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Abstract- Parameters for determining coal quality can be
seen from the ash value (A), sulfur (S), and heating value
(CV). The presence of ash (A) and sulfur (S) in coal (C)
is highly undesirable, whereas the high calorific value
(CV) of coal (C) is desirable. One effort that can be made
to reduce ash (A) and sulfur (S) and increase the heating
value (CV) is the agglomeration method (AM). This
research aims to determine the effect of variations in oil
volume and compare the use of palm cooking oil (CPO)
and pure coconut oil (VCO) on reducing ash (A), sulfur
(S) and increasing the calorific value (CV) of coal (C).
The research method used is an experimental method and
a quantitative method by collecting several fixed
variables and independent variables and then the data is
interpreted to find the best conditions for each
experimental result. The research results showed a
decrease in ash (A) and sulfur (S) levels as well as an
increase in the calorific value (CV) in 10 mL of fried
palm oil (CPO), namely 32.73%, 29.50% and 20.67%.
The reduction in ash (A), sulfur (S), and calorific value
(CV) in 15 mL of palm cooking oil (CPO) was 37.80%,
39.57%, and 28.02%, respectively. The reduction in ash
(A), sulfur (S), and calorific value in 20 mL of palm
cooking oil (CPO) was 57.65%, 53.24%, and 40.46%.
The reduction in ash content (A), sulfur (S), and calorific
value in 20 mL of pure coconut oil (VCO) was 73.39%,
35.61%, and 38.08%. From the research results it can be
concluded that the agglomeration method (AM) of water
and oil can reduce ash (A) and sulfur (S) and increase the
calorific value (CV).

Keywords: Coal, Agglomeration, Ash, Sulfur, Calorific
Value.

1. INTRODUCTION

Data from the Director General of Mineral and Coal
of the Ministry of Energy and Mineral Resources indicate
that Indonesia has a very large potential for coal
resources., Indonesia's coal reserves currently reach 38.84
billion tones with an average coal production of 600
million tons per year, so the age of coal reserves is still 65
years if it is assumed that there are no new reserve

findings [1]. Until now, coal is still the foundation in the
Asia Pacific region in providing affordable and cheap
energy. In line with measures to reduce greenhouse gas
emissions from the energy sector, the Ministry of Energy
and Mineral Resources is seeking new breakthroughs
through the use of clean energy-based technology, which
is expected to optimize coal utilization in Indonesia [2].

Beyond calorific value, ash (A) and Sulphur (S) are
contaminants and a measure of coal quality. Burning coal
will produce Sulphur (S) oxides due to its Sulphur (S)
concentration [3]. This substance may react with
atmospheric water vapor to produce H,SO3 and H,SOas.
Acid rain will happen if both acids are polluted in the
atmosphere and descend with rains at the same time.
Sulphur (S) oxides released from burning coal have the
potential to produce acid rain hundreds of miles away.
Efforts to reduce ash (A) and sulfur (S) content in coal, in
addition to removing impurities, are also an effort to
increase the calorific value of coal so that it can provide
added value for improving coal quality [4]. Washing the
coal reduces the amount of ash (A) and Sulphur (S) from
inorganic components; this process is known as the
agglomeration technique [5]. The presence of sulfur will
also affect the compounds present in coal so that it is
necessary to reduce the sulfur content [6].

Ash (A) and Sulphur (S) may be effectively removed
from coal using the oil-water agglomeration method. Oil
agglomeration can be used to create a solid, viscous
product by combining coal particles of various sizes, or
agglomerates [7]. Because the coal surface is
hydrophobic (hates water) and lipophilic (loves oil), this
agglomeration approach can be used [8]. Waste material
is submerged in the media, but clean coal floats in the
same medium (water) [9]. Coal particles may be formed
into agglomerates to create coal oil mixes since they are
hydrophobic by nature [10]. However, the hydrophilic
mineral particles that give coal its ash (A) and Sulphur
(S) are unaffected and stay in the water [11]. The coal
agglomeration particles may be separated from the
mineral particles because they are bigger. When oil is
present during washing, water containing ash (A) will no
longer stick to the coal surface [12].
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This study is to examine the use of virgin coconut oil
and palm cooking oil on lowering ash (A), Sulphur (S),
and raising the calorific value (CV) of coal, as well as to
ascertain the impact of oil volume variation.

2. MATERIAL AND METHOD

2.1. Coal Samples

The coal samples used came from Lanne village,
Tondong Tallasa sub-district, Pangkep district, South
Sulawesi. The agglomeration process stage is carried out
after the coal samples obtained are prepared using a
double roll crusher and ball mill and then sifted using a
sieve shaker to get the required particle size of —200 +325
mesh (—74 + 44 um).

2.2. Experiment Procedure

The agglomeration process begins with the
preparation of tools and materials, then put water first
into a 250 mL Erlenmeyer flask with a volume that
adjusts to the volume of oil used to stay at a volume of
150 mL, into the Erlenmeyer flask along with coal
measuring —200 + 325 mesh (—74 + 44 pm) as much as
+15 grams. The Erlenmeyer flask that has been filled
with coal and water is then stirred with a stirrer at 1,000
rpm for 3 minutes, after which the initial stirring between
coal and water is carried out by entering 10 mL of oil and
stirring again for 3 minutes. After 3 minutes of stirring
between coal, water and oil, the agglomerates formed
were then allowed to stand for 3 minutes and then the
agglomerates were filtered with a 200-mesh sieve so that
the water would drip down for 24. The resulting
agglomerate is then ovenised at 110 °C for 2 hours.

The heated agglomerates are then ready for
proximate, total sulfur (S) and calorific value analyses to
compare with the data before the agglomeration process.
Subsequent experiments with oil volumes of 15 mL and
20 mL were conducted with the same process. The most
optimal results from these three oils will then be used for
the experiment on virgin coconut oil.

2.3. Analytical Measurement

Samples that have gone through the drying process
are then analyzed proximate to know inherent moisture
standard method ASTM D3173/D3173M [13], volatile
matter standard method ASTM D3175 [14], fixed carbon
standard method ASTM D5142 [15], ash content with
standard method used ASTM D3174 [16], total sulfur
analysis ASTM D2492 [17] and calorific value with
standard measurement ASTM D2015 [18]. The results of
the analysis will then be compared with the initial data
before agglomeration in the form of a comparison graph
made on Microsoft excel and also a scientific explanation
of changes in data on ash content, sulfur and calorific
value before and after the agglomeration process using
the equation for reducing ash content (Equation 1) [16],
the equation for reducing sulfur content (Equation 2) [17]
and increasing calorific value (Equation 3) [18] can be
calculated using the equation:
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Decrease in AC (%) = M>< 100% €
a
Decrease in S (%) = LSZ)X 100% 2)
S
Increase in CV (%) = M>< 100% 3)
)

Table 1. Description of Equations (1)-(3) [16, 17, 18]

No. Description Unit Code
1 Ash content of coal samples % a;
Coal ash content after
2 . % a
agglomeration process
Total sulfur content of coal
3 % S1
samples
Total sulfur content after o
4 . A) S2
agglomeration process
5 | Calorific Value of coal samples | (cal/gr) c
Calorific Value after
6 - (cal/gr) 3}
agglomeration process

3. RESULTS AND DISCUSSION

3.1. Coal Samples Characteristics

Analysis of the characteristics of coal samples reveals
the value of inherent moisture (IM) of 10.50%, volatile
matter (VM) by 40.21% fixed carbon (FC) at 12.57%, ash
(A) content (AC) of 36.72%, total sulfur (S) (TS) by
2.78% and The Calorific Value (CV) of 3,648 cal/gr.
Table 2 displays the full coal analysis results.

Table 2. Coal quality based on proximate and calorific value analyses

No. Parameters Analysis Result
1 Inherent Moisture (IM) 10.50% adb
2 Volatile Matter (VM) 40.21% adb
3 Fixed Carbon (FC) 12.57% adb
4 Ash Content (AC) 36.72% adb
5 Total Sulfur (S) 2.78% adb
6 Calorific Value (CV) 3,648 cal/gr

3.2. Water and Oil Agglomeration Results

In conducting the research, 2 types of oil were used,
namely Cooking Palm Oil (CPO) and Virgin Coconut Oil
(VCO), which will be used as a comparison at the end. In
this study, proximate analysis, total sulfur (S) and
calorific value (CV) of coal samples were used. The
results of coal sample analysis after and before
agglomeration can be seen in Table 3.

Table 1 shows the value of the coal sample before
the agglomeration process. The focus of this research is
with initial data of ash (A) content of 36.72%, total sulfur
(S) of 2.78% and calorific value (CV) of 3,648 cal/gr.
Table 3 above also shows a decrease in ash (A), sulfur (S)
and an increase in calorific value (CV) in each
experiment. The highest decrease in ash (A) content
occurred in coal agglomeration with 20 mL virgin
coconut oil (VCO), namely 73.39%, the highest decrease
in sulfur (S) content occurred in coal agglomeration with
20 mL Cooking Palm Oil (CPO), namely 53.24% and the
highest increase in calorific value (CV) occurred in
agglomeration with 20 mL cooking palm oil, namely
40.46%.
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Table 3. Analytical results of coal samples before and after
agglomeration process

Parameters
Sample | Proximate (6adb) Decrease in Increase in
ID AC Decrease | S (%adb) | g (%) CV (caligr) " )
in AC (%)

Starting | 3 7 2.78 3,648

Coal

CPO 24.70 32.73 1.96 29.50 4,402 20.67
10 mL

CcPoO 22.84 37.80 1.68 39.57 4,670 28.02
15mL

CPO 15.55 57.65 1.30 53.24 5,124 40.46
20 mL

vCo 9.77 73.39 1.79 35.61 5,037 38.08
20 mL

3.3. Effect of The Addition of Palm Cooking Oil and
Virgin Coconut Oil on Proximate Results

The effect of agglomeration on coal after the
agglomeration process using Cooking Palm Oil (CPO) 10
mL, 15 mL, 20 mL and virgin coconut oil (VCO) 20 mL
In Figure 1, the outcomes of the proximate analysis are
displayed.

76.08

67.11

63.05 63.92

40.21
36.72
24.70 h) 84
5.55

12.57 0.69

13.03
09 98 77

Proximate Analysis (%adb)

Starting CPO 10 CPO 15 CPO20 VCO 20
Coal ml ml ml ml

5]M mVM =AC mFC

Figure 1. Comparison of proximate analysis after agglomeration process

Figure 1 shows the changes in proximate analysis
before agglomeration and after adding Cooking Palm Oil
10 mL, 15 mL, 20 mL and virgin coconut oil 20 mL,
namely the inherent moisture content dropped to 1.36%,
1.96%, 9.84% and 1.12%. Inherent moisture of palm
cooking oil 20 mL experienced the least decrease among
other oil variations in the range of +1%, this can occur
because the waiting time of coal after the oven process
affects the ability of coal to reabsorb water content where
the longer the waiting time, the higher the coal reabsorbs
its water content [19] in this study the samples that had
been in the oven were left first before being put into the
sample bottle. In wvolatile matter, namely 63.05%,
67.11%, 63.92% and 76.08%, this increase is thought to
occur due to the compounding of coal carbon with oil,
forming hydrocarbon groups that are more -easily
decomposed after undergoing the agglomeration process
[20].

Ash (A) content also decreased in palm cooking oil
10 mL, 15 mL, 20 mL and virgin coconut oil 20 mL,
namely to 24.70%, 22.84%, 15.55% and 9.77%. Coal
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particles may be converted into agglomerates in the form
of mixes with oil since they are hydrophobic by nature.
However, ash (A) and Sulphur (S) content in coal come
from hydrophilic mineral particles, which are unaffected
and stay in the water. Since coal agglomerate particles are
larger than mineral particles, they can be [21]. The fixed
carbon value decreased by about 10.89% 10.89%, 8.09%,
10.69% the decrease in fixed carbon is not in line with
the increase in calorific value and in virgin coconut oil
increased by 13.03%.

3.4. Effect of Palm Cooking Oil and Virgin Coconut
Oil Addition on Total Sulfur (S) Analysis Result
Figure 2 shows the changes in total sulfur (S)
between before agglomeration with palm cooking oil 10
mL, 15 mL, 20 mL and virgin coconut oil 20 mL which
decreased by 1.96%, 1.68% 1.30% and 1.79%. Coal
particles may be converted into agglomerates in the form
of mixes with oil since they are hydrophobic by nature.
However, ash (A) and Sulphur (S) content in coal come
from hydrophilic mineral particles, which are unaffected
and stay in the water. Coal agglomerate particles may be
isolated from mineral particles because they are bigger

[22].
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Figure 2. Comparison of total sulfur (S) after agglomeration process

3.5. Effect Of Palm Cooking Oil and Virgin Coconut
Oil Addition on Coal Calorific Value

Figure 3 shows the changes in calorific value between
before agglomeration with palm cooking oil 10 mL, 15
mL, 20 mL and virgin coconut oil 20 mL which increased
to 4,402 cal/gr, 4,670 cal/gr, 5,124 cal/gr and 5,037
cal/gr. The percentage increase in calorific value was
20.67%, 28.02%, 40.46% and 38.08% respectively.
Based on Figure 1. shows that the value of fixed carbon
has decreased by about 10.89% 10.89%, 8.09% and
10.69% for palm oil has decreased fixed carbon on which
is not in line with the increase in calorific value.

The decrease in carbon content caused by the
agglomeration process does not cause the calorific value
of coal to decrease, but instead increases. This shows that
the calorific value of coal does not only depend on its
carbon content, but still depends on other things, such as
age, origin, environmental conditions of coal formation
and so on [23].
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Figure 3. Calorific value (CV) comparison after agglomeration

4. CONCLUSIONS

The conclusion of this research is that the results of
the agglomeration process with variable volume of
Cooking Palm Oil (CPO) use obtained the best results at
a volume of 20 mL with a decrease in ash (A) content by
57.65%, a decrease in sulfur (S) content by 53.24% and
an increase in calorific value (CV) by 40.46%. While the
results of the comparison of the use of Cooking Palm Oil
(CPO) and virgin coconut oil (VCO) with the same
volume of oil, namely 20 mL, a decrease in ash (A)
content using virgin coconut oil (VCO) obtained the best
results with a percentage decrease of 73.39%, on the
other hand, a decrease in sulfur (S) content and an
increase in calorific Values (CV), the best results were
obtained by using cooking palm oil (CPO) with each
value of 53% for a decrease in sulfur (S) content and
40.46% for an increase in calorific values (CV). It can be
seen that the use of virgin coconut oil (VCO) in the
agglomeration process is the optimum result obtained.
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