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AbstractThe synthesis and characterization of Fe2O3 from Iron Sand of the coastal sea of CidaunBeach - SouthCianjur using the coprecipitationmethod has been carried out. The purpose of this research was to identify the crystal structure, magnetic mineral content, andmagnetic properties of iron sands. The characterizations used in this research are X-Ray Diffraction (XRD), Scanning ElectronMicroscope-Energy Dispersive X-Ray (SEM-EDX) and Vibrating Sample Magnetometer (VSM). Based on the XRD results, it showsthat the iron sand sample produces multi-phases, namely hematite (𝛼-Fe2O3), maghemite (𝛾-Fe2O3) and ilmenite (FeTiO3). SEM-EDX results indicate that the iron sand samples have an average particle size of 12.396 𝜇m. VSM results indicate that the iron sandsample is soft magnetic (ferrimagnetic) with saturation, remanence and coercivity values of 47 emu/g, 1.53 emu/g and 102.97 Oe,respectively.
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1. INTRODUCTION

In Indonesia, particularly along the southern coast of Java, iron
sand resources of up to 160 million tons have been published in
2008 (Rianna et al., 2018; Togibasa et al., 2018; Togibasa et al.,
2019). Iron sand is a magnetic material that has the properties
of a ferromagnetic material (Gunanto et al., 2018; Karbeka
et al., 2021; Yulia and Erwin, 2019). Iron sand has several
mineral contents such as hematite (𝛼-Fe2O3), maghemite (𝛾-
Fe2O3), ilmenite (FeTiO3), silica (SiO2), magnetite (Fe3O4),
alumina (Al2O3) and rutile (TiO2) (Nengsi et al., 2016; Si-
hombing and Amiruddin, 2020; Susilawati et al., 2019). In
addition, many unnecessary minerals (gangue) such as K, C,
Mg, Na, Si, Al and Ca elements attached to iron ore can reduce
the magnetic properties of iron sand. Gangue minerals (non-
magnetic) can be reduced by washing the iron sand with acid
or base solutions (Karbeka et al., 2020) .

The iron ore (Fe) content of iron sands in each region varies,
such as in West Sumatra, which has a high iron ore content
of 62%, and in Trenggalek Regency (East Java), which has a
total iron ore content of 22.28-51.26%. The utilization of iron
sands is determined by the high and low Fe content in the sand,
with low Fe contents (57-70%) being used for the production
of cement raw materials and higher Fe contents (>70%) being

used for steel production (Fatmaliana et al., 2020) .
In general, natural iron sands have a ferrite content of 58.39

- 60.23% in the form of hematite (𝛼-Fe2O3) and maghemite
(𝛾-Fe2O3). Fe2O3 is a dark red mineral that is easily contami-
nated by acids. The crystal structure of Fe2O3 is polymorphic,
where some of the phases refer to the octahedral coordination
geometry form, namely there are six oxygen ligand bonds in
the Fe center (Muhajir et al., 2020) . The phases in 𝛼-Fe2O3
and 𝛾-Fe2O3 are different, namely the crystal structures in
hematite and maghemite are cubic and tetragonal, respectively
(Nurayni and Nofitasari, 2018; Saragi et al., 2012; Shokrollahi,
2017). The formation of the crystal structure of iron sand
during the preparation process is influenced by the calcination
or sintering temperature used, as at temperatures below 100°C,
the phase formed is Fe3O4 with a cubic spinel crystal struc-
ture. At temperatures above 100°C to 600°C, a phase from
magnetite to 𝛾-Fe2O3 can be formed, and at temperatures of
1000-1100°C the phase changes to 𝛼-Fe2O3 (Kazeminezhad
and Mosivand, 2014) .

The use of Fe2O3 material has been widely used in various
applications, such as cancer cell targeting drugs, photocatalysts,
waste water treatment and heavy metal removal. This is because
Fe2O3 has the advantages of low cost, good magnetic properties,
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Figure 1. Map of the Iron Sand Sources of the Coastal Sea of
Cidaun Beach

easy surface modification, high density, high stability, high
porosity and high surface area (Fouda et al., 2021; Mishra and
Chun, 2015; Widodo et al., 2020). The preparation of Fe2O3
can be done by several methods, nsamely hydrothermal, sol-
gel, co-precipitation, green synthesis and precipitation (Ahmad
et al., 2023; Babay et al., 2015; Lassoued et al., 2017; Liu
et al., 1997; Tadic et al., 2014).

Currently, the preparation of Fe2O3 from natural iron sand
has been widely carried out as shown in Table 1. Table 1
shows that many researchers have carried out the preparation
of Fe2O3 from natural iron sands of various areas. However,
the preparation of Fe2O3 from the iron sand of the coastal sea
of Cidaun Beach-South Cianjur (Indonesia) has never been
done and the information related to the Fe content is still very
limited. Based on this, this research will be conducted on the
preparation of Fe2O3 from marine iron sand on the coast of
Cidaun-South Cianjur (Indonesia) using the co-precipitation
method.

2. EXPERIMENTAL SECTION

2.1 Material
The materials used in this research are commercial iron sand
from the coastal sea of Cidaun beach - South Cianjur (Indone-
sia) produced by PT Megatop Inti Selaras and map location of
this iron sand is shown in Figure 1, 37% HCl (Merck), and 25%
NH4OH (Technical).

2.2 Preparation of Iron Sand
Commercial iron sand was first characterized by SEM-EDX to
determine the composition of the iron sand. Iron sand is sieved
200 mesh to obtain a particle size close to nano, then iron sand
is milled using High Energy Milling (HEM) with a composition
ratio between iron sand and ball mill (1:10) wt% for 10 hours.
Results of iron sand milling and then preparation using the co-

Figure 2. Diffraction Peak Pattern of Iron Sand Sample After
Preparation

precipitation method. A total of 25 g of iron sand was slowly
added to 150 mL of 37% HCl with stirring (350 rpm) at a
temperature of 100°C within 1 hour. Adjust pH of solution
to 6 by slow addition of 30% NH4OH (per drop). Precipitate
the solution overnight and wash with distilled water until the
filtrate becomes clear, then dry the precipitate at 100°C for 19
hours. The precipitate is then calcined at 400°C for 1 hour and
the sample is characterized (Rianna et al., 2018) .

2.3 Characterization
The instruments used for the characterization of materials
are X-Ray Diffraction (XRD; PANalytical AERIS), Scanning
Electron Microscope-Energy Dispersive X-Ray (SEM-EDX;
PhenomProX Desktop) and Vibrating Sample Magnetometer
(VSM; VSM250). XRD is used to determine the phase and
crystal structure formed in iron sand samples after preparation.
SEM-EDX aims to determine the morphological state and
particle size distribution as well as the content or composition
of elements contained in the sample in iron sand, in this analysis
there are two samples namely "iron sand before preparation"
and "iron sand after preparation".

3. RESULTS AND DISCUSSION

3.1 X-Ray Diffraction (XRD)
The phase and crystal structure formation in iron sand sam-
ples can be shown in Figure 2. Based on Figure 2, it shows
that the phases formed in the sample are Hematite (𝛼-Fe2O3),
Maghemite (𝛾-Fe2O3) and Ilmenite (FeTiO3). The 2𝜃 angle
of 32.647°, which is the FeTiO3 phase, has the highest intensity
peak. The FeTiO3 phase forms a hexagonal crystal structure.
The appearance of the FeTiO3 phase is caused by the pres-
ence of TiO2 elements in the sample so that TiO2 reacts with
FeO to form the FeTiO3 phase. The 𝛼-Fe2O3 phase has fewer
diffraction peaks than 𝛾-Fe2O3, which has a rhombohedral
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Table 1. Preparation of Fe2O3 from Various Natural Iron Sand Sources

Material Source of Iron Sand References

Fe2O3 Lhoong, Aceh (Fatmaliana et al., 2020)
Fe2O3 Paseban Beach, Jember (Al Hadi et al., 2023)
Fe2O3 Sijunjung, West Sumatra (Soekansa et al., 2023)
Fe2O3 Southern Coast of Yogyakarta (Rusianto et al., 2015)
Fe2O3 Sukabumi (Wahyuningsih et al., 2016)
Fe2O3 Banten (Dewi and Adi, 2018)

Figure 3. Morphology and Particle Size Distribution of
Commercial Iron Sand (a,c) Before Preparation and (b,d)
After Preparation

and tetragonal crystal structure, respectively. The number of
𝛾-Fe2O3 phases that appear can be caused by using a calcina-
tion temperature of 400°C, where the 𝛾-Fe2O3 phase can form
from temperatures of 325-400°C (Lepp, 1957) .

3.2 Scanning Electron Microscope-Energy Dispersive X-
Ray (SEM-EDX)

The morphological structure and particle size distribution of
iron sand samples before and after preparation are shown in
Figure 3. Figures 3(a) and 3(c) show the morphology at 20,000
times magnification and the particle size distribution of the
iron sand sample before preparation.The results show that the
sample has smooth spherical particles and there is no agglom-
eration, and the average diameter of the sample is 326.2266
nm. Its particle size is the result of the impact during the
milling process, which has the effect of reducing the particle
size. Figures 3(b) and 3(d) also show the morphology with a
magnification of 300 times and the particle size distribution of
the iron sand sample after preparation. The results show that
the particles are of a bulk size and are agglomerated, with an
average particle diameter of 12.396 𝜇m. There are factors that

influence agglomeration, such as instability between particles
during the preparation process due to increased surface tension
between the grains in the particles. The tension between the
surfaces of the particle grains is caused by the small size of the
small particles, so the surface area becomes large, resulting in
nanoparticle instability. To achieve a stable state, the instability
of the particles causes other particles to try to stick together and
form bonds. These bonds create agglomerated particle grains
(Kiswanto et al., 2021) .

In addition, the EDX results of the iron sand samples be-
fore and after preparation are shown in Table 2. Table 2 shows
the elemental contents of the iron sand samples before and
after precipitation. In the iron sand sample before prepara-
tion, it shows the Fe and O content of 41.79% and 42.60%, the
remainder is the content of elements in the form of gangue
attached to iron ore. It can be said that iron sand has a low per-
centage of purity (<50%). The low Fe percentage value can be
caused by the large size of the iron sand grains. The large size
of the grains in iron sand can be caused by the large number of
impurities, such as minerals, which envelop the magnetic part
of the particles, resulting in a low percentage of dissolution of
non-magnetic minerals. In the iron sand sample after prepara-
tion, the content of Fe and O decreased by 15.27% and 26.66%,
respectively. This decrease may be caused by the increase in
the percentage of impurities in the sample, such as the appear-
ance of Cl element and the increase in the composition of C
element. The Cl element in the sample is caused by the use of
HCl solvents during the preparation process, so a longer wash
is required to remove this element, while the C element is the
material used during the EDX characterization process.

3.3 Vibrating Sample Magnetometer (VSM)
The magnetic properties of the sample are shown in Figure 4.
Figure 4 shows the difference in hysteresis curve area for iron
sand samples before and after preparation. In the iron sand
sample before preparation, it shows a not too narrow curve
with the value of magnetic saturation (Ms), magnetic rema-
nence (Mr) and high coercivity (Hc) of 6.90 emu/g, 17.26
emu/g and 852.13 Oe, respectively. As a result, the sample
is classified as semi-hard magnetic as well as ferromagnetic.
Materials with a coercivity between 125-5026 Oe or 10-400
kA/m are considered semi-hard magnetic. The iron sand sam-
ple after preparation shows a narrow curve with Ms, Mr and
Hc values of 9.47 emu/g, 1.53 emu/g and 102.97 Oe, re-
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Table 2. Elemental Content of Iron Sand Sample

Sample
Elemental Weight (wt%)

C O Mg Al Si Cl Ti V Mn Fe Ca

Iron Sand 5.85 42.60 1.21 1.31 0.48 - 6.06 0.28 0.30 41.79 0.11
(Before Preparation)

Iron Sand 41.46 26.66 0.10 0.30 0.14 13.97 2.00 - 0.10 15.27 -
(After Preparation)

Figure 4. Hysteresis Curves of Iron Sand Samples Before and
After Preparation

spectively. As a result, the sample is classified as soft magnetic
and ferrimagnetic. The decrease of the coercive field strength
in the sample from 852.13 to 102.97 Oe can be caused by
using the calcination temperature of 400°C for 1 hour. The
use of temperature in the sample preparation process can have
an effect on the magnetic properties of the sample. This is
because temperature can disrupt the magnetic domain in a
material, causing the spin-spin of the magnetic domain in the
same direction to be reduced. The reduction in the spin-spin
of the magnetic domain can cause the magnetic properties of
the material to decrease so that the ferromagnetic iron sand
sample becomes ferrimagnetic (Patimah and Saraswati, 2016) .

4. CONCLUSION

The analysis of crystal structure, morphology and magnetic
properties of iron sand from the coastal sea of Cidaun-Cianjur
has been completed. The prepared iron sand produces multi-
phases, namely 𝛼-Fe2O3, 𝛾-Fe2O3 and FeTiO3, and the av-
erage particle size obtained is 12.396 𝜇m. In addition, the
change of coercivity value from 852.13 Oe (semi-hard mag-
net) to 102.97 Oe (soft magnet) in the sample can be caused
by the use of calcination temperature of 400°C.
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