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Abstract. Eucalyptus (Melaleuca cajuputi) is planted in a post-coal reclamation field,
including a type of pioneer due to its rapid growth, ability to live in dry soil, lack of
specific growing requirements, and capacity to improve the physical characteristics,
chemistry, and biology of the soil. It belongs to a group of plants that provide numerous
Eef‘ils through the wood or extraction of essential oil from the leaves. This study aimed
to analyze the physical properties of the kayu putih as the raw material of bioenergy. The
gravimetric analysis method was used based on the SNI standard, and the result of the
charcoal briquette and wood pellets was 0.99%. Furthermore, the water content of
33.67% met the charcoal briguins standard. The fixed carbon value was bound to
16.66%, and the calorific value of 4,535 cal/g met the wood SNI standard. The value of
the volatile matter was 83.35%, and the analysis results of specific gravity was 0.73
g/em3, lignin content 31.77%, cellulose 49.68%, and the extractive substance in NaOH,
benzene, hot water, and cold water solutions at 16.45%, 4.01%, 8.73%, and 4 .68%,
respectively.
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1. Intoduction

Post-mine land degradation includes changes in the landscape, physical conditions,
chemical and biological soil, microclimate, as well as plants and animals [1]. Excavation of
topsoil produces physical soil chemical damage to reach the bottom of a much deeper mine,
affecting the topography, soil composition, and surface [2]. To overcome the scenario, the
land would need to be rebuilt after the mining. The post-mining land reclamation is an effort
to manage, restore and improve the quality of the environment and ecosystems. Therefore, as
the first step in creating new ecosystems, the soil surface can be stable and produced from the
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link between soil and vegetation [3]. One of the post-mining land reclamation programs is the
proposed detection activity to form new ecosystems continuously. The simplest strategy to
restore productivity, cover vegetation in disturbed areas and improve soil quality and
microclimate is “revealed” [4][5].

In marginal land post mines, the type selected for detection needs to be noticed between
the kinds of plants and conditions for growth. [6] asserted that the plant-specific characteristics
necessary to seize a field are (1) a local kind of pioneer growth quickly; (2) blocking the sun's
face (intoleran); (3) producing a large and rapidly degenerated iridescent system: (4) inducing
the arrival of a catalogue-bearing crop, and (5) being simple, inexpensive to multiply,
cultivate, and mamtain.

It is envisaged that land can continue to serve as energy resources once mines are
removed by revegetation, thereby preparing energy derived from biomass. The use of biomass
as a fuel has the potential to significantly mitigate global warming [7][8].

According to [9], biomass is the fourth largest primary energy source readily available in
some developing countries. In addition, the energy source will solve the environmental
problems of global warming and increased greenhouse gases caused by industrial activity.
Through biomass, photosynthetic plants will absorb CO2 from the atmosphere through
stomata and combine it into the biomass organic material. Solar energy may convert CO2 and
H20 into carbohydrates and O2 [10][11].

Eucalyptus (Melaleuca cajuputi) is planted in post-mine reclamation fields. The wood was
selected as a principal plant in the revulation because it was a pioneer type, being able to live
on dry ground and having no specific growing requirements. Rapid growth improved the
physical characteristics, chemistry and biology and produced essential oil [12][13].
Furthermore, eucalyptus plants offer many benefits as multi-purpose tree species (MPTS) by
extracting the leaves into the oil of atsiri. Harvesting leaves for an extract of attsiri oil is
conducted by cutting branches. Leaves are used for atsiri oil, while twigs and branches can be
used for bioenergy. This study aimed to analyze the physical characteristics of the eucalyptus
raw material as a raw material of bioenergy.

2. Material and Methods

The eucalyptus feedstock of energy came from areas-land areas after the liquidity at TUP TAL
PT Bukit Asam, Tbk. A wood sample was taken from the primary branch, followed by a physical-
chemical characteristic test. The parameters analyzed are colour, the weight of type, water level,
volatile matter, ash content, fixed carbon, lignin, cellulose, and extractive. The parameters and
method of analysis used to conduct a character analysis ufwoodmical properties are presented
in Table 1. The data obtained are comparative analysis with SNI wood charcoal briquettes SN101-
6235 -2000 and SNI wood pellets SNI 8021-2014. ICS 79.060.01.

Table 1. Parameters and methods of analysis of the chemical-physical characteristics of wood

No  Parameter Test Methods

1 Calorific value Instrumentasi

2 Specific gravity Gravimetry

3 Water content Gravimetry

4 Volatile matter Gravimetry

5 Ash content Gravimetry SNI 14-1031-1989 item 4.1




6 Fixed carbon 100% - (ash content + volatile matter)
7 Lignin Gravimetri SNI 14-0492-1989

8 Cellulose Gravimetry

9 Extractive substance in benzene solution Gravimetry SNI 14-1032-1989

10 Extractive substance in cold water solution  Gravimetry
11 Extractive substances in hot water solution  Gravimetry SNI 01-1305-1989
12 Extractive substance in NaOH solution Gravimetry SNI 14-1838-1990

3. Results and Discussions

Analysis of the physical characteristics of raw materials (articles cajuputi) covers weight
parameters, water level§ilsh levels, and volatile matter. Fixed carbon, lignin, cellulose, and
colour value are served in Table 2.

Table 2. Results of the analysis of the chemical physical charactenistics eucalyptus (Melaleuca cajuputi)

No Parameter Value
1 Specific gravity 0.73g/cm3
2 Water content 3.67%
3 Ash content 0.99%
4 Volatil matter 83.35%
5 Fixed carbon 16.66%
6 lignin 31.77%
7 Cellulose 49 68%
S Calorific value 4,535 kal/g

The specific gravity value of eucalyptus in the analysis result is 0.73 g/cm3. This value is
in the high-density category, as [14], stated that wood with a greater weight than 0.57 g/em3 is
considered the most fit for charcoal production. It produces charcoal with high productivity
and nearly 0.4 gfem3. The weight of the wood could represent wood or bulk density. Specific
gravity value affects wood for charcoal or other energy. A high degree of weight may indicate
the time of burning a stick [15].

The analysis of eucalyptus showed a water content of 3.67%. This value is below 8%,
which is the threshold for meeting the SNI 01-6235-2000 standard for coal quality appropriate
for energy production [16]. The fulfilment of the water standard of quality value to the
charcoal briquins is presented in Figure 1. This harmonizes with [17] that the value of the
range of water levels of wooden materials is between 8% - 12%. The water level is one of the
basic characteristics of wood that affects the caloric value. The higher the fuel's water content,
the lower the value produced [18]. In the conversion process, it takes much energy to remove
water from the wood into steam, thereby reducing the energy in the fuel [19].

The value of the eucalyptus ash content analysis is 0.99%. Judging by the content value as
a condition of the wood pellet quality, eucalyptus meets the standard because it has a value of
<1.5% [20]. Similarly, when the raw materials are used as charcoal briquins for energy, it also
meets the standard since it has a high value of <8%. The difference between the two figures,
which represent the value of the ash levels, is less pronounced than in Figure 1. Wood with
high levels of ash tends to have inorganic fractions. Due to the retarded rate of combustion
caused by the inorganic particle's incombustibility the amount of wood used for energy is
lowered [21][22].
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Figure 1. Compliance with the standards of ash content and moisture quality values against
the SNI values of wood pellets and charcoal briquettes

The eucalyptus volatile matter value is 83.35. The value of the volatile matter compared

with the SNI's requirements for charcoal briquins and wood pellets has not met the standard.
This is because they have exceeded 80% for the SNI wood pellets and 15% for the charcoal
briquins. The quality value fulfilment of the flying substance to the enrichment scale and the
wood pellets are presented in Figure 2. Volatile matter indicates many volatile compounds or
substances [23]. It is formed due to thermal degradation from a wood chemical component of
methane, hydrocarbon, hydrogen, and nitrogen compounds.
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Figure 2. Wood pellets and charcoal briguettes

The fixed carbon proportion of eucalyptus is 16.66%. This value qualifies as the building

block of energy for wood pellets, compared with the standards of quality wood based on this
scale >14%. The fulfilment of a carbon-quality value standard is tied to the SNI wood pellet
served in Figure 3. It is in line with [17], that fixed carbon levels are tied in biomass for
minimum energy raw materials have a fixed carbon of 16%. The fixed carbon value is directly
proportional to the energy wood quality and the caloric value.
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Figure 3. SNI value of wood pellets and charcoal briguettes

The eucalyptus lignin and cellulose content analysis is 31.77% and 49.68%. Higher levels
of lignin and cellulose are preferable to use as a charcoal energy wood [21]. Lignin determines
the properties of rigidity and can be colorally degraded at high temperatures to 400
compounds shown with combustion residue or thermal degradation of berlignocellulose [24].
The degraded lignin and cellulose abilities of high temperatures provide the advantage of
using wood as charcoal. High levels of these contents will also affect carbon levels attached to
energy sources.

The data is presented with the analysis results of the eucalyptus value with cool water, hot
water, NaOH, and benzene ranging from 4.01% - 16.45% in Table 3. Extractive as a cell
cavity is composed of substances such as sugar, starch, tannin, pectin, woody colors, acidic,
oil, and fat, which can be isolated using organic solvents and water [25]. The existence of
extractive substances 1s also vital for using biomass as energy. [26] reported that the presence
of extractive substances plays an important role in the caloric value produced. Therefore,
biomass's level of extractive matter will result in a high calor value.

Table 3. The value of eucalyptus (Melaleuca cajuputi) extractive on various solvents

No Parameter Value
1 Extractive substance in cold water solution 4.68%
’ Extractive substances in hot water solution 8.73%
3 Extractive substance in NaOH solution 16.45%
4 Extractive substance in benzene solution 4.01%
The eucalyptus caloric value is 4.535 cal/g. This value has already met the wood pellet

energy standard since the analysis value has met the SNI standard with the value of 4,000
kal/g. However, it has not met the standard to be used as a charcoal bric-based source. The
caloric value contained in the raw materials of eucalyptus is high. [17] stated that the wood
caloric 1s in the range of 4.396 cal/g. The production of a by-product value standard on the
SNI of the wood pellet and charcoal briquettes is presented in Figure 4. The caloric value is
the heat produced by the combustion of energy materials and is the primary parameter for
assessing the quality of the energy item [19]. The caloric value is affected by water levels,
extracts, wood chemistry, and the type of wood [26].
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Figure 4. Fulfilment of calorific value standards to the SNI value of wood pellets
4. Conclusion

The eucalyptus (Melaleuca cajuputi) raw material has the water content of 33.67% met
the charcoal briquins standard. The fixed carbon value was bound to 16.66%, and the calorific
value of 4,535 cal/g met the wood SNI standard. The value of the volatile matter was 83.35%,
and the analysis results of specific gravity was 0.73 g/cm3, lignin content 31.77%, cellulose
49.68%, and the extractive substance in NaOH, benzene, hot water, and cold water solutions at
16.45%, 4.01%, 8.73%, and 4.68%, respectively.
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