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ABSTRACT

Spent bleaching earth (SBE) is a solid waste generated from the crude palm oil (CPO) bleaching process. SBE
has potential as an adsorbent; however, its adsorption capacity is relatively limited and requires enhancement. In
this study, the adsorption capacity of SBE was improved by compositing it with chitosan. To enhance the stability
of the adsorbent, the SBE—chitosan composite was crosslinked using epichlorohydrin (ECH). The resulting ECH-
crosslinked SBE—chitosan composite was evaluated for its ability to adsorb Fe(II) heavy metal ions. Fourier trans-
form infrared spectroscopy (FTIR) was employed to confirm the successful formation of the composite. Infrared
spectra revealed interactions between the ECH-crosslinked SBE—chitosan composite and Fe(II) ions, indicated by
shifts in wavenumbers and the appearance of new functional groups The results indicated that the composite was
successfully synthesized, as evidenced by FTIR analysis. Optimal adsorption occurred at pH 5 with a contact time
of 110 minutes. The adsorption behavior of the composite was Langmuir and Freundlich isotherm model, and the

maximum adsorption capacity determined from Langmuir model was 11.23 mgg™'.
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INTRODUCTION

Heavy metals are one of the most important
contaminants in water and soil. Heavy metals are
discharged into the environment by several in-
dustries, such as mining, metallurgy, electronics,
electroplating and metal finishing [1]. Wastewa-
ter from coal-mining operations has been found
to contain Fe and other heavy metals above en-
vironmental quality standards [2], groundwater
contamination with Fe and Mn has been reported
in mining regions, where concentrations greatly
exceed safe drinking-water thresholds aising
concerns over long-term human health effects
[3]. Acid mine drainage (AMD), characterized
by low pH and high concentrations of sulfate and
heavy metals, results from the oxidation of sulfide
minerals commonly found in the parent rocks of

various ore deposits [4]. This acidic water causes
environmental damage, especially as sulfuric
acid dissolves heavy metals like arsenic, copper,
lead, iron, and manganese [5]. Research conduct-
ed at PT Jorong Barutama Greston showed that
manganese concentrations ranged from 8.3 mg/L
to 21.75 mg/L, exceeding the standard of 4 mg/L,
and iron concentrations ranged from 10.32 mg/L
to 41.97 mg/L, surpassing the standard of 7 mg/L
[6, 7]. To reduce heavy metal pollution, especial-
ly AMD, which contains high Fe, an adsorbent is
needed that is resistant to acidic conditions and
can absorb metals.

One promising adsorbent material is SBE,
a waste product from the decolorization pro-
cess in CPO refining. SBE is the largest waste
stream in the industry, accounting for 0.5-2.0%
of the total processed CPO mass. However,
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SBE has limited adsorption capacity and thus
requires reactivation to enhance its adsorption
performance [8—11]. Moreover, SBE cannot be
reused multiple times, necessitating its com-
bination with other materials such as chitosan.
Chitosan, a polymer with amine (-NH2) and hy-
droxyl (-OH) groups along its chain, is effective
in binding heavy metal ions [12—-15]. However,
chitosan has a limitation as an adsorbent due to
its instability under acidic conditions [16]. One
approach to this modification is through cross-
linking [17]. The amino mer chains which are
positively charged fall apart in solution groups
in chitosan are fully protonated at pH ~3, and
the poly- resulting in dissolution [18]. In order
to enhance the resistance of chitosan against
acid, alkali and chemicals as well as increas-
ing chitosan adsorption ability and mechanical
strength, crosslinking reaction is a crucial step
[19]. Different kinds of crosslinking agents such
as glutaraldehyde [20], epichlorohydrin and eth-
ylene glycol diglycidyl ether [21].

Previous research has shown that epichloro-
hydrin (ECH) as a crosslinking agent has good
properties. The optimum concentration of 5%
ECH for chitosan beads was achieved. The ad-
sorption of Zn(Il) by chitosan—water hyacinth
charcoal crosslinked with ECH at pH 4 reached
87.1% [22]. Epichlorohydrin (ECH) crosslink-
ing chitosan with ECH offers the advantage
that the amine groups in chitosan are still pres-
ent, and the covalent bonds formed produce a
stronger and more stable structure [23]. In this
process, the hydroxyl carbon atom of chitosan
forms covalent bonds that lead to the opening of
the ECH epoxide ring and the release of chlorine
atoms [24, 25]. The incorporation of SBE mate-
rial with chitosan is aimed at enhancing the ad-
sorption capacity of SBE. Research on isotherm
studies of SBE, chitosan and ECH has been car-
ried out extensively, including on SBE in dyes,
where, the adsorption mechanism was in accor-
dance with the Langmuir isotherm model [26].
Adsorption of humic acid on crosslinked chito-
san—epichlorohydrin (chitosan—-ECH) beads was
equilibrium isotherms were analyzed by Lang-
muir and Freundlich models. Freundlich model
was found to show the best fit for experimental
data while the maximum adsorption capacity
determined from Langmuir model was 44.84
mg/g [27]. Therefore, research is needed on the
synthesis of composite SBE-chitosan-and ECH,
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and a study of the adsorption of the composite
to Fe at pH, contact time, and isotherm.

MATERIALS AND METHODS

Instruments and materials

The instruments employed in this study in-
cluded an analytical balance, filter paper, 100-
mesh sieve, mortar and pestle, standard labora-
tory glassware, universal indicator, oven, furnace,
Soxhlet apparatus, hotplate, Fourier Transform
Infrared (FTIR 8201PC Shimadzu) Spectropho-
tometer, and Atomic Absorption Spectroscopy
(AAS-GBC Avanta Q). The materials utilized
comprised SBE, commercial chitosan (degree of
deacetylation 97.03%), 16 M nitric acid (HNO3),
distilled water, technical grade acetone, concen-
trated acetic acid (99%), ferrous sulfate heptahy-
drate (FeSO4:7H20) crystals, 37% hydrochloric
acid (HCI), solid sodium hydroxide (NaOH), and
epichlorohydrin (ECH).

Procedure

Preparation of spent bleaching earth (SBE)

SBE was ground using a mortar and pestle
and sieved to obtain particles passing through a
100-mesh sieve. Oil extraction was performed
using a Soxhlet apparatus with acetone as the sol-
vent. Specifically, 50 gs of the ground SBE were
placed into a thimble, which was subsequently in-
serted into the Soxhlet extractor. Approximately
500 mL of acetone was added, and the extraction
process was conducted at 72 °C for 8 hours.

Activation of spent bleaching earth (SBE)

The activation process involved treatment
with 0.8 M HNOs solution. A mixture of SBE
and HNOs solution at a ratio of 1:10 (g/mL)
was stirred using a magnetic stirrer at 70 °C and
300 rpm for 1 hour. The resulting solid residue
was thoroughly washed with distilled water and
dried in an oven at 105 °C for 24 hours. Subse-
quently, the material underwent carbonization in
a furnace at 500 °C for 2 hours [28]. Character-
ization of SBE before and after activation was
conducted using FTIR.
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Synthesis of spent bleaching earth (SBE)-chitosan
composite

10 gs of chitosan were dissolved in 100 mL
of 2% (w/v) acetic acid solution and stirred with
a magnetic stirrer until a viscous and homoge-
neous solution was formed. The SBE-chitosan
composite was prepared by mixing SBE and chi-
tosan at a weight ratio of 4:1 (w/w). The formed
composite, appearing in pellet form, was dried
in an oven at 70—80 °C. Both the chitosan and
SBE-chitosan composites were characterized
using FTIR.

Synthesis of SBE- chitosan crosslinked
epichlorohydrin composite

5% (v/v) ECH solution was prepared and ad-
justed to pH 10 using a 0.067 M NaOH solution.
Subsequently, 3.125 gs of the SBE-chitosan com-
posite were mixed with 6.25 mL of the ECH solu-
tion and stirred magnetically for 70 minutes. The
procedure was repeated for ECH concentrations of
5%, 7.5%, 10%, and 12.5%. The resulting cross-
linked composites were filtered and washed with
distilled water to remove residual ECH. The cross-
linked composites were then analyzed using FTIR.

Effect of pH on adsorption

Solutions of FeSO4:7H20 at a concentration
of 46.31 ppm were prepared and adjusted to pH
values of 1, 3, 5, 7, and 9 using 0.1 M HClI or 0.1
M NaOH. A total of 3.125 gs of adsorbent and
100 mL of FeSO4-7H-0 solution were placed in
individual Erlenmeyer flasks and stirred with a
magnetic stirrer for 70 minutes. After filtration,
the concentration of iron in the filtrate was deter-
mined using AAS.

Effect of contact time on adsorption

A total of 3.125 g of adsorbent and 100 mL
0of 46.31 ppm FeSO4-7H20 solution were placed
in individual Erlenmeyer flasks and stirred mag-
netically for various contact times of 30, 50,
70, 90, and 110 minutes. The experiments were
conducted at the optimum pH determined pre-
viously. The filtrate obtained after filtration was
analyzed by AAS.

Determination of adsorption capacity

Adsorption capacity was determined under
the optimum pH and contact time conditions.
FeSO4-7H20 solutions with concentrations of

11.50, 22.80, 33.71, 46.31, and 55.55 ppm were
prepared. A total of 3.125 g of adsorbent was add-
ed to 250 mL Erlenmeyer flasks containing 46.31
ppm and 55.55 ppm FeSOa-7H-0 solutions, and
the mixtures were stirred with a magnetic stirrer
for 50 minutes. After filtration, the filtrates were
analyzed for iron content using AAS.

Data analysis

The Langmuir adsorption isotherm equation
can be written as follows:

Ce 1 1
P t o Ce (1)

de AmaxKL

Amax

where: g, is the amount of adsorbate adsorbed at
equilibrium (mg/g), C, is the equilibrium
concentration of the solution (mg/L), K,
is the Langmuir constant related to the
adsorption energy (L/mg), which is deter-
mined from the slope and intercept of the
linear plot of C /g, versus C,and g, tep-
resents the maximum adsorption capacity
of the adsorbent (mg/g).

The Freundlich adsorption isotherm equation
is expressed as follows:

Log g. = log Kr + % log C. )

where: g, is the amount of adsorbate adsorbed at
equilibrium (mg/g), C, is the equilibrium
concentration of the solution (mg/L), and
(K,) and (1/n) are the Freundlich con-
stants representing the adsorption capac-
ity and adsorption intensity, respectively.

RESULTS AND DISCUSSION

Activation of spent bleaching earth

The identification of functional groups in
the infrared spectra of SBE powder, Soxhlet-
extracted SBE, and activated SBE can be seen
in Figure 1. The identification of each functional
group in the infrared spectra of raw SBE pow-
der, Soxhlet-extracted SBE, and activated SBE
(c) can be seen in Table 1.

The infrared spectrum results on the char-
acteristics of SBE powder have symmetric O-H
stretching vibration functional groups between
layers at wave numbers 3400-3650 cm™. At
2921.20 cm™ and 2852.10 cm! are symmetric ali-
phatic CH, and asymmetric stretching vibrations,
after the calcination process, these absorption
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Figure 1. (a) Infrared spectrum of raw spent
bleaching earth (SBE) powder, (b) Soxhlet-
extracted SBE, and (c) activated SBE
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Figure 2. FTIR spectrum of the (a) SBE-chitosan and
(b) SBE-chitosan crosslinked epichlorohydrin

bands disappear, which is direct evidence that the
remains of organic matter have been converted
into carbon species during the heating process
(Tang et al., 2015). At 1743.89 cm™ to 1455.48

cm! indicate the presence of C=0 bonds and C=C
or O-H bonds, which represent unsaturated veg-
etable oils in SBE [30]. These peaks disappear in
the soxhleted SBE, as shown in Figure 3b, due to
the soxhlet extraction of oil residues in SBE from
the surface and inner pores of SBE. The aliphatic
CH, group during soxhletation decreased in in-
tensity and disappeared upon activation. This is
because the aliphatic group was activated using
HNO, to remove organic impurities and heated
in a furnace at 500 °C, causing the aliphatic CH,
to evaporate and become undetectable in the in-
frared spectrum in Figure 3c. The characteristic
peaks of bleaching earth are present at 1060 cm!
and 800 cm™! and indicate the silicate (Si-O) and
silica/quartz (Si-O bending vibration in kaolinite)
matrices are maintained throughout the sample,
respectively, as shown in Figure 3, confirming
that bleaching earth maintains its core matrix
during extraction [30]. FTIR results also show a
characteristic absorption peak at 1640 cm™, indi-
cating the presence of structural water in the ma-
trix or hydroxyl bending vibrations.

Synthesis of epichlorohydrin crosslinked
chitosan-SBE composite

Characterized Fourier transform infrared
(FTIR) shown in Figure 2. In Figure 2a, the IR
spectrum of the SBE—chitosan composite shows
an absorption peak at a wavenumber of 3242.81
cm™!, corresponding to the stretching vibration of
hydroxyl groups (—OH). When the SBE—chitosan
composite is crosslinked with epichlorohydrin, the
—OH group shifts from 3242.81 cm™ to 3261.39
cm'. This shift is attributed to the interaction be-
tween the methylene group of epichlorohydrin
and the primary —OH group of chitosan, causing

Table 1. Identification of functional groups in the infrared spectra of spent bleaching earth (SBE), Soxhlet-

extracted SBE, and activated SBE [29]

Spent bleaching Spent bleaching earth Spent bleaching earth Reference Funacional aroup™
earth (SBE) (cm™) (SBE)-0.8M HNO, (SBE) 0.8M HNO,, 500 °C | wavenumber (cm')** 9 group
3534.44 3550.03 3390.34 3412-3100 Symmetric stretching
vibration O-H
Symmetric stretching
2921.20 & 2852.10 2925.20 & 2854.28 - 2924-2855 vibration CH and
acymetric CH, alifatic
1743 - - 1745-1700 C=0
1650.90 1644.52 1632.79 1650—-1600 O-H
976.69 1349.69 1016.16 1040-1070 Si-O-Si
796.81 797.33 798.04 780-797 Silica amorf
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an overlap with the original —OH stretching band
at 3242.81 cm™ [31-33]. Figure 2b an absorp-
tion peak at 1582.38 cm™ is assigned to the N-H
bending and stretching vibrations of amine groups
(-NHz) present in chitosan. Characteristic bands
corresponding to the Spent Bleaching Earth (SBE)
matrix are observed at 1013.88 cm™ and 776.00
cm™', which are attributed to Si—O stretching and
Si—O bending vibrations of silicate and silica/quartz
frameworks, respectively [34]. The proposed struc-
tural interaction mechanism between SBE-chitosan
and epichlorohydrin is illustrated in Figure 3. In
this mechanism, chitosan acts as the main polymer

HOH

‘HYOH

NHCOCH, "HOM

Enzyme N}

HOH

with amino (—NHz) and hydroxyl (—OH) groups
at several positions along its chain. Epichlorohy-
drin functions as a linker, enabling crosslinking
between the chitosan chains and interacting with
the silanol (—Si—OH) groups present on the silica
surface The interaction between chitosan and sili-
ca, mediated by epichlorohydrin, results in a stable
network. This structure strengthens the composite
and improves its chemical stability and mechani-
cal strength while preserving the adsorption capa-
bility of the amino groups on chitosan and silica.
This composite is ideal for the adsorption of Fe(II)
metal ions [35].

HOH

CH

"

NHz

"HOH

H)
H
o

H, CH,OH

‘H; OH

Figure 3. Structural mechanism of SiO»-chitosan with epichlorohydrin [35]

217



Journal of Ecological Engineering 2026, 27(6), 213-224

3242,81

2886.45

3261.39

Transmittance (%)

3312.65

1567,75
1416,79 —

@)
1015,34

8 o

o 3 b

8¢ (b)
1013.88

e 8

g g ()

T T T T T T T
4000 3500 3000

2500

T
2000

1500 1000 500

Wave number (cm™)

Figure 4. FTIR Spectrum of the SBE-chitosan crosslinked epichlorohydrin (a), SBE-chitosan composite, the
SBE-chitosan composite cross-linked with epichlorohydrin (b), and the SBE-chitosan composite cross-linked
with epichlorohydrin after adsorption Fe(I) (c)

Identification of functional groups in the in-
frared spectra of SBE-chitosan composites, SBE-
chitosan crosslinked with epichlorohydrin com-
posites, and SBE-chitosan crossinked with epi-
chlorohydrin composites after adsorbing Fe(II)
metal, can be seen in Figure 4. Identification of
each functional group in the infrared spectra of
the SBE-chitosan composite, the SBE-chitosan
composite cross-linked with epichlorohydrin, and
the SBE-chitosan composite cross-linked with
epichlorohydrin after adsorbing Fe(II) can be
seen in Table 2.

Based on Figure 4a, the IR spectrum of the
SBE—chitosan composite shows an absorption
peak at a wavenumber of 3242.81 cm™, corre-
sponding to the stretching vibration of hydroxyl

groups (—OH). When the SBE—chitosan compos-
ite is crosslinked with epichlorohydrin, the -OH
group shifts from 3242.81 cm™ to 3261.39 cm™.
This shift is attributed to the interaction between
the methylene group of epichlorohydrin and
the primary —OH group of chitosan, causing an
overlap with the original —OH stretching band
at 3242.81 cm™ [36]. In Figure 4(b), the C-H
stretching vibration of epichlorohydrin appears
at 2886.45 cm™! after the crosslinking process
[37]. The IR spectrum at 1567.75 cm™' for the
SBE—chitosan composite shows a primary am-
ide (C=0) vibration, indicating the presence of
residual acetyl groups even after crosslinking, as
shown in Figure 4c, which also displays amide
and amine (—NH>) functional groups.

Table 2. Identification of functional groups in the infrared spectra of SBE-chitosan composites, SBE-chitosan
composites cross-linked with epichlorohydrin, and SBE-chitosan composites cross-linked with epichlorohydrin

after adsorption Fe(II) [29]

SBE-chitosan (cm™') | SBE-chitosan-ECH SBE-chitosan-ECH- Wave numb_e1r** Functional group **
Fe(ll) reference (cm™)
3242.81 3261.39 3312.65 3500-3200 —-OH
- 2886.45 - 2872-2962 CH from CH2
1567.75 1582.38 1593.16 1640-1540 Stretch vibration —NH from—NH2
1416.79 1416.56 1426.39 1475-1300 Alkyl bending vibration C-H
1015.34 1013.88 1014.62 1016.03-1010.58 Asymmetric Si-O group
stretching vibration
795.01 776.00 795.73 780-797 Vibration of amorphous silica
776.92 776.00 776.38 750-800 Symmetrical SI-O-Si bending
vibration

218



Journal of Ecological Engineering 2026, 27(6), 213-224

In the epichlorohydrin-crosslinked SBE—chi-
tosan composite, a new absorption appears at
1604.77 cm™. According to Table 2, the infrared
spectrum shows a shift in the —OH functional
group from 3242.81 cm™ to 3261.39 cm™! in the
crosslinked composite, indicating interaction be-
tween SBE—chitosan and epichlorohydrin. The
absorption band at 1567.75 cm™, associated with
—NH: groups, shifts to 1582.38 cm™, suggesting
the involvement of —NH: in the crosslinking reac-
tion. This occurs because the —OH groups on the
SBE—chitosan composite are utilized for cross-
linking with epichlorohydrin. Furthermore, inter-
action between the epichlorohydrin-crosslinked
SBE—chitosan composite and Fe(Il) ions is indi-
cated by a wavenumber shift from 1582.38 cm™!
to 1593.15 cm™, showing that the —NH> groups
interact with Fe(II). This is due to the lone pair
electrons on the —NH. group that can coordinate
with Fe(II) cations through coordinate bonding.

Determination of the adsorption Fe(ll) by
SBE-chitosan crosslinked epichlorohydrin
composites

The adsorption of Fe(Il) was conducted using
SBE- chitosan crosslinked epichlorohydrin- com-
posites with varying epichlorohydrin concentra-
tions of 5%, 7.5%, 10%, and 12.5%. The adsorp-
tion of Fe(Il) at a concentration of 46.31 ppm was
carried out under optimum conditions based at
pH 5 and a contact time of 70 minutes [38]. The
optimum concentration of epichlorohydrin was
determined by observing the highest adsorption
percentage, as the concentration of epichlorohy-
drin (ECH) that produced the greatest adsorption

85 -
»
80 /
5 75 - -
70
65 -
R
60
55 o ™
50 T T T T T T T T T
4 5 6 7 8 9 10 11 12 13
Consentration

Figure 5. Graph of the effect of epichlorohydrin
concentration (%) on epichlorohydrin-crosslinked
SBE-chitosan composite for Fe(II) metal adsorption

indicated the best condition for metal binding by
the adsorbent. The results of the adsorption per-
centage at various epichlorohydrin concentra-
tions are shown in Figure 5.

The results of the study showed that the
highest adsorption percentage occurred at an
epichlorohydrin concentration of 10%, with an
adsorption rate of 82.98%. At this concentration,
epichlorohydrin had reached an optimal amount
to form effective crosslinking between chitosan
and SBE. This resulted in a structure that provid-
ed numerous active sites capable of interacting
with Fe(II) ions. At this stage, the porosity and
availability of active surface areas in the com-
posite were at their peak, allowing Fe(II) ions
to be more easily trapped and adsorbed onto the
adsorbent surface.

When the concentration of epichlorohydrin
was further increased to 12.5%, saturation of the
crosslinking process might have occurred. Fe(Il)
is a heavy metal that interacts with the —NH>
groups of chitosan through coordination covalent
bonding. The adsorbent’s adsorption capacity de-
creases as the analyte concentration increases due
to the system reaching a saturation point. At this
stage, the adsorbent surface becomes fully occu-
pied by analyte molecules, thus unable to adsorb
additional analytes. The higher the concentration
of epichlorohydrin used, the greater the chance of
excessive interaction with chitosan, reducing the
number of —OH groups available for adsorption,
and thereby decreasing the adsorption percentage
[39]. Conversely, when lower epichlorohydrin
concentrations are used, there is less interaction
with chitosan, leaving more —OH groups avail-
able for adsorption, which leads to an increase in
adsorption percentage.

Determination of optimum pH for Fe(ll)
adsorption on SBE-chitosan crosslinked
epichlorohydrin composites

The adsorption of metal ions is strongly influ-
enced by the pH condition of the solution. In this
study, the effect of pH on the adsorption of Fe(II)
metal ions was tested at a concentration of 46.31
ppm with pH variations of 1, 3, 5, 7, and 9, and
a contact time optimum for chitosan composites
crosslinked with epichlorohydrin of 70 minutes
[38]. The adsorption percentage results for each
pH variation are shown in Figure 6.

The results of the study showed that the high-
est adsorption percentage occurred at pH 5, with
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&

pH

Figure 6. Graph of the effect of pH on Fe(Il) metal
adsorption on SBE-chitosan epichlorohydrin-
crosslinked composite

an adsorption rate of 98.35%. Meanwhile, the
lowest adsorption percentage was observed at
pH 9, at only 69.29%. Based on Figure 6, the
adsorption of Fe(Il) metal ions in Fe(II) solution
decreased from pH 1 to 3, and then increased
from pH 3 to 5. This is due to the decreasing
number of H* protons in the solution, allowing
more Fe(Il) ions to bind to the epichlorohydrin-
crosslinked SBE-chitosan composite. The high-
est adsorption capacity was observed when the
solution was at pH 5. This research is in line
with adsorption of Cu(Il), Cd(II) and Pb(II) the
optimum pH values for the chitosan crosslinked
with epichlorohydrin-triphosphate as the adsor-
bent were 6.0, 7.0 and 5.0 [16]. Adsorption of
methylene blue and reactive red 120 dyes com-
posite chitosan-epichlorohydrin/zeolite at pH 9
optimum for methylene blue and pH 6 for reac-
tive red 120 [25].

99.0 -
-
/-/
98.5 - -
-

§
;E_ 98.0
% 97.5 -
>

97.0 -

96.5 -

T T T T 1
20 40 60 80 100 120
time (min)

Figure 7. Effect of contact time on Fe(II) metal
adsorption on epichlorohydrin crosslinked SBE-
chitosan composite
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In acidic conditions, there are a large num-
ber of H" protons that can bind to active groups
(—NH>) of chitosan and hydroxyl active groups,
leading to competition between Fe(II) metal ions
and hydrogen ions for access to the amine and
hydroxyl active sites. H" protons, being harder
Lewis acids than Fe(Il), reduce the likelihood
of Fe(Il) binding to the adsorbent, thus decreas-
ing the efficiency of Fe(Il) ion removal. On
the other hand, at pH > 8.5, Fe(Il) precipitates
completely As pH increases, the concentration
of OH™ ions also increases, strengthening the in-
teraction between Fe(Il) ions and OH™ [40]. At
pH values below 5, the high concentration of H*
ions leads to protonation of the active groups in
the epichlorohydrin-crosslinked SBE—chitosan
adsorbent, particularly the protonation of —NH:
(amine) to —NHs* [41]. The higher the H" con-
centration, the greater the tendency for active
group protonation, reducing Fe(Il) adsorption
due to the lack of free electron pairs available
for bonding. At pH 5, Fe(Il) is believed to have
higher affinity for binding with the adsorbent’s
active groups, leading to increased ion adsorp-
tion. This result is consistent with finding [42].
Subsequently, the amount of Fe(Il) adsorbed
decreases as the solution pH continues to rise.
This is due to the reduced solubility of the met-
al in solution, as Fe(Il) remains in the form of
Fe(OH)2 [43]. As a result, the lone electron pairs
on the active groups such as silanol, siloxane,
amine, and hydroxyl groups on silica and chito-
san are less effective in binding Fe(II).

Determination of the effect of contact time
on Fe(ll) adsorption on epichlorohydrin-
crosslinked spent bleaching earth
SBE-chitosan composite

Fe(II) metal adsorption on epichlorohydrin-
crosslinked SBE—chitosan was conducted to de-
termine the equilibrium contact time for adsorp-
tion at 30, 50, 70, 90, and 110 minutes. The varia-
tion in contact time is shown in Figure 7.

The results of the study show that optimal ad-
sorption was already achieved at a contact time of
30 minutes, with no significant increase thereaf-
ter. The peak adsorption was reached at 110 min-
utes, with a value 0f 98.83%. Between 50 and 110
minutes, the adsorption level gradually increased.
When adsorbate molecules come into contact
with the surface of the adsorbent, some molecules
bind to the surface, while others are repelled. At
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the beginning of the contact time, the interaction
is quite strong due to the abundance of available
active sites on the adsorbent surface, resulting in
a rapid increase in the adsorption rate. However,
as contact time continues, the process approaches
equilibrium and eventually stabilizes. Adsorption
of humic acid from aqueous solutions on cross-
linked chitosan—epichlorohydrin beads, after 50
min, it can be observed that the adsorption capac-
ity remained constant and this implies that ad-
sorption has reached the equilibrium state [27],
removal of copper(Il) ions from aqueous solution
on chitosan and cross-linked chitosan beads [21],
adsorption behaviour of Fe(Il) and Fe(Ill) ions

3 -
25 +
w2+
= y=0.0894x +0.9777
Es4 R? = 0.9444
o
3
olte
05 4
0 } ' y
0 10 20 30
Ce(mg/L)

(a)

in aqueous solution on chitosan and cross-linked
chitosan beads [38].

Determination of Fe(ll) adsorption capacity
on epichlorohydrin-crosslinked spent
bleaching earth SBE-chitosan composite

The adsorption capacity of the epichlorohy-
drin-crosslinked SBE—chitosan composite for
Fe(Il) metal was determined at pH 5 and a con-
tact time of 50 minutes. The equations used to
describe the liquid adsorption process on solid
surfaces are the Langmuir and Freundlich iso-
therms The use of adsorption isotherms aims to
illustrate the interaction between the adsorbent
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08 1 o
-
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o
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Figure 8. Results of the isotherm plots (a) Langmuir and (b) Freundlich for Fe(II) adsorption on spent bleaching
earth SBE-chitosan crosslinked epichlorohydrin composite
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Figure 9. Reaction of chitosan and epichlorohydrin [49]
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Figure 10. Interaction between metal and chitosan

and the adsorbate [27]. To observe the adsorption
isotem that occurs in the adsorption process of the
SBE chitosan ECH composite, it is calculated us-
ing equations 1 and 2. The adsorption isotherm
plots of the Langmuir and Freundlich models for
Fe(Il) on spent bleaching earth (SBE)-chitosan
crosslinked with epichlorohydrin composite can
be seen in Figure 8.

Figure 8 shows that the adsorption follows
the Langmuir and Freundlich isotherm, the
maximum adsorption capacity determined from
Langmuir model was 11.23 mgg'. This re-
search is similar to the research on composites
of activated carbon (AC) and AC/TiO,) [44]
and adsorption of yellow dye with a composite
of natural clay and activated carbon [45], and
adsorption of humic acid on crosslinked chi-
tosan—epichlorohydrin(chitosan—-ECH) beads
[45]. The adsorption capacity value of the SBE-
chitosan composite crosslinked with epichloro-
hydrin for Fe(IT) is 11.23 mgg™'. This adsorption
capacity is smaller when compared to the ad-
sorption capacity of chitosan crosslinked with
epichlorohydrin for Fe(Il) and Fe(Ill), where
the obtained adsorption capacity was 57.47
mgg! [38]. Adsorption study conducted using
low and high range concentration of methylene
blue produced a maximum adsorption capacity
40.485 mgg' [26].

The high silica content in SBE makes it less
effective in adsorbing metal ions such as Fe(Il)
[47]. In addition to these factors. the SBE-chito-
san-epichlorohydrin composite that acts as a met-
al binder is the amine group of chitosan. Chitosan
cross-linked with epicorohydrin as seen in Figure
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9. causes the amine group of chitosan to decrease.
so that its adsorption Fe capacity becomes low
[27] and interaction between metal and chitosan
can be seen in Figure 10 [48].

CONCLUSIONS

FTIR analysis results indicate that the
soxhlet extraction and activation of SBE were
effective in removing unsaturated vegetable oils
and organic contaminants. In addition. FTIR
also shows the successful formation of interac-
tions between SBE-chitosan and epichlorohy-
drin during the preparation of the crosslinked
composite. The successful adsorption of Fe(Il)
by this composite is characterized by the shift
in wave numbers at specific functional groups.
indicating interactions between Fe(Il) and the
composite. Based on the research conducted.
it was found that the adsorption of Fe(Il) on
the SBE-chitosan composite crosslinked with
epichlorohydrin showed optimal performance
at pH 5. with equilibrium time achieved in 110
minutes. The adsorption follows the Langmuir
and Freundlich isotherm, the maximum adsorp-
tion capacity determined from Langmuir model
was 11.23 mgg™.
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