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Pyrolysis process for converting waste plastic into fuel oil
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Abstract

The pyrolysis process has gained significant attention as a method for converting plastic waste
into energy. This study aims to investigate the pyrolysis process using high-density polyethylene plastic
for the conversion into pyrolysis oil. Plastic waste, specifically 5 kg of plastic bottle caps, was processed
using a 200-liter batch reactor along with a 50-liter water-cooled gas condensation system. The
experiments were conducted at pyrolysis temperatures of 190+5°C, 280+5°C, and 340+5°C. The results
indicated that increasing the temperature led to higher pyrolysis oil yields. At 340+5°C and a reaction
time of 140 min, the maximum oil yield reached 12.90% by weight. The properties of the pyrolysis oil
included an acidity with a pH of 5.0, a density of 737 kg/m?, and a heating value of 52.23 MJ/keg. The
energy conversion efficiency was 14.68%, the specific oil production rate was 174 liters per tonne, and
the energy consumption for oil production was 79 MJ/liter. Therefore, this plastic waste management
process not only offers an effective means of converting waste into energy but also serves as a viable
environmental solution for waste management and energy transformation.

Keywords: pyrolysis, pyrolysis oil, hot air, waste plastic
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Wlagauindu Inegauugil 340+5°C Nsgavianyiuise 140 min aglinandnuniuasaniniu 12.90 %wt
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sosUfuRnts wuilviuTinahifureenanaiinds 1654 %wt figuundl 500°C uarlvirnanudouvosintuly
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TnBuURINTMAaesUeInuITeiliansisning 2 TudiwvesnisnsiaingamiliviiinmesiuAvilausenn K
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anufouresiulnlslada agldiaTosiandanuainuseu (Bomb Calorimeter) 8via LECO $u AC500 Tun1s

AATITAAIANUSDUR BLNAIIINUNITY

11| o1sars3sanaswavviugyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



[

209 1 Yeznaainuselny HDPE Allun1snnasaanulded

Pyrolysis gas
outlet
L
£
P
&
Fixed bed 2
Pyrolyser =
[
&
LPG
Pyrolysis oil outlet
L 1
—— Gondereer
LPG Bumer

AW 2 LAUR9YR9STUUNAMUNTIUINNYEENA@RNVUIA 200 liter

UsgAnsmunsasugunasny

MylTeimAUsEavsnmnsiuAgugunanu (Conversion Efficiency) veshiulnlslagamlaain

o

pauvasdulnlsladatuainnuseuveainiulnlsleda varUSuiavesnaiainiuainuSouvaananann

faansluaunisa 1 [7]

& o
. . [ 1
Conversion efficiency = —2"""-x100 (1)

plastic

. . a a a a ) A o Y o
Iag Conversion Efficiency ApUsedAnsaimnisiufigusunasanu (%) & pyrolysis ot AOAATIUYDIUNLY

wanaRnAuAIAINToUTeIUNTU (MJ/kg) & AaUsunaeznatafniuAInINSuTRINANERN (MJ/kg)

plastic

12 | s1sars3vanaswavviugyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



ansnswanusiulnlsladasnwig
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M o
pyrolysis oil
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Specific pyrolysis oil =

p pyrolysis oil

loawit Specific pyrolysis oil #o ninmsuandiulnlslada (iter/tonne) M, ., B Wwiin

voafulnlsladalnodadindin (Gewt) P, 00 F0 A ImULLLUlWlslaga (ke/liter)
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Uinsallnlsladawindu 138°C danwd 4 (1) warludruvesnsviiufaserlnlsladad 30045°C nuiald

13 | o1sars3sInaswavviugyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)
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nan1sUsTiliunananuanszuIunisinlslada
NNNANSTIRABHavBIguMTTiTNaserandnannsrUIUMsInlslatanuteyluninaaes nudnile
grunpiiutuardmarilildvsianiulnlsladafiviu Tnefigungfinsvinuiiseninisleda 30045°C azlé
wanAntulnlslada 12.90 %wt uazldvesudefivdolunufnsal 0.08 %wt uazufalnlslada 87.02 %wt
Faanslunmil 5 denndeaiunuiseves nusns wazAE (2568) fvnsAnwinisuanintiussnanaingy
nszuaunsinlsladalnefigangivszuna 500°C aglinandmintulnislada 1650 %wt vosuds 2.85 %owt
uazufalnlslada 80.61 %wt [3] sgdlsAmuiderinnisiiasgiaUssansnmnisiasugundany wuindian
Wiy 14.68 % Tensinswanisulnlsladas ety 174.30 liter/tonne wazdidnsnsauddemaauy
Tunsguaunsindy 79.33 Militer ideulunsnaassgamgilumufnsaivindy 36045°C luguvesnis
Jnszriesdusynovveddlnlslada nuimuiseifeeuandifiuiinssuiunisinlsladaveenanafinay
loesAusenounia laun Argarsveuneusnlen (CO) WAy 9.08 % Anwiiny (CH,) WNAU 6.56 % A%
Talasiau (H,) Wity 4.10 % dwSureznaradin ROF [4] niduegnssasudnuindesiusynaundading windu
2.6 % fwlalasiau winnu 3.4 % fAwa1susulaeenles (CO,) AU 14.0 % [9] ANLEAINANITILATIZN

nszuIumsinlsladaigamginunsaising Wi 1

mSolid mliquid @Pyrolysis gas
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AW 5 Handnvasnsyuiunsinlsladaivsenmaiilnlsladasiig 4

A19199 1 wansUseliueugnsallnlslada

gaungillnlslada (°C)

19821980
190+5°C 280%5°C 34015°C
Conversion Efficiency (%) 3.81 371 14.68
Sasnsnamitulnlsladasinng (iter/ton) 49.60 46.16 174.30
Sasmsaudemdsnusumng (MU/liter) 239.97 399.93 79.33
521NN (min) 180 320 140

nan1ss1eanUAutulnlslada
IMNHANTNAFBINTTUIUNS WS ladavesnaadnaueulvivludiutazwanidnyauzvasdunsuln

slaganldnnnszuiunisigaumgfivenmunsalsng q denmd 6 svwiuldinldvesnaridulnlsladad
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Snvaraduunindretuituitldnniie egrdlsimudefinneiaudinuinhiulnlsladadflimdunse
gaflenfiien 4.0-5.0 Taefnnunuiuiuvesiuiulugag 707-737 ky/m? uadliaanufouroniiiiluzag 49-52
MJ/kg Ham319ft 2 eehslsfimuilowieuiieuiumuiseves wusns uwazans (2568) wuinhsuveynanandl
AURUILUULYVINAY 660-720 ke/m’ [3] Ward1uId8u0s Zoram et al., (2021) wuisulnlsladaanens
saeusty dAnanumuuy 937 kg/m? wazAAuteureniniulnlsladawintu 42.4 MJ/ke vausiiieniuile

W3uifiguiu Commercial No.2 Diesel WundiAunullu 820-860 kg/m’® LagAIAINUSBUVINAY 44-46

1% o
[ =3 [ '

MJ/kg [9] satuagiiulainanwauzuarandfvenidulnlsladadlaanauiseiiendailndidesiunis@ne

SAFYNYIINSHNANUNTUNNYBENANERN

T = 190£5°C T = 28015°C T = 34015°C

a o Y o A av v a
AN 6 dnwazvasinTunvernataanileannseuunsinlslada

M15199 2 autAnnaniennwazniaaiiveainulnlslada

aauugiilnlslada (°C)

auvAniauad
190%5°C 2801£5°C 340£5°C
pH 4.0 4.0 5.0
Specific gravity (SG) 0.71 0.73 0.74
Density (kg/m?) 707.87 727.81 737.78
High heating value (MJ/kg) 49.64 50.51 52.23

d3UNaN133Y

ANNHANITANYINITHANUITUINNVELNAERNUTELAN HDPE FaldnN93AUA UU19INnNSANWIN I

a

nsrvrumsinlslafawuuiunis InelduSuaumanadin 5 kg Noamniivnufnsallurag 190 - 340°C wuideuly

U

mavhuiselumufnsallnlsladanaumngll 34045°C Mszaziian 140 min wlinandnndugs wiiu 12.90

%wt v3eUsEN 0.87 liter Inglsandmiiulnlsladatiamnudunsadl pH Wihiu 5.0 Anuvuwduvesisiy

a

Wiy 737 kg/m’ uaglimanueuindfulnlslada wiriu 52.23 Ml/kg fuszansamnisiddeuguidundanu

WU 14.68% onsinswanunsulnlsladasinigwindu 174 liter/tonne waziisnsinisauldomaanulunis
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nanndulnlsladawindu 79 MI/liter ansideiuansliiuinaiuisardnvesnaradnuszian HDPE w3
yeznarafnuiafiduvani nganunsadsuesdundsanu (Waste to Energy) Tuguuuutifulnlsladala

S A g A = o a A - & Y 1%
Fetoinlunwimadenuidunisinnisvesnatainiieufeugdidundsnuld

ANANTSUUSZAA

YavauAMNUNIANYIINLATINITNEALasTRAnEn TN una s uawnulunguUseine
DUFYU INYITENFRIUNALNU UM INe1deudla kagieslifinisndenuazoinuazinenidaasey (Clean

Energy & Smart Agricultural Laboratory)

LONE15D19D9

[1] nsumUALLaiY. (2023). wnuUfiRn1sdunnsdanisveswanaiin ssesil 2 (W.A.2566 - 2570). NTEN53s

NINYINTFIIUTIRWALFINADY.

o

[2] andu o, dums Wasduns, WigyAs 3309 uaz aaning lveanaifiesd. (2022). maiamngUwuunsinng
vggnanaAntudminaynsusnismuvaniasegiayuieu. 915815391015 MITansnasguasiony, 4,

195-209.

[3] wusns WdsuAFay, ARAnT a1a3nd, wueviny Ausng, Wl BUTY war 431U viBuAla. (2525). MIVARY
nannulnlsladaanveznaradindlenszuiunisinlsladasiauads. 2198153 91n1INE 1 UNAUNUE

YUY, 8(2), 27-34,

[4] Kluska, J., KardaS', D., Kazimierski, P. and Klein, M., (2014). Pyrolysis of biomass and refuse-derived

fuel performance in laboratory scale batch reactor. Archives of Thermodynamics, 35(1), 141-152.

s
o a & 1 v

[5] Busing §32n13, g3 AgUwn, Auvwm lvgines, efwu 1y, gins) ylsas waz as@ns wed. (2021). wa

vouhdureznatafinainnszuiunisinlsladaunuuisseusuinusninganazsnsinisduldestonas

FUNLIUINGIFAVDUATILUA. MTATIVININAIUNAUNUGYNBY, 4(2), 14-20.

[6] Maithomklang, S., Sukjit, E., Srisertpol, J., Klinkaew, N. and Wathakit, K., (2023). Pyrolysis oil derived
from plastic bottle caps: characterization of combustion and emissions in a diesel engine. Energies,

16, 1-21.

[7] Javed, N., Muhammad, S., Iram, S., Ramay, M. W., Jaffri, S. B., Damak, M., Fekete, G., Varga, Z.,
Székacs, A. and Aleksza, L., (2022). Analysis of fuel alternative products obtained by the pyrolysis of

diverse types of plastic materials isolated from a dumpsite origin in Pakistan. Polymers, 15, 2-16.

17 | o1sars3sinaswavviugyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



[8] Aisien, F. A. and Aisien, E. T., (2023). Production and characterization of liquid oil from the pyrolysis
of waste high-density polyethylene plastics using spent fluid catalytic cracking catalyst. Sustainable
Chemistry for Climate Action, 2, 1-9.

[9] Cepi¢, Z., Mihajlovi¢, V., Buri¢, S., Miloti¢, M., Stosi¢, M., Stepanov, B. and Ili¢ Micunovi¢, M., (2021).

Experimental analysis of temperature influence on waste tire pyrolysis. Energies, 14, 1-11.

18 | o91sars3uanaswavviugyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



