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Abstract— Indonesia, as one of the most populous countries in the world, requires clean water sources. Industrial waste that is
improperly discharged pollutes water bodies with hazardous metals. Adsorption is one of the effective methods for reducing the
concentration of harmful metals in water. This study utilized fulvic acid extracted from goat manure compost and combined it with
chitosan and magnetite as an adsorbent material for Ni(ll). The FTIR results for the magnetite-fulvic acid-chitosan composite
showed a peak at 1627 cm™, indicating the presence of aromatic C=C, aromatic ring -OH, and quinone C=0 groups, which
confirm the binding of fulvic acid. BET analysis was performed on magnetite and magnetite-fulvic acid-chitosan, and the pore
volume and pore size were found to be 0.177488 cm?/g and 6.5394 nm, respectively. The composite exhibited magnetic behavior
due to the attraction between the magnetite-fulvic acid-chitosan and an external magnet. Adsorption tests using isotherm and
kinetic models revealed that Ni(ll) adsorption followed a multilayer mechanism and pseudo-second-order kinetics, with a b value
of 121.68 mg/g and an experimental ge of 6.28 x 107° mol/g. This shows that the magnetite-fulvic acid-chitosan composite is a
promising, sustainable, and magnetically separable adsorbent for the effective removal of nickel ions from contaminated water.

Keywords—Adsorption; Chitosan; Fulvic acid; Magnetite; Ni(ll).

1. INTRODUCTION

Indonesia is the 4th most populous country after India,
China, and the United States. As a country with the

are formed as water reservoirs. For example, the dam in
Jatiluhur, West Java Province as the main source of

largest population, making the need for water for the

people of Indonesia a basic necessity in everyday life [1].

Besides being needed by the human body, water also
functions as a power plant in hydropower plants,
washing, meeting agricultural and livestock needs, and
others. Water is very easy to obtain because it can be
found anywhere, such as rivers, lakes, dams, seas,
raindrops, and waterways in the neighborhood.
Indonesia as a tropical country has two seasons,
namely the rainy season and the dry season [2]. With
high rainfall in the rainy season, in some areas dams
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water for the surrounding population.

The increasing construction of Industrial plants in
Indonesia has led to concerns about water pollution due
to the discharge of industrial waste into water bodies [8].
Several types of industries, such as textile,
pharmaceutical, steel, and paper, are known to produce
effluents containing harmful heavy metals, including
Ni(ll), Cd(ll), Pb, Cr, Zn, and Fe. The presence of these
metals in waters poses a threat to human health and
ecosystems, as they are toxic and difficult to degrade
naturally [3].
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In waters, there are generally a lot of harmful heavy
metals such as nickel(ll). These metals are a serious
threat because they are very difficult to decompose, so
solutions are needed to remove or reduce the levels of
these metals in water [4]. Various methods have been
developed to reduce heavy metal contaminants in water,
such as reverse osmosis, nanofiltration membranes,
distillation, chemical precipitation, and filtration [5].

However, these methods often require high cost, high
energy, specific operating conditions, or have low
efficiency in treating dissolved metals. In contrast,
adsorption methods are considered more economical,
simple, and environmentally friendly, and allow the use
of natural materials and organic waste as adsorbents [6].
In the last decade, the utilization of waste biomass as
an adsorbent base material has continued to grow.
Various organic wastes, such as sawdust waste [7], tea
pulp waste [8], leather waste, and shell waste [9], have
been shown to have potential as metal adsorbent
materials due to their active functional group content
and high cation exchange capacity (CEC). One
compound that shows high ability in metal adsorption is
humic acid because it is rich in negative ion charge,
especially in the form of fulvic acid which is more
soluble and active in aqueous conditions [10]. Humic
acid sources generally come from peat soil, but the
extraction process takes a long time, is not
environmentally friendly, and contributes to carbon
emissions. A more sustainable alternative is to utilize
animal manure, such as cows, goats, and horses, which
are known to contain humic and fulvic compounds [20].
Thus, it can reduce the use of peat soil that can damage
the environment.

Nevertheless, the main drawback of humic acid is its
low stability at acidic pH, so modification is needed to
increase its effectiveness as an adsorbent. In some
literature, it was found that there are modifying agents
that are able to stabilize humic compounds in low pH,
including bentonite [11], silica [12], double-layer hydroxy
[13], chitin [14], and chitosan [15]. Chitosan is one of the
modifying agents that can improve the stability and
adsorption performance of humic compounds.

In addition, the addition of magnetic materials such as
magnetite can facilitate the post-adsorption separation
process. However, research on the utilization of humic
acid from goat manure modified with chitosan and
magnetite as a heavy metal adsorbent is still very
limited. Therefore, this study aims to develop fulvic acid-
based adsorbent material from goat manure modified
with chitosan and magnetite (Fe;O,) to increase the
adsorption efficiency of Ni(ll) metal ions. It is expected
to contribute to heavy metal waste management efforts
while supporting sustainable water security.

2. EXPERIMENTAL SECTION
2.1. Materials

The materials used in this study include fulvic acid
derived from goat compost, as well as analytical-grade
reagents produced by E. Merck for the extraction and
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purification of fulvic acid, such as NaOH and HCI. The
materials used for the synthesis of Fulvic Acid-Chitosan
Magnetite include pure chitosan powder, alizarin red S
solution, phenanthroline solution, FeCl;-6H,0,
FeSO,:7H,0, and Ni(NO;),-6H,0. Other materials used
include universal indicator, filter paper, and distilled
water.

2.2. Instrumentation

The instruments used in this study include FTIR
spectrometer (Prestige 21), Gas Sorption Analyzer
(Micromeritics ~ Tristar Il 3020), and UV-Vis
spectrophotometer (DLAB SP-UV1100).

2.3. Purification of Fulvic Acid from Goat Manure

Five hundred grams of finely ground goat manure
compost were dissolved in 1 liter of 0.1 M NaOH
solution and stirred at room temperature and pressure
for 24 hours. The mixture was then separated by
filtration, yielding a filtrate. This filtrate was acidified
using 0.1 M HCI until the pH reached 1, resulting in the
formation of two layers: the upper layer consisting of
fulvic acid and the lower layer consisting of humic acid.
The mixture was filtered again to separate the layers,
and the resulting filtrate was then adjusted with NaOH
until the pH reached 11.

2.4. Magnetite-AF-Chitosan Synthesis

The synthesis of fulvic acid—chitosan magnetite
begins with the preparation of chitosan magnetite,
followed by the immobilization of fulvic acid onto the
chitosan magnetite. The synthesis of chitosan magnetite
was carried out under a modified air atmosphere. A total
of 0.1 g of chitosan was dispersed in 100 mL of 0.05 M
acetic acid in a 250 mL Erlenmeyer flask. Then,
FeCl;-6H,0 (4 g) and FeSO,-7H,0O (2 g) in a 2:1 molar
ratio were added to the suspension. The resulting
mixture was mechanically stirred for 3 minutes at room
temperature.

Simultaneously, 25 mL of 25% NH; and 50 mL of
extracted fulvic acid were rapidly added to the mixture
with vigorous stirring. The resulting black mixture was
continuously stirred for 5 hours at 75°C under a closed
air atmosphere. The mixture was then slowly cooled to
room temperature over 24 hours. The resulting black
precipitate was then separated from the solution and
washed with distilled water.

2.5. Adsorption Isotherm

A total of 50 mg of fulvic acid—chitosan magnetite was
interacted with 20 mL of metal ion solution with varying
concentrations of 10, 20, 30, 50, 70, 100, and 200 mg/L
for 2 hours. Each mixture was then filtered, and the
filtrate was collected. The concentrations of metal ions
before and after adsorption were complexed with
phenanthroline for Ni(ll) analysis, and then measured
using a UV-Vis spectrophotometer.
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2.6. Adsorption Kinetics

A total of 50 mg of fulvic acid—chitosan magnetite was
interacted with 20 mL of 50 mg/L metal ion solution at
the optimum pH. The mixture was then stirred for
varying durations of 10, 20, 30, 40, 60, and 90 min. After
reaching the specified time, each mixture was filtered,
and the filtrate was collected. The concentration of
adsorbate before and after adsorption was treated with
phenanthroline for Ni(ll) analysis and then measured
using a UV-Vis spectrophotometer.

2.7. Preparation of Metal Standard Solution

Five 50 mL volumetric flasks were prepared with
diluted metal ion solutions at concentrations of 10, 20,
30, 40, 50, 60, and 70 ppm. To each metal ion solution,
one drop of phenanthroline solution was added, and the
mixture was then shaken. The absorbance of each
metal solution was measured using a UV-Vis
spectrophotometer at wavelengths of 494.5 nm and 330
nm, and the absorbance values were recorded. The
obtained absorbance values were plotted using Excel,
and the resulting equation (Y) and correlation coefficient
(R?) were noted.

3. RESULT AND DISCUSSION

3.1. Synthesis of Chitosan-AF Magnetite

The synthesis of fulvic acid—chitosan magnetite (AF-
Chitosan) from goat manure compost was carried out
using a one-pot method under basic conditions. This
synthesis involved two main stages: the extraction of
fulvic acid from goat manure compost and the one-pot
synthesis process. The fulvic acid used was obtained
from composted goat manure that had been dried over
a long period. This is because uncomposted goat
manure contains a high level of impurities, low
concentrations of humic and fulvic acids, and a high
moisture content [16]. The one-pot method used in this
synthesis aimed to produce fulvic acid—chitosan
magnetite by combining all the components (commercial
chitosan, magnetite precursors, and fulvic acid extracted
from goat manure) in a single vessel at once. Compared
to other methods, such as the sol-gel method, which
requires strict temperature and pH control, or the
stepwise co-precipitation method, which involves
gradual washing steps, the one-pot method offers a
simpler and more environmentally friendly alternative for
synthesizing adsorbent materials.

In the extraction of fulvic acid, dry goat manure
compost was prepared and crushed in a mortar, then
sieved using a 100 mesh sieve. According to Ayilara et
al. (2014), this process aims to make the compost into a
fine powder and increase the surface area, so that
chemical reactions take place quickly and easily [17].
After being ground into a fine powder, the compost was
dissolved in 1 L of 0.1 M NaOH for 24 hours. Following
the addition of NaOH, the solution formed two phases,
with the upper phase containing humic acid and fulvic
acid. This is consistent with the Islam et al. (2020),
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which states that at basic pH levels (>8), both humic
and fulvic acids are soluble [18]. The dissolved
compounds were then separated and acidified with 0.1
M HCI until the pH reached 2. This process is known as
deprotonation, in which the hydroxide ions (OH") in the
basic solution attract protons from the carboxylic acid
groups (-COOH), forming carboxylate ions (-COO~) and
water (H,O). As a result, humic substances become
soluble, while humin remains insoluble.

The one-pot method begins with solid chitosan being
dissolved in 0.05 M acetic acid for 1 hour in an
Erlenmeyer flask, as shown in Figure 1. Acidic solutions
such as acetic acid are effective solvents for chitosan.
As explained by Giraldo and Rivas (2021), acetic acid
promotes greater dissociation or increases the level of
ionization, resulting in a higher concentration of amine
groups (NHz*) [19], as illustrated in Figure 2(a).

I % i &
$k ‘ | 2

Figure 1. Chitosan is dissolved in acetic acid (a), Fe** and
Fe®*" ions are mixed into the chitosan solution (b),
and fulvic acid and NH,OH are mixed (c)
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Figure 2. (a) Reaction of chitosan with acetic acid (b)
Chemical reaction of chitosan with Fe3* ions

When the amine groups on chitosan increase, the
chitosan polymer chains experience strong repulsion,
resulting in larger pore volumes that can bind other
compounds. The process continues by simultaneously
adding FeCl;-6H,0 and FeSO,-7H,0, in a 2:1 molar
ratio, as magnetite precursors. This mixture is then
heated at 80°C for 4 h.

As explained in the literature by Parajuli et al. (2020),
the synthesized magnetite has a Fe®** to Fe?* ratio of 2:1
(mol/mol). This 2:1 molar ratio is essential to obtain pure
magnetite; if the molar ratio deviates, other iron oxide
compounds may form instead of magnetite. The
combination of Fe®*" and Fe*' ions, as illustrated in
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Figure 1, takes place over 4 hours at 80°C in a closed
system. This condition is intended to accelerate the
reduction of Fe?* and Fe3* and to allow uniform ion
diffusion, thereby minimizing the possibility of Fe** and
Fe** oxidation, which could lead to the formation of
Fe,O3; or FeO(OH) [20].

Then, the extracted fulvic acid and concentrated
NH,OH were added simultaneously and rapidly to the
mixture. Upon the addition of concentrated NH,OH, the
mixture precipitates and changes color to black. The
total chemical reaction is:

2Fed*(aq) + Fe?*(aq) +80H- (aq) >
[Fe(OH)2](s) = Fes0a4 (s) + H20(1)

The precipitate formed in the mixture is due to the
change from an acidic to a basic environment. This
precipitation process is known as co-precipitation.
According to Ismail et al. (2024), NH,OH acts as a
precipitating agent in this method and results in
homogeneous magnetite with higher crystallinity
compared to using strong bases such as NaOH [21].
Another function of chitosan is to act as a binder or
linker between the magnetite and the fulvic acid, which
is in the liquid phase, thereby forming a homogeneous
solid that is insoluble at neutral pH.

The mixture was then left to stand for 24 hours and
washed until the pH reached 7. Afterward, the sample
was placed in an oven for drying and subsequently
subjected to characterization and adsorption tests. The
reaction scheme for the formation of fulvic acid—chitosan

(1)

magnetite is illustrated in the diagram shown in Figure 3.
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Figure 3. Schematic representation of Fulvic Acid-Magnetite-
Chitosan synthesis

3.2. Characterization of Fulvic Acid-Magnetite-
Chitosan

Based on the FTIR test data, the samples can be
identified by their functional groups. FTIR
characterization was carried out in the wavelength
range of 500 nm to 4000 nm. The samples tested on
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FTIR were commercial chitosan, extracted fulvic acid,
magnetite, and chitosan-fulvic acid magnetite. The
results obtained in the form of FTIR spectra and
absorption peak tables as shown in Figure 4 and Table
1.

pe Magnetite
Fulvic Acid-Chitosan
;\3
o
Q
c sT8.64
3
£
(73
c
o
-
Y 120087
Y te0418
192792
v 2924.00 ]
41706 sTH 84
L L L L L] L]
4000 3500 3000 2500 2000 1500 1000 500

Wave Length (cm™)

Figure 4. FTIR characterization results of extracted fulvic acid,
chitosan, magnetite, and fulvic acid-chitosan
magnetite

In the chitosan test results, the M absorption region
appears at 3448 cm™ which indicates the stretching
absorption of the NH and OH combination. While in the
1653 cm' region, it indicates the bending vibrations of
NH and C=0 [22]. Then at wave number 1180 cm
indicates the vibrations of C-O and CN. The successful
extraction of fulvic acid from goat manure can be seen
in the absorption area of 5 peaks as in research [23],
namely at 3425 cm™ (OH and NH groups), 2931 cm-!
(C-H aliphatic), 1627 cm-! (COO-anti-symmetric and NH
amine) 1404 cm' (CO and OH carboxyl), and 1103 (C-
O aliphatic ether). In the absorption band belonging to
FesOs4, the peak appears at 578 cm' which is the Fe-O
stretching vibration so that its existence has proven the
formation of Fe3O4 [24].

The magnetite-chitosan-AF sample was initiated by
the immobilization of fulvic acid on magnetite-chitosan.
Magnetite-chitosan was synthesized through a
coprecipitation process using NH4OH solvent in an
alkaline atmosphere. In Figure 8, the results of FTIR
characterization of magnetic fulvic acid-chitosan, the
presence of FesOs is evident with the absorption peak
at 578 cm', where Fe-O stretching vibrations occur [30].
After the formation of the mixed composite, the O-H and
N-H vibrations at 3425 cm™' (belonging to fulvic acid)
shifted to 3417 cm™' after becoming fulvic acid-chitosan
magnetite. This is due to the interaction of FeO with -OH
bonds and -NH stretching vibrations in chitosan [3].
Then in the 1627 cm' absorption region, it shows the
presence of C=C aromatic and aromatic rings formed by
OH bonds and C=0O quinone groups, which are
characteristics of fulvic acid bound to the composite. At
peak 1249 cm, indicating the composite formed
chitosan originally from 1234 cm-*'. This shift is caused
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Table 1. FTIR absorption peak of FesOs-Chitosan-FA

Absorption peak (cm™)

Vibrational group

Fulvic Acid (FA) Chitosan FesO4 Fes04-Chitosan-FA
3425 3448 3402 3417 (-OH) stretching
2931, 2862 2869 2924, 2862 2924, 2855 (-CH) aliphatic stretching

1627 1662 - 1627 (-NH) bending

1572 1554 - 1519 (-NO) stretching

1404 1417 - 1404 (-COO") stretching

1103 1180 - 1156 (-CO) eter stretching & (CN) stretching
- 1234 - 1249 (-CN) bending
- - 578 578 (-FeO) stretching

by the interaction or formation of new bonds between
chitosan and other materials, so that the (-CN) group
becomes stiffer or stronger.

The synthesized chitosan-AF  magnetite and
magnetite were characterized using Brunauer-Emmett-
Teller (BET) and the results are shown in Figure 5. The
results of N2 adsorption-desorption isotherms on
magnetite chitosan-AF and magnetite adsorbents are
represented as in Table 2. The increase in pore volume
and diameter as well as the decrease in specific surface
area value of magnetite chitosan-AF than magnetite are
caused by chitosan binding to magnetite. Chitosan that
binds to magnetite allows aggregation and forms
aggregates [25], thus clogging small pores and creating
new larger pores. Chitosan and fulvic acid, which are
organic compounds, when aggregated and form a new
layer on the magnetite surface, some active sites are
covered and the active surface area is reduced.
However, due to its loose and flexible structure,
chitosan can also create additional large voids or pores.

140
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Kitosan-AF

—e— Magnetit

120

100
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o o o
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1.5

o

Figure 5. BET analysis results of magnetite-chitosan-FA and
magnetite

In Figure 5, the graph formed corresponds to the
characteristics of type 1V(a) isotherms based on IUPAC
categories, where adsorption is influenced by adsorbent
and adsorbate interactions as well as interactions within
molecules in a condensed state on mesoporous
adsorbents [26]. The pore diameter size obtained in
Table 2 has a value of more than 5, this is consistent
with the research of Kyriakopoulos et al. (2024) where
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type IV with a pore size of 2-50 nm experiences
capillary condensation [26]. Capillary condensation is
the cause of the formation of loop hysteresis at relative
pressures between 0.55-0.8.

Table 2. Adsorbent parameters of N2 adsorption isotherm
calculation results

Adsorbent  Seer (m’g") Vtotal (cm®g?)  Pore size

(nm)
Magnetite 52.095 0.169 5.610
Magnetite 46.018 0.177 6.539
Chitosan- AF

Based on the FTIR test results of AF-chitosan
magnetite, it was detected that the composite has Fe-O
vibrations which indicate the presence of magnetite
formed. However, the presence of magnetite, besides
being verified by IR spectrum, can be verified by other
methods. One of the properties possessed by magnetite
is strong magnetic properties, called supermagnetic.
Qualitatively, the magnetic properties can be analyzed
simply by bringing the AF-chitosan magnetite closer to
an external magnetic bar. If the composite has magnetic
properties. it will tend towards the direction of the
external magnetic bar. The test was conducted as
shown in Figure 5. As shown, the AF-chitosan
magnetite composite exhibited magnetic attraction when
placed near an external magnet. This confirms that the
synthesized AF-chitosan magnetite possesses magnetic
properties. These magnetic properties will be utilized in
the adsorption experiments. In this study. the separation
method for the adsorption products will use an external
magnet instead of filtration with filter paper. This
approach offers a simpler. faster. and more practical
method.

3.3. Ni(ll) Standard Solution

The prepared metal ion solution was added with the
metal-complexing agent, phenanthroline. Then, the
metal solution was analyzed wusing a UV-Vis
spectrophotometer. The standard metal solutions tested
at a wavelength range of 330 nm. The absorbance data
of standard Ni metal solutions complexed with
phenanthroline at concentrations of 0, 10, 20, 30, 40, 50,
60, and 70 mg/L were plotted with absorbance values
on the Y-axis and concentration values on the X-axis, as
shown in Figure 12. The plotted data produced a linear
equation of y = 0.012x + 0.0015 with a correlation
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coefficient (R?) of 0.9995. The sensitivity of the Ni—
phenanthroline standard series method was 0.012,
meaning that for every 1 ppm increase in Ni#
concentration, the signal increases by 0.012
absorbance units. Therefore, the sensitivity of this
standard series is considered relatively high. The
correlation coefficient value being very close to 1
indicates that the method is highly accurate.

0.9 -
[}]
206 -
[\
-Q v
g
2 0.3 1 y = 0.012x + 0.0015
R2 = 0.9996
0 [ —r—r—r——r—r—r—
0 20 40 60 80

[Ni(Il)] (mg/L)

Figure 6. Standard calibration curve graph of nickel-

phenanthroline metal series

3.4. Isotherm Study

The Ni metal solutions adsorbed by fulvic acid—
chitosan magnetite at various concentrations were
filtered, and the resulting filtrates were tested using a
UV-Vis spectrophotometer after being treated with the
complexing agent phenanthroline. The obtained data
were then processed to be applied to the Langmuir,
Freundlich, Dubinin—Radushkevich, and Temkin
isotherm equations. After processing the data, the
values were plotted on the x and y axes to create
graphs, as shown in Figure 7.

Based on the data plotted using the Langmuir,
Freundlich, Dubinin—Radushkevich (DR), and Temkin
isotherm models, the equations and correlation
coefficients (R?) for each graph were obtained. For the
Langmuir and Freundlich models, the Freundlich model
showed a higher R? value of 0.9998 compared to
Langmuir's 0.9851. This indicates that the adsorption of
Ni(ll) ions on fulvic acid—chitosan magnetite occurs via
multilayer or heterogeneous adsorption. The high
adsorption capacity of 121.68 mg/g obtained for the
magnetite-fulvic acid-chitosan composite in this study
significantly exceeds that reported for pure chitosan-
magnetite (30.03 mg/g) [27].

This increase is due to the synergistic effect of fulvic
acid and chitosan, which provides more active sites and
enhances the interaction with Ni(ll) ions. Multilayer or
multi-energy adsorption suggests the formation of two
layers of Ni** ions on the adsorbent surface, involving
functional groups such as (-COOH) from fulvic acid, (-
OH) from magnetite and chitosan, and (-NH,) from
chitosan. Furthermore, from the Freundlich model’s
equation, the multilayer adsorption capacity (B) was
found to be 6826.44 mg/g, which represents the relative
adsorption capacity of the adsorbent for multilayer
adsorption on the surface. Meanwhile, the Langmuir
model yielded a monolayer adsorption capacity (b) of
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121.68 mg/g and an adsorption energy (EL) of 11.49
kd/mol. The Langmuir constant K. of 103.57 L/mol
indicates a very strong interaction and high affinity
between the fulvic acid—chitosan magnetite and Ni**
ions. However, the value of B suggests a lower
adsorption capacity, meaning that the Langmuir
isotherm model tends to emphasize the binding strength
(KL) more than the adsorption capacity (b).

19
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Figure 7. Plot of linear Langmuir (a), Freundlich (b), Temkin
(c), and Dubinin-Radushkevich (d) isotherm
adsorption model graphs of Ni(ll) onto Magnetite-
chitosan-AF

In the Dubinin-Raduschkevich (DR) plot, the linear
equation obtained was y= 1.6065x — 4.145 with a
coefficient of determination R? =0.9613. Based on this
linear regression, the DR model parameters were
determined as follows: the adsorption capacity QDR
was 240.7 mg/g, the constant Bor was 2,08 x 10-7
mol2/J2, and the mean adsorption energy Epr was
6.936 kJ/mol. The Epr value derived from the DR
isotherm can be used to predict the adsorption energy
at the sixth layer of Ni(ll), in comparison with the
adsorption energy at the first layer of Ni(ll) obtained
from the Langmuir model. A clear decrease in
adsorption energy is observed from the first layer of Ni(ll)
(EL = 11.49 kd/mol) to the sixth layer of Ni(ll) (Epr = 6.93
kd/mol). The Epr value below 8 kJ/mol indicates that the
adsorption mechanism is predominantly physical in
nature.

This physisorption process is attributed to Van der
Waals interactions and hydrogen bonding involving
active functional groups such as (-NH2), (-OH), and (-
COOH). For the Temkin isotherm model, the linearized
form yielded the equation y = -1.039E-08x — 6.7074 with
an excellent fit, indicated by R? = 0.9995. The Temkin
constant (br) was determined to be 1542.21 J/mol,
which represents the binding energy between adsorbate
and adsorbent per mole. Accordingly, bt can be




19 Sorpt. Stud., 1(1), June 2025, 13-20

interpreted as the adsorption energy of the outermost
Ni(ll) layer on the fulvic acid-chitosan magnetite
composite.

3.5. Kinetics Study

The Ni metal solution adsorbed by fulvic acid-chitosan
magnetite at various shaker times was filtered, and the
resulting filirate was analyzed using UV-Vis
spectrophotometry after the addition of the complexing
agent, phenanthroline. The obtained data were
processed to be applied in the Lagergren and Ho kinetic
equations. After processing, the data were plotted on
the x and y axes to construct the corresponding graphs,
as shown in Figure 8.
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Figure 8. Plot of Lagergren (a) and Ho (b) kinetic adsorption
model graphs of Ni(ll) onto Magnetite-chitosan-FA

Based on the data plotted using the Lagergren and
Ho kinetic models as a function of time, the amount of
Ni metal adsorbed at equilibrium, denoted as the
experimental ge was recorded as 4.57 x 105 mol/g of
adsorbent. The Ho kinetic model best represents the
adsorption of Ni metal, as indicated by the highest
correlation coefficient R? = 0.9836. This suggests that
the Ni adsorption process predominantly follows the Ho
kinetic model, implying that chemisorption is the
dominant adsorption mechanism. From the Ho kinetic
model equation, the adsorption rate constant (ko) was
determined to be 350.63 g/mol-min, and the equilibrium
adsorption capacity was calculated as 6.28 x 10-5 mol/g.
However, the Ho kinetic model cannot be directly cross-
validated with adsorption isotherm parameters. To
enable comparison with isotherm parameters, the
adsorption equilibrium constant K can be derived from
the relation K=Kads’kdes, where K serves as the
adsorption parameter allowing cross-study. In the Ho
kinetic model, the calculated ge (4.57 x 10° mol/g)
closely matches the experimental ge (6.28 x 10-° mol/g),
confirming that the adsorption process adheres well to
the Ho kinetic model.

4. CONCLUSION

Fulvic acid was obtained by extraction from goat
manure compost using an acid-base precipitation
method. The extracted fulvic acid was then combined
with chitosan and magnetite (Fe®**/Fe?*, molar ratio 2:1)
via a one-pot synthesis method, yielding a fulvic acid-
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chitosan magnetite composite. The composite was
characterized by FTIR, showing absorption peaks
similar to those of chitosan, magnetite, and fulvic acid.
Both magnetite and the composite were further
characterized by BET analysis to determine specific
surface area, pore volume, and pore size. The results
indicated a pore volume of 0.177488 cm?3/g, an average
pore diameter of 6.5394 nm, and a specific surface area
of 46.0188 m?/g. Magnetic property testing of the
composite using an external magnet demonstrated
magnetic attraction between the external magnet and
the composite.

The adsorption of Ni-phenanthroline complexes was
found to proceed via multilayer adsorption, as
evidenced by the Freundlich isotherm with a high
correlation coefficient R2=0.999, an adsorption capacity
of 6826.44 mg/g, and an intensity parameter of 1.07.
According to the Langmuir model, the adsorption
capacity (b) was 121.68 mg/g, the adsorption energy EL
was 11.49 kd/mol, and the Langmuir constant K. was
103.57 L/mol. The Dubinin-Radushkevich (Dr) model
yielded a mean adsorption energy Epr of 6.936 kJ/mol,
whereas the Temkin model produced an energy
constant (br) of 1542.21 J/mol. Furthermore, the kinetics
of Ni adsorption followed a pseudo-second-order model
(Ho) with a correlation coefficient R?2 =0.9836. The Ho
model provided calculated and experimental equilibrium
adsorption capacities (ge) of 4.57 x 10 mol/g and
6.28% 105 mol/g, respectively.
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