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Keywords: ABSTRACT. Nickel is the one of the most dangerous heavy metals that impact water ecosystems and

. human health. In this study, natural and harmless composite materials such as biochar and chitosan were
composite modified to build adsorbent composites and form optimal conditions for the adsorption of nickel heavy
adsorbe_nt, metal ions from contaminated wastewater. Biochar was prepared from Durio zibethinus seeds by
adsorption; hydrothermal method to form nanopowder. It was treated with acid, while chitosan was designed as
Ef:&’g’l ?;er:]t.al; nanopowder by hydrothermal method, also without acid treatment. Composite adsorbents were prepared

by mixing biochar and chitosan with a ratio of 4:3 (w/w). Fourier Transform Infrared characterizes
wastewater. composite materials as adsorbents, biochar, and chitosan. The surface morphology of the adsorbent was
evaluated by scanning electron microscopy. Furthermore, Langmuir, Freundlich, and Temkin isotherms
determine the adsorbent's performance. In addition, batch adsorption experiments were carried out to
measure the effect of solution pH, adsorbent dosage, and initial concentration of metal ions. Nickel ion
adsorption by the composite adsorbent showed an adsorption capacity of 26.69 mg/g, a maximum removal
efficiency of 89.39% at optimum conditions of pH 6, an adsorbent dose of 0.5 g, and a contact time of 200
minutes. This adsorption capacity was better than chitosan and durian seed adsorbents. The nickel ion
adsorption process by composite adsorbent shows a pattern in the Temkin isotherm model. In contrast, the
chitosan and Durio zibethinus seed adsorbents tended to follow the Langmuir and Freundlich isotherm
models. In addition, the adsorption kinetics of the composite material showed pseudo-second-order
kinetics, and the reaction was exothermic.

INTRODUCTION

The release of heavy metals from industry into the environment has resulted in many problems for both
human health and aquatic ecosystems (Alkherraz et al., 2020). Nickel metal is one of the most toxic heavy metals
due to its bioaccumulation in the food chain (Sinyeue et al., 2022). This matter can be harmful to body cells,
damaging the lungs, liver, and kidneys and causing skin dermatitis (Gillmore et al., 2020). Therefore, the
regulation of the Minister of Environment and Forestry Number 5 of 2022 stipulates that the maximum permissible
concentration of Nickel ions in industrial wastewater is 0.5 mg/L. Many methods have been investigated to address
the increasingly severe nickel pollution, including chemical deposition, ion exchange, and reverse osmosis (Wu et
al., 2019; El Mouhri et al., 2020; Pohl, 2020). However, these methods have disadvantages, such as being relatively
expensive, using too extensive chemicals, and being less efficient and effective at low concentration levels (Liao
and Huang, 2019; Pavithra et al., 2021). Therefore, new investigation methods for metal processing are still
complicated and essential.

One of them is using an adsorbent in the adsorption method, which is widely recognized as the most effective
and profitable way to reduce the amount of metal ions in water since this method stands out by its high capacity
and effectiveness, low cost, environmental compatibility, and potential for regeneration (Al-Ghouti et al., 2019;
Boeykens et al., 2019). Several adsorbent materials, especially organic wastes, have been studied to remove heavy
metal ions, one of which is chitosan. Chitosan is a polysaccharide biopolymer with many amino and hydroxyl
groups, making chitosan a potential material for heavy metal adsorption (Pam et al., 2023).
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Several researchers revealed promising results using chitosan in heavy metal remediation. Due to its chemical
structure, chitosan has been used in removing pollutants such as heavy metal ions Cu(ll), Cr(VI) (Anush et al.,
2020; Reis et al., 2021), and Co(lll) (Shahnaz et al., 2020). Chitosan is also an efficient and sustainable dye
remover (Abdelbasir et al., 2021). However, Zhu et al. (2021) argue that when chitosan is applied as an adsorbent
directly, it has a small surface area, so the adsorption capacity is low. The effectiveness of this single chitosan can
be effectively increased by forming it into a composite. Agricultural waste such as durian seeds is a well-known
fruit grown and consumed locally and for export, especially in Southeast Asian countries (Muaz et al., 2014).
Approximately 70% — 85% of the fruit is disposed of as waste and will become an environmental problem if not
disposed of properly (Chua et al., 2023). Therefore, reducing this agricultural waste by reusing it and using it as a
pollutant remover is important.

Durian seeds contain cellulose, hemicellulose, and lignin fibers, which are held together by g 1-4 glycosidic
bonds (Lestari et al., 2022), making them able to trap water pollutants and also because of their macro-porous
properties and resistance to temperature, pH, mechanical stress, and prolonged water immersion (Payus et al.,
2019). So that it can improve the physicochemical properties of chitosan, making it an efficient composite in
removing the heavy metal Ni(ll). The development of chitosan composites has been reported in several studies.
Adding biopolymer to biochar is an efficient way to combine and improve the characteristics of the two solids.
Biochar is the perfect support in configuration due to its structural advantage and high surface area. In contrast,
chitosan is a source of chelating sites for pollutant molecules because of the NH, and O—H groups (Zhang et al.,
2018).

Hydrothermal modification is the process used. The hydrothermal carbonization process is one of many
methods used to process composites and turn them into solid carbonized materials. It is a sustainable and alluring
method because it is affordable, energy efficient, and uses air as a solvent as the reaction medium (Hammi et al.,
2020). Temperatures between 180 — 250 °C are used for hydrothermal processes under autogenous pressure.
Additionally, it heats up at a pace of 5 — 10 °C/min and takes between 5 — 12 hours (Adolfsson et al., 2020).
According to (Heidari et al., 2019), this process entails many intricate processes, including dehydration,
decarboxylation, decarbonization, deamination, polymerization, condensation, and depolymerization. This
reaction results in a porous structure and surface functionality that can provide an efficient adsorption capacity
(Nunes et al., 2019; Kafle, 2020)

MATERIALS AND METHODS

Chitosan (DD 70%) was procured from commercial; durian seeds were collected from the local market in
Jambi. All materials related to chemical substances were procured from Merck, such as CH;COOH (100% glacial
Merck), NaOH (Merck), HCL (37%, Merck), NiSO4.6H,0O, H;SOs 95-97% (Merck), KzS;0s (Merck),
NazCsH4Og, alkaline dimethylglyoxime (DMG). All of the reagents and chemicals purchased were of pro-
analytical grade.

Synthesis of Hydrothermal Chitosan/Durian Seeds Composite Beads
A total of 4 g of chitosan powder with a DD of 70% was dissolved in 100 mL CH3;COOH 2% (v/v), and the

solution was stirred for 2 hours at 60 °C. Furthermore, 3 g of durian seed powder was added and stirred up to
homogeneous. After that, the solution was dropped into 200 mL NaOH 0.5 M to get the composite beads
chitosan/durian seeds. Finally, the filtrate was treated in deionized water until it was neutral. Then, the mixed
beads shifted to a 100 mL Teflon-lined stainless-steel autoclave, which was heated to 180 °C for 8 hours. The
autoclave was promptly cooled after the procedure, and the solid product was collected and washed several times
with distilled water until pH 7. The resulting solid materials were dried at 60 °C for 24 hours and named composite
beads.

Optimization of Parameters
Ni(I1) solution containing 50 mL with a concentration of 25 mgL™, the pH was adjusted with 2, 4, 6, and 8

variations using 0.1 M NaOH and 0.1 HCL solution. Then 0.1 g of chitosan powder, durian seeds, and composites,
and adsorption was carried out at 250 rpm for 15 minutes. After that, the solid was separated, and the filtration
was analyzed by UV-Vis spectrophotometry.
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Determination of Performance of Adsorbent

The performance of the adsorbent was evaluated by the effect of adsorbent dosage, contact time, and initial
concentration. The effect of chitosan, durian seed, and composites adsorbent doses was studied with variations of
0.1, 0.2, 0.3, 0.4, and 0.5 g. Various amounts of adsorbent were mixed into 50 mL of Ni(ll) with a concentration
of 25 mg L%, The solution is adjusted to the optimum pH determined by previous experiments. Then, the adsorption
was performed at 250 rpm for 15 minutes. The solids were then separated, and the filtration was analyzed by UV-
Vis spectrophotometry.

The effect of contact time was determined within the time range of 30 — 600 min. The optimum adsorbent
dose of the chitosan, durian seed, and biochar powder obtained from the previous experiment was added into 50
mL of 25 mg L Ni(ll) solution at the optimum pH. The adsorption was conducted for 30, 45, 60, 75, 150, 225,
300, 375, 450, and 600 min. The solid material was then separated, and spectrophotometry UV-Vis analyzed the
filtration.

To evaluate the effect of initial concentration was conducted by adding ion Ni(Il) solution with concentrations
of 60, 120, 180, 240, and 300 mg L™ into adsorbent. The adsorption took place during the duration of the optimum
time, which was determined in the prior experiment. Next, the solid material was separated, and the filtration was
analyzed by UV-Vis spectrophotometry.

The adsorption efficiency and capacity at various times (qt) and equilibrium (ge) were calculated using
Equation (1 and 2).

Co-Ce
Co

Adsorption efficiency (%) = 100% @)

The final and initial Ni(ll) concentrations in mgL " are denoted by Ce and Co, respectively.
Adsorption capacity (Qe) = %V 2

The weight of the adsorbent in mg and the volume of the solution in mL are indicated by the letters M and V,
respectively. Ce stands for the equilibrium Ni(ll) concentration.

Determination of Ni(Il) Contaminant

Ni(ll) concentration was determined using the color-developing method with spectrophotometer UV-Vis
measurement at a maximum wavelength of 470 nm, as reported by (Kristianto et al., 2019). In brief, a 2 mL aliquot
of the sample was transferred into a 50 mL measuring flask. Subsequently, 1 mL of 1 M H2SO4, 2 mL of 20%
NazCsH40g, 8 mL of 5% K;S,0g, 0.5 mL of 1% alkaline dimethylglyoxime (DMG), and 2.5 mL of 5 N NaOH
were added, and distilled water was sequentially added to bring the total volume up to 50 mL. Before
spectrophotometer testing, these mixes were allowed to sit for 30 min for color development. A calibration curve
with standard solutions determined the Ni(ll) concentration in the sample.

Evaluation of Kinetic Adsorption of Ni(ll)

The kinetics of Ni(ll) adsorption were calculated using pseudo-first-order Equation (3) and pseudo-second-
order Equation (4).

In(qe — qr) = Inqge — Kyt @)

t 1 1

_ 1 (4)

at Kzqe?  qe

The rate constants for the pseudo-first and pseudo-second-order equations are k; (mint) and k, (mg.g* min).

Determination of Isotherm of Adsorption
The Langmuir, Freundlich, and Temkin models Equations (5, 6, and 7), respectively) were used to model
the Ni(Il) adsorption isotherm.

c_ 1 1

q_t N Amax AmaxKL (5)
Inqy = ilC + InKg (6)
gt =BInC+ BlnA (7

Ce (mg/qg) is the equilibrium Ni(ll) concentration, ge (mg/g) is the adsorbed Ni(ll) per unit adsorbent weight, and
Ky is the Langmuir constant, which measures the adsorption energy and is related to the contact sites. The
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Langmuir constant is K, and qm is the monolayer adsorption capacity, shows the isotherm type so that R .= 0,
0<R.<1, and R >1, respectively, represent an irreversible, desirable, and undesirable isotherm. K¢ shows the
adsorption capacity (mg*-1"/L/g), and 1/n is the Freundlich constant, dependent on the adsorption capacity and
surface adsorption intensity. A represents the equilibrium binding constant of the Temkin isotherm, and B is the
Temkin constant related to heat adsorption (J/mol™).

Adsorption of Ni(Il) Thermodynamics

A total of 0.5 g of each adsorbent was added to a 50 mL Ni(Il) solution with starting concentrations of 25,
50, 75, and 100 mL (optimum pH) for 60 minutes at temperatures of 30, 40, and 50 °C. The adsorbent was filtered
and examined using a UV-Vis Spectrophotometer with a wavelength of 470 nm after the experiment was
completed. The Gibb's free energy (AG®), enthalpy change (AH®), and entropy change (AS°®) are calculated using
the Equation (8 and 9) (Wang et al., 2020).

AG®° = —RT anMLF (8)
AS°  AH°
InKypr = R RT )

KwmLr stands for the ML constant (which is a dimensionless parameter). The van't Hoff equation was used to
calculate the standard enthalpy change (AH®) and the standard entropy change (AS°®).

RESULTS AND DISCUSSION

Morphology of Adsorbent
The surface morphological structure of the chitosan/durian seed composite adsorbent was analyzed using

SEM both before and after Ni(ll) metal ions adsorption. Figures (1a and 1b) depict the surface morphology of the
chitosan/durian seed composite adsorbent. The surface has a smooth and slightly rough texture, with particles that
tend to be granular and somewhat porous, according to the results of the SEM study. The chitosan/durian seed
composite has an average diameter of 96.86 pum, according to the examination of the size distribution of the pores
performed using image program J, which shows that the composite is macroporous. The percentage study of
porosity was analyzed using Origin software before Ni(ll) metal absorption was 72.43% and dropped to 67.84%
after absorption, demonstrating that Ni(ll) ions had covered part of the surface.
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Figure 1. Morphology image of (a) composite before adsorption of Ni(ll) ions, (b) composite after adsorption of
Ni(Il) ions.

Composite Beads

The solubility process of chitosan takes place through a protonation reaction (Abouhussein et al., 2016). as
shown in Figure 2. The amine group in chitosan will accept H* released by acetic acid to become positively charged
(-NHs*). The formation of these ions causes chitosan to become dissolved. This process aims to enlarge the pore
size of chitosan. Enlarged pores on chitosan will cause the -NH, group to have a higher affinity, thus increasing
the ability to adsorb heavy metals (Rahayu, 2016).
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Figure 2. Chitosan protonation reaction.

Chitosan, dissolved in acetic acid, then added with durian seeds. The addition of durian seeds will make
chitosan more stable against acid. Chitosan/durian seeds that have been homogenized then dripped into NaOH
solution to form granules. When the chitosan solution drips into NaOH, chitosan re-polymerization occurs,
expecting the chitosan polymer to be more organized so that the structure is more regular (Basir et al., 2017). In
the next stage, the adsorbent in the granules form rinsed with distilled water until it reaches neutral pH to remove
NaOH.

Furthermore, Chitosan granules/durian seeds were put into the autoclave at 180 °C below autogenous pressure
for 8 hours. This process aims to produce a structure of porous adsorbents, enhancing the adsorbable surfaces
functionality. It provides efficient absorption capacity, increasing the ability to adsorb various contaminants,
especially Ni(ll) metal.

Phenomenon Adsorption
Impact of pH

The adsorption pH determines the adsorbents surface properties in terms of charge surface, ionization of
functional groups, and the degree of dissociation of functional groups present on the adsorbent active site (Poonam
et al., 2018). Figure 3 shows that the adsorption capacity of Ni(Il) metal ions increases with increasing pH. At pH
2 to 4, many hydrogen ions can bind to the active amine group (—NH>) of chitosan and the active hydroxy! group
(-OH) from durian seeds, resulting in competition between Ni(ll) metal ions and ions hydrogen to occupy the
active site (-NHz) and (—OH), resulting in opportunities for the adsorption capacity of Ni(ll) metal ions is
decreasing (Liakos et al., 2021). On the other hand, with increasing pH, the number of OH" ions will increase;
thus, the interaction of Ni(ll) metal ions gets stronger (Kulkarni et al., 2022).
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Figure 3. Adsorption efficiency of Ni(ll) using chitosan adsorbent, durian seed adsorbent, and chitosan/durian
seed composite on various pH variations.

Adsorption capacity is reduced when a pH is more than 6, due to the formation of hydroxide precipitates
from Ni to Ni(OH).. Therefore, the pH of 6 was chosen as the optimal pH for the adsorption of Ni(Il) metal ions
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from aqueous solutions using chitosan adsorbent, durian seed, and chitosan/durian seed composite hydrothermal
because the number of H* protons and OH" ions may be relatively balanced so that it will bind more optimally
with Ni(ll) metal ions.

The adsorption efficiencies of Ni((I1) on chitosan, durian seed, and the chitosan/seed composite are 50.70%,
53.18%, and 77.37%, respectively. Similar results were reported by (Kayalvizhi et al., 2022), who studied the
adsorption of Ni%* from aqueous solutions by sawdust/chitosan nanocomposite; the optimal pH was found at pH
6. At pH value <6, a high concentration of H* ions competes with Ni?* ions for sites active on the positively
charged surface of the adsorbent. When the pH increases, the effect competition for H* ions decreases, and Ni?*
ions have an electrostatic attraction with the surface of the adsorbent negatively charged; this allows the process
favorable for the adsorption of metal ions.

Performance of Adsorption Capacity

Ni(I1) adsorption was studied by varying the adsorbent dose from 0.2 g to 0.6 g, keeping other parameters
constant. Figure 4 shows that the percentage of Ni(ll) ion removal increased with the amount of adsorbent. The
increasing dose of chitosan/durian seed composite adsorbent is proportional to the increase in particles and surface
area adsorbent, increasing the binding site number for metal ions and, therefore, the absorption efficiency also
increases (Ifijen et al., 2020). However, each adsorption capacity of chitosan and durian seed adsorbent decreased
with increasing the amount of adsorbent due to the adsorbent agglomeration, resulting in covering the adsorbent
pores, and therefore, their adsorption capacities can not perform at optimum.
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Figure 4. Adsorption efficiency of Ni(ll) using chitosan, adsorbent durian seeds, and composite on various
adsorbent dosage variations.

Figure 5 shows that the optimum mass of each adsorbent is 0.2 g for chitosan adsorbent and durian seed
adsorbent and 0.5 g for chitosan/durian seed composite adsorbent. The maximum absorption efficiency of the
chitosan/durian seed composite adsorbent is 75.54%, compared to chitosan and durian seed adsorbents were
obtained at 48.34% and 43.18%.

Impact of Contact Time and Adsorption Kinetics

Contact time is the time required by the adsorbent to adsorption or bind to Ni(ll) metal ions in the adsorption
process, and this aims to determine the optimum time conditions of the adsorbent in adsorption Ni(ll) metal ions
until it reaches a balance point. Figure 5 shows the effect of contact time on the adsorption capacity of chitosan,
durian seeds, and chitosan/durian seed composite to Ni(ll) ions. As shown in Figure 5, it is observable that high
adsorption capacity occurs early because the active site on the adsorbent is still available; therefore, Ni(ll) ions
easily attach to its adsorbent surface and let the adsorption capacity increase gradually with increasing time contact.
After reaching equilibrium, a saturation process occurs, in which the adsorbent can no longer adsorb metal ions.
According to the previous study (Al-Ghamdi, 2022), the adsorption process occurs in two stages. In the first stage
of the mechanism, many adsorption sites are available on the surface adsorbent. However, the areas become
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saturated at the end of adsorption, thereby limiting adsorption. The adsorption equilibrium occurs for the chitosan
adsorbent from 75 min and decreases at 375 min; meanwhile, the equilibrium for durian seed adsorbent occurs
from 225 min and drops at 300 minutes. In contrast, the adsorption efficiency gradually increases to equilibrium
from 60 min to 300 min for the composite adsorbent.
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Figure 5. Adsorption efficiency of Ni(ll) using chitosan, adsorbent durian seeds, and composite in various
variations contact time.

The analysis of the adsorption kinetics was carried out to provide information regarding the adsorption
pathway and possible mechanisms involved. Adsorption kinetics can be studied through first-order equations
pseudo (pseudo-first order) and pseudo-second-order (pseudo-second order). The appropriate kinetics can be seen
from the coefficient (R?) close to 1 (Jankovi¢ et al., 2019). Based on the log value plot (ge — ) to t, the value can
be calculated as the adsorption rate constant (k), and the results of plotting the value of t/g: against t can be
computed as the adsorption rate constant value (k). Adsorption kinetics model parameters Ni(ll) are shown in
Table 1.

Table 1. Adsorption Kinetics.

Kinetic Model Parameter Chitosan Durian Seeds Composite
Pseudo-second order  K;% (minutes?) 0.01 0.081 0.15

ge cal (mg/g) -0.73 -0.69 -0.20

ge exp (Ma/g) 4.67 3.40 2.05

R? 0.11 0.15 0.038
Pseudo-first order K,? (minutes?) 0.35 0.71 1.55

ge cal (mg/g) 4.30 3.01 2.04

ge exp (mg/g) 4.67 3.40 2.05

R? 0.995 0.929 0.994

According to Table 1, the adsorption kinetics model suitable for showing the adsorption of Ni(ll) metal ions
is a pseudo-second-order kinetic model because it produces a correlation closest to 1. The ge experimental value
is closer to the ge calculated value in the pseudo-first-order. This demonstrates that adsorption occurs via
chemisorption, depending on the bonding between the chemical adsorbents and the adsorbate(Abd El Aal et al.,
2019). The parameter 'k’ represents the kinetic constant of adsorption, indicating the speed at which the adsorption
process occurs; a higher 'k’ value corresponds to a faster adsorption process. According to the second-order pseudo-
kinetic model, the adsorption rate constant values for Ni(ll) metal ions by chitosan, durian seeds, and their
composite are 0.35, 0.71, and 1.55 g/mg min, respectively. This suggests that the composite adsorbent exhibits a
higher adsorption rate capability than chitosan and durian seed adsorbents. This demonstrates that adsorption
occurs via chemisorption, depending on the bonding between the chemical adsorbents and the adsorbate (Abd El
Aal et al., 2019). The parameter 'k’ represents the kinetic constant of adsorption, indicating the speed at which the
adsorption process occurs; a higher 'k’ value corresponds to a faster adsorption process. According to the second-
order pseudo-kinetic model, the adsorption rate constant values for Ni(ll) metal ions by chitosan, durian seeds,
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and their composite are 0.35, 0.71, and 1.55 g/mg min, respectively. This suggests that the composite adsorbent
exhibits a higher adsorption rate capability compared to chitosan and durian seed adsorbents.

Isotherm Adsorption Models

The influence of the initial concentration of the metal ion solution on adsorption capacity was examined by
conducting the adsorption experiments at various concentrations, ranging from 60 to 300 mg/L. The impact of
concentration on the adsorption capacity of Ni(ll) metal ions on the adsorbent is depicted in Figure 6.

45 + .
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Figure 6. The adsorption capacity of Ni(ll) using chitosan adsorbent, durian seed, and composite adsorbents on
various concentrations of Ni(ll).

Figure 6 illustrates that the adsorption capacity increases with the rising concentration of Ni(ll) metal ions.
The adsorption of Ni(ll) metal ions on chitosan adsorbent, durian seed, and the composite increased up to a
concentration of 300 mg/L, yielding adsorption capacities of 37.05 mg/g, 23.61 mg/g, and 26.69 mg/g,
respectively, for each adsorbent. As the metal ion concentration increases, the adsorption capacity also increases,
as more metal ions collide and bind to the active groups on the adsorbent (Rahaman et al., 2021)

Adsorption isotherm control was carried out to maintain capacity maximum adsorption and identify chitosan
adsorbent adsorption interactions, durian seeds, and modification of chitosan with durian seeds. Isotherm equation
Langmuir adsorption is based on the assumption that single-layer adsorption on a homogeneous surface with many
active sites is proportional to the area surface. Only one adsorbate molecule can be adsorbed at each site (Doondani
et al., 2022). Freundlich adsorption isotherm equation describes multilayer adsorption on heterogeneous surfaces
and mats on the assumption that the affinity of the binding site on the adsorbent surface depends on the interactions
between adsorbate ions. Therefore, the number of adsorbate ions that adsorbed increases with concentration with
stronger affinity occupied first (Eze et al., 2021). Langmuir adsorption isotherm is a curve of Ce to Ce/qe, and the
Freundlich isotherm is of the form curve Log Ce to Log ge. The isotherm model is suitable when the analyzed
regression coefficient has close to 1. The isotherm analysis results are shown in (Appendix 8). Mark isotherm
parameters can be determined based on the lineage obtained from Langmuir and Freundlich adsorption isotherm
curves. Langmuir isotherm parameters are determined based on the values of gm, b, and RSF (Al-Ghouti et al.,
2019). Meanwhile, parameter values for the Freundlich isotherm are determined by the values Kr and n (Kaur et
al., 2021). Parameter of the adsorption isotherm model of Ni(Il) metal ions is shown in Table 2.

Tabel 2. Isotherm model parameters.

Model Parameter Chitosan Durian Seeds Composite

qm (Mg/q) 3.267 1.410 20.145

_ b (mg/L) 0.110 0.437 0.013
Langmuir Rsf 0.036 0.027 0.753
R2 0.913 0.927 0.947

Kr (mg/L) -0.765 -0.823 0.088

Freundlich n 1.093 1.881 0.618
R? 0.991 0.907 0.797
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The adsorption of Ni(ll) ions by durian seed adsorbents and composites tends to conform to the Langmuir
isotherm model, as it exhibits a correlation coefficient close to 1, along with an illustrative gm value representing
the maximum capacity of adsorbate adsorbed. The calculated results indicate that the adsorption capacities of
chitosan adsorbent, durian seeds, and composite are 3.267, 1.410, and 20.145 mg/g, respectively. Based on the gm
value, it is evident that the chitosan/durian seed composite has a higher gm value compared to the other adsorbents,
signifying its greater adsorption capacity attributed to the bond strength between the adsorbate molecule and the
adsorbent.

The RSF (separation factor) value is a critical parameter, with the following interpretations: RSF > 1 indicates
a non-profitable adsorption process, RSF = 1 denotes a linear adsorption process, and 0 < RSF < 1 indicates a
profitable adsorption process. A value of RSF = 0 suggests an irreversible adsorption process. The chitosan
adsorbent is likely to follow the Freundlich isotherm model due to its correlation coefficient 0.991. The K value
represents adsorption capacity and intensity for chitosan, durian seed, and the composite adsorbent, which are
-0.765, -0.823, and 0.088 (ma/q), respectively. A higher Kr value corresponds to a greater adsorption ability of an
adsorbent. Furthermore, the value of 'n' indicates the nature of adsorption and the strength of interaction between
the adsorbate and the adsorbent. For chitosan, durian seed, and the composite, 'n' values are 1.093, 1.881, and
0.618, respectively. A smaller 'n' value suggests a stronger interaction between the adsorbate and the adsorbent.

Thermodynamic Studies
The thermodynamics of the adsorption of Ni(ll) on each adsorbent was studied from the parameters of the

Gibbs free energy (AG), entropy (AS), and enthalpy (AH), which the Van't Hoff equation can calculate the study.
The thermodynamics of this adsorption was carried out at temperatures of 303 and 323 K with concentrations from
25 to 100 mg/L. Data on the adsorption results of Ni(ll) at each temperature are shown in Table 3.

Table 3. Thermodynamic parameters for adsorption Ni(ll).
Durian Seeds

Concentration AH AS kf/gol
(mg/L) kJ/mol K kJ/mol K 303 323
25 -0.628 -0.108 33.591 34.346
50 -0.505 -0.106 31.792 33.923
100 -0.338 -0.103 30.858 32.914
Chitosan
Concentration AH AS kf/r(riol
(mg/L) kJ/mol K kJ/mol K 303 33
25 -0.287 -0.184 55.616 59.036
50 -0.300 -0.254 76.861 81.954
100 -0.310 -0.781 236.580 252.216
Composite
. AG
Concentration AH AS Kk3/mol
(mg/L) kd/mol K kJ/mol K 303 323
25 -0.264 -0.100 -30.655 -32.564
50 -0.122 -0.050 -15.484 -16.498
100 -1.235 -0.049 -16.263 -17.255

These thermodynamic parameters can be determined by plotting In (qe/Ce) to 1/T. Based on Table 3, the
adsorbents of chitosan and durian seed adsorbent have a positive AG value, and this shows that the adsorption
process requires greater external energy to continue (Wang et al., 2020), whereas, in chitosan/durian seed
composite adsorbent, the value of AG was negative showing that adsorption proceeds spontaneously. Comparing
the values of AH to TAS, the AH value contributed more than the TAS to produce a negative value on AG (Dotto
et al., 2016). Based on this, the AH value shows that the adsorption process releases heat (exothermic), and AS is
marked negative. The adsorption reaction is usually chemisorption associated with AH values in the range of 20 —
400 kJ/mol 1, as reported by Zhang et al., 2018.

The Ni(ll) metal adsorption process can be identified using the kinetic parameters, adsorption isotherm, and
adsorption thermodynamics. Adsorption of Ni(ll) metal is assumed to occur by chemisorption, which results in
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strong covalent bonds due to coordination interactions between the adsorbent surface and the adsorbed molecule.
In addition, adsorption physisorption also occurs, which involves electrostatic interactions, ion exchange, and other
interactions during the process. The adsorbent may adsorb and bind Ni(ll) metal because of amine functional
groups from chitosan and hydroxyl groups from durian seed cellulose, according to isotherm data and adsorption
kinetics. In this case, coordination interactions play a more significant role in adsorption. This process refers to
covalent bonds, in which one atom shares electrons. In this interaction, cations (heavy metals) bind to groups
containing lone pairs of electrons, resulting in the adsorption of cations on the surface of the adsorbate.
Coordination interactions can also occur simultaneously with other interactions, including ion exchange and
electrostatic interactions (Darban et al., 2022).

CONCLUSION
The chitosan/durian seed composite was successfully modified in the presence of active groups —-NH. and

—OH, which are attractive adsorbent candidates for metal ion adsorption. The results showed that the
chitosan/durian seed composite absorbed Ni(ll) ions better than the chitosan adsorbent and the durian seed
adsorbent, with an adsorption capacity of 26.69 mg/g and an efficiency of 89.39% at optimum conditions (pH 6,
adsorbent dose 0.5 g, and contact time 60 minutes), which was higher than adsorption by the chitosan and durian
seed adsorbents. The chitosan/durian seed composite and the durian seed adsorbent tended to follow the Langmuir
isotherm model, whereas the chitosan adsorbent tended to follow the Freundlich isotherm model. Adsorption
kinetics follows pseudo-second-order kinetics. Thermodynamic studies show that the reaction is exothermic and
spontaneous.
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