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Synthesis of Activated Carbon/Chitosan/Alginate Beads Powder as an Adsorbent
for Methylene Blue and Methyl Violet 2B Dyes
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Abstract: The activated carbon-chitosan-alginate (KKA) beads powder was synthesized
to form an adsorbent for the cationic dyes, methylene blue (MB) and methyl violet 2B
(MV 2B). The aims of this research were to determine the optimum composition of KKA

beads powder for the adsorption of cationic dyes and to investigate the effect of pH,
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adsorbent mass, contact time, and initial concentration of MB and MV 2B dyes. A
desorption study was also implemented to predict the adsorption mechanisms of MB and
MYV 2B dyes. The KKA beads powder was prepared by mixing chitosan, Na-alginate with

various variation of masses (0.6; 0.8; 1.0; and 1.2 g) and activated carbon. The KKA beads

were immersed in a CaCl, solution. The KKA beads powder was characterized using FTIR
spectroscopy and SEM. The desorption study was conducted in NaCl (0.1 M and 1.0 M),
ethanol (40 and 60%), and pH 4 solution. The result showed that the KKA beads powder
had been successfully created, with maximum adsorption capacities of 1.34 mmol g for
MB and 1.23 mmol g' for MV 2B. The kinetics and isotherms of MB and MV dyes
adsorption on the KKA beads powder followed pseudo second order kinetics model and
Freundlich isotherm. The desorption study showed that 60% ethanol was the most
effective desorption solution for cationic dyes.
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m INTRODUCTION

The dyeing process in the textile industry produces
10-15% of the dyes released to the environment [1].
Synthetic dyes have brightness, high color sharpness, and
are clearly visible even in very low concentrations [2-3].
MB and MV 2B are cationic synthetic dyes. The presence
of synthetic dyes in the environment can disrupt the
stability of the organism in the environment due to their
carcinogenic, mutagenic, and toxic effects. Therefore, the
removal of dyes before being released into the water is
very important.

The treatment of dye waste has been carried out by
various methods such as biological processes [4],
electrochemistry [5], ozonation [6], oxidation [7],
photocatalyst  [8], filtration [9], and
adsorption [10-13]. Adsorption became the most popular

membrane

and widely used method due to its low operational costs,
simple and easy procedure, requires less energy, non-

toxic effects, and because it is highly effective for the
degradation of waste [10].

Activated carbon is a porous material that has
potential in the removal of chemical species by
adsorption [14]. The mesopores and macropores of
activated carbon can be used to remove large pollutants
such as dyes [15]. According to previous studies, activated
carbon is able to adsorb MB [16-18] and MV 2B [3,19].
Modification of activated carbon with biopolymers such
as chitosan [12] and alginate [11,13] can also be used as
an alternative to remove cationic dyes.

Currently, there is no report about the fabrication
of a composite material consisting of activated carbon,
chitosan, and alginate to be used as an adsorbent for the
removal of cationic dyes. Chitosan and alginate are
polycationic and polyanionic natural polymers,
respectively. The combination of both polymers will

form a polyelectrolyte complex (PEC) due to the
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interaction between the carboxyl groups of alginates and
the amino groups of chitosan [20]. The formation of PEC
enriches the active sites on the surface of the adsorbent.

Therefore, the main objective of this research was to
explore the potential of activated carbon-chitosan-
alginate (KKA) beads powder as an adsorbent for MB and
MYV 2B dyes. The aims of the research were to determine
the optimum composition of KKA beads powder, to
investigate the effect of contact time and initial
concentration on the adsorption of MB and MV 2B, and
to study the desorption of MB and MV 2B dyes.

m EXPERIMENTAL SECTION
Materials

Chitosan (%DD c.a. 80%), activated carbon
(technical), sodium alginate (MW 120-190 g/mol, G/M =
1.56), and other materials of analytical grade were
supplied by Merck including calcium chloride, sodium
hydroxide, acetic acid, hydrochloric acid, sodium
chloride, ethanol absolute, MB, and MV 2B.

Instrumentation

The equipment used in this research were pH meter
(SI Analytics Lab 860), shaker
(Memmert), and centrifuge (Thermo Scientific SL 16R).

magnetic stirrer,
Characterization of the functional groups of the KKA
beads powder was detected by Fourier transform infra-
red spectroscopy (FTIR) (Prestige-21 Shimadzu) at 4000-
500 cm™ wavelength. The morphology of the KKA beads
powder was characterized by Scanning Electron
Microscopy (SEM) (JSM-6510LV). The concentration of
dyes was analyzed by Spectrophotometer UV-Vis
(Thermoscientific 20D).

Procedure

Synthesis of the activated carbon/chitosan/alginate
(KKA) beads powder

Chitosan (1 g) in 30 mL of acetic acid (2.0% v/v) was
mixed with sodium alginate (1 g) in 30 mL of acetic acid
(2.0% v/v). After the suspension had mixed completely,
activated carbon (1 g) was added into the suspension. The
suspension of KKA was stirred using a magnetic stirrer
for 24 h. Then, the KKA beads were formed by dripping
the solution into a CaCl, (2.5% b/v) solution. The KKA
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beads were washed, dried, and crushed into powder. The
same procedure was made for the synthesis of KKA
beads powder with mass variations of sodium alginate
(0.6;0.8; and 1.2 g).

The optimum composition of KKA beads powder

The optimum composition of the KKA beads
powder was determined by mixing mass variations of
sodium alginate (0.6; 0.8; and 1.2 g) during the synthesis
of the powder. The resulting KKA beads powder (20 mg)
was added into 20 mL of MB or MV 2B dyes solution
with concentration of 100 mg L' and the adsorption was
carried out for 60 min. Afterwards, the solid material
was separated, and the filtrate was analyzed by
spectrophotometry UV-Vis. The adsorption capacity of
the adsorbent towards MB and MV 2B dyes were
calculated using Eq. (1).
(Co —Cy )V (1)

m

where C, (mg L) is the initial concentration of dyes, C;

Adsorption capacity (Qt ) =

(mg L") is the concentration of dyes after adsorption, m
(g) is the mass of the adsorbent, and V (mL) is the
volume of the dyes.

Effect of pH
A series of solutions containing 20 mL of 100 mg L™

MB or MV 2B dyes were prepared with pH of 4, 5, 6, 7,
8,and 9. pH adjustment was carried out by adding 0.1 M
NaOH and 0.1 M HCL. Into the series of dyes solution,
20 mg of KKA beads powder with optimum composition
was added as obtained from the previous experiment.
Then the adsorption was carried out for 60 min. The
solid material was then separated, and the filtrate was
analyzed by spectrophotometry UV-Vis.

Effect of adsorbent dose

The effect of adsorbent dose was investigated by
using 10, 20, 30, 40, and 50 mg of KKA beads powder.
The varied adsorbent doses were added into 20 mL of
100 mg L' MB or MV 2B dyes solution. The solution
was adjusted to the optimum pH obtained from the
previous experiment. Then the adsorption was carried
out for 60 min. The solid material was then separated,
and the filtrated dyes
spectrophotometry UV-Vis.

were analyzed by
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Effect of contact time

The effect of contact time was determined within the
time range of 5-180 min. The optimum adsorbent dose of
the KKA beads powder obtained from the previous
experiment was added into 20 mL of 100 mg L' MB or
MYV 2B dyes solution at the optimum pH. The adsorption
was conducted for 5, 10. 15, 30. 45, 60, 90, 120, 150, and
180 min. The solid material was then separated, and the
filtrated dyes were analyzed by spectrophotometry UV-Vis.

Effect of initial concentration

The optimum dose of the KKA beads powder was
added into 20 mL of MB or MV 2B dyes solution at
optimum pH. The effect of initial concentrations was
investigated in 25, 50, 75, 100, 150, 200, 300, 400, 500, 600,
800, and 1000 mg L. The adsorption was carried out for
the duration of the optimum time as obtained from the
previous experiment. The solid material was then
separated, and the filtrated dyes were analyzed by
spectrophotometry UV-Vis.

Adsorption Selectivity of MB and MV 2B dyes

The adsorption selectivity test between MB and MV
2B dyes was determined in comparison to the mole of MB:
MV 2B dyes (1:0, 0:1, and 1:1). The adsorption was
investigated in the optimum condition of MB or MV 2B.

Study of desorption

The process of desorption was investigated in NaCl
(0.1 and 1.0 M), ethanol (40 and 60%) and pH 4 solution.
The time of desorption was carried out for 1, 3, 18, and
24 h. The percentage of desorption was calculated using

Eq. (2).

C
%Desorption =—=x100% (2)
CO
where C. (mg L) is the concentration of dyes after
desorption and C, (mg L) is the concentration of dyes in

the adsorbent.

Isotherm models for the adsorption of MB and MV 2B
dyes

The isotherms for the adsorption of MB and MV 2B
dyes were determined using two models according to Eq.
(3) and (4).

1 C
+

< 3)

qmax

- Ce
Langmuir isotherm: —=
9e KL Imax
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Freundlich isotherm :Inq, =InKy +llnCe (4)
n

where K; (L mg™) is the Langmuir constant, qm.. (mg g™)
represents the monolayer capacity, Kr and n are
Freundlich constants, C. (mg L) is the equilibrium
concentration, and q. (mg g') is the amount adsorbed at
equilibrium.

Kinetics model for the adsorption of MB and MV 2B
dyes

The kinetics model for the adsorption of MB and
MV 2B dyes was determined using four models
according to the following equations:

First —order kinetics model: InC, =InC;, —k;t (5)
Second — order kinetics model : L1 +k,t (6)
Ce CO

Pseudo first —order kinetics model : In(q,-q, )=Inq-k;t (7)
Pseudo first —order kinetics model :i _ 1 3 +L (8)
9t que 9e

where k (min™) is the rate constant, t (min) is time, C,

(mg L") is the initial concentration, C. (mg L") is the
equilibrium concentration, and q. (mg g™') is the amount
adsorbed at equilibrium.

m  RESULTS AND DISCUSSION
FTIR Spectra of KKA Beads Powder

FTIR analysis was used to identify several
characteristic functional groups of the KKA beads
powder. The FTIR spectra of the KKA beads powder
before and after the dyes adsorption-desorption are
shown in Fig. 1. Fig. 1 shows that activated carbon has
characteristic peaks at 1628, 3425, also 2855 and
2924 cm™ due to stretching vibrations of -C=0, -OH,
and -CH. Modified activated carbon peaks shifted from
1628 to 1605 cm™'. This data represented the electrostatic
interactions between the -NH;" of chitosan and -COO~
of alginates that form PEC in KKA beads powder.
Additional peaks at 1400 and 1034 cm™ are identical to
stretching vibrations of -CH amines from chitosan
structures and stretching vibrations of -CO from
chitosan and alginate structures.

FTIR spectra after MB and MV 2B dyes
adsorption-desorption showed shifting of peaks that
occurred due to the interaction between adsorbents and
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Fig 1. FTIR spectra for (a) activated carbon, (b) KKA beads powder 0.8, KKA beads powder 0.8: (c) after adsorption
of MB, (d) after desorption of MB, (e) after adsorption of MV 2B, and (f) after desorption of MV 2B, respectively.

MB/MV 2B dyes [12-13]. After the MB adsorption and
desorption, there were new peaks at 1342 and 802 cm™
which show stretching vibrations of -N=0O and -CS,
respectively [18]. The additional peak between 1134 to
1180 cm™ is identical to stretching vibrations of ~-CN of
the dyes on the surface of the adsorbent [21]. Decreased
peak intensity at 1034 cm™ is due to the interaction of
dyes and the KKA beads powder [13].

()

Wi T

activate
0.8: (c) after adsorption of MB, (d) after adsorption of MV 2B, (e) after desorption of MB, and (f) after desorption of
MV 2B, respectively

SEM Analysis of KKA Beads Powder

The surface morphology of the KKA beads powder
was characterized by SEM analysis. The SEM
photograph for activated carbon and the KKA beads
powder before and after adsorption-desorption of MB
and MV 2B under the same magnifications is given in
Fig. 2. Fig. 2 shows that activated carbon has an irregular
surface and various pore sizes. The pore size of the KKA
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beads powder looks larger than that of the activated
carbon. Chemical modification with chitosan and alginate
through PEC can increase the pore size of activated
carbon, potentially increasing the adsorption capacity of
the dyes [13].

According to Fig. 2, the adsorption of dyes caused
the surface of the KAA beads powder to be rough with
lumps covering the pore of the activated carbon. These
lumps indicate the presence of interaction between
adsorbent and adsorbate, as well as showing the
adsorbates which are trapped in the pores [22]. The SEM
image of the KKA beads powder after desorption with
60% ethanol also shows the rough and lumpy surface. It
shows that the desorption process is also followed by the
removal of the adsorbent material from the surface of the
KKA beads powder.

The Optimum Composition of KKA Beads Powder

Fig. 3 shows that the adsorption capacity of dyes
decreased as an increasing amount of alginate was added.
The formation of the KKA beads was carried out in a
solution of CaCl, that acted as an agent to form and
strengthen the physical properties of the beads. Increasing
the amount of alginate increased the -COO~ group and
also increased the risk of the group reacting with Ca**
during the beads formation process. This caused the
amount of ~-COOQO™ available to bind with dyes reduced,
leading to the decrease of the adsorption capacity. The
composition of the KKA beads powder that had
maximum adsorption capacity was observed at 0.8 g
alginate with 0.284 mmol g' (MB) and 0.213 mmol g
(MV 2B).

Effect of pH

The effect of pH on the dye adsorption of the KKA
beads powder was studied at the pH range of 4-9. The
relationship curve between the amount of dyes adsorbed
and various pH is shown in Fig. 4. Fig. 4 shows that the
dyes adsorption capacity increased along with the
increase in pH. The KKA beads powder adsorption
capacity tended to decrease after pH 7. The maximum
adsorption capacity was observed at pH 7. Therefore, pH
7 was selected as the optimal pH for the dyes removal
from aqueous solution using KKA beads powder. The
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adsorption capacity of the KKA beads powder at pH 7
was 0.285 mmol g' (MB) and 0.216 mmol g™' (MV 2B).

Chitosan in acidic medium will be protonated to
-NH;". The carboxylic group of alginate will maintain its
protons thereby reducing the possibility of bonding with
other positively charged ions [23]. The presence of an
excess amount of free protons in an acidic solution
competes with the dyes molecules for adsorption sites on
the surface of the adsorbent [24]. At pH close to neutral,
the dominant form of chitosan is -NH,. The presence of
-NH,, -OH, and -COO" on the surface of the KKA
beads powder can increase interactions with cationic
dyes, so the capacity of adsorption increases. Adsorption
capacity tends to decrease at basic medium, despite the
high availability of -COO~ on the surface of the
adsorbent. This is due to the interaction between OH~
ions and cationic dyes in the solution. [25].

030 1 g2 0.284 EMB OMV 28

0.267 0.262
; 0.212 0.213
0188 0189
0.10
0.6 na 1.0 12

Mass of alginate t.g]
Fig 3. Effect of alginate on MB and MV 2B dyes

adsorption onto the KKA beads powder

s R B
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.
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g’ —@— NB
E 0.24 —0O— MV 2B
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0.20 4
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Fig 4. Effect of pH on MB and MV 2B dyes adsorption
onto the KKA beads powder
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Effect of Adsorbent Dosage

Fig. 5 shows the adsorption capacity and removal
percentage of dyes against the adsorbent dosage. The
percentage of adsorption increased with increasing
amount of adsorbent dosage. As the adsorbent dose
increase, the amount of active sites on the surface of the
adsorbent also increases, so more dye molecules can
adsorb to the surface of the adsorbent. Higher adsorbent
dosage however, caused the adsorbent to aggregate
reducing the surface area thus decreasing the adsorption
capacity [25]. The KKA beads powder optimum dosage in
this study was 30 mg with an adsorption percentage of
more than 80% for both MB and MV 2B.
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Effect of Contact Time

Fig. 6 shows the effect of contact time on the
adsorption capacity of the KKA beads powder towards
dyes. High adsorption capacity occurs at the beginning
of the contact time because the active sites in the
adsorbent is still empty, causing the dye molecules to be
easily attached to the surface of the adsorbent. The
adsorption capacity of the adsorbent towards the MV 2B
dye increased gradually with increasing contact time,
but the adsorption capacity towards the MB dye
decreased after 60 min. The decrease in adsorption
capacity is due to the decrease in the number of active
sites on the adsorbent.
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Fig 5. Effect of adsorbent dose of KKA beads powder on adsorption of MB and MV 2B dyes
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Fig 6. Effect of time on adsorption of MB and MV 2B dyes onto the KKA beads powder
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The kinetics model for the KKA beads powder was
described using four models, which consisted of the first-
order, second-order, pseudo first-order, and pseudo
second-order kinetic models. The kinetics data for the
KKA beads powder in the various models are shown in
Table 1. The R* value in the pseudo second-order kinetics
model was closer to one, so it can be assumed that the
pseudo second-order kinetics model best expressed the
adsorption of the KKA beads powder. Theoretically, the
pseudo second-order kinetics model describes the
adsorption of more than one active sites of the adsorbent.

The dyes had 0.115 mg g' min' (MB) and
0.007 mg g' min' (MV 2B) of k value. These results
illustrate that the adsorption rate of the MB dye was
greater than the adsorption rate of MV 2B. Smaller
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molecule size are more easily distributed, thus
equilibrium would be achieved faster [26]. The MB dye
have smaller molecular sizes compared to the MV 2B
dye, which explains why higher adsorption rate of MB
dye had a larger adsorption rate.

Effect of Initial Concentration

Fig. 7 shows that the adsorption capacity of the dye
increased with increasing initial concentration. The
adsorption limit which describes the saturation of the
adsorbent against the adsorbate is not visible. The
chance of the adsorbate interaction with the activated
site of the adsorbent will increase with an increasing
number of dye molecules in the solution. In this study,
the maximum adsorption capacity of the KKA beads was

Table 1. Adsorption kinetics parameters of the adsorption on MB and MV 2B dyes onto the KKA beads powder

Kinetics model Parameter MB MV 2B
Molecular weight (g mol™) 319.86 393.96
geexperiment (mmol g™') 0.183 0.148
First-order R? 0.2953 0.8316
K’y (min™) 0.001 0.004
Second-order R? 0.2845 0.8817
k'; (min™) 0.026 0.083
Pseudo first-order R? 0.4367 0.9435
k; (min™) 0.007 0.061
e cal (mmol g™) 0.011 0.020
Pseudo second-order R? 0.9998 0.9991
k; (g mmol™ min™") 36.8 2.79
k; (g mg™ min™) 0.115 0.007
Qe cal (mmol g™) 0.179 0.147

—
g
"

-
-
P

—O— MV 2B

gt immal g-1)
= = = =
o 7] (=] [=)

=
P
A i .

0.0

L L L] L L)

—
0 100 200 300 400

T T T T T T T T T

1
00 &00 VOO 800 900 1000

Concentration (mg L-1)
Fig 7. Effect of concentration on adsorption of MB and MV 2B dyes on the KKA beads powder
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obtained at 1000 mg L', with 1.34 mg g (MB) and
1.23 mg g*' (MV 2B) adsorption capacity.

The adsorption isotherms studied in this research
are Langmuir and Freundlich isotherms. A summary of
the adsorption isotherms calculation can be seen in Table
2. Table 2 shows that the R* value in the Freundlich
isotherm is closer to one compared to the Langmuir
isotherm which means that the MB and MV 2B dye
adsorption on the KKA beads powder follow the
Freundlich isotherm. Adsorption of MB dyes with zeolite-
activated carbon/chitosan beads [12] and activated-
alginate beads [13] also followed the Freundlich isotherm.
The Freundlich isotherm describes the process of
adsorption on heterogeneous surfaces. The heterogeneity
factor (1/n) is a characteristic of the Freundlich model. In
this study, n values were 1.64 (MB) and 1.16 (MV 2B). The
higher n value represents the higher heterogeneity of the
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site on the adsorbent.
Selectivity Adsorption of MB and MV 2B Dyes

Fig. 8 shows that the maximum adsorption of dyes
are smaller if they are in a multicomponent solution,
which proves that there is a competitive effect between
the dyes. Under optimum conditions of MB adsorption,
the presence of MV 2B reduced MB adsorption by
11.7%. Meanwhile, under the optimum conditions of
MYV 2B dye adsorption, the presence of MB reduced MV
2B adsorption by 12.3%. These results indicate that the
reduction of MV 2B adsorption is greater in

multicomponent  solutions. In  multicomponent
solutions, smaller molecules will occupy the pores in the
adsorbent structure first [27]. The MB dye have a smaller
molecular weight compared to MV 2B causing the
molecules of the MB dye to fill the pores of the adsorbent

earlier than the MV 2B dye.

Table 2. The Langmuir and Freundlich isotherm parameters for MB and MV 2B dyes

Isotherms model Parameter MB MV 2B
ge experiment (mmol g™*) 1.34 1.23
Langmuir isotherm Qmax (mmol g™) 1.36 2.42
K¢ (L mol™?) 3135 1552
E (KJ/mol) 20.1 18.3
R? 0.8212 0.8789
Freundlich isotherm Ke 1.17 2.14
n 1.64 1.16
R? 0.9035 0.9820
an + la) aMg aMv &0 5 (b) 6.7 EKME oMy
69.9
644
60
5 2
= o
a 5 40 -
o @
3 3
% 20 1
0
1.0 1:1 0:1 1:1

MB:MV mole

MEB:MV mole

Fig 8. Effect of percentage adsorption of MB and MV 2B dyes under optimum conditions of (a) MB and (b) MV 2B

adsorption
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MB and MV 2B Dyes Adsorption

Table 3 shows that activated carbon has adsorption
capacities of 0.151 mmol g (MB) and 0.171 mmol g™
(MV 2B) under optimum conditions, while the adsorption
capacities of the KKA beads powder are 1.34 mmol g™ and
1.23 mmol g for MB and MV 2B, respectively. The
results showed that the adsorption ability of activated
carbon after modification into KKA beads powder
increased by 787 and 621% for MB and MV 2B dyes,
respectively. The increased adsorption ability of the
activated carbon is due to the presence of activated sites
on the surface of the adsorbent from chitosan and alginate
modification.

Desorption Study

Desorption solution (NaCl) was found to have an
influence in the process of releasing cationic dyes
-N*(CH3), (MB) and -N*HCH; (MV 2B) from the
adsorbent. The strength of Na* ions was able to release the
electrostatic cationic dyes which had been bound to the
KKA beads powder. The greater the amount of Na* ions
in the solution, the greater amount of MB and MV 2B
molecules that was released. pH 4 solution was used as the
medium for desorption because it has an acidic strength
that can protonate the activated site of chitosan from
-NH, to -NH;". Protonated amino groups was able to
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increase the hydrophility of the adsorbent causing the
MB or MV 2B dyes to be released. Ethanol solution in
water can also act as a medium of desorption because it
can attract MB or MV 2B dyes through hydrogen bonds
and hydrophobic interactions [31].

Fig. 9 shows that prolonging the desorption time
increased the amount of MB and MV 2B released from
the adsorbent. The desorption order for MB and MV 2B
dyes were 60% ethanol > pH 4 solution > 40% ethanol >
1.0 M NaCl > 0.1 M NaCl. Therefore, 60% ethanol solution
was the most effective desorption medium. This points
to the tendency for hydrogen bonds and hydrophobic
interactions. The existence of double bonds and benzene
rings in the structure of dyes that are hydrophobic gives
the possibility that hydrophobic interactions will be
more dominant than electrostatic interactions [28].

The percentage of desorption for MB and MV 2B
dyes in various solvents were less than 22%. This is likely
because only the dye molecules on the surface of the
adsorbent were able to be released. The porous structure
of the KKA beads powder caused the adsorbed dyes to
be trapped and difficult to escape. Similarly, MB
(CM)
adsorbents using ethanol were only able to adsorb MB

desorption studies on carbon monolith

dyes attached to the CM surfaces, not in macro and
mesoporous adsorbent structures [32].

Table 3. Comparison of MB and MV 2B dye adsorption capacity in various adsorbents

Adsorbent Dyes Capacit?r adsorpti(_)n pH Mass Tir.ne Concentr_ation Isotherm Reference
mmolg' mgg (mg) (min) (mgL™) model

Activated carbon MB 0.151 48.2 7 30 60 1000 Freundlich This work
MV 2B 0.171 67.2 7 30 180 1000 Freundlich

KAA beads powder MB 1.34 428 7 30 60 1000 Freundlich  This work
MV 2B 1.23 484 7 30 180 1000 Freundlich

Activated carbon MV 2B 0.253 92.6 4.5 30 105 300 Freundlich [3]

sunflower seed hulls

Activated carbon- MB 0.719 230 9.5 10 1200 100 Freundlich [13]

alginate beads

Composite HNT-Fe;O, MV 2B 0.052 20.4 7 15 360 90 Langmuir [25]

Activated carbon MB 2.39 742 7 25 1440 3000 Langmuir [28]

Activated carbon-clay MB 0.560 179 9 20 1560 400 Langmuir [29]

Polyglycerol magnetic gel MB 1.44 459 7 20 120 1600 Langmuir [30]
MV 2B 1.01 400 7 20 120 2000 Langmuir
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m CONCLUSION [3] Hameed, B.H., 2008, Equilibrium and kinetic

The optimum adsorbent composition for adsorption
of MB and MV 2B dyes was found in KKA beads powder
with 0.8 g of alginate. The optimum contact time was
60 min for the MB dye and 180 min for MV 2B. Both dyes
followed a pseudo second-order kinetics model with an
adsorption rate of 0.115 g mg™' min' for MB and 0.007 g
mg' min~' for MV 2B. The optimum initial concentration
for both dyes was 1000 mg L™'. Both dyes followed the
Freundlich isotherm with Kr and n values of 1.17 and 1.64,
respectively for MB, and 2.14 and 1.16 respectively for
MYV 2B. The most effective desorption medium for MB and
MYV 2B dyes in the KKA beads powder was 60% ethanol.
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