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ABSTRACT

Analysis and characterization of the natural iron sand of the Bah Bolon River in Simalungun
Regency has been carried out. Separation of iron sand is carried out using a 500 Gauss
permanent magnet 10 times. After that, the iron sand is washed using Aquades 5 times so that
the iron sand is clean of impurities and dried using an oven at a temperature of 850 C for 24
hours. Iron sand samples with a size of 250 mesh (74um) were then characterized using SEM-
EDS and VSM. Measurements using SEM-EDS show that the Sungai Bah Bolon iron sand
contains 66.9% Fe, 24.3% O, and 8.8% other elements. Meanwhile, the hysteresis curve from
the results of measurements with a Vibrating Sample Magnometer (VSM) shows that the Bah
Bolon River iron sand has magnetic saturation (Ms), magnetic remanance (Mr), and coercivity
(Hc) properties of 57.70 emu/g respectively 7.09 emu/g, and 129.93 Oe.
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INTRODUCTION often found on beaches and along river
flows.

Iron sand contains magnetic minerals
such as magnetite (Fe304), hematite (a-
Fe203), and maghemite (Y-Fe203) (Effendy
et al., 2014)(Susilawati et al., 2017)(Arsyad
et al., 2018). Apart from that, iron sand also
contains non-magnetic materials such as
silicon oxide which also affect its magnetic
properties (Susilawati et al., 2022). The
magnetic content contained in iron sand
makes iron sand have wide applications in

Iron sand is iron ore in the form of
sand which is often found in nature mixed
with sand (Susilawati et al., 2015)(Toto et
al.,, 2012). Iron sand is formed due to the
erosion of natural rocks containing iron
minerals, which occurs as a result of the
destruction process by weather and rain
which then accumulates and is washed by
sea waves or river water flows (Palkrisman
& Budiman, 2014). Therefore, iron sand is
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various fields such as electronics, energy,
chemistry, ferrofluids, catalysts, medical
diagnosis and others. The wide application
of iron sand can be done by further
processing the iron sand into magnetic iron
oxide nanoparticles (Fadhil et al., 2021).

In the industrial sector, iron oxide
Fe304 can be used in electronic engineering
(Indrayana, 2019),as a material for making
permanent magnets and a material for
making thin films (Ansari et al,
2020)(Wangoh et al., 2020).

Whereas Iron oxide a-Fe203 can be
used as a raw material for cathodes in
lithium batteries (Ma et al., 2020), hydrogen
gas sensor (Sharma et al., 2020), as well as
supercapacitors (Li et al., 2021). Iron oxide
Y-Fe203 can also be wused as a
supercapacitor material in electrodes and as
a base for dry ink in photocopiers and laser
printers (Fahlepy et al., 2018).
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The Bah Bolon River has abundant
iron sand potential, one of which is in
Dagang Il Village, one of the villages in the
Simalungun Regency area, where the
samples for this research were taken. The
sand in the Bah Bolon River has a blackish
color and is often found along the Bah
Bolon River (Susilawati et al., 2019)(Karbeka
et al.,, 2020). With this abundance of iron
sand, research has been carried out
specifically on the analysis of the crystal
structure and magnetic properties of iron
sand from the Bah Bolon River so that it can
be further developed as a potential iron
sand as raw material for making permanent
magnets. In this research, the extraction or
separation process of iron sand from sand is
carried out using a magnet which attracts
the metallic materials contained in the iron
sand. Next, the iron sand samples were
characterized using SEM-EDS to determine
the surface morphology of the samples and
the percentage of mineral content as well
as measurements using VSM to determine
the magnetic saturation and coercivity
values of the Bah Bolon River iron sand.

RESEARCH METHODS

Iron sand was taken from the Bah
Bolon River in Dagang Il Village, Bandar
District, Simalungun  Regency, North
Sumatra as can be seen on the geological
map of the research area in Figure 2.
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In the sample preparation process,
the iron sand was first separated using a
500 Gauss permanent magnet 10 times.
After that, the iron sand is washed using
Aguades 5 times so that the iron sand is
clean from impurities such as dust that stick
to the iron sand, and then dried in the oven
at a temperature of 850 C for 24 hours. To
increase the level of homogeneity of the
iron sand, it is refined using a mortar cup
and then filtered using a 250 mesh (74 um)
sieve. The iron sand samples were then
characterized using SEM-EDS to see the
morphology and mineral content contained
in the iron sand and VSM to determine the
magnetic properties of the iron sand.

RESULTS AND DISCUSSION

SEM & EDS

The results of SEM-EDS
characterization of the finely ground Bah
Bolon natural iron sand are shown in Figure
3.

Page

1635

| | Map Sum Spectrum
Wth o
669 01
243 01
45 00
13 00
07 01
07 00
07 00
05 00
03 00
00 00
00 00

o=

T L L L B L B L L L L L LA L L
5 10 15 keV|

(b)

Figure 3a. SEM characterization results; 3b.

EDS results
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Based on the SEM photo results
(Figure 3a), the morphology and
distribution of the Bah Bolon River iron sand
at 1,000 times magnification shows that the
particles in the iron sand sample have a
non-round (aggregate) and rough shape. It
can be seen that the surface morphology
structure is quite homogeneous.

From the Bah Bolon natural iron sand
sample, the results of EDS analysis detected
the elements contained in the sample which
can be seen in the table in Figure 3b.

From the table that can be seen in the
EDS measurement results (Figure 3b), it
shows that iron (Fe) is the dominant
element at 66.9%, Oxygen (O) at 24.3%, and
other elements at 8, 8%. The elements Fe
and O are elements that originate from the
magnetite (Fe304), hematite (a-Fe203),
and maghemite (Y-Fe203) phases. Where
magnetite, hematite, and maghemite are
oxides that are generally found in iron sand
(Pratap et al., 2021)(Husain et al., 2016).
Meanwhile, other components such as Ti,
Al, Cu, Mn, Si, and V have a percentage of <
10% in iron sand. The characteristics of
magnetite iron ore are that it is blackish in
color, difficult to reduce, and has very
strong magnetic propertie (Albar J et al.,,
2022).

The Fe content in Bah Bolon natural
iron sand is 69.9%, which is the largest Fe
content, much higher than the iron sand
that was studied at Puntaru Beach, Alor
Regency, NTT (34.63%)(Karbeka et al.,
2020), Ambal coast (21 %)(- et al., 2014),
Musi River (9.49%)(Luh Ayu Melinia, Endah
Puspita, Marzuki Naibaho, Ramlan, 2022),
and also still higher than the iron sand of
Kata Beach, West Sumatra (55.15%)(Rianna
et al, 2018). This is thought to have
originated from the eruption of the Toba
volcano which occurred around 74,000
years ago. Toba erupted megacolossally,
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reaching a volcanic explosion index (VEI-
volcanic  explosivity index) above a
maximum value of 8.0, throwing a minimum
of 2,800 km3 of explosive material/ejecta to
a minimum height of 40 km, then covering
an area of 100 x 30 km. The Toba super
eruption is calculated to have produced 3
billion tonnes of fine ash and 540 billion
tonnes of water ejected high into the
stratosphere. The eruption material is
mostly a mixture of gas and magma which
has been reduced to volcanic ash due to
strong pressure, ignited, mixed with older
rock fragments originating from the walls of
mountain crevices. These fiery volcanic
clouds were thrown everywhere and the
sediment fell down the lowlands around
Toba, especially to the wide lowlands in the
northeast, namely the Pematangsiantar
area(Satyana et al., 2013).

VSM (Vibrating Sample Magnetometer)

The hysteresis curve of natural iron
sand for the Bah Bolon River can be seen in
Figure 4.
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Figure 4. Hysteresis curve of natural iron
sand in Bah Bolon
Based on the hysteresis curve which
can be seen in Figure 4, the magnetic
saturation value (Ms) is 57.70 emu/g, the
magnetic remanence value (Mr) is 7.09
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sand research that has been carried out on
its magnetic properties in Table 1.

emu/g, while the coercivity field value (Hc)
is 129.93 Oh. We can see some of the iron

Table 1. Magnetic properties based on the results of several previous studies

No Place name Saturation Remanance Coercivity Ref
1 Alor Beach 25.42 emus/g 5 emus/g 200 Oe (Karbeka et al., 2020)
2 Musi River 46.61 emus/g 8.72 emus/g 322.09 Oe | (Luh Ayu Melinia, Endah Puspita,
Marzuki Naibaho, Ramlan, 2022)
3 Ambal Beach 31.88 emus/g 5.55 emus/g 123 Oe (Effendy et al., 2014)
4 Beach said 30 emus/g 4 emus/g 93 Oe (Rianna et al., 2018)

Based on the results in the table
above, iron sand from the Bah Bolon River
has a higher saturation value than previous
research. This is thought to be because the
iron sand content of the Bah Bolon river is
much higher. Based on the data obtained,
the coercivity value (< 132 Oe), the sample
can be categorized as a soft magnet(Rianna
et al., 2018).

CONCLUSION
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