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Abstract— Water pollution due to heavy metals such as Zn(ll) poses a risk to the environment and health. This study aims to
synthesize Magnetite/Chitin/Fulvic Acid (AF)-based composite adsorbent from goat feces compost and evaluate its effectiveness
in adsorbing Zn(ll) ions. Fulvic acid was extracted through alkaline-acid method and synthesized together with chitin and
magnetite using one pot coprecipitation method. Characterization using FTIR, XRD, and BET showed successful synthesis with
mesoporous structure for BET (average pore size 6.15 nm, surface area 41.77 m?qg). Isotherm studies showed that the
adsorption of Zn(ll) showed a good fit with the Freundlich (R? = 0.9967) and Temkin (R? = 0.9968) models, indicating multilayer
adsorption on the heterogeneous surface. The composite also shows good adsorption ability and can be magnetically separated,

making it an environmentally friendly and efficient potential adsorbent for wastewater treatment applications.
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1. INTRODUCTION

The rapid growth of industrial activities in Indonesia
has led to a significant increase in wastewater discharge,
much of which contains toxic substances that pose
serious environmental and health risks. These
contaminants can act directly, such as through acute
toxicity, or indirectly through long-term interactions with
soil and water ecosystems as reported by Nursabrina
and colleagues in 2021. Moreover, industrial effluents
contribute to the deterioration of clean water availability,
potentially leading to water scarcity as projected by the
World Water Forum Il held in The Hague, Netherlands
[1].

Heavy metals, particularly zinc ions, are among the
most frequently encountered contaminants in industrial
effluents. These ions commonly originate from sectors
such as metal plating, battery manufacturing, and paint
industries, and can be harmful to both humans and
aquatic organisms when present in excessive
concentrations [2]. Various treatment methods have
been employed to address this issue, including
adsorption, electrodialysis, ion exchange, solvent
extraction, and electrocoagulation [1]. Among these,
adsorption is widely preferred due to its operational
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simplicity, economic feasibility, and compatibility with
environmentally friendly materials [3-4].

Humic substances, particularly humic acid and fulvic
acid, are naturally derived organic macromolecules
known for their strong metal-binding capabilities due to
the presence of acidic functional groups [5]. While
humic acid has been extensively studied, fulvic acid
offers superior properties such as stronger acidity,
higher reactivity, and solubility across all pH conditions
due to the abundance of reactive carboxyl and hydroxyl
groups [6-7]. Fulvic acid extracted from goat manure
compost is considered a sustainable and underutilized
resource. Previous studies have demonstrated that
humic substances derived from goat manure are
effective in binding heavy metals from aqueous
solutions [8-9].

In addition to fulvic acid, chitin is a natural biopolymer
composed of N-acetylglucosamine units and is
commonly obtained from the exoskeletons of marine
organisms such as shrimp and crabs. Its porous
structure and functional groups including amino and
hydroxyl groups allow for strong interactions with metal
ions through mechanisms such as complexation and ion
exchange [10]. Chitin is abundant as a seafood industry
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byproduct and is both biodegradable and modifiable,
making it suitable for use in composite adsorbents with
enhanced performance [11].

Magnetite, or iron oxide in the form of FesO4, is an
inorganic material known for its high surface area and
active hydroxyl groups on the surface, which provide a
high affinity for metal ion adsorption [12]. Its intrinsic
magnetic properties also facilitate easy separation from
solution after the adsorption process using an external
magnetic field, making it highly suitable for
environmental applications [13].

This study aims to synthesize and characterize a
composite adsorbent made from magnetite, chitin, and
fulvic acid derived from goat manure compost. The
composite is designed to combine the organic binding
capability of fulvic acid, the structural and functional
support of chitin, and the magnetic separation
advantage of magnetite. Its performance in adsorbing
zinc ions from aqueous solutions is evaluated through
adsorption isotherms and kinetic models to determine its
efficiency, selectivity, and potential for use in practical
wastewater treatment applications.

2. EXPERIMENTAL SECTION
2.1. Materials

The materials used, namely goat manure compost as
the main ingredient of fulvic acid extraction, ZnSOu,
FeCls.6H20 and FeS0O4.7H20 produced by Merck, chitin,
1,10-phenantroline, 0.1 M HCI solution, 0.1 M NaOH
solution, and aquades.

2.2. Instrumentation

This research performed FTIR (Shimadzu Prestige
21), UV-Vis (Shimadzu uv-1800), SAA
(Quantachrome NOVA 2200E) instrumentations. The
characterization of the samples was carried out using
Fourier Transform Infrared Spectroscopy (FTIR),
Ultraviolet-Visible (UV-Vis) spectrophotometry, and
Surface Area Analyzer (SAA). FTIR spectra were
recorded using a Shimadzu Prestige 21 spectrometer
within the range of 4000—400 cm™, employing the KBr
pellet method. Each measurement was performed with
a resolution of 4 cm™ and 32 scans per sample. UV-Vis
absorbance measurements were conducted using a
Shimadzu UV-1800 spectrophotometer over the
wavelength range of 200—800 nm, with a quartz cuvette
of 1 cm path length. The specific surface area and
porosity of the samples were determined using a
Quantachrome NOVA 2200E instrument based on the
Brunauer-Emmett-Teller (BET) method. Prior to
analysis, the samples were degassed at 120 °C for 12
hours under vacuum, and nitrogen adsorption-
desorption isotherms were recorded at 77 K.

2.3. Fulvic Acid Extraction

The dried and ground goat manure compost was
prepared as much as 500 g and then dissolved in 5 L of
0.1 M NaOH solution and stirred at room temperature
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and pressure for 24 hours. The mixture was then
separated by centrifuge at 3000 rpm for 10 minutes and
filtered. The filtrate obtained was acidified with 0.1 M
HCI to pH 1 and later formed 2 layers, the upper layer
being fulvic acid and the lower layer being humic acid.
The mixture was separated by centrifuge at 5000 rpm
for 15 minutes, the supernatant was taken slowly with a
drop pipette (Basuki et al., 2017). Humic acid solution
was obtained as much as 1300 ml which was then
concentrated by heating at 40°C until the solution
became 800 ml. After concentrating fulvic acid, it was
then alkalized to pH 11 by adding 0.3 g of solid NaOH.

2.4. Magnetite Synthesis

Magnetite (FesOs) was synthesized using the
Coprecipitation method. 4 g FeCls.6H20 and 2 g
FeS04.7H20 were dissolved in 25 mL of distilled water.
The mixture was heated at 90°C and stirred for 60
minutes. Then 25 mL of 25% NH4OH was rapidly added
and stirring and heating was continued for up to 1 hour.
The mixture was then cooled for 24 hours. The resulting
precipitate was filtered and washed with distilled water
until the pH was neutral. Followed by drying at 80 ° C
oven for 1 night to dry. The solids obtained were then
characterized using FTIR, and BET instruments [14].

2.5. Magnetite/Chitin/AF Synthesis

Magnetite/Chitin/AF  synthesis begins with the
activation of chitin compounds. A total of 1.5 g chitin
was activated with 100 ml acetic acid for 4 hours at
50°C. The activated chitin was mixed with 4 g
FeCl;s.6H20 and 2 g FeS04.7H20 then stirred for 4
hours at a constant temperature of 70°C. After 4 hours,
50 ml of fulvic acid and 25 ml of ammonia were quickly
mixed into the solution and stirred again for 1 hour at
70°C. The mixture was allowed to stand for 24 hours
and rinse with distilled water until pH 7 after which it was
dried with an oven at 50°C until completely dry.

2.6. Preparation of Standard Series Solution

Zn(ll) standard solution prepared 0.671 grams of
Zn(CH3CO0), which was then dissolved into 1000 mL
of distilled water to obtain a stock solution with a
concentration of 200 ppm. Furthermore, the standard
solution was diluted into a 50 mL measuring flask to
obtain a standard series solution with concentrations of
0, 20, 30, 40, and 60 ppm. Each volume of stock
solution was taken as much as 5; 7.5; 10; and 60 mL.
Then distilled water was added until it reached the final
volume. Each standard solution was then dripped with
1,10-phenanthroline  solution as a complexation
indicator, followed by analysis using a UV-VIS
spectrophotometer.

2.7. Non-competitive Adsorption Isotherm

A total of 50 mg of sample was interacted with 30 mL
of Zn(ll) metal ion solution with various concentrations
of 30, 40, 50, 60, 70, 100 ppm for 3 hours. The filtrate of
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each mixture was then taken. The concentration of
metal ions after adsorption was analyzed by UV-Vis
Spectrophotometer.

2.8. Non-competitive Adsorption Kinetics

A total of 50 mg of sample was interacted with 50 mL
of 50 ppm Zn(ll) metal ion solution at optimum pH. This
mixture was then stirred with a time variation of 5, 10,
20, 30, 50, 60, and 120 minutes. After fulfiling the
specified time limit, the filirate of each mixture was
taken. The adsorbate concentration after adsorption
was analyzed by UV-Vis Spectrophotometer.

3. RESULT AND DISCUSSION

3.1. Fulvic Acid Extraction

Fulvic acid is a natural organic compound formed
from the decomposition of organic matter in the soil and
plays a role in the formation of humus or humic
compounds [15]. Unlike humic acid which is insoluble at
pH below 3, fulvic acid is soluble at various pH [7]. In
this study, fulvic acid was extracted from goat feces
compost that had undergone a 7-month composting
process at a farm in Tegal, Central Java. The compost
was dried and pulverized first to facilitate the extraction
process. Extraction was done by soaking the compost in
NaOH solution, then adding HCI. The use of NaOH aims
to hydrolyze complex compounds such as humic acid,
lignin, and polysaccharides so that fulvic acid can
dissolve in water, and separate insoluble compounds
[16]. The addition of HCI is done to lower the pH,
precipitate humic acid, remove residual bases, and
neutralize the solution. This process produces two
layers, the top layer is a clear brown solution (fulvic acid)
and the bottom layer is dark brown solids (humic acid)
[1].

The solution in the form of fulvic acid is continued to
be extracted by concentrating and increasing the pH
value until it reaches pH 11. The concentration of fulvic
acid aims to increase its concentration, so as to
strengthen chemical interactions with metal ions or other
compounds, and increase efficiency in processes such
as adsorption and complex formation. Increasing pH is
also done to increase solubility, reactivity, and effective
interaction with metal ions or other compounds [17].
Setting the pH also helps neutralize the influence of too
strong acids or bases, supports system stability, and
maximizes the performance of fulvic acid. Fulvic acid
that has been extracted from goat feces compost.

3.2. Magnetite/Chitin/AF Composite Synthesis

Magnetite/Chitin/AF composite synthesis was carried
out using the onepot hydrothermal coprecipitation
synthesis method, where activated chitin was reacted
with Fe?*, Fe3* and NHs+OH ions as well as Fulvic Acid
(AF) rapidly at high temperature. After being reacted
simultaneously for 6 hours and allowed to stand for 24
hours the composite will be formed. The following
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reaction is proposed for the formation mechanism of
FesOa4 [18]. In this process, precipitated ferric and ferric
hydroxides react with hydroxide ions (OH-) to form ferric
and ferrous hydroxides (Equation 1) and ferrous
hydroxides (Equation 2), respectively.

Fe3*@aq+30H @q=Fe(OH)as) (1)
Fe?*(aq)+20H (aq=Fe(OH)zs) (2)
Fe(OH)ss)=FeOOHs)+H20() (3)
2FeO0Hs)+Fe(OH)2s)=Fe304(s)+2H20¢) 4)
2Fe%* (aq)tFe?*(aq)t80H (ag=2Fe(OH)as)+Fe (5)
(OH)2sy—Fe30a) + 4H20) (6)

In the second stage, ferric hydroxide will undergo
decomposition and turn into FeOOH according to
Equation (3). This decomposition process occurs due to
certain changes in conditions that cause ferric hydroxide
to break down into a more stable compound, FeOOH.
Furthermore, in a follow-up reaction, there is a solid
interaction between FeOOH and Fe(OH)2, which results
in the formation of magnetite and water, as described in
Equation (4). This reaction is an important part of the
magnetite synthesis process, where the product formed
is magnetite. The overall reaction that describes the
entire magnetite synthesis process can be found in
Equation (5) [18].

After magnetite is formed, which is marked by a
change in color to black after adding NH4OH, chitin and
fulvic acid then interact with the magnetite surface
through a chemical process involving functional groups
present in each of these compounds [19]. Chitin, which
is a natural polymer consisting of glucosamine units
containing hydroxyl (-OH) and amide (-NH) groups, has
the ability to bind with magnetite [20]. These bonds can
form through hydrogen interactions or coordination
bonds involving Fe ions on the magnetite surface.
These interactions give Magnetite/Chitin composites
special properties that can improve their functional
characteristics [21]. Fulvic acid, which is rich in
carboxylic groups (-COOH), has the ability to bind with
Fe ions on the magnetite surface through a ligand
exchange process [22]. In this process, the carboxylic
groups present in fulvic acid will interact with Fe ions on
the magnetite surface, forming a stable bond. This
process enriches the Magnetite/Chitin/Fulvic Acid (AF)
composite with new properties that can improve its
performance in various applications, such as in heavy
metal sorption processes.

The synthesized Magnetite/Chitin/AF composite has a
smooth solid shape with a brownish color and has
strong magnetic properties when attracted by an
external magnet. This composite will be further analyzed
through the characterization of existing functional
groups, namely using FTIR (Fourier Transform Infrared
Spectroscopy) and XRD (X-ray Diffraction) techniques
and for the specific surface area (SBET) of
Magnetite/Chitin/AF will be analyzed using the BET
(Brunauer-Emmett-Teller) method. The FTIR technique
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itself will provide information about the chemical bonds
formed between chitin, fulvic acid, and magnetite

through observations on the infrared spectrum. Likewise,

the BET method will help determine the specific surface
area of the successfully synthesized
Magnetite/Chitin/AF composite. Thus, the successful
synthesis and characterization of this composite will be
scientifically proven and provide further insight into the
potential applications of this material.

3.3. Functional Group Anaysis

The synthesized Magnetite/Chitin/AF composite was
then analyzed using FTIR spectroscopy to confirm the
success of the formation process, through the detection
of functional groups typical of magnetite, chitin, and
fulvic acid through observation of the infrared spectrum.
In this study, FTIR analysis was carried out in the
absorption frequency range between 400 to 4000 cm-',
which made it possible to identify the functional groups
in the Magnetite/Chitin/AF composite. Each functional
group has a different vibration frequency, resulting in a
unique spectrum and can be used to distinguish and
confirm the presence of these components [18]. Figure
1 displays the FTIR spectra for magnetite, chitin, fulvic
acid and magnetite/chitin/AF materials showing the
functional groups formed.
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Figure 1. Functional groups characterization of magnetite,
magnetite/chitin/af, chitin, fulvic acid

Fulvic acid successfully extracted from goat feces
compost was confirmed by the presence of typical
peaks of humic compounds as described by Stevenson
(1944) [23], namely -COOH and -OH groups. In this
study, fulvic acid analysis was carried out using the ATR
technique because the fulvic acid used was in the form
of a solution. Figure 1 show the absorption of the -OH
group at the peak of 3425 cm, the absorption of the
aliphatic C-H group at the peak of 2932 cm, as well as
the absorption of the aromatic C=C group conjugated
with other double bonds, and the absorption of the C=0
group contained in the carboxylate at the peak of 1628
cm and 1404 cm™' indicating the deformation of the
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aliphatic C-H group. The results of fulvic acid analysis in
this study are in accordance with Stevenson (1994) in
Basuki et al. [1] which is characterized by the
appearance of typical peaks of humic compounds at
wave numbers 3400 cm', 2900 cm" and 1600 cm-'.
The results of this study also confirmed the same as
those reported by Krisbiantoro et al. [19]. Fulvic acid
from peat soil of Rawa Pening, Ambarawa has an
absorption peak at 3410 cm-' which is the stretching
vibration of the -OH group. Peak 2931 cm is C-H
aliphatic. The 1635 cm™' peak is an aromatic C=C
conjugated with another double bond and C=0O in
carboxylate.

Figure 1 also confirms the synthesis of
Magnetite/Chitin/AF by the presence of vibrational
absorption of characteristic groups of fulvic acid,
magnetite, and chitin. There are typical fulvic acid peaks
in the FTIR spectrum, namely 3441 cm™ (-OH), 2924
cm (-C-H stretching), and 1628 cm-! which indicates
the presence of carbonyl groups (C=0) from carboxyl
groups (-COOH). The peak at 1072 cm™ is associated
with C-O stretching vibrations in the -COOH group.
Meanwhile, the FTIR spectrum of chitin showed a
characteristic peak at 3441 cm™ reflecting the stretching
vibration of hydroxyl group (-OH). In addition, an acyl
group (CH3C=0) was identified at 1381 cm™ which is
related to C=0 stretching vibrations and C-CH;
asymmetric bending. Then there are also absorption
peaks at 1628 cm™ and 1566 cm™ which are C=0
(amide 1) stretching vibrations and N-H (amide II)
bending vibrations, which indicate the presence of
amide groups in the chitin structure. The existence of a
bond between the nitrogen atom in the amide group (NH)
and the carbon atom of the acyl group (CH3;C=0) was
also confirmed at 1566 cm-' through N-C amide stretch
vibrations Gunzler and Gremlich [24].

The presence of FesOs is confirmed through the
detection of an absorption band at 579 cm™ which
shows the Fe-O stretching vibrations typical of
magnetite (Figure 1) where after synthesizing it is seen
in Magnetite/Chitin/AF that the peak becomes sharper
[25]. The presence of chitin in the formed
Magnetite/Chitin/AF  material is thought to have
interacted with the -OH and -NH groups of chitin [26].
Although all chitin peak bands remained detected in the
FTIR spectrum, some experienced significant shift
changes. After magnetite was integrated into chitin, the
frequency of hydroxyl and C-H stretching groups which
initially appeared at 3425 cm™ and 2932 cm™ shifted to
3441 cm™ and 2924 cm™ in Magnetite/Chitin/AF, in
addition to the vibrations at the peak of the acyl group
(CH;C=0) 1381 cm™ in chitin experienced band
widening after becoming a composite. This shift
indicates the interaction between Magnetite, chitin, and
fulvic acid [18].

3.4. Adsorption Analysis of N2 Gas

The surface area of the Magnetite/Chitin/AF adsorbent
can be analyzed by the N2 gas adsorption method with the
Brunauer-Emmett-Teller (BET) equation, the results of
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which can be seen in Figure 2 and Table 1. Based on
Figure 2, the isotherm pattern obtained from the isotherm
analysis is in accordance with the type IV isotherm
according to the IUPAC classification [18].
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Figure 2. Nitrogen adsorption-desorption isotherms  of

magnetite/chitin/af and magnetite

This is characterized by the presence of H-1 type
hysteresis loop [18]. This type IV isotherm reflects that the
analyzed material has a porous structure with pore sizes
ranging from 15 to 1000 A (1.5 to 100 nm), where the
inflection point (knee) on the adsorption curve generally
appears when almost the entire surface of the solid has
been coated by the first layer of nitrogen gas (Kusuma et
al., 2017). This isotherm pattern also shows typical
characteristics of porous materials with mesoporous
structures [27]. Based on the data presented in Table 1,
the pore size distribution of Magnetite and
Magnetite/Chitin/AF materials is dominated by pore
diameters of 5.6101 nm and 6.1524 nm. Considering that
the pore size range between 2 to 50 nm is categorized as
mesopores [28], this material can be classified as a
mesoporous material. The existence of this mesoporous
structure provides an advantage in adsorption applications,
due to the relatively large surface area and pore structure
that supports a more optimal molecular diffusion process
[18].

Table 1. N2 gas adsorption isotherm analysis results

Average
Adsorbent Sger (M?g) Vot (cm3/g) pore size
(nm)
Magnetite 52.0954 0.200281 5.6101
M/Chitin/AF 41.7681 0.130629 6.1524

Based on the data in Table 1. the SBET value is
41.7681 m?g. while the pore volume based on the Barrett-
Joyner-Halenda (BJH) method is recorded as 0.130629
cm?¥g with an average pore diameter of 6.1524 nm.
Although the BJH method tends to give smaller estimates
for mesoporous materials (<10 nm). this approach remains
the standard in the characterization of porous materials
(Khusnood et al.. 2024). In Table 1. it can be seen that the
specific surface area of Magentite/Chitin/AF (41.7681 m?/q)
is lower when compared to the surface area of compound
Magnetite (52.0954 m?/g). This lower surface area
indicates that the composite modification of Magnetite with
chitin and active components from AF caused a decrease
in the number of available active sites. Research by
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Pylypchul et al. [29] also supports this statement. where
magnetite material that has been modified with chitosan
has a smaller surface area compared to pure magnetite
material.

3.5. Metal lon Complexation

The evaluation of the adsorbent’s performance in
removing Zn(ll) ions was initiated by determining the
maximum wavelength using UV-Vis spectrophotometry.
Zn(Il) ions exhibited a maximum absorption wavelength
at 519 nm. The absorbance data obtained at this
wavelength were used for further quantitative analysis.
A calibration curve was constructed using Zn(ll)
standard solutions with concentrations of 6, 10, 14, 18,
and 22 ppm. The resulting linear regression showed a
correlation coefficient (R?) of 0.9952, indicating a strong
linear relationship between concentration and
absorbance (Figure 3). This regression equation was
subsequently used as a quantitative reference to
determine the concentration of Zn(ll) ions in the

samples after the adsorption process using the
Magnetite/Chitin/AF composite material.
N
b
(b) 0.4000
3 0.3000
c
3
5 0.2000
3
< 0.1000
0.0000
0 20 40 60 80
Concentration
Figure 3. (a) Complexation reaction of Zn-metal with

phenanthroline (Zn-Phenanthroline); (b) Standard
curve for Zn-Phenanthroline.

3.6. Isotherm Analysis

The adsorption capacity of Zn(ll) ions onto the
Magnetite/Chitin/AF composite was evaluated using
several adsorption isotherm models, including Langmuir
(by plotting Ce/qe versus Ce), Freundlich (by plotting
In ge versus In Ce), Dubinin—Radushkevich (D-R) (by
plotting In ge versus €2), and Temkin (by plotting qge
versus In Ce).
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Figure 4. Isotherm model plots for Zn(ll) adsorption onto
Magnetite/Chitin/AF composite: (a) Langmuir, (b)
Freundlich, (c) Dubinin—Radushkevich, and (d)
Temkin.

As shown in Figure 4, the Freundlich isotherm model
(Fig. 4b) provided the best fit for the Zn(ll) adsorption
process, with a correlation coefficient (R?) of 0.9967
(Table 2). This value is higher than those obtained from
the other isotherm models, indicating that Zn(ll)
adsorption occurs predominantly via a multilayer
mechanism on a heterogeneous adsorbent surface [18].
The multilayer adsorption is likely attributed to the
presence of various functional groups such as
carboxylic (-COOH), phenolic (—OH), and other active
sites, where the strongest interactions occur in the initial
adsorption layer, followed by subsequent layers with
lower adsorption energies [30]. Based on the Freundlich
model, the multilayer adsorption capacity of Zn(ll) on the
Magnetite/Chitin/AF composite was determined to be
409.2643 mg/g. The adsorption energy of Zn(ll) was
calculated to be 23.288 kJ/mol, which greatly exceeds
the typical ranges for physisorption (<8 kd/mol) and ion
exchange (8-16 kJ/mol) [18]. This high energy value
strongly indicates that the adsorption process is
governed by chemisorption, involving the formation of
specific chemical bonds between Zn(ll) ions and the
active functional groups present on the surface of the
Mag/Ch/FA composite.

The Dubinin—adushkevich (DR) isotherm analysis for
Zn(ll) adsorption on the Magnetite/Chitin/Fulvic Acid
(Mag/Ch/FA) composite vyielded a high correlation
coefficient (R? = 0.9934), indicating a strong agreement
between the experimental data and the DR model. This
suggests that the adsorption process for Zn(ll) occurs
predominantly through a multilayer mechanism,
consistent with the theoretical basis of the DR model,
which accounts for potential pore-filing phenomena and
interactions beyond monolayer coverage [31]. These
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findings are further corroborated by the Freundlich
isotherm, which similarly assumes heterogeneous
surface adsorption and supports the multilayer behavior
observed in this system.

Table 2. Adsorption isotherm parameters for Zn(ll) ions

Isotherm Parameters Value (for Zn?*)

Langmuir

b (mg/g) 117.844
EL (kJ/mol) 23.288
R2 0.9565
Freundlich

B (mg/g) 409.2643
n 0.5065
R2 0.9967
DR

gor (Mg/g) 1162.19
R? 0.9934
Temkin

br(J/mol) 115.375
Ar (L/g) 1.2601
R2 0.9968

Additionally, the adsorption of Zn(ll) ions was found to
conform well to the Temkin isotherm model, as reflected
by a high R? value of 0.9968 and an adsorption energy
(bt) of 115.375 J mol™. The Temkin model assumes a
linear decrease in adsorption energy as surface
coverage increases, due to adsorbate—adsorbate
interactions that influence adsorption heat distribution
[30]. Furthermore, the model posits a uniform
distribution of binding energies up to a certain maximum,
indicative of a progressive saturation of active sites on
the adsorbent surface [32]. In multilayer adsorption
systems, the br parameter can be interpreted as the
average energy associated with Zn(ll) ions at the
outermost adsorption layer interacting with the surface
of the Mag/Ch/FA composite [18].

Table 3. Comparison of magnetite-based adsorption
capacity for Zn(lIl) as adsorbate

Adsorbent b (mg/g) References
M/Chitin/AF 409.26 This research
Carboxymethylchitosan 131.00 [33]
Nanoparticles
EDTA-modified magnetic 32.89 [34]
chitosan nanocomposite
Magnetite-Baobab 37.04 [35]

The Magnetite/Chitin/FA composite used in this study
demonstrated excellent adsorption performance,
particularly for Zn(ll) ions, with a significantly higher
adsorption capacity compared to previously reported
materials (Table 3). This indicates the strong potential
of Mag/Ch/FA for application in the remediation of heavy
metal-contaminated water. The superior performance
can be attributed to the abundance of active functional
groups, such as carboxyl (-COQO~) and phenolic groups,
which play a critical role in metal ion binding. Overall,
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the Mag/Ch/FA composite offers a
environmentally friendly, renewable, and readily
available adsorbent material that can be easily
separated from aqueous media using an external
magnetic field, eliminating the need for additional post-
treatment steps.

promising,

3.7. Kinetics Analysis

Studies on chemical kinetics play a crucial role in
understanding the adsorption rate and the factors
influencing it. In this study, the adsorption kinetics of
Zn(ll) ions onto the Magnetite/Chitin/Fulvic Acid
composite were analyzed using several commonly
applied kinetic models, including the pseudo-first-order

model by Lagergren and the pseudo-second-order
model by Ho.
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900 O\ &P00 10000 300,000.0
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Figure 5. Kinetic model plots for Zn(ll) adsorption onto the
Mag/Ch/FA: (a) Lagergren pseudo-first-order model
and (b) Ho pseudo-second-order model

The adsorption rate of Zn(ll) ions onto the
Magnetite/Chitin/Fulvic Acid (Mag/Ch/FA) composite
was analyzed over a contact time range of 20 to 120
minutes, as illustrated in Figure 5. The Lagergren
pseudo-first-order model suggested that rapid physical
adsorption dominated the initial stage of the process. In
contrast, the Ho pseudo-second-order kinetic model
indicated that chemisorption was the main mechanism
controlling the adsorption rate over longer time intervals
[36].

Table 4. Adsorption kinetics parameters for Zn(ll) ions

Value (for Zn?*)

Kinetics Parameters
Lagergreen

Calc.ge ( x 10°° mol/g) 7.927x10?
Kvag (min™) 3465.9
R? 0.9473
Ho

Calc.ge ( x 10° mol/g) 2.168x10?
Kho (g min~" min) 828.7257
R? 0.9850

According to the data presented in Table 4, the Ho
model yielded the highest correlation coefficient (R?),
closest to wunity, indicating a better fit with the
experimental data. Furthermore, the calculated
equilibrium adsorption capacity (ge) from the Ho model
was in closer agreement with the experimentally
observed values listed in Table 4. This suggests that
the adsorption of Zn(ll) ions follows the pseudo-second-

Aisyah et al.

order kinetics, implying that the process is governed by
chemisorption, involving ionic interactions (electrostatic
attraction) between negatively charged functional
groups on the adsorbent surface and the positively
charged Zn(ll) ions [18]. Overall, the kinetic behavior of
Zn(ll) adsorption on Mag/Ch/FA is best described by the
Ho pseudo-second-order model.

4. CONCLUSION

The synthesis of Magnetite/Chitin/AF has been
successfully carried out by the one pot hydrothermal
coprecipitation method, this is indicated by the formation
of Magnetite/Chitin/AF composite solids which have
been confirmed by analysis using FTIR. The results of
the analysis with FTIR showed the presence of typical
groups of Magnetite, Chitin, and fulvic acid compounds
in the sample. Zn(ll) adsorption is more in line with the
Freundlich model (R? = 0.9967), indicating a multilayer
process on the heterogeneous surface, with a capacity
of 409.2643 mg/g. The high adsorption energy (>20
kJ/mol) indicates a chemisorption mechanism.
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