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Abstract

Limestone is one of the rocks that is very abundant in Indonesia and has many benefits, especially in the field of industry. This
study aims to determine the levels of calcinm oxide (CaO) in limestone at Desa Leok, Kecamatan Biau, Kabupaten Buol. XRF (X-
ray flnorescence) was the analytical technique ntilized to ascertain the amount of calcium oxide (CaO) present in the limestone. Both
the coast area and the hill area provided samples. The measurement results indicate that the level of CaO is 92.41 % in the coast area

and 93.74 Y% in the hill area.
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Introduction

Limestone formation begins underwater with
marine organisms such as corals, mollusks, and
foraminifera, which contribute to fragment
deposition. Rock-hard and dense limestone is
formed through the processes of sedimentation and
diagenesis that occur over millions of years (Wang
et al,, 2022).

Limestone is one of the industrial minerals
that is widely used by the industrial sector or
construction, and agriculture, among others, for
building materials, building stones, the glass
industry as an excavated flux, silica brick industry,
and cement industry raw materials (Sindua &
Kaihatu, 2022)

Indonesia is one of the countries that
produces limestone. Several islands in Indonesia,
including Sumatra, Java, Nusa Tenggara, Sulawesi,
Irian Jaya, and others, are reportedly home to
limestone minerals. For some people, limestone
may not be an ordinary thing that has no value, and
is considered not very valuable because it is easy to
obtain and the price is relatively cheap. However,
for some others, limestone remains a very attractive
mineral resource. Limestone is a sedimentary rock
with the main composition of minerals calcite
(CaCOs3), dolomite CaMg(COs)2 and aragonite
(CaCOs3), formed in several ways, namely
organically, mechanically, and chemically. In
Indonesia, limestone is often referred to as
limestone, while the extraordinary term is
commonly called "limestone". Limestone contains

at least 50 % by weight of calcium carbonate in the
form of calcite minerals (Lukman et al., 2020)

In the industry and construction, limestone is
often applied and utilized. Limestone is one of the
most prevalent construction materials (KKamran et
al, 2022). It is an important sedimentary rock
dominantly composed of calcite (CaCO3) mineral
(Janjuhah et al,, 2021; Dong et al, 2023) and
contains other elements, including magnesium
(Maulana et al., 2021; Jafar et al., 2022). As a raw
material, limestone is widely used in many
industries, especially in the construction and cement
industries. The production of Portland cement
mainly depends on the availability, as it is the major
raw material used in cement (Wakila et al., 2023),
and the exploration of limestone as a raw material
for cement is currently being intensely carried out in
several regions in Indonesia (Wakila et al., 2021).
The production and steel refining also use limestone
material because of its high calcium carbonate
content (Yang et al., 2023).

Limestone containing more than 50 % CaO
(weight percent) is very well used as a building
material in the form of cement (Alfarizi et al., 2020).
There are two ways to use limestone: directly or by
first undergoing the calcination process. The
calcination process is a process that uses high
temperatures during heating to change its physical
properties and chemical composition (Sutama &
Oemiati, 2022). One result of the calcination
process is that CaCOs in limestone decomposes
into CaO and CO; (Smadi et al., 2023).

Central Sulawesi is one of the provinces in
Indonesia with abundant limestone in certain areas.
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For example, in the coral reefs of Donggala Regency
(Islamiyati & Abram, 2020; Tasari et al.,, 2019),
Banggai Islands Regency (Milka et al., 2023), and
Morowali Regency (Tolan et al., 2023; Wakila et al.,
2023), it has also been treported that limestone is
abundant in Buol Regency, especially in the districts
of Biau and Bokat.

Based on the previous explanation, the
mineral CaO is equally important compared to
CaCOs3; found in limestone. Therefore, the
researchers are interested in analyzing the CaO
content in limestone located in the Leok Village
area, Biau District, Buol Regency, Central Sulawesi
Province.

One method to analyze the chemical content
of rocks like limestone is the X-Ray Fluorescence
(XRF) method (Alfarizi et al., 2020; Rahim et al.,
2023).

Methods

Tools and materials

The tools used for this research are an oven,
a furnace/muffle furnace, a mortar, an analytical
balance, a desiccator, a 70-mesh sieve, a beaker, a
spatula, and XRF (X-Ray Fluorescence). The
materials used in this research are limestone as the
main material, distilled water as a sample cleaner,
and aluminum foil.

Research sample
The samples used were limestone found in
the mountains and on the coast of Leok Harbor.

Research method

The method used is the analysis method
using XRF. X-Ray Fluorescence (XRF) is one of the
analytical methods wused for qualitative and
quantitative analysis of elements in materials.
Qualitative analysis provides information on the
type of elements contained in the analyzed material.
Quantitative analysis reveals the quantity of
elements present in the material (Alfarizi et al., 2020;
Rahim et al., 2023).

Rock sample preparation

Limestone chunks that have been taken and
crushed into smaller chunks are then cleaned of the
material attached to the stone using distilled water,
then drained and dried in an oven at 110 °C for 6
hours. The samples that have been in the oven are
then crushed using a mortar and pestle and sieved
using a 70-mesh sieve. After sieving, the samples are
then stored in a clean and dry container.

Water content

The empty cup is put into the oven at 110 °C
for 15 minutes, then the cup is cooled in a desiccator
for 5 minutes, then weighed and recorded as (W3).
Weigh 10 grams of rock sample, then put it into the
cup and record it as (W1). The sample is then put
into the oven for 30 minutes, then cooled in a
desiccator for 5 minutes and weighed using an
analytical balance and recorded as (W2). This
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procedure is done repeatedly until a constant weight
is obtained, and then calculated using the formula:

=57 100% )

2= W3

Where W is the moisture content, W1 is the
weight of the cup and wet stone (grams), W2 is the
weight of the cup and dry stone (grams), and W3 is
the weight of the cup (grams).

Ash content

Empty crucibles were put into the oven for
15 minutes at 115 °C and then cooled in a desiccator
for 5 minutes; then the crucibles were weighed using
an analytical balance. A 10-gram sample was
weighed and then put into an empty crucible cup
then closed, and put into a muffle furnace for 4
hours at 900 °C.

%Kadar abu = —2""% % 100%
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The information is that m1 is the weight of
the empty cup (grams), m2 is the sum of the weight
of the cup and sample (grams), and m3 is the sum
of the weight of the cup and grey (grams).

Calcium oxide (CaO) content

The CaO that has been obtained is then
characterized using XRF (X-Ray Fluorescence) to
determine the composition and percentage of
elements contained in the calcined sample, as well
as to identify the number of elements contained in
the calcined sample. The data obtained from XRF
consists of information regarding the composition
and percentage of elements found in rock samples.

Results and Discussion

Figures, photographs, and tables should appear
in the Rock sampling and preparation.
Limestone samples were taken from two
places, the mountainous area of Leok and the
coastal area of Leok Harbor in Buol Regency. This
limestone is yellowish-white in color. The
distinctive yellow color of this limestone is the
typical color of iron; its presence is evidenced by the
Fe,Os content, including the third highest (1.64 -
1.95 %) or iron content of (1.87 - 2.23 %) (Megawati
et al., 2019). The texture of limestone is quite hard;
because the hardness was not measured, the specific
gravity and volume weight are likely in the
maximum range (BJ: 2.8 ¢ / cm3, BV: 2.6 ¢ / cm?).
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Figure 1. Limestone Sample
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Water content

Water content represents the percentage of
the weight of water in the pores of the total rock
weight. Porosity is the ratio of the volume of
pores/voids/spaces present in the rock to the total
volume of the rock, which is valued as a percentage
between 0 and 100 %. The pores in the rock may be
partially filled with water and partly filled with air
(Kemon & Laitupa, 2022)

The gravimetric method analyzes the
moisture content to calculate the ratio of the
material's weight change during heating. The
moisture content test aims to determine the
hygroscopic nature of the material. The water
content in the mountain limestone sample (sample
1) is 0.38 %, 0.40 %, and 0.40 %, respectively, so
that the average water content obtained in the
mountain limestone sample is 0.39 %. The water
content in the beach limestone sample (sample 2) is
0.66 %, 0.75 %, and 0.75 %, so that the average
water content obtained in the beach limestone
sample is 0.72 %. The low moisture content in
sample 1 compared to sample 2 indicates that little
water is still trapped in the pores of limestone in
mountainous areas (sample 1).

It is known that rocks are composed of
various minerals and have electrical properties
(resistivity). The amount of water content affects
the resistivity value. The greater the water content
contained in the rock, the lower the resistivity value.
Rock resistivity is the resistance of rocks to the flow
of electricity. Rock resistivity is affected by porosity,
water content, and minerals (Rahayu & Abram,
2020)

Ash content

Ash content analysis shows how many
minerals are contained in a sample. This study aims
to determine the ash content in order to assess the
metal oxides present in limestone material.

The ignition process carried out in this study
is in a direct way, where the sample is oxidized at a
high temperature so that the residue from the
combustion process is directly weighed.

Calcium oxide minerals, which are the
purpose of the researcher's analysis, can be obtained
through the process of ignition using the calcination
method. The calcination process is a process to
decompose the reaction or to release CO; from the
CaCO;3; compound, which will become CaO.
Temperature influences the weight of the resulting
sample because the more CO:z gas released will
cause the decomposition process to accelerate
(Zahara et al., 2020).

According to Handayani et al. (2020), the
best temperature for the CaCOs decomposition
reaction is > 900 °C. The higher the temperature,
the higher the CaO content produced. In addition,
the high temperature used will be able to remove the
water content and organic compounds contained in
limestone (Wardiana et al., 2019).

The results of the percentage of ash content
obtained in this study are that the mountainous area
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(sample 1) obtained a percentage of ash content of
59.21 %, and the coastal limestone (sample 2)
obtained a result of 63.65 %. The ash content in
limestone is an inorganic material formed from
mineral changes due to the combustion process.

Calcium oxide (CaO) content

The study to find out how much calcium
oxide (CaO) is in limestone from Leok village, Biau
sub-district, Buol Regency, was done using the X-
Ray Fluorescence (XRF) method. Tables 1, 2, 3,
and 4 display the analysis results.

Table 1. The composition of coastal limestone is
presented in oxide form

No Compound Percentage (%0)
1. CaO 92.41
2. SiO; 5.50
3. Fe203 1.95
4. TiO2 0.096
5. Nb2Os 0.0162
6. MoOs3 0.0123

Table 2. The composition of coastal limestone in
its elemental form

No Elemental Percentage (%0)

1. Ca 94.45

2. Si 3.17

3. Fe 2.23

4. Ti 0.094

5. Nb 0.0184

6. Mo 0.0133

7. In 0.0060

8. Sb 0.0060

Table 3. The composition of mountain limestone
is presented in oxide form.

No Compound Percentage (%)
1. CaO 93.74
2. SiO2 4.57
3. Fe03 1.64
4. Nb20s 0.0173
5. MoOs 0.0130

Table 4. The composition of mountain limestone
in its elemental form

No Elemental Percentage (%)
1. Ca 95.43

2. Si 2.64

3. Fe 1.87

4. Nb 0.0196

5. Mo 0.0140

0. In 0.0063

7. Sb 0.0054

8. Sn 0.0051

The results of the analysis of CaO content
obtained are that in the mountain limestone sample
(sample 1), the percentage obtained is 93.74 %, and
in the coastal limestone sample (sample 2), the
percentage obtained is 92.41 %.
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The CaO content in mountain limestone
(sample 1) is higher than coastal limestone. This is
because coastal limestone (sample 2) has undergone
a sedimentation process, so that the elements or
chemical compounds that are still pure have
changed. In contrast, mountain limestone (sample
1) grows in situ, which allows the elements of its
chemical compounds to remain pure and
unchanged (Islamiyati & Abram, 2020).

The calcination process with  high
temperatures also affects the CaO content
produced, which is also huge at > 90 % (Handayani
et al.,, 2020). The high level of CaO in limestone
compared to other oxide minerals shows that
limestone in Leok village, Biau sub-district, Buol
Regency is excellent for use as a raw material for
cement/catalyst production, because the standard
for limestone used in the production process must
have a percentage of CaO content of 50 % (Alfarizi
et al., 2020; Sirin et al., 2020).

Conclusions

In Leok Village, located in the Biau Sub-
district of Buol District, the CaO content of
limestone in the mountainous area is 93.74 %, with
an average moisture content of 0.39 % and an ash
content of 59.21 %. In contrast, the limestone in the
coastal area has a CaO content of 92.41%, with an

average moisture content of 0.72 % and an ash
content of 63.65 %.
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