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The expansion of the global textile industry has resulted in a decline in environmental
quality. Environmental pollution resulting from textile dye waste may include heavy
metals and dyes, which exhibit carcinogenic and mutagenic effects. Many studies have
been done to reduce the harm of dyes. Extensive research has been undertaken to
mitigate the detrimental effects of dyes. One cost-effective approach for managing dye
pollution is the adsorption of methylene blue using sulfuric acid-activated teak sawdust.
Teak wood sawdust, a byproduct of the furniture industry that is abundant and
underutilized, contains active sites within its constituent compounds, including cellulose,
hemicellulose, and lignin. This study was designed to determine the ability of teak
sawdust to adsorb methylene blue. In this investigation, the biosorbent will be
characterized using fourier transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM) and scanning electron microscopy-energy dispersive X-ray (SEM-
EDX) to analyze its active sites and surface morphology. Additionally, the study aimed
to elucidate the impact of variation contact time, pH solution, and alteration in methylene
blue concentration on the adsorption capacity for methylene blue, employing a UV-Vis
spectrophotometer for measurement. The research results demonstrated that optimal
adsorption occurred at a contact time of 30 minutes and a pH of 6, with the adsorption
efficiency reaching 99.67% as a function of contact time. The kinetic study was modeled
using a pseudo-second-order approach, with a kinetic constant of 79.71 g mg™ min™.
The maximum adsorption capacity was 1.351 mg g, the n value was 1, and the
percentage of methylene blue adsorbed reached 99.88%.
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1. INTRODUCTION

The growth in industrial activity positively
affects human welfare by generating additional
employment opportunities, which can enhance the
overall quality of life 1. Conversely, industrial
activities can generate waste that poses a risk of
environmental damage. This waste must be treated
before being discharged into natural ecosystems.
Pollutants from industrial waste often include dyes
and heavy metals 2. Heavy metals have a terrible
impact on the environment, especially humans,
because they are toxic, difficult to decompose, and
bioaccumulative 2. Suppose there is bioaccumulation
of heavy metals in the human body. In that case, it can
cause various diseases, for example, damage to nerve
tissue, mental disorders, multiple types of cancer, and
even death 4. Besides heavy metals, dyes are pollutants
often produced by the textile industry, especially at the
fabric dyeing stage and the final processing of textile
fibers °.

The textile industry commonly employs a
range of dyes, including aniline blue, alcian blue,
methyl orange, rhodamine B, methylene blue, crystal
violet, toluidine blue, and congo red 8 Dyes can
precipitate various environmental issues, including a
diminution in dissolved oxygen in aquatic systems,
Decreasing the penetration of sunlight into marine
environments and diminishing the photosynthetic
activity of aquatic plants 7. Dyes are toxic and
carcinogenic; by bioaccumulation, they can cause
cancer and mutagenesis & and cause various problems
such as vomiting, nerve damage, increased heart rate,
and cyanosis °. Dyes can form complex compounds
when accumulated to increase the resistance to light
and heat 1%, and challenging to degrade chemically and
biologically **. Dyes can be classified into anionic and
cationic categories. Congo red is an example of a
cationic dye employed in the textile industry. When
such dyes accumulate in the human body, the azo
group can be metabolized into benzidine, a compound
identified as a significant carcinogen 2. In addition to
anionic dyes, methylene blue is a prominent cationic
dye extensively used in textile applications. However,
it is known to cause skin irritation and damage to
ocular tissue '3, increase heart rate, nausea, and
cyanosis, and affect the metabolism of nervous
tissue'4. The various effects of methylene blue were
the reason to treat the dye became safer for the
environment.

Numerous strategies have been developed to
diminish the environmental impact of methylene blue
waste. The methods that have been developed include
photocatalytic methods using Fes04/ZnO catalysts *°
and silver nanoparticles 8, electroflotation using TiO,
catalyst ", dye biodegradation using bacteria &,
electrochemical degradation utilizing carbon-PVC
electrodes '® and adsorption by adsorbent *°.

Adsorption is an easy method and low-cost to apply 2.
Adsorption is often used as an appropriate method for
removing azo dyes because it is cheap and
environmentally friendly 2. Agricultural and
household waste has been widely used as an adsorbent,
for example, lemongrass leaves °, seaweed 22, papaya
bark fiber 2%, sugarcane bagasse 24, coconut fiber 25-2°,
palm fruit fiber 3°-%2, tea waste 3, clove leaves 3, lime,
date and eucalyptus sawdust %, mangrove sap *°,
watermelon seed pulp %6, peanut shells ¥ and teak
sawdust 8. However, these studies were conducted to
assess the potential of new materials to be used as
methylene blue adsorbents.

A variety of natural materials are used as
adsorbents for methylene blue. Teak sawdust is an
agricultural waste material that high potentially act as
an adsorbent for pigment removal. This waste is
abundant in Kupang City, especially in the furniture
home industry, which is burned without treatment.
Moreover, the large amount of sawdust waste was
used as a dampening agent, raw material for concrete
blocks and biomass for power generation *. Although
the use of teak sawdust in the form of activated carbon
is widely used as an adsorbent, the use of directly
activated teak sawdust is still rarely found in the
literature. The activated-teak sawdust can be activated
to remove surface impurities and enhance its
adsorption capacity for the target adsorbate 4°. The
adsorbents can be activated using an essential
activator #! or acid #2. This work aims to evaluate the
adsorption capacity of teak sawdust waste activated
with sulfuric acid as methylene blue (MB) adsorbent.
Sulfuric acid increases the porosity of the adsorbent
and its adsorption capacity because it has a high
ionization energy compared to other types of acids 3.
The adsorbate investigated in this study is MB
(C16H1sN3SCl), which it is a widely used pigment to
Kill parasites and fungi in fish farming. Further, the
adsorption study in this research includes determining
Kinetic and isothermal models.

2. RESEARCH METHODS
Materials and Tools

The substances employed in this experiment
comprised teak sawdust (sourced from a furniture
workshop in Kupang City, Indonesia), analytical-
grade NaOH crystals (Merck KgaA, Darmstadt,
Germany), 37% analytical-grade HCI, sulfuric acid
(Merck KgaA, Darmstadt, Germany), deionized
water, and methylene blue (Merck). The instruments
used are a UV-Vis spectrophotometer (Thermos
Scientific), a Fourier transform infrared spectrometer
(Shimadzu IR Prestige 21), a scanning electron
microscope-energy dispersive X-ray (JSM-6510LA),
a pH meter (Mettler Toledo and PH-009 (1) A), an
analytical balance (Meter AE 200 and Acis AD 300H),
a magnetic stirrer and an oven.
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Adsorbent Preparation

Teak wood sawdust from the furniture is
washed using water to remove the impurities, then
grind itu using a mortar. The teak sawdust powder is
then sieved using an 80 Mesh sieve. The sifted powder
was subsequently rinsed with distilled water and
dehydrated at 80°C for four hours. The dehydrated
material was submerged in 1 liter of 0.05 M sulfuric
acid solution and agitated for 4 hours 4, then rinsed
with distilled water until the pH reached neutrality.
Acid activation is intended to eliminate impurities
from the adsorbent and may enhance its adsorption
capacity “4. The teak sawdust activated by sulfuric acid
(TSAA) can be used an adsobent for methylene blue
adsorption.

Characterization

The characterization of the TSAA
biosorbent was performed using scanning electron
microscopy (SEM) and scanning electron microscopy-
energy dispersive X-ray (SEM-EDX), Fourier-
transform infrared spectroscopy (FTIR), and point of
zero charge (pHpzc) analysis. FTIR is employed to
detect the functional groups existing in the TSAA
biosorbent 4, for the FTIR analysis, solid samples are
crushed and mixed with KBr pellets, then placed in the
FTIR instrument and irradiated in the infrared.
Vibrations generated by functional groups in the
material are detected to provide molecular information
about the material. Whereas scanning electron
microscopy is utilized to analyze the biosorbent
surface morphology “6. The SEM and SEM-EDX are
analyzed by inserting the sample into the instrument
and scanning to obtain the surface morphology and the
distribution of atoms or elements on the adsorbent
surface. Moreover, the characterization of biosorbents
is also carried out to determination determine the pH
zero point charge (pHzpc). The pHZpc was
determined by preparing eight containers containing
20 mL of 0.1 M NaCl solution. The pH of these
solutions was adjusted to values spanning from 3 to 10
using NaOH and HCI. A total of 0.1 g of TSAA was
put into each container, stirred for 30 minutes, then left
for 24 hours. After 24 hours, the final pH of the
solution in each container was recorded. The pHZpc
was determined by plotting a curve of the initial pH
(pHi) against the divergence between the primary pH
and the final pH (ApH). The pHZpc value is identified
as the point where pHi equals ApH *'.

The Adsorption Optimization

pH effect analysis is performed by prepared
a quantity of 100 mg of MB powder was dissolved in
1000 mL of distilled water, producing 100 parts per
million (ppm) MB solution. The maximum
wavelength is then determined by diluting the standard

MB solution to a concentration of 5 ppm. The
solution's maximum peak absorption was retrieved at
600 and 700 nm wavelengths using a UV-Vis
spectrophotometer. Subsequently, the calibration
curve was developed by preparing MB stock solution
dilutions to achieve concentrations of 2, 4, 6, 8, and 10
ppm and analyzing the absorption at the previously
determined maximum wavelength. The absorbance
data are employed to derive the linear equation. Eight
containers were prepared, each with 20 mL of 10 ppm
MB solution. The pH of the solutions was then
adjusted to 3, 4, 5, 6, 7, 8, 9, and 10, respectively.
Furtheremore, 0.1 g of biosoben was added into each
batch and stirred for 75 minutes “8. After the stirring
process, the filtrate was collected and analyzed using
UV-Vis spectroscopy to identify the pH condition of
the methylene blue (MB) solution that exhibited the
highest adsorption capacity

Time variation analysis was performed by
preparing 8 containers, each containing 20 mL of 10
ppm MB solution, and the pH of each container was
adjusted to the previously determined optimal value.
0.1 g of biosorbent was added to each container, and
they were shaken with varying contact times of 5, 10,
20, 30, 45, 60, 75, and 90 minutes, respectively. The
filtrate from each container was then measured using
UV-Vis to determine the adsorption capacity at the
different contact times. The absorbed MB on the
biosorbent was calculated using Equation (1) to
measure the percentage of MB absorbed and Equation
(2) to measure the adsorption capacity.
C;‘fe x 100% (1)
q= (Co—Co)v (2)

m

adsorption efficiency =

where Co and Ce denote the concentration before and
after adsorption. The concentration at concentration at
a specific time is expressed as Ct, while v is the
volume of MB solution and m is the mass of the teak
sawdust biosorbent. Additionally, q refers to the
adsorption capability of the adsorbate onto the
adsorbent, expressed in mg g 4°.

The data of variation contact time adsorption
was then used to determine the kinetic value of the MB
adsorption by the biosorbent. Analysis of adsorption
kinetic data can be carried out using four adsorption
kinetic models shown in Table 1. The R? value of the
four kinetic models that is closest to one is the kinetics
MB kinetic adsorption using TSAA biosorbent 5.

Investigations to determine how the solution
concentration varies were carried out by preparing 8
containers, each containing 20 mL of MB solution at
concentrations of 5, 10, 20, 30, 45, 50, 60, 70, and 90
ppm, respectively. Additionally, the pH of each
container was adjusted to the optimal level for
adsorption. Each container was supplemented with 0.1
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g of 80-mesh biosorbent and subjected to shaking for
the optimal contact time. Following this, the filtrate
was analyzed using UV-Vis spectroscopy to ascertain
the optimal adsorption concentration.

Data on the variations in MB concentration
and maximum adsorption capacity were employed to
evaluate the isothermal adsorption models for the

biosorbents. The adsorption isothermal models
applied include Langmuir, Freundlich, Temkin,
Harkin-Jura, Redlich-Peterson, Jovanovic, and Halsey
models. The linear equation of these seven
mathematical models can be determined by plotting
the data available in Table 2.

Table 1. Kinetic models for MB adsorption with TSAA

Kinetic model Linear form Plot graph Reference
PFO In (ge — qt) =Inqge — kt t vs In (ge — qt) o1
PSO t 1 t t 51
= + — tvs—
qt kqge? qe qt
Elovich 1 1 52
ovic gt = <§> In(aR) + (E) Int qtvsint
Intraparticle diffusion qt =kpvt+C qt vs V't >
Table 2. Mathematical model for MB adsorption isothemal
Isothermal Linear regression Plot graph Parameter Reference
model
Langmuir 1 1 4 1 1 1 T . . 53
ge 2. T Kig.ce 7e vs Ce = intercep
1
Am = T ————
mtercept
1
Kl =——+—
qmx slope
F lich 1 L | 1 53
reundlic logqge =logKf +£logCe 09 ge vs fog n= Slope
Kf = elntercept
Temkin ge =RInK; + BlnCe In Ce vs ge A= e% o4
B = slope
Harkin-Jura 1 B 1 1 1 55
—=——|-])logC —vslogC A=
qe? A <A) ogLe qe? vslogte Slope
B = A x intercept
Redelich- Ce Ce Kr = intercept %
Peterson lnq_e_ RInCe—1InA lngvslnCe B = slope
Jovanovic Inge = Inqmqy — K;Ce In ge vs Ce Qmax = e'mtereert %5
Kj = slope
Halsey In ge InCevsinge i 1 %
™ slope

1 1
=—1Inky — (—) InCe
n n

H H

kH = plntercept

3. RESULTS AND DISCUSSION
FTIR Analysis of TSAA

The TSAA biosorbent was analyzed using
FTIR to recognize the functional groups existing in the
material. Teak wood are known to contain
hemicellulose, lignin and cellulose compounds .
Cellulose present in organic materials is recognized
for its potential as an adsorbent for cationic dyes,
including methylene blue %. FTIR analysis of TSAA
biosorbent is shown in Figure 1.

The data depicted in Figure 1 illustrates the
Fourier-transform infrared (FTIR) spectrum for teak
sawdust. The changes experienced by the TSAA
material before activation, after activation and after
adsorption of MB are shown in Figure 1. There are

changes in the peak of the spectrum showing a change
in the intensity of the functional groups vibrations.
These peaks at wave numbers 3426 and 3410 cm™ are
vibrations produced by the —OH group before and after
MB adsorption. Since the conditions before and after
the adsorption have the same vibrations, it is assumed
that there are other components that are bound to the -
OH functional group. The vibration indicated the
present —OH alcohol or phenol compounds °°.
Vibrations that occur at wave numbers 2924 and 2940
cm* suggest the presence of the —CH group; this is
because vibrations in the range of 2700 to 3300 cm™!
are the absorption area for the —CH functional group
with a medium peak intensity .
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The observed peaks at wave numbers 2376,
2369, and 2338 cm* suggest vibrations attributable to
the C=C or C=N functional groups %.. The peak
observed at a wave number of 1736 cm™ is indicative
of a strong vibration associated with the C=0
functional group “°. The C=0 group is indicated by
vibrations at a wave number of 1512 cm~ 23, he peaks
observed at wave numbers 1057 and 1034 cm™ denote
the presence of the C—O functional group, which is
suspected to belong to alcohol and ether compounds

within cellulose molecules 2. The data illustrated in
Figure 1 demonstrates the variations in vibration
intensity for each functional group in the biosorbent
before and after MB adsorption. This occurs because
the adsorption of MB induces changes in the
molecular size on the adsorbent's surface, leading to
modifications in the vibrational properties compared
to those observed before adsorption. The functional
groups observed in the teak sawdust biosorbent are
similar to the research results in Table 3.

—— Teak sawdust-acid-MB
Teak sawdust-acid
Teak sawdust
S
~ 2338 1736 1512 T
8 T 2940
c 1034
c 3426
E T 2:1’69
c 1736
© T 2924 1512 T
[ 3410 1034
3426 2924 2376 1736 1512 4057
T T T T T T
4000 3500 3000 2500 2000 1500 1000

500

Wavenumber (cm™)

Figure 1. FTIR spectrum of the biosorbent prior to and following MB adsorption

Table 3. FTIR Analysis Results for Various Biosorbents

Functional groups

Wavenumber (cm™)

Biosorbent

C—H; C=0; O—H
C—H; C=0; O—H

C—H; C—C; O—H
C—H; C=0; O—H;
C—H; C—0; O—H; C=C
C—H; C—0; O—H
C—H; C—0; O—H; C—-C

C—H; C—0O; O—H; C—C;
C=0

C—H; C=0; O—H; C=C

C—H; C=0; O—H; C=C

2910; 1740; 3400
2924—2933.7; 1730—1724; 3296
2926 and 2930; 1423 and 1462; 3447 and
3412
2900; 1700-1600; 3500-3100
2939.52; 1267.23 and 1060.85; 3296.35;
1608.63 and 817.72
2927; 1064; 3355
1459 and 1377; 1744 and 1711; 3370;
2923 and 2854

2918.53; 1162.2; 3433; 1629.99; 1431.02

2926.01; 1705-1739.79; 3433.29;
1624.06-1618.28
2924 and 2940; 1512; 3426 and 3410;
2376, 2369 and 2338

Sugarcane bagasse 2*
Tea waste 3

Moringa oleifera seed pod #
Mushroom
Coconut fiber &
Chitosan %

Coconut pulp %6
Figs ¢
Coconut husk &

This study

TSAA SEM Analysis

The surface morphology of teak sawdust
was assessed through SEM and SEM-EDX analyses.
The SEM images of the biosorbent at magnifications
of 200x and 1000x, both before and following
adsorption, are described in Figure 2. The SEM data
reveal that the surface of TSAA exhibits small, oval-
shaped particles. The greater the magnification
obtained, the more visible the shafts on the surface of

the biosorbent 23. Figure 2 shows that after the
adsorption process, there is a smooth fibre spread on
the surface of the biosorbent. These data indicate that
MB is adsorbed onto the surface of the biosorbent,
resulting in a change in the surface morphology of the
biosorbent and the morphological appearance of the
biosorbent-like particles that are homogeneous and
irregular in size.
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Figure 2. The SEM analysis before and after MB adsorption for magnification of, A) 200 times and B) 1000 times

002

Element | Wt% | At%
CK 17.44 | 21.78
N K 6.23 | 6.67
O K 76.29 | 71.54
ClK 0.04 | 0.02

I I 1
o0 100 300 400 500 600 700 800 900 1000

Figure 3. SEM—EDX analysis results
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Figure 3 shows the results of SEM—EDX
analysis of biosorbent after MB adsorption. SEM-
EDX analysis identifies and maps the atom
distribution from the adsorbate on the biosorbent's
surface. The surface of the adsorbent is known to
exhibit atomic mass percentages of C (17.44%), N
(6.23%), O (76.29%), and CI (0.04%). The detection
of carbon (C) and oxygen (O) elements in the SEM-
EDX analysis is attributed to the existence of C—O
functional groups characteristic of alcohols,
carboxylic acids, and esters. The presence of chlorine
(CI) observed in the EDX Mapping analysis suggests
the adsorption of methylene blue (MB) compounds
onto the biosorbent surface. The presence of nitrogen
(N) highlights the existence of azo bonds (—N=N—),
which function as chromophores and are a principal
characteristic of dye compounds 4.

The pHpzc analysis of TSAA

This analysis aims to determine the charge
on the surface of the biosorbent. According to the data
presented in Figure 4, the pH at which the biosorbent
surface exhibits a net zero charge is determined to be
pH 6. It’s explained that when pH is 6, the opportunity
for interaction between adsorbent and adsorbate will
be higher because no competitors are blocking it .
When the pH is below the pHpzc, the biosorbent
surface acquires a positive charge, increasing its
affinity for anions 7°. Conversely, a repulsion between
the positively charged biosorbent and the cationic MB
will arise. At pH levels exceeding the pHpzc, the
biosorbent surface acquires a negative charge,
predisposing it to interact with cations .

4

ApH

pHi

Figure 4. Biosorbent pHpzc data

The effect of MB pH Variation

The adsorption study begins with
determining the maximum wavelength of MB. The
wavelength used in this research is 665 nm 8. After
obtaining the maximum wavelength, the linear
equation was determined by plotting a graph of MB
concentration versus absorbance. The data obtained
was 'y = 0,22x + 0,006 with a value of R2=0,997. The

5 A

linear equation obtained from the standard curve was
then evaluated to investigate the impact of the pH of
the MB solution on its adsorption capacity.

The MB adsorption test uses pH variations
of the MB solution, presented in Figure 5; this
indicates that the optimal adsorption is achieved at pH
6, where the adsorption capability reaches 1.96 mg g™*
and the adsorption efficiency is 99.35%. The data
presented in Figure 5 is corroborated by Figure 4,
which shows that at pH 6, the biosorbent surface is
neutral, eliminating any interfering ions that could
affect the interaction between the active sites of MB
and the biosorbent. This data can be explained by the
fact that the MB solution has an acidity level below 6
or a pH < 6, H* ions and MB cations will compete in
interactions with the negative partials on cellulose so
that little adsorbate will be bound to the adsorbent.
Whereas, if the MB solution has an acidity above 6 or
pH > 6, the positive partial in the MB will be attacked
by OH™ions, thus preventing the MB from interacting
with the negative partial in the biosorbent %°,

99.70
&
-
=]
£ 99.30
£
E S
=
< 98.90 -
2 9s.
T
=
w
=
L]
98.50 . . . . .
3 4 5 6 7 8 9

pH
Figure 5. The effect pH of MB adsorption

Adsorption Kinetic

The optimum contact time is when the
adsorption process attains its optimal capacity for
adsorbate uptake. The data presented in Figure 6
indicates that the optimal contact time for adsorption
is 30 minutes, corresponding to an adsorption capacity
(qt) of 1.968 mg g, and the adsorption efficiency
reaches 99.67%. The data presented in Figure 6
reveals that the sorption capacity of MB using the
biosorbent increases progressively from 5 to 30
minutes. This phenomenon is attributed to the
functional area on the biosorbent surface, which
promotes the adsorption process. At 30 minutes,
optimum MB adsorption conditions were achieved.
After 30 minutes of adsorption, it will tend to occur
constantly because there is a possibility that the active
site of the biosorbent has been filled by the adsorbate
so that there are no new interactions between the
biosorbent and the adsorbate. When optimum
adsorption conditions were achieved, it was found that
the TSAA biosorbent was able to remove 99.67% of
MB.
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1.963 A
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20

40 60 80 100

Time (minute)
Figure 6. Influence of variation time on methylene blue
adsorption

Table 4. Kinetic parameters of MB adsorption by TSAA

Models

Kinetic parameters

Pseudo first order

Pseudo second order

K1 (0.0000004 min't)
Qe (18.52mg g*})

R2 (0.7)

Kz (79.71 min™)

Qe (2.004 gmg?)
R? (1)

the methylene blue (MB) adsorption rate is influenced
by both the quantity of the adsorbate and the
availability of binding area on the surface of the
adsorbent. The measured MB sorption capacity of the
biosorbent, which is 18.52 mg g™', is comparable to the
2.004 mg g derived from the maximum adsorption
capacity calculated using the pseudo-second-order
kinetic model, explained in Figure 7. The adsorption
process demonstrates that the quantity of available
functional area influences the adsorption capacity on
the adsorbent surface. Based on the data in Figure 6,
the decrease in adsorption capacity is suspected
because the interaction between the adsorbate and the
active site on the adsorbent is weak, so that desorption
tends to occur. This methylene blue adsorption
kinetics data is similar to several biosorbent studies for
dye adsorption, which occurs according to pseudo-
second-order kinetics, as shown in Table 5.

Table 5. MB adsorption kinetics data by several
biosorbents

R (0.0032 g mg?) Biosorbent Adsorbate R?
Elovich o (2414.9 mg gt min) Coconut fiber 7 Methylene blue 1
RZ (0,533) Mangrove plantsap **  Methylene blue 0.999
Kp (896.6) Coconut fiber 7 Rhodamine B 0.987
Intraparticle diffusion C (1826) Moringa skin fruit 4’ Rhodamine B 0.999
R2 (0.253) Sugarcane bagasse "3 Methylene blue 0.999
Eucalyptus sawdust 3 Methylene blue 0.999
1 74
According to the data provided in Table 4, it ghmlar Iela}ves 2 Metgy:ene E:ue . gg
is known that the R? value for the pseudo-second-order ry lear litter ethylene blue :
IS . L ) P Coconut bunch 7 Methylene blue 0.99
adsorption kmetlc§ model is the c_Iosest to one among Clove leaves 41 Methylene blue 0.99
the four mathematical models. This data indicates that Lemongrass ° Methylene blue 0.97
A 43 r 1 . . 5
20 40 60 50 190 B
45
=474 0O _ 30 -
< = v = 0.489x - 0.003
: -4.9 = 20 1 y R2=1
- v =0.0035x - 4.8339
51 - R2=10.3651 10 A
_ 0 . . . .
53 0 20 P A % 100
t t
C 45 a
._'h_______\_--‘..l D f_
3 4 / 8 - ~
= ¥ =-314.74x + 621.91 = 6
15 R*=0.2196
v=896.6x-1826 S
4 T Re— 0253 /
0 ) {
196 1962 1964 1966 1968 197 19 1962 1964 1966 1968 197

Figure 7. Adsorption kinetic model graph, A) PFO; B) PSO; C) Elovich; 4) Intraparticle diffusion
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Adsorption Isothermal

The adsorption process initiates with the
adsorptive migrating to the adsorbent surface. Once
the adsorbate reaches the surface of the adsorbent,
interactions may occur between the adsorbent's active
sites and the adsorbate, facilitating the adsorption of
the adsorbate into the pores of the adsorbent 4. The
impact of varying MB concentrations on adsorption
was investigated by adjusting MB concentrations
between 5 and 90 ppm. The adsorption experiments
were conducted at a contact time of 30 minutes and pH
6. The data presented in Figure 8 demonstrates that
the highest adsorption capacity for the adsorbate is
achieved at a concentration of 45 ppm, with an
adsorption efficiency of 99.88%. It can be inferred that
within the 5 to 30 ppm concentration range, the
adsorption percentage is expected to increase due to
numerous reactive sites on the biosorbent, which can
facilitate the binding of MB. Under these conditions,
the amount of binding sites on the biosorbent exceeds
that of the MB molecules. At concentrations greater
than 45 ppm, there is a decrease in adsorption capacity
because a layer of MB already covers the active site of
TSAA, and no further adsorption process occurs
because the adsorbent has reached a saturated
condition “. MB isothermal adsorption was
investigated using seven isothermal models, as
detailed in Table 2. The correlation coefficients for
each isothermal model were determined through linear
regression analysis. The isothermal parameter values
are provided in Table 6, and the linear regression plots
are illustrated in Figure 9. According to Table 6, the
isothermal model that exhibits an R2 value closest to 1
is the model describing the adsorption of MB onto
TSAA.

100 -
99.9
99.8 -
99.7 -
99.6 -

99.5 4

adsomption efficiency (%o)

0 3.0 ﬁlﬂl S:D
Concentration {ppm})
Figure 8. Effect of initial concentration of MB

Table 6. Isothermal adsorption parameters

Isotherm Parameter value
models
Qmax (mg g™ 2
Langmuir KL (L mol?) 1599100
E (kJ mol'h) 35.392
R? 1
Kf (mg g?) 1.351
Freundlich n 1
R? 1
B 0.015
Temkin A 5.5x1060
R? 0.868
A 0.00944
Harkin-Jura B 0.00572
R? 0.701
. Kr (Lg% 116.39
e e
R? 0.972
Kj 55.05
Jovanovic gmax (mgg') 4.56 x 10-46
R? 0.868
n 1
Halsey KH 1.609
R? 1

Table 6 provides the R2 values for the
isothermal  adsorption models of Langmuir,
Freundlich, Temkin, Harkin-Jura, Redlich-Peterson,
Jovanovic, and Halsey. The isothermal adsorption
models that exhibit the highest suitability for
methylene blue (MB) adsorption onto TSAA, with R2
values approaching 1, are Langmuir, Freundlich, and
Halsey. The outcomes of this investigation imply that
the adsorption of MB onto TSAA may proceed via a
chemosorption % and physisorption mechanism 2.
According to the Langmuir isotherm model, the
adsorption process forms a monolayer of adsorbate on
the adsorbent surface, where each active site on the
adsorbent can accommodate only one adsorbate
molecule. This is due to the equilibrium between the
number of adsorbate molecules and the functional
sites available on the absorbent surface 7. This
conclusion is supported by the data presented in Figure
9, which indicates that after 30 minutes, there was no
additional increase in the amount of adsorbate
adsorbed. Furthermore, after 30 minutes of adsorption,
the conditions tend to decrease and remain constant. It
is suspected that adsorbate release occurred because
there is a possibility of physical adsorption occurring.
According to theory, the Freundlich isotherm suggests
that adsorbate molecules will form multiple layers on
the surface of the adsorbent, indicating a multilayer
adsorption process 8. This finding is further
substantiated by the data in Figure 2, which reveals
the presence of a porous biosorbent surface. Despite
both the Langmuir and Freundlich isotherms yielding
the same R2 value, it is noteworthy that the Freundlich
model's parameter n equals one. If the n value is
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between 1 and 10, adsorption occurs according to the
Freundlich isothermal ™. It is known that the Kf value
is 1,351 mg g~!, meaning that by using 1 g of teak
sawdust, 1,351 mg MB can be absorbed every 30
minutes of the adsorption process. Besides that, based
on the data, the R? value for Halsey isothermal

1.20
1.00
0.80
]
< 0.60
-
0.40
0.20

45
o 33 v =0.1578x + 2.0983
&} R2=0.8684
=
25
L5 . .
0 6 12 18
Qe
1E
4
o v =-2.0601x + 4.7578
U3 R2=0.9721
=
2
1 r r r r
0.02 0.42 0.82 1.22 1.62
In Ce/Qe
G
29 -
1.9 4
&
E
0.9

adsorption is 1, which is the adsorption that occurs in
a multilayer. Additionally, the Rz value for the Temkin
isotherm indicates that the distribution of the
adsorbate across the adsorbent surface is uniform,
suggesting the absence of multiple adsorbate layers °°.

13 L63 2
Log Ce

v =-1.0585x + 1.6521
Rz=10.7011

0.003 0.503 1.003

1/Qe?

¥=155.031x- 15.518
R*=10.8683

0.9 1.9 2.9

In Qe

v=x-1.6094
R2=1

0.1 &* g

In Ce
Figure 9. Adsorption isothermal graph plot: A) Langmuir; B) Freundlich; C) Temkin; D) Harkin—Jura; E) Redelich—Peterson;
F) Jovacovic; and G) Halsey

35 4.

h
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4, CONCLUSIONS

The research findings indicate that TSAA is
an effective adsorbent for the cationic dye methylene
blue. Optimal adsorption conditions were identified at
a contact time of 30 minutes and a pH of 6. The
Kinetics adsorption is most accurately represented by
a pseudo-second-order model, with a rate constant (K)
of 79.71 g mg! min™'. Maximum adsorption capacity
is observed at a methylene blue concentration of 30
ppm. Isothermal adsorption data align with the
Freundlich and Halsey models, indicating a maximum
adsorption capacity of 1.351 mg g™! and an empirical
constant n of 1. These results suggest that the
adsorption process is characterized by multilayer
coverage.
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