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ABSTRACT

Thermal degradation at 500 °C to a Real Municipal Solid Waste (RMSW) has leave a footprint of problem with very
low mass yields of liquid fuel. Therefore, in the presence research, it has been attempted to increase the mass yield of
liquid fuel by using Long Catalyzer Downstream (LCD) equipped with top and bottom outlet in stage pyrolysis. Two
types of natural catalysts (zeolite and kaolin) that have been activated at 500 °C for 2 hours were used in this
experiment. Also, LCD temperatures were varied from 200-300 °C with pyrolizer temperature were hold at 500 °C.
The experimental results revealed that there was a significant increase in the mass yield of liquid fuels compared to
pyrolysis without catalysts and direct catalyst of pyrolysis. The presence of LCD was making a major contribution to
generate secondary cracking and producing more products of short hydrocarbon ranges from MSW feedstock. Among
natural zeolite and kaolin catalysts, natural zeolite catalysts have productivity behavior better than natural kaolin. The
higher mass yields in liquid fuels have been demonstrated by natural zeolite catalysts.
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1. INTRODUCTION between solid, liquid and gaseous products is very
o _ o dependent on the type of pyrolysis process namely slow
Considering the worries of the future energy crisis pyrolysis, fast pyrolysis and flash pyrolysis [7,8]. Slow

and the significant increase in the growth of municipal pyrolysis will result in the same amount of gas and
solid waste, converting RMSW into liquid fuel is a best liquid, liquid fuel is a bigger part of product of fast
solution that should be considered to solve both of pyrolysis and flash pyrolysis will produce most of the
problems simultaneously. Pyrolysis is a well-established liquid fuel [9,10].

method of thermal degradation that can convert waste
into energy. This method is considered as a flexible
method because it is very simple and produces three
types of energy products simultaneously namely liquid
fuel, solid fuel and gas fuel [1]. Syngas is a permanent
gas such as methane and hydrogen and liquid fuel is a
product obtained from the condensation of volatile
products [2]. Syngas and liquid fuel can be used as
electrical gas engine fuels, integrated with a turbine
cycle that convert the fuel energy into electricity [3] on
which it has better combustion efficiency compared to
direct burning process [4] and very low environmental
impact [ 5,6]. The percentage of the results of pyrolysis

Therefore, the various groups have conducted
experiments using mixed MSW as a resource of raw
materials for liquid fuels production. Some researchers
have performed experiments to convert MPW into
liquid fuel[11,12,13,14,15] and some others have taken
place to focused on the use of biomass waste as resource
of raw materials for bio oil [16,17,18,19,20].However,
the RMSW material have a lot of variety of feedstock
composition including biomass waste, many kind of
paper waste, mixed plastics waste, rubber waste, textile
waste, inorganic waste and it is not easy to separate
because it available in abundant and dirty condition.
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Hence, the research of pyrolysis with RMSW as a
feedstock was indispensable. Auxilio. RA et al (2017)
have conducted some experiments by using single
plastic waste and mixed plastic waste. Their results
show that HDPE raw material produces more gasoline
fractions and the others kind of plastic tend to be a
diesel fraction [21]. A. Ldpez et al (2011) and Kyaw.
KT et al (2015) have investigated the effects of various
types of catalysts on the pyrolysis results of plastic
waste mixtures which show that the use of suitable
catalysts will result in increased of liquid fuel mass
yield [22,23]. In the catalysed pyrolysis process, the
presence of biomass in mixed plastic and biomass
feedstock can inhibit the influence of catalysts in the
degradation process. Reduction of this inhibitory effect
can be done by using the higher of catalyst ratio
[24].Further, the addition of catalyst in mixed plastics
sample will reduce the amount of liquid fuel but liquid
fuel product significantly in the range of light molecular
weight or gasoline fraction [25] and among of direct and
separated (two stages) catalyst cracking process by use
mixed plastics sample, higher gas yields are obtained
using a two stage process [26].Nevertheless, the
investigations to increasing the mass yield of liquid
fuels on municipal solid waste with completed mixtures
of RMSW such as mixtures in biomass waste, various
plastics, textiles, various paper and rubber waste are
reported very rarely. In addition on the previous
research, pyrolysis of RMSW with and without and
direct catalytic were reported. The High yields on the
solid residues and low yield products on the pyrolytic
oil have been obtained [27,28].Thus, this study has been
carried out to continue from the previous one in which
to increase the mass yield of liquid fuel products using
LCD in stage pyrolysis in which involves two types of
natural catalysts, i.e. natural zeolite and kaolin catalysts
with the bed temperature was varied between 200-
300°C.

2. MATERIAL AND METHODS

2.1. Materials

Six types of waste material in municipal solid waste
(biomass, HDPE, LDPE, rubber, paper and textile) were
used in this study. This garbage is taken directly from
the final disposal garbage in Bandung City. Then, the
RMSW sample was dried by solar drying for 3-5 days
before being chopped into small pieces between 5-10
cm, the appropriate size for the reactor capacity. The
composition of mixed waste refer to waste from
disposal based air dried including biomass 34%, mixed
plastics 52%, paper 9%, rubber 3% and textile 2%.
Further, natural zeolite and kaolin were obtained from
local source in Lampung Province. Then zeolite and
kaolin were activated thermally at 500 °C for 2 hours to
improve the active site and crystallinity. The
characteristics of both natural catalyst have refer to [29].
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Figure 1 The RMSW sample composition in pyrolysis
experimental

2.2. Methods

In consecutive of thermal and catalytic cracking
were used in this study to investigate the effect of bed
temperature and catalyst in the long catalyzer. Pyrolizer
for thermal cracking was performed by using bench
scale reactor that be made from stainless steel cylinder,
310 mm in height and 160 mm in width by an electrical
heating jacket around the cylinder. The pyrolizer was set
vertically and nitrogen gas was introduced for 3 min
from the top. This flow of nitrogen was to replace the
air inside, creating the necessary vacuum conditions for
a pyrolysis reaction and afterward, the nitrogen flowed
out through the top of the reactor again. Meanwhile,
catalyzer for upgrading of gaseous from the pyrolizer
was performed in the long catalyzer downstream that
placed prior to condenser (Figure 2). The long catalyzer
has length 100 cm and 10 cm in diameter and this
catalyzer equipped by top and bottom outlet. Among of
pyrolizer and LCD, it has been installed a valve to
control the reaction time.

Long Catalyzer
,  Condenser
—_—
s —
- - ¥« Spinner
t 8 Firer
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=<l ¥

Water Tank

Thermal Cracking

Figure 2 Experimental Setup

In the pyrolysis experimental, 500 gram of RMSW
sample (unwashed) was loaded into pyrolizer from the
top and then the pyrolizer was heated by electrical
heater jacket until the pyrolizer’s temperature was
achieved 500 °C by thermo controller and held for 60
minutes. Afterward, the temperature of LCD was set
varies from the 200-300 °C. When the reaction time
was held for one experimental, the valve control was
opened to discharge the gaseous phase from the
pyrolizer to LCD and then condenser. Liquid fuel
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fraction from condenser was flow to spinner filter and
liquid tank. The permanent gaseous fraction from
condenser was burned to avoid environmental pollution.
Finally, the mass yield of liquid fuel pyrolytic and solid
residue were counted by Tora TR-DS11030 of
electronic digital scales and then tabulated.

3. RESULTS AND DISCUSSIONS

The liquid fuel, gas and solid mass yields (wt%),
obtained with the two mentioned pyrolysis methods and
two the conventional one step thermal with (direct) and
without catalyst are presented in Table 1. From the
Table 1, it seen that the catalytic process will increased

Table 1. Mass yield pyrolysis
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the gaseous and liquid yield compared with non-
catalytic pyrolysis. It was indicate the catalyst has an
important role in the pyrolysis process to increase the
productivity of product. However, the direct catalyzed
pyrolysis has a problems with the presence of catalyst
particles carried in the gas pyrolysis. If direct catalytic
cracking and stage pyrolysis with LCD equipment are
compared, it can be explained that the LCD presence
has given a higher yield on liquid fuels. Secondary
cracking along the LCD results in an increase on the
number of short hydrocarbon chains and it was
converted into liquid fuel and gaseous fraction. While
the amount of solid residue is significantly reduced.

Mass Yield (%)

Methods AP
Solid Residue Fuel on Top Fuel on Bottom Gaseous

Without Catalyst - 32 20.4 - 39.6
Direct Catalytic-Zeolite - 30 214 - 51
Direct Catalyst-Kaoline - 28.4 23.6 - 492
200 384 7,0 42 12,6
Stage Pyrolysis-Zeolite 250 38 7.2 23 31,8
300 26,6 7.8 14 51,6
200 36,8 5.6 21,8 358

Stage Pyrolysis-Kaoline 250 28,8 6,8 20,4 44
300 22,6 4.8 24 48,8

But on that, if temperature on the LCD was
increased, the liquid fuel yield will be decreased and
gaseous fraction will be increased significantly. Further,
the solid residue was still high and it can be related to
short reaction time and presence the biomass feedstock
and impurity in the MSW sample.

Figure 3 illustrates the effect of natural catalyst and
bed temperature of LCD to the mass yield and
improvement result were achieved after pyrolysis
process by using LCD device.

W

LCD Tenpertare(€) LCD Temperature (C)

(@) (b)

Figure 3 a) Productivy of product, b) Improvement
result by catalyst

Both of the graph, pyrolytic liquid fuel was higher
flow out on the bottom (BO) compared flow out on the
top (TO) and it was reveal that pyrolytic liquid fuel by
use natural zeolites catalyst has always higher yields
than using kaolin catalyst for all reaction condition. It
was indicate that zeolite catalyst has productivity
behaviour better than the kaolin catalyst. For zeolite, the
maximal yield around 42wt% was obtained at 200°C
and 24 wt% at 300°C for kaolin. Anyhow, at 200°C of
the LCD bed temperature, pyrolytic liquid fuel by
zeolite that flow out at bottom (BOZ) and top (TOZ)
section (Fig. 3a) has sticky behaviour physically that
usually was called wax product [30,31]. It was
described that TOZ and BOZ can be classified as a long
chain hydrocarbon compound and re-cracking was
necessary. Whereas, pyrolytic liquid fuel by kaolin on
the top and bottom (TOK and BOK) were seen more
aqueous and classified as short chain hydrocarbon
compound. The optimum yield of pyrolytic liquid fuel
for zeolite can be obtained at 250°C and it was it has
been the best result for all experiments on both of
catalysts.
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Furthermore, if the mass yield of liquid fuel from
stage pyrolysis, direct catalytic and pyrolysis without
catalyst were compared, the pyrolytic liquid fuel was
increased significantly for both natural catalyst (Fig.
3b). It can be related to the use of LCD and catalyst that
allow secondary cracking repeatedly in the LCD and it
will increase the short chain hydrocarbon compound in
the gaseous fraction. And among of reaction bed
temperature varies on LCD, 2500C bed temperature was
suitable reaction condition for pyrolysis of RMSW.
However, the GCMS analysis was desired to assess the
quality of the pyrolytic liquid fuel obtained.

4. CONCLUSION

The presence a LCD equipment that equiped by
natural zeolite or kaoline on the stage pyrolysis will
increase the pyrolysis performance. Natural zeolite
catalyst have good performance compared with natural
kaoline catalyst that operating on low reaction bed
temperature.
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ABBREVIATION
MSW  Municipal Solid Waste
LCD Long Catalyzer Downstream
HDPE  High Density Polyethylene
LDPE  Low Density Polyethylene
BOz Bottom Outlet with Zeolite catalyzed on

LCD [%]

TOZ Top Outlet with Zeolite catalyzed on LCD
[%]

BOK Bottom Outlet with Kaolin catalyzed on
LCD [%]

TOK Top Outlet with Kaolin catalyzed on LCD
[%]

MY1- Mass Yield Improvement by stage pyrolysis

Z- compared with Direct catalytic - zeolite

Direct  catalyzed [%]

MY - Mass Yield Improvement by stage pyrolysis
Z-WC  with zeolite catalyzed compared with
Without Catalysts [%]

MY - Mass Yield Improvement by stage pyrolysis

Advances in Engineering Research, volume 202

K- compared with Direct catalytic - kaolin

Direct  catalyzed [%]

MY1- Mass Yield Improvement by stage pyrolysis

K-WC  with kaolin catalyzed compared with
Without Catalysts [%]

GCMS  Gas Chromatography Mass Spectrometry
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