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Fabrication of Chitosan/Fe3z04 Nanocomposite as Adsorbent
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humans and the surrounding environment. This study fabricated chitosan/Fe;Oy

Received: April 22, 2021 nanocomposite through the mixture of chitosan from crab shell waste and magnetite
Accepted: March 2, 2022 (FesO,) from local sand iron with sodium tripolyphosphate (STPP)-sulfate crosslinker as
DOI: 10.22146/ijc.65430 an adsorbent to reduce methylene blue content. The obtained composite was

characterized by Fourier Transform Infrared (FTIR) Spectrophotometer and X-Ray
Diffraction (XRD) instrument. The contents of methylene blue before and after applying
adsorbent-based nanocomposite were determined using an ultraviolet-visible (UV-Vis)
spectrophotometer. FTIR characterization results show that chitosan and chitosan/Fe;O,
nanocomposite had successfully synthesized based on the typical vibrational peaks. The
deacetylation degree of chitosan was 69.79%. Fe;O,, and chitosan/Fe;O4 nanocomposite,
were confirmed by XRD patterns. The chitosan/Fe;O nanocomposite adsorption capacity
reached 45.37 mg/g when adsorption occurred with 20 mg adsorbent, pH 9, and contact
time of 1.5 h. Hence, the chitosan/Fe;O, nanocomposite in this study has potency and is
applicable to adsorb MB effectively.
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m INTRODUCTION contaminated area [2-3]. Moreover, the photosynthesis

The textile, paper, and plastic industries have been process of ~water plants is hindered, disturbs

i environmental esthetic, and decreases the level of
developing every year. These developments generate

many advantages for the people. However, it is also ecological hygiene [4-5]. Thereby, the reduction or

followed by the bad impacts from dye wastewater that is elimination of MB content from wastewater is important.

. . Several methods have been conducted to treat the
very dangerous for water or marine environments. An

example of a dye substance with various applications in dye wastewater problem. The adsorption method

chemistry, the textile industry, and medicine is methylene utilizing adsorbent substances is an_effective and
blue (MB) [1]. MB is an organic compound containing
heterocyclic and aromatic groups with the chemical
formula C;sH;sN3SCl. The excess content of MB in

wastewater is hazardous because it is difficult to biodegrade,

efficient way [6-8]. Polymer and pore materials are
general adsorbents to adsorb dye waste in the
wastewater, including methylene blue, which is chosen
due to its effectiveness, abundance, and low price
reasons [9-11]. An example of a biopolymer that has

poisonous, and carcinogenic substances for humans who

consume fish and other water/marine animals in the potency as a dye adsorbent is a chitosan [12-13].

Chitosan is a chitin derivative with a pore structure [14].
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It is usually used as an adsorbent for heavy metals and dye
waste based on its capability to attract metal ions or dye
molecules. Protonated amine and hydroxyl groups are the
centers of reactions between chitosan and other substances.
These groups will interact with dye compounds by proton
exchanges and/or coordination bonding formation [15].
However, chitosan is prone to coagulation, poor
mechanical strength, and soluble in acid solution, thus
limiting its usefulness as an adsorbent [16-17].

A combination of chitosan and magnetite (Fe;O4)
forms chitosan/Fe;O4 composite to cover the weakness of
chitosan and increase the performance of chitosan as an
adsorbent. This composite also improves chitosan
stability, resistance to oxidation, and resistance to form
aggregation [18]. Coating magnetite with polymers can
increase the polymer functionalities and increase the
performance of a polymer in many applications. Besides
that, the magnetic property of resulted composite makes
it easier to be separated and recovered from the solution
by another magnetic field [5].

Previous research informed the effectiveness of
methyl orange dye removal using chitosan/Fe;O,
composite-based adsorbent [5]. In addition, chitosan/
Fe;O4 composite was also effective to adsorb heavy metals,
for instance, Pb(II) and Ni(II) [19]. Then, removal of
mercury content was effectively conducted using magnetic
chitosan, which was cross-linked with glutaraldehyde
[15]. Meanwhile, chitosan/Fe;O4 composite is generally
synthesized from commercial substances, for instance,
FeCls, FeSO,, or Fe(III) acetylacetonate with commercial
chitosan, but it is known to have an expensive cost.
Therefore, in this study, magnetite (Fe;O4) was obtained
from local iron sand, and chitosan was synthesized by self
from crab shell waste to produce chitosan/Fe;O,
nanocomposite with sodium tripolyphosphate (STPP) as
a crosslinker to generate methylene blue adsorbent. Then,
it is continued by investigating the optimum condition of
chitosan/Fe;O, nanocomposite to adsorb methylene blue
through adsorption capacity.

m EXPERIMENTAL SECTION
Materials

Crab shell waste was obtained from Pajala Village,
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Southeast Sulawesi. Local iron sand was taken from Laea
Village, Southeast Sulawesi. The dried iron sand was
separated from impurities using a permanent magnet.
Then, chemical reagents consist of NaOH (Merck), HC]
37% (Merck), NaOCl (Merck), glacial acetic acid
(Merck), nitric acid (Merck), ammonium hydroxide
(Merck), methylene blue, sodium tripolyphosphate
(STPP) (Merck), and Na,SO, (Merck).

Instrumentation

Functional groups of chitosan and chitosan/Fe;Oy
nanocomposite were characterized by FTIR ALPHA
Bruker spectrophotometer with KBr pellet. Then, crystal
lattices of Fe;O, and chitosan/Fe;O, nanocomposite
were analyzed by Bruker Advance X-ray diffractometer.
Meanwhile, the contents of methylene blue after
treatments toward the mixture of adsorbent-methylene
blue in various pH, contact time, and adsorbent mass
were measured by a UV-Visible HITACHI U-2900
spectrophotometer at a wavelength of 664 nm.

Procedure

Isolation of Fe304 from local sand iron

Isolation of Fe;O, from local sand iron was
modified from Rahmi et al. [15]. Local sand iron was
sieved by 100 mesh siever. The sieved sand iron (30 g)
was mixed into 100 mL HCI 37%. This mixture was
heated at 70 °C for 1 h under stirred. Then, the residue
was filtered and separated from the filtrate. The obtained
filtrate was added slowly by NH,OH (25%) solution
under heated at 70 °C for 1 h until a black solid formed.
This solid was neutralized by deionized water and dried
in the oven at 105 °C.

Synthesis of chitosan from crab shell

Crab shell waste was washed with water, dried, ground,
and sieved by a 100 mesh sieve tool to obtain powder
form. Isolation steps of chitin consisted of
deproteination (protein elimination), demineralization
(minerals elimination), and depigmentation (pigment
elimination). The Deproteination step was carried out
by weighing 200 mg of crab shell powder. Then it was
reacted to NaOH (5%) solution at a ratio of 1:10 and

heated for 2 h at 80 °C under stirring. After that, the
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deposit was filtered, neutralized with deionized water
until reached pH 7, and dried at 80 °C for 24 h.

Demineralization step was carried out by reaction of
protein-free chitin and HCI (1.5 M) solution at a ratio of
1:10 under heating at 80 °C and stirring for 2 h. The
deposit was filtered, neutralized with deionized water
until reached pH 7, and dried at 80 °C for 24 h.

In the depigmentation step, chitin with fixed weight
was reacted to NaOCI (0.5%) solution at a ratio of 1:10
and heated for 2 h at 80 °C under stirring. Then, the solid
was filtered, neutralized with deionized water, and dried
at 80 °C for 24 h.

Furthermore, chitin was deacetylated to synthesize
chitosan through a chemical reaction between chitin and
NaOH (50%) solution at a ratio of 1:10 and heated for 2 h
at 80 °C under stirring. After that, the solid was filtered,
neutralized with deionized water, and dried at 80 °C for
24 h. Functional groups of synthesized chitosan were
characterized with an FTIR spectrophotometer. IR
spectra were also used to analyze the percent of
deacetylation degree (%DD) based on the baseline
method, which applies Eq. (1) as follows [20].

%DD:l—{MxL}loO% (1)
Ay 133
Preparation of chitosan- Fe;0, nanocomposite
Synthesis of chitosan-Fe;O; nanocomposite was
carried out by modification of Udoetok et al. and
Woulandari et al. methods [21-22]. Chitosan (1.25 g) was
dissolved into 250 mL acetic acid 1% solution (v/v) to
obtain chitosan solution 0.5% (w/v). Meanwhile, Fe;O,
was suspended in 250 mL of deionized water. Then, 50 mL
from each solution and suspension were mixed to form a
ferrogel solution. This mixture was stirred using a
magnetic stirrer for 30 min. Ferrogel solution was cross-
linked with the addition of 50 mL STPP-sulfate
crosslinker at the ratio of 5:1 via syringe pump (dropping
rate 20 mL/h) under stirring. Chitosan/Fe;O4 in the
colloid form was neutralized and suspended by 50 mL of
After that, it was stored in the
refrigerator at 4 °C. The composite was characterized with

deionized water.

an X-ray diffractometer and FTIR spectrophotometer.
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Optimization of adsorption parameters
Determination of optimum pH. The chitosan/Fe;O,
nanocomposite (20 mg) was entered into 10 mL of
methylene blue solution (100 mg/L) at pH 2. The beaker
glass was covered with aluminum foil and stirred with a
magnetic stirrer for 30 min. After that, it was filtered
using Whatman 42 grade filter paper. Similar treatments
were repeated for pH 5, 7, and 9. The content of
methylene blue in this filtrate was measured with a UV-
Visible spectrophotometer at a wavelength of 664 nm.
Determination of optimum contact time. The
chitosan/Fe;O, nanocomposite (20 mg) was entered into
10 mL of methylene blue solution (100 mg/L) at the
optimum pH. The beaker glass was covered with
wrapping plastic stirred with a magnetic stirrer for 0.5,
1.0, 1.5, and 2.0 h, respectively. Then, the adsorbent was
separated from the solution by Whatman 42 grade filter
paper. The content of methylene blue in this filtrate was
measured by a UV-Visible spectrophotometer at a
wavelength of 664 nm.

Determination of optimum mass. The optimum
mass of nanocomposite as methylene blue adsorbent
was determined by preparing various masses of
nanocomposite from 20, 40, 60, and 80 mg. Each variant
was mixed with 10 mL methylene blue solution
(100 mg/L) using the optimum pH. The Beaker glass was
covered with wrapping plastic stirred with a magnetic
stirrer by applying optimum contact time. Then, the
adsorbent was separated from the solution by Whatman
42 grade filter paper. The content of methylene blue in
UV-Visible
spectrophotometer at a wavelength of 664 nm.

this filtrate was measured by a

The concentration of adsorbed methylene blue was
obtained by subtracting the initial concentration from

the remaining concentration. This remaining
concentration was determined through the equation
from the standard regression curve that plots
absorbance and concentration. The concentration of
adsorbed methylene blue by the presence of
chitosan/Fe;O, nanocomposite was calculated by Eq. (2).
|:1\/IBlds :[MBlnitial _[MB:[ﬁnal (2)
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Adsorbed methylene blue content or the adsorption
capacity, Q (mg/g) of chitosan/Fe;O, nanocomposite was
calculated by Eq. (3) [1]:
=[NIBlnitial _[MB inal
Mgy
where [MB].gs is the concentration of adsorbed MB,
[MB]inisa is the initial concentration of MB (mg/L),
[MBlsna is the concentration of MB at equilibrium

Q x Vsol (3 )

(mg/L), m.q, is adsorbent mass (g), and V, is the volume
of MB solution (L).

m RESULTS AND DISCUSSION
Isolation of Chitin and Synthesis of Chitosan

The obtained chitosan powder was yellowish-white.
The deacetylation degree (DD) of chitosan was
determined by the Domszy and Robert baseline method.
Analysis results showed that the DD value reached
69.79%. Therefore, the obtained compound could be
categorized as chitosan. Then, it was characterized by an
FTIR
functional groups.

spectrophotometer to confirm the specific

Meanwhile, the compliance of synthesized chitosan
and commercial/standard chitosan is listed in Table 1,
which relates the vibrational type of functional group and
its wavenumber. The results in Table 1 show the similarity
of absorption spectra between synthesized chitosan and
commercial/standard chitosan. Thereby, chitosan has
successfully been produced. The difference may lie in the
deacetylation degree (DD) and molecular weight of each
chitosan.

The Isolation of Fe304 from Local Iron Sand and
Synthesis of Chitosan/Fe;04 Nanocomposite

Isolation of Fe;O, compound from 30 g of local
iron sand produced 8.6386 g Fe;Os4 or has a yield of
28.8%. Then, chitosan/Fe;O,
synthesized via cross-linking reaction with STPP-sulfate

nanocomposite was

as a crosslinker. The two materials were analyzed using
an X-ray diffractometer. The diffractograms of isolated
Fe;0, and chitosan/Fe;O, nanocomposite are displayed
in Fig. 1.

The XRD pattern of isolated Fe;O, from local iron
sand generated similar peaks with the XRD pattern of
the Fe;Oy4 standard according to the standard data of
Fe;04-1CSD#26410. This is proved based on four
characteristic peaks at 20 = 30.205°, 35.515° 43.325°,
and 53.711° respectively, with the lattice plane at (220),
(311), (400), and (422) in the diffractogram. A broad
peak at 20 = 35.515° corresponds to the nature and small
crystal of the isolated Fe;O, [23]. Besides that, there are
other peaks with a lower intensity which are thought to
be maghemite (y-Fe,O;) based on the standard
Fe,0;(gamma)-ICSD#172905. Meanwhile, for the
diffractogram of the nanocomposite, the relatively low
peak intensity corresponds to the crystallinity of
chitosan that reduces after cross-linking reactions [15].
Consequently, this amorphous structure can increase
the accessibility of methylene blue to be adsorbed on the
nanocomposite via active sites [15]. A low-intensity peak
at 20 = 21° relates to the peak character of chitosan. The

average size of the Fe;Os and chitosan/Fe;O,

Table 1. The comparison of wavenumber values from vibrational peaks of the functional group on FTIR spectra

between synthesized chitosan and commercial/standard chitosan

Functional group
(vibration type)

Commercial chitosan
wavenumber (cm™)

Synthesized chitosan
wavenumber (cm™)

N-H (stretching) 3442
C-H aliphatic (stretching) 2883
C=0 amide I (stretching) 1651
N-H amide II (bending) 1593
C-N (stretching) 1421
CH;sym (bending) 1377
C-0-C in cyclic (stretching) 1251
C-0O-C (stretching) 1153
C-OH (stretching) 1033

3428
2878
1655
1597
1423
1381
1260
1155
1086
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Fig 1. The diffractogram of (a) isolated Fe;O4 from local
iron sand and (b) chitosan/Fe;O,nanocomposite

nanocomposite crystal (D) was calculated using the
Scherrer formula based on all diffraction peaks. This is
displayed in Eq. (4) [24].

KA

20
Bcos(zj
where K is constant (K = 0.94), which is a correction factor
to determine the full width half maximum (FWHM), \ is
the applied wavelength of the copper source (1.54056 A),
B is the FWHM of the diffraction peak, 0 is diffraction

20 . .
angle, and cos — is the cosine of the angle where the

(4)

diffraction peak was observed. The calculated results
inform that the crystal sizes of Fe;O, from local sand iron
and chitosan-Fe;O, composite are 3.683 and 3.108 nm,
respectively. Therefore, isolated Fe;O, and chitosan-
magnetite composite are classified as nanomaterials.
Meanwhile, the information of IR spectra from
obtained chitosan/Fe;O, composite are listed in Table 2.
Specific functional groups contained in this composite are
confirmed based on bonding vibrations among atoms.
Table 2 displays several vibrational peaks from
composite functional groups that shift after forming a
composite. The typical absorption peak at wavelengths
3389 cm' relates to -O-H and -N-H stretching vibrations.
Then, the absorption peak at 2922 cm™ corresponds to
stretching vibrations of ~C-H aliphatic. Furthermore, the
vibrational peaks at 1655 cm™,1597 cm™, and 1423 cm™
from —C=0 amide 1, -N-H acetamide, and -C-N bonds

Table 2. The wavenumber values from vibrational peaks

of the functional group on FTIR spectra of
chitosan/Fe;O4 nanocomposite
Functional group Wavenumber
(vibration type) (cm™)

N-H (stretching) 3389
C-H aliphatic (stretching) 2922
C=0 amide I (stretching) 1616
N-H amide IT (bending) 1528
C-N (stretching) 1415
CH,sym (bending) 1395
C-0-C in cyclic (stretching) 1100-1020
Fe-O (bending) 1072
Fe-O (stretching) 573
Fe-O (stretching) 442

respectively in chitosan IR spectra shift to lower
wavenumber. This corresponds to the stiffness of
molecular vibration due to the linkage of phosphoric
and ammonium ions in acetamide groups. Peaks at 1100
up to 1020 cm™" relate to ~C-O stretching vibrations.
Meanwhile, the presence of Fe-O bond was confirmed
from the absorption peaks at wavenumbers 573 cm™ and
442 cm™' [25]. Meanwhile, the bending vibration of Fe-
O appears in 1072 cm™.

Optimum pH of Methylene Blue Adsorption by
Chitosan/Fe;04 Nanocomposite

chitosan/Fe;O,
nanocomposite is affected by the pH value of the system.

The performance of

This parameter is an important parameter during the
process of dye adsorption [26]. The adsorption capacity
of chitosan-magnetite nanocomposite as MB adsorbent
at various pH is shown in Fig. 2.

chitosan/Fe;O,
nanocomposite as methylene blue adsorbent occurs at

Optimum  performance  of
pH 9 with the adsorption capacity of 40.27 mg/g. This
corresponds to the addition of a negative charge on the
adsorbent surface, which generates more electrostatic
interactions between active sites in adsorbent and
methylene blue [27]. Chemical bonds can also be formed
if there is sufficient energy. Whereas at lower pH, the
adsorption of methylene blue is not optimal, and the
number of electrostatic interactions and/or chemical
bonds is reduced because the active groups on the
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Fig 2. Correlation graphic between pH and adsorption

capacity

adsorbent tend to be protonated by increasing hydrogen
ions in solution. Consequently, a repulsive force
dominates interactions among the active sites of the
adsorbent and the methylene blue, which has a positive
charge. A significant decrease in adsorption efficiency and
adsorption capacity at pH 5 probably causes some active
sites to be not protonated, but there is competition
between hydrogen ions and MB molecules to adhere/bind
on those active sites.

Determination of Optimum Contact Time

Determination of optimum contact time is required
for information about the effectiveness and the durability
of the chitosan/Fe;O, adsorb
methylene blue. The adsorption capacity of the chitosan-

nanocomposite to

magnetite nanocomposite as an adsorbent to reduce
methylene blue concentration in the various contact times
is displayed in Fig. 3.

The graph in Fig. 3 shows that the contact time
affects the amount of adsorbed methylene blue. Initially,
the amount of adsorbed methylene blue was still relatively
small. This relates to the amount of methylene blue that is
not much attached to active groups and pores of the
chitosan/Fe;O, nanocomposite. Contact time and pH
value for supporting the optimum performance of
chitosan/Fe;O, nanocomposite are at 90 min and pH 9,
respectively. The adsorption capacity increases when the
contact time increases from 30 to 90 min. It indicates that
the methylene blue molecule is still spreading and entering
the active surface sites of chitosan/Fe;O, nanocomposite

46.0 1
—~ 45.0 1
440 +
43.0 1
420 +

41.0 1

Adsorption capacity (mg/g

40.0 1

39.0 T T T "
30 60 90 120
Contact time (min)

Fig 3. Correlation graphic between contact time and
adsorption capacity

at this time range [28]. However, after 90 min, the
performance of chitosan/Fe;O4 nanocomposite against
methylene blue decreases due to equilibrium conditions
in adsorption-desorption processes [29]. It also explains
that MB probably forms a monolayer on the composite
surface. The amount of methylene blue that is weakly
to desorb due to the

adsorbed may return

stirring/shaking effect [30].
Determination of Optimum Adsorbent Mass

The effect of mass toward adsorption capacity of
the chitosan/Fe;O4 nanocomposite as an adsorbent to
reduce methylene blue concentration is displayed in Fig.
4.

Fig. 4 shows an increment and decrement in
methylene blue absorption by the presence of
chitosan/Fe;O, nanocomposite at several masses. The
addition of adsorbent mass from 30 to 40 mg increases
the adsorption of methylene blue because the abundance
of active sites and adsorbent pores also increases [31].
Optimum adsorption capacity occurs when the
adsorption mass is 20 mg. All active groups and pores of
adsorbent have pulled and bound methylene blue
molecules optimally in this condition. Then, the
decrease in adsorption capability at larger mass happens
as a consequence large amount of hydrogen bond
formation between active groups (amine and
carboxylates) on the chitosan surface and also between
active sites and water molecules in solution [5,7,29].
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Therefore, the interaction of those active sites and
MB molecules is restricted. Besides that, the increasing of
adsorbent mass will increase the viscosity of the methylene
blue solution so that ion movement in the solution is
slowed. As a result, the amount of methylene blue with a
larger molecular weight that must be adsorbed on the
surface even reduces [30]. The maximum adsorption
capacity reaches 45.37 mg/g. These results are different
than the previous study in that adsorption efficiency, and
adsorption capacity are 63.6% and 700 mg/g [3].

m CONCLUSION

The use of local sand iron as a source of magnetite
can be conducted through the isolation process. This
magnetite compound can be combined with chitosan
with plentiful specific functional groups to form
chitosan/Fe;O, nanocomposite. This composite was
effective as an adsorbent for reducing methylene blue
content. The largest adsorption capacity reached
45.37 mg/g. Optimum conditions, such as adsorbent
mass, contact time, and pH of a system to support the
performance of chitosan/Fe;O, nanocomposite were

20 mg, 90 min, pH 9, respectively.
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