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Abstract—The thermal decomposition method has ladse to convert of real Municipal Solid Waste
(MSW) into bio-crude oil (BCO) which is mainly camed hydrocarbon fuel such as light oil (gasoleej
heavy oil (diesel). By this method, sustainable M8\&hagement and energy problem can be considered.
Hence, this research was conducted the pyrolygisrarental to BCO production from the real MSW unde
thermal and catalytic pyrolysis at 400 oC and 60utds for time reaction. To increase the BCO yielthis
study, the natural activated zeolite as a catalgst employed. BCO was analyzed by Gas chromatograph
mass spectrometry (GC-MS) which it can be usedi¢atify carbon number range by percentage of peak
areas. It was found that the catalytic pyrolysis performances better than the thermal pyroliagh of
thermal and catalytic pyrolysis were the produc®60 around 15.2 wt% and 21.4 wt% respectively with
the main organic components are gasoline and diEsehermore, paraffin and olefin fraction are onaj
species in the gasoline and diesel. It can be udedl that the content of MSW and their processesaha
impact on the fuel produced. In the thermal cragkiroduce BCO with higher content in the gasolamge.
More plastic in MSW is also produce more gasolitdevmore biomass produces more in diesel range.

Keywords: Pyrolysis; Bio Crude Oil (BCO); Municip8blid Waste (MSW), Thermal cracking; Catalytic
cracking

1. Introduction

Cities around the world are producing more and nmuoaicipal solid waste (MSW) due to economic
growth, increasing human populations, the risearfsamerist lifestyles and continued urbanizatioaniyl
developing countries, including Indonesia, managg\Wthrough an open dumping system in which the
MSW is disposed of in a way that leaves it expasethe elements [1], posing health and environmenta
risks. Piles of trash in open landfills provide abhat for bacteria and insects as well as poltutio
surrounding air, land and water [2]. The costsrafigportation, maintenance and labor for improvein
management are very high and population growthredsced the availability of landfill space in c#ie
However, as a material MSW stores energy in the fof chemical bonds between molecules of carbon,
hydrogen and oxygen [3]. When these chemical bardsdestroyed, the organic material reacts and
converts into gas, liquids or solids that are comiynealled bio-fuel [4]. The calorific value thaam be
generated from most MSW is around 20.57/kg [5].STMSW is a raw material with considerable poténtia
to be converted into bio-energy. Several methodbif®energy production from MSW have been proppsed
one of which is the pyrolysis method.

The pyrolysis method is a thermal degradation inctwWiMSW is converted into solids, liquids and
gasses at an elevated temperature without thermmesd oxygen [6]. Usually, the temperature rarfgas
400-600C. This process is intended to break down long hydtmrachains into short-chain hydrocarbons.
MSW appears eligible as a raw material for bio erwil (BCO) production through pyrolysis [7-10].
However, the pyrolysis process has low efficiereyarding the endothermic reaction at high tempezatu
Fortunately, the addition of a catalyst in the s can overcome these problems, as the presetive of
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catalyst reduces the activation energy and imprtweslecomposition reaction and product yield. @hk

et al. [11] carried out pyrolysis using Y-zeolitdadSM-5 as catalysts to convert electric and ebetr
plastic waste into BCO; Aida, et al. [12] used diaed catalytic cracking (FCC) to convert plastiaste;
Norbert M, et al. [13] performed catalytic pyrolgsvith Y-Zeolite, FCC, Mo@and HZSM-5 to convert
MSW and Municipal Plastic Waste (MPW); JL Wangakt[14] studied the effect of a Si/Al ratio on the
BCO vyield; Funda A, et al. [15] studied efficignaf several catalysts (Y-zeolit@;zeolite, equilibrium
FCC, MoQ, Ni—Mo-catalyst, HZSM-5) on the catalytic crackinfMSW and MPW. However, all of the
researchers above have used synthetic or commeataysts in the pyrolysis process, which incraase
costs of production, and these catalysts have tarfdgactivation time because of MSW impurities and
contaminants.

One of the best solutions to reduce these costs isse natural catalysts that are abundant in the
environment. A number of researchers have invdstigghermal catalytic degradation using natural
catalysts. Wenger Jorn. [16] performed catalytiofygis to produce BCO from mixed plastic wastengsi
clay as catalyst; Kyaw K T, et al. [17] carried @upyrolysis experiment to make a comparison betwee
clay and dolomite as catalysts; Panda KA, et &) [Used kaolin in the polypropylene pyrolysis and
Mochamad S, et al. [19] carried out two stage pisl of HDPE and PP as raw material with natural
zeolite to produce BCO.

Nevertheless, most of the papers cited above peeisingle-component pyrolysis or used MSW that
was specified such as pure and mixed plastic natéor BCO production. Meanwhile, the MSW in
developing countries generally includes a hugeetarof mixed waste and it is impossible to colldcte
different kinds separately because of the largentijies produced. Also, more information about B@O
characteristics of real MSW (unseparated) in pyislys necessary before it can be used as an efugihe
Moreover, so far zeolite has not been used asysaialthe real MSW pyrolysis process.

Therefore, this research was focused on BCO pramuétom real MSW by the pyrolysis method, in
which it is a mixture of some kinds of biomass waseveral plastics waste, textile waste, papessenand
rubber waste. The pyrolysis experiment was perfdrinmeder catalytic pyrolysis. Pyrolysis BCO further
was analyzed to study the characteristics suchr@dupt composition and yield, as well as chemical a
physical properties. Afterward, a comparison betwine results of pyrolysis and conventional oikgdil-
48 and gasoline-88) was performed to examine thssipility of using MSW as a substitute for
conventional fuels.

2. Material and Methods

2.1. Waste and catalyst for pyrolysis

The 25 kg of real MSW sample that used in this @rpent was collected from a final disposal site in
Bakung district, Bandarlampung, Indonesia. This @antonsisted of various kinds of waste, including
vegetable waste from the traditional market, garatsh household wastes, LDPE, HDPE, paper/cardboard,
PS, rubber waste and textile waste. The real MSiplawas then dried by the sun for around 3-5 days.
After drying process, the MSW sample separatecttount for its composition before it was choppéed in
smaller pieces around 5-10 cm to provide the appatgpsize for reactor capacity. The compositiory (d
basis) and physical form of the MSW is shown in. HigJust over half of the MSW consisted of plastic
waste such as bottles and plastic bags. Anothet Was made up of biomass, including vegetablejeyar
and kitchen waste. Almost a tenth consisted ofadded paper, newspapers and cardboard, 3% was rubbe
waste, and 2% of the MSW came from textiles.
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Figure 1. The composition and physical of MSW usetthis experiment

The natural zeolite used in this study was a naltéom a local source in Lampung province that
donated by CV. Mina Tama, Bandarlampung, Indonasia trader of natural zeolite. Based on their,data
the natural catalyst is the clinoptilolite type stglline matter and the chemical composition ofuredt
zeolite are majority consisted of silicon dioxide silica (68.5%). It also contained 13.17% aluminum
oxide, 2.98% ferric oxide, 2.15% magnesium oxidd,7%2 calcium oxide (quicklime), 1.8% potassium
oxide, 1.06% sodium oxide, 0.14% titanium dioxidad the remaining others (Table 1). To examine the
structure of natural zeolite activated, the XRDlgsia was employed and the XRD patterns of thesatgd
natural zeolite is shown Fig. 2. It can be seen tihe activated zeolite has a good crystallinitjrdgor
(characteristic peaks sharply). That is indicatdble at high temperatures and appears likely edymre a
strong effect in the decomposition of real MSW.
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Figure. 2. X-Ray patterns of the activated zeolite
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Figure 3. Chemical composition of activated zed8eurce: CV. Mina Tama, Bandarlampung, Indonesia)

2.2. Pyrolysis Experiment

The real MSW sample was pyrolysed in a laboratoayesusing fixed bed vacuum reactor (pyrolyser) as
shown in Fig. 4. It equipped with secondary reaata hopper which is placed at the top of thelgger
It was then connected by a tunnel that equippediibyock valve. The pyrolyser was made from the
stainless cylinder with the dimensions of 310 mnhémght, 160 mm in diameter, and the electricatihga
jacket was taped around it, whereas the hoppemnveate from the cast iron cylinder with the dimensioh
250 and 160 mm in height and diameter respectivdig. pyrolyser and hopper were set vertically.

Gas
burned off

BO collected

Figure 4. The installation of experiment apparatus

In this experiment, firstly the MSW sample (similaith the real MSW composition) was placed
into the hopper, while the pyrolyser was heatea mite of 12C until its temperature reached the set value
of 400°C. Afterward, from the top of pyrolyser, N2 gas vitstsoduced for 3 minutes, and then flowed out
again through the top of the pyrolyser. A flow dafrogen will push down and replaced the air frore th
pyrolyser and permitted the pyrolysis reaction undert vacuum conditions. Then, samples of MSWewer
fed into the pyrolyser by opened up the air lockvea500 g of real MSW sample for non-catalytic
pyrolysis and 750 g of mixed catalyst-MSW. The qatif catalyst to MWS was 250:500 g. For both
pyrolysis experiments, the reaction time was hetdsd minutes.

The gas produced during pyrolysis flowed out frdra top of the reactor and into a vacuum gas cleaner
which served as a first condenser. Next, the ga# wéo the shell and tube condensers, which seaged

secondary condensers to separate liquid from tkBe Tae temperature of the gas in the shell and tube
condensers was maintained at 20°C by water puroplatron. The condensation product from the vacuum
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gas cleaner and the condensers was made up oftarenof water and bio-oil, which were separatecaby
series of precipitation and filtration processeke Tlean BCO was then weighed. The gaseous products
were burned off to prevent the emission of hydrocargasses. The char produced by heating MSW in the
reactor remained at the reactor bottom and waaeli and removed after the pyrolysis reaction was
completed. Finally, four replicates were perforni@dboth of pyrolysis experiment.

2.3. BCO Analysis

The products obtained from the pyrolysis can bédd into non-condensable gas, solid and liquid@BC
fractions. From the BCO vyield, hydrocarbon chainsthie gasoline range £C;,), diesel (G>Cyq) and
heavy oils (> Go) that consist of paraffin, olefins, naphthenes aramatics [20] can be recovered. In order
to examine the BCO, the pyrolysis liquid was anatiymsing a gas chromatography mass spectrometry (GC
MS, QP2010S Shimadzu) which can identify carbon lmemnange and chemical composition by percentage
of peak areas. The column was a DB-1 (Agilent Xd@dmethyl polysiloxane) capillary column, 30 mm
length with 0.25 mm diameter and 28n film thickness. Helium was used as the gas carfibe
temperature was initially set at 60°C for 5 min|daed by a heating rate of 5 °C/min to 280 °C, vehi

was held for 51 min. The heating value was estichaging the carbon-hydrogen weigh ratio [21], adtay

to which the paraffin has highest heating valudlpfeed by iso-paraffin, olefin, nepthenes and artiena
(PIONA).

3. Resultsand Discussion

a. Physical Properties

The physical properties of BCO and conventional wmitluding viscosity, density and content, were
analyzed based on ASTM methods. The results argrshoTable 1. It can been seen that BCO has pélysic
properties close to those of diesel-48 oil, althosglid and water content was high in the BCO due t
impurities in the unwashed real MSW and directlgataln BCO derived from both thermal and catalyti
cracking, the presence of activated zeolite inpym@lysis process was adequate to improve the tyessd
viscosity properties.

Tabel 1. Properties of BCO

Propertis Units Diesdl 48 Gasoline 88 Thef”.‘a‘ Catalync
Cracking Cracking
Cetane Octane Number 48 (cetane) 88 (octang) - -
Density@15°C 9/ M Lo D | 0815087 0,7-0.78 0.8133 0.8076
Vis}é?s?tr;gfooc cSt ASTM D-445 2,0-5,0 0,4-0,8 2.662 2.4775
Flash Point °C ASTM D-93 min 60 min 40 min 5 min 5
0 -
Water Content /OVOISiZM D max 0,05 - 1.5 2.5
. %Vol ASTM D-
Oil Content 1744 - - 95 90
Solid Content %Vol ASTM D-482 - - 3.5 7.5

b. Chemical Properties

The output of GCMS analysis is a GC graph and Mfsll&dion. The entire of peak on GC graph was
represent the amount of hydrocarbon chain in th©® B@d MS tabulation was used to calculate the perce
peak area of each chemical composition peak by Wdileibrary assist. The chromatogram results for
thermal and catalytic cracking analyzed by GCMSshi@wvn in Fig. 5a and Fig. 4b. A real difference ba
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The product from the real MSW in pyrolysis is showrFig. 6. Thermal cracking produced 15.2 wt%
BCO and catalytic cracking produced 21.4 wt% BC@e Ppresence of activated zeolite in the pyrolysis
process evidently improved the secondary crackimg small hydrocarbon chains, and this obtained a
remarkable increase of BCO yield by around 40.78%mared without catalyst. This means that zeol h
an excellent productivity behavior as a catalyshapyrolysis process.

50
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%‘;“ 40
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= m Solid
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m Water

Thermal Cracking Catalytic Cracking
Effect of Treatment

Fig 6. Mass yield of pyrolysis products

This behavior can be explained due to its actitessand acidity, which facilitate the cracking teat in
pyrolysis. However, the higher yield of gaseousddpid and appearance of water content in the BCQyimp
that the real MSW required further drying, and tvaperature of the condensation environment, ar@ond
°C, was unfavorable. Moreover, the low BCO yield edso be associated with the short reaction tinte an
long residence time of gas in the reactor [22] alsth caused by biomass material presence that tends
produce of gaseous product [19], or plastic wadlldead to increase the yield of pyrolytic BCO [23
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The influence of activated zeolite on the carbargeaand mass species in BCO is shown in Fig. 7Fand
8. Meanwhile, PIONA percentage results in each ¢gahbon range are presented in Fig. 8. The PIONA
results can represent the high heating value ibithverude oil during pyrolysis.

Fig. 7. shows that the BCO produced from the pwislpf real MSW contains mostly gasoling{G2) and
then diesel (&-Cyg) and heavy oil (C>20). The high amount of plastiaste in the real MSW played
important role in producing the high value of gaslrange in the BCO due to the chemical compasitio
plastic [24]. Regarding the short reaction time &y residence time of gas in the reactor (dusioyv
pyrolysis), the presence of biomass in the real M&W tended to produce of gaseous gas. Thermal
cracking produced a gasoline product higher tharc#talytic cracking process. This could be deedris a
result of secondary cracking on turning the smiadbant of gasoline into syngas, diesel into gascding
solids into diesel due to the presence of a catalys
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Figure 8. A comparison of mass species between &@Oconventional fuel

Moreover, based on chemical compounds in the pycdBCO, paraffin, olefin, and aromatics are domina
element in BCO followed by small amount of alcohol acids. There is only a slight difference betwe
the amount of paraffin and olefin produced in thalrand catalytic cracking. This illustrates that #teolite
at 400°C over 60 minutes (with the slow pyrolysis condijitias low selectivity properties.
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Figure 9. Number of mass species in each hydronaditge

Fig. 9. describes the PIONA contents in the eaciidoarbon range within the pyrolysis BCO. It shdinest

the gasoline fraction contained more olefin tharaffim and otherwise with the diesel fraction fauthp
results of BCO from pyrolysis. This composition vegnificantly affected by kind of real MSW usedtire
process, especially the amount of plastics and @snwhich strongly determined the kinds of chemical
reactions during the pyrolysis process. The presehampurities in the real MSW also appeared &y @n
important role impacting the BCO composition [25].

4. Conclusion

Real MSW has great potential as a raw materialeccdnverted into the hydrocarbon range, including
paraffin and olefin using pyrolysis method. In tipiaper, we employ the catalytic and thermal pyislys
method. The novelty of this paper is the MSW u$ed in unseparated condition since most of thidaevias
developing countries generally includes a hugeetarof mixed waste and it is impossible to collect
different kinds separately because of the largantfies produced. Natural Activated Zeolite wasduas a
catalyst to improve the production of bio-oil. hetexperimental preparation, well-dried MSW is jarep to
prevent a high water product in the yield. BCO Hartmore analyzed by Gas chromatography—mass
spectrometry (GC-MS) which it can be used to idgm@rbon number range by percentage of peak areas.

It was found that the catalytic pyrolysis has perfances better than the thermal pyrolysis. Botthefmal

and catalytic pyrolysis were the produce of BCQuah15.2 wt% and 21.4 wt% respectively with themai
organic components are gasoline and diesel. Fuanttrer, paraffin and olefin fraction are major spsdre

the gasoline and diesel. The content of MSW anat firecesses also has an impact on the fuel praduce
The process of thermal cracking produces BCO wighdr content in the gasoline range. In the conbént
MWS, more plastic content produce more gasolingegaklowever more biomass content produces more in
diesel range. In the reaction time, the short reaghay reduce BCO yield and may increase the ptigoo

of oil in the diesel range. In our future reseathh,influence of reaction time, the temperaturaewcontent
and the particle size of the catalyst will be irtigeged.
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Highlights
» Citiesaround the world are producing a huge of municipal solid waste (MSW)
* We produce a Bio-Crude-Oil (BCO) from real MSW by the catalytic and thermal pyrolysis method
» Natural Activated Clinoptilolite-Zeolite was used as catal yst
» It wasfound that the catalytic pyrolysis has performances better than the thermal pyrolysis
» Thermal pyrolisis produced 15.2% BCO while catalytic produced 21.4% BCO





