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Abstract This study aims to investigate the thermal
and catalytic pyrolysis of crushed instant noodle packs
(CINP) and crushed coffee sachets (CCS) with and without
calcined- natural zeolite catalysts. The experimental works
were conducted using a small scale vertical tubular reactor
heated by an electrical heater. The thermal pyrolysis
experiments were carried out at the reactor temperature of
400, 450, and 500°C. In the second experiments, catalyst
was loaded on the upper side of the reactor at various
catalyst to plastic ratio. The results show that CINP
produced higher liquid product at lower temperature while
CCS produced higher liquid product at higher temperature.
The maximum liquid oil yield obfffined up to 65% on CCS
pyrolysis at the temperature of S00°C. The presence of
catalyst reduced the liquid fraction for both fiiistocks and
modified the chemical composition of the pyrolytic oil.
The heating value of the pyrolytic oil was high enough for
fueling the engine and other external combustion engines.
CCS pyrolysis also produced much more solid product
compared to CINP.

Keywords Instant Noodle Packs, Coffee Sachets,
Pyrolysis, Fuel Oil, Natural Zeolite, Char Residue

1. Introduction

Municipal solid waste (MSW) has become a serious
problem in several big cities in Indonesia, especially
household waste, since the waste is very polluting our
environment. There are still lots of waste without good
handling in many places and even some waste was
disposed into the river making it a problem with the whole
community. One of the solid waste becoming major stream
in our MSW is plastic waste.

The use of plastic materials increases in daily life in line

with the improvement of the economic growth and social
quality of life. This is due to the superiority of plastics
compared to other types of materials including lightweight,
strong, moldable, less expensive and corrosion resistant.
These advantages resulted in more waste plastics being
produced from households.

As a developing country, Indonesia continues to spur
economic growth. The trend of economic growth increased
from 2001, which was 4.90%, reaching a peak in 2011 of
6.98%, and it slowed in 2017 to 5.07%. In 2016 the number
of waste generation in Indonesia with the population of 261
million people was 652 million tons per year. The
projection of the population of Indonesia shows that the
population continues to grow and will certainly increase
the amount of waste generation [1].

According to United Nations Environment summary
report [2], the MSW generated in Indonesia is composed
mainly of organic waste (60%), followed by plastic (14%)
and paper (9%) as shown in Figure 1. The main issue when
disposing MSW is how to treat plastic waste because of
their slow degradation rates. Plastic Waste should not be
directly discarded via open dumping or landfilling system.
Feedstock or chemical recycling by pyrolysis process is
one of the proper solution to convert waste plastics into
fuel which can be used for engine and other apllications.

Some previous studies have been conducted by many
researchers using various feedstocks such as CD case [3],
bottle caps, detergent bottles [4], polyethylene (PE) bag [5],
and household plastic waste [6]. Several commercial and
modified catalysts [7] have also been used to upgrade the
quality of pyrolytic oil such as Ni-Ce [8], kaolin clay [9], Y
zeolite [5] and ZSM-5 zeolite [10]. Natural zeolite catalyst
has also been chosen as a cheaper catalyst to reduce the
production cost of pyrolytic oil [11]. Utilization of
pyrolytic oil in diesel engine has also been investigated by
Syamsiro et al. [12], Venkatesan et al. [13], Ayodhya et al.
[ 14], Chintala et al. [15], and other researchers [16].
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Most of the waste plastic pyrolysis studies used recycled
plastics which can also be recycled by using material
recycling method to produce a lower grade plastic material.
There are still few researches on non-recycled plastic
pyrolysis which is very important to be implemented in
developing countries like Indonesia. Therefore, the present
works studied the pyrolysis of instant noodle packs and
coffee sachets to produce liquid fuel by thermal and
catalytic process using natural zeolite catalyst.
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Figure 1.

MSW composition in Indonesia [2]

2. Materials and Methods

2.1. Materials

The waste plastics used for these experimental works
were instant noodle packs and coffee sachets after
crushing and washing. The feedstocks were obtained from
the local waste bank in Yogyakarta city, Indonesia. The
appearance of the feedstock is shown in Figure 2. The
materials were then crushed into smaller size to maximize
the capacity of the reactor.

Figure 2. (a) Crushed instant noodle packs (CINP) and (b) crushed
coffee sachets (CCS) as feedstock

The catalyst used for this works was natural zeolite.
This natural catalyst was collected from Klaten, Indonesia.
The fresh natural zeolite was dried in an oven at 120°C for
5 hours and then calcined at 500°C for 3 hours to remove
some volatile substances. The characteristics of calcined
natural zeolite (CNZ) catalyst has been reported in
previous studies [5][11]. The CNZ sample can be
classified as mordenite type cristalline based on XRD
patterns. However, the catalyst sample contained some
amorphous and crystalline impurities. The BET surface
area of CNZ catalyst was 91.146 m*/g. The snapshot of
the calcined natural zeolite is shown in Figure 3.

Figure 3. Calcined natural zeolite used in this study.
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2.2, Pyrolysis Experimental Procedure

The pyrolysis experimental works were conducted using
a small scale vertical tubular reactor fabricated from
stainless steel. An electrical heater was used to heat up the
reactor. The height and the inner diameter of the pyrolysis
reactor are 450 mm and 100 mm, respectively. The reaction
temperatures in the reactor were measured with K-type
thermocouple and contolled by the heater. The condenser
was connected to the outlet of reactor to condense the
pyrolysis gas coming out from the reactor. The first
condenser was cooled by the surrounding air and the
second condenser is a double-pipe condenser which was
cooled by the circulating water. A 3D schematic diagram of
the apparatus is shown in Figure 4. The liquid product was
then collected at the bottom of the condenser in the oil tank.
The solid residue remained in the pyrolyzer and catalyst
was then collected and weighed for calculating the mass
balance.

. condenser
Pyrolysis

reactor

f

Waler
circulation

il tank

Temperature
controller

Figure 4. A 3D schematic diagram of the experimental apparatus

In each experiment, about 200 g of CINP or CCS was
loaded into the pyrolysis reactor. The reactor was then
closed and heated from room temperature to the targeted
temperature. The feedstock was then melted and volatilized
into gaseous phase and come out to the condenser for
cooling and condensing the pyrolysis gas became pyrolytic
oil. The thermal pyrolysis experiments were carried out at
the reactor temperature of 400, 450, and 500°C. In the
second experiment, catalyst was loaded on the upper side
of the reactor at various catalyst to feedstock ratio. The
heating value of liquid and solid products was then
measured by using bomb calorimeter. The fraction of
liquid product was also analysed by using GC-MS
(QP2010S Shimadzu).

3. Results and Discussion

3.1. Pyrolysis of Instant Noodle Packs

The product yield of the thermal pyrolysis of CINP as
the effect of pyrolysis temperature is shown in Figure 5.
The picture shows that the highest liquid yield was
produced at the temperature of 400°C. At this temperature,
CINP produced a liquid yield of 64.5%. It means that the
CINP did not need high temperature for pyrolysis process.

As we know that CINP was composed of polypropylene
(PP) which needs lower pyrolysis temperature compared
to other materials such as polyethylene (PE).
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Figure 5. Effect of temperature on product distribution from the
thermal pyrolysis of crushed instant noodle packs

Figure S also shows that the liquid yield would decrease
along with the increase of temperature. On the contrary,
the gaseous yield has increased with the increase of
temperature. This is due to more intensively cracking
reaction has occured at higher temperature. At this
condition, longer chain hydrocarbon has been cracked into
shorter chain hydrocarbon, so that some oil product was
converted into gaseous product [3].

The study on the effect of catalyst presence can be seen
in Figure 6. The result shows that the catalytic pyrolysis
reduced the oil yield almost a half of the thermal pyrolysis.
The maximum yield could be produced at the catalyst to
plastic ratio of 0.5 which could obtain the liquid yield of
36.7%. The presence of catalyst promoted an additional
cracking reaction inside the catalyst so that some oil yield
would also be transformed into gaseous yield.

The adff}ion of catalyst in pyrolysis reactor was also
intended to improve the quality of the oil product by
changing the chemical composition of the oil. Figure 6
also shows some coked formation which can be seen from
the increasing of the solid fraction. The coked formation
would obstruct the heat transfer in the reactor and also
reduce the active site numbers which leads to an increase
in operating cost [17].
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Figure 6. Effect of catalyst presence on product distribution from the
pyrolysis of crushed instant noodle packs at the temperature of 400°C
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Figure 7. Liquid oil production rate at various temperature collected from condenser 1 for CINP feedstock

Figure 7 shows the liquid oil production rate produced
from the thermal pyrolysis of CINP at various
temperatures obtained from the first condenser. The liquid
yield was mainly produced from the first condenser. The
second condenser had only obtained the oil less than 15%.
From Figure 7 we can see that the fastest pyrolysis
process could be achieved within 3 hours at the
temperature of 500°C, while the longest time was 7 hours
at the temperature of 400°C. The pyrolysis time is also the

important parameter in this technology in commercial scale.

The longer pyrolysis time means the higher operation cost
since more fuel is needed to heat up the reactor.

3.2. Pyrolysis of Crushed Coffee Sachets
1

The effect of the reactor temperature on the product
yields from the pyrolysis of cushed coffee sachets (CCS)
is shown in Figure 8. It shows that the increase of the
reactor temperature increased the yield of liquid product,
whereas it decreased the yield of gaseous and solid
products. The result shows the opposite trend compared to
CINP feedstock as shown in Figure 5. The main
component in CINP is polyethylene (PE) which has

different characteristics compared to PP in CINP
feedstock.
Typically PE has higher cracking temperature

compared to PP due [ the different structures of molecule
from each material. Thermal pyrolysifBf waste plastic is
an endothermic process, therefore, the dissociation energy
of the C-C bond must be provided to break down the
plastic bond. The dissociation energy of PE is higher then
that of PP so that it requires higher temperature for
breaking down into smaller carbon chain [ 18]. Moreover,
the quantity and quality of the product yield in thermal
pyrolysis are affected by several parameters, such as type
of reactor, temperature and residence time [19][20].
Figure & also shows that CCS produced much more
solid product compared to CINP. The maximum solid
product yield was 29.5% at the temperature of 400°C. The
reason is that CCS was laminated by aluminium foil
which could not be pyroyzed into pyrolysis gas. The

aluminium foil has remained in the reactor mixes with the
solid residue.
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Figure 8. Effect of temperature on product distribution from the

pyrolysis of crushed coffee sachets

Figure 9 shows the product yields generated from the
catalytic pyrolysis of CCS as the effect of catalyst to
plastic ratio. It can be seen that the presence of CNZ
reduced the liquid fraction and increased the gaseous
fraction. Theoretically, CNZ catalyst can intensify the
cracking reaction of the pyrolytic gas.
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Figure 9. [Effect of catalyst presence on product distribution from the
pyrolysis of crushed coffee sachets at the temperature of 500°C
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Figure 10.

Pyrolysis of CCS over CNZ catalyst produced highest
liquid product at the catalyst to plastic ratio of 0.25 which
could obtain the liquid yield of 61.85%. The oil yield just
slightly lower than that of thermal pyrolysis. The reason is
that the CNZ catalyst was insuficient to crack the CCS
which has higher dissociation energy compared to CINP.
As can be seen in the previous study [5], CNZ has lower
BET surface area than that of commercial catalyst. Lower
surface area would give less contact between catalyst and
waste plastic which means more pyrolytic gas would be
cracked to produce shorter chain hydrocarbons.

The liquid oil production rate obtained from the thermal
pyrolysis of CCS at various temperatures generated from
the first condenser can be seen in Figure 10. Like CINP
pyrolysis, the liquid yield was also mainly produced from
the first condenser. The second condenser had only
obtained the oil less than 10%.

Figure 10 also shows that the fastest pyrolysis process
can be achieved within 7 hours at the temperature of
500°C, while the longest time was 14 hours at the
temperature of 400°C. The pyrolysis time of CCS was
longer than that of CINP. This is due to the higher
dissociation energy of CCS compared to CINP as already
mentioned previously. It means that the CCS needs more
heating fuel which affects the total operasional cost of the
plant.

Table 1. Heating value of CINP and CCS pyrolytic oil
. Temperature HHV
Material 0) (MI/kg)

450

Crushed instant (Condenser 1) 36,99
noodle packs (CINP) 450

{Condenser 2) 36,45

Crushed coffee 00 15.43

sachets (CCS) {Condenser 1) ’

The heating value of the pyrolytic oil produced from the
pyrolysis of CINP and CCS is shown in Table 1. The result
shows that the heating value was high enough for fueling
the engine and other external combustion engines such as
furnace, stirling engine, and cooking stove. However, the
heating value was slightly lower than that of commercial

Liquid oil production rate at various temperature collected from condenser 1 for CCS feedstock

fuel such as gasoline, kerosene, and diesel fuel which is
normally more than 40 MJ/kg. Some impurities in real
waste plastic might be the the main reason for this result.

3.3. Carbon Atom Number Distribution of Liquid Oil

The quality of the liquid product can be seen from the
carbon atom number distribution. It can be used to classify
the liquid oil based on the application such as gasoline and
diesel fuel. Figure 11 shows the carbon atom number
distribution obtained from the pyrolysis of CINP. It
classified the liquid oil into three fraction of oil i.e.
C5-C12 (gasoline), C13-C20 (diesel fuel) and >C20
(heavy oil). The result shows that CINP pyrolytic oil
contained mostly gasoline fraction which amounts to more
than 90%. The presence of catalyst increased the gasoline
frcation which means that some longer hydrocarbons were
cracked into light hydrocarbons.

o

C13-c20
9,01%

€13-C20
6,79%

C5-C12

90,99% o

93,21%

400°C

450°C

€13-C20
4,21%

€5-C12
95,79%

400°C
Catalyst to plastic ratio : 0.5

Figure 11. Carbon atom number distribution of liquid oil produced
from the pyrolysis of CINP
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Figure 12 represents the carbon atom number
distribution obtained from the pyrolysis of CCS. Th result
shows that CCS pyrolytic oil contained heavy oil fraction
at the temperature of 500°C. The reason is that some CCS
which could not be pyrolyzed at lower temperature would
be pyrolyzed at higher temperature. As shown in Figure &,

CCS produced higher liquid fraction at higher temperature.

It means that the increase of liquid fraction at higher
temperature contributed to the presence of heavy oil in
CCS pyrolytic oil. The presence of catalyst reduced the
gasoline fraction at the catalyst to plastic ratio of 0.37.
The reason is that catalyst converted some gasoline
fraction into gaseous product. This reason has been
confirm from the data in Figure 9 where the liquid fraction
was drastically decreased while the gaseous fraction
increased.

ot
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400°C 500°C
(.. =
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Figure 12. Carbon atom number distribution of liquid oil produced
from the pyrolysis of CCS

3.4, Char Residue

Figure 13 shows the physical appearance of the char
residue produced from the pyrolysis of CINP and CCS at
the temperature of 450°C. The result shows that CCS
solid residue contained some aluminium foil which was
laminated in coffee sachet. As shown in Figure 5 and 8,
CCS feedstock produced more than 25% of solid residue
while CINP feedstock produced less than 5% of solid
residue. It means that about 20% of solid residue in CCS
generated from aluminium foil. It can be recovered to
produce aluminium bar for various application. The char
residue can be used as co-firing fuel blended with coal or
biomass for heating up the pyrolysis reactor or other
applications.

Figure 13. Char residue from the pyrolysis of (a) CINP and (b) CCS at
the temperature of 450°C

The utilization of char residue derived from the
pyrolysis of waste plastic has been studied by
Jamradloedluk and Lertsatitthanakorn [21] to boil the
water in a cookstove. The char-derived briquette needed a
longer time to ignite compared to wood fuel. Another
study has also been investigated by Saptoadi et al. [22] to
make hollow cylinder briquettes from various waste
plastic char. Some char briquettes were not feasible since
they melt during the combustion test.

A small portion of solid residue was found in catalyst.
The snapshot of CNZ catalyst after use in pyrolysis of
CINP and CCS can be seen in Figure 14. The colour
appearance of both used catalysts seem darker than fresh
CNZ catalyst. It means that some coke formation have
appeared in used- catalysts. The presence of coke
formation would deactivate the catalyst which would
reduce the catalytic activity of CNZ and finally would
affect to the quality of the liquid oil. Real waste plastic
also contained some impurities which contributes to the
deactivation of catalyst. The used-catalyst can also be
recovered by burning it to remove some cokes inside the
catalyst.

Figure 14, Used-catalyst after the pyrolysis of (a) CINP and (b) CCS
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4. Conclusions

The thermal and catalytic pyrolysis of CINP and CCS
have been succesfully conducted in a vertical tubular
reactor. The results show that CINP produced higher
liquid product at lower temperature while CCS produced
higher liquid product at higher temperature. The
maximum liquid oil yield waffup to 65% on CCS
pyrolysis at the temperature of 500°C. The presence of
catalyst reduced the liquid fraction for botffffeedstocks and
modified the chemical composition of the pyrolytic oil.

The heating value of the pyrolytic oil was high enough
for fueling the engine and other external combustion

engines such as furnace, stirling engine, and cooking stove.

However, the heating value was slightly lower than that of
commercial fuel such as gasoline, kerosene, and diesel
fuel which is normally more than 40 Ml/kg. CCS
pyrolysis also produced much more solid product
compared to CINP. The reason is that CCS was laminated
by aluminium foil which could not be pyroyzed into
pyrolysis gas. The aluminium foil remained in the reactor
mixed with the solid residue.
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