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Abstract

Biomass is a renewable carbon source and can be processed into gas fuels,
liquid and solid fuels. Biomass has several types with different grain sizes.
Biomass can be converted to other forms of energy by combustion pyrolysis.
Pyrolysis is the chemical decomposition of organic matter through a heating
process at high temperatures with little or no oxygen. The results of the
pyrolysis process in the form of bio-charcoal and liquid smoke. The purpose
of this research was to determine the comparison of types and sizes of biomass
in pyrolysis combustion with characteristics of bio-charcoal and liquid smoke.
This research method uses rubber shell biomass waste, green coconut husk
and rice husk. Biomass is burned by slow pyrolysis in the reactor with biomass
fuel. Combustion in reactors and pitot tubes containing biomass. Measured
temperature, time, amount of biomass, bio-charcoal and liquid smoke and the
heating value of bio-charcoal. The research results obtained the heating value
of rubber shell bio-charcoal at 6661.55 cal / gr, bio-charcoal yield of 2.3 kg,
liquid smoke yield of 0.242 kg, green coconut husk biomass heating value
amounted to 5388.56 cal/gr, the yield of 1.8 kg of bio-charcoal, the result of
liquid smoke of 0.308 kg and rice husk biomass obtained the heating value of
3626.48 cal/gr with a bio-charcoal yield of 1.3 kg resulting from liquid smoke
of 0.284 kg.
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I. INTRODUCTION

As a fuel, biomass needs to be processed first so that

releases 3 types of products, namely liquid (Bio-oil),
solid (charcoal), and gas (CO, CO2, H2, H20, and
CH4) [4].

it can be more easily used, known as biomass
conversion. Biomass conversion technology requires
differences in the tools used to convert biomass and
produce fuel differences produced [1]. Utilization of
biomass as an energy source can be processed by
pyrolysis combustion. Pyrolysis combustion is a
thermochemical decomposition process of organic
matter (biomass) through a heating process using less
or no oxygen. Pyrolysis is a process of combining with
incomplete combustion of materials containing carbon
at high temperatures [2]. Pyrolysis process is defined as
the thermal degradation of solid material (biomass)
under limited air/oxygen conditions and from this
process gas, tar and char are generated [3].
Scientifically, pyrolysis is the process of thermal
decomposition of organic matter at temperatures
around 350°C-550°C without oxygen. This process

Pyrolysis combustion results in form of charcoal
(char), oil and gas are useful outcome. The charcoal
produced is activated charcoal, which is a fuel that has
a high heating value or is used as activated carbon.
Activated carbon is known as a promising material with
a wide application as an adsorbent, catalyst or carrier
catalyst due to its good surface and texture
characteristics, which can be easily controlled [5]. Bio-
oil or liquid smokes produced can be used as additives
or mixtures in fuel or can also be a food preservative or
certain products. Liquid smokes are a result of
distillation or condensation of steam from indirect or
direct combustion from materials that contain a lot of
carbon and other compounds [6].

Liquid smokes are a blend solution of the colloidal
dispersion of wood smokes in water, the result of
condensation which contains a number of compounds
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formed by pyrolysis of wood constituents such as
cellulose, hemicellulose, and lignin. That during the
pyrolysis process cellulose compounds will produce
carbonyl and acetic acid and their homologies, while
from lignin compounds will produce phenols and tar
[71[8][9]. Furthermore, hemicellulose compounds will
produce furfural, furan, and carboxylic acids.

Pyrolysis combustion uses various biomass-derived
from several types of plant sources. Biomass has a
characteristic and composition varies depending on the
type [10]. Each type of wood or biomass material will
produce liquid smokes with a composition of different
amounts of compounds. According to Girard (1992),
the composition of liquid smokes is affected by various
factors, including wood type, wood moisture content
and pyrolysis temperature used. Each type of wood has
different cellulose, hemicellulose, and lignin contents.

Each type of biomass has a particular grain size and
hardness texture and water content levels. This will
affect the pyrolysis combustion process and the
characteristics of the product obtained. That the larger
the particle size, the greater the minimum fluidization
speed. Size of the fuel will affect the reactor
temperature and the amount of heat produced by the
gasification gas where the largest amount of heat is
generated by the fuel with a size of 1.54 mm with the
heat generated in the amount of 1870,083 kJ [12].

Some biomass has different grain sizes or chunks
such as rice husks that have lightweight but hard grain
sizes, then rubber shells with medium grain shape and
hard texture. Furthermore, green coconut husk biomass
with large but fibrous and soft chunks with high water
content. With these differences will certainly result in
different pyrolysis combustion and the results of bio-
charcoal and liquid smoke with different
characteristics. The smaller the biomass grains the
bigger the combustion temperature and on the contrary
the average temperature in the rice husk reactor size of
1.54 mm and 1.84 mm tend to be bigger that is 237°C
while the rice husk size of 2.17 mm lower temperature
distribution [12].

I1. MATERIALS AND METHODS

Biomass raw materials used in this research are
rubber shell biomass, green coconut husk, and rice
husk. Three biomasses were selected due to they have
different grain sizes and levels of hardness. Biomass is
burned by a slow pyrolysis process in which the
combustion temperature is below 400 °C. The amount
of biomass used is as much as the volume of a pitot tube.
The same biomass fuel as the biomass of the raw
material was used. The equipment used is a set of
pyrolysis reactor, pyrolysis tube (pitot) and condenser,
thermocouple. Condenser uses a spiral pipe with copper

material which is cooled using water. The results
generated from the pyrolysis combustion are activated
charcoal and liquid smokes.

Testing Procedure is put the biomass material
(rubber shell, green coconut husk, and rice husk) into
the pitot tube then put it into the reactor and then fuel
with the same biomass as the rubber shell after it is
burned. Record the results of the temperature
measurements at each point for each 15-minute change.
Pay attention to the cooling process of the liquid smoke
until the droplets come out and wait for the droplets to
stop completely and not come out again. When finished,
remove the charcoal from the pitot tube, then weigh the
mass of the charcoal and the liquid smoke it gets. Test
other biomass materials in the same procedure. The bio-
charcoal is tested in a chemical laboratory to find out
the heating value, moisture content and ash content.
And liquid smoke contains pH, lignin and acetic acid.

Figure 1. Pyrolysis reactor and condenser circuit

Caption :

Pyrolysis reactor,
Connecting pipe,
Thermocouple,
Condenser,

Liquid smoke reservoir

agrwdE

I1l. RESULTS AND DISCUSSIONS

After testing, the data obtained from the pyrolysis
process can be obtained by using three raw materials,
namely rubber shells, green coconut husks and rice
husks namely.

Table 1. Pyrolysis Test Results

Biomass Rubber | Green Rice

Material Shell Coconut | Husk
Husk

Temp 307 227 219
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(0)
Time
(Minute)
Initial
Weight

(kg)
Amount of
Charcoal
(Kg)
Amount of
liquid smoke
(ko)
Heating
value(Cal/gr)
Energy (kJ)

270 225 190

4,8 4,2 2,9

2,3 1,8 1,3

0,242 0,308 0,284

6661,55
4126,44

5388,56
4520,88

3626,48
3083,54

Based on the test results in Figure 2, the rubber shell
has the highest combustion temperature of 307°C and
also a long combustion time of 270 minutes, compared
with green coconut husk biomass with a temperature of
277°C during 190 minutes, and at the rice husk with a
temperature of 219°C but the time is quite long, 225
minutes. The combustion occurred due to the rubber
shell has a hard texture and medium grain and the
highest heating value of 6661.55 cal/gr so that it can
produce good combustion. The carbon content is bound
to affect the heating value, the higher the carbon content
is bound the higher the heating value, because every
time there is an oxidation reaction will produce a
heating value [13].

In addition, the elements C, H, and O are the main
elements of biomass that play a role. The physical and
chemical properties of biomass depend on the structure
and chemical elements and affect the characteristics ot
combustion and thermal utilization [14]. Higher content
of carbon and hydrogen causes a higher heating value,
while higher oxygen content will decrease the heatinc
value. The content of these elements will have ar
impact on the resulting combustion temperature.
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For rice husks, due to the shape of the grains so they
are arranged tightly and the smallest heating value of
3626,482 Cal/gr, the combustion temperature is also
small at 219°C and the combustion energy is also small
at 3083.54 kJ as shown in figure 3. The first process in
combustion is the evaporation of existing water, then
volatile components are removed at temperatures of
100°C to 600°C [15]. The combustion reaction involves
combining the charcoal from the husk with oxygen to
form the water. Rice husk contains approximately
1.54% hydrogen, 1.33% carbon (carbon) and 33.64%
oxygen.

For green coconut husk, the combustion temperature
is quite high at 277°C but a short time is 225 minutes
due to the coconut husk has a large and fibrous shape
so that it is easy and quick to burn and the heating value
is quite high. The temperature of green coconut husk
increases every minute because it is flammable and the
combustion time is faster because of the soft and fibrous
texture so it is flammable and quickly exhausted. The
burning energy of green coconut husk is higher at
4520.88 kJ in picture 3. Green coconut husk has a low
bulk density with high porosity and volatile matter.
Bulk porosity with a lot of empty space, causing green
coconut husk will be more flammable, due to the
mixing of combustible material with air becomes better.
The average start-up time in various types of biomass
hot start phase is faster than the cold start phase. This is
possible due to the heat transfer to the fuel and the
combustion process occurs more quickly in the hot start
phase than the cold start phase. High volatile matter
allows fuel to be quickly ignited into gas.
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Figure 3. Diagram of Combustion energy for each
biomass.

The magnitude of volatile matter in biomass
increases the energy content in the biomass (the heating
value), and the resulting flame temperature becomes
larger [14]. The amount of volatile matter indicates
more content of hydrocarbon compounds can be burned
as biomass. The longer the combustion, the more
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volatile matter evaporates, with an indicator the higher
the temperature of the flame generated.

Operating time is significantly affected by mass, type
and size variation in fuel or biomass. The amount of
weight, size, bulk density, and porosity affect the
operating time in this stove. Small bulk density will
have a large porosity making biomass more flammable.
Due to a lot of air will come in and the combustion will
be better. Mentioned the smaller fuel particle size, the
bigger contact area between biomass and oxygen,
resulting in a fairly high combustion reaction [16].

Yield is one of the important parameters to determine
the results of a bio-charcoal process in this research
produced through the pyrolysis combustion process in
the pyrolysis reactor. Based on the results obtained in
figure 4, the rubber shell charcoal generate highestr
yield of charcoal of 47.9% then 44.8% rice husk and the
lowest one is green coconut husk 42.9%, this is due to
the harder biomass the more charcoal produced and
less ash, like a rubber shell that has a hard texture.
Conversely softer biomass, the less charcoal, and ash,
like green coconut husk with a fibrous and soft texture.
The yield of bio charcoal in this research is better when
compared to [17] research, namely at pyrolysis
temperature of 300°C-500°C, the results of sludge cake
charcoal only reached 28%, while the yield of charcoal
reject pulp was smaller at only 8%.
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Figure 4. The yield of bio-Charcoal for each biomass

The charcoal yield is affected by temperature,
residence time and water content bound in the pyrolysis
media, so the charcoal yield will drop drastically on the
increase in residence time, pyrolysis temperature and
the presence of bound water content in the pyrolysis
media [18]. Mentioned in high-temperature pyrolysis a
high heat transfer occurs which causes rapid
devolatilization and encourages more formation of tar
and gas and causes reduced charcoal production [17].
Otherwise, process in low-temperature pyrolysis low
heat transfer occurs so that the vapors formed from the
evaporation of bound water will interact with charcoal,
thereby reducing the yield of charcoal. The longer the
residence time, the more components of the flying

substance are degraded. The decrease in the amount of
charcoal with an increase in temperature is mainly due
to better biomass conversion caused by the primary
pyrolysis reaction.

The results of the liquid smoke yield per biomass as
shown in Figure 5, it appears that the rubber shell
produces the smallest value of 5.04%, compared to
9.74% rice husk biomass. This can be affected by many
things such as temperature, time, heating rate, particle
size, type and composition of biomass material. Even
at the same pyrolysis temperature. The volume of liquid
smokes obtained is less and this is related to the design
of the pyrolysis used.
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Figure 5. Liquid smoke yield for each biomass

That the results of analysis of variance showed that
the interaction of temperature treatment and pyrolysis
time did not significantly affect the yield of liquid
smokes produced, but the single factor of temperature
and pyrolysis time had a very significant effect on the
yield of liquid smokes, then the single factor was
continued with the DMRT test [19].

Loss of weight (loss) is the number of raw materials
that are not converted into products (fumes condensate)
[20]. Weight loss can also be in the form of gas that is
not condensed and slowly evaporates after passing
through a condenser such as CO, CH4, CO, dan Ha. In
addition, weight loss in the pyrolysis process can also
be in the form of crust left in the reactor or in the
condenser. Weight loss during the pyrolysis process in
this study ranged from 14,65+0,90 %. The reactor plays
an important role in producing liquid smokes yields,
such as the presence of fumes leakage or lack of flame,
the condenser pipe used also has an important role [21].

Pirolysis at high temperatures and heating for a long
time will cause less formation of liquid smokes due to
the temperature in the cooling water is increasing so
that the fumes produced are not completely condensed.
The condensation process will take place optimally if
the water in the cooling system continuously flows so
that the temperature in the system does not increase.
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Liquid smokes resulting from the pyrolysis process of
wood material can be produced maximally if the
condensation process occurs perfectly [22].
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Figure 6. Heating value of bio-charcoal for each
biomass

Carbon content is the amount of pure carbon contained in
charcoal. higher temperatures in the carbonization process
significantly affect the quality of charcoal. Based on the
results of chemical lab testing table 3 shows that the highest
heating value of biomass from rubber shells is 6661.549
cal/gr. according to the highest temperature of 307°C and the
longest time is 270 minutes. Then Followed by green coconut
husk the heating value was decreased for 5388,561 Cal/gr
and the smallest is rice husk with 3626,482 heating value and
that was appropriate towards temperature and the combustion
time. This is caused by high temperature and carbonation
time resulting in damage to carbon plates and due to
excessive oxidation. Increased oxidation energy, both by
high temperature or oxidizing gases will cause pore wall
damage so that the surface area of the pore wall will decrease
and carbon content obtained is smaller. This is in accordance
with [23], the highest carbon content obtained was 41,3 % at
400° C with 120 minutes of carbonization time. An increase
in the heating value of charcoal in accordance with an
increase in a pyrolysis temperature thereby increase the
evaporation of volatile matter resulting in a decrease in water
content and leaving carbon in the charcoal so that causes an
increased heating value in that charcoal.

1V. CONCLUSIONS

Based on the research results it can be concluded as
follows is the result of liquid smoke from rubber shell is 240
gr, the result of liquid smoke from green coconut husk is 300
gr, and rice husk is 284 gr. The result of rubber shell bio
charcoal is 2,3 kg, green coconut husk bio-charcoal is 1,8 kg
and bio-charcoal of rice husk is 1,3 kg. The heating value of
bio-charcoal from rubber shells is 6661,55 cal/gr, the heating
value of bio-charcoal from coconut husk is 5388,56 cal/gr,
and the heating value of bio-charcoal from rice husk is
3626,48 cal/gr. The Combustion energy of rubber shells is
4126 kJ, combustion energy of green coconut husk is 4520,88
kJ, and the combustion energy of rice husk is 3083,54 kJ.
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