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Abstract

The chitosan/activated carbon (AC)/Fe;04 nanocomposite has been successfully synthesized.
The nanocomposite was then characterized to investigate its structural, magnetic, and heavy
metal Cr(IIT) adsorption characteristics using XRD, SEM, FTIR, VSM, and ICP-OES. The
chitosan/AC/Fe3;04 nanocomposite performed a single phase with a cubic inverse spinel
structure with a lattice parameter and crystallite size of 8.38 * 0.01 A and 5.04 * 0.09 nm,
respectively. The SEM image showed that the morphology of chitosan/ AC/Fe304 tended to be
spherical with an average particle size of 51.4 * 0.4 nm. The FTIR spectrum showed that
the chitosan/AC/Fe304 nanocomposite exhibited the presence of a B-1,4-glycosidic bond at
858 cm™! originating from chitosan. The C=C functional group and Fe-O bonds appeared at 1606
and 439-642 cm™, indicating the presence of AC and FesOs. The chitosan/AC/Fe304
nanocomposite had superparamagnetic properties with a saturation magnetization value of
36.27 + 0.05 emu/g. Furthermore, the chitosan/AC/Fe3;04 nanocomposite had a capacity and
efficiency for Cr(III) adsorption of 13.95 mg/g and 27.88% at a contact time of 240 min,
respectively.
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1. Introduction

In recent years, chromium waste pollution caused by
industrial development has become a concern because of its
significant impact on human health (Amjad et al., 2020), such as
skin irritation, kidney problems, digestive disorders, and lung
cancer (Khanduri, 2020; Xiong et al., 2023). Therefore, to address
these problems, developing wastewater treatment strategies is
crucial. In the last few decades, nanoparticle-based adsorption
methods have been widely developed due to their flexibility,
economy, and effectiveness (Lakherwal, 2014). In this regard, due
to their large surface area, chitosan nanoparticles are one of the
materials that are widely used to overcome heavy metal ion
pollution, namely chitosan nanoparticles, so that they provide very
good adsorption (Zhang et al., 2021). This is important because the
adsorption performance is highly dependent on the particle surface
area, which has been empirically demonstrated in
previous research, where the adsorption capacity increased from
368 to 1500 mg/g along with the increase in surface area from
858 to 3022 m?/g (Xu et al., 2015). In this context, chitosan has
advantages related to the amino and hydroxyl groups contained in
it, making it effective as an adsorption site (Wang, K. ez al., 2023).
However, despite these advantages, chitosan still has low
mechanical strength and selectivity, and is easily soluble in acids,
which limits its performance (Larasati ef al., 2022). Based on this
explanation, it is important to propose a solution through the
incorporation of other materials such as activated carbon (AC) to
improve its characteristics.

Engineering through the incorporation of AC is important
because it has the advantages of pores and a large surface area
(Gao et al., 2020), thus showing good adsorbent performance
(Nejadshafiee and Islami, 2019). Furthermore, AC also has other
advantages for use as an adsorptive material because it has various
important functional groups (Heidarinejad et al., 2020). However,
for the benefit of advanced applications that require superior
adsorption performance, further engineering with other materials
is also important through a combination of Fe3O4 nanoparticles.
This is important because these nanoparticles have a large surface
area to improve their performance (Liu ez al., 2020), including the
advantage of strong magnetic properties. In this research, the
synthesis of AC and Fes;Os is proposed using natural resources
from coconut shells and iron sand.

2. Experimental

2.1. Synthesis

In this research, materials such as HCl, H.O, NH40OH,
HNOs3;, iron sand, shrimp, and coconut shells were used in the
synthesis process. Specifically, Fe;O4 was synthesized using iron
sand by reacting with HCl to obtain a solution, followed by
reaction with NHsOH (Febrianti et al., 2023). To obtain Fe3Os
nanoparticle powder, the resulting product was then washed
repeatedly and heated at a temperature of 100 °C. Meanwhile,
charcoal obtained from coconut shells was prepared through a
combustion process at a temperature of 400 °C in the AC synthesis
process (Saputra et al., 2021). Next, HNO; was used to react with
the combustion product, followed by a repeated washing process.
In more detail, the process of making chitosan/AC/Fe;Oq4
nanocomposite followed previous research (Utami ez al., 2023).
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2.2. Characterization

The characterization was carried out using X-ray
diffraction (XRD) to determine crystallite sizecrystal structure.
Scanning electron microscopy (SEM) was employed to determine
the sample’s morphology and particle size. Fourier-transform
infrared (FTIR) spectroscopy was employed to determine the
functional groups. A vibrating sample magnetometer (VSM) was
applied to determine the sample’s magnetic properties. Then,
inductively coupled plasma-optical emission spectrometry (ICP-
OES) was used to determine the adsorption performance for heavy
metal chromium.

3. Results and Discussion

Figure la shows the x-ray diffraction pattern of the
chitosan/AC/Fe;Os nanocomposite with diffraction peaks
appearing at 26 = 30.11°, 35.48°, 43.13°, 53.49°, 57.12°, and
62.73°, which represent hkl planes (220), (311), (400), (422), (511),
and (440), respectively. Based on the results of data analysis, it is
known that the resulting diffraction peaks were related to the
diffraction pattern of magnetite (Fe3;O4). Structurally, this material
forms a cubic spinel system. Examining Fig. 1b, it can be seen that
the Fe** ions in Fe:Os occupy tetrahedral and octahedral sites.
Interestingly, the Fe?* ions only occupy octahedral sites which are
structurally an inverse spinel type. The results of data analysis also
show that the diffraction peaks of AC and chitosan are not
detected, which conceptually means that both do not form a cubic
crystalline system but are amorphous (Bai et al., 2018; Hu et al.,
2018; Juang et al., 2018). In general, the results of this study show
a similar pattern to the results of previous studies, especially related
to the diffraction peak pattern of AC, Fe3Os, and chitosan
(Cavusoglu et al., 2019). The particle size of Fe;O4 was 5.04 + 0.09
nm with the lattice parameter of 8.38 + 0.01 A.
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Figure 1. (a) X-ray diffraction pattern and (b) crystal structure of
chitosan/AC/Fe304 nanocomposite.
Source: Elaborated by the authors.
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The  morphology of the  chitosan/AC/Fe;Oq4
nanocomposite is shown in Fig. 2a. Nanocomposites consist of
spherical particles and tend to agglomerate. Agglomeration is
caused by magnetic forces so that the particles attract each other
(Modaresi et al., 2019; Wang, H. and Shadman, 2013). The particle
size distribution of the nanocomposite was 51 nm (Fig. 2b). The
particle size is still in the nano category, so it has a high affinity
and is advantageous for adsorbing heavy metals (Peng ez al., 2016).

Frequency (arb. u.)
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Figure 2. (a) Morphology and (b) particle size distribution of
chitosan/AC/Fe304 nanocomposite.
Source: Elaborated by the authors.

The FTIR spectrum of the chitosan/AC/Fes30s
nanocomposite is shown in Fig. 3 with a wavenumber range from
4000 to 400 cm™. Based on the results, it can be shown that the
stretching and bending of the O—H functional groups were detected
at 3304 cm™ (Peng et al., 2016). Then, the alkane group appeared
around 2308 cm™!, indicating the presence of stretching vibrations
on the C-H functional groups (Munasir and Kusumawati, 2019).
Moreover, the C=C functional group was detected at 1606 cm™,
as the main functional group of carbon (Muraleedharan et al.,
2015). In general, the analysis results show that the main
functional groups of AC, chitosan, and Fe;Os were detected as
evidence of the successful synthesis of chitosan/AC/Fe3Os
nanocomposite. In more detail, this can be seen from the C-O
functional group detected at 1257 and 1062 cm™ (Munasir and
Kusumawati, 2019). Meanwhile, the H-O-H functional group
was detected at 392 and 1606 cm™). The stretching vibration of the
B-1,4-glycosidic bond appeared at 858 cm™, as a characteristic
bond of chitosan. Furthermore, the Fe—O functional group was
detected at 439 cm™ and 640 cm™ (Malega et al., 2018), which
showed vibrations in the octahedral and tetrahedral positions,
respectively.
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Figure 3. Spectrum of chitosan/AC/Fe3;O4 nanocomposite.
Source: Elaborated by the authors.

In addition to the characterization of the crystal structure
and functional groups, magnetic characterization was also carried
out in this study, the results of which are in the form of an M—-H
hysteresis curve in Fig. 4. The hysteresis curve was analyzed
quantitatively and produced a saturation magnetization (Ms) of
36.27 £ 0.05 emu/g. The results of this analysis, when compared
with previous studies (Liu et al., 2016), showed a much smaller
value. The decrease in the saturation magnetization value is
predicted due to the addition of diamagnetic materials from AC
and chitosan (Gholami et al., 2019; Komlev et al., 2018). Other
quantitative analyses also show that the nanocomposite
synthesized in this study has a coercivity field and remanent
magnetization of 0.02 T and 0.01 emu/g, respectively, indicating
superparamagnetic characteristics (Rampengan and Tompunu
Tengker,  2021).  Therefore, the  chitosan/AC/Fe;O4
nanocomposite has a high potential for application in various
fields.
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Figure 4. M-H hysteresis curve of chitosan/AC/Fe3O4
nanocomposite.
Source: Elaborated by the authors.

page 3/6


https://doi.org/10.26850/1678-4618.eq.v51.2026.e1570
https://doi.org/10.26850/1678-4618.eq.v51.2026.e1570

Original Article, Education in Chemistry and Correlated Areas

The heavy metal adsorption characterization of
chitosan/AC/Fe;Os nanocomposite was carried out at various
contact times of 60, 120, 180, and 240 min, where the results are
shown in Fig. 5. Based on the characterization results, the
maximum values of adsorption capacity and efficiency were
achieved at 13.95 mg/g and 27.88%, respectively, at a contact time
of 240 min, as shown in Table 1. Interestingly, when compared
with the results of previous research (Ahmad er al., 2015), the
performance of the nanocomposite from this research
(13.95 mg/g) showed a better value than the adsorption capacity
of pure chitosan, which was only 11.6 mg/g. Furthermore, the
research conducted by Bernard et al. (2013) also showed that AC
had an adsorption capacity and efficiency of 3.22 mg/g and
26.15%, respectively. Xue et al. (2021) also showed an adsorption
capacity of Fe;Os of 11.30 mg/g. The chitosan/AC/Fe3O4
nanocomposite exhibited a higher capacity and efficiency as an
adsorbent than those of previous studies. Therefore,
chitosan/AC/Fe30Os nanocomposites synthesized from natural
materials also have great potential for application as adsorption of
heavy metals, especially chromium.
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Figure 5. Graph of contact time relationship to (a) capacity and
(b) adsorption efficiency of chromium metal by
chitosan/AC/Fe;Osnanocomposite.

Source: Elaborated by the authors.
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Table 1. Table of contact time relationship to capacity and
adsorption efficiency of chromium metal by chitosan/AC/Fe;O04
nanocomposite.

t (m) Cro (ppm) Cr: (ppm) q (mg/g) Efficiency (%)
60 100.06 83.33 8.36 16.72
120 100.06 79.29 10.39 20.76
180 100.06 77.46 11.30 22.59
240 100.06 7217 13.95 27.88

Source: Elaborated by the authors.

4. Conclusions

The chitosan/AC/Fe;Os nanocomposite for the
adsorption of heavy metals has been successfully synthesized. The
XRD characterization confirmed that the chitosan/AC/Fe3;O4
nanocomposite had a single crystalline phase, namely
Fe;04, with an inverse cubic spinel structure with a crystal size of
5.04 = 0.09 nm. The nanocomposite was composed of imperfectly
spherical particles with a size of 51.4 + 0.4 nm. The presence of
chitosan and AC materials was confirmed by the vibrations of the
—1,4-glycosidic and C=C bonds at wavenumber 858 and
1606 cm™, respectively. The chitosan/AC/Fe;0s nanocomposite
had superparamagnetic properties with a saturation magnetization
value of 36.27 + 0.05 emu/g. Furthermore, for the adsorption of
heavy metals, the chitosan/AC/Fe3Os nanocomposite had a
capacity and efficiency of 13.95 mg/g and 27.88%, respectively, at
a contact time of 240 min.
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