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Abstract

The purpose of this study was to examine the removal of dye from
curcumin in an aqueous solution using carbon microparticles from
jackfruit seeds via a batch adsorption experiment and their adsorption
isotherm characteristics. The fabrication of carbon microparticles was
prepared in several steps: (1) separating the seeds from jackfruit (2)
washing jackfruit seeds, (3) carbonization of jackfruit seeds at 230°C for
7 hours, (4) saw-milling process to obtain carbon particles, and (5) sieve
analysis to obtain the specific size of carbon. To find out what happened
to the adsorption process, we compared the adsorption results with 10
standard isotherm models, including Langmuir, Freundlich, Temkin,
Dubinin-Radushkevich, Fowler-Guggenheim, Hill-Deboer, Jovanovic,
Harkin-Jura, Flory-Huggins, and Halsey. In addition, carbon
characterization was also carried out using an optical microscope and
Fourier transform infrared (FTIR) analysis. The results revealed that
several models, namely Jovanovic (R? = 0.9383), Langmuir (R? =
0.9159), Freundlich (R = 0.8509), and Halsey (R? = 0.8509) are suitable
for representing the adsorption equilibrium with coefficient correlation
(R?) is close to 1. The adsorption capacity of carbon from jackfruit seeds
is 909.0909 mg/g. This study's overall conclusion is that the adsorption
process is monolayer, endothermic, profitable, and non-spontaneous.
According to the findings, alternative carbon microparticles fabricated
from jackfruit seeds can be used as an adsorbent to treat dye waste.

Keywords: Adsorption, Carbon, Curcumin, Isotherm adsorption, Jackfruit
seeds.
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1. Introduction

Wastewater is residual water originating from household and industrial waste (i.e.
paint, electroplating, cement, mining, dyeing, etc) which generally contains
substances that are harmful to human health and the environment [1, 2]. Dye waste
from the textile industry ranks first in freshwater pollution [3]. The discharge of
dye waste directly into rivers has disastrous consequences for flora and aquatic
fauna. In addition, dye waste can also seep into and contaminate groundwater [4,
5]. Several physical and chemical methods, such as coagulation, electro-
coagulation, flocculation, filtration, membrane separation, reverse 0smosis
adsorption, precipitation, and bioremediation have been used to remove dyes from
wastewater [6-8]. However, these methods are expensive, complex, ineffective, and
easy to cause secondary pollution [9].

Adsorption is an easy waste treatment method that can be used to treat dye waste
[10]. This is due to the cost-effective adsorption method for removing dyes,
especially at low concentrations and using small amounts of chemicals [11, 12]. In
the adsorption process, an adsorbent is used where the dye is adsorbed on the
surface and settles so that clean water is obtained above the batch [13]. The
adsorbent commonly used is carbon. Carbon can be sourced from organic and
inorganic materials [14]. Carbon from organic matter comes from animals, plants
(cellulose, hemicellulose, lignin, etc.), and agricultural waste (rock, shells, skins,
bagasse, vegetables, rice husk, fruit seeds, etc.). While carbon from inorganic
materials comes such as limestone, dolomite, carbon dioxide, and marble [15, 16].

In recent years, many researchers have used agricultural waste materials as
adsorbents because they are cheap, affordable, and easy to obtain to produce carbon
[17]. In addition, many researchers have succeeded in using adsorbents from
agricultural waste which can be seen in Table 1.

Table 1. Example of the current reports on the fabrication
of adsorbents from agricultural waste and their isotherm adsorption.

Source of Type of
agricultural Adsorbent Results Ref.
waste

Rice Husk Carbon The carbon prepared from rice husk has an
agglomeration and porous structure. Thus, the [18]
absorption efficiency is good.

Red Dragon Carbon The best characteristic of the adsorption isotherm for use  [19]
with dragon fruit peel waste as an adsorbent is the
Dubinin-Radushkevich isotherm model.

Pineapple Peel Carbon The adsorbent from pineapple peel waste follows the [20]
Freundlich model with a multilayer adsorption type on
heterogeneous surfaces.

Banana Stem Carbon The type of physical interaction carbon adsorption [21]
derived from banana stems is very good and has the
potential to be used as an adsorbent.

Rice Straw Carbon Carbon preparation of rice straw makes porous carbon  [22]
particles effective and the change in porosity has a direct
impact on the ability of the product to absorb molecules.

Rice Straw Carbon Based on the findings, adsorption on the surface of [23]

pumpkin carbon microparticles occurred as a monolayer
with physical phenomena.
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No.

Source of
agricultural
waste

Type of
Adsorbent

Results

Ref.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pumpkin

Soursop
Peel Waste

Peanut Peel

Chinese
Herbal
(Pleurotus
ostreatus)
Potato Peel

Bagasse

Tapioca Peel

Jujube Seeds
Oiled Soya

Walnut Shells

Rice Husk

Barred  Fish
(Scomberomo
rus spp.) Bone
Tea

Cherry Peel

Carbon

Carbon

Carbon

Carbon

Carbon

Carbon

Carbon

Carbon

Carbon

Carbon

Silica

Calcium
Carbonate

Fe203

Carbon

The size of particles has a direct impact on the adsorption
process. The absorption of soursop fruit peel waste
material occurs on a multi-layered surface and physical
interactions occur between adsorbent adsorbate.

Based on results, bio-adsorbent peanut peel can adopt
metal ions (lead, copper, zinc, and cadmium) with the
order of adsorption ability carried out was lead > zinc >
copper > cadmium.

Adsorption on the surface of Chinese Herbal has great
potential to remove ammonium phosphate from
wastewater.

The adsorption capacity of potato peel at 107.2 mg/L
following the Langmuir isotherm revealed that the
adsorption mechanism was chemisorption.

The kinetics and isotherm models were evaluated
showing that the Langmuir isotherm with pseudo-order
monolayer is the most suitable.

The adsorbent-derived tapioca peel succeeded in
removing organic dyes. Based on the analysis, the
adsorption isotherm follows the Freundlich isotherm
model with pseudo-second-order kinetics.

Freundlich isotherm model is the most appropriate
adsorption isotherm model with Jujube Seeds Waste as
an adsorbent.

Solid soya is very suitable and well-used as an adsorbent
to remove lead (11) ions.

Walnut shells as biosorbents can reduce iron in
wastewater.

Silica particles derived from rice husk were found to be
effective at adsorbing curcumin molecules. The
Freundlich isotherm model is an appropriate adsorption
model for this study.

The most suitable adsorption isotherm model is the
Dubinin-Radushkevich isotherm model. The findings
show that multilayer adsorption occurs for all
micrometre sizes and that it involves physical
interactions between the adsorbate and the adsorbent
surface.

The results revealed that adsorbents from tea waste are
very promising to remove waste ions Ni and Co.

The adsorption data of the Fe203 adsorbent followed the
Langmuir model and the kinetic data followed the
second order. Based on the research results, Fe203
adsorbent from cherry peel waste was able to remove
chromium (1V) with maximum adsorption capacities of
47.576 mg/g.

Carbon preparation of rice straw makes porous carbon
particles effective and the change in porosity has a direct
impact on the ability of the product to absorb molecules.

[24

[25]

[26]

[27]

(28]

[29]

[30]

[31]
(32]

[33]

[34]

[35]

[36]

[37]
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This study aimed to investigate the characteristic isotherm adsorption of
carbon microparticles from jackfruit seeds to remove curcumin dyes from
aqueous solutions. Jackfruit seeds were chosen because they contain
lignocellulose (35-50%), hemicellulose (20-35%), and lignin (10-25%) [37]. In
particular, the high lignocellulose content of jackfruit seeds when burned into
carbon can be used as an adsorbent to remove dyes from waste [38]. In addition,
according to the Central Statistics Agency, jackfruit production in Indonesia
reached 779,859 tons in 2019, the edible portion of the jackfruit flesh ranges from
20 to 30%, and the seed portion from 5-15%. Based on the amount of jackfruit
production, the jackfruit seeds that can be produced can reach 38,992 to 116,978
tons/year [39]. Hence, an understanding of converting jackfruit seed waste into
carbon as an adsorbent is useful as a way to overcome environmental problems
due to the increasing amount of jackfruit seed waste, especially in Indonesia. In
this study, we not only focused on the synthesis and characterization of carbon
but also focused on the analysis of the isotherm phenomenon of carbon
microparticle adsorption from jackfruit seeds. For this reason, the phenomenon
of adsorption plays an important role involved when the particles present are
adsorbed on the surface. It is useful to distinguish between adsorption, where the
particles stick to the surface, and desorption, which is the opposite. This research
is expected to provide insight into its use as a low-cost adsorbent-derived
jackfruit seed to remove organic dyes from dissolving.

2. Isotherm Adsorption Model

In this study, experimental data were fitted into various theoretical isotherm models to
describe the adsorption process discussed by Ragadhita and Nandiyanto [40]. Ten
parameter models: Langmuir, Freundlich, Temkin, Dubinin-Radushkevich, Fowler-
Guggenheim, Hill-Deboer, Jovanovic, Harkin-Jura, Flory-Huggins, and Halsey models
were used to determine the adsorption process that occurs monolayer, multilayer, or
cooperatively. Figure 1(a) depicts the phenomena of the monolayer. Figure 1(b) depicts
the phenomena of multilayer, and cooperative adsorption processes. An explanation of
the adsorption isotherm model is provided in detail below [40, 41].

[2] [¢]

__— Adsorbate -—

O 0O~ .
O O Q O Additional O O O O

Adsorbed —.__
Adsorbate T T

........ — Adsorbed - .
‘ Adsorbate J/ =

Cooperative
Adsorption

b

"~ CarbonSurface " Multilayer

(Adsorbent)

Fig. 1. Hlustration of the monolayer, multilayer, and cooperative
adsorption process (adapted from Nandiyanto et al. [15]).
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2.1. Langmuir isotherm

Langmuir isotherm defines that the maximum adsorbent occurs due to the presence
of a single layer (monolayer) of adsorbate on the surface of the adsorbent. There is
an assumption based on the Langmuir isotherm namely, there is no interaction
between the adsorbent and the adsorbent, there is no transmigration of the
adsorbate, and the molecules adsorbed by the adsorbent occur on a fixed surface,
each surface has the same energy. Equations (1) and (2) can be used to predict the
Langmuir isotherm equation [15].

1 1 1 1

Tl ®

Qe - QmaxKL Ce Qmax
2

_ 1

T 1+KLC,
where Ky is the Langmuir adsorption constant, Qmax is the maximum monolayer
adsorption capacity (mg/g), and R. is the separation factor. The description of the
R. value is following:

L

(i) When R_ > 1, Adsorption is in unfavourable condition because desorption
occeurs.

(i) When RL = 1, Adsorption is in linear condition (depends on the amount
adsorbed and the concentration of adsorbent.

(iif) When R. = 0, Adsorption said it is to be irreversible because fabulous
(usually occurs in chemisorption).

(iv) When 0 <R <1, Adsorption said it is advantageous because no desorption
occurs (usually occurs under conditions.

2.2. Freundlich isotherm

Freundlich isotherm assumes the adsorption site is heterogeneous with the type of
physical adsorption occurring in several layers and the bond is not strong. This
model implies that the energy on each surface is not the same. Equation (3) can be
used to express the Freundlich isotherm model [15].

log Q. = logk; + 11—110g C. 3)

where ks is the Freundlich constant, Ce is the adsorbate concentration at equilibrium
(mg/L), n is the degree of non-linearity, and 1/n is the adsorption strength. The
express meaning of the n and 1/n parameters is following:

(i) Ifn<1,itindicates the adsorption process is chemisorption

(if) If n=1, itindicates the adsorption process with the partition between two
phases is unaffected by concentration

(iii) If n > 1, it indicates the adsorption process is chemisorption physisorption
(iv) If 1/n < 1, it indicates the adsorption process is normal
(v) If 1/n>1, itindicates the adsorption process is cooperative

(vi) If 1 <1/n <0, it indicates the adsorption process is a favourable adsorption
(it is because there is no occurs desorption process)
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(vi)lf 0 < 1/n < 1, it indicates the adsorption process that occurs on
heterogeneous surfaces (where the value of 1/n is close to 0 indicating that
the surface of the adsorbent is getting more heterogeneous).

2.3. Temkin isotherm

Temkin Isotherm defines that the heat of adsorption (a function of temperature) of
all molecules in the layer will decrease linearly rather than logarithmically
regardless of very low and large concentration values. The heat of adsorption of all
molecules in the multilayer was calculated using Eq. (4) [15].

qe = Pr(InC.) + (BrinAr) 4
where Ar is the Temkin isotherm model's equilibrium constant and T is the Temkin

isotherm. The description of the T parameter is following:
(i) If pr <8 kJ/mol indicates the heat of sorption is physical adsorption

(ii) If pr > 8 kd/mol Indicates the heat of sorption is chemical adsorption

2.4. Dubinin-Raduskevich isotherm

Dubinin-Radushkevich isotherm explains the adsorption mechanism with a
Gaussian energy distribution at a heterogeneous surface. This model is that the
adsorbent size is proportional to the micropore size and the adsorption equilibrium
relationship for a given adsorbate-adsorbent combination can be expressed
independently of temperature using the adsorption potential (¢). Equation (5) shows
the Dubinin-Radushkevich model's adsorption equation.

Inq, = Inqs — Bgz )
where s represents the theoretical saturation capacity (mg/g), and ¢ is the Polanyi
potential associated with the conditions. Equations (6) and (7) state the Polanyi
potential and the calculation of the adsorption energy.

e=RTIn [1 + Ci] (6)
E= \/%_B ©)

where S is sorption free energy (kJ mol*) per molecule of sorbate at the moment of
its transfer to the solid surface from the bulk solution, E is the adsorption energy.
The description of the E value is following:

(i) IfE<8kJ/mol indicates that the adsorption energy occurs at physical
adsorption

(ii) If E>8kJ/mol indicates that the adsorption energy occurs at chemical
adsorption

2.5. Dubinin-Raduskevich isotherm

Fowler-Guggenheim isotherm describes the lateral interactions of the adsorbed
molecules that depend on the heat of adsorption which varies positively or
negatively with loading. If the interaction energy is positive with the force of
attraction, the heat of adsorption increases directly with loading. Meanwhile, in the
case of the energy repulsion of the adsorbed molecules, there is a reduction in
loading. In Equation 8 the linear form of this model is elucidated.
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6 2.0.wW
T

Ke6Ce = 5 exp () (8)

where Krg is the Fowler-Guggenheim equilibrium constant (L/m), and W is the

interaction energy (kJ/mol) between the adsorbed molecules. The description of the
W value is following:

(i) If W < 8 kd/mal, it indicates that the process of attraction between the
adsorbed molecule is exothermic

(if) If W > 0 8 kJ/mol, it indicates that the process of repulsion between the
adsorbed molecules for the adsorbed molecule is endothermic

(iii) IfW =0 kJ/mol, it indicates no interaction between the adsorbed molecules.

2.6. Hill-de Boer isotherm

Hill-de Boer isotherm describes mobile adsorption and lateral interactions between
the adsorbed molecules which depend on the type of force between the adsorption
molecules according to the model parameter values. A further explanation for the
Hill-de Boer isotherm is given by Eq. (9).

K20

7] 6
Kl'Ce =§exp (E—F (9)

where Kz (L/mg) and K (kJ/mol) are the Hill-de Boer model’s parameter and the
energetic constant of interaction in the adsorbed molecular, respectively. The
description of the K; value is following:

(i) If K2 > 0 kJ/mol, it indicates that the process of attraction between the
adsorbed molecule is exothermic

(if) If Kz <0 kJ/mol, it indicates that the process of repulsion between the
adsorbed molecules for the adsorbed molecule is endothermic.

(iii) If Kz = 0 kJ/mol, it indicates that no interaction between the adsorbed
molecules.

2.7.Jovanovic Isotherm

Jovanovic isotherm assumes the possibility of mechanical contact between the
adsorbate and the adsorbent by considering the phenomena in the Langmuir model.
The linear equation of the Jovanovic isotherm is shown by Eq. (10).

nQe = NQpmax — KjCe (10)

where K; (I/g) is the parameter of the Jovanovic model.

2.8. Harkin-Jura isotherm

Harkins-Jura isotherm explains the multilayer adsorption process depending on the
heterogeneous pore distribution. The equation of this model is expressed by Eq. (11).
L _Bu_ (1

== (3) togc. (11)
where Ap; (9%/1) and Bry (mg?/I1) are the Harkin-Jura model parameters and
the specific surface area of the adsorbent that characterizes the adsorption
miracle, respectively.
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2.9.Flory-Huggins Isotherm

Flory-Huggins isotherm model assumes a multilayer adsorption process that
depends on the pore surface of the adsorbent. It is given in Eq. (12).

logci = logKpy +nlog(1l—6) (12)

where 6 = (1 - g_g) is the degree of surface cover, ngy and Key are the Flory-

Huggin constants defined as the amount of adsorbate occupying the adsorption site
and the adsorption equilibrium constants, respectively. To calculate the Gibbs free
energy (4G®) of spontaneous adsorption, the value of AG° can be calculated from

the equilibrium constant (Kewy, as shown in Eq. (13).

AG® = —RTInKpy

The presence of a negative value for AG° indicates that the adsorption process
is spontaneous and temperature dependent.

2.10. Halsey isotherm

(13)

Halsey isotherm is used to evaluate adsorption with the multilayer adsorption
process. Equation (14) expressed the Halsey isotherm equation.

0, = il"K” - (i) Inc,

Table 2 details the curves of the data fitting results and the calculation of each
adsorption isotherm parameter.

(14)

Table 2. Adsorption isotherms fitting data, calculation, and their parameters.

:\;c:)tén:lrm Linear Equation ” Plotting y Parameter
1
= intercept
. 1__ 1 1 1 1 1 Qumax
LangmUIr Qe QmaxKL Ce Qmax /Ce /Qe 1
ky = ——m—
Qmax X slope
lOg Qe sl
Freundlich 1 InC, nQe sope
= log ks + o log C, » Inkf = intercept
0 e B=slope
; e B; InAp = intercept
Temkin = B, InA; + ByInC, InC, Q. T ner p
° BT = e
Dubinin- _ B 5 , o B = Kpg = slope
Radushkevich InQe = Ings = (Be) & InQe ° = szle
0 ngy = slope
. log— = logKgy + nlog (1 4 * kpy = intercept
Flory Huggins 9¢, =09t g 1og (C_o) log(1—=8) o AGe = RTIn(kgy)
—0 Ce
) c 0=1-(
Fowler- e W =slope
Guggenheim In LSO _ ¢ C.(1-96) o —InKp; = intercep
0 1-6 0 In [7] 2wo
InKpg + 206 o *  alslope) =S
= —(n —_—
F¢ TR o 0=1-(=
0
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Hill-Deboer _ _
In [Ce(1 — 9)] B 0 n c,1-o] ° Ink, liltke;cept
0 o 1-6 0 9 o «a(slope) C— o
=— =2 0 e 0=1-(%
InK, RT - o
Jovanovic e K =slope
Inq, = nqmax — K;C, C, nQ, J f .
o INngmax = intercept
Harkin-Jura !
l = E — (1) lOgC logC l * H = Slope
@ A \A ¢ ¢ qé . i—” = intercept
H
Halsey l 1, 1 l l o~ =slope
nQ, = —InKy ——InC nc n
o ngom e ‘ e . %anH = intercept

Furthermore, to calculate the amount that is obsessed by the unit mass of the
adsorbent at equilibrium, Equation (15) is used.

Co—Ce
Qe ===t xV (15)

where Co is the initial concentration (mg/L), Ce is the equilibrium concentration
(mg/L), m is the adsorbent mass (g), and V is the adsorbate solution volume (L).

3. Material and Method
3.1. Materials

In this study, the raw materials used for prepared carbon particles were jackfruit
(Artocarpus heterophyllus Lam.) seeds (purchased from Market in Bandung,
Indonesia), distilled water (purchased from Sakura Medical Store, Bandung,
Indonesia), and curcumin (purchased from Market in Bandung, Indonesia).

3.2. Preparation of carbon particles from jackfruit seeds

Carbon particles were prepared according to our previous study [15]. Previously,
1000 grams of jackfruit was first separated from the seeds. Then, the seeds were
washed with distilled water and carbonized in an oven at 230°C for 7 hours.
Furthermore, the carbonized jackfruit seeds were saw-milled for 5 minutes to get
jackfruit seed powder. To determine the specific size of carbon, a sieve test analysis
was performed using a sieve (PT Rumah Publication Indonesia) with sizes of 500,
250, 100, 74, and 60 um.

3.3. Particles characterization

The morphology investigation of prepared carbon particles was analysed using
Digital Microscope (BXAW-AX-BC, China). To analyse the chemical structure of
the prepared carbon particles, we performed characterization using Fourier
Transform Infrared (FTIR-4600, Jasco Corp., Japan).

3.4.Batch adsorption experimental

In this study, the adsorption procedure using the batch method was carried out by
adding 0.05 g of carbon particles (as an adsorbent) into 140 mL of turmeric solution
(as a dye molecule model) with specific concentrations of 100, 80, 60, 40, and 20
ppm. Then, the turmeric solution containing the adsorbent was stirred at a speed of
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1000 rpm for 120 minutes at room conditions with a constant pH. Furthermore, the
solution was taken from the mixed solution and filtered through a nylon membrane
syringe filter with a pore size of 0.22 m. After that, the concentration of the solution
was tested using a Visible Spectroscopy (Model 7205; JENWAY; Cole-Parner;
US) tuned to a maximum wavelength in the range of 280 to 500 nm.

The data from the adsorption results were graphed and normalized. To
determine the concentration of curcumin, the maximum absorption peak was
calculated using Beer's Law. Furthermore, the concentration data were plotted and
compared with 10 standard adsorption isotherm models, namely Langmuir,
Freundlich, Temkin, Dubinin-Radushkevich, Fowler-Guggenheim, Hill-Deboer,
Jovanovic, Harkin-Jura, Flory-Huggins, and Halsey.

4.Results and Discussion
4.1. Physical properties of carbon particles

Microscopic images of carbon particles from jackfruit seeds are shown in Figs. 2(a)
and (b). Carbon particles are agglomerated and inhomogeneous. Ferret analysis on
the particle size distribution of carbon is shown in Fig. 2(c). This analysis is useful
to help determine the size of the dominating particles of carbon. Carbon has a mean
size of 280 pm and a standard deviation of 26 um.

(c)

Mean Size =280 p
Stdev= 26 pn

.

50 60 74 100 250 500
Size (um)

Fig. 2. (a) and (b). Microscope images of carbon particles,
and (c) particles size ferret analysis of carbon particles

4.2. Characteristic adsorption of carbon particles

Experimental data was used to test the adsorption characteristics of carbon particles
from jackfruit seeds which were analysed for compatibility with the ten standard
adsorption isotherm models shown in Fig. 4. Based on the results of fitting the
adsorption isotherm model data, four models were found that were perfectly fit,
namely Langmuir, Freundlich, Jovanic, and Halsey isotherms model with a
correlation coefficient value (R?> = > 0.85). More detail about the correlation
coefficient and adsorption parameters are presented in Table 3.

Figure 3(a) is the result of plotting Langmuir model data which was analysed
using equations (1) and (2). The correlation coefficient value of adsorption data in

Journal of Engineering Science and Technology February 2023, Vol. 18(1)



Removal of Curcumin Dyes from Aqueous Solutions using Carbon . . . . 663

the Langmuir model is R? = 0.9159 with a maximum adsorption capacity (Qmax) is
909.9090 mg/g. The value of the R, parameter is 0.929 — 0.984 (see Table 3). Based
on the value of the correlation coefficient (R?) and the value of the R. parameter
indicates that the adsorption process is very favourable to occur on the monolayer
surface [15].

Figure 3(b) describes the results of plotting the Freundlich model based on
equation 3. The R? n, 1/n values of the Freundlich isotherms are 0.8509,
respectively; 1.125; and 0.8888 (see Table 3). Based on the Freundlich isotherm
parameter values are n > 1 and 0 < 1/n < inform that the adsorption process is
physical (physisorption) at a favourable [15].

Figure 3(c) is the curve of the Temkin plotting isotherm adsorption model studied
from equation 4. The Temkin model assumes that the distribution of all molecules
having uniform energy on the surface of the adsorbent has a linearly decreasing heat
of adsorption. From the analysis of the Temkin isotherm model, the value of R? =
0.7956 indicates that the adsorbate distribution occurs on a homogeneous surface.
Parameter values Ar and fr are 2.222 L/g and 0.0798 J/mol (see Table 3) which
indicates that the adsorption process is physical adsorption [15].

Figure 3(d) is the result of the Dubinin-Raduskevich model adsorption isotherm
analysis. The value of the relation coefficient (R?) and the E parameter of the
Dubinin-Raduskevich model are 0.7494 and 0.256 kJ/mol (see Table 3). Based on
the analysis of the Dubinin-Raduskevich isotherm model, indicates that there is a
physical adsorption process on a uniform surface [15].

Figure 3(e) is an analysis of the calculation of the Fowler Guggenheim isotherm
model. The value of the relation coefficient (R?) of the Fowler Guggenheim model
is 0.31 and the value of the W parameter of the Fowler Guggenheim model is -
63.145.1450 (see Table 3) which informs us there is a repulsive interaction between
adsorbates on a single surface [40].

Figure 3(f) represents the calculation results of the Hill-de Boer model graph.
The value of the relation coefficient (R?) of the Hill-de Boer model is 0.3917 with
the value of the K, parameter - 82,300,849 (see Table 3). Based on the results of
the analysis of the Hill-de Boer model, it shows the interactions occurring between
the adsorbate repel on a homogeneous surface [40].

Figure 3(g) shows the results of the Jovanovic model adsorption graph. The
Jovanovic model has a relation coefficient value (R?) is 0.9383 and the value of the
Jovanic K; isotherm constant is 0.1286 L/mg with the maximum adsorption value
(Qmax) is 10,877 mg/g (see Table 3). Based on the results of the relatively small
Qmax analysis and the R? value in the Jovanovic model, it was revealed that the
interaction between the adsorbate was weak and the adsorption process that
occurred in the monolayer [41].

Figure 3(h) depicts the results of the analysis of the Harkin-Jura adsorption
model. The isotherm constant value of the Harkin-Jura model (An;) is 0.0188, and
the value of the adsorption surface area (Bn;) is 1.3940 (see Table 3). Based on the
value of the relation coefficient (R?) is 0.3879 assuming that the adsorption process
that occurs in the monolayer [41].

Figure 3(i) is the interpretation of the adsorption data of the Flory-Huggins
isotherm model. The value of the correlation coefficient (R?) is 0.1762 which
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indicates the monolayer adsorption process. The parameter value of ngy is -0.037
assuming there is a free interaction between the adsorbate molecule and the surface
of the adsorbent (see Table 3). This model also informs the free energy with a positive
value indicating that the adsorption process that occurs is non-spontaneous [41].

Figure 3(j) interprets the calculation of the Halsey adsorption model. The values
of Halsey's constant n and Ky are 1.1251 and 1.3544 (see Table 3). Based on the
parameter value of the correlation coefficient (R?) is 0.8509 assuming the
adsorption process that occurs is monolayer [41]
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R

In Qe
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|
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Fig. 3. Data fitting with isotherm models (a) Langmuir; (b) Freundlich;
(c) Temkin; (d) Dubinin-Radushkevich; (e) Fowler-Guggenheim; (f) Hill-
Deboer; (g) Jovanovic; (h) Harkin-Jura; (i) Flory-Huggins; and (j). Halsey.

Table 3. Detailed data of adsorption isotherm parameters.

Model Parameter Value Note
Langmuir Qmax (mg/g) 0.9159 The existence of a monolayer on the
adsorbent's surface (R? > 0.90).
KL (Lmg) 9.5944 x 10~* The small value Langmuir constant
indicates a weak interaction
between adsorbate and adsorbent
RL 0.929 - 0.984 Favourable adsorption (0 < R <1)
R? 0.9159 The existence of a monolayer on the
adsorbent's surface (R? > 0.90).
Freundlich KF (mgrg) 2.4322 Adsorbent adsorption capacity
1/n 0.8888 Adsorption process favourable (0 <
1in<1)
n 1.125 Physisorption (n > 1)
R? 0.8509 The presence of a monolayer on the
adsorbent's surface (R% < 0.90)
Temkin Ar (L/g) 2.222 Temkin equilibrium binding
constant
Bt (I/mol) 0.0798 Physical adsorption (7 > 8 ki/mol)
R? 0.7956 Adsorbate distribution on the
adsorbent surface is uniform (R? <
0.90)
Qs (mg/g) 1.406 Capacity adsorption of adsorbent
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Model Parameter Value Note
B -7.6714 Constant of the Dubinin-
Dubinin- (mol?/kJ?) Radushkevich isotherm
Radushkevich E (kJ/mol) 0.256 Physisorption (E < 8 kiJ/mol)
R? 0.7494 Micropores are present on the
adsorbent surface (R? > 0.90).
Fowler- R? 0.31 The presence of a monolayer on the
Guggenheim adsorbent's surface (R? < 0.90).
W (kJ/mol) -63,145.1450 Interaction between adsorbed
molecules is repulsive (W <0
kJ/mol)
Kre (L/mQ) 8.694 x 10~* Fowler-Guggenheim isotherm
constant
Hill-Deboer R? 0.3917 The presence of a monolayer on the
adsorbent's surface (R? < 0.90)
K1 (L/mg) 7.814 x 107* Hill-Deboer isotherm constant
Kz (kJ/mol) - 82,300.849 Interaction between adsorbed
molecules repulsive is endothermic
(K2< 0 kd/mol)
Jovanovic R? 0.9383 The presence of a monolayer on the
adsorbent's surface (R > 0.90)
K; (L/mg) 0.082 Jovanovic isotherm constant
Qmax (Ma/g) 10.877 Maximum uptake of adsorbate
Harkin-Jura R? 0.3879 No existence on multilayer the
surface of adsorbent (R? < 0.90)
Ans 0.0188 Harkin-Jura isotherm constant
By 1.3940 Related to the surface area of the
adsorbent
Flory-Huggins R? 0.1762 The presence of a monolayer on the
adsorbent's surface (R < 0.90)
NEH -0,037 The adsorbate takes up more than
one active adsorbent zone (Nry < 1)
Krn (L/mQ) 1.6199 Flory-Huggins isotherm constant
AG° (kJ/mol) 3.676 Non-spontaneously adsorption (AG®
>0)
Halsey R? 0.8509 The presence of a monolayer on the
adsorbent's surface (R? < 0.90)
n 1.1251 Halsey isotherm constant
Kh 1.3544 Halsey isotherm constant

In the previous explanation, it has been explained clearly about the adsorption

isotherm used to explain the mechanism of the adsorption process. The value of the
relation coefficient (R%) was used to evaluate the suitability of the adsorption isotherm
model. If the value of R? is closer to the value of 1, the more suitable the adsorption
isotherm model is. The order of suitability of the adsorption isotherm model of carbon
from jackfruit seeds to remove dye from curcumin is as follows: (1) Jovanic (R? =
0.9383); (2) Langmuir (R? = 0.9159); (3) Freundlich (R? = 0.8509); (4) Halsey (R? =
0.8509); (5) Temkin (R% = 0.7956) (6) Dubinin-Radushkevich (R? = 0.7494); (7) Hill-
Deboer (R? = 0.3917); (8) Harkin-Jura (R? = 0.9585); (9) Fowler-Guggenheim (R? =
0.31); (10) Flory-Huggins (R? = 0.1762) [15, 18].
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Based on the findings, the correlation coefficient (R? for the adsorption of
curcumin dye molecules on the adsorbent prepared was the highest (closer to) the
Jovanic isotherm model. The well-fitted Jovanic isotherm shows a homogeneous
surface interaction of the curcumin dye molecule on the carbon adsorbent which is a
monolayer adsorption system. These findings were confirmed by the Langmuir
isotherm model with a high correlation value (R? > 0.90) indicating that in this
experiment the adsorption process occurred on the monolayer surface with a
maximum adsorption capacity of 909.9090 mg/g to remove curcumin dye molecules.

The adsorption process follows monolayer adsorption because the results of the
analysis of the adsorption process most closely match the Jovanic isotherm model.
The adsorption of carbon from jackfruit seeds for curcumin dye molecules followed
physisorption interactions which indicated that the adsorbent was homogeneous with
micropores (confirmed by the Temkin and Dubinin-Radushkevich model) through
the interaction between the adsorbent and weak adsorbate. This implies that the
adsorbate can move freely from one part of the surface to another through Van der
Waals forces resulting in a slight heat generation than the sublimation of the
adsorbate. Meanwhile, the interaction between the adsorbates was repulsive on a
homogeneous surface (monolayer) is endothermic (as shown by Harkin-Jura, Halsey,
and Hill-de Boer). Based on the findings, overall the adsorption process was normal
(confirmed by the Freundlich isotherm), non-spontaneous (as shown by the Flory-
Huggins isotherm), and favourable (confirmed by the Freundlich isotherm).

5.Conclusion

The fabrication of environmentally friendly jackfruit seeds carbon as an adsorbent
has been successful to remove curcumin dye. In addition, experimental adsorption
isotherm data were also stored. Comparatively, based on the correlation coefficient
(R?) obtained from the adsorption process coupled to the isotherm model in the
following order: Jovanic (R? = 0.9383) < Langmuir (R? = 0.9159) < Freundlich (R? =
0.8509) < Halsey (R? = 0.8509). The adsorption isotherm modeling showed that the
dye absorption occurred on the monolayer surface which proceeded normally with a
maximum adsorption capacity of 909.9090 mg/g and a large saturation coverage at
the occupancy of these sites. Furthermore, the average adsorption energy, E (kJ/mol)
molecular and free energy of adsorption AG° (kJ/mol) approach from the Dubinin-
Radushkevich and Flory-Huggins model which shows a physisorption mechanism of
attraction between adsorbates non-repelling, and spontaneous. This study reveals that
carbon from jackfruit seeds is a better low-cost, environmentally friendly adsorbent.
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