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Abstract: Agricultural residues has biomass energy potential as
alternative energy. One way to manage agricultural waste is to use
pyrolysis. The research method used design manufactures and
pyrolysis systems tests to produce biomass from agricultural
residues. The pyrolysis system is made of a type of open back
reactor which is connected to the cyclone and condenser. Three
types of agricultural residues were tested using this pyrolysis
system. The design test results show heat propagation outside the
vessel is 6 °C/min, whereas in the reactor vessel is 4.83°C/min. The
results of the tests are gas, oil, and char. The rice husk and corn
cobs residues produce gas that will be inserted into the gasoline
engine. The volume of both residues is 0.053 m® and produces 80
cc of each gas. The acacia wood waste will produce oil and char
which have characteristics and are feasible to be used as
alternative fuel.

I. INTRODUCTION

Utilization of agricultural waste still requires structuring of
governance, so that it can have economies of scale for the
community. So far, residues reduction way by burning that
only produces pollution for the environment [1]. Processing
with pyrolysis systems can make waste as a renewable energy
source [2]. In generaly, the results of pyrolysis waste can
produce three products, namely: gas, pyrolysis oil and
charcoal. It depend on the pyrolysis method, biomass
characteristics and reaction parameters [3]. Each pyrolysis
product is a fuel that can be converted into a renewable
energy source in a variety of different ways [4].

In general, the pyrolysis process uses a reactor made of
steel [5]. The slow process of pyrolysis takes place at
temperatures above 300°C within 4-7 hours [6]. Also, it is
depend on raw material and how to make it. The pyrolysis
process is also influenced by time, material moisture content,
temperature, and material size [7].
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Timber production Indonesia in 2015 was 43.7 million m?.
According to its type, the largest production is acacia wood of
22.91 m?® and meranti wood of 4.47 million m?® [1]. Wood
processing waste is needed to be used as an alternative energy

source. The amount of corn cobs waste from agricultural
products can be said very much and becomes very potential if
it can be used properly. One of the processes of converting
lignocellulose materials that are widely studied in the process
of converting lignocellulose to ethanol which can be used to
substitute gasoline for transportation purposes; corn cobs
contain cellulose (45%), hemicellulose (35%) and lignin
(15%). Corn cobs are included in the group of biomass
materials; the size of corn cobs length varies between 8-12
cm [7]. Rice husk is a hard layer which includes a caryopsis
consisting of two halves called lemma and palea which are
interlocked[8]. Husk has a bulk density of 1125 kg/m?, with a
calorific value of 3,300 kcal/kg of husk [9]. Unprocessed rice
husks have a bulk density of 117 kg/m3, but after undergoing
a densification process (compacting), the density of the
species reaches 825.4 kg/m? [10].

Il. MATERIAL AND METHOD

2.1. Experiment set-up

A pyrolysis combustion vessels are designed to process
capacity of 0.11 m?® of agricultural waste powder which is
combined with a monitoring system of control and gas
pressure. The photograph of the pyrolysis combustion vessel
system consists of reactors, cyclones, condensers, water
cooling, and engines as shown in Figure 1.

N
Fig 1. Photograph of pyrolysis combustion vessels
The size of the combustion reactor vessel, uses a small
pressure vessel. The reactor body frame has a height of 650
and a diameter of 450 parts coated using fire bricks/SK 34
type refractories of 35, length 90 and width 60 which can
withstand heat up to 1400 °C.
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In addition, in the refractory stone wall the combustion
vessel reactor is made grooves for the position of a spiral
element spaced 100 by 5 lines heating element in a
spiral-shaped design and equipped with a thermocouple to
measure the temperature of the heating element which is
conducted into the inner tube.

The inner tube or reservoir used has a height of 580 and a
diameter of 350 wall thickness one so that the test material
does not come into direct contact with the electric heater
which can damage the electric heater, the tube is adjusted to
the size of the reactor vessel after fireproof bricks and cement
are installed.

The shape of the reactor vessel lid was chosen using the
torispherical head model equipped with a thermocouple to
measure the temperature of the inner tube on the reactor
vessel to obtain heating rate data and a pressure gauge used to
measure the pressure in the reactor vessel.

2.2. Experiment procedure

The combustion vessel pyrolysis process for processing
agricultural waste products such as rice husks, corn cobs, and
acacia wood powder. The process of burning acacia wood
powder, the gases from combustion from the inner tube flow
through the check valve towards the cyclone, dirt and dust
particles that are of the heavier type contained in the gas to be
set aside in the container. Also, the reduced gas from dust and
dirt particles is flowed through the check valve to flow into
the gas inlet pipe and condenser to convert the gas phase to
liquid.

The first raw material used is rice husk agricultural waste
material and the second is corn cobs waste, gas results from
the pyrolysis process of corn cobs waste and rice husk are
used as a substitute for gasoline fuel [11]. The gas replaces
gasoline to operate the gasoline engine on a 3000-watt
electric generator. The third raw material is acacia wood
powder. The gas from pyrolysis is converted from the
vapor/gas phase to the liquid phase using a condenser. Bio-oil
from acacia wood will be tested to obtain chemical
constituents. The process of testing the bio-oil liquid from
acacia wood was tested using GC-MS to show the content
chemically such as the levels of Aliphatic Hydrocarbon,
Aromatic Hydrocarbons, Oxygenated[12].

11l. RESULTS AND DISCUSSION

Figure 2 shows the rate of time in minutes for changes in
the combustion temperature of rice husks in the inner tube.
Adding the temperature outside the inner tube is hotter in the
5-minute range; this is due to radiation from the heating
element directly about the outer thermocouple. Also, in 20
minutes the temperature of the inner tube chamber for
burning rice husks is hotter due to the rate of heat distribution
and the object of burning rice husks in the tube space in the
wider result of temperature measurement using thermocouple
installed in the tube chamber in hotter. Therefore, the rate of
addition of time to increase the temperature in the tube
chamber is in line according to the 3500C set point limit.
Also, the process of pyrolysis gas formation of rice husk was
initially found when the temperature reached 2200°C [13].
Decomposition of gases resulting from pyrolysis of rice
husks using cyclone for the separation of elements that have
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heavier density types in the form of thick tar and ash liquid.
The volume of the burning object of rice husk is 0.053 m3 in
the tube chamber to produce 80 ccs of gas to operate the
gasoline engine for 10 minutes.
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Fig 2. Pyrolysis temperature rate made from rice husk

Figure 3 shows the rate of adding time in minutes to
changes in the addition of combustion temperature of corn
cobs to the reactor. The impression of changes in temperature
addition to the length of combustion in the tube chamber is
longer than the burning process of rice husk. This, firstly the
slow addition of combustion temperature is influenced by the
size of the grain volume, chopping and partly the hardness of
the corn cobs [14]. The two effects of changes in the addition
of combustion temperature to corn cobs of grain are more
likely to emit liquids mixed with gas so that it requires a
longer heating time to become a gas. Therefore, the object of
combustion of corn cobs in the inner chamber for achieving
even distribution of the combustion temperature and the rate
of addition of a stable combustion temperature according to
the 3500°C setting/set point requires 45 minutes. The process
of pyrolysis gas formation of corn cobs is obtained when the
temperature reaches 2400°C and the separation of the density
of species contained in the gas using cyclon in the form of
dilute liquid more glucose, followed by tar and ash. The
material for corn tangkol chopped in the volume of 0.053 m?
in the tube in combustion produces a volume of 80 cc gas to
operate the gasoline engine for 10 minutes.
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Fig 3. Pyrolysis temperature rate made from corn cobs

Figure 4 shows the rate of addition of time to increase the
combustion temperature of acacia wood fibers in the inner
tube chamber.
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Indicates the rate of addition of temperature is very slow
and a long period in the tube chamber in the process of
burning acacia wood fibers.

This, influenced by several conditions and the nature of the
first acacia wood fibers of hardness, the density of debris over
rice husks and the count of corn cobs affect the time and rate
of change in addition to the burning temperature of acacia
wood fibers in the inner tube chamber. Therefore, to obtain
the rate of addition of combustion temperature evenly in the
inner tube chamber, it takes 120 minutes. This affects the
combustion process of acacia wood fiber to get the gas output
from combustion. The initial gas output is obtained when
thetemperature reaches 2300C, the volume of the burning
object of acacia wood fiber is 0.053 m?, the combustion
process takes 480 minutes at setting/set point 4000°C. A
check valve regulates the gas produced from the combustion
process in the tube chamber in the reactor flowed to the
cyclone to clean the gas from the combustion ash and other
elements of heavier density. Then the gas is supplied to the
condenser system circuit to convert the gas phase to liquid;
the liquid volume obtained is 0.76 liters during the process.
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Fig 4. Pyrolysis temperature rate made from acacia wood

The characterization of acacia wood fiber bio-oil in the
laboratory using GC-MS (Gas Chromatography-Mass
Spectrometry) to display the separation and identification of
the levels and chemical content present in bio-oil.
Characteristics of the effect of temperature on the physical
and chemical properties of acacia wood fiber bio-oil as in
Table 1. It shows the results of the process at various
temperatures of 2500°C, 3000°C and 3500°C the values of
density, viscosity, and pH were found.

Table 1. Variation in the temperature of the pyrolysis process
against the physical properties of acacia wood fiber bio-oil

Parameter Temperature (°C)

Density 250 300 350
16.42 16.41 16.42
16.42 16.41 16.42
16.42 16.41 16.42

Viskositas 5.10 4.58 6.20
4.80 455 6.52
5.17 4.45 6.30

pH 420 343 435

Table 2. shows the characteristics of acacia wood fiber
bio-oil such as Viscosity, density and pH can be seen from
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the three temperature variations used 2500°C, 3000°C and
3500°C at the most optimum temperature 3000°C, because
physical characteristics approach the process of pyrolysis of
acacia wood fiber bio oil stated by Isahak et al. [15], which is
used as a reference. Also, at a temperature of 3500°C the
most viscosity value of bio-oil is obtained, this is influenced
by changes in chemical structure at that temperature. The
average value of density is 0.9 - 1.0 gram/mL and the least
value is obtained at 3000°C, the comparative result is the
density value of 0.940 gram/mL. Therefore, the density value
is influenced by the chemical compounds possessed by the
bio-oil from the pyrolysis of acacia wood fibers. The
condition of acacia wood fiber pH bio-oil can be seen that the
pH value is at least 3.43 at temperatures of 3000°C and 3.45
at 3500°C. This, referring to the comparison conducted by
Isahak et al. [15] stated that the pH value of 3.43 was
obtained at a temperature of 3000°C. Also, the state of acidity
can be influenced by the acid content found during the
pyrolysis process which breaks down cellulose, lignin, and
other acidic substances. Analysis based on examination of the
results of the slow temperature pyrolysis process using the
most optimum acacia wood fiber material at a temperature of
3000°C.

Table 2. Variation in the temperature of the pyrolysis process
against the physical properties of acacia wood fiber bio-oil

Pyrolysis oil sample Temperature (°C) Isahak et
al. [15]
250 300 350
Temperature 5.14 4.62 6.49 31
viscosity40 (cSt)
Density (gram/mL) 1.00 099 101 0,99
pH 420 353 435 3,82
Volume (mL) 20 50 8 -

Table 3. Shows the main elements of pyrolysis bio-oil,
namely phenol, acidic compounds, aromatics, and several
other compounds. The content of aromatic compounds,
benzene, comes from the degradation of hemicellulose. Also,
the degradation of lignin compounds was identified by the
presence of phenol and guaiacol compounds. Based on the
components shown in Table 3, the pyrolysis oil has the
components needed to become bio-oil from pyrolysis. Phenol
compounds can increase the combustion ability of liquid
products. Also, alcohol compounds have flammable
properties so they can also increase combustion that forms
carbon dioxide. This liquid product or bio-oil from the result
of pyrolysis of acacia wood fiber is then subjected to a
combustion test to determine the combustion ability. Test
results found that this liquid product can burn. This indicates
that pyrolysis bio-oil can be used as an alternative fuel.
Table 3. Variation in the temperature of the pyrolysis process
against the physical properties of acacia wood fiber bio-oil

No. Element Pc_n_nt Area
boiling peak
1 Phenol 188 ——3.723
6\13('\02!1 Tecb,}
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2 Methoxy toluene 169 4.087
3 Phenol, 2-methyl- 174 4.390
4  p-cresol 202 4.644
5  2,3-Xylenol 206 4.801
6  Phenol, 2,3-dimethyl 218 5.304
7  Phenol, 3,4-dimethyl- 218 5.502
8  Creosol 221 5.774
9  Guaiacol, 4-ethyl- 205 6.576
10  Phenol, 2,6 169 7.222
dimethoxy-
11 Phenol, 281 7.360
2-methoxy-4propyl-
12 3 Furan carbocar 231 8.699
boxylic
acid-5-ethyl-2,4
dimethyl-, methyl
ester
13  Tetracosanoic acid, 273 16.550
methyl ester
14  Hexacosanoic acid, 271 18.488

methyl ester

IV. CONCLUSION

The use of gas from rice husk pyrolysis and corn cobs is
applied to operate the gasoline engine generator to replace
gasoline liquid fuel. The test of the operation of the gasoline
engine generator uses the gas from the pyrolysis of rice husk
and corn cobs separately for 10 minutes, the volume of gas is
80 cc. The process of forming the pyrolisis rice husk gas was
initially obtained when the temperature reached 2200°C, then
flowed through the check valve to the cyclone for
decomposition of gases to dust, liquid, and tar. The results
obtained from the decomposition of the gases resulting from
pyrolysis of rice husks using cyclone for heavier types of
gravity were in the form of thick tar and ash liquid. The
process of forming the pyrolysis gas corn cobs counts was
obtained when the temperature reached 2400°C, then the
breakdown of gases using cyclon obtained the separation of
levels of density which contained in the gas in the form of
more liquid dilute glucose, tar, and ash.

The slow temperature pyrolysis process for producing
liquid products or bio oil for acacia wood fiber raw materials,
the most optimum process temperature conditions at a
temperature of 3000°C. The results of the acacia wood bio-oil
from the pyrolysis process have chemical characteristics such
as the viscosity value of 4.6275 cSt, density 0.9997 gram/mL
and pH 3.53. The results of bio-oil or liquid products directly
from the pyrolysis process found a deep black color and a
distinctive smell of smoke. Apart from that, it has flammable
properties so it can be used as an alternative fuel. This, based
on the results of characterization using GC-MS tools
obtained by the results of chemical compounds derived from
the degradation process of thermal cellulose, hemicellulose
and lignin which are an alkane, aromatic and phenol
compounds.
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