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In the rubber plantations of South Sumatra, covering an area of
1,013,969 hectares, there exists an underutilized waste stream
known as rubber wood waste. This waste can be subjected to
pyrolysis to Yield char, bio-oil, and syngas products. This
research is centred on pyrolyzing rubber wood waste,
employing various zeolite catalysts and time durations, to
explore the potential of alternative energy sources and
calculate the Specific Energy Consumption (SEC). The
pyrolysis results, with variations in catalysts and time, indicate
that the optimal combination is at a temperature of 390°C,
using 6% zeolite catalyst, and a duration of 70 minutes. The
resultant Yields comprise char at 21.73% with a calorific value
of 6264.87 kcal/g, bio-oil at 22.50%, and syngas at 45.28%
with a CH4 content of 55.52%. The most SEC-optimal
variation is at a temperature of 390°C, using a 6% zeolite
catalyst, and 30 minutes, with an SEC value of 3.25 kWh/L.
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1. INTRODUCTION

To live life, humans need an energy source. Alternative or renewable energy comes
from biomass, a renewable resource. The biomass-burning cycle produces organic
materials such as products and waste [1]. Solar radiation then converts carbon dioxide
emissions into additional biomass formation. Replacing fossil fuels with biomass can help
reduce carbon dioxide emissions. Biomass usually consists of three main compounds:
lignin, hemicellulose, and cellulose. Each compound has a different composition.

According to data from the South Sumatra Province Plantation Service in 2021 [2],
the area of rubber plantations in South Sumatra reached 1,013,969 hectares. The plantation
produces around 500 rubber trees per hectare, producing around 25 kilograms of rubber
wood waste per hectare. Rubber wood chips are wood residues produced from stripping
the bark of rubber trees. It is also a byproduct of extracting rubber sap. The lignocellulosic
content of rubber wood chips, an organic material with a complex chemical structure that
can be broken down through the pyrolysis process into simpler compounds, is the reason
why rubber wood chips have the ability to pyrolysis. The three main components of
lignocellulose are lignin, cellulose, and hemicellulose. Research on the characteristics of
rubber wood [3], [4], [5], [6] is as follows: Cellulose (20.13 - 50.26%), Hemicellulose
(39.97 - 77.04%), Lignin (2.63 — 33.49%), Ash Content (0.60 — 2.40%), Water Content
(7.34 — 9.98%), Density (607 — 644.98 kg/m3), Fixed Carbon (13.81 — 16.8%), Volatile
Content (74.40 — 86.30%).

Pyrolysis is a thermochemical decomposition process in which organic materials are
heated without air or oxygen to decompose into more straightforward chemical products.
This prevents the complete combustion of organic materials. Materials such as plastic and
biomass are usually involved in the pyrolysis process. Pyrolysis of biomass produces non-
condensable gases, liquids, and solids. Biomass pyrolysis usually occurs at 300-600°C [7].
In the passive pyrolysis phase, hemicellulose and cellulose tend to decompose more at low
temperatures (150-350°C), while hemicellulose and cellulose decompose at 220-320°C,
cellulose at 250-360°C, and lignin at 180— 500°C [8]. Starting with the decomposition of
hemicellulose and cellulose during the active pyrolysis phase, CO2 and CO gas formation
occur.

On the other hand, during the passive pyrolysis phase, lignin decomposition
produces CO gas. Hemicellulose and cellulose are more likely to decompose at low
temperatures (150°C to 350°C), and CO2 production stops when they are completely
decomposed. At the same time, lignin decomposes at higher temperatures, producing CH4
and H2 gas components [9]. The type of raw material, temperature, time, and amount or
type of catalyst are some of the variables that influence pyrolysis results. Higher pyrolysis
temperature increases the amount of bio-gas and Syngas but reduces char production [10].
More intense thermal decomposition of rice straw causes a simultaneous increase in bio-oil
and Syngas [11]. High temperatures and longer operating times can produce bio-oil
without oxygen [12]. Additional operating time and zeolite catalyst increase bio-oil yield.
The amount of zeolite catalyst present in the reactor also influences the amount of liquid
produced from pyrolysis; the more catalyst in the reactor, the more liquid is produced [14].
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By using a zeolite catalyst for biomass pyrolysis, the phenol content in the bio-oil
produced is lower [15]. The catalyst-to-biomass ratio also influences results. For example,
when zinc oxide was used as a catalyst, bio-oil production decreased by approximately 6
wt%, while gas production increased from 21.38% to 28.74 wt% [16]. Another study
showed that when pyrolysis of pine wood was carried out without a catalyst at 390 °C,
Baggase material produced 33.67% char, 27.11% bio-oil, and 26.43% syngas [17]. With a
zeolite catalyst, bio-oil production reaches its peak. As a result of the use of zeolite
catalysts for the pyrolysis of pine wood, bio-oil production reached its peak at 4% of the
amount of catalyst, namely 43.78% [18].

This research focuses on the pyrolysis of rubber wood chip waste with several zeolite
catalysts and time variations to obtain alternative energy potential and find the optimal
Specific Energy Consumption (SEC) value. The yield of char, bio-oil, and syngas from the
pyrolysis of rubber wood chip waste was reviewed based on variations in the amount of
catalyst and time as well as analysis of each product. The urgency of this research for the
development of science is to take advantage of the opportunity for rubber wood chip waste,
which was previously thrown away and burned by rubber farmers, to become a pyrolysis
product with alternative energy value where non-renewable energy reserves are decreasing
over the years. Meanwhile, the impact is that the results of this research can be a reference
for further research in the field of chemistry of pyrolysis processes with catalysts and
alternative energy, which is hoped will create opportunities for the development of new
technology and increased understanding of biomass pyrolysis.

2. METHOD

The materials used in this research were rubber wood chips and natural zeolite. The
equipment used is a series of pyrolysis equipment (consisting of a pyrolysis reactor,
separator, condenser, 500 mL Erlenmeyer, condenser hose, gas hose, vacuum pump, small
water pump, stove.), key equipment, 100 mL measuring cup, 500 mL beaker. , mercury
thermometer, wattmeter, porcelain cup, ruler, urine bag, paper duct tape, char holding
plastic, bio-oil and tar holding bottles, analytical balance, desiccator, clamping forceps,
aluminium foil paper, filter paper, ice cubes, funnel, pycnometer, viscometer, pH meter,
oven, furnace, sieve shaker, stone mortar, and match. The following is a series of pyrolysis
equipment in Figure 1.

When the pyrolysis experiment began, the raw materials for rubber wood chips and
natural zeolite were first prepared as materials in this research. A series of pyrolysis
equipment used includes a bandheater biomass pyrolysis reactor tube, separator, 40 cm
glass condenser, 1/2 L Erlenmeyer, water hose for condenser, gas stove hose, 1/4 HP
vacuum pump, small water pump, and stove. Apart from that, other important equipment is
a mercury thermometer, electric power meter, 100 mL measuring cup, 1/2 L beaker,
laboratory crucible cup, ruler, plastic container for syngas, paper duct tape, plastic bottles
to hold oil and tar, laboratory scales, desiccator, laboratory crucible forceps, aluminium
foil, Whatman filter paper, ice cubes, glass funnel, Brookfield viscometer, pH meter, dryer
oven, furnace, shaker, pestle, and match.
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Figure 1. Pyrolysis Equipment Series

At the start of the pyrolysis experiment, the feedstock was prepared by reducing it
manually and drying it for one hour in an oven at 110°C. Natural zeolite, a catalyst
material, is also converted into powder by grinding rocks. Next, 4% to 6% of the natural
zeolite from the mass of the raw material is weighed on a laboratory balance. Once these
materials are fed into the pyrolysis reactor, it is sealed, and paper tape is used to isolate the
gaps. The vacuum Erlenmeyer is installed with glass hoses for the vacuum pump and
condenser. Once installed, the condenser flow and the vacuum pump are turned on. The
panel controls the condenser temperature. Then, the pyrolysis reactor heater was turned on,
and the temperature was set at 390°C. The timer or stopwatch can record the pyrolysis time
for 30/40/50/60, or 70 minutes (this time is calculated based on different running times),
and the recording starts when the reactor temperature reaches 390°C. During the pyrolysis
process, gas or steam exits the pyrolysis reactor into the glass condenser. There, they
interact with cold water at a temperature of 10-20 °C, forming bio-oil and tar, separated in
a separator. The non-condensable gas, or syngas, is sucked in by a vacuum pump and
directed to the flame test site, namely the stove, using a lighter. When the flame on the
stove appears, the syngas are collected in a plastic syngas storage bag.
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After operating and cooling the device for about two hours, the sample product
consisted of char inside the pyrolysis reactor, bio-oil collected in a vacuum Erlenmeyer,
and tar from the bottom of the separator. The char mass bio-oil and tar volume were
measured using a measuring cup. While the char is put into thick plastic, the bio-oil and tar
are put into a sample container bottle. The experimental flow diagram is in Figure 2. Next,
the pyrolysis product is analyzed using various types of analysis to determine its
characteristics, namely:

a. Quantitative Analysis:

Calculating the yield of pyrolysis products uses the following equation from equations
(1) to (4) [19]:

1). Yield on char

char mass

Char Yield (%) = %X 100% 1)

raw material mass
2). Yield on bio-oil

char mass

Bio-oil Yield (%) = x 100% (2)

raw material mass

3). Yield on tar

Tar Yield (%) = ——= T80 » 100% (3)
4). Yield on syngas
Syngas Yield (%) =1 — Ychar — Ybio-oil — Ytar (4)

In the analysis of the characteristics of each biomass pyrolysis product, they are as
follows:

5). The Char product is an analysis of calorific value, water content, ash content,
volatile matter content and fixed carbon content, which is based on the wood
charcoal standard in SNI 1683:2021.

6). Bio-oil products include testing the pH value, viscosity/viscosity, and
density/density, as well as the compound content in the bio-oil product.

7). The Syngas product is a CH, composition. Apart from that, the length of the flame
and the length of time the flame burns are also measured.

8). Calculation of Specific Energy Consumption (SEC) by measuring the electrical
power used during the pyrolysis process (kWh), whose value is divided by the total
product produced (L). SEC Formula [20]:

__ Total Energy Consumption (5)

SEC

measurable product
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Figure 2. Process Flow Diagram
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3. RESULTS AND DISCUSSION

3.1 The Effect of the Amount of Catalyst and Operating Time on the Char Product
a. Char Yield.
The char yield graph is shown in Figure 3 as follows:
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Figure 3. Char Yield from Experimental Variations in the Amount of Zeolite Catalyst and Time

Based on Figure 3 above, the yield of char products tends to decrease over time,
and so does the use of a number of zeolite catalysts. This is caused by the increasing
percentage of zeolite, which causes more biomass to decompose. As a result, biomass loses
a lot of its volume [21]. In this research, the most significant amount of catalyst was 6%,
and the operation was carried out for a maximum of 70 minutes, so there is a connection to
the effect of reducing the char product produced.

b. Proximate Analysis of Char Products
Proximate analysis of char products is an analysis to determine the water content, ash
content, volatile matter content and fixed carbon content in the char.
1) Moisture Content
Figure 4 below is a graph of the moisture content of the char product for each
experimental sample:
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Fig. 4. Char Moisture Content (Experimental Variations) in the Amount of Zeolite Catalyst & Time

170



2)

3)

Reka Buana : Jurnal llmiah Teknik Sipil dan Teknik Kimia, 8(2), 2023, page 164-182

Based on Figure 4, the moisture content in the char product decreases with
the length of operation time and the amount of catalyst. The lowest water content in
samples varying in the amount of catalyst was 6% with an operating time of 70
minutes, namely 1%. This is caused by more prolonged heating and the use of a
more significant number of zeolite catalysts, which can result in higher dehydration
occurring so that more moisture content evaporates due to heating in the pyrolysis
reactor. If viewed from SNI 1683:2021, the moisture content in all experimental
variation samples is in accordance with the standard.

Ash Content
Figure 5 contains a graph of the ash content in the char product for each
experimental sample.
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Fig. 5. Char Ash Content (Experimental Variations) in the Amount of Zeolite Catalyst & Time

Based on Figure 5, the ash content in the char product increases with the length of
operation time, but the opposite is true for the amount of zeolite catalyst. This is
because the accumulated components of inorganic or mineral substances in rubber
wood chips increase with the length of the operation time, which also reduces the
levels of volatile substances fixed to the charcoal and the longer the operation time,
the more the ash content increases [22], [23]. If viewed from SNI 1683:2021, the
ash content in all experimental variation samples still does not comply with this
standard.

Volatile Matter Content

The graph of volatile matter levels can be seen in Figure 6. Based on Figure 6, the
measured volatile matter levels decrease with the length of operation time and the
increase in the number of zeolite catalysts. The longer the processing time, the
lower the volatile matter levels [24]. This is due to the large number of zeolite
catalysts, which are able to increase the heating process more quickly so that with
the increase in the length of the operation time, the volatile matter contained
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decreases because it is released as a result of the heating process and the operation
time becomes longer. If viewed from SNI 1683:2021, then the levels of volatile
substances in the samples at 4% zeolite catalyst amount variation were only 60 and
70 minutes and at 6% zeolite catalyst amount at 40, 50, 60 and 70 minutes, which
was in accordance with this standard.
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Figure 6. Char Volatile Matter Content from Experimental Variations in the Amount of Zeolite
Catalyst and Time

4) Fixed Carbon Content
Fixed carbon content is the carbon content in charcoal, which is the main
component of the charcoal structure and is still left in the charcoal itself. The graph
of fixed carbon content can be seen in Figure 7.
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Figure 7. Char Fixed Carbon Content from Experimental Variations in the Amount of Zeolite
Catalyst and Time
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Based on Figure 7, the fixed carbon content increases with the large number of
zeolite catalysts and the length of operation time. This is due to the accumulation of
water content, ash content and volatile matter content, which have been calculated
previously. In this study, what most influenced the fixed carbon content was the
volatile matter content because it had the most significant changes compared to
water content and ash content. If viewed from SNI 1683:2021, the fixed carbon
content in all experimental variation samples still does not meet this standard.

c. Calorific Value of Char Products
The calorific value of the char product can be seen in Figure 8 below. Based on Figure
8, there is a constant increase along with increasing the number of zeolite catalysts and
the length of operation time.
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Figure 8. Calorific Value of Char from Experimental Variations in the Amount of Zeolite Catalyst and
Time

This heating value is influenced by the amount of bound carbon content in the char
sample because the large amount of bound carbon makes the char more efficient at
releasing heat with less mass. If viewed from SNI 1683:2021, then the calorific value of
char only in samples varying in the amount of 6% zeolite catalyst at an operating time of
60 and 70 minutes meets this standard.

3.2 Effect of Catalyst Amount and Operation Time on Bio-oil Products

a. Bio-oil Yield
The yield of bio-oil produced when using a number of catalysts and the length of
operation time can be seen in Figure 9 below.
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Figure 9. Bio-Oil Yield from Experimental Variations in the Amount of Zeolite Catalyst and Time

Bio-oil yield is calculated from the ratio of the mass of bio-oil to the mass of raw
materials (one run). The amount of bio-oil is measured in volume; then, the density is
measured using a pycnometer. After that, the mass of bio-oil is obtained by multiplying the
calculated density by the volume of bio-oil measured in the observation data. It can be seen
that the highest bio-oil yield was obtained in the experimental variation of 4% zeolite
catalyst with an operating time of 70 minutes, amounting to 23.38%. This is due to the
effect of using a catalyst amount of 4%, which tends to produce bio-oil quite slowly but
consistently compared to a catalyst amount of 6%. As a result, the longer the operation
time, the 4% catalyst amount can overtake the bio-oil yield from the 6% catalyst amount in
the two initial experiments. Apart from that, the bio-oil yield is also influenced by the
density of each bio-oil sample so that the mass of the bio-oil is lower than the volume and
vice versa.

b.  Bio-oil Density

The bio-oil density graph can be seen in Figure 10 below. Based on Figure 10, the
density of the bio-oil obtained from the perspective of the amount of zeolite catalyst tends
to decrease as the amount of catalyst is reduced, but over a long period of operation, the
density tends to be unstable. This is because the cracking process is faster due to the large
number of zeolite catalysts used, resulting in an increase in vapours with light and heavy
compounds, which are also included in the bio-oil product due to condensation.
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Figure 10. Bio-oil Density from Experimental Variations in the Amount of Zeolite Catalyst and Time

However, the long operating time does not cause a constant decrease or increase
because the formation of heavy compounds can increase the density in the early stages of
pyrolysis time. Further pyrolysis reactions can cause the decomposition or breakdown of
these heavy compounds. This is in accordance with research [25], where the greater the
number of zeolite catalysts, the more the density of the bio-oil produced decreases.

c. Bio-oil Viscosity

The dynamic viscosity sample data graph can be seen in Figure 11. Based on
Figure 11, the dynamic viscosity decreases with the length of operation time and the large
number of zeolite catalysts used. This is because many light compounds and volatile gases
are formed during the pyrolysis process. These light compounds can have a lower viscosity
compared to heavy compounds so that their contribution to the bio-oil viscosity becomes
more dominant as the pyrolysis time increases. This is in accordance with research by [25],
where there was a decrease as the amount of zeolite catalyst increased because the catalyst
re-breaks down compounds with high molecular weights into alkene hydrocarbon
compounds which have low molecular weights.
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Figure 11. Bio-Oil Viscosity from Experimental Variations in the Amount of Zeolite Catalyst and Time
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d. Bio-oil pH Value
The following is a graph of the pH value of bio-oil shown in Figure 12. Based on
Figure 12, the more significant the amount of zeolite catalyst, the more acidic the bio-oil.
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Figure 12. Bio-Oil pH from Experimental Variations in the Amount of Zeolite Catalyst and Time

The decomposition of acid compounds can cause a decrease in the concentration of
acid compounds in the bio-oil. As a result, the pH of the bio-oil can increase (more
alkaline) as pyrolysis time goes by. Meanwhile, regarding the effect of the amount of
zeolite catalyst, this is not in accordance with research [25] where the use of increasing
amounts of zeolite catalyst also increases the pH level, so what is appropriate from
increasing the amount of zeolite catalyst is increasing the pH level in the bio-oil.

e. Bio-Oil Chemical Compound Content

After analyzing the bio-oil content using the GCMS tool at the South Sumatra
Regional Police Forensic Laboratory, the dominant bio-oil content was obtained and then
presented in Tables 1 and 2 as follows.

Table 1. Bio-Oil Content in The Pyrolysis Results of Rubber Wood Chips with 4%wt Zeolite Catalyst

No. RT min. Area Compound Name Qual. %
3-Ethoxy-1,1,1,5,5,5-hexamethyl-3-(trimethylsiloxy) 7
trisilioxane
2 5,397 0,11 .
1,1,1,3,3,5,5,7,7-Nomethyletrasiloxane 58
Methyl 10-methoxylcarbonyl-17-oxooctadecanoate 43
Cyclopentasiloxane, decamethyl- 62
3 7,027 0,07
3-Amino-2-phenazinol ditms 43
Cyclohexasiloxane, dodecamethyl- 91
8 8,695 0,11 2-phenyl-N-(4-[{E}]-phenyldiazenyl] phenyl) 89
cyclopropanecarboxamide
17 10,203 0,10 Cycloheptasiloxane, tetradecamethyl- 93
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No. RT min. Area Compound Name Qual. %
3-(4-N,N-Dimethylaminophenyl) propenoic acid, 2- 38
(diethoxyphosphinyl)-, ethyl ester
20 11,546 0,02 10-14-chlorophenyl)-8-fluoranyl-3-methyl- 35
benzo[g]pteridine-2,4-dione
3,4-Dihydroxyphenylglycol, 4TMS derivative 30
5, 8-Epoxy-15-nor-labdane
23 12,708 0,01 1-(3-Methylphenyl)-1H-indole 43

t-Amyl-t-butyl-p-benzoquinone

Table 2. Bio-Oil Content in The Pyrolysis Results of Rubber Wood Chips with 6%wt Zeolite Catalyst

No. RT min. Area Compound Name Qual. %

1,2-Bis(trimethylsilyl) benzene
1 3,506 0,27 Methyltris(trimethylsiloxy) silane 64

Arsenous acid, tris(trimehylsilyl) ester

3-Ethoxy-1,1,1,5,5,5-hexamethyl-3-
2 5,404 0,08 ] ] o 72
(trimethylsiloxy) trisilioxane

Cyclotetrasiloxane, octamethyl- 64
3 7,040 0,06 .

Cyclopentasiloxane, decamethyl- 64
4 8,698 0,08 Cyclohexasiloxane, dodecamethyl- 91
11 10,205 0,06 Cyclohepatasiloxane, tetradecamethyl- 93

Based on Table 1, namely in the bio-oil sample, the amount of zeolite catalyst is
4%, and the dominant chemical compound content in the bio-oil is Cyclohexasiloxane
Dodecamethyl- (C12H3606Si6) with a flash point of >76 °C, Tetradecamethyl
Cycloheptasiloxane (C14H4207Si7) with a flash point of 150 .7 °C, 3-Ethoxy-1,1,1,5,5,5-
hexamethyl-3-(trimethyl siloxy) trisiloxane (C11H3204Si4) with a flash point of
100.8423.0 °C (predicted), and 2-phenyl-N-(4-[{E}]-phenyldiazenyl] phenyl)
cyclopropane carboxamide (C12H15NO) with a flash point of 145.0+£10.5 °C (predicted).

Meanwhile, in Table 2, in the bio-oil sample, the amount of zeolite catalyst is 6%,
and the dominant chemical compound content in the bio-oil is Cyclohexasiloxane
Dodecamethyl- (C12H3606Si6) with a flash point of >76 °C, Tetradecamethyl
Cycloheptasiloxane (C14H4207Si7) with a flash point of 150 .7 °C, 3-Ethoxy-1,1,1,5,5,5-
hexamethyl-3-(trimethyl siloxy) trisiloxane (C11H3204Si4) with a flash point of
100.8+23.0 °C (predicted).
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These compounds are compounds that are still difficult to burn in terms of their
flash point. The presence of impurity elements in the compounds in the bio-oil content
could also come from environmental contamination during the pyrolysis process because
the suction of the operating vacuum pump may also bring these elements mixed into the
bio-oil. Bio-oil needs to be upgraded by catalytic cracking, where high molecular weight
compounds are broken down into alkanes [26].

3.3 Effect of Catalyst Amount and Operating Time on Syngas Products
a. Syngas Yield
It can be seen in Figure 13 below, which explains the syngas yield graph.

a7
a6 |
a5 |
s “
S M\
'g}, a2 |
a M r
E a0 [ 39,00
>~ 39 - 14 37,96 37,67
38 [ 37,05 ,
37 |
36 |
35 L - ' - ' - ' - ' - )
30 40 50 60 70

Waktu Operasi (menit)
e=g== Jumlah katalis 4% Jumlah katalis 6%

Figure 13. Syngas Yield from Experimental Variations in the Amount of Zeolite Catalyst and Time

Based on Figure 13, the yield on syngas products is more influenced by the large
number of zeolite catalysts used rather than the length of pyrolysis operation time, which
tends not to be constant. However, this shows that the syngas yield also tends to increase
as the number of zeolite catalysts and operating time increases. The calculation of syngas
yield is the accumulated reduction in the yield of char and bio-oil products as well as
byproducts (tar).

b. CH, content in Syngas

The following Figure 14 shows the composition graph of CH,. The CH,4 content in
the resulting Syngas shows results that tend not to be constant. This is because the amount
of zeolite catalyst, apart from accelerating the thermal decomposition reaction with
increasing temperature, can also increase CH, production during pyrolysis. The effect of
operating time on changes in CH, tends to be different because sampling is carried out
when the blue flame first appears on the stove. The decrease in CH4 composition was
caused by impurity compounds such as N, and other gases such as methane, CO and H,,
which were not readable.
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Figure 14. CH, Content from Experimental Variations in the Amount of Zeolite Catalyst and Time

3.4 Effect of Zeolite Catalyst Amount and Time on Specific Energy Consumption

The term that compares the energy consumption power used and the products
produced is called Specific Energy Consumption (SEC). This calculation is to see how
optimal the experiment is in terms of the large number of products produced with less
energy consumption. Figure 15 displays the SEC graph for each variation sample
experiment that has been determined as follows. Based on Figure 15, the SEC value for 6%
zeolite catalyst is less than 4%. This is because electrical energy consumption is
significantly influenced by operating time, and the resulting product is influenced by time
and the amount of catalyst.

6,50 6,03
6,00
5,50
5,00
4,50
4,00

SEC(kWh/L)

3,50
3,00

3,25

2,50

2,00 1 1 1 1 1 1 1 1 1 ]
30 40 50 60 70

Waktu Operasi (menit)
==¢=Jumlah Katalis 4% == Jumlah Katalis 6%

Figure 15. Specific Energy Consumption (SEC) from Experimental Variations in the Amount of
Zeolite Catalyst and Time
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The lowest SEC is an experimental variation that is capable of producing 0.391 L
of liquid product with a power of 1.269 kW, as a comparison of previous research using 1-
3 cm coconut shells as raw material for pyrolysis with Specific Energy Consumption
(SEC) which consumes 5.68 kwh/L of energy [27]. In contrast, the product from 60 mesh
coconut shells is 0.795 litres with energy small, namely 5.65 kWh/L and 5.68 kWh/L [28].
Compared with the two studies, this study has a lower SEC value, which means it is more
efficient and optimal in terms of energy consumption.

4. CONCLUSION

From the experiments that have been carried out, it can be concluded that the
amount of zeolite catalyst and operating time have a significant influence on the yield of
char and Syngas, whereas they tend not to do so on bio-oil. For char, the greater the
number of catalysts and the operating time, the better the char produced, except for the ash
content. In bio-oil, the greater the number of zeolite catalysts and the operating time, the
lower the pH, viscosity and density values. In Syngas, the influence of the amount of
zeolite catalyst and operating time on the CH,4 content tends not to change consistently.
Among all the variations in the number of zeolite catalysts and pyrolysis operation time,
the most optimal in terms of its potential as alternative energy is at a temperature of 390°C,
the amount of zeolite catalyst is 6%, and the operation time is 70 minutes, yielding a char
yield of 21.73% with water content. 1%, ash content 14%, volatile matter content 11%,
bound carbon 74%, and calorific value 6264.87 cal/gr; Bio-oil yield 22.50%, dynamic
viscosity 4.62 cP, density 1.014 gr/mL, pH 4.07 but still requires distillation and cracking
to be valuable as fuel oil; and syngas yield of 45.28% with CH, 55.52%. Meanwhile, if
viewed from Specific Energy Consumption (SEC), the most optimal variation is 390°C
with a 6% zeolite catalyst and an operating time of 30 minutes with an SEC value of 3.25
kWh/L. After obtaining results with optimal experimental variations, this can become a
reference for further development and research related to this research.
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