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This study aims to analyze silica's morphological characteristics and electrical
properties based on the river and coastal sand. Iron samples were taken from
Sompang river sand, East Lombok, and Coastal Sand from Gading, Mataram
City. The silica was synthesized using the sol-gel method with a sintering
temperature variation of 100 to 175 °C. Morphological characteristics samples
analysis was done using SEM-EDX. The electrical properties of iron sand
included measuring the dielectric constant using the parallel plate method.
Furthermore, the resistivity was measured using the two-point probe method.
In the silica-based on river sand sample, the resistivity value was inversely
proportional to the sintering temperature. In contrast, the resistivity value of
silica based on the coastal sand sample was directly proportional to the
sintering temperature. Silica-based on river sand has a resistivity of about
7.1'10* Qm at a sintering temperature of 100°C and 3.5'10* Qm at a sintering
temperature of 175°C. Silica-based on river sand has a resistivity of about
1.8'10* Qm at a sintering temperature of 100°C and 7.1'10* Qm at 175°C. This
research is a preliminary study on the electrical properties of natural sand-
based silica to improve understanding of the physical properties of silica to be
used in technological applications, such as sensors. Furthermore, the
dielectric constant value in the river sand sample was directly proportional to
the sintering temperature. However, the dielectric constant in the coastal sand
sample was inversely proportional to the sintering temperature. Silica-based
on river sand has a dielectric constant of about 1.02'10? at a sintering
temperature of 100°C and 1.18'10% at 175°C. Silica-based on coastal sand has
a dielectric constant of about 1.97'102 at a sintering temperature of 100°C and

1.15'10% at 175°C.

© 2022 Physics Education Department, UIN Raden Intan Lampung, Indonesia.

INTRODUCTION

Indonesia has abundant natural resources.
One of the natural resources found in mineral
materials such as iron sand. Iron sand can
generally be synthesized as an additive to
cement and steel. In nanotechnology, iron
sand is widely used as a catalyst, energy
storage, magnetic data storage, ferrofluid,
absorbent (Khan et al., 2021), and medical
diagnosis (Satria et al., 2021).

Iron sand is also used in nanotechnology
(Cheng & Zheng, 2022; Chundawat et al.,
2022; Liu et al., 2022; Oktaviani et al., 2020).

According to the source, there are three
groups of iron sand, namely sea sand
(sourced from the sea/beach), excavated sand
(sourced from the soil), and river sand
(sourced from rivers). Iron sand can be found
in river sand, excavated sand, and coastal
sand. Furthermore, iron sand contains
magnetic minerals such as magnetite
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(Fe;0,), maghemite (y —Fe,03), and
hematite (¢ — Fe,03) (Didik et al., 2020; EI-
Feky et al., 2022; Liu et al., 2022).

Magnetite is more easily oxidized by air
than maghemite and reaches a maximum
amount when the temperature is raised to
220°C. This transformation continues to
produce hematite which reaches its
maximum at 320°C. This transformation will
undoubtedly change the physical properties
of magnetite as an adsorbent. Therefore, this
conversion is essential in applying magnetite
as an adsorbent (Sebayang et al., 2018).

The areas which has more iron sands in
Indonesia is Lombok island (Asrietal., 2021,
Pavlov et al., 2022; Susilawati et al., 2018).
Lombok Island is located in the central part
of Indonesia and has abundant natural
resources. One of them is a mineral resource
like silica sand situated in the eastern part of
Lombok in the river and beach area (Dewi &
Adi, 2018). Silica sand has many uses and
can be used as the primary raw material in the
glass industry (Gu et al., 2022; Pal et al.,
2022; Wang et al., 2022; Zhang et al., 2022),
cement (Mishra et al., 2017), ceramic mosaic
(Puspitaningrum et al., 2017), ferrous silicon
raw material, and sensor (Pal et al., 2022;
Zheng et al., 2019). Until now, silica sand's
potential in river and coastal sand has not
been optimally utilized (Didik et al., 2021).

Coastal and river sand has not had many
different characteristics and has almost the
same content (Didik et al., 2021). However,
the surrounding community has not fully
utilized natural sand from the river because
many people don’t know the potential of iron
sand. In general, difference between beach
sand and river sand is shown in table 1.

Table 1. Comparison of physical properties of
magnetic minerals based on river sand and
beach sand (Didik et al., 2021).

Physical Material Material
properties magnetic magnetic
based on based on
Coastal sand river sand
Colour Darker Dark
Morphology Uniform _ Not_unifo_rm
particle size particle size

Physical Material Material
properties magnetic magnetic
based on based on
Coastal sand river sand
Mineral
magnetic 88.169 62.639
percentage (%)
Fe content 9.03 8.03
(mg/gram)

In previous studies, several methods of
synthesizing river sand and coastal sand and
their ~ morphological and  electrical
characteristics have been found by using
several methods, such as the coprecipitation
method (Kurniawan et al., 2017), alkaline
precipitation (Rianna et al., 2018), solid-state
reaction (Malega et al., 2018), sol-gel
(Fernandez-Fernandez et al., 2022; Vopel et
al., 2017; Yan et al., 2022), coprecipitation
sonication (Chen et al., 2016), and
hydrothermal (Mishra et al., 2017). Mineral
content and morphology characteristics were
analyzed using X-Ray Fluorescence (XRF)
(Rianto et al.,, 2018) and X-Ray
Diffractometer (XRD) (Puspitaningrum et
al., 2017), and Scanning Electron
Microscope (SEM) (Malega et al., 2018).

However, there has been no research on
the synthesis of iron sand nano silica based
on river sand and coastal sand and its
morphological and electrical characteristics,
which are synthesized by the sol-gel method.
Therefore, the researchers researched the
synthesis of silica-based on river and coastal
sand in Lombok Island and characterized the
morphological and electrical characteristics.

METHODS

This research was carried out at UIN
Mataram Physics Laboratory. The synthesis
method used in this research was the Sol-Gel
method (Hou et al., 2018; Pavlov et al.,
2022). Iron sand samples were taken from
Sompang river sand in East Lombok and
Coastal Sand from Gading in Mataram City.
Other research components were HCI
solution with 12 M concentration Physical
Analysis  (99%) from Sigma Aldrich,
NH4OH solution with a concentration of 6,5
M PA (99%), and distilled water. The
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morphological characteristic and mineral
content were determined using SEM-EDX
type Jeol JCM-7000.

w"“_”_i?_ “” _

Figure 1. Research Location

The samples were separated using
permanent magnets and then sun-dried for
four days. The samples were then oven-dried

Characterization using SEM-EDX:
Mineral Content, Morphology, and
Electrical Properties

DATA ANALYSIS & DISCUSSION CONCLUSION

Dry at 100°C, 125°C,
150°C, 175°C

at 100°C for two hours after being washed
four times wusing distilled water. The
researchers sieved the iron sand sample using
200 mesh of sieve to separate the iron sand
from  impurities and other  coarse
components. The samples were synthesized
using the sol-gel method. Ten grams of iron
powder were dissolved into a 20 ml HCI
solution with a 12 M concentration. The
solution was stirred using a magnetic stirrer
at 90 °C for 60 minutes. The samples were
then dripped with a 6,5 M concentration of
NHsOH until the precipitate formed (Setiadi
et al., 2018; Yu et al., 2022). The samples
were then filtered with filter paper and
washed four times using distilled water. They
were dried in an oven at 100, 125, 150, and
175 °C. The chart of the experimental
procedure of this research is shown in Figure
2.

Precipitated solution with 25 ml
of NHAOH 6.5 M for 30 minutes

|
== +

Figure 2. Experimental Procedure
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Resistivity measured by using 2-probe
points is shown in Figure 3. The CASSY 2
was used to measure the current and voltage
values. This tool immediately displayed the
current and voltage values on the CASSY 2
sensor. The equations to determine
resistivities were 1 and 2 (Ningsih; et al.,
2019).

LEVBOLD 2
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R is the electrical resistance of the iron
sand (Q), V is the applied input voltage
(volts), I is the generated current (A), Qm is
the resistivity of silica, A is the cross-
sectional area of the probe (m?), and L is the
distance between probes (m).

]
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Figure 3. Instrument of silica based on iron sand electric properties measurement (a) two probe method for

resistivity, (b) parallel plate for dielectricity

Dielectricity was measured by using
parallel plates. The plates’ size was 1.25 cm?,
and the distance between plates was 1 cm
(Ningsih et al., 2019). The iron sand
capacitance value was analyzed using
equation 3, and the dielectric constant value
was obtained using equation 4 (Ningsih; et
al., 2019).

c== 3)
_ - d 4)
= CeoA

C is the capacitance of the iron sand (F),
A is the plate area (m?), e is the air
permeability (8.85 x 10? F/m), d is the
distance between the plates (m), and er is the
dielectric constant of the silica-based on iron
sand.

RESULTS AND DISCUSSION

Silica-based on coastal sand and river
sand mineral content was analyzed using
EDX. Mineral content analysis results are
shown in Table 1.

Based on Table 2, silica is the highest
mineral content. Silica coastal sand content is
(36.8 £0.3) %, while silica river sand content
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iIs (27.8+0.3) %. The intensity of the
characteristic X-rays reflected as a result of
EDX analysis is shown in Figure 4.

Table 2. Magnetic mineral content characteristics
analyzed by EDX
Atomic percentage (%)

agnetc M0l
No Element  mineral based
based on
on Sompang .
. Gading
River sand
Sand
1 C 8,4+0,3 15,8+0,5
2 0 40.3+0,6 32,5+0,5
3 Na 2,8+0,1 1,1+0,1
4 Fe 3,1+0,2 3,0+0,2
5 Ca 1,1+0,1 1,3+0,1
6 Si 27,8+0,3 36,8+0,3
7 K 3,5+0,1 1,2+0,2
8 Al 7,3+0,2 7,9+0,2
9 Ti 0,3+0,1 0,4+0,1
10 Mg 0,4+0,1 0,3+0,1

The river's and  coastal sand
morphological characteristics were analyzed
at UIN Mataram using Scanning Electron
Microscope type Jeol JCM-7000. The
morphological characteristics of silica based
on coastal iron sand samples sintered at a
temperature of 100°C are shown in Figure 5.

Figure 5 shows the morphological
characteristics of silica-based coastal iron
sand sintered at 100°C. Figure 5 (a) is the
result of SEM with a magnification of 2500x,
while Figure 5 (b) is a diagram of the
percentage distribution of grain sizes of silica
based on coastal iron sand samples. The
distribution of grain sizes silica based on
coastal sand samples 70% has grain size 0-3
um, 3-6 um has a percentage of 10%, and
20% has grain size 6-10 wm. The
morphological characteristics of silica based

on river sand samples sintered at a
temperature of 100°C are shown in Figure 6.

Figure 6 shows the silica-based river sand
sample  morphological characteristics
sintered at a temperature of 100°C. Figure 6
(@ shows the result morphological
characteristic of silica based on river sand
analyzed using SEM with a magnification of
2500x. Figure 6 (b) is a diagram of the
percentage distribution of grain size of the
silica-based river sand sample sintered at a
temperature of 100°C. The distribution of
grain sizes silica based on river sand samples
14,29% has grain size 10-50 um, 50-100 um
has a percentage of 21,43%, 28,56% has
grain size 100-200 um and grain size 200-
250 wpmwith 14,29% percentage. The
distribution of silica grains based on coastal
sand is more uniform than that of grains
based on river sand. This is indicated by the
greater variation in grain size percentage of
silica based on river sand (figure 6b)
compared to silica based on coastal sand
(figure 5b).

Table 3. The average grain size of silica is based
on river sand and coastal sand
Average grain size (um)

Tf%”;g:;rt‘gre Silica-based _Silica-based
0 on Coastal on river
sand sand
100 3,148 121,299
175 107135 77,663

Morphological characteristics Analysis of
silica based on river sand and coastal sand
using SEM shows the average grain size. The
average grain size of the results of the SEM
analysis is shown in Table 3.
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Figure 4. Minerals content analysis spectrum measured using EDX on () coastal sand from Gading Beach and
(b) river sand from Sompang River

[ 3 The Size Distribution Of Iron Sand
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20%
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T
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Grain Size Distribution (micrometer)

(a) (b)
Figure 5. Morphological Characteristics of silica based on Coastal Sand Samples at sintering Temperature of
100°C; (a) SEM Results with 2500x Magnification, (b) Percentage Distribution of Grain Sizes of Costal
Iron Sand
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(@)

Figure 6. Morphological Characteristics of silica based on River Sand Samples at sintering Temperature of 100°C;
(a) SEM results with a magnification of 2500x, (b) Percentage of Grain Size Distribution of River

Iron Sand

Based on table 3, the average grain size of
silica based on coastal sand is 3.148 um with
an average grain size of 107.135 um at a
sintering temperature of 175°C. The silica-
based on river sand’s average grain size is
121,299 pum at a temperature of 100°C, and
the average grain size of silica is 77.663 um
at a sintering temperature of 175°C.

From the average grain size of the river
iron sand sample and the coastal iron sand
sample obtained, the grain size of the silica-
based on the coastal sand sample at 100°C is
smaller than the sample size at 175°C. While
silica is based on river sand samples, the
grain size sample at 100°C is larger than the
grain size at 175°C.

Silica-based on iron sand was analyzed
using SEM showed that the silica-based on
coastal sand has a uniform particle size
compared to silica based on river sand. The
magnetic mineral particle size of silica based
on iron sand is also smaller than the magnetic
particle size of silica based on river sand.
Beach sand has a much finer size than river
sand (Asri et al., 2021; Shaheen et al., 2022).
This is caused by beach sand deposits formed
by seawater wave sediments. It is caused
beach sand has a smoother structure. At the

Percentage (%)

[ I The Size Distribution Of Iron Sand |

28.56%

21.43%

14.29%

T T \
10-50 50-100 100-150 150-200 200-250

Grain Size Distribution (micrometer)

(b)

same time, limestone deposits fine grains and
coarse structures caused river sand sediment.

Resistivity is a material characteristic that
can indicate the ability of the material to
conduct electric current (Didik & Wahyudi,
2020; Ningsih; et al., 2019). Resistivity is a
basic parameter to characterize the physical
properties possessed by a material, namely
the ability to pass an electric current. The
greater the resistivity value of a material, the
more difficult it is for the material to conduct
an electric current (Luo et al., 2022). If the
rock is getting stronger and it is difficult for
electric current to pass, then the amount of
resistance given by the rock is getting bigger.

The dielectric constant is a material
characteristic that indicates the ability of the
material to make polarization. In simple
terms, the magnitude of the electric
polarization is caused by four sources,
namely, the electronic component caused by
the induced field in the electron cloud that
surrounds each atom in a material (Didik et
al., 2020). Second, the ionic contribution is
associated with the relative motion of cations
and anions in an electric field. Third,
orientational polarization is due to the
rotation of the molecular dipole in the field.
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Besides, the source of material polarization is
also caused by the movement of charge
carriers, namely the movement of ions or
electrons under the influence of a field.
Silica-based on iron sand electrical properties
showed in Figure 7.

Figure 7 (a) shows that the sintering
temperature is inversely proportional to the
resistivity value obtained at silica based on
river sand. The lower the sintering
temperature of the silica-based on river iron
sand sample used, the higher the resistivity
value of the iron sand sample obtained.
Silica-based river sand has a resistivity of
about 7.1'10* Qm at a sintering temperature
of 100°C and 3.5'10* Qm at a temperature of
175°C. While in the silica-based coastal iron
sand sample shown in Figure 7 (b), the
resistivity value is directly proportional to the
sintering temperature of the iron sand
sample. Silica-based river sand has a
resistivity of about 1.8'10* Qm at sintering
temperature  100°C and 7.1'10* Qm at
temperature 175°C. The higher sintering
temperature of the sample was used. The
greater resistivity value of the sample was
obtained. It can be affected by the physical
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properties of silica-based on iron sand, such
as dielectric constant and other mechanical
properties of the material's particle size.

From the results of the measurement of
silica based on the river sand dielectric
constant shown in Figure 7 (a), the higher the
sintering temperature used, the greater the
value of the dielectric constant obtained. At
the same time, the value of the dielectric
constant in the sample of coastal iron sand
showed in Figure 7 (b). Based on Figure 7
(b), the higher the sintering temperature, the
smaller the dielectric constant value
obtained. Silica-based on river sand has a
dielectric constant of about 1.02'10% at
sintering temperature 100°C and 1.18'10? at
temperature 175°C, while silica based on
coastal sand has a dielectric constant of about
1,97'102 at sintering temperature 100°C and
1.15'10% at temperature 175°C. It can be
concluded that in the silica-based on river
iron sand sample, the temperature is directly
proportional to the dielectric constant value.
In contrast, in the silica-based on coastal iron
sand sample, the temperature is inversely
proportional to the dielectric constant value
obtained.
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Figure 7. Relationship between electrical temperatures of silica based on (a) river iron sand and (b) coastal iron

sand

The grain size of silica will affect the
dielectric constant and resistivity value. The
smaller the grain size of the material (silica

based on iron sand sample), the greater the
resistivity value. The smaller grain size of the
sample will make electrons hard to move, so
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the resistivity will increase (Nugraha et al.,
2016). The smaller grain size of the sample
will increase the capacitance value, followed
by increasing the dielectric constant value.
The greater dielectric constant value made
the material’s ability to store electrical energy
greater. The dielectric constant value is
caused by the presence of different contents
in each sample (Zhaoa et al., 2022). It is
caused by the capacitance value being
directly proportional to the dielectric
constant value (Kurniawan et al., 2017).

Capacitors are devices used to store
dielectricity-based energy. The energy stored
in the capacitor is shown in equation 5.

E=2CV? (5)

C is the capacitance (farads), and V is the
potential difference applied to the capacitor
(volts). Based on equation 4, the capacitance
is proportional to the dielectric constant. In
equation 5, it appears that the energy is
proportional to the capacitance, so it can be
concluded that the greater the dielectric
constant, the greater the energy stored in the
capacitor.

CONCLUSION AND SUGGESTION

Based on the results of this research
showed that the characteristics of silica based
on river sand and coastal sand are different.
Silica-based on river sand has a granular
shape that is not fine (coarser than the shape
of coastal sand grains) and has not too large
grain size because river sand usually comes
from hard and sharp river rocks. While silica
based on coastal sand has the characteristics
of fine grains and is smaller than river sand.
In the silica-based on river sand sample, the
resistivity value is sintering temperature
inversely. In contrast, in the silica-based on
coastal sand, the resistivity value is
proportional to the sintering temperature.
Silica-based on the river sand sample's
dielectric constant value is proportional to
the sintering temperature. In contrast, in the
silica-based coastal sand sample, the
dielectric constant is inverse to the sintering
temperature.
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