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In this research work, the potential capability of nano-clay and tonsil, as low-cost
and domestic adsorbents, for the elimination of a cationic dye, (CR18) from
contaminated water is investigated. The surface properties of the adsorbents are
studied by means of the scanning electron microscopy (SEM) and X-ray diffraction
techniques. The effects of the initial dye concentration, pH, stirring speed, contact
time, and adsorbent dosage are investigated at 25. The results obtained show that the
dye adsorption data from the nano-clay and tonsil experiments fit well to the Langmuir
and Freundlich isotherms, respectively. The results of dye adsorption kinetics
demonstrate that the adsorption system follows a pseudo-second-order model with a
satisfactory correlation value (R=99%).The adsorption thermodynamics is also
studied, concluding that the adsorption process is spontancous and physically
controlled. Under the optimum conditions (pH of 7, stirring speed of 200 rpm, CR18
concentration of 30 ppm and contact time of 30 min), the adsorption capacities of the
mixed adsorbents show the maximum adsorption efficiency at the tonsil:nano-clay
weight ratio of 1:2.

1. Introduction

Many industrial units use dyes, especially

procedures. Hence, the search for novel,
economical, and suitable materials for the removal

synthetic dyes, for coloring their products,
consuming a considerable amount of water. These
include the dyestuff, textile, paper, and plastic
industries. Such industries generate, quite
naturally, a considerable amount of colored
wastewater as well [1-3].

Dyes are very difficult to decompose
biologically, are toxic to the aquatic life, and pose
serious problems for the local living organisms due
to their carcinogenicity and toxicity features [4, 5
and, 6]. Also their solutions are among the major
environmental problems; they contain a large
amount of suspended solids with high COD
(chemical oxygen demand) concentrations and
highly fluctuating pH values [7-10]. This is why it
is very difficult to treat such streams by the formal
physico-chemical and biological treatment
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of dyes is of paramount importance. Cationic dyes
are water-soluble dyes that yield colored cations in
aqueous solutions. Their major chemical groups
are diazahemicyanines, triarylmethanes, cyanines,
hemicyanines, thiazines, oxazines, and acridines
[11,12].

Adsorption methods have been preferred to some
other methods of removing colored waste effluents
produced by industrial sites including the
membrane separation process, chemical oxidation,
coagulation, electrochemical precipitation, and ion
exchange. This is due to their cheapness and the
high quality of the treated effluents, particularly for
well-designed  adsorption processes [13-17].
Adsorption is a surface phenomenon, and refers to
the accumulation of substances near the interface
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with a mainly chemical engineering approach. In
this regard, surface forces, concentration of the
materials on the adsorbent surface, and porosity are
considered to be the controlling factors [18-23]. An
adsorption process is favorable when the local
concentration becomes greater than the bulk
solution concentration [24]. In order to define the
equilibrium relation between the quantities of the
adsorbed material and the concentration in the bulk
fluid phase under a constant temperature, the
adsorption  isotherms have always been
fundamental tools [25, 26].

Activated carbon is the most broadly used
adsorbent for the removal of dyes due to its high
ability for the adsorption of organic substance; it is,
however, too expensive to be widely used in
wastewater treatment industries [27 and 28]. Some
of the reported adsorbents contain clay minerals
(kaolinite, bentonite) [29-37], zeolites [38-40],
siliceous materials (alunite, perlite, silica beads)
[41-47], agricultural wastes (bagasse pith, maize
cob, rice husk, coconut shell, banana and orange
peel, etc.) [10, 15, 48-57], industrial waste products
(metal hydroxide sludge, waste carbon slurries,
steel plant slag) [1, 14, 52, 58-60], bio sorbents [28,
61-68], and others (starch, cyclodextrins, cotton)
[1, 67-72].

Application of clay minerals as adsorbents to
remove pollutants has lately been paid a growing
attention because they are readily accessible,
inexpensive, and environmental friendly. The final
goal is that, in the future, clay adsorbents be used
in order to establish a cost-effective adsorption
system, particularly for dye removal. The uptake
process is usually affected by some environmental
factors such as the pH, contact time, initial dye
concentration, stirring speed, ionic strength,
adsorbent dosage, temperature, and type of dye.

Due to the quick accessiblity and low cost of the
clay mineral in Iran, the present work was under
taken with the following special objectives: 1. to
study the performance and efficiency of nano- clay
in the removal of dyes by adsorption from
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industrial effluents; 2. to define the effects of the
pH, initial dye concentration, contact time, and
stirring speed on the adsorption ability of nano-
clay as an adsorbent; 3. to check the applicability
of the Temkin, Langmuir, and Freundlich
isotherms, pseudo-first-order adsorption and
pseudo-second-order adsorption kinetics; 4. to
prepare additional information on the adsorption of
the dye by nano-clay; and5. to recognize the
adsorption mechanism of the dyes by the nano-clay
based on the factors such as the adsorbent ability,
free energy variation, and entropy and enthalpy
change.

2. Materials and Methods

The source material for tonsil is silicon dioxide,
which is a chemical composite made of an oxide of
silicon with the chemical formula Si0O, . The
laboratory instruments used to measure the changes
in each variable during the experiment were a
heater (model: VS-130SH) for temperature
measurement, a digital weighing machine (model:
Sartorius) for mass measurement, a UV-visible
spectrophotometer (model: Perkin-Elmer lambda
25) for determining the dye uptake, a pH-meter
(model: Mettler Toledo), a centrifuge machine
(model: Hettich EBA 20) for separation of the
adsorbent particles from the effluents after dye
adsorption tests, and a Jar-test equipment (model:
Velp EQ-ER-13) for stirring the adsorbent particles
in the solution. Moreover, SEM (model: LEO
1455VP) and XRD (model: Advanced D8) were
used in order to study the morphology, the structure
of tonsil, and mineral characterization of the
sample. The pH values of the solutions were
regulated by 2 M NaOH and H, S0, solutions. The
dye was provided from Alvansabet Ltd. (Iran), and
the other chemicals used were obtained from the
Merck Company. Table 1 shows the chemical
characterization of cationic red 18, used as a model
pollutant. Figure 1 shows the chemical structure of
cationic red 18 (CR18).

Table 1: Cationic red 18 properties at a constant concentration of 30 ppm in the solution.

Name Molecular formula Molecular weight Amax Extinction coefficient (L.cm.Mol™)
(g/mol) (nm)
Cationic red 18 C19H25C12N502 4263 4875 6435
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Figure 1. Chemical structure of CR18.

As it can be seen in Figure 2, the maximum
absorbance occurs in a wavelength of about 487
nm. This wave-length could be used in to
determine the dye concentration and the initial
absorbance of the other parameters.

2.1. Adsorption studies

The sorption measurements were performed by
mixing several values of tonsil (0.0075-0.03 g) for
CR18 in jars including 250 mL of a dye solution
(30 mg/L) at different pH values (2—12). The pH
values were investigated in order to find the
optimal pH-level at which the maximum dye
removal is was attained. The experiments were
performed at concentrations of 20, 30, 40, 50, and
60 mg/L, by applying 0.03 g tonsil for CR18 at pH
12. The adsorption changes were measured at
certain time intervals, including 5, 10, 15, 30, 45,
60, and 120 min. Various stirring rates were used,
and there were important discrepancies among the
stirring rates of 45 up to 200 rpm. Finally, the
samples obtained were centrifuged by Hettich
EBA20, and next, the dye concentration was
defined. The adsorption efficiency of CRI18 on
tonsil was estimated by defining the decrease
percentage of the absorbance at 485.5 nm by
Equation (1) [73].

Dye removal (%) = * 100

(D
0
Here, Ao denotes the original absorbance, and A
is the last absorbance of the dye solution.
Freundlich and Langmuir isotherm equations were
checked in the current research.
The Langmuir equation can be given as:

_ QoK. C,

— 0L 2
=11k, 2)
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Where ¢. is the quantity of the dye adsorbed on
tonsil at the equilibrium, Qo is the maximum
adsorption capacity, K is the equilibrium constant,
and C. is the equilibrium concentration of the dye
solution.

The Freundlich isotherm is originated by
presuming a non-uniform distribution of the
adsorption heat over the heterogeneous surface. It
can be written as follows [74, 75].

®)

Here, K denotes the adsorption capacity at unit
concentration and 1/n is the adsorption intensity.
The Tamkin isotherm assumes that the adsorption
heat of all molecules decreases linearly with
increasing adsorption surface coverage, and the
adsorption is described by a uniform distribution of
the binding energy, up to the maximum binding
energy. The Temkin equation can be defined by:

e = KpCJ™

e

RT RT
Qe = Tln(AT) + Tln(Ce ) 4)

Where Ar (L/g) and B = % are the Temkin

constants, T is the temperature (K), R is the
universal gas constant of 8.314 (J/mol.K), and b
is related to the adsorption heat [76, 77].

2.2. Studies on characterization of tonsil and
nano-clay

The results of SEM images obtained from the
tonsil and nano-clay surfaces are shown in Figure
1. As it can be seen in the figure, the tonsil particles
are relatively finer and more porous than the nano-
clay particles in the same scale, indicating that the
surface area of tonsil is larger than that of nano-
clay. It also reveals the fact that the tonsil particles
are mostly constitute the angular and sharp-corner
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forms, while the nano-clay samples show relatively
circular particles on the surface. These differences
could generate variations in the distribution form of

Mag= 10.00 KX
Institute of Color Science & Technology
Figure 1a. SEM image of surface of the tonsil adsorbent
(Scale: 1 micron).

EHT=10.00kv WD= 8mm Signal A = SE1

EMT=1000kY WD= 7mm  Mag= 500KX  Signal A=SET
Institute for Colorants . Paints & Coatings

Figure 1c. SEM image of surface of the nano-clay
adsorbent (Scale: 1 micron).

In order to identify and quantify the mineralogy
of the crystalline compounds in the adsorbents, the
X-ray diffraction (XRD) method was implemented.
Figure 2 indicates that the major peak (26:26.61)
refers to silicon dioxide, and also Tosudite is in the
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Figure 2. XRD graph of tonsil nano-particles.
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charges on the surface of adsorbents and their
stability in the solution media.

Mag= 2100 KX
Institute of Color Science & Technology

EHT=1000KV WD= 8mm Signal A = SE1

Figure 1b. SEM image of surface of the tonsil adsorbent
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(Scale: 300 nm).

EHT=1000kvY WD= 7mm Mag= 2000 KX Signal A = SE1

Institute for Colorants . Paints & Coatings

Figure 1d. SEM image of surface of the nano-clay
adsorbent (Scale: 200 nm).

range of about 260:20.73°. Figure 3 shows that the
main phase in the nano-clay sample, which is in the
range of about 20: 23°, refers to montmorillonite.
Table 1 describes the abbreviations used in the
XRD graphs in Figures 2 and 3.

Mat

Mat, Sdm Alm
Alm Hyd. Mt

Sdm Mag, Sdm Alm

2Teta

Figure 3. XRD graph for nano-clay.
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Table 1. Identified phases and their abbreviations used in Figures 2 and 3.

No. Mineral name Abbreviation Chemical formula

1 Delafossite Del CuFeO,
Tosudite, Potassium Aluminum Silicate .

2 Hydroxide Hydrate Tos (K,Ca) 0.8Als (Si,Al ) 802 (OH) 10.4H.0

Aluminum Phosphate Silicate AlOx SiOs P~O< C1~HHoNO HHO

3 Tetrapropylammonium Hydroxide Hydrate Alm 27351025255 41282970- T2

4 Quartz Qtz SiOy

5 Neodymium Zinc Neo NdZn

6 Manganese Sulfide Mag MnS

7 Montmorillonite Mnt (Na,Ca) 0.3(Al,Mg) 251409 (OH),-xH>O

8 Aluminum Hydroxide Silicate Alm Hyd (AI(OH)) 0.33Al> Sis.67A1033010)(OH)2

9 Sodium Aluminum Silicate Hydroxide Hydrate Sdm Alm (Na,Ca) 0.3(Al,Mg) 2Si4016 (OH),'xH,O
Sodium Magnesium Aluminum Silicate . )

10 Hydroxide Hydrate Sdm Mag Nax (ALLMg ) 2Si4019 (OH),'xH,O

3. Results and Discussion clay were wused. The optimum adsorbent

3.1. Effect of adsorbent concentration

In order to find the optimal concentration for
each adsorbent, different values of tonsil and nano-

110

100 +

80 1
70 4

R (%)

40 -
30 -

20

0.015 0.02 0.025 0.03
Nano-clay dosage (gr)

Figure 4. Adsorption efficiency of nano-clay at
different concentrations, [dye] = 30 ppm.

0 0.005 0.01 0.035

Figure 4 demonstrates that increasing the amount
of nano-clay from 0.005 g up to 0.015g
significantly improves the dye removal efficiency.
However, a further increase in the amount of nano-
clay (> 0.015 g) does not affect the dye removal
efficiency, and shows a constant value.
Considering the results of in Figure 5, increasing
the amount of tonsil from 0.005 g to 0.03 g
considerably increases the dye removal efficiency
up to 68.45%. As highlighted in Section 2.2, the
SEM images of nano-clay display a low surface
area; thus it shows a limited adsorption capacity.
Tonsil, on the other hand, could remove more dye
from the solution media, due to its high surface
area.

concentration was estimated based on the dye
removal content.

110
100 4
90
80 A
70

R (%)

60 -
50 A
40

30 A

20

0.015 0.02 0.0235 0.03

Tonsil dosage (gr)
Figure 5. Adsorption efficiency of tonsil at different
concentrations, [dye] =30 ppm.

0 0.005 0.01 0.035

3.2. Effect of pH

The pH value is extremely important in removing
dyes from a soluble medium, which affects the
properties of the adsorbents and adsorbed
substances. The first observation is that CRIS8
maintains its stability at the pH range of 2-12. The
effect of pH on the yield of dye removal was
investigated, and the results obtained were given in
Figure 6.
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Figure 6. Effect of pH on CR18 adsorption onto

tonsil and nano-clay.

Figure 6 reveals the fact that Nano-clay adsorbs
dye particles in neutral media, while tonsil works
better in alkaline solutions. Tonsil constitutes of
numerous functional groups that are touched by the
pH of solutions. Its nanoparticles are negatively
charged at alkaline solutions, and because of
having -N,N,N-Trimethyl-Ethanaminium in the
structure of CRI18, electrostatic attraction is
dominant. At pH 12, a strong the electrostatic

100
R

£ 50

-1
40 A
30 4 =005 ~ =8=0.0075 =4=0.01
20 1 ==0.015  =#=0.0125 =0=0.02
10 1 0.03
0 Bt

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Contact time (min)
Figure 7. Effect of contact time on the adsorption

efficiency of nano-clay, [dye] =30 ppm.

Figures 7 and 8 indicate that increasing the
amounts of nano-clay and tonsil from 0.005 g to
0.03 g enhances their adsorption efficiencies. Also
the adsorption capacities of nano-clay and tonsil
are almost complete at 5 min and 30 min after the
beginning of the adsorption process, respectively.
This shows that the process of reaching the
maximum adsorption of tonsil, which is obtained at
high amounts (98.34% at 0.03 g of tonsil after 30
min of the beginning of the adsorption process) is
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attraction is present between the surfaces of tonsil
with negative electric charge, due to the ionization
of the functional groups and positively charged
cationic red 18 molecules [78,79]. However, the
low adsorption of CR18 at an acidic pH is due to
the existence of excessive amounts of H' ions,
destabilizing cationic dyes, and competing with
CR18 for available adsorption sites. Regarding this
fact, the nano-clay and tonsil adsorption
investigations were done in their optimum pH
values including 6 and 12, respectively.

3.3. Effect of contact time

As adsorption proceeds, the adsorbed particles
such as dyes cover the surface of the adsorbent,
what, in turn, makes the adsorption process more
difficult. Therefore, the contact time plays a key
role in defining the adsorption capability. In order
to find out the effect of the contact time on the dye
adsorption, various time intervals including 5, 10,
15,20, 30, 45, 60, 90 and 120 min, were considered
together with different amounts of the adsorbents.
The results obtanied are illustrated in the following
figures.

100 — —
-
90 B
80
70
60
e —
< 50
™
40 1
30 -
20 1 ——0.0075 —8=0.005 =—#+—0.01
" ==0.015  =H=0.0125 =0=0.02
0.03
0 ¥ . : . - : .
0 20 40 60 80 100 120 140

Contact time (min)
Figure 8. Effect of contact time on the adsorption
efficiency of tonsil (0.005 and 0.0075), [dye] =30 ppm.

relatively slower than that of the nano-clay
adsorbent.

3.4. Effect of dye concentration

The effect of various concentrations of CRI18
including 20, 30, 40, 50, and 60 ppm was
investigated with the adsorption times. The results
obtained are given in Figures 9 and 10.
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Figure 9. Effect of CR18 concentration on the adsorption

efficiency of tonsil.

It follows from Figures 9 and 10 that increasing
the CR18 concentration from 20 ppm up to 30 ppm
tends to enhance the adsorption efficiencies of
tonsil and nano-clay. However, when the CR18
concentration exceeds 30 ppm, these adsorption
efficiencies decrease. This is because by increasing
the CR18 concentration, repellent forces between
the CR18 molecules on the surfaces of the tonsil
and nano-clay particles also increase, preventing
more the CR18 molecules from being adsorbed.
Therefore, the optimum CRI18 concentration was
considered 30 ppm for the rest of the experiments.

3.5. Effect of stirring speed

Adsorption kinetic is strongly controlled by the
pore or film diffusion, and relies on the time and
stirring speed in the system. Figure 11 reveals the
fact that increasing the stirring speed tends to
improve the adsorption efficiency of the
adsorbents. However, the maximum adsorption
was achieved at a stirring speed of 200 rpm, and a
further increase in the stirring speed decreased the
adsorption efficiencies of tonsil and nano-clay. In
fact, since the adsorbents move very slowly at low
stirring speeds, the surface layer of the liquid
around the particle becomes very thick, which, in
turn, prevents a further dye adsorption. However,
at very high stirring speeds, where pore diffusion
controls the adsorption rate, collision between the
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Figure 10. Effect of CR18 concentration on the
adsorption efficiency of nano-clay.

adsorbent molecules and the walls of the container
leads to desorption. Having this fact in mind, the
optimum stirring speed was considered 200 rpm for
the rest of the experiments.

120

g0
&
40
20 == Nano-clay
=@=Tonsil
0 T T T T
0 50 100 150 200 250

Stirring speed (rpm)
Figure 11. Effect of stirring speed on the adsorption
efficiency.

3.6. Studies on adsorption isotherms

The equilibrium concentration of a substance
dissolved on the surface of an adsorbent is related
to the concentration of the solutes in solution by a
curve called the adsorption isotherm. the Langmuir
and Freundlich isotherms are the most commonly
used isotherms; however, we also used the Temkin
isotherm in this work.
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Figure 12. Plot of Temkin isotherm for adsorption of
CR18 onto nano-clay.
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Figure 14. Plot of Langmuir isotherm for adsorption of

CR18 onto nano-clay.
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Figure 16. Plot of Freundlich isotherm for adsorption
of CR18 onto nano-clay.

Based on the plots of the isotherms for nano-clay,
it was found that the adsorption of CR18 strongly
fited to the Langmuir isotherm (Figure 14). The
finding emphasizes on a monolayer adsorption of
CR18 onto a homogenous nano-clay surface. The
results of the tonsil adsorption isotherms
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Figure 13. Plot of Temkin isotherm for adsorption of
CR18 onto tonsil.
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Figure 17. Plot of Freundlich isotherm for adsorption
of CR18 onto Tonsil.

demonstrate that it is expressed very well by the
Freundlich isotherm model (Figure 17), showing
that the adsorption of CRI1S8 takes place on the
heterogeneous surface of tonsil with a non-uniform
distribution of heat over the surface.
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Table 2. Parameters of the Freundlich, Langmuir
and Temkin isotherms, obtained for adsorption of

CR18.
Langmuir isotherm
Adsorbent -KL Qo R?
Tonsil 0.0327 22.22 0.905
Nano-clay 1 1000 9.998
Freundlich isotherm
Adsorbent K n R?

Tonsil 221.406 4.115 0.985

Nano-clay  437.029 7.407 0.955
Temkin isotherm
Adsorbent A b R?
Tonsil 0.5085 17205.36 0.82

Nano-clay 0.319 28.448 0.994

3.7. Adsorption Kinetics

The kinetic examinations of the adsorption of
CR18 from the solution media onto the tonsil and
nano-clay surfaces were conducted. Two common
kinetic models including the pseudo-first- and
second-order were taken into account in the current
research work. The results obtained are
demonstrated in Figures 18-21.
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Figure 18. Pseudo-first-order adsorption kinetics of
CR18 onto tonsil.
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Figure 20. Pseudo-second-order adsorption kinetics of
CR18 onto tonsil.
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The pseudo-first-order kinetics is commonly
denoted as follows [78].

dqe/dt = ki(qe — q¢) %)

Here, k4 is the equilibrium rate constant of the
pseudo-first-order kinetics (1/min), g is the
quantity of the dye adsorbed at the equilibrium
(mmol/g), and q is the quantity of CR18 adsorbed
at time t (mmol/g). After integrating and using the
conditions gy =0 at t = 0 and, qy= q: at t = t, we
obtained [80]:

kit
= _ 6
Ln (g —q0) = In qe (2.303) ©

The pseudo-second-order chemisorption kinetic
rate was obtained as follows [80]:

d(q.t)/dt = k(q. — q¢) (7

Here, k is the equilibrium rate constant of the
pseudo-second order kinetics (g/mmol min) and
ge is the quantity of the dye adsorbed at the
equilibrium state (mmol/g) [81]. On integrating Eq.
(7), we obtained [80]:

t/q: = 1/kq? +t/q. ®)
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Figure 19. Pseudo-first-order adsorption kinetics of CR18

onto nano-clay.

14

y =0.0103x+0.0029
R*=10.9999

12

[

o
oo

t/qt (min mg/g)

® Expermental

Pseudo-second-order kinetics

0 20 40 60 80 100 120 140
Time (min)
Figure 21. Pseudo-second-order adsorption kinetics of
CR18 onto nano-clay.



Agah and Falahati Journal of Mining & Environment, Vol. 12, No. 1, 2021

The results of the adsorption kinetics display that process could be well-predicted by the pseudo-
the pseudo-second-order model explains the second-order kinetics. This indicates that the
adsorption kinetics of tonsil and nano-clay most adsorption mechanism is chemisorption, and that
effectively. The high values of the correlation the rate of CR18 diffusion in the pores of tonsil and
coefficients calculated for both adsorbents (> nano-clay limite the total rate of adsorption. Table
0.999) in Figures 21 and 22, strongly approve that 3 summarizes the kinetic parameters for the
the experimental data obtained from the adsorption adsorption of CR18 by tonsil and nano-clay.

Table 3. Pseudo-first- and second-order kinetic parameters for adsorption of CR18 onto tonsil and nano-clay.

Pseudo-first-order Pseudo-second-order
Adsorbent
R? Ki(1/min) q.(mmol/g) R: K,(g/mg.min) q.(mmol/g
Tonsil 0.54 0 148.6 0.99 0.011 100
Nano-clay 0.83  0.0000184 481.066 0.99 0.005 100
3.8. Adsorption thermodynamics respectively. AG was estimated using the following
The amounts of dye uptake at 288, 298, 308, 318, cquation [83]:
and 327K were studied in order to measure the AG = AH — TAS (10)
Elézlil.nodynamlc factors by the Van't Hoff equation Table 4 shows the thermodynamic parameters in
' different adsorption temperatures for tonsil and
InK.. = E _ ﬁ ) nano-clay. The adsorption of CR18 onto tonsil and
ad = 'R RT nano-clay show the negative Gibbs free energies of

-3.48 and -7.37 KJ/mol, respectively, indicating
that both adsorption processes are spontaneous. As
it can be observed in Table 4, the value of AH is
negative for tonsil (-29.14 KJ/mol); however, it is
a positive value for nano-clay (20.90KJ/mol). This
indicates that the tonsil adsorption is exothermic,
while the nano-clay adsorption process is an
endothermic process.

Here, K is the equilibrium constant, AS and AH
are the entropy (kJ/mol K) and enthalpy (kJ/mol)
variations of adsorption, respectively, R is the
universal gas constant (8.314 J/mol K), and T is the
absolute temperature (K). The values for AS and
AH were computed from the slope and intercept of
the linear regression of Ln Kq vs. (1/T),

Table 4. Thermodynamic parameters for adsorption of CR18 onto tonsil and nano-clay.
T("K) Kua AG (KJ/mol) AS (KJ]/molK) AH (KJ/mol)

288 14.20
298 21.72

Tonsil 308 23.27 -3.48 -0.086 -29.14
318 34.71
328 42.48
288 5.67
298 4.61

Nano-clay 308 3.00 -7.37 0.095 20.90
318 1.60
328 1.51

3.9. Adsorbent mixture displays the adsorption results of three different

concentration ratios of tonsil:nano-clay with

Different ratios of the adsorbent mixtures were . .
adsorption times.

examined at their optimum conditions. Figure 22
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Figure 22. Effect of tonsil: nano-clay concentration
ratios on the adsorption efficiency under optimum
conditions of tonsil.

The results obtained reveal the fact that the
maximum adsorption of CR18 could be achieved
by increasing the tonsil: nano-clay concentration
ratio.

4. Conclusions

In this research work, the possibility of CR18
adsorption onto tonsil and nano-clay was studied.
The effects of some important factors comprising
the amount of adsorbent, pH, contact time, original
concentration of CRI18, and stirring speed were
studied. It was detected that the nano-clay
adsorption  mechanism  well-followed  the
Langmuir isotherm, while tonsil fitted better to the
Freundlich isotherm. Kinetic studies displayed that
the pseudo-second-order model could effectively
explain the behavior of adsorption of CR18 onto
both the nano-clay and tonsil surfaces. The results
of the thermodynamic experiments indicated that
the tonsil and nano-clay adsorptions were
exothermic and endothermic, respectively, and that
both were spontaneous. Studies on the adsorbent
mixtures demonstrated that increasing tonsil to the
nano-clay concentration ratio improved the
adsorption efficiency in the system. Under the
optimum conditions including the pH of 7, stirring
speed of 200 rpm, CR18 concentration of 30 ppm,
contact time of 30 min, and tonsil:nano-clay ratio
of 1:2 (0.06g:0.015g), the maximum adsorption
efficiency was achieved. The clay mineral can
provide a replacement for the costly adsorption
materials such as active carbon due to its
accessibility and comparatively low  cost.
According to many studies, activated carbon is a
useful adsorbent for organic contaminants; though,
its high initial cost and the requirement for an
expensive regeneration system make it less
economically feasible as an adsorbent. Cost
effectiveness,  accessibility, and adsorptive
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properties are the principal criteria for selecting an
adsorbent in order to remove the organic and
inorganic contaminants. Taking these criteria into
attention, it can be said that the naturally existing
clay can be utilized as a more low-cost adsorbent
for the adsorption of dyes without requiring a
costly regeneration instead of expensive adsorption
materials.
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