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Abstract—Modification of humic acid (HA) from the peat soil of Jambi province, Indonesia with chitin and magnetite to form
Fes0s/HA-chitin has been successfully carried out. The successful synthesis was identified from characterization with
functional group analysis, crystal analysis, magnetic strength measurement, and morphological and elemental analysis. The
application of Fes04/HA-chitin to adsorb Pb(ll) ion was analyzed using the Lagergren, Ho, Santosa, and RBS kinetics models
(kinetics study) and the Langmuir, Freundlich, Dubinin-Radushkevich (DR), and Temkin isotherm model (isotherm study). The
kinetics study followed the Ho model (pseudo-second order) with R and kuo of 0.9997 and 10264.59 g/mol min, respectively. The
results of the data applicable to the Freundlich model showed that several sites were capable of multilayer adsorption (B) with
a large enough adsorption capacity of 929.19 mg/g (about 28 times higher than the monolayer adsorption of Langmuir data).
However, the outermost layer had a feeble adsorption energy of 0.51 kJ/mol, as measured by Temkin's adsorption energy. In the
layer between the first layer (Langmuir) and the outermost layer (Freundlich), the DR isotherm was measured at a capacity of
104.87 mg/g (qo, the 3™ layer of the first layer) the adsorption energy was measured at 12.91 kJ/mol. A cross-study on the
prediction of adsorption energy using the Santosa and RBS kinetics models showed that the RBS model had an adsorption
energy value (26.45 kJ/mol) that was closer to the adsorption energy value of the Langmuir isotherm (27.55 kJ/mol).

Keywords— Adsorption; Fes04/HA-Chitin; Humic acid; Pb(ll) uptake.

1. INTRODUCTION

Lead is a non-ferrous heavy metal widely used in

The adsorption method is a simple, efficient, and
highly effective method for removing heavy metal ions
from water [12-13]. The adsorption method's mechanism

chemical industries, including batteries, paints, - : : - .
L . usually involves physical and chemical interactions on
pesticides, detergents, and other chemicals [l]. . . L
g . . the adsorbent's surface with the adsorbate resulting in
However, Pb(ll), in chemical industry wastewater,

a decrease in the adsorbate's concentration. The use of
biochar [3,14], mesoporous silica and its modifications
[15-16], and cellulose and other organic polymers
[8,11,1417] as adsorbents to remove the presence of
Pb(ll) in wastewater has been widely reported.
Peatlands with a relatively high content of humic acid
(HA), which can be used as an adsorbent, are one of the
abundant natural resources available in Jambi province,
Sumatera, Indonesia.

poses a crucial threat to the environment and human
health. Ph(ll) is a toxic heavy metal that can accumulate
in the food chain because it cannot be degraded by
microorganisms [2-3]. In humans, it can cause critical
problems with blood circulation, digestion, and
reproduction [4]. As a result, serious efforts to remove
the presence of Pb(ll) in wastewater are required.
Precipitation [5-6], evaporation [7], membrane
separation [8-9], and electrochemical [10-11] are some

methods developed and used to remove Pb(ll).
Unfortunately, several of these technologies have many
drawbacks, including high costs, low efficiency, and
potential for secondary environmental impact. Thus, it is
critical to employ more environmentally friendly
alternatives.
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HA compounds are macromolecules with the
functional groups -COOH and -OH alcoholates, as well
as phenolics, which can interact with ionic metals. Due
to this interaction ability, HA has been used as an
adsorbent for heavy metal ions of Cd(ll) and Pb(ll), with
adsorption results of 60.2% and 81.6%, respectively [18].
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However, the use of HA as an adsorbent directly has a
weakness in that the HA adsorbent is stable under
acidic conditions (pH = 3) but dissolves in a pH > 6,
reaching up to 95% [17]. The occurrence of HA
dissolution has prompted researchers to start working
on ways to improve the efficiency of this adsorbent by
modifying it with chitin [19-20].

Chitin is selected because it can withstand a wider
range of medium acidity. It acts as a molecular buffer,
improving the structure of HA and allowing it to survive
at alkaline pH levels [21]. Furthermore, the presence of
acetamide groups derived from chitin increases the
number of HA active sites. This group will act as a
metal ion exchanger, increasing the ability to adsorb
metal cations. The difficulty of separating the adsorbent
from the processed solution is still a problem when
using HA-chitin as an adsorbent. Physical separation
techniques such as centrifugation and filtration
necessitate a significant investment in time, energy, and
effort. As a result, alternative adsorbents must be
developed that can be easily separated from the
adsorption medium using a simple process.

2. EXPERIMENTAL SECTION

2.1. Materials

All reagents were manufactured in analytical grades
from Merck Co. Inc. (Germany) and used without further
purification, including Pb(NOs);, HCL 37%, HNO;, NaOH,
FeCls-6H.0, FeS047H20, NH,OH 25%, and NaOCLl 0.315%.
Peat soil as a source of HA provided from Muaro Jambi
Regency, Jambi Province, Sumatra. Chitin was isolated
from crab shells waste. A set of laboratory glassware,
Memmert oven, Mettler AE100 analytical balance, 80
mesh Fischer sieve, burette, and stand, Mettler Toledo
pH meter, reflux apparatus, IKA C-MAG HS 4 magnetic
stirrer, shaker, Nabertherm furnace, and Hettich EBA
270 centrifuge were among the preparation tools
utilized in this investigation.

2.2. Characterization

The identification of some functional groups of
Fes0i/HA-chitin materials was accomplished by
pelletizing the samples with potassium bromide (KBr)
powder and analyzing them with a Shimadzu Prestige 21
Fourier Transform Infrared Spectrometer (FTIR) in the
400-4000 cm™ range. A Phillips PANalytical XPert MPD
was used to create Fes;0./HA-chitin materials X-ray
diffraction (XRD) patterns. From 5.00° to 59.98° (26),
diffraction patterns were obtained with a step size of
0.02. The surface area and pore diameter of the
adsorbent was measured with nitrogen gas at 77K
using the Quantachrome Quadrasorb-Evo Surface Area
& Pore Size Analyzer instrument. A Vibrating Sample
Magnetometer Oxford 1.2H instrument was used to
measure the magnetic properties of Fes0./HA-chitin for
20 min at a magnetic field change rate of 0.25 T/min. A
Scanning Electron Microscope-Energy Dispersive X-
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Ray (SEM-EDX) Phenom Desktop ProXL was used to
analyze the surface morphology and chemical element
properties of the composite.

23.

The steps for extracting HA were carried out using a
modified method from a previous study [21]. To begin
the extraction, 500 g of dry peat soil was mixed with 5 L
of NaOH 0.1 M. The resulting suspension was shaken for
24 h at room temperature. The alkaline supernatant
was separated from the residue by centrifugation, then
acidified to pH 1 with 6 M HCl and stored at room
temperature for 24 h. Centrifugation was used to
separate the supernatants (fulvic acid/FA) from the
coagulants (HA). The coagulants were dried in an oven
at 60 °C. The obtained HA was analyzed for ash content
and moisture content, and its functional groups were
characterized using FTIR.

2.4.

Extraction and purification of HA

Isolation and characterization of chitin

The stages of isolation and characterization of chitin
from crab shells were carried out by following a
modified method from a previous study [21]. Finely
ground dried crab shells were sieved through an 80
mesh sieve. The crab shell powder was demineralized
by soaking it in 1 M HCl at a ratio of 1:15 (w/v), stirring it
for 1 h at 75 °C, and filtering it. The residue was washed
with distilled water until the pH was neutral, then dried
for 4 hin a 100 °C oven.

The demineralized powder was deproteinized by
dissolving it in a NaOH 3.5% (w/w) at a ratio of 1:10 (w/v),
refluxing for 2 h at 65 °C, and filtering the results. The
deproteinized residue was washed with distilled water
until the pH reached neutral, then dried at 60 °C. The
depigmentation step was completed by bleaching the
deproteinized powder for 30 min at room temperature
with 0.315 percent NaOCl at a 110 (w/v) ratio. The
suspension was washed with distilled water and dried
at 60 °C. FTIR was used to analyze the final result.

2.5. Immobilization of HA on chitin

The HA-chitin composite was synthesized by reacting
30 g of chitin in 200 mL of 0.5 M HCl and 4 g of HA in
500 mL of 0.5 M NaOH. A total of 200 mL of activated
HA solution was mixed with 200 mL of activated chitin
gel solution and stirred continuously for 24 h. The
mixture was filtered and the precipitation was washed
using distilled water to dry in an oven at 50-60 °C for 30
min. The results were characterized using FTIR and
SEM-EDX.

2.6. Synthesis of Fes04/HA-chitin composite

Using the co-precipitation method, Fes;0./HA-chitin
adsorbent material was prepared. 1.52 g FeCls-6H:0 and
1.05 g FeS047H:0 were dissolved in 25 mL distilled
water and stirred for 30 min at 90 °C. A 25% NH.OH
solution was added simultaneously with 25 mg HA-
chitin composite material which was added quickly.
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Stirring temperatures were kept at 90 °C for 30 min
before cooling down to room temperature. The black
sediment was removed from the solution and washed
with distilled water until the pH was balanced. The
precipitate was neutralized and dried at 60 °C before
being characterized with FTIR, XRD, VSM, BET, and
SEM-EDX

2.7. Sorption study of Pb(ll)
2.7.1. Kinetics study

Twenty mL of 10 mg/L (pH= 5.00) Pb(ll) solution was
contacted with 20+1 mg Fe;0./HA-chitin. The mixture
was shaken for 10 min. The mixture was then separated
by an external magnet. The remaining Pb(ll) in the
filtrate was measured with AAS. The difference
between the initial Pb(ll) concentration and remaining
Pb(ll) in the filtrate was recorded by the adsorbed Pb(ll)
on the Fes0s/HA-chitin. A similar procedure was also

performed at different contact times: 30, 60, and 120 min.

2.7.2. Isotherm study

Twenty mL of 10 mg/L Pb(ll) solution was contacted
with 20+1 mg Fes;04/HA-chitin. The mixture was shaken
for 3 h until equilibrium was reached. The mixture was
then separated by an external magnet. The remaining
Pb(ll) in the filtrate was measured with AAS. The
difference between the initial Pb(ll) concentration and
the remaining Pb(ll) in the filtrate was recorded by the
adsorbed Pb(ll) on the Fes;0./HA-chitin. A similar
procedure was also performed at different Pb(ll)
concentrations: 20, 30, 40, 60, 80, and 100 mg/L.

3. RESULT AND DISCUSSION

3.1.  Extraction and purification of HA

The extraction and purification of HA from peat soil
were conducted according to the International Humic
Substance Society's procedures (IHSS). Since humic
compounds (HA and FA) are soluble in bases, while
humin and other non-humate compounds are not, the
extraction of humic compounds is based on the
displacement of components from the original material
into the NaOH solution. The use of NaOH solution
causes OH" ions to interact strongly with H* ions from
humic compounds, allowing for proper extraction of the
components according to Equation 1[22]:

R-0- Na* + CO; —» HO-R-CO:Na* )]

After the extraction process is complete, the HA is
purified to remove any impurities present during the
extraction stage. The purification process was carried
out by adding 6 M HCl to the solution to separate the HA
and FA. This completely precipitates HA by forming
hydrogen bonds between HA and H* ions. Therefore, the
functional groups in HA are difficult to deproteinize,
resulting in aggregates or clumps characterized by HA
deposits.
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The ash and water contents of HA obtained during the
extraction and purification process were determined.
The ash and moisture contents of the peat soil samples
were 64.67% and 28.11%, respectively, before extraction
and purification. The ash and water contents of the HA
samples were 21.47% and 11.88%, respectively, after the
extraction and purification process. The difference in
values indicates that metal oxides in the peat soil
sample are significantly reduced during the HA
extraction and purification processes.

3.2.

Demineralization, deproteination, and depigmentation
processes were used in this study to isolate chitin from
crab shells. The demineralization process removes
inorganic compounds from the crab shells in the form
of mineral components. Crab powder samples can be
immersed in a 1:15 (w/v) solution of 1 M HCL to remove
the mineral content. The use of an HCl solution is
intended to cause minerals (inorganic compounds in the
form of salts) to react with HCl to form a soluble
chloride salt, resulting in a chitin precipitate, as shown
in reaction Equation 2-6 [23]:

CaCO0s(s + 2HClsp — CaClaag + H20() + CO2y (2)
Cas(P04)2s + 6HClag — 3CaClywg + 2H3PO04(ag (3)
NazC03(:9+2HCl(s9 — 2NaClsg + H20() + CO2y) (4)
MgCOs(s + 2HClag — MgClawag + H20() + CO2() (5)
H2CO03() — H20( + COzy (6)

Isolation and characterization of chitin

Deproteination is the process of separating or
releasing protein bonds from chitin. The crude chitin
content from the demineralization process was reacted
with 3.5% (w/v) NaOH in reflux for 2 h at a ratio of 1:10
(w/v). According to the reaction Equation 7-11, the use
of NaOH aims to dissolve physically bound proteins
(meat residues that are still attached) or those that are
covalently bound to the chitin functional group [24]:

Ce¢H12N203 + 2NaOH — 2C3HsNNaO; + H20 (7)
CioH1N207 + 2NaOH — 2CsHsNNaO, + H2.0 (8)
CisH20N203 + 2NaOH — 2CsHicNNaO: + H20 9

CioH20N203 + 2NaOH — 2C¢HigsNNaO; + H20
C12H26N403 + 2NaOH — 2C¢HisN2NaO; + H,0

(10)
Q)

The reddish pigment in chitin was removed during the
depigmentation stage. This astaxanthin dye can be
removed by depigmentation with NaOCl solution, which
gives the chitin product to obtain a more appealing
appearance. This is possible because NaOCl is a strong
oxidizing agent that can oxidize the color pigments in
the crab shells. At this point, the deproteinized sample
was dissolved in 0.315% NaOCl at a 1:10 (w/v) ratio. Two
phases are formed during this process: a white solid
phase (chitin) and a yellowish-orange liquid phase
(astaxanthin). The yellowish-orange color in the liquid
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phase indicates that NaOCl interacts with the color
pigments present in chitin. The colored pigments
combine with Na* ions to form complex compounds,
while CIO" ions bind to the chitin polymer chains. Color
pigments are bound by Na*® ions, which weaken the
hydrogen bonds that exist between astaxanthin and
chitin, allowing them to be separated easily from chitin.

3.3. Characterization of Fes0./HA-chitin composite

FTIR spectra analysis provides information about the
functional groups of the synthesized products, as
shown in Fig. 1. Based on the analysis of the HA infrared
spectra in Fig. 1a, the absorption at 3448 cm™ denotes
the -OH stretching vibrations of the successfully
synthesized HA compound. The aliphatic C-H stretching
vibrations in HA was indicated by the absorption at 2904
and 2854 cm™. The absorption band around 1705 cm™'
depicted the stretching vibration of C=0 from the -COOH
group. In accordance with previous studies, the
absorption band at 1627 cm™ was interpreted as -C=C
aromatic or C=0 (conjugated ketones) bound to the H
atom [25]. In agreement with previous investigations,
the -OH bending vibrations and the C=0 stretching
vibrations of -COOH were detected by the emergence of
absorption at 1273 cm™' [26].

The infrared spectra of chitin isolated from crab
shells are shown in Fig. 1h. The stretching vibration of -
OH was detected at 3448 cm™. The symmetric
stretching of aliphatic C-H bonds was indicated by the
absorption at 2925 and 2855 cm™. C=0 absorption in the
-NHCOCHs group could be seen at 1658 cm™, while N-H
bending vibrations at 1558 cm™' [21]. The absorption band

(e)
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1635

3425 - \

Transmittance (a.u.)
Y
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4000 3500 3000 2500 2000 1500 1000 500
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Fig.1. Infrared spectra of (a) HA; (b) chitin; (c) Fes0s4 (d)
HA-chitin; and (e) Fe30./HA-chitin.
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characteristic of the amide group (N-H stretching) does
not appear at 3270 and 3100 cm™ due to overlapping
with neighboring absorption bands (stretching 0-H). It
appeared as an absorption band at 1658-1558 cm™ as
N-H bending. This absorption non-sharpness bands are
due to overlapping with neighboring absorption bands.
The C-0 strain is responsible for another bond, which is
discovered at 1072 cm™.

The N-H stretching appeared at 3500-3300 cm™. This
absorption band of N-H stretching does not appear due
to overlapping with neighboring absorption bands
(stretching 0-H). So, for confirmation, we had seen at
1658-1558 cm™ as the N-H bending.

Fig. 1c shows the results of the FTIR spectra of the
synthesized Fes;0; from this study. The stretching and
bending vibrations of the -OH group were indicated by
the absorption bands at 3425 and 1635 cm’,
respectively. Absorption bands at 586 and 624 cm
were assigned to a strain in the Fe-0 bond [27]. Fig. 1d
explains that according to previous studies, the
absorption bands at 1566 and 1658 cm™ were designated
for the presence of HA in the adsorbent, while the
absorption band at 1157 cm™ referred to a new C-0-C
group.

Fig. 1e shows the FTIR spectra of Fes;0./HA-chitin
obtained in this study. The absorption peak at 3410 cm™,
was designated to the stretching vibration of the -OH
group bound to Fe-0H, followed by the appearance of
an absorption band at 1600 cm™, indicating a stretching
vibration -C00. Absorption at 1558 cm™ was assigned
the C=0 vibration of Fes30, with HA [28]. The presence of
stretching vibrations from the Fe-0 bond was indicated
by the absorption band at 586 cm™ [27]. The presence of
multiple absorption bands suggests that the
carboxylate group in HA is critical to ligand exchange
bonding between HA-chitin and the Fes0s surface.

The purpose of XRD characterization is to learn more
about a material's crystal structure and compound

Intensity (a.u.)

20 40 60
28 (deg)
Fig. 2. Diffraction patterns of (a) Fes0s and (b) Fes0s/HA-

chitin (black circle indicating characteristic peak of
Fes04 cubic structure).
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composition. The diffraction peaks in the 15°-80° range
were used to interpret the X-ray diffraction pattern of
Fes0. in Fig. 2a. In accordance with JCPDS No. 19-0629,
the diffraction pattern of Fes:0;, showed several high
peaks at angles of 28 (marked with a black circle in Fig.
2) at 30.25°% 35.64°% 43.92° 53.70°% 57.22°% and 62.90°
indicating a cubic structure [29]. Fig. 2b shows the
appearance of peaks at several angles 28 = 30.25°%
35.64°; 43.92°; 53.70°% 57.22°; and 62.90° in the diffraction
pattern of Fes0./HA-chitin as a new adsorbent. This
indicates that the adsorbent formed after coating Fe30,
with AH-chitin does not affect on the crystal structure
of the metal. The appearance of this diffraction pattern
supports the data from the FTIR spectrum at 586 cm™,
which shows the stretching vibration of the adsorbent
Fe-0 bond and proves that HA-chitin contains Fe30..

The VSM analysis can be used to determine the
magnetic properties of the synthesized Fes;0./HA-chitin
adsorbent. The hysteresis curve in Fig. 3 compares the
degree of magnetism (M) of Fes0s (a) and Fes0./HA-
chitin (b). The existence of the magnetization value is
linked to the magnetic properties of Fes304's main
function, acting as an intermediary in the separation
process using an external magnet. In this study, Fes;0,
without HA-chitin coating had a higher magnetization
value (37.39 emu/g) than Fes;0. with HA-chitin (29.17
emu/g). Based on these findings, it can be concluded
that HA-chitin has coated Fes30s, as evidenced by a
magnetization value of 29.17 emu/g. This has a
significant impact on Fes0.'s magnetic properties. This
reduction, however, is still effective as a magnetic field
separation characterized by the ability of the adsorbent
to be attracted by the previously tested external
magnetic field.

Nitrogen gas adsorption can be used to determine
the material's surface area and pore diameter. Analysis
of a material's surface area and pore diameter used the

50.0 -
40.0 -
= 30.0 -
2 20.0
E 10.0 -
o 00 .
o 1.0
(e)]
(1]
=
—(a)
—(b)

-50.0 -
Magnetization (emu/g)

Fig. 3. The VSM hysteresis curve of (a) Fes0: and (b)
Fes04/HA-chitin.
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Fig 4. Surface morphology of (a) HA-chitin; (b) Fes0s and (c)
Fes04/HA-chitin with 5000 times magnitude.

Brunauer-Emmett-Teller (BET) and Barrett-Joyner-
Halenda (BJH) methods, respectively. Adsorbents have
important properties, such as surface area, particle
size, and pore diameter. The adsorbent synthesis of
Fes;0. with HA-chitin had a surface area of 69.366 m?%/g,
an average particle diameter of 27.54 nm, and a pore
diameter of 191 A. Based on these findings, it can be
concluded that HA-chitin coating Fes;04 can increase the
surface area and average particle diameter, resulting in
a higher adsorption capacity for the adsorbent formed.
Further, the mechanism of Fe3;0, formation was
described using this chemical reaction (Equation 12)
[30].

2Fe3* + Fe? + 80H- — Fes0, + 4H,0 (12)

Magnetite precipitated immediately after being
introduced in a highly alkaline solution. Typically, this
produces tiny nanoparticles with a diameter of 20 nm or

less that are endowed with superparamagnetic
properties because of the magnetic domain's
constrained size. Furthermore, the formation of

nanometer sized particles indicates that the adsorbent
has been synthesized as expected using the
coprecipitation method with a precipitating agent in the
form of NH.OH.

The SEM-EDX characterization sees the surface
morphology and then determines the component or
elemental composition of the synthesized sorbent. Fig.
4a shows the surface morphology of HA-chitin, which
looks like sheets or layers with fine fiber content. This
finding is consistent with previous studies [31].

The surface morphology of Fes0. in Fig. 4b had a
non-uniform particle shape but was generally round
and pointed. The morphology of the Fes0./HA-chitin

] (@) 0 (b)
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0.0

Fig. 5. Elemental analysis obtained from EDX of (a) HA-

chitin; and (b) Fes04/HA-chitin.
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adsorbent in Fig. 4c showed a non-uniform shape of the
adsorbent's surface morphology. This is due to the
presence of HA-chitin, which coats Fes;0,, resulting in a
larger fractal size (Fig. 4c) compared to Fes0; (Fig. 4a).
This is owing to the Fe30s surface's combination of
coating agent (HA), suggesting that the Fe;0, surface's
AH-chitin coating is successful.

The results of the EDX analysis show the composition
of the elements contained in the adsorbent material and
the success of the Fes0./HA-chitin adsorbent
preparation. Fig. 5 depicts the characterization of the
elemental composition because of the EDX analysis for
each material, which corresponds to the composition of
the elements synthesized. The composition of the
elements Fig. 5a shows that C (53.40%), N (6.08%), O
(35.92%), Si (0.89%), Cl (0.98%), and Fe (0.06%) are still
present in HA-chitin. The presence of Fe (67.29%), O
(26.30%), and C (6.41%) elements were detected in the
EDX Fe30s/HA-chitin results (Fig. 5b). Fig. 5 shows that
the Fes0, was successfully coated using HA-chitin,
according to several elements discovered using the
EDX instrument.

3.4. Kinectics study

Investigation of adsorption kinetics was carried out
using the application of time variation on linear models
from Lagergren (Equation 13), Ho (Equation 14), Santosa
(Equation 15) [32], and Rusdiarso-Basuki-Santosa/RBS
(Equation 16) [33-34].

In(g, —g)=Ing, —kt (13)
LR 14
qt kHo qe2 qe ( )

1 In(qe(CO B xqt )J — kst (15)
Co - qu Co(qe - qt)
Coch T Ne COCb - 92 e
In[ Xe_: X]k{ - X Jtln[cjcbj (16)

The application of kinetic data in equations (13)-(16) is
presented in Fig. 6a-6d. The model that best represents
the kinetic system of this study based on its linearity
was the Ho kinetic model, with an R? of 0.9997 (Table 1).
The parameters resulting from the kinetics of Ho were
the adsorption rate constant (kuo) of 10264.59 L/mol min
and the adsorbed Pb(ll) at equilibrium (ge) of 3.57 x 10-°
mol/g.

Although it has the best linearity, the Ho Kkinetic
model has several weaknesses, namely the resulting
parameters are very minimal for cross-study with
other parameters, for example, the adsorption isotherm
parameter. The parameters generated from the kinetics
of Ho were the calculated ku, and g.. Meanwhile, for
cross-study adsorption isotherm parameters, the
kinetic model must produce a desorption rate constant
(kdes). Through the relationship of the adsorption
equilibrium constant, K, that K=k./ks, a cross-study
between the kinetic parameters and the adsorption
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isotherm can be carried out. However, the only thing
that can be compared from the parameter Ho is the
calculated result of g. with the experimental qge.
Comparison of the calculated results of q. (3.66 x 10-°
mol/g) and the experimental results of ge (3.57 x 10-%
mol/g) in this study has very close values, which
confirms that adsorption follows the model Ho kinetics.

Santosa [32] and Rusdiarso et al. [33-34] develop a
kinetic model that produces a A desorption parameter
(k), which can be compared with the adsorption
isotherm parameter, K, through the ki/ks=K relationship
so that a cross-study can be carried out whether the
kinetic parameters describe the original value. The
results of the application of the kinetic data of this study
to the Santosa model showed a fairly good R? value
(0.9929) with the adsorption rate constants (ks) and
desorption (kss) respectively of 2105.50 L/mol min and
1.05 x 10~* min™. The desorption rate constant (k%) for
the Santosa model is obtained from the plot In (1-{q:/qe})
versus t (the plot not shown) with the slope being a
function of ks.Cotkss. Using the adsorption energy
formula, Es = -RT In Ks where Ks is ks/kas, it is obtained
Es = 40.73 kJ/mol. The Es value is quite far from the E.
value from Langmuir. Thus, it can be concluded that the
ks and kgs values do not reflect the adsorption of Ph(Il)
on Fes04/HA-chitin.

The linearity (R? of the application of time variation
data in the RBS kinetics model was also quite good
(0.9967). The parameters resulting from the RBS model
were ks = 742.96 L/mol min, ke = 0.01714 min”, and
calculation g. = 3.80x10° mol/g. Using the same
calculation as Es, the Erss value = 26.45 kJ/mol, where
this Erss value was very close to the E value of
Langmuir (26.31 kJ/mol). In addition, the comparison of

Time (min) AE+6 -
y = 27288x + 72544
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Fig. 6. Linear plot of (a) Lagergren, (b) Ho, (c) Santosa, and

(d) RBS kinetics models.
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Table 1. Kinetics parameter of Lagergren, Ho, Santosa, and
RBS kinectics models.

Kinetics Kinetics Parameters value

Models

Lagergren R? 0.9880
kiag (Min-T) 0.0519

Ho R? 0.9997
ko (L/min mol) 10264.59

Santosa R? 0.9929
ks (L/mol min) 2105.50
Kas (min-) 1.05 x 104
Ks (L/mol) 1.38 x 107

RBS R? 0.9967
k> (L/mol min) 742.96
ks (min™) 0.01714
ksl ka(L/mol) 43336.72

the calculated value of g. from the RBS kinetics model
(3.80x10° mol/g) and the experimental results of qe
(3.57 x 10~° mol/g) in this study had a fairly close value.
From the analysis results, it can be concluded that the
RBS kinetics model is relatively suitable for describing
the adsorption of Pb(ll) on Fes;0./HA-chitin and can be
used to predict the adsorption energy merely from
kinetic data.

3.5. Thermodynamic study

The adsorption isotherm parameters were generated
from the application of experimental data of
concentration variations in a linear model of Langmuir
(Equation 17), Freundlich (Equation 18), Dubinin-
Radushkevich, DR (Equation 19), and Temkin (Equation
20) isotherm models.

Ce _L—FEC 17
0. Kb b a7
Ing, =In B+1In C. (18)
n
Ing, =Ing, —Bye? (19)
d, =ﬂInAT Jrﬂlnce (20)
b, b,

The data application to the plot in Equations (17)-(20)
is presented in Fig. 7. It can be seen that each model
has a variable correlation coefficient (R?), with the best
R? obtained from the Freundlich model. Based on the
Freundlich model, the adsorption capacity of Pb(ll) on
Fes0s/HA-chitin was 32.52 mg/g with adsorption energy
(EL) of 27.55 kJ/mol (Table 2).

The magnitude of this adsorption energy indicates
that the adsorption of Pb(ll) on Fes0./HA-chitin occurs
through physical interaction or ion exchange [34]. The
fit of the isotherm data with the Freundlich isotherm
model shows that Pb(ll) is adsorbed and tends to be
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multilayer. Thus, it can be assumed that the site is
possible to bind more than one Pb(ll) ion.
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Fig. 7. Linear plot of (a) Langmuir, (b) Freundlich, (c) DR,

and (d) Temkin isotherm models.

The results of applying the data to the Freundlich
model show that there were several sites capable of
multilayer adsorption (B) with a large enough
adsorption capacity of 929.19 mg/g (about 28 times
higher than of monolayer adsorption of Langmuir data).
However, the outermost layer had very weak
adsorption energy of 0.51 kJ/mol, as measured by
Temkin's adsorption energy (Table 2).

In the layer between the first layer (Langmuir) and
the outermost layer (Freundlich), the DR isotherm

Table 2. Isotherm parameters of Pb(ll) sorption onto
Fes04/HA-chitin
Isotherm Isotherm Value
Models Parameters
Langmuir b (mol/g; mg/qg) 1.57x10- ; 32.52
KL (L/mol) 67425.85
EL (kJ/mol) 27.55
R2 0.9625
Freundlich B (mol/g; mg/g) 4.47x1073; 926.19
n 2.96
R? 0.9947
D-R go(mol/g; mg/g)  5.07x10"*;104.87
Bo-r (Mmol%/J?) 6.00x10°°
Ep-r(kJ/mol) 12.91
R2 0.9853
Temkin Ar(L/g) 10.26
br(J/mol) 510.84
R? 0.8992
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was measured at a capacity of 104.87 mg/g (qo, the 3™
layer of the first layer) the adsorption energy was
measured at 12.91 kJ/mol. These results provide the fact
that the outer layer of Pb(ll) adsorbed on Fes0./HA-
chitin, lowered the adsorption energy.

CONCLUSION

Modification of HA from the peat soil of Jambi
province with chitin and magnetite to form Fes0s/HA-
chitin had been successfully carried out. The success
synthesis was identified from characterization with
FTIR, XRD, VSM, and SEM-EDX. Fe30s/HA-chitin was
then applied to adsorb Pb(ll) ions from the solution. The
Pb(Il) adsorption followed the Freundlich isotherm (R%=
0.9947), showing that the adsorption occurred in the
multilayer with an adsorption capacity of 926.19 mg/qg.
For the monolayer Langmuir model, the R? was 0.9625
with an adsorption capacity of 32.52 mg/g. The kinetic
study followed the Ho model (pseudo-second order)
with R? and kw, of 0.9997 and 10264.59 g/mol min,
respectively. A cross-study on the prediction of
adsorption energy using the Santosa and RBS kinetics
models showed that the RBS model had an adsorption
energy value (26.45 kJ/mol) that was closer to the
adsorption energy value of the Langmuir isotherm
(27.55 kJ/mol)
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