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Abstract

The current paper is paying attention to the synthesis of a low-cost, abundant and efficient hybrid activated bentonite—algi-
nate composite ABent/A. Hybrid composite morphology was determined through FTIR, XRPD, and pHp,. The operational
conditions for the retention of two dyes used in the textile industry (methylene blue and crystal violet) from aqueous medi-
ums were evaluated. Results showed that MB and CV adsorbed amount on ABent/A was 780 and 546 mg/g, respectively.
Kinetic Lagergren’s and Ho and McKay’s models provide the best result for the MB and CV adsorption on the prepared
adsorbent, respectively. Langmuir isotherm model gives the best analyses of the experimentation, justifying a monolayer and
a homogeneous nature of adsorption process. Results indicate also that the operational conditions studied affect significantly
dyes removal. Reusability study of ABent/A for dyes was also investigated according to the type of desorbing agents. MB
regeneration was found 98.92% using hydrochloric acid 0.01 M and CV regeneration percent was 95% using 0.5 M potas-
sium chloride prepared in the mixture ethanol/water (0.5%/0.5%). From the obtained results, hybrid activated bentonite/
alginate composites are low-cost, effective and regenerable adsorbent, which give a promising prospect for contaminated
wastewaters treatment.
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Introduction

Most industries have used colors in their products (Bertolini
et al. 2013; Jauris et al. 2016). It is known that the concen-
tration of cationic dyes during the process of coloration of
products is very high, and it was estimated that from 5 to
15% of these dyes was lost and discharged in wastewaters
which cause many health and environmental issues (Del-
lamatrice et al. 2017). Methylene blue (MB) exists in several
hydrated forms (Rager et al. 2012). It is commonly applied
as an organic model of contaminant because of its stable
molecular structure (Fu et al. 2015). The toxicological data
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relating to the use of the methylene blue at humans have
indicated the absence of danger related to the use of this
product like the drug (Rafatullah et al. 2010). Recently, it
was observed that it can cause thoracic pains, a dyspnea; an
anxiety, tremors, hypertension, and even a coloring of the
skin if the amount is high. Crystal violet (CV) is a carcino-
genic dye that declared as insubordinate molecules. It can be
absorbed causing irritation and is harmful by inhalation and
ingestion. Its most harmful effects are blindness and cancer
(Mittal et al. 2010).

Many water treatment methods were successfully applied
in the elimination of different kinds of contaminants, espe-
cially dyes, such as adsorption (Wang et al. 2013; Guz et al.
2014), photocatalysis (Peng et al. 2016; Sandoval et al. 2016;
Li et al. 2016), coagulation—flocculation (Papic et al. 2000,
2004), and combined process such as coagulation—adsorp-
tion (Kuppusamy et al. 2017).

Recently, adsorption process is considered a competitive,
efficient and promising technique to be used in the elimina-
tion of contaminants. It seems to offer the best prospects for
displacement of pollutants from the aqueous medium.
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Actually, emphasis has been placed on the preparation of
inexpensive, non-polluting active substances to be used in
the cleanup of polluted water.

According to the beneficial properties of clays such as the
availability, ecologically friendly, not polluted, they make it
use became more focused by researchers (Boualla and Ben-
ziane 2011; Zaghouane-Boudiaf and Boutahala 2011; Auta
and Hameed 2014; Anirudhan and Ramachandran 2015;
Hassani et al. 2015; Derafa et al. 2018).

Certain problems arise nevertheless in their implementa-
tion with a difficulty of separation of treated water and espe-
cially of their regeneration. The encapsulation with biopoly-
mers makes it possible to mitigate this problem (Lezehari
et al. 2010; Tezcan et al. 2012; Pandi and Viswanathan 2014,
Tan and Ting 2014; Jung et al. 2016).

The alginate it is a polymer of the family of polysaccha-
rides, most used for this intent. Alginate has many properties
suitable for adsorption process, among them, gelation prop-
erty which considered the very important property because
it has the ability for combining different matters together
through egg-box structure assured by the interaction between
the divalent metals, the process named encapsulation (Ely
et al. 2011). So, the realization of adsorbent composite beads
can be implemented in processes of water treatment not only
in discontinuous but especially continuous processes (Cheng
et al. 2012; Abdollahi et al. 2013; Kumar et al. 2013).

This work investigates a suitable and very interesting
method to synthesis hybrid activated bentonite/alginate com-
posite beads as efficient adsorbent; the characterization of
the adsorbent using FTIR, XRPD, and pHyp, analysis, The
investigation of adsorption process for the cleanup of water
from dyestuff, methylene blue (MB) and crystal violet (CV)
were chosen as pollutant models due to their wide applica-
bility in the industries, and their toxicity, using the obtained
adsorbent. Finally, the reuse of the composite several times
was studied to economize the process.

Experimental section
Materials

Natural clay used in this research was provided from
Maghnia deposit (Algeria) type bentonite. Methylene
blue (C,cH,3sN;SCI) abbreviated as MB and crystal violet
(C,5H3oN;ClI) abbreviated as CV were provided by Appli-
Chem Panreac ITW Companies. Sulfuric acid, odium
alginate and calcium chloride were provided from Sigma-
Aldrich and R&M Chemicals, respectively.
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Synthesis of activated bentonite/alginate
composites

The preparation of activated bentonite was done by the same
procedure used previously by Zaghouane-Boudiaf et al.
(2014); sample was named (ABent).

Activated bentonite/alginate hybrid beads (ABent/A)
were prepared by extrusion method, using 2 g alginate was
dissolved in 100 mL of distilled water, then an equal mass
of ABent was added (2/2; alginate/ABent; m/m). The extru-
sion method consists the introducing of alginate solution
or alginate containing the encapsulated material drop by
drop using a syringe or a pipette tip through a peristaltic
pump into a solution containing the crosslinker (CaCl, 4%).
Fast reaction between sodium alginate and reticulated agent
(CaCl,) makes it possible to solidify the spherical shape
of the drop within the solution. This method leads to the
depiction of millimetric-diameter size. Mixture of beads and
calcium chloride was left at magnetic agitation for one night
to insure the maturation of beads. Beads were cleaned using
deionized water until pH of water became 7, and then dried
at room temperature.

Instrumental characterization

FTIR analysis of the samples was carried out in KBr pellets
in the interval of 400-4000 cm™~! using FTIR 8400S appara-
tus type Shimadzu having a standard mid-IR DTGS detector.

X-ray powder diffraction was done using a Philips®
X-Pert diffractometer, equipped with automatic crack, CuKa
radiation, and a graphite monochromator.

The determination of the point of zero charge of samples
was done using 1/1 mass/volume ratio, the initial pH solu-
tion of deionized water was adjusted using 0.01 M hydro-
chloric and sodium hydroxide solutions to prepare acidic and
basic mediums, samples was added under stirring for 48 h at
24 °C. Final pH was measured.

Experimentation of dyes removal

Adsorption isotherms of dyes were investigated in differ-
ent Feed concentrations 25-2200 mg/L, other operational
conditions were maintained constants such as 7=24 °C,
pHyp =6.4, pHey =5.9. The adsorption capacity of dyes at
equilibrium, and the removal were accounted using Egs. (1)
and (2) below:

Co_C. )V
o= E) 0

m
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R(%) =

C,—C,
o % 100 2)
where g, (mg/g), R (%), Cy, C. (mg/L), V (L) and m (g)
are the removal capacity of dyes at the end of adsorption
process; removal percent of dyes; the feed and the ataxy
concentrations of dyes; the volume of feed dye solution; and
the adsorbent mass, respectively.

The combination between the operational conditions,
contact time and the initial concentration of dyes with
adsorption process was studied in a range of concentration
of 25-300 mg/L, at room temperature (7=24 °C+1 °C)
without pH adjustment (pHyz =6.4, pHry=5.9). 100 mg
of ABent/A was mixed with 100 mL of MB and CV solu-
tions and shacked at 200 rpm. After each time of contact, a
sample of dye was removed and analyzed at 664 and 590 nm.

Adsorption capacity relationship is given by Eq. (3):

o= (Co_C)V 3
m

where Cy; C, (mg/L); V (L); and m (g) are the feed and the

residual concentrations of dyes; the volume of feed dye solu-

tion; and the adsorbent mass, respectively.

The impact of pH was investigated in MB and CV pH
interval of 2—11 and 3-11, respectively, by adjustment of
feed dyes solutions of 100 mg/L using 0.1 M of HCI and
NaOH solutions. 10 mg of ABent/A was added to 10 mL
of dyes solution and shaken at 200 rpm and at temperature
of 24+1 °C.

Temperature influence on the equilibrium adsorption was
studied at 10, 20, 30 and 40 °C, at natural pH of dyes solu-
tion (pHy;g =6.4, pHcy=5.9). Initial concentration of meth-
ylene blue and crystal violet was 100 mg/L, the adsorbent
mass was 10 mg and the volume of MB and CV solution
was 10 mL.

Experimental modeling
Isotherms modeling

The modeling of the experimental data of the isotherms is
for aim to know the adsorption capacity of ABent/A, also to
evaluate the mechanisms applied in the adsorption process.
The well-known isotherm models; Langmuir, Freundlich,
Dubinin—Radushkevich and Toth were applied to fit the
experimental data.

1. Langmuir isotherm (Langmuir 1918)

Langmuir model justifies a monolayer and homogeneous
adsorption

_ QmKLCe
= 17k,.C, @)

where ¢, (mg/g); K| are the Langmuir maximum adsorption
capacity of the ABent/A; and Langmuir’s constant.

2. Freundlich isotherm (Freundlich 1906)

Freundlich propose that the adsorption is made on multi-
layer and heterogeneous in nature

q. = KgC/" (5)

where K and 7 are the Freundlich adsorption coefficient and
the exponential coefficient.

3. Dubinin—Radushkevich isotherm (Dubinin and Radush-
kevich 1947)

This model was chosen to assess the energy of the process
and the porosity of the adsorbent.

ge =g, - e F¢ ©6)

1
e—R-T~ln<l+a> @)
where g, (mg/g), B (mol*/kJ?) and e are equilibrium removal
capacity, constant of the D-R model, and the Polanyi
potential.

From the constant B, the adsorption energy E (kJ/mol)
could be evaluated using the equation below:

V2-B ®

4. Toth isotherm (Toth 1962)

Fig. 1 Activated bentonite/alginate (ABent/A) wet beads
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Fig.2 FTIR spectrum of
ABent, A and ABent/A
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The model was chosen to minimize the error of found
by Langmuir model. It is a special type from Langmuir iso-
therm similar to BET isotherm.

) ”

where g, (Mg/g); Gyt (ME/Q); C, (mg/L); Kt and my are the
maximum adsorption capacity at equilibrium found experi-
mentally; the maximum adsorption capacity of Toth model;
the equilibrium concentration, and Toth’s parameters.
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Kinetics modeling

To understand kinetics and to quantify adsorption changes
over time, two models are used:

(1) The pseudo-first-order kinetic model proposed by
Lagergren (1898): for solid/liquid adsorption process.

q, = ‘Ie(l - exp_kl’) (10)

where q., q,, and k, are the dye adsorption capacities
at final of the experiment and at any time ¢ (min); and
the constant of Lagergren kinetic model, respectively.

(2) The pseudo-second-order kinetic model proposed by
Ho and McKay (1999):

qikzt

4 Y

1+ q.kyt
where k, (g/mg min) is the constant of Ho and McKay
kinetic model.

Error analysis

So as to assess the relevance of kinetic and isotherm mod-
els, correlation coefficient (R?) and the residual root-mean-
square error (RMSE) have been used. They are given by the
following expressions:
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RMSE = n—1 ; (Qe. exp QS.cal) (13)
Reusability study

Reusability of adsorbents is considered as an economic fac-
tor which minimizes the cost of the adsorption process, to
show the possibility of reusing ABent/A composite beads
several times, MB and CV were regenerated using various
desorbing agents. MB desorption was evaluated using hydro-
chloric acid solution in two different concentrations (0.1 M,
0.01 M), while CV desorption was studied using different
solutions (0.5 M acetic acid solution, 100% ethanol solution,
0.5 M potassium chloride solutions and 0.5 M potassium
chloride prepared in the mixture ethanol/water (0.5%/0.5%).
Adsorption of dyes was done in the same way presented in
the section of kinetics study. After adsorption, the saturated
beads were washed and dried at 24 °C. 100 mL of each des-
orbing agent was added to ABent/A composites and shacked
for equilibrium time (48 h). MB and CV samples were ana-
lyzed. MB and CV adsorption—desorption were repeated
many times to assess the regeneration of the composites.
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Fig.5 Isotherms of MB and CV adsorption onto ABent and ABent/A (Cy=25-2500 mg/L, V=10 mL, m=10 mg, Agit=200 rpm and

T=25°C)
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Table 1 Parameters of isotherm

. Models Parameters Methylene blue Crystal violet
models for the adsorption of
MB and CV onto adsorbents ABent ABent/A ABent ABent/A
Langmuir q. (mg/g) 150.71 810.27 290.37 614.38
K, (L/mg) 2.808 0.018 0.025 0.010
R? 0.936 0.998 0.975 0.997
RMSE 14.43 14.46 16.83 12.62
Freundlich Ky ((mg/g)(L/mg)l) 78.27 122.39 57.63 54.04
n 0.108 0.267 0.246 0.352
R? 0.872 0.904 0.943 0.951
RMSE 20.35 96.29 25.29 49.09
Dubinin-Radu- ¢, (mg/g) 150.78 693.95 245.86 523.04
shkevich B (mol%/kJ?) 5.62%1078 8.81%1077 2.87%107° 6.20%107*
E (kJ/mol) 2982.75 75.34 28.40 111.66
R? 0.950 0.919 0.952 0.914
RMSE 12.70 88.72 65.24 40.64
Toth q.(mg/g) 150.15 813.09 358.74 618.66
Kp#10° 9840 0.05 0314 0.012
mp 20.73 0.982 0.490 0.980
R? 0.952 0.998 0.987 0.996
RMSE 12.39 15.01 12.06 13.22
300 300
Experimental points C( (mg/L) - MB Experimental points C (mg/L) cvV
9 25 @ 125
250 o 2504 3 Too
° @ 200 93339
o 300 g °
200{ Psewdofirsgbrdremodel 200 4
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50 1 50 00009
93333339 AW
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200 O 200 400 600 800 1000 1200 1400 1600 1800 2000 0 500 1000 1500 2000 2500 3000 3500
Time (min) Time (min)

Fig.6 Experimental data and modeling of adsorption kinetics of MB and CV onto ABent/A beads (C,=25-300 mg/L, m=100 mg, V=100 mL,

Agit=200 rpm, 7=25 °C, pHyg=6.4, pHcy=5.9)

Discussion of the results
Characterization

The photo of ABent/A wet composites beads is shown in
Fig. 1. The color with which the beads look indicates that
bentonites are well-encapsulated.

The FTIR spectra of ABent, ABent/A beads and alginate
referred as (A) shown in Fig. 2 gives similar bands. The
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picks at 3390 cm™!, and 3456 cm™! and 3420 cm™! in the
spectrum of alginate beads (A) and ABent/A are specified
to the vibrations of OH (hydroxyl) groups. The bands at
1590-1629 cm™" and at 1417-1420 cm™" observed in the
spectra of alginate (A) are assigned to C—O-O asymmet-
ric and symmetric stretching of alginate molecule (Oladipo
and Gazi 2014). The bands at 2924 em~!, 1124 cm™!, and
at 1030 cm™! are referred to CH stretching vibration, CO
stretching of ether groups and CO stretching of alcoholic
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Table 2 Kinetic parameters for

. Concentra-
MB and CV adsorption onto

Dyes

Pseudo-first-order

Pseudo-first-order

tion (mg/L)

ABent/A Qeeoxp  Qecal K, R RMSE Q... K, R? RMSE
MB 25 23.87 2381 4.62 0994 0.523 25.92 25.02 0.993  0.583
50 47.67 4706 697 0.993 1.063 50.07 2226  0.983 1.742
100 97.03 9625 396 0969 4.885 105.04 530.59 0989  2.926
200 192.60 192.63 432 0993 4705 212.02 270.33 0967 10.557
300 277.63 27791 442 0996 4.649  304.48 198.24 0976 12.431
CvV 25 23775  23.088 3.67 0.990 0.692 25.486 19.05 0.998  0.306
50 4233 41.018 3.13 0993 1.131 46.443  783.19 0.998  0.464
100 8727 85973 3.80 0975 4.050 94302  540.11 0992 2313
200 169.54 165.164 1.64 0.995 4.251 205543 7695.13 0.999 1.104
300 229.55 219.222 223 0989 8.117 260.599 8918.18 0.998  2.662
ky (1/min).10%, k, (g/mg min)10°, Geerp cary (ME/Q)
the microstructure when alginate introduced to bentonite. Fig-
1004 ure 3 shows also a low in line of alginate pattern which indicate
the amorphous structure. The value of d,, for the composite
90 ABent/A stay equal to d|y,; of ABent which is a sign that algi-
§ _/././././.4\',. nate has not intercalated in the bentonite silicate film, interactions
}5 804 between the carboxylic group of alginate and the positive charge
2 of the montmorillonite led to their link. The found results are con-
£ 0] . firmed by FTIR analysis founded previously (Chen et al. 2015)'.
g . AB::t/ s 1/1 MB The point of zero charges of adsorbents was shown in
_ Fig. 4. They are 4.7 and 7.04, respectively for ABent and
*0 ABent/A. The point of zero charge results revealed that the
surfaces are highly acidic and neutral, respectively, for ABent
50 7 T T T A - and ABent/A. So adsorbents are attractors of cations.
pH
Impact of the operational conditions
Fig.7 pH impact on the adsorption of dyes on ABent/A on the elimination of dyes

(Cy=100 mg/L, mypepya=10 mg, Vagenya =10 mL, Agit=200 rpm,
T=25°C)

groups, respectively (Vijaya et al. 2008; AbouTaleb et al.
2012).

XRD patterns of Natural bentonite (Bent), ABent,
ABent/A, and alginate are given in Fig. 3. The XRD pattern
of purified bentonite (Bent) showed the dyy,, reflection at 2
theta=15.686. The spacing correspondent to the inter-coat
is 1.91 nm. Bentonite is characterized by four peaks, first
is located at 15.037 A and the three others are at 4.508 /ok,
2.567 A and 1.501 A. This diffractogram shows that the min-
erals nonargillaceous present in variable quantities from one
sample to another is mainly quartz with characteristic reflex-
ions with dyy; =3.35 A and 4.28 A, calcite (dy, =3.21 A),
and of the feldspars (d,; =4.06 A). XRD spectrum shows
that acid treatment made some changes in the structure of
the bentonite.

XRD analysis shows the crystallinity variation which is an
important parameter whose evolution reflects a modification of

Adsorption isotherms

In general, adsorption isotherms provide information on
adsorption capacity; the optimization and the design of the
adsorbents; they describe the affinity between adsorbate and
adsorbent.

MB and CV adsorption isotherms onto ABent and
ABent/A are represented in Fig. 5. Both of MB and CV
adsorption isotherms had the same allure, they reveal when
the feed concentration of MB and CV increase, the adsorbed
quantity increases until a stage indicating the fullness of
adsorbent; what shows that the MB and CV adsorbs in a
homogeneous way assured by the negative ionic interactions
found on the adsorbent surface. Adsorbed capacities of MB
onto ABent and ABent/A were 151 and 780 mg/g, respec-
tively. CV adsorption capacities onto ABent and ABent/A
were 277 and 546 mg/g, respectively. The highest adsorbed
amount of MB comparing with CV adsorbed amount is due
to the size of the molecules, the size of CV molecule is big-
ger than MB molecule (Abbasi et al. 2017).
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Fig.8 In (¢/C,)=f(1/T)

plot for dyes adsorption onto 10.4 +
ABent/A (Cy=100 mg/L, 1
MABen/A = 10 mg, 10.2 +
VaBenya =10 mL, E
Agit=200 rpm, pHy;5=6.4, 10.0 4
pHey=5.9) |
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Table 3 Thermodynamic data for the adsorption of MB and CV onto
ABent/A

T (K) AG® (KJ/mol) AH° (kJ/mol) AS® (J/mol K)
MB

283 —38,545.65 —38.65%10° -50.72
293 —38,545.14

303 —38,544.63

313 —38,544.13

cv

283 —-6152.92 —61.38%10? 52.71
293 —6153.44

303 —6153.97

313 —6154.50

The experimental data of MB and CV adsorption iso-
therms were modeling using the nonlinear regression of
Langmuir, Freundlich, Dubinin—Radushkevich and Toth
using Egs. (4, 5, 6 and 9), isotherms modeling results are
listed Table 1. The higher R?, the lowest RMSE and the close
calculated adsorption capacities using this isotherm model
in comparison with the experimental capacities suggest that
Langmuir isotherm is the optimum model can characterize
and describe the process of dyes adsorption.

Impact of stirring time and feed concentration

Adsorption rate is very important to show the design and
to evaluate kinetics parameters. MB and CV Kkinetics on
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/T (1/K *10°%)

prepared adsorbent ABent/A at different concentrations
25-300 mg/L was studied, results are shown on Fig. 6.
Adsorption kinetics of MB and CV dyes on ABent/A take
the same form characterized by a strong adsorption dice first
minutes of contact, followed by a slow stage until reaching
equilibrium. For MB, equilibrium was reached at 7 and 24 h
in the lowest and the highest concentrations, respectively,
while in case of CV, the equilibrium time was found to be
about 24 to 48 h for the lowest and the highest concentra-
tions, respectively (Huang et al. 2017).

Adsorption kinetics were speedy in the starting of the
experiment (first time of the reaction), and this is due to the
existence of more active sites at the beginning of adsorption
than that of the sites remaining after a certain time (Elmou-
barki et al. 2017).

The adsorption kinetics modeling results given in Table 2;
the elevated R* and lowest RMSE reveal that the Lagergren’s
model is the very suitable model can describe adsorption
process in case of MB and Ho and McKay’s model is the
best for CV adsorption process.

Impact of pH

pH change can affect the ionization level of the dyes, also
impact the functional groups dissociation, it can affect
the stage of the elimination of dyes (Nandi et al. 2009),
the obtained result of pH impact on dyes elimination onto
ABent/A are given in Fig. 7. MB and CV retention were
very influenced by pH, the removal (%) was increasing with
the rise up of pH until pH =28 and remains steady at the
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Fig.9 Intraparticle diffusion model for dyes adsorption onto ABent/A
Table 4 Intraparticl.e diffusion C (mg/L) Methylene blue Crystal violet
data for the adsorption of dyes
onto ABent/A Step 1 Step 2 Step 1 Step 2
K, R> RMSE K, R* RMSE K, R* RMSE K, R* RMSE
25 1.011 0987 0.61  0.058 0.314 0.72 0918 0.965 0.80  0.149 0.715 091
50 2.161 0.950 2.76  0.090 0.668 0.56 1.614 0.995 048  0.352 0.803 1.81
100 3.184 0.992 1.33 0400 0412 432 2909 0983 1.65 0.656 0.574 4.88
200 10492 0.987 5.81 0386 0.479 3.34  5.056 0989 223 2247 0.890 8.24
300 13.635 0.983 8.81 0.566 0.393 596  6.950 0.998 1.01 2.674 0.875 10.5

range 8—11. Dyes minimal elimination percent adsorbed was
got to be at pH 2 for MB and pH 3 for CV, it was 54.01%
and 83.83% for MB and CV, respectively. To identify the
relation between pH and MB and CV dyes adsorption, the
zero charge point (pHpy) of activated bentonite compos-
ites beads (ABent/A) should be investigated. The value of
the zero charge point (pHpzc) of ABent/A was 7.04. So
surface charge of activated bentonite composite is positive
(pH < pHp,(). In acidic milieu, the excess of H' resulting
from the acidic medium, and the positive charge of dyes,
led to a competition for the surface actives sites owing to a
reduction of adsorption removal. In the basic medium, the
high removal of dyes on adsorbent is owing to the high inter-
actions between the positive charge of dyes and the excess
of OH™ ions. Many researchers have found the same results
(Tahir and Rauf 2006; Tsai et al. 2007; Bennani Karim et al.
2009; Auta and Hameed 2012, 2013; Pawar et al. 2015).

Temperature effect and thermodynamic data

To show temperature impact on MB and CV elimination
onto ABent/A, experiments were made fixed temperatures
from 283 to 313 K. The increase in the temperature is led
to a fact diffusion of adsorbate molecules toward adsorbent
pores, due to the reduction in solution viscosity. Moreover,
the change in the temperature changes the capacity of the
adsorption (Dogan et al. 2006; Karaoglu et al. 2010).

For both dyes, the removal rises up when temperature
increase from 283 to 313 K, dyes adsorption is suitable at
high temperatures which indicate that dyes adsorption on
ABent/A beads are exothermic.

Thermodynamics data such as Gibbs free energy,
enthalpy variation, and entropy variation were also given
using Eqgs. (14) and (15) below (Krug et al. 1976).

AG=-RT LnK (14)
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where g., C., R, and T are dyes adsorption quantity (mg/g);
equilibrium concentration (mg/L); gas constant (J/mol K)
and temperature (K), respectively.

Figure 8 shows the plot (g./C,) =f (1/T) for the adsorp-
tion of dyes onto ABent/A; thermodynamic parameters are
presented in Table 3. Gibbs’ free energy negative value is
an indication that dyes adsorption process is spontaneous.
Enthalpy change (AH®) was found to be —38.65* 10* and
—61.38*10? kJ/mol for MB and CV, respectively, which
mean that adsorption, is exothermic for both dyes. The
entropy change (AS°) was —50.72 J/mol K in case of MB
and 52.71 J/mol K in case of CV (Kyzas et al. 2012).

Adsorption mechanism

As the two previous Lagergren and Ho and McKay’s models
doesn’t gives better understood for the adsorption mecha-
nism, Weber and Morris suggest another model “intrapar-
ticle diffusion” which could provides more understanding
for the mechanism of MB and CV adsorption on ABent/A.
Equation 16 present the mathematic relationship of intrapar-
ticle diffusion model (Weber and Morris 1962)

g =K 1% +C (16)

where k; is the speed constant of intraparticle diffusion
model (mg/g min®).

Figure 9 and Table 4 show the intraparticle diffusion
model and its parameters. Figure 9 shows two different
sharp periods, the first one represents the diffusion of
MB and CV molecule toward pores of the adsorbent. The
second one characterizes the slow adsorption stage caused
by the saturation of the adsorbent (Li et al. 2013).

The examination of the Fig. 9 shows us the nonlinear-
ity of the plots for all concentrations studied which proof
that the intraparticle diffusion is not the mechanism deter-
mining of the adsorption of the BM and CV on ABent/A
beads, it exists, but it is done at the same time as the other
mechanisms of diffusion. Table 5 shows the comparison
between the prepared adsorbents in this study with others
various adsorbents used by other researchers.
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Reusability study of ABent/A

The results of the regeneration of MB and CV dyes from
ABent/A are shown in Fig. 10.

MB regeneration was evaluated using HCl solutions (0.01
and 0.1 M). Both 0.1 and 0.01 M hydrochloric acid solutions
were effective in MB regeneration, and they show 98.92%
and 97.04% of MB regeneration in the first cycle. With the
increase in cycle numbers, the MB desorption percentage
decreases slightly for both 0.1 and 0.01 M hydrochloric acid
solution until it reaches 91.22% and 89.47% after six cycles.

CV desorption was studied using 0.5 M acetic acid solu-
tion, 0.5 M potassium chloride solution, 100% ethanol and
0.5 M potassium chloride prepared in the mixture ethanol/
water (0.5%/0.5%). As shown in Fig. 10, the CV regenera-
tion percentages were 30%, 25%, 12% using 0.5 M acetic
acid solution, 0.5 M KCl solution and 100% ethanol solution,
respectively. When the 0.5 M KCl in ethanol/water (50/50,
V/V) was utilized, adsorption/desorption cycle was come up
to 95%. Same findings reported by Eren et al. (2010).

Conclusion

This work investigates the valorization of natural Algerian
bentonite by using it in the preparation of very efficient
adsorbent ABent/A, Adsorption study was carried in batch
system according to several changing operational conditions.
The results of MB and CV adsorption showed that all stud-
ied parameters effect adsorption process. Lagergren and Ho
and McKay’s models were very suitable for the description
of MB and CV adsorption processes, respectively.

MB and CV isotherms were well-described using Lang-
muir isotherm model justifying a monolayer and homo-
geneous adsorption. MB and CV adsorption process onto
ABent/A was exothermic. Regeneration study showed that
dyes were successfully desorbed using 0.01 M hydrochloric
acid and 0.5 M potassium chloride prepared in the mixture
ethanol/water (0.5%/0.5%), for MB and CV, respectively.
Activated bentonite/alginate composites are low-cost, effec-
tive and regenerable adsorbent, which give a promising pros-
pect for contaminated wastewaters treatment.
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Table 5 Comparison of dyes adsorption amounts onto various adsorbents

Adsorbents Dyes Kinetic and isotherm models ~Maximum adsorp-  References
tion capacity (mg/g)

Acid-activated bentonite MB Pseudo-second-order 151.43 This study
Langmuir

Activated bentonite/alginate composite beads Pseudo-second-order 780.59 This study
Langmuir

Magnetic nanoparticles CS-MCM Pseudo-second-order 31.80 Yan et al. (2013)
Langmuir

Magnetic nanoparticles CS-Glu-MCM Pseudo-second-order 185.1 Yan et al. (2013)
Langmuir

Alginate—bentonite—activated carbon composite beads Pseudo-second-order 994.06 Benhouria et al. (2015)
Freundlich

Coffee ground-sodium-alginate beads Pore diffusion model 622.70 Jung et al. (2016)
Sips

Activated-organo-bentonite beads Pseudo-second-order 769 Belhouchat et al. (2017)
Langmuir

Acid-activated bentonite (&) Pseudo-second-order 278.80 This study
Langmuir

Activated bentonite/alginate composite beads Pseudo-second-order 546.53 This study
Langmuir

Magnetic nanoparticles CS-MCM Pseudo-second-order 82.20 Yan et al. (2013)
Langmuir

Magnetic nanoparticles CS-Glu-MCM Pseudo-second-order 390 Yan et al. (2013)
Langmuir

Hebei province bentonite HB-Bt - 800 Wei et al. (2009)

Inner Mongoli autonomous bentonite NM-Bt - 500 Wei et al. (2009)

magnetic carbon—iron oxide nanocomposite - 810.70 Singh et al. (2011)

Acid-activated bentonite Pseudo-nth order 582.40 Oladipo and Gazi (2014)

Redlich—Peterson

Langmuir
I 1c1 0,00l HC 0,1 M)

100 100

80 80
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Fig. 10 Methylene blue and crystal violet regeneration
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