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ABSTRACT. The textile industry in the world keeps increasing, but it harms environmental pollution caused by textile dye
waste. Synthetic dyes contain carcinogenic and mutagenic ingredients that can demage the environment and aquatic
biota. The alternative to handling dye pollution with a low-cost method is adsorption using nitric acid-activated coconut
fiber. Coconut fiber was an abundant agricultural waste and economical, and it had an active site that contained many
compounds such as cellulose, lignin, pyroligneous acid, and tannin molecules. This study used the UV-Vis
Spectrophotometer analysis method to determine the effect of pH, contact time, and coconut fiber on the adsorption
capacity of methylene blue. The result showed that the optimal conditions for adsorption were a pH of 5, a contact time of
75 minutes, and a percentage adsorption of the variation of contact time of 99.628%. The adsorption study was according
to a pseudo-second-order reaction with a constant reaction rate of 0.050 g mg' minute’!. The maximum adsorption
capacity was 2 mg g’', with the percentage of methylene blue adsorbed at 99.84%. Adsorption occurs chemically with an
energy of 35.4 kJ mol”, so it can be determined that it occurs with a monolayer mechanism.
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INTRODUCTION

The population increase  caused  various
environmental problems, namely the existence of
organic and inorganic contaminants that are
discharged into nature (El-Bindary et al., 2022). The
industrial sector is beneficial in complying with
human needs. Industrial waste consists of heavy
metals or dyes. Heavy metals can accumulate in the
body and cause various diseases (Yang et al., 2016).
Besides heavy metals, dye is the material that is used
for industrial processes. Dyes are indispensable
materials for the textile, leather tanning, and paper
dyeing industries (Chen et al., 2017). However, dyes
are one of the pollutants produced by textile industry
activities. About 10-15% of unused dyes in the textile
industry are discharged into the environment
(Purnaningtyas et al.,, 2020). Dyes in the textile

industry are mutagenic and carcinogenic, reducing
water quality and threatening the survival of humans
and animals (Xu et al., 2020). Their persistence stems
from the challenging degradation process, as they
resist aerobic decomposition, sunlight exposure, and
the effects of oxidizing agents (Rangabhashiyam et
al., 2013). One of the most used dyes in the textile
industry is methylene blue. This dye can cause some
effects on human health, including an increase in the
heart rate, nausea, the formation of granules in red
blood cells, and a lack of oxygen levels in the blood
(Hashemian et al., 2013), vomiting, severe seizures,
cyanosis, jaundice, quadriplegia, and necrosis in
humans (Esmaeili and Foroutan, 2019) and irritation
of the digestive tract (Ahmad et al., 2019). Besides
this, dyes can reduce the amount of oxygen in water
(Lellis et al., 2019), protect sunlight transmission, and
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reduce biological metabolic processes, which cause
the aquatic biota to degrade (Adegoke and Bello,
2015). Methylene blue (MB), one of the cationic dyes,
has been widely used in textile companies and has
carcinogenic properties, so it must be taken seriously.
Because of its widespread application in the textile
sector, methylene blue, a usual cationic dye, was the
model chemical substance for adsorption (Alsubaie et
al., 2021). This article is to show further research
regarding the treatment of methylene blue.

Many researchers have developed methods for
reducing dye components as environmental
pollution. Some commonly used methods include
coagulants based on plants (Jorge et al., 2022), ion
exchange (Zhang et al., 2015), photodegradation
(Kumar et al., 2019), and electrochemical oxidation
techniques (Jawad and Najim, 2018). Another
method that is often used is electroflotation. This
process utilizes an electrode system to generate fine
bubbles, facilitating the flotation of microalga
particulates to the surface. It aims to purify water that
is polluted by dyes (Talaiekhozani et al., 2020).
Another method is the photocatalytic method. This

method was  developed to reduce water
contamination by dyes utilizing a TiO,-Zeolite
catalyst.  Mechanism  occurs  through  dyes'

degradation (Zuo et al., 2014). The biodegradation
of methylene blue can be carried out using bacteria
isolated from contaminated soil (Ariffin and Anuar,
2022). Although some of the presented methods
successfully eliminate methylene blue, they still come
with a price tag and toke a while to complete
(Ahmad et al., 2020). In addition, the adsorption
method is considered the cheapest (Pathania et al.,
2017). Adsorption as a simple separation method
with high efficiency has always been regarded as
an effective means; moreover, it has the advantage
of flexibility in operation (Cetintag, 2021). The
effectiveness of adsorption arises from the tendency
of the adsorbate to be adsorbed to the adsorbent
surface, both chemically and physically (Fatah et al.,
2022). Various natural materials are used for the
adsorption of methylene blue including rice husk
and sunflower seed coats (Adegoke and Bello,
2015),clove leaves (Kusuma et al., 2023),
macroalgae (Daneshvar et al., 2017), papaya bark
fiber (Nipa et al., 2023), fig tree bark (Pathania et
al., 2017), teak leaves (Mishra et al., 2015), mytella
falcata (Silva et al., 2017), raphia fibers (Staron et
al., 2019), banana pith (Hasan et al., 2020), fava
bean peel waste (Bayomie et al., 2020), sawdust of
sour lemon, date palm, and eucalyptus (Esmaeili
and Foroutan, 2019), palm fruit coir (Ninu and
Baunsele, 2023); (Banamtuan et al., 2023) and
coconut fiber (Baunsele and Missa, 2020) (Baunsele
and Missa, 2021) (Baunsele et al., 2023).
Agricultural  waste is  abundant, so various
researchers can use it as an adsorbent to improve
environmental quality (Karié et al., 2022). Plants can
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be used as metal nanoparticle production agents
and dye adsorbents (Nandhini et al., 2019). One
of the many natural ingredients that have the
potential to be used is coconut. Coconut plants
have many  functions  for  humans. In
pharmaceuticals, coconut water can increase body
immunity (Hasti et al.,, 2021) and coconut coir
ethanol extract has been used as a bacterial growth
inhibitor (Wulandari et al., 2019). In agriculture,
coconut husk waste is used for local microorganisms
fermented solutions (Dharma et al., 2018). For
adsorbents, coconut dregs are heavy metal
adsorbents (Kamari et al., 2014). Utilizing various
coconut  by-products, researchers have explored
their potential as effective adsorbents for methylene
blue: coconut bunch waste (Cocos nucifera) (Hameed
et al., 2008), coconut coir dust (Etim et al., 2016),
and activated carbon derived from coconut shells
(Khuluk et al., 2019).

This study used nitric acid-activated coconut coir
as a methylene blue adsorbent. Chemical activation
of the adsorbent is carried out to obtain better
adsorption results than the untreated adsorbent. This
research continues previous research that only
carried out methylene blue adsorption without
treatment on coconut fiber (Baunsele and Missa,
2021, 2020). Chemical activation can take the form
of acid or base activation. This process causes
changes on the surface of the adsorbent, altering the
form of adsorbent pores to become increasingly
open and enhancing opportunities for the adsorption
process to occur without any inhibition (Doondani et
al., 2022). In previous research, activation of coconut
coir using NaOH was carried out and then used for
methylene blue adsorption (Baunsele et al., 2022).

Furthermore, activation can be done with an acid
solution. The activation process using hydrochloric
acid can reduce impurities in the adsorbent to
increase the adsorption capacity. Impurities can close
the active site on the adsorbent to protect the
adsorbate and allow it to interact appropriately with
the adsorbent (El-Bery et al., 2022). The research
aimed to investigate the impact of pH and contact
time on the adsorption capacity of nitric acid-
activated coconut fiber (CFAA) for methylene blue
(MB). This paper reports the kinetics and isothermal
study of methylene blue adsorption by nitric acid-
activated coconut fiber.

EXPERIMENTAL SECTION
Materials and Instrumentation

The materials used were coconut fiber and
aquadest. The reagents used in this research include
methylene blue (Merck), HNO; (Merck, 65%), NaOH
(Merck, 99%), and HCI (Merck, 37%). Sample
characterization was using UV-Vis  (Thermos
Scientific) in the Chemical Laboratory of Mathematics
and Natural Sciences Faculty of Widya Mandira
Catholic University in the Kupang City of Indonesia,
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Fourier Transform Infrared Spectroscopy (Shimadzu
IR Prestige 21) and Scanning Electron Microscope
(JSM-6510LA) analyzed in Centre Research and
Testing Laboratory of Gadjah Mada University in
Yogyakarta City of Indonesia.

Adsorbent Preparation

The coconut coir sample was separated from the
fruit skin and then pulverized using a mortar and
sieved with a mesh size of 100 Mesh. The biosorbent
was then immersed in 0.4 M concentrated nitric acid
for 2 hours. After the biosorbent was activated, it was
washed with distilled water to obtain a pH of 7. The
sample was then dried at 70 °C for 4 hours and used
as an adsorbent for methylene blue. The acid-
activated biosorbent is then called CFAA. The CFAA
was characterized using Fourier Transform Infrared
Spectroscopy  (FTIR) and  Scanning  Electron
microscopy (SEM). The research procedure is shown
in Figure 1.

The zero-charge point (pzc) of the biosorbent was
determined using the pH change value at 24 hours.
The pH point of zero charge (pHp) can be
determined by adding 20 mL of 0.1 M NaCl solution

of a known initial pH to several flasks and then
modifying the pH of the solution with 0.1 M NaOH
or 0.1 M HCI to make it between 1 and 8. Next, 0.1
g biosorbent is added to each flask. It is then
agitated at 100 rpm for 24 hours, and the pH of
each solution is tested once more. pH; refers to the
initial pH, while pH; refers to the final pH (Bello et al.,
2019).

Determination of Calibration Curve

Methylene blue stock solution of 100 ppm was
prepared by dissolving 100 mg of methylene blue
into 1000 mL of distilled water. The MB 100 ppm
standard solution was diluted to 5 ppm, and then the
largest absorbance was determined with «a
wavelength  variation of 500-700 nm. The
wavelength with the largest absorbance will be used
to analyze the adsorption process further. The
calibration curve was obtained by diluting the MB
stock solution into a concentrated solution of 0, 2.5,
5, 7.5, and 10 ppm and then measuring the
absorbance using a UV-Vis spectrophotometer. The
absorbance data obtained is then used to determine
the linear equation.
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Figure 1. Research procedure

Table 1. Mathematical model used to study MB adsorption kinetics using CFAA

Kinetics Model Linear shape

Graph plot References

PFO In(qe — qt) = lnqe — 2’1;%
1 1 t
P50 o e
Elovich qt = <l> In(aR) + (E) Int
i3 its

In (ge — gt) vs t  (Handayani et al., 2023)

t
Evst (Sharma et al., 2023)
gtvsint (Ganguly et al., 2020)
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Table 2. Mathematical models of the adsorption isotherm

Isothermal model Linear regression Graph Plot Reference

Langmuir 1 _1 4 1 ivsi (Neolaka et al., 2020)
ge Qo KlQoCe ge Ce

i 1
Freundlich log qe = log Kf +;log Ce Log ge vs log Ce  (Neolaka et al., 2020)
Temkin qge =RInKy + BlinCe In Ce vs ge (Ahmad et al., 2019)
Harkin-Jura 1 B (l) lod Ce ivs lod Ce (Ayawei et al., 2017)
ge? A \4 g ge? 9

ich- Ce
Redelich-Peterson lnq_e = RInCe—InA

Jovanovic Inge = In qyqx — K;Ce

Ce i
lnq—evs InCe (Ayawei et al., 2017)

In ge vs Ce (Ayawei et al., 2017)

The Effect of pH

A total of six containers were prepared and
entered at 20 mL MB 10 ppm. The pH of each
container is adjusted from 4 to 9. Then 0.01 gram of
biosorbent was added to each container and shaken
for 75 minutes. The mixture was then filtered to
separate the residue and filtrate. The filtrate was
analyzed using UV-Visto determine the amount of
adsorbed methylene blue, and then the pH of the MB
solution with the largest adsorption was obtained.
The percentage adsorption of MB was calculated
using Equation 1. The adsorption capacity was
calculated using Equation 2.

o—Ce

% of adsorption = ¢ o X100% (1)
_ (Co—cCe)v
= (Lot 2)

Co is the initial concentration before adsorption,
and Ce is the concentration after adsorption. While v
represents the volume of MB and m represents the
mass of CFAA. q is the adsorption capacity of the
adsorbate by the adsorbent (mg/g) (Parushuram et
al., 2022).

Adsorption Kinetic

A 20 mL MB solution (10 ppm) was made at
optimum pH and interacted with a 0.1 gram CFAA
adsorbent. The containers were then shaken with
various contact times of 5, 10, 20, 40, 50, 75, 90,
and 120 minutes, respectively. After the adsorption
process, the solution is filtered using filter paper, and
the absorbance is measured using a UV-Vis
spectrophotometer. By using the calibration curve,
the solution concentration can be generated, and
equation 1 can be used to determine the percentage
of adsorption. Three studied kinetic models are
presented in Table 1, and the corresponding
adsorption kinetics are those with an R-value close to
1, which is the kinetic adsorption of MB by CFAA.

Adsorption Isotherm

The adsorption isotherm was carried out by
varying the concentration of 20 mL of MB from 5 to
75 ppm in the Erlenmeyer flask. The CFAA, about
0.1 g, was added to the solution and stirred for
optimum time. The MB concentration was measured
using a UV-Vis spectrophotometer. The isothermal
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adsorption of Langmuir, Freundlich, Temkin, Harkin-
Jura, Redelich-Peterson, and Jovanovic on the CFAA
was investigated, as shown in Table 2. The R? value
of each model closest to 1 is the isotherm model of
MB adsorption.

RESULTS AND DISCUSSION
Biosorbent Preparation

The coconut coir sample is cleaned and separated
from the fruit skin, then the fiber is crushed using a
mortar. Furthermore, the coconut fiber was then
pulverized to a size of 100 mesh. Refining coconut
coir is to obtain a smaller and more homogeneous
sample size so that the surface area of the coconut
coir sample will increase (Neolaka et al., 2023).
Coconut coir powder was then activated using 0.4 M
nitric acid for 2 hours of immersion. Acid activation
can be utilized to increase the adsorption capacity of
dyes because it has been reported to increase the
pore size of the adsorbent (Iriarte-Velasco et al.,
2016). Activated coconut coir is washed with water
until the pH becomes neutral and then dried. It is
called coconut fiber acid activated (CFAA).

FTIR Characterization

The characterization of the CFAA biosorbent was
carried out using the FTIR and SEM instruments. The
FTIR was employed to determine the functional
groups' content in CFAA and what functional groups
might bind to MB. Figure 2 shows the FTIR spectra for
pure CF, CFAA, and CFAA-MB. In Figure 2, the C-H
alkane bond is described at a 2916 cm™ peak to
2919 cm™' after acid activation, indicating cellulose,
hemicellulose, and lignin molecules. These peaks of
wave numbers 3296, 3341, aond 3449 cm-1
indicated the presence of O-H alcohols of phenol
functional groups, which also describe the existence
of cellulose (Salazar-Rabago et al., 2017).

At the peak of 3341 cm™, there is a stretching
vibration between O—H and the hydrogen atoms
with other atoms by hydrogen bonds, which causes
the vibration to be weak. Before activation, O—H
showed a peck at 3296 cm’, but ofter acid
activation, the peak shifts to 3341 cm™', and when
adsorption of MB occurs, the peak changes to
3449 cm?' with a weak intensity. It showed that
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the acid and MB bound to the surface of the
adsorbent will reduce the bond vibration. In addition,
the sharp peak with a wave number of 1609, 1601,
and 1630 cm' indicates the presence of a C=C
alkene bond in cellulose (Markovi et al., 2015). After
the activation and adsorption processes, the peak
becomes dull due to the weak vibration intensity. The
two peaks of 1107 and 1107 cm’' represent
stretching vibrations of the C-O of the alcohol, ester,
and carboxylic acids (Etim et al., 2016). Two peaks
at 2725 and 2729 cm’ can be attributed to
cellulose's bending fibration of the C-H bonds of the
—CH3 groups. Some functional groups observed in
CFAA biosorbents are similar to some of the research
results in Table 3.

Surface Morphology of CFAA

The surface morphology of CFAA was obtained
using SEM and SEM-EDX. Figure 3 shows the SEM
images of the morphology of CFAA before and after
the addition of MB. The surface morphology is
uniform and smooth, even before adsorbing MB. No
other components are bound to the biosorbent

Table 3. FTIR data of several biosorbent

surface. No other components are bound to the
biosorbent surface. It can be seen that the CFAA
surface has a lot of pores, and that feature can
increase the adsorption capacity (Nipa et al., 2023).
After the sorption process, substantial changes in the
CFAA surface were observed, due to the
impregnation of MB on the surface of the biosorbent.
Furthermore, the surface of CFAA was seen as rough
and irregular. These characteristics indicated an
interaction between MB and the functional groups of
CFAA. The CFAA surface was covered by a crude
polymer.Based on Figure 4 as an image of EDX
analysis, CFAA contains elements such as C
(49,93%), N (14,37%), and O (35,70). These
elements are evenly distributed on the surface of the
absorbent. Observed carbon and oxygen elements
support the FTIR data showing C—O bonds in
alcohol, ester, and carboxylic acids. Nitrogen
indicates the presence of MB, which is adsorbed on
CFAA, because in MB there is an azo bond
(—N=N—), which acts as a chromophore in
molecular composition (Kusuma et al., 2023).

Functional groups

Wavenumber (cm™)

Biosorbent

C—H; O—H; C-C;
Cc=0
C—H; O—H; C=C;

935; 2900 and 1430; 3500-3000; 1619

2939,52; 3296.35; 1608,63 and

Cc-0 817,72; 1267,23 and 1060,85

C—H; O—H; C-C; 1459 dan 1377; 3370; 2923 and 2854;
C-0O 1744 and 1711

C—H; O—H; C—C; 2918.53; 3433; 1629.99; 1431.02;
C=0; C-O 1162.2

Avocado seeds (Diaz-
mufioz et al., 2016)

Coconut fiber (Baunsele
and Missa, 2021)

Coconut pulp (Kamari et
al., 2014)

Figs (Pathania et al.,
2017)

——{Coconut Fiber-HNO,}
—{Coconut Fiber)

% Transm ittance

2916.37
3296.35

———{Coconut Fiber-HNO,-Methy lene Blue}

!
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1107.14
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Figure 2. FTIR spectra of pure CF, CFAA, and CFAA-MB
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pH and point of zero charge pH (pH,.) determination

The pH point of zero charge (pHp.) was found to
investigate the properties of the CFAA biosorbent.
This adsorbent's properties aim to identify the pH
range in which it interacts with MB. The salt addition
method can be used to find pH,... The pH,.c of CFAA
shown in Figure 5, is 6. This result indicates that the
adsorbent's surface is dominated by positive charges
at pH values below pHg.. (6) and by negative charges
at pH values above pHg.c on the surface of CFAA.
This pHe.c is the pH value at which the positive and
negative  surface  charges  associated  with
protonation/deprotonation equilibrium are balanced
in the presence of a nonreactive electrolyte (Al-Maliky
et al., 2021).

Calibration Curve

The methylene blue was concentrated to 100
ppm as a standard solution, then diluted and
used as a tfest solution. The determination of the
maximum  wavelength  aims  to determine the
highest absorbance value of the MB test solution.
Based on Lamber-Beer's Law, absorbance is directly
proportional to concentration, meaning that if the
absorbance increases, the concentration of the
adsorbed analyte also increases (El-Bery et al.,
2022). If the measurement is carried out on a
solution with a constant concentration and the
absorption wavelength is varied, the greatest
absorbance can be obtained af the maximum

h

wavelength or lambda. The maximum lambda (A
max) used in this study was obtained from the results
of previous studies at a wavelength of 665 nm
(Baunsele and Missa, 2020). The maximum
wavelength is also the same as that found in research
on the adsorption of methylene blue using reed
cellulose (Huda and Yulitaningtyas, 2018). It is
known that the complementary color of blue is in the
range of wavelengths 650-670 nm, so there are
similarities with several studies that have varied the
maximum absorption of methylene blue, such as 662
nm (Dwiasi et al., 2018), 665 nm (Baunsele et al.,
2022) and 664 nm (Handayani et al., 2023).

The A max data obtained was then used to
determine the standard curve of methylene blue
absorbance. The standard curve data shown in
Figure 6 was  obtained from plot data of
absorbance versus adsorbate concentration (0, 2.5,
5, 7.5, and 10 ppm). Based on Figure 6, we can
see that the regression equation is y = 0.162x +
0.002, and R? is 0.999. The correlation coefficient
of this study shows the linearity of the plotted
data. It is known that the value of the correlation
coefficient is positive, so there is a directly
proportional relationship between absorbance and
concentration. The regression equation obtained in
Figure 6 is used to determine the adsorption
capacity in optimum conditions, such as pH,
concentration, and contact time.

pHi

3 -
2 1
A
-1 4
-3 4
Figure 5. pH,.. of CFAA
1.6 1
@
2 12 y = 0.162x+ 0.002
2 R*=0.999
5 0.8
»
=]
K 0.4 1
0
0 2 4

6 8 10

Concentration (ppm)

Figure 6. Standard curve of MB adsorption
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Effect of pH

Optimum pH values were obtained by reacting
methylene blue solutions at various pH levels from 4
to 9 with CFAA. The adsorption capacity is affected
by the solution pH presented in Figure 7. Based on
Figure 7, it is clear that there is an increase in
adsorption capacity from pH 4 to pH 5. When the pH
of the MB solution is 4, the H* ion will protonate the
methylene blue so that there is a competition
between the positive partial of MB and the hydrogen
ion to inferact with the active site of CFAA. As a result
of this mechanism, the active group of cellulose on
the surface of CFAA will be covered by H* ions, so
there will be repulsion between CFAA and MB, which
causes the percentage of MB adsorption to be low.
Adsorption capacity at pH 5 was the best condition,
with the largest adsorption percentage of 99.87%,
due to the availability of active sites on CFAA and
protonated MB, which increased the amount of MB
aobsorbed on CFAA. The maximum adsorption
capacity with a pH of 5 was 19.79 mg g'. When pH
is above 5, MB can form ionic zwitters and dipoles,
so there is a possibility of forming dimers of the MB
molecule. The size of the zwitter ion or dimer
molecule will be large so it will be difficult to enter
the pores of the CFAA surface (Sulaeman et al.,
2023). Besides that, the adsorption capacity at a pH
above 5 is very small because, in these conditions,
the OH- ion will cause an electrostatic interaction with
the positive charge on the MB and can protect the
intferaction between the MB and CFAA. That was
because the surface of the biosorbent became
negative (Doondani et al., 2022). Moreover, the
CFAA surface was covered by OH~™ ions, which
caused steric hydrogenation between the adsorbate
and the adsorbent.

Adsorption kinetic

The maximum contact time is the contact time for
the largest adsorption capacity of MB on CFAA.
Figure 8 shows that the optimum contact time occurs
at 75 minutes. From 5 to 10 minutes, there was a
significant increase in adsorption capacity, which

became constant after 75 to 120 minutes. This
stability in adsorption is due to the fact that during
this period, the pores and the active site of the CFAA
were vacant, allowing the MB to be adsorbed to
CFAA. After 75 minutes, it is known that there is
equilibrium adsorption, so no more MB is bound to
the CFAA active site but diffused into the CFAA
surface (Umaningrum et al., 2023).The decrease in
adsorption capacity was explained by the decrease of
the active site on CFAA (Purnaningtyas et al., 2020).
Adsorption capacity (qtf) at 75 minutes to 120
minutes was the same, about 19.74 mg g with a
percentage of 99.628%.As demonstrated by earlier
studies, which found that the adsorption capacity was
only 99,14% (Baunsele and Missa, 2020), the results
of this investigation demonstrate that CFAA has a
higher adsorption capacity than coconut fiber without
activation.

The mechanism of the adsorption process on the
surface of the adsorbent is: (1) Adsorbate molecules
are moving from the bulk solution to the adsorbent's
surface, (2) diffusion to the surface of the adsorbent
via the boundary layer, (3) adsorption at a site, and
(4) internal adsorbent diffusion of intraparticle. As an
outcome, adsorbate diffusion to the adsorbent
surface increases as the adsorbate flows towards it
(Geethamani et al., 2014).

One of the vital parameters in this study was the
kinetic study of MB adsorption using CFAA. The
determination of the kinetic reaction using three
equations: pseudo-first order, pseudo-second order,
and Elovich. The kinetic parameters obtained in
Table 4 are the results of the data plot curve for each
kinetic model in Table 1. Based on Table 4, the
correlation coefficients for PFO and Elovich kinetic
models are smaller than the R? value of PSO. This
correlation coefficient data explains the adsorption of
methylene blue on CFAA according to pseudo-
second order kinetics. Figure 9A shows an
equilibrium concentration between the amount of
adsorbate adhered to the surface of the adsorbent
per minute. According to the PFO, the adsorption
capacity was 9.08 mg g', which means that 9.08 mg
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of adsorbate can be absorbed to 1 g of adsorbent in
the adsorption process. The rate constant in the
pseudo-first-order kinetics assumed that every minute
of the adsorption process was involved among
0.0004 parts of the total adsorbate. Figure 9C
indicated that the constant of MB adsorption was
0.0505 g per mg absorbed. The initial adsorbate
adsorption rate was 9.25 mg g' min'. Elovich
assumed that the adsorbate would distribute to
the  CFAA surface with heterogeneous energy
(Ebelegi et al., 2020). Based on Figure 9B, The R?
value in the regression equation is 1, meaning there

is a relationship between the variable's t/qt and time.
The reaction rate constant for the second-order
pseudo is 0.050 g mg™' minute”!, which means that
every 1 mg of adsorbent used for the adsorption
process for one minute will absorb as much as 0.05
g of adsorbate, or in one minute using 1 mg of
adsorbent, there will be a transfer of the MB liquid
phase to the solid phase of CFAA of as much as
0.05 g. If the adsorption process is according to the
PSO model, then the MB will be adsorbed at a
limited rate, and the dominant sorption process is
chemisorptions (Shakoor et al., 2018).
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Figure 8. Effect of contact time on methylene blue adsorption
Table 4. Kinetic model constant parameters for MB adsorption unto CFAA.
Models Kinetic parameters
Ky (0.004 min)
PFO Qe (9.08 mg g')
R? (0.768)
Kz (2.5 min)
PSO Qe (20 mg g™)
R? (1)
3 (0.0505 g mg™)
Elovich a (9.25 mg g min’)
R? (0.778)
A ' ) J ) ) ' 7 B
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Figure 9. Kinetic model of MB adsorption: (A) Pseudo-first order, (B) Pseudo-second order, and (C) Elovich
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Isothermal Adsorption of Methylene Blue

The adsorbate (MB) concentration effect was
evaluated by varying the MB concentration in the
range of 5 to 75 ppm. The adsorption process was
carried out at pH 5 with a time adsorption of 75
minutes. Based on Figure 10, the maximum
adsorption capacity of the adsorbate was 45 ppm
with an adsorption percentage of 99.84%. We
can assume that at concentrations of 5 to 20 ppm,
the adsorption percentage increases due to the
many active sites of CFAA that can promote the

interaction with MB because the number of CFAA
active sites is greater than the number of MB
molecules. At concentrations above 45 ppm, the

adsorption capacity decreased because the MB layer
covered the active sites of CFAA, and further
adsorption processes did not occur. Besides that,
the decrease in capacity is caused by the fact that

99.80

99.70

99.60

Adsorption Percentage (%)

99.50 - T
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the number of active sites in the biosorbent is less
than the number of adsorbate molecules (El-Bery et
al., 2022).

The study of isothermal adsorption of MB onto
CFAA was carried out using six isothermal models, as
shown in Table 2. The correlation coefficient of each
isothermal model was found a linear regression. The
values of isothermal parameters are presented in
Table 5, while the linear regression graph is shown in
Figure 11. Based on Table 5, the isothermal model
with an R? value close to 1 is the adsorption
isothermal of MB into CFAA.

Table 5 presents the R? values of isothermal
adsorption for Langmuir, Freundlich, Temkin, Harkin-
Jura, Redelich-Peterson, and Jovacovic: 1; 0.957;
0.883; 0.714; 0.976; and 0.883, respectively. The
regression correlation of Langmuir was 1, which
indicated that the MB adsorption to the CFAA process

99.84

99.82

45 60 7

"

Concentration (ppm)

Figure 10. Effect of initial concentration of MB

Table 5. Isothermal adsorption parameters

Isotherm models

Langmuir

Freundlich

Temkin

Harkin-Jura

Redelich-Peterson

Jovanovic

Parameter value
Qmax (mg g) 2

KL (L mol) 159925

E (kJ mol) 35.392
R? 1

Kf (mg g') 2.302
n 0.83
R? 0.957
B 0.017
A 0.68
R? 0.883
A 0.01
B 0.004
R? 0.714

Kr(Lg") 108.202
B3 20.01
R? 0.976
Ki 24.84
gmax (mg g') 1.01

R? 0.883
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Figure 11. Isothermal adsorption plot graph: (A) Langmuir; (B) Freundlich; (C) Temkin; (D) Harkin-Jura; (E)

Redelich-Peterson; and (F) Jovacovic

occurs in the Langmuir isotherm. Theoretically,
Langmuir isotherms explain that the adsorption
process causes a monolayer of adsorbate coverage
on the adsorbent surface (Pathania et al., 2017), and
each active site of the adsorbent surface can adsorb
one molecule of adsorbate (El-Bery et al., 2022).
This assumption is supported by the data in Figure 8,
which  shows that the adsorption equilibrium
condition has reached 75 minutes. After more than
75 minutes, no adsorption or desorption has
occurred. The gmax of MB adsorption was 2 mg g™,
meaning that 1 g of CFAA can absorb as much as 2
mg of MB every 75 minutes of the adsorption
process. The adsorption energy was 35.4kJ mol”!,
which indicates the adsorption process s
chemisorption. Due to chemical adsorption, if the
adsorption energy is greater than 8 kJ mol™' and the
physical adsorption is below 8 kJ mol-' (El-Bindary et
al., 2022).

CONCLUSIONS

The optimum conditions for methylene blue
adsorption using coconut fiber nitric acid activation
were obtained at pH 5 with a contact time of
75 minutes. The adsorption kinetics follow pseudo-
second-order with an adsorption rate of 0.050 g

mg 'minute’!. The isothermal adsorption follows the
Langmuir equation, and the maximum adsorption
amount is 2 mg g”'. The adsorption process occurs
according to chemisorption.
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