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adsorption isotherm analysis was performed in batch mode. Turmeric was selected as
a model for organic dyes. Ten isotherm models were used to predict and determine
the characteristic parameters: Langmuir, Freundlich, Temkin, Dubinin-Radushkevich,
Flory-Huggins, Fowler-Guggenheim, Hill-de-Boer, Jovanovic, Harkin Jura, and Halsey
isotherm models. The adsorption isotherm analysis showed the phenomena that occur
during adsorption are physical, with multilayer formation on the surface of the
adsorbent and the occurrence of adsorbate-adsorbate repulsive interaction. The pore-

Keywords: filling molecules occur at the largest and medium particle sizes, whereas the small
Adsorption; dye; isotherms; rice husk; particle size has no pore-filling molecules. This study reveals that the natural rice husk
Sustainable Development Goals; (unmodified) could be employed as a low-cost and effective sorbent for wastewater
turmeric treatment, supporting current issues in the Sustainable Development Goals (SDGs).

1. Introduction

The use of rice husk as an adsorbent has become increasingly popular, specifically, in agricultural
countries, such as Indonesia [1]. Rice husk (20-22wt% of rice) is obtained during the rice milling
process [2]. Rice husk has a high concentration of silica (about 96.34%). The prominent organic
compounds found in rice husks are cellulose, hemicellulose, and lignin [3]. Rice husks are abundant
and inexpensive, making the use of them in small industries challenging. The prospective use of rice
husks opens ideas for supporting current issues in the sustainable development goals (SDGs).

* Corresponding author.
E-mail address: nandiyanto@upi.edu

https://doi.org/10.37934/aram.106.1.113



Journal of Advanced Research in Applied Mechanics
Volume 106, Issue 1 (2023) 1-13

Rice huskis one of the abundant agricultural wastes. Many reports have been published regarding
rice husk [4-8]. Although there have been many successful studies on the use of agricultural wastes
as adsorbents (Table 1), previous studies have focused only on the synthesis and modification of the
materials and their characteristics. A complete discussion of the isotherm properties of rice husk
adsorbents is still rare, while this is important for making it applicable and implementable for
commercial and industries. Therefore, this study focused on investigating the adsorption properties
of unmodified rice husk particles for removing dyes. Turmeric was selected as a model for organic
dyes because it has an ideal molecular size (less than 1.4 nm) that is also suitable for evaluating and
predicting the adsorbent-adsorbate interaction during the adsorption process. In contrast to
previous studies, the novelty of this study was to evaluate the isotherm adsorption characteristics of
rice husk particles in various particle sizes (i.e., 74, 177, and 500 um). To confirm the phenomena
during the adsorption process, we evaluated ten adsorption isotherms, including Langmuir,
Freundlich, Temkin, Dubini-Radushkevich, Flory-Huggins, Fowler-Guggenheim, Hill DeBoer,
Jovanovic, Harkin Jura, and Halsey. We focused on the particle size since the size itself has a direct
impact on the availability of surface-active sites. In general, smaller particle size associates with the
number of adsorption sites, giving ideas [9] for the possible modification in the adsorption process.

2. Literature Review
2.1 Agricultural Waste as Adsorbent

Seeing the economical and environmentally friendly adsorbents for water pollutant remediation
and wastewater treatment, agricultural waste materials can be used as alternative resources for
producing biosorbents. This is due to the high content of cellulose, hemicellulose, lignin, lipids,
protein, starch, and other organic components, making it prospective to fulfill the requirements as a
raw material for producing activated carbon [10]. Table 1 shows various agricultural wastes as
adsorbents. Several raw materials were presented from the literature [11-30].

Table 1
Studies of dye adsorption using adsorbent from agricultural waste

Agricultural waste

Dyes Ref.

Chlorella Vulgaris Crystal violet [11]
Corn cob Methylene blue [12]
Sugarcane bagasse Methylene blue and crystal violet [13]
Banana peel Congo red [14]
Watermelon rinds Methylene blue dye [15]
Ziziphus jujube Methylene blue [16]
Anchote peel Indigo carmine [17]
Rubber seed pericarp Methyl orange [18]
Citrus limetta peel Methylene blue [19]
Tea Methylene blue and crystal violet d [20]
Palm sugar fiber Rhodamine-b [21]
Sunflower seed hull Methylene blue and methyl orange [22]
Marigold flower crystal violet [23]
Sapindus seed Basic yellow [24]
Sesame seed Yellow dye [25]
Peanut husk Methylene blue [26]
Rice husk Malachite green [27]
Pineapple peel Methylene blue and black b [28]
Coconut waste Methylene blue [29]
Lemon leaf Methylene blue [30]
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2.2 Adsorption Isotherm Theory

Adsorption is a surface phenomenon characterized by the attachment of atoms, ions, or
molecules from a gas, liquid, or dissolved solid to the surface of a substance. A significant aspect of
adsorption is the adsorption isotherm. Adsorption isotherm models are commonly used to obtain
additional information about a process. Ten different isotherm models are used in this investigation:

Langmuir,

Freundlich, Temkin, Radosevich, Flory Huggins, Fowler-Guggenheim, Hill-DeBoer,

Jovanovic, Harkin-Jura, and Halsey.

Langmuir. This model defines the maximum adsorbent capacity as the presence of a single
layer (monolayer) of adsorbate on the adsorbent surface. The rearranged Langmuir
isotherm is represented by Eq. (1).

t__ 1 1, 1 (1)

Qe QmaxKlc, ' Qmax

where K; is the Langmuir constant, ge is the number of molecules adsorbed at equilibrium
(mg/g), and gm is the adsorption capacity (mg/g). In addition, the dimensionless
constant, often known as the separation factor, is a crucial component of the Langmuir
isotherm (R;) which is expressed by Eq. (2).

1

= (2)

1+ K;Ce

R,

where R, describes unfavorable adsorption (R, > 1); linear adsorption (affected by the
amount and concentration of adsorbed molecules) (R, = 1); too strong adsorption or
irreversible adsorption (R; = 0); and favorable adsorption or no desorption (0 < R, < 1).

The Freundlich. This model describes a type of physical adsorption in which the
adsorption occurs in multiple layers, and the bonds are weak (multilayer). The Freundlich
isotherm also explains the degree of linearity (n) between the adsorbate solution and the
adsorption process, which is described as follows: 72 = 1, linear adsorption; n < 1,
adsorption process with chemical interaction; n > 1, adsorption process with physical

. . . . 1 i
interaction; Favorable adsorption process is declared when 0 < < 1, and a cooperative

adsorption process occurs when % >1.

The Temkin. This model evaluates the interaction between adsorbent and adsorbate, and
the homogeneous distribution of binding energy over the surface of the adsorbent. The
relation is given by Eq. (3).

Qe = BTlnAT + BTlnCe (3)

The Dubinin-Radushkevich. This model is used to obtain the average value of the
adsorption-free energy (E) as shown in Eq. (4).

=1
e (4)

The Jovanovic. This model assumes no mechanical contact between the adsorbate and
the adsorbent. The Jovanovic isotherm is shown by Eq. (5).
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vi.

Vii.

viii.

InQe = InQmax — K;C, (5)
The Halsey. This model evaluates a multilayer adsorption system. The calculation is shown
in Eq. (6).

Qe = ianH — (i) InCe (6)

The Harkin jura. This model explains the adsorption occurring on the adsorbent surfaces
as multilayer adsorption due to the heterogeneous pore distribution of the adsorbent, as
shown in Eq. (7).

1 _Bu_ (1
2" A (A) log C, (7)

The Flory-Huggins. This model implies a spontaneous adsorption mechanism. The Flory-
Huggins model is shown by Eq. (8).

logc% = log Kry + nlog(1 —0) (8)

The Fowler-Guggenheim. This model described a Van der Waals contact effect between
species adsorbed at adjacent locations. The Fowler-Guggenheim model is shown in Eq.

(9).

logc% = log Kpy + nlog(1l —6) (9)

The Hill-DeBoer. This model represents mobile adsorption and bilateral interactions
between molecules that have been adsorbed. The Hill-DeBoer model is shown in Eq. (10).

RT

In [Ce(1—9)

0
) —m = _anl - (10)

Equations of the used models are presented in Table 2. The prior study explains the detailed
computation of isotherm adsorption [31,32].
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Table 2
Isotherm models linear equations
Isotherm model Linearized equation Plotting
. 1 1 1 1 1yt
Langmuir @ = Qmax KLa + Qmax Ce Q
1 InC, vs InQ,,

Freundlich InQe =InK; + Eln Ce

InC,vs Q,
Temkin Qe = ByIlnAr + BrinC,

g2 vs InQ,

Dubinin-Radushkevich in Qe = InQs — (Be?)

| 1 InkK 1 nC InC, vs InQ,,
H = _(—
alsey Qe " nKy (nH) nCe
1 By /1 logC, Vs =
in- —=——|=])logC € 2
Harkin-Jura 2 Ay <A> og C, q
C, vs InQ,
Jovanovic InQe = InQmax — K;C,
6 L _
Flory-Huggins logC— =log Kpy + nlog(1 —0) log (co) vs log(1 - 6)
e
Fowler-G hei ] c.(1-6) & InK 2we
owler-Guggenheim [n 7 8" nKpg T
(1-6) 6
. C,(1-6) 6 K0 fusin|® S
Hill-DeBoer € ] — = —InK, — 2= 0 1-6
n [ 0 1=g Mgy

3. Methodology
3.1 Preparation of the Adsorbent from Natural Rice Husk

The natural rice husk that was used in this study was acquired from a local market in Bandung,
Indonesia. Before its use, the rice husk underwent saw-milling and was sifted through a sieve with
varying hole sizes (500, 177, and 74 pm) which were obtained from Yayasan Bumi Publikasi
Nusantara, Indonesia. This was done to determine its specific particle size.

3.2 Characterization

To determine the morphological characterization of the material, a Scanning Electron Microscope
(SEM; JSM-6360LA; JEOL Ltd., Japan) was used to characterize the Rice husk surface morphology and
elemental analysis.

3.3 Batch Adsorption Studies

In this study, turmeric was employed as a dye model to determine the adsorption characteristics
of rice husk particles. Detailed information regarding the synthesis of turmeric solution can be seen
in our previous research [33]. Adsorption experiments were carried out using a batch process. A glass
batch reactor with a total volume of 200 mL contained a turmeric solution with various
concentrations of 20, 40, 60, 80, and 100 ppm added to 0.05 g of rice husk (specific sizes 74, 177, and
500 um). After that, the solution was shaken for one hour at 400 rpm at room temperature and a
constant pH condition. The solution was then filtered using filter paper with a pore size of 0.22 um.
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Blank solutions (turmeric solution without rice husk particle) at various concentrations were also
tested under the same conditions and used as standard calibration. To examine changes in
concentration, aliquots of solutions were examined using a Visible Spectroscope (Model 7205;
JENWAY; Cole-Parmer; US) at maximum wavelengths in the range of 200 to 800 nm. The adsorption
results were plotted and normalized. Then the maximum absorption peak was calculated using Beer's
Law to obtain a constant concentration of turmeric.

4. Results and Discussion
4.1 Surface Characteristics of the Adsorbent

Figure 1 displays SEM analysis images of natural rice husks with varying particle sizes utilized in
this research. As depicted in Figure 1, most particles exhibit low sphericity. However, a particle
measuring 500 um in diameter possesses a nicely rounded shape, while a particle with a diameter of
177-74 um (see Figure 1 (b-c)) showcases a somewhat rounded form. Furthermore, smaller particles
(Figure 1 (c)) exhibit a more uniform distribution.

4.2 Adsorption Isotherm Studies

Adsorption isotherm analysis is essential for characterizing how the adsorbent surface interacts
with adsorbate molecules and is widely used to get more details about the process. To find the most
appropriate isotherm model, the experimental data were fitted with Langmuir, Freundlich, Temkin,
Dubinin-Radushkevich, Flory Huggins, Fowler-Guggenheim, Hill-DeBoer, Jovanovic, Harkin-Jura, and
Halsey. To investigate the model of adsorption, experimental data were analysed by a regression
analysis to fit the linearized expression of mathematical models. The experimental values based on
the plotting of some parameters are reconstituted (using plot equationsin Table 2). Linear correlation
coefficients (R? > 0.80) are then used to show the compatibility of correlation curves between
experimental data and linearized forms of the isotherm models. The plotting analysis can also derive
several parameters in the adsorption process and predict what phenomena happening during the
adsorption process. Table 3 presents the parameter obtained from the plotting analysis of isotherm
models.

The Langmuir model states that a single layer of adsorbate covers the adsorbent surface without
any interaction between the adsorbed molecules. The analysis of parameters indicated that the three
particle sizes had a monolayer structure, with the smallest particle size having the highest adsorption
capacity (687.40 mg/g). The K, constant, also known as the Langmuir constant, is linked to the surface
area and porosity of the adsorbent and indicates the degree of contact between the adsorbate and
the surface, reflecting the sorption energy [31]. A high K; value suggests a strong bond between the
adsorbate and adsorbent, while a low value indicates a weak connection. The obtained K; value
suggests a weak connection between the adsorbent and adsorbate, indicating that the adsorption



Journal of Advanced Research in Applied Mechanics
Volume 106, Issue 1 (2023) 1-13

process may form a multilayer structure (even though the correlation coefficient values are great (R?
> 0.80)) where adsorbate molecules are not distributed evenly on all adsorbent surfaces. The R,
analysis showed that rice husk particles have properties under favourable conditions (0 < R, < 1) where
the adsorption process can be controlled by changing process variables [32].

The Freundlich model is often utilized to clarify adsorption in systems that are not uniform. The
analysis of the graphs indicates that the R? values for particles of all sizes are outstanding (R? > 0.80),
demonstrating that adsorption transpires on a varied surface in multiple layers with minimal
interaction between the adsorbate and adsorbent. The assessment of the n value for rice husk
particles revealed that the correlations of n were less than zero and 1/n was greater than zero for
particles of all sizes, indicating a favourable chemical interaction.

The Temkin model, as shown in Table 3, demonstrates that the adsorbate on the surface area of
the adsorbent is not evenly spread out. This is evident from the R? values of all particle sizes, which
were above 0.80. The Br result reveals that values below 8 kJ/mol suggest that the particles
experienced physical interaction. Furthermore, the negative B and Br values indicate that the
adsorption process is endothermic.

In this study, the Dubinin-Radushkevich model exhibited the lowest R? value. When the particle
sizes were 500 and 177 um, there was pore-filling present on the adsorbent surface, but no pore-
filling was formed when the size was 74 um. The results suggest that the adsorption process did not
follow this model based on the R? value. Additionally, evaluating the E value in this model suggests
that the adsorption process occurs physically (E < 8 ki/mol).

The Flory Huggins isotherm model assumes that polymer segments occupy lattice sites and
solvent molecules occupy single sites. This model explains how the adsorption process occurs and
determines if it is possible and spontaneous. The Flory-Huggins isotherm shows that multiple layers
of adsorbate molecules are formed on the biosorbent surface for all particle sizes. Although the
correlation coefficient is high (R? > 0.80), the ngy result is negative, indicating that more than one
active adsorbent zone is occupied by the adsorbate. By using the Kryequilibrium constant derived
from the Flory-Huggins isotherm equation, the Gibbs free energy (AG°) of spontaneity can be
determined. The AG values for turmeric adsorption were negative for all particle sizes, indicating that
the adsorption process is spontaneous [31,32].

The analysis conducted by Fowler Guggenheim on the R? values indicates that all particle sizes
have excellent values (R? > 0.80), suggesting multilayer adsorption. The analysis of W values revealed
that the adsorbed molecules repel each other (W = negative), leading to an endothermic process.
This causes some of the molecules to not bind due to weak interactions caused by Van der Waals
forces (physical interactions). Additionally, the repulsive interactions also result in a decrease in the
heat of adsorption as the load increases. This finding aligns with the Temkin model.

The Hill-de Boer analysis shows an excellent correlation coefficient value (R?> 0.80) indicating the
involvement of multilayer structure in the adsorption process. The values of Kz confirmed that there
is repulsion between the adsorbed molecules, which is in good agreement with The Temkin and
Fowler Guggenheim models.

The Jovanovic isotherm showed excellent adsorption capacity, yielding 1072.98; 1205.88; and
1067 mg/g for particle sizes of 500, 177, and 74 um respectively. In addition, the R? values obtained
from this model were also very high (R? > 0.80) indicating a monolayer structure.

The Harkins-Jura isotherm is explained by the presence of a heterogeneous pore distribution,
which leads to multilayer adsorption. The high correlation coefficient value of adsorption using rice
husk makes it a suitable method. The small value of By, in the Harkin Jura parameter is linked to the
specific surface area [31]. The correlation coefficient values (R?) indicate a multilayer structure for all
particle sizes.
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The Halsey model is appropriate for assessing the adsorption of adsorbate ions in a multilayer
adsorption system, particularly when the adsorption occurs at a considerable distance from the
surface [31]. Like the Freundlich isotherm model, the Halsey model is also suitable for multilayer
adsorption and heterogeneous surfaces where the distribution of adsorption heat is not uniform [33].
The significant result is indicated by the correlation coefficient (R?) value of this model indicating
multilayer adsorption.

Table 3
The parameter value of the isotherm model of turmeric dye on rice husk in various size particles
Isotherm Particle size Note
Parameter
models 500 177 74
Qmax 681.40 361.48 687.40 Adsorption capacity maximum(mg/g)
Langmuir (mg/a) : : : P pacity g/
K
‘ -0.138 -0.04 -0.213 The Langmuir model constant
(L/mg)
R 0.244 1.5784 0.488 Favourable adsorption process (0 < RL < 1)
R?<0.80 Itil f ti th
, 0.934 0.831 0.842 , multilayer formation on the
R adsorbent surface
R? > 0.80, monolayer formation on the
adsorbent surface
K
Ereundlich (rfng/g) 0.788 0.537 0.811 The Freundlich model constant
1/n 0.24 0.62 0.21 Favourable adsorption (0 < 1/n< 1)
ny -4.20 -1.61 -4.79 Chemical adsorption process (n < 1)
, 0.984 0.952 0.960 R? > 0.80, multilayer formation on the
R adsorbent surface
R? < 0.80, monolayer formation on the
adsorbent surface
AT The binding constant for the Temkin
. 0 0 0 —_
Temkin (L/g) equilibrium
B -199.54 -378.20 -10382 The Temkin constant
BT
(KI/mol) 0.123 -0.065 -0.141 Physical process adsorption (87 < 8 kJ/mol)
R? 0.989 0.984 0.972 R? < 0.80, homogenous adsorbent surface
R? > 0.80, heterogeneous adsorbent surface
Dubinin- 6 0.276 2.126 0.112 The Dubinin-Radushkevich model constant
Radushkevich  (mol?/kJj?) ) ' '
E . .
(ki/mol) 1.345 0.485 2.107 Physical process adsorption (E < 8 kJ/mol)
R7>0. - . —
, 0.892 0.837 0.749 > 0.80, micropore size exists in
R adsorbent surface
R? < 0.80, no micropore size exists in
adsorbent surface
nFH < 1, represents the multi-active
-4.131 -1. -4.601
Flory Huggins  nFH 413 >34 4.60 adsorbent zone occupied by the adsorbate
KFH
1.99x10  4.26x10°  1.21x10**  Flory—Huggins model constant
(L/mg) e
AG’
-604.486 -246.866 -673.066 AG < 0, informing spontaneous process
(kJ/mol)
> - -
, 0.984 0.953 0.960 R‘>0.80, multilayer formation on the
R adsorbent surface
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R? < 0.80, monolayer formation on the
adsorbent surface

Fowler w W <0, repulsive interaction between
-11.62 -7.18 -12.91 !
Guggenheim (ki/mol) 6 ? adsorbed species
KEG 9.26 x10°®  0.000283 4.39x10°®  The Fowler Guggenheim model constant
, 0.992 0.995 0.978 R? > 0.80, multilayer formation on the
R adsorbent surface

R? < 0.80, monolayer formation on the
adsorbent surface

Hill-de Boer Ki(L/mg) 1.48x10  1.72x10°  2.2x10Y  The Hill-Deboer model constant

K> 11871 -468.053 1401 Repu.lswe interaction between adsorbed
(ki/mol) species

0.969 0.974 0.913 R? > 0.80, multilayer formation on the
R? adsorbent surface

R? < 0.80, monolayer formation on the
adsorbent surface

Jovanovic KJ -0.006 -0.008 -0.006 The Jovanovic model constant
Qmax 1072.99 1205.88 1067.03 Adsorption capacity maximum (mg/g)
(mg/q)
0.999 0.991 0.999 R? < 0.80, multilayer formation on the
R? adsorbent surface
R? > 0.80, monolayer formation on the
adsorbent surface
Harkin Jura AHj 637 115 713 The Harkin Jura model constant
Bn 0.691 1.502 0.475 The specific surface area of the adsorbent
(L/mg)
0.970 0.841 0.930 R? > 0.80, multilayer formation on the
R? adsorbent surface
R? < 0.80, monolayer formation on the
adsorbent surface
Halsey nH -4.200 -1.610 -4.792 Halsey model constant
K 2019 8832 1744 Halsey model constants
(L/mg) '
0.984 0.953 0.960 R? > 0.80, multilayer formation on the
R? adsorbent surface

R? < 0.80, monolayer formation on the
adsorbent surface

Furthermore, based on the R? fitting value analysis, the adsorption of turmeric with rice husk
particles of varying sizes demonstrates different levels of compatibility. Specifically, for the largest
particle size (500 um), the most suitable adsorption model is Jovanovic, followed by Fowler
Guggenheim, Temkin, Freundlich, Flory Huggins, Halsey, Harkin Jura, Hill-de Boer, Langmuir, and
Dubinin-Radushkevich. For medium-sized particles (177 um), the order of suitability is Fowler
Guggenheim, Jovanovic, Temkin, Hill-de Boer, Freundlich, Flory Huggins, Halsey, Dubinin-
Radushkevich, and Langmuir. For the finest particle size used in this study (74 um), the most suitable
isotherm models are Jovanovic, Fowler Guggenheim, Temkin, Freundlich, Halsey, Flory Huggins,
Harkin Jura, Hill-de Boer, Langmuir, and Dubinin-Radushkevich.

According to the findings presented in Table 3, all isotherm models agree with the experimental
data. The negative value of the Gibbs free energy for all models indicates that the adsorption process
occurs spontaneously. The R? analysis shows that the Jovanovic model applies to all particles size (the
highest R? value), suggesting that the adsorption process takes place in a monolayer [31]. The
adsorption of adsorbate molecules onto the surface of the adsorbent is a physically favourable
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interaction, which can be controlled by adjusting the process conditions [32]. The Langmuir model
confirms the monolayer model, indicating that molecules are distributed uniformly across the
adsorbent surface. The RL values, ranging between 0 and 1, indicate a normal and favourable
adsorption process that can be controlled by modifying the process conditions. The Fowler-
Guggenheim model supported the idea that molecules in a multilayer structure repel each other
(repulsive interaction). This model had the second-highest value for R?. The Temkin model showed
that adsorption is a physical process and that the adsorbent surface is heterogeneous, which
corresponds with the R? value in Jovanovic and Langmuir. The Dubinin-Radushkevich model also
confirmed physical adsorption, with the presence of micropores on the adsorbent surface. The
Freundlich model indicated chemical adsorption, which is favourable. The Flory-Huggins model
suggested that there are multiple active adsorbent zones occupied by the adsorbate. The Hill-de Boer
model supported the Fowler-Guggenheim model’s idea of repulsive interaction between adsorbed
species. The Halsey and Harkin Jura models confirmed multilayer adsorption. Even though the models
align with experimental results, the adsorption profile follows physical adsorption (although
chemisorption may be formed during the adsorption process) with multilayer adsorption. From the
results of the experimental analysis in Table 3, it can be concluded that the adsorption mechanism is
presented in Figures 2 (a) and (b). When a small adsorbent (74 m) is used, the adsorption system
forms a multilayer surface without pore filling, which occurs endothermically with repulsive
intermolecular interactions (see Figure 2(a)). However, a different mechanism was found when large
(500 um) and medium (177 um) adsorbents were used. The adsorption process occurred
endothermically by forming a multilayer surface with a pore-filling system and repulsive
intermolecular interactions (see Figure 2 (b)).

Free adsorbate

T
- S

@ N )

T e The interaction between free
T molecules and adsorbed molecules.

1_ Multilayer
Multilayer

The adsorbed malecule on
the active site

adsorbent adsorbent

Multilayer, repulsive, physical adsorption, spontaneous, Multilayer, repulsive, physical adsorption, spontaneous,
and non-pore-filling. pore-filling.

Fig. 2. The proposed illustration of the adsorption mechanism of rice husk with various particle sizes: (a)
particle size 74 um and (b) particle sizes 500 and 177 um

5. Conclusion
The present study investigates the adsorption properties of natural rice husks of different sizes
(specifically, 74, 177, and 500 um) as a means of adsorbing dye. Ten models were used to analyze the

adsorption isotherms, including Langmuir, Freundlich, Temkin, Dubinin-Radushkevich, Flory Huggins,
Fowler-Guggenheim, Hill DeBoer, Jovanovic, Harkin Jura, and Halsey, by examining the correlation

10
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coefficient values. The adsorption process occurs through the formation of a multilayer with physical
interaction and repulsion between the adsorbent and adsorbate for all particles size. The results also
stated that for large (500 um) and medium (177 um) adsorbents, pore filling occurred. Meanwhile,
the small adsorbent (74 um) did not fill the pores. This study offers insights into the adsorption
phenomena associated with the use of natural rice husk for removing Turmeric dye from an aqueous
solution.
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