after 24h then filtered through 0.45um
membrane. The residual concentrations of BY28
and/or HA all solutions were determined at the
appropriate wavelengths. The adsorbed amounts of
BY28 and HA onto AI-SMPM were calculated
using the following equation:

_ (G =C)H)xV (1)

m

Where q. is the amount of adsorption dye (mg g™
at equilibrium, C, and C. are the initial and
equilibrium concentration of dye solution (mg L),
respectively, V is the volume of the dye solution
(L) and m is the mass of AI-SMPM (g).
The isotherm procedure mentioned above was also
used for the binary solute systems (BY28/HA). Five
concentrations of the used dye were chosen in order
to obtain BY28/HA molar ratio of 1/3, 1 and 3.
The individual concentration of the residual dye in
binary component systems was corrected using the
optical densities of the solutes at the specified
wavelengths.
The isotherm procedure mentioned above was also
used for the binary solute systems (BY28/HA).
Also, five concentrations of the adsorbate or co-
adsorbate were chosen in order to obtain BY28/HA
molar ratios of 1/3, 1 and 3.
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In such conditions and when several components
are mixed in aqueous media, interferences and
competition phenomena for sorption sites occur and
lead to more complex mathematical formulations of
equilibrium. Various researchers had developed
models in binary systems such as the Sheindorf
model:
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1 —1
Ger = K1C1(C1 +alzcz)l (4)
ny—1
q., = K,C, (Cz + aZICI) ’ (5)
Where, a,, ,a,, are the competition coefficients of

BY28 and HA respectively K,,K, n;and n, are

constants of the model which can be determined
from single systems.

I11. Results and discussion
I11.1. Adsorption kinetics

The obtained results of the BY28 and HA
adsorption kinetics onto the used AI-SMPM at

medium pH in single systems are illustrated in Fig
1.
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Figurel. Adsorption kinetics of BY28 and HA onto Al-SMPM

at medium pH

They suggest the presence of two steps. A first step
where the binding of both BY28 and HA is very
fast with a 45 minute time followed by a second
step after about 3h for 4h where a steady state is
reached.

In single systems, the BY28 abatement efficiency is
about 80% onto AI-SMPM. It is also shown that
humic acids (HA) present a good affinity toward
Al-SMPM (85%). This phenomenon could be
attributed to hydrophobic interactions between HA
molecules which is very hydrophobic (presence of
olefins, a long carbonic chain and aromatic
functional  group) and  organophilic  and
hydrophobic Al-SMPM matrix.

In order to investigate the mechanism of adsorption,
the  pseudo-first- and  pseudo-second-order
equations are applied to model the BY28 and HA
kinetics. The pseudo-first— rate expression of
Langergren [8] is presented as

q=q.(1-€") (©)
Where qe and qt are the adsorbed amount (mg g™)
at equilibrium and time t (min), respectively; and k;
is the pseudo-first-order rate constant of pollutant.
The k; value was calculated from the slope of linear
plot of log (qe-qt) versus time.

The pseudo-second-order kinetic model is presented
as follow [9]:

t 1 1
—_— =+ ¢ 7

q, k,xql q,

Where q, is the maximum adsorption capacity (mg
g'l), k, is the rate constant of the pseudo-second-
order equation mg g”', and gt (mg g') is the amount
of pollutant at a time t. K, can be obtained from the
slope of plot of 1/(qe-qt) versus time (t). The
intercept of this linear relation is 1/qe.

The values of k;, k, and the correlation coefficients
(R?) of the pseudo-first- and pseudo-second—order
are summarized in table 3.

Table2. Kinetic constants of the two used pollutants with the two models pseudo-first and second order.

Pseudo-first-order Model Pseudo second-order Model
Adsorbent JB 28 HA JB 28 HA
K, Q R’ K, Q R’ | K, Q R’ K, Q R’
parameters min” mg. g'1 min” mg.g'1 g.mg'l. mg. g'1 g.mg’l. mg.g'1
min”' min’'
Al-SMPM | 0.22 | 10.99 0.98 | 0.02 0.91 ]0.96 [0.0396 11.23 0.99 | 0.02 8.99 0.99

Among the results giving in this table, it appear
clearly that the pseudo second-order fit very well
the obtained results with correlation coefficient
around 0.99.

II1.2. Adsorption isotherms in single component
systems
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The adsorption equilibrium experiments for BY28
and HA at three values of pH (3, 7 and 9), from the
differences between the initial Cy and equilibrium

concentrations C,, the amounts of BY28 and HA
adsorbed . on AI-SMPM were calculated. The
corresponding experimental adsorption equilibrium
data were drawn as Q. versus C, plots in Fig. 2.

The sorption isotherms of BY28 on the AI-SMPM
sorbents at the tree pH values (Fig. 2) showed that
the sorbed amount increased with increasing pH. At
pH 9, the AI-SMPM is more favourable for binding
BY28 with adsorption capacity of 240 mg g'1 at
residual concentration of 4 mg L™
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Figure 2. Adsorption isotherms of the used pollutants onto AI-SMPM at different pH values
A: BY28 and B: HA

In the other hand, the amount of HA is very important
in acidic medium with quantity Q of about 140 mg g'1
at residual concentration of only 2 mg L™

The phenomenon of steric exclusion can play an
important role during the sorption of the HA
macromolecules. In this study, we investigated also
the behaviour of both the prepared Al,(OH),-Mt
and AI-SMPM materials towards HA.

Results clearly shown a notable retention of HA on
Al-SMPM which seems to have a good affinity
towards HA, particularly at acid pH.

In another hand, the BY28 is a hydrophobic basic
dye which becomes cationic in aqueous solution. At
the used conditions, BY28 1is adsorbed onto
inorgano-pillared montmorillonite Al,(OH),-Mt by
hydrophobic interactions (non-polar interactions
between alkyl groups of pillared montmorillonite
with the dye molecules).

Adsorption isotherms of two adsorbates onto the
prepared sorbent clays at the different pH values
were analyzed by the Langmuir and Freundlich
models using non-linear regression technique.

The Langmuir isotherm [10] based on the
assumption of a structurally homogeneous
adsorbent where all sorption sites are identical and
energetically equivalent is represented by Eq. (8):

c.__1 .G ©

9. k.4, 4,

Where q. is the solid phase concentration of
adssorbate at equilibrium (mg g'), C. is the
equilibrium concentration in solution (mg L'l), Qmax
is the monolayer of the adsorbent (mg g'l) and K
(mg'l) is the Langmuir adsorption constants.

The Freundlich isotherm model [11] takes the
multi-layer and heterogeneous adsorption. Its non-
linear form can be represented as:

g, =KpC; ©)
Where q. and C. are the dye concentrations on
adsorbent (mg g'l) and in solution (mg L") and K
is the Freundlich constant (mg'™ L™ g"),
respectively.
The analysis of adsorption isotherms in single
component systems were analyzed and best fits
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were obtained with the Freundlich model (Table 3).
The sorption was not supported (n > 1) and the

affinity of the sorbent surface. It can be revealed by
its hydrophobic character and isotherm upwardly

binding was weak. In this case, favourable shape curves.
sorbate/surface interactions may increase the
Table 3. Constants of Freundlich model
Freundlich Model
pH K 1/n R’
mgl-n Ln g-l
3 0.067 8.62 0.94
HA 7 1.37 4.19 0.98
9 0.00126 8.145 0.88
3 7.10° 8.16 0.91
JBs 7 1.85 2.56 0.97
9 0.74 4.09 0.98

The parameters values of Freundlich model indicate
favourable conditions for adsorption and correlation
coefficients (R?) values are higher than 0.94. In the
used conditions, Langmuir model do not fit well
our results (results not shown).

I11.3. Effect of HA on BY28 sorption

A. Kinetic study in the binary mixtures
The kinetic study of the two pollutants in binary
mixtures (BY28/AH) are given in Fig. 3 which

gives  adsorbed amount versus  residual
concentration.
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Figure 3. Kinetic study of BY28 and HA in binary mixtures at
medium pH and ratio of adsorbate/co-adsorbate r=BY28/HA =1

In binary systems, the results obtained clearly show
that the presence of HA species in BY28 mixtures
increases their retention and decreased their
equilibrium time.

B. Isotherm study in the binary mixtures

Adsorption experiments were conducted at three
different pH values (3, 7 and 9) in binary component
(BY28/AH) systems. As mentioned above in the
kinetic part, BY28 adsorption increased when
BY28/HA ratio decreased as shown in Fig.4.
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Figure 4. Adsorption isotherms in binary mixtures (JB28/HA) at
three pH values.

When solute-solute interactions are strong
compared to those between solute and adsorbent, a
solute molecule at an adjacent position becomes
more stable to other already adsorbed molecules,
than at an isolated position. In the present case, the
Al-SMPM sorbent was very hydrophobic according
to previous studies [5].

Table 4. Sheindorf model parameters

To better understand the adsorption mechanism of
BY28 molecules in the presence of HA at different
concentrations, adsorption experiments were carried
out at three molar ratio (r=BY28/AH: 1/3, 1, 3) and
three different pH wvalues (3, 7 and 9).
Corresponding results of adsorption isotherms in
binary systems are shown in Fig 4. For all the given
conditions, the comparative study of the
corresponding adsorption isotherms (Fig. 4) clearly
show that the presence of HA molecules causes an
increase in the adsorption of BY28 in comparison
with performed in single-component systems. In
fact, the adsorption of BY28 molecules increases
with the decrease of the ratio r= BY28/AH, thus
suggesting an adsorption by mechanism of
cooperation between the two adsorbates BY28 and
HA molecules. Also, BY28 molecules could
interact with HA species to form complexes.

The modeling of the competitive results using
Sheindorf (SRS) model showed that the two used
solutes presented a cooperative behavior. The
synergetic effect mechanism was confirmed by
interaction coefficient pupyssya Which are all higher
than 1 at acidic medium

and correlation coefficients

r=1/3 r=1 r=3
(JB28/AH) WBY28,H R’ WBY28,HA) R’ WBY28,HA) R’
A)
pH=3 0.68 0.80 1.44 0.90 1.83 0.98
Al-
SMPM pH=7 0.10 0.86 0.36 0.88 0.46 0.94
pH=9 0.08 0.92 0.20 0.99 0.17 0.98
IV. Conclusion
This present study has shown that aluminium References

surfactant modified pillared montmorillonite (Al-
SMPM) had proven to be a good adsorbent to
BY28 and HA in both single and binary systems. In
the single systems, pillared clay had a greater
affinity for BY28 than HA. In binary mixtures, the
presence of HA improved the adsorption of BY28
with synergetic mechanism. Also, the BY28
sorption capacity onto AI-SMPM increased in the
opposite direction to the BY28/HA ratios when the
BY28/HA ratio decreased.

[1] ELLK. Mui, WH. Cheung, M. Valix. G.
McKay., Dye adsorption onto activated carbons
from tyre rubber waste using surface coverage
analysis. J Colloid and Interface Science 347 (2010)
290-300.

[2] O. Bouras, J-C. Bollinger, M. Baudu. Effect of

humic acids on pentachlorophenol sorption to
cetyltrimethylammonium-modified, Fe- and Al-

13




Zermane et al., Algerian Journal of Engineering Research

AJER, N°5, June 2019

pillared montmorillonites. Applied Clay Science 50
(2010) 58-63

[3] B. Cheknane, O. Bouras, M. Baudu, J.P.B.
Basly, A. Cherguielaine, Granular inorgano-organo
pillared clays (GIOCs): Preparation by wet
granulation, characterization and application to the
removal of a Basic dye (BY28) from aqueous
solutions. Chem. Eng. J. 158 (2010) 528.

[4] F. Zermane, O. Bouras, M. Baudu, J-P. Basly.,
Cooperative coadsorption of 4-nitrophenol and
basic yellow 28 dye onto an ironorgano—inorgano
pillared montmorillonite clay. Journal of Colloid
and Interface Science 350 (2010) 315-319.

[5] O. Bouras, J-C. Bollinger, M. Baudu, H.
Khalaf., Adsorption of diuron and its degradation
products from aqueous solution by surfactant-
modified pillared clays. Applied Clay Science 37
(2007) 240-250.

[6] M. Lezehari, J-P. Basly, M. Baudu, O.
Bouras, Alginate encapsulated pillared clays:
removal of a neutral/anionic biocide
(pentachlorophenol) and a cationic dye (safranine)

from aqueous solutions, Colloids and Surfaces A.,
366, (2010), 88-94.

[7] B. Cheknane, M. Baudu, J.P. Basly, O. Bouras.,
Adsorption of basic dyes in single and mixture
systems on granular inorganic—organic pillared
clays Environ. Technol. 31 (2010) 815-823.

[8] S. Lagergren., Zur theorie der sogenannten
adsorption geloster stoffe. Kunglinga Svenska
Vetenskapsakademiens. Handlingar 24 (1898) 1-—
39.

[9] Y.S Ho, G. McKay, The kinetics of sorption of
basic dyes from aqueous solutions by sphagnum
moss peat, Can. J. Chem. Eng. 76 (1998) 822—-826.

[10] I. Langmuir, the adsorption of gases on plane
surface of glass, mica and platinum, J.Am. Chem.
Soc. 40 (1918) 1361-1403.

[11] H.Freundlich, udber die adsorption in
loesungen, Z. Physik. Chem. 575 (1907) 385-470

14



