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A B S T R A C T

Adsorption is one method that is developing in the
process of wastewater treatment. This method
uses an adsorbent to absorb contaminants such as
dyes, metal ions, and other pollutants from
industrial wastewater. Currently, efforts are being
developed to produce better low-cost adsorbents
as alternatives, such as using organic solid waste
derived from agricultural by-products such as
kapok husk (KH). This study discusses the
thermodynamics of adsorption, which aims to look
at the energy and distribution of methylene blue
(MB) dye particles during the adsorption process
using kapok husks (KH) and kapok husks modified
with citric acid (CA-KH). The two biosorbents
obtained thermodynamic results with a negative
value of the Gibbs energy change (∆G), indicating
that the adsorption process took place
spontaneously, a negative enthalpy value (∆H)
indicating an exothermic process adsorption

process, and a negative entropy value (∆S) indicating an increase. The regular distribution of
methylene blue dye on the surface during the adsorption process is proven by the results of
SEM photo analysis at 3000x magnification with the distribution of methylene blue dye on the
surface of the two biosorbents.
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INTRODUCTION

Biosorption is the ability of biological materials (biomaterials) to accumulate heavy
metals or dyes from wastewater through the absorption of metabolic or chemical-physical
media. This biosorption process can occur due to the presence of biological materials called
biosorbents and solutions containing heavy metals or dyes so that they are easily bound to
biosorbents (Ramadhani et al., 2019). Several agricultural and fishery wastes have been used
to absorb dyes, including ketapang shells(Hevira et al., 2020), cassava peels(Scheufele et al.,
2020), wheat (Araújo et al., 2020), pensi shells(Zein, Ramadhani, et al., 2019), corn silk
(Mbarki et al., 2018), psyllium seeds(Malakootian & Heidari, 2018), Lemongrass leaves
biowaste (Zein, Purnomo, et al., 2022), water hyacinth modified with citric acid (Siswoyo et
al., 2018).

Kapok (Ceiba pentandra L.) is a plant cultivated in Indonesia. The kapok plant has many
benefits for the community, such as its fiber used as stuffing for mattresses and pillows.
However, using kapok fiber produces waste such as kapok husks are thrown away by the
community; this causes the accumulation of biomass waste, reducing the aesthetic value of
the environment. Based on its chemical content, kapok husk has high cellulose and lignin and
active groups such as hydroxyl, carbonyl, and carboxylate to absorb cationic pollutants
(Farooq et al., 2019). Research on the use of kapok husk as an adsorbent for metal ions Pb(II)
and Cd(II) has previously been carried out(Zein, Nofita, et al., 2019). However, adsorbents
for dyes using kapok husk have not been carried out before, so in this study, Kapok husk is
used as an adsorbent for methylene blue dye by looking at the energy value produced through
adsorption thermodynamic studies.

Adsorption thermodynamics is studied to predict the spontaneity of an adsorption process
and predict the properties of the adsorbent and adsorbate at equilibrium. Adsorption
thermodynamics also investigates temperature variations and whether adsorption processes
are advantageous or unfavorable used in industrial wastewater treatment processes(Lombardo
& Thielemans, 2019). For thermodynamic studies, adsorption experiments were carried out at
different temperature conditions, and the calculated parameters included enthalpy (ΔH),
entropy (ΔS), and Gibbs free energy (ΔG)(Batool et al., 2018).

The ratio of the effective concentration of the dye to the solid adsorbent to the aqueous
solution is a constant called the equilibrium constant, Kc of the adsorption process:

Kc = (1)

The classical Van’t Hoff reaction isotherm equation correlates the free energy
change (ΔG), the standard free energy change (ΔG0), and the equilibrium constant (Kc) at
constant temperature (T) as:
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G=G0 + RTlnKc (2)

At equilibrium, the change in free energy (G) is zero; then the equation changes to the
following:

G0 = - RTlnKc (3)

This is the most crucial Equation used in sorption thermodynamics to predict the
feasibility of a sorption process. To predict the standard enthalpy change (Ho) and standard
entropy change (So), Equation (3) is rearranged in terms of the equilibrium constant (Kc) as:

ln Kc = (4)

G0H0 - TS0 (5)

Where R = 8.314 J / mol / K and (absolute temperature in K)(Osagie et al., 2021). the
van't Hoff equation becomes:

ln Kc = + (6)

The positive value of H confirms the endothermic nature of the adsorption process.
Positive values of H, G, and TS indicate that the adsorption reaction takes place
spontaneously at high temperatures and not at low temperatures. Decreasing the value of Go

with increasing temperature confirms that absorption is more efficient at higher temperatures.
The positive value of the entropy change means that the randomness of the solid/liquid
interface increases(Elwakeel et al., 2017).

METHOD

Time and Place of Research

This research was conducted from October 2021 to June 2022 at the Chemical Laboratory
for Environmental Analysis, Faculty of Mathematics and Natural Sciences, Andalas
University, and the Laboratory of the Department of Mechanical Engineering,
SepuluhNopember Institute of Technology (ITS) Surabaya.

Tools

The equipment used in this study were glassware (Erlenmeyer flasks, volumetric flasks,
measuring pipettes and pipettes), analytical balances (Kern & Sohn GmbH), rotary shakers
(Edmun Buhler 7400 Tubingen), pH meters (Metrohm), ovens ( Memmert), crusher (Fritsch,
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Germany), sieve (Fritsch, Germany), SEM-EDS (Hitachi FLEXSEM 1000) and UV-Vis
Spectrophotometer (Genesys 20 Thermo Scientific)

Materials

The materials used in this study were kapok skin (Ceiba pentandra L gaertn) obtained
from the kapok ombilin plantation in Singkarak, West Sumatra, methylene blue dye (Merck),
distilled water, HNO3p.a (Merck), technical NaOH (Merck), citric acid ( C6H8O7) (Merck),
Sodium Citrate dihydrate (C6H5Na3O7.2H2O) (Merck), Acetic Acid (CH3COOH) (Merck),
Sodium Acetate (CH3COONa) (Merck), Monobasic Sodium Phosphate (NaH2PO4) (Merck),
Dibasic Sodium Phosphate ( Na2HPO4) (Merck), Sodium Carbonate (Na2CO3), Sodium
Bicarbonate (NaHCO3), Potassium Chloride (KCl), and filter paper (all chemicals used are
analytical grade).

Procedure

As much as 0.1 g of the biosorbent was put into a 50 mL Erlenmeyer which was filled
with 10 mL of methylene blue dye solution with various concentrations of 10, 20, 30, 40, and
50 mg/L and adjusted the pH and optimum contact time that has been obtained previously.
The temperature was varied respectively 25, 35, and 45 ºC, then stirred at a speed of 150 rpm.
The mixture was filtered and analyzed with a UV-Vis spectrophotometer at λmax 664
nm(Miyah et al., 2018; Zein et al., 2020). Furthermore, the biosorbent powder from the
absorption of dyes was analyzed using SEM-EDX to see the distribution of dyes on the
surface of the biosorbent.

RESULTS AND DISCUSSION

Adsorption thermodynamics is important to study to determine an adsorption process's
spontaneity and the adsorbate's mass transfer mechanism to the adsorbent under equilibrium
conditions. Adsorption thermodynamics also investigates whether the adsorption process is
favorable or unfavorable at varying temperatures(Cheruiyot et al., 2019). The Gibbs free
energy (ΔG) describes whether an adsorption process is spontaneous or non-spontaneous,
where a negative value indicates a spontaneous adsorption process. Entropy (ΔS) predicts the
magnitude of the structural change in reversibility, which is affected by the negative values
obtained. Enthalpy (ΔH) provides information on whether the adsorption process is
exothermic or endothermic and describes the adsorption process occurring physically or
chemically(Ullah et al., 2020).The thermodynamic adsorption parameters were obtained from
the batch adsorption process at various adsorption temperatures of 298 K, 308 K, and 318 K,
with concentration variations for each temperature of 10, 20, 30, 40, and 50 mg/L. The values
of ∆H, ∆G, and ∆S obtained from the slope and intercept of the Van't Hoff plot are presented
in Table 1.
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Table 1. Thermodynamic parameters of methylene blue adsorption by KH (Kapok
Husk) and CA-KH (Citric Acid-Kapok Husk)

Biosorbent Temperature (K) ΔG (kJ/mol) ΔH (kJ/mol) ΔS (kJ/mol)

KH

298

308

318

-2.4550

-1.8413

-2.2561

-5.2469 -0.0099

CA-KH

298

308

318

-14.3826

-11.1053

-13.9894

-19.2150 -0.0197

The negative value of the change in Gibbs free energy (∆G) at all investigated
temperatures is because the adsorption process is spontaneous and confirms the feasibility of
the process(Caroline et al., 2020). A negative value of ∆G also indicates physisorption for the
absorption of methylene blue biosorbent. The significant negative value of ∆H indicates that
the biosorption of methylene blue by the two biosorbents is an exothermic process, a low ΔH
value indicates that the system does not require energy from the environment and weak
energy is involved in the absorption of methylene blue by kapok husk(Bencheikh et al.,
2020).  A negative Entropy (∆S) value indicates that methylene blue molecules exhibit
increased orderliness at the solid/solution interface during adsorption on the biosorbent
surface and indicate that the adsorption process promotes rearrangement on the adsorbent
surface. The negative value of the change in entropy ΔS means that during adsorption, it will
increase homogeneity on the surface of the biosorbent, and there is no significant change in
the internal structure of the biosorbent(Zein, Purnomo, et al., 2022).The distribution of
methylene blue dye on the surface of the biosorbent can be seen in Figure 1.
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Figure 1. SEM photo of kapok husk before and after absorbing methylene blue at 3000x
magnification (a) kapok husk before adsorption, (b) kapok husk after adsorption,
(c) kapok husk modified with citric acid before adsorption, (d) Kapok huskn
modified citric acid after adsorption

Figures 1 (a) and (c) show that the surface of the biosorbent before absorbing methylene
blue is porous and has many irregular cavities, which are useful as sites for methylene blue
absorption. The irregular and porous surface are also caused by the activation process using
0.1 M HNO3 so that the impurity particles can dissolve in the HNO3 and the pores on the
surface of the biosorbent are wide open. The surface of the biosorbent after absorbing
methylene blue was found to be very different compared to before absorption. This is
evidenced in Figures 1 (b) and (d) that the surface of the biosorbent after absorption is
smoother than before absorption, and there are no well-defined cavities in this SEM photo.
Therefore, it can be assumed that there has been the absorption of methylene blue dye on the
surface of the biosorbent. This also proves that the distribution of methylene blue on the
surface of the biosorbent is very regular; this corresponds to a negative entropy (∆S) value.
Morphological changes are also found in various biomasses, such as leaves dregs of
lemongrass(Zein, Suciandica, et al., 2022).

Generally, Energy Dispersive X-Ray Spectrometry (EDX) is combined with SEM tools
(SEM-EDX) with online systems. This combination of equipment is useful for correlating the
morphological characteristics of the adsorbent with its chemical composition, in addition to
obtaining profiles of elements involved during adsorption in the form of maps or spectra so
that elements can be analyzed quantitatively(Zein, Purnomo, et al., 2022). The EDX spectrum
of the biosorbent before and after absorption of methylene blue can be seen in Figure 2.
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Figure 2. The EDX spectrum of kapok husk and kapok husk modified with citric acid before
absorption (a and c) and after absorption of methylene blue (b and d)

The results of the EDX analysis (Figure 2) show a relative abundance of elements such as
C, O, Si, and Ca prior to the absorption of methylene blue. After adsorption, the percentage of
these elements decreased due to their involvement during the adsorption process, except for
carbon (C). The percentage of O, Si, and Ca elements decreased after adsorption due to their
involvement during adsorption, such as forming various interactions with methylene
blue(Zein et al., 2023). The increase in the percentage of element C and the appearance of
elemental S on the two biosorbents after absorption proved that the methylene blue dye had
been adsorbed on the surface of the biosorbent. According to Ramadhani et al. (2020), the
increase in the percentage of dye-forming elements after absorption proves the strong affinity
of the adsorbent in absorbing dyes (Ramadhani et al., 2020).

CONCLUSION

Adsorption of methylene blue dye using kapok husk gives a thermodynamic adsorption
value in the form of a negative Gibss free energy (∆G) which indicates the adsorption process
occurs spontaneously, and a negative enthalpy value (∆H) indicates an exothermic adsorption
process. Negative entropy values (∆S) indicate an increase in order during the adsorption
process. adsorption thermodynamics was studied in batches at various temperatures of 298K,
308K, and 318K, with concentrations of 10, 20, 30, 40, and 50 mg/L. SEM analysis gives the
results of the distribution of methylene blue dye on the surface of the biosorbent.
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