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Adsorption Kinetics and Isotherm of Crystal Violet by Carbon Modified
with Magnetite (Fe304) and Triethoxyphenylsilane (TEPS) from Rubber Fruit Shell
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Abstract: Rubber fruit shells-derived carbon (RC) modified with magnetite (MRC) and
triethoxyphenylsilane (TEPS) (SRC) made from rubber fruit shells were used to adsorb
crystal violet (CV) dye effectively. The RC was successfully modified by magnetite and
TEPS, according to the characterization of the adsorbent utilizing Fourier transform
infrared (FTIR) spectroscopy, X-ray diffraction (XRD), and scanning electron microscopy-
energy-dispersive X-ray (SEM-EDX) showed that the RC was successfully modified by
magnetite and TEPS. Several adsorption process parameters were investigated, and the
ideal results were obtained with an adsorbent dose of 0.1 g, pH 10, contact time of 15 min,
and initial concentration of CV 250 mg L™'. The MRC and SRC adsorption capacities are
71.43 and 69.93 mg g, respectively. The adsorption kinetics followed a pseudo-second-
order model with MRC and SRC rate constants of 3.40 and 0.83 g mg™" min™’, respectively.
The Freundlich adsorption isotherm is suitable for CV dye adsorption using MRC and
SRC with Ky values are 1.36 and 1.76 mgg' L mg™' which gives R? 0.943 and 0.932,
respectively. These findings showed that the modified RC with magnetite and TEPS
effectively removes the CV dye solution through the adsorption process.

Keywords: magnetite rubber fruit shells-derived carbon; silane rubber fruit shells-
derived carbon; adsorption; crystal violet; rubber fruit shells

m INTRODUCTION

used in the textile industry. Crystal violet (CV) is
triphenylmethane and one of the cationic dyes used in

Environmental issues, especially in Indonesia, are
still a problem that needs attention. Various residual
pollutants from human activities interfere with the life
processes of living things, especially water pollution.
Water is said to be polluted when it cannot be used
according to its function. Water pollution commonly
found can be in the form of dyes, herbicides, heavy metals,
and other contaminants that accumulate in the
environment [1].

One of the most common industrial pollutants is the
textile industry. The textile industry produces a lot of dye
waste in the environment. Dyes used in the textile
industry are classified into three categories, namely
cationic, anionic, and non-ionic dyes [2-3]. Cationic dyes
are hazardous compared to others and are most widely

various industries, such as pharmaceuticals, paper,
textiles, and printer inks [4]. CV, if getting in the water
even with just a minor concentration of 1 ppm, can
reduce the penetration of sunlight and interfere with the
photosynthesis process [5]. If CV enters the human body
a certain amount, it can cause various diseases such as
respiratory problems, eye, and skin irritation, increased
heart rate, blindness, and mutagenesis [6]. Considering
the impact caused by the presence of CV dye can be
harmful to humans, several steps to reduce or even
eliminate CV dye waste have been carried out, such as
chemical  degradation, adsorption, coagulation,
filtration membrane, ion exchange, and photocatalysis
[6-11].
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Adsorption is the cheapest method, easy to do, and
proven effective in removing various contaminants, such
as dyes, in the aquatic environment [12]. Several
adsorbents used to remove CV dyes include organoclay
(bentonite-alginate), agricultural waste (pine bark),
organic polymers (chitosan composite), biomass (algae),
and carbon materials [13-16]. The carbon material is one
of the most commonly used adsorbents for the process of
adsorption because of its abundant source, good stability,
and wide application [17]. In this study, the carbon used
came from rubber fruit shells. The rubber fruit shells-
derived carbon (RC) was modified using magnetite to
overcome the lack of effectiveness of RC. The scientific
community has keenly interested in magnetite
nanoparticles because of their unique features. Since
magnetite has a large surface area and many active surface
sites, it has a high capacity for adsorption [18]. The benefit
of using magnetic particles is that they may be retrieved
by an external magnetic field relatively fast and reused
without losing the active site [19-20]. The magnetite-
coated material is environmentally safe because it does
not produce contaminated substances such as suspended
solids. In addition, it enhances the process of removing
dyes from the solution [21-22].

The rubber fruit shells-derived carbon magnetite
(MRC) has magnetic properties and a more significant
molecular weight than ordinary RC, so the filtration
process runs more effectively. It is recyclable and doesn't
contribute to further environmental issues [23]. Besides, it
was modified using magnetite, and modification of RC
was also carried out using a triethoxyphenylsilane (TEPS)
coupling agent [24]. Silane coupling agent, a silicon-based
substance, can improve chemical bonding at the interface
of organic and inorganic materials. The silane coupling
agent has an R-Si-X; structure, where R is an
organofunctional group and X is an alkoxy. TEPS is one
of the coupling agents that can be applied as a coating to
the surface of solid materials because it has two distinct
active groups that are linked to silica atoms in the
molecule TEPS has a phenyl group that can bind organic
materials and an ethoxy group that can bind inorganic
materials, which increases the potential of CV dyes to
adsorb [24-25].

Therefore, MRC will interact with CV dyes because
it has an active group from Fe;O, other than the pores of
the RC. The rubber fruit shells-derived carbon silane
(SRC) will interact with CV dyes by the phenyl and
hydroxyl groups that SRC has. MRC and SRC
adsorbents obtained were tested for their ability to CV,
covering several parameters, including adsorbent dose,
the influence of pH, the influence of contact time, and
the concentration of adsorbate. The adsorption kinetics
was calculated by converting the data from the contact
time parameters into pseudo-first-order and pseudo-
second-order equations. The Langmuir and Freundlich
equations were used to determine the adsorption
isotherm.

m EXPERIMENTAL SECTION
Materials

Some materials used in this study were CV,
FeSO,-7H,0, FeCl;-6H,O, NaNO;, HCl, NaOH, ethanol,
triethoxyphenylsilane (TEPS) and buffer solution from
Merck (Darmstadt Germany). Rubber fruit shells were
obtained from East Lampung Regency.

Instrumentation

The adsorbent material was characterized by X-ray
diffraction (XRD) (LabX XRD-6000 Shimadzu) to
recognize the magnetite’s phase after modification,
scanning electron microscope-energy-dispersive X-ray
(SEM-EDX) (Zeiss EVO MA 10) to discover the surface
structure of adsorbents, and FTIR (IRPrestige-21) is
used to determine the functional groups of adsorbents.
The CV concentration in the solution was determined
using UV-Vis Spectrophotometer (Agilent Cary 100).

Procedure

Preparation of RC

Eleven kilograms of rubber fruit shells were
cleaned and dried in the sun. Furthermore, it is burned
in a drum made of an iron plate with a diameter + 58 cm
and height of 93 cm for approximately 6 h to obtain an
RC weighing 3 kg. The RC obtained from carbonization
is then pulverized by grinding and sifted through a 100-
mesh sieve.
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Modification of RC using magnetite coating

The MRC was obtained by putting 6.5 g of RC in
300 mL of distilled water and heating it to 70 °C. Then,
iron salt consisting of 7.6g FeCl;-6H,O and 39g
FeSO,-7H,0 was diffused in 300 mL of distilled water. The
mixture was then stirred for 30 min while adding 100 mL
of 5M NaOH dropwise. The obtained residue was
separated and neutralized to pH 6. Afterward, it was dried
at 100 °C for 3 h [26].

Modification of RC using silane agent TEPS

A total of 4g of RC was mixed with 200 mL of
ethanol. Next, 0.4 mL of triethoxyphenylsilane (TEPS)
was put into the mixture and hereafter stirred using a
magnetic stirrer for 7h at 70 °C in a water bath. The
resulting SRC was separated and cleansed using ethanol
and dried at 60 °C for 1 h [24].

A total of 0.1 g MRC and SRC were put into 20 mL
0.1 M NaNO;, respectively. A pH range of 3 to 12 was used
for the initial pH. The pH was adjusted by adding 0.1 M
HCl and NaOH. Then, the pH was maintained by the
addition of a buffer solution. The mixture was stirred
using a shaker for 24 h. After that, the final pH was
observed and measured using a pH meter [27].

Adsorption experiment

CV adsorption by MRC and SRC was carried out by
batch method using several parameters such as adsorbent
dose (0.1-0.5 g), solution pH (3-12), contact time (15—
120 min), and CV dye concentration (10-250 mg L™"). For
each experiment, a certain amount of MRC and SRC were
added to 20 mL CV solution with an initial concentration
at the appropriate pH value. 0.1 M NaOH and HCI were

n(“()_ b;()u )

2. Condensation

used to alter the initial pH solution. At a steady speed of
100 rpm, the mixture was agitated in an orbital shaker.
CV residues were analyzed on Amnx 590 nm using
Spectrophotometer UV-Vis. The CV dye adsorption
percentage and adsorption capacity were calculated by
Eq. (1) and (2), respectively:

Cc,-C
Adsorption(%) =—2—2%x100 (1)
CO
C.—-C.)v
q=—( 0 —Ce) (2)
w

where w (g) is the amount of adsorbent, v (L) is the
volume of the solution, q (mg g') is the amount of CV
dye adsorbed per unit mass, C, and C. (mg L") are the
initial CV concentration and CV concentration after the
adsorption, respectively.

m RESULTS AND DISCUSSION
Adsorbent Characterization

The MRC modification was carried out through a
magnetite coating process using FeCl:-6H,O, and
FeSO,-7H,0 mixed to form Fe;O,, which then coats the
RC surface. The SRC modification was carried out
through the silanization process using a silane coupling
agent, namely TEPS. TEPS has two active groups,
namely the phenyl group, which can bind organic
materials and ethoxy to bind inorganic materials [24].

FTIR characterized the obtained MRC and SRC
adsorbents to identify the functional groups, XRD to
identify magnetite crystals and SEM-EDX to recognize
the RC surface pattern and analyze its constituent
elements. Fig. 2 shows a hydroxyl group (OH) as seen by

)

L.

Fig 1. Scheme of RC surface modification using magnetite and silane agent
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the peaks at wavenumber 3433 cm™, and Fe-O is
indicated by absorption at wavenumber 586 cm™' which
indicates that Fe;O, has coated RC [24].

Peaks at 2368, 1620 and 1604 cm™" correspond to C-
H vibration and the C=C group. Peaks at 1435 and
1527 cm™ correspond to an aromatic C=C group [28-30].
In addition, the presence of Si-O-Si is indicated by the
absorption at wavenumber 1049 cm™ which indicates the
RC has been coated with TEPS [13].

The XRD pattern (Fig. 3) on the RC shows a broad
asymmetric peak at 20 20-45°, which is characteristic of
amorphous carbon. Based on Fig. 3, MRC shows sharp
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Fig 2. FTIR spectra of RC, MRC, and SRC

peaks compared to RC at 20 35.46, 43.04, 57.22, and
62.58° [31]. The asymmetrical RC peaks turn into sharp
peaks in the XRD MRC pattern, indicating that RC has
been coated with magnetite so that the peaks appear with
sharp intensity. The SRC diffraction pattern at 26 20-30°
showed broad peaks, indicating the presence of
amorphous silica formed on RC’s surface. Amorphous
silica was obtained by hydrolysis of TEPS [24].

The morphology of MRC can be seen in Fig. 4(b).
The MRC surface looks rougher than the RC surface.
Magnetite grains have entirely coated the RC surface.
EDX data support this. The elemental compositions of

~—— MRC
——SRC
——RC

Intensity (a.u.)

Fig 4. Micrographs of (a) RC, (b) MRC, and (c) SRC
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C, O, and Fe are 65.97, 30.95, and 3.08%, respectively.

In addition, the pore diameter of MRC is around
2.05-6.45 um, smaller than the diameter of RC, which has
a pore diameter of around 3.52-9.38 um. This finding
indicates that Fe;O, has been perfectly attached to the RC
surface. The particles of Fe;O, coat the entire carbon
surface, including the carbon pores, so the carbon pores
become narrower, resulting in a smaller carbon pore
diameter.

The surface morphology of SRC in Fig. 4(c) shows
the presence of small white particles of silica from TEPS
modification and stick to the RC pores. Because of the
lack of oxygenated surface from RC, TEPS does not
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entirely cover the RC pores. The results of the EDX
analysis (Fig. 5) showed the elemental compositions of
C, O, and Si were 90.43, 9.45, and 0.13%, respectively.
From the EDX data, it can be seen that TEPS has coated
the RC surface.

Adsorption Study

Adsorbent dosage

The adsorbent dose can affect the adsorption
ability. Fig. 7(a) shows the adsorption percentage
depending on the adsorbent dose. Based on Fig. 7(a), the
adsorption efficiency decreased while the adsorbent
dose increased. This phenomenon is because adsorption
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Fig 5. EDX Spectra of (a) RC, (b) MRC and (c) SRC

Nadya Syarifatul Fajriyah et al.



Indones. J. Chem., 2023, 23 (1), 170 - 183

will occur more quickly as the adsorbent’s mass increases.
Because of the superficial adsorption, the contact between
the adsorbent and adsorbate happens quickly on the
adsorbent’s surface [32]. The decrease in adsorption
efficiency can be due to a decrease in the surface area of
the adsorbent so that the adsorbent has reached saturation
on its surface. In addition, it can also be caused by
overlapping and agglomeration of the large number of
adsorbents contained in the adsorbate solution [33]. The
optimum mass of the adsorbent in absorbing the CV
solution was 0.1 g, with a percent absorption of 92.10%
against MRC and 89.59% against SRC.

Influence of pH
The influence of pH depends on the surface charge

of the adsorbent and the pH of the adsorbate solution. To
determine the surface charge on the adsorbent can be
determined by pHy.c. pHy.. is obtained from the difference
between the initial pH and the final pH. The surface
charge of the adsorbent whose value is close to zero is the
optimum zeta potential value of the adsorbent. The
surface charge of the adsorbent will be positive if the pH
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is below pH,,c and negative if the pH is above pHy... The
higher the adsorbent surface charge, the lower the pH,,.
value or close to zero [34]. The pH,.. values obtained on
the MRC and SRC adsorbents were optimum at pH 8
and had a negative surface charge, so they would be good
at absorbing positively charged adsorbates (Fig. 6).

As shown in Fig. 7(b), the effect of pH on the CV is
insignificant; from pH 4 to 12, the efficiency tends to
fluctuate pH 12 at MRC gave the highest adsorption
percentage, but the CV solution became saturated. Thus,
the optimum pH obtained is pH 10 for both MRC and
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Fig 6. pH,.. curve of MRC and SRC adsorbent
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Fig 7. Influence of (a) adsorbent dosage, (b) pH solution, (c) contact time, and (d) initial concentration CV adsorbed

by MRC and SRC
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SRC, with absorption percentages of 82.15 and 90.37%,
respectively. The adsorption percentage obtained
indicates that the pH of the solution affects the CV
adsorption process, where the results obtained from the
SRC adsorbent are better than MRC. This result can occur
due to the presence of two active groups in the SRC, which
in alkaline conditions gives a more optimal contribution.

At pH 10, the adsorption process worked because it
followed the previously obtained pHj.. at pH 8, and the
adsorbent had a negative surface charge so that it could
interact with a CV which is a cationic dye. Due to
competition between CV molecules and H* ions on the
surface of the adsorbent at pH < 7, the adsorption process
is not ideal, and a repulsion reaction will occur between
the adsorbate and adsorbent [12].

The amount of H' ions on the adsorbent’s surface
will decrease in alkaline conditions (pH > 7) so that the
adsorbent effectively adsorbs the adsorbate. The more
negative the surface charge on the adsorbent, the more
electrostatic interactions between the adsorbent and
adsorbate will increase. At an increasingly alkaline pH
(pH > 10), there is an increase in the concentration of
OH", which will cause precipitation in the solution, and
the adsorption ability will be inhibited [35].

Influence of contact time and the kinetic studies

The effect of contact time is essential for defining the
appropriate duration for the interaction between
adsorbent and adsorbate so that the highest adsorption
efficiency may be achieved. Contact time varies from 15
to 120 min. Based on Fig. 7(c), the highest adsorption
percentages obtained by MRC and SRC were 91.51 and
90.36%, respectively. Where the results obtained were
more remarkable than CV adsorption carried out using
Raw Parthenium hysterophorus and Raw Saccharum
munja, which gave the respective adsorption percentages
of 84.2 and 86% [36]. The percentage result of adsorption
using MRC adsorbent is slightly larger than SRC
adsorbent, but the difference is not too significant.

The contact time of 15min gave the highest
efficiency for MRC and SRC adsorbents, which means the
adsorption process is faster. This result can occur because
of the empty and available part of the surface (active site)

from the adsorbent that can interact with CV dyes. The
brief contact time suggests that MRC or SRC with a CV
is a physical interaction [37]. The decrease in adsorption
efficiency if the contact time is longer can be due to the
unavailability or limited availability of active sites on the
adsorbent [38]. Thus, the influence of contact time gives
a result of 15 min for MRC and SRC to adsorb the CV
solution with high efficiency.

The kinetics throughout the adsorption process
was computed utilizing the contact time data gathered
for this study. Pseudo-first-order and pseudo-second-
order kinetics are determined using Eq. (3) and (4),

respectively:
In(qe —q¢) = In(qe kst (3)
1 (4)

U (kg ) e

where q; and q. (mg g') represent the total adsorption
capacity of CV at time t and equilibrium k;, and k,
represent the first-order and second-order rate
constants of adsorption, respectively.

The Eq. (3) for pseudo-first-order kinetics is
plotted on a graph of In(q. - q¢) versus time (t) as shown
in Fig. 8(a), a straight line is formed with a direction
tangent of k; and an intersection point on the y axis of
In(qe). The value of k; can be determined using linear
regression. While Eq. (4) is represented in the t/q, versus
t graph as shown in Fig. 8(b), a straight line is produced
with a direction tangent of 1/q. and an intersection point
on the y-axis of 1/k.q.’. As a result, it is possible to
determine the value of the constant k..

In Table 1, kinetic information, adsorption rate
constants, and regression coefficients are shown. The
results demonstrated that CV adsorption by MRC and
SRC had a pseudo-second-order kinetic model because
the correlation coefficient (R?) value was closer to 1, as
we can see in Table 1. R* value on MRC 0.991 and SRC
0.982 [35]. The kinetic model obtained in this study is
The same as several studies using carbon material as an
adsorbent in the adsorption of CV [12,38-39].

If it is seen from the rate constant on the adsorbent,
SRC is faster than MRC, inversely proportional to the
percentage of adsorption obtained. These different rates
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Fig 8. (a) Pseudo-first-order and (b) pseudo-second-order kinetics for adsorption of CV dye on MRC and SRC

Table 1. Kinetic parameters for CV adsorption on MRC and SRC

Pseudo-first-order

Pseudo-second-order

Adsorbent
SOTDEnts k; (min™) (107) R? k; (g mg™' min™) R?
MRC 0.034 0.301 3.403 0.991
SRC 0.029 0.230 0.827 0.982

can be due to the presence of two active groups in SRC,
namely (-OH) hydroxyl and (-C¢Hs) phenyl, so that it can
carry out the adsorption process faster than MRC, which
has an active group (-OH) in interacting with the active
part of the dye, (N*) and the benzene ring. The fast
adsorption time that lasts can affect the percentage of CV
adsorption by the adsorbent.

Influence of Concentration
Isotherm

and Adsorption

The influence of CV adsorption concentration by
MRC and SRC was carried out with various
concentrations of 10, 25, 50, 75, 100, 150, 200, and 250 mg
L™'. The initial concentration used is plotted against the
adsorption capacity (q) obtained, which can be seen in
Fig. 7(d). The increase in initial concentration enhances
the adsorption capacity of CV from 2.14 to 47.01 mg g™
for MRC adsorbent and from 2.27 to 54.63 mg g' for SRC
adsorbent. This increment is due to the adsorbent's high
affinity, which enables the active site to adsorb the
adsorbate better [12].

According to the statistics on adsorption capacity,
MRC has a smaller adsorption capacity than SRC
adsorbent. This fact can be explained due to the
narrowing of the pores of the magnetite coating so that
the surface’s active site of the RC becomes slightly

reduced. MRC and SRC adsorbents can remove the CV
dyes in the solution.

The result data of the influence of concentration
were then analyzed using the Langmuir Eq. (5) and
Freundlich adsorption isotherm pattern Eq. (6).
1 1 1

—+_
9m

(5)

9e - quLCe
(6)

where C. (mgL™) is the equilibrium concentration of

logq, =logKyg +ilogCe

CV in solution, q. (mg g') is the equilibrium adsorption
capacity, qm is the adsorption capacity of a single layer,
K. (L mg™) is the equilibrium constant incorporating
the binding site affinity, K¢ ((mg g™')(L mg™")") is the
adsorption capacity factor, and n is the adsorption
intensity factor which has a value between 1 to 10 [35].

The linear plot equation C/m against C. yields a
straight line with 1/qm Ky as the slope and 1/qn as the
intercept, which can be seen in Fig. 9(a). Hence, it may
be used to determine K, and qn from the Langmuir
equation. The linear plot of log q. versus log C. yields a
straight line with 1/n as a slope and log K¢ as an
intercept, shown in Fig. 9(b). Therefore, the value of n
and K can be determined.

The Langmuir isotherm model assumes that there
area certain number of active sites on the adsorbent's
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Fig 9. Adsorption isotherm of CV dye on MRC and SRC based on (a) Langmuir and (b) Freundlich

surface that are proportional to the surface area, the
adsorbent surface is uniform, and the adsorption process
is monolayer [40-41]. When the active site of a surface has
been filled with adsorbate, there will be no additional
adsorption at that site [42]. Thus, the maximum
saturation point of adsorption on the adsorbent surface
will be reached [43]. As a result, the occurrence of the
adsorption process is known as monolayer adsorption.
Freundlich's isotherm model is an empirical formula that
is used to illustrate a heterogeneous system which is
conveyed through Eq. (6) [44].

The Freundlich isotherm pattern tends to be
followed in the adsorption of CV by MRC and SRC, as
shown in Table 2. The Freundlich isotherm pattern of the
adsorbent has a higher R* value than the Langmuir
isotherm pattern, which is closer to 1. This fact

demonstrates that the adsorption occurs on a CV
because not all of the adsorbent's active surfaces can do
so; as a result, the adsorption that takes place is
heterogeneous. The development of a multilayer on the
surface of the adsorbent distinguishes the heterogeneous
adsorption process [45].

The formation of layers on the surface of the
adsorbent is caused by physical interactions that occur
in the ongoing adsorption process [12]. Physical
interactions that occur in CV adsorption by MRC and
SRC can be in the form of electrostatic interactions
between the hydroxyl group from Fe;O, on MRC (Fig.
10(a)) and the hydroxyl group on SRC to the (N*) group
on the CV as well as n-n bond interactions between
phenyl group on SRC to benzene ring on CV (Fig. 10(b))
[46-47].

Table 2. Isotherm parameters for adsorption of CV onto MRC and SRC

Langmuir Freundlich
Adsorbents
m(mgg™’) K. (Lmg™) R? n Ky (mg g™)(L mg™)"'") R?
MRC 71.429 0.025 0.428 1.093 1.362 0.943
SRC 69.930 0.049 0.549 1.026 1.761 0.932

Table 3. Comparison of MRC and SRC with other adsorbents used in CV removal

Adsorbent Qm (mg g™) References
Rice husk activated carbon 11.18 [48]
AC-Fe,0;.NPLs 16.50 [49]
ACL/Fe;0, magnetic nanocomposite 35.31 [39]
AC (Common Reed) 38.50 [50]
AC derived from Golbasi lignite 60.8-65.8 [51]
Chitosan AC 12.50 [16]
rGO/Fe;04 NCs 62.00 [52]
MRC (Rubber Fruit shell) 71.43 This Work
SRC (Rubber Fruit shell) 69.93 This Work

Nadya Syarifatul Fajriyah et al.



Indones. J. Chem., 2023, 23 (1), 170 - 183 179

(a)

{ Electrostatic |
{ interaction

(b)

SRC

J
HC P ar »CHy
s

MRC Y Mo =%
%
’
" A,

HE W
|

N

-

»

e -

Fig 10. Mechanism adsorption of CV dye by (a) MRC and (b) SRC

If the adsorption capacity of the modified RC with
magnetite and silane agents is compared with several
adsorbents used to remove CV in solution (Table 3), it can
be stated that MRC and SRC are effective adsorbents in
absorbing CV. Thus, it can be stated that RC modification
with magnetite coating and silane agent has increased the
number of active adsorption sites on MRC and SRC. Our
results align with the research reported by Alizadeh et al.
[53], who used Azolla. Fig leaves modified magnetite
nanoparticles as adsorbents in absorbing CV, and Jiao et

al. [54] used a hydrophobic clinoptilolite-modified
silane coupling agent as a CV adsorption adsorbent.

m CONCLUSION

In this research, modified RC with magnetite
(MRC) and TEPS coupling agent (SRC) has been made,
which is used as an effective and inexpensive adsorbent
for CV dye solution. The adsorption capacity of MRC
and SRC is influenced by several parameters, including
adsorbent dose (0.1 g), pH (10), contact time (15 min),
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and initial CV concentration (250 mg L"), with excellent
results. The adsorption capacity obtained at MRC was
71.43, and SRC was 69.93 mg g'. The rate of adsorption
kinetics tends to follow pseudo-second-order kinetics.
The Freundlich isotherm is suitable for this adsorption
compared to the Langmuir model, indicating that the
adsorption that occurs is multilayer with physical
interactions. MRC and SRC can be effective adsorbents to
remove CV dye solution.
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