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Research Article

Abstract

This research was to study the effect of pyrolysis process conditions, being temperature and

nitrogen flow rate, on product yields. Polystyrene (PS) was used as testing material. The performance of

gasoline engine was examined using pyrolysis oil. It was found that a maximum liquid yield of 400 °C

and N, flow rate of 150 cm3/min were 93.24 and 92.43 %( w/w), respectively. Using mixed of gasoline

91 with pyrolysis oil produced in the ratio of 9:1 in a gasoline engine It was found that the maximum torque

and brake horsepower were 6.02 N-m and 2.43 hp, these were less than around 6.1 and 2.8% while

compare with gasoline 91, at engine speeds of 2,600 and 3,000 rpm, respectively. While minimum and

maximum rate of fuel consumption were 0.932 and 1.32 Iph, these were less than around 9.8 and 15.7%

while compare with gasoline 91, at an engine speed of 2,000 and 3,000 rpm, respectively.

Keywords: Plastic, Pyrolysis, Performance, Gasoline engine.
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Mertinkat et al. (1999)
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P2DIAA? BaIuD uia
(cm®/min) (ml) (%wiw) Cowiw)  (%wiw)
100 101.33 92.43 1.71 5.86
150 105.00 95.67 2.07 2.26
200 99.67 91.02 0.47 8.51

= a 6 & ' = a (& ed
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Tests of Between-Subjects Effects

Dependent Variable:oill

Source Type lll Sum of df Mean Sauare F Siq.
Squares

Corrected Model 34.161° 2 17.080 6.425 .032
Intercept 77904.253 1 77904.253 2.931E4 .000
Nitrogen 34.161 2 17.080 6.425 .032
Error 15.950 6 2.658

Total 77954.363 9

Corrected Total 50.111 8

a. R Squared = .682 (Adjusted R Squared =.5

92



s Uylylng ussani, 1sasrsisamaluladuionssy, avudi 11807 1, taunid 85 — 97, 2560.

1598 (N.m)
O = N W A U N 0

(hp)

HIITUVIA

120

E 100 - —
z 80 —
N
S 60
& 40
=
s 20
[
g 0 (> hd
=]
f‘é 100 150 200

803173 11211193191 (cm3/min)

= 1041110 = 1031174 e

3N 4 Panawiadueinldannmslwlsladawaiadinfigunni 500°C

— ° = ——1TUAWNTFIY

[ =~
- —e— DA T5aU 91

DATITIUNTY 9:1

N N N N\ N\ N
S &F 5 & 5 9
" oN° v N 2 el

<
ANNIFITOU (rpm)

3 5 maisuifsuzninussdanuanuiisey

—o—LLiQﬁHL“U‘JﬂiJW]ijpu

re o =
—s— 0T 1¥AU 91

! | ! ! 1 ! I DATITIUNTY 9:1

D N N N\ N\ D
S & 5§ S
" A V" " A el

<
ANNFITOU (rpm)

3N 6 maisuiisuzninusahwIniuanuiisey

93



s Uylylng uszani, 1sarsfoamaluladuionssy, avud 11807 1,

18U 85 — 97, 2560.

L5
= B—
- 1.2 = -
~ =
qz i = f_I
E 0‘9 z 9; Ly (2 ~
3 ——10unna Tsaw 91
€ 0.6
@ @ '
“?@ 0.3 DATITIUNTY 9:1
=
ME 0 | | | | | | J
c
(o IN) N D D N} D
o S § 5 & &S
o o a2 v " " ooy

[
ANIITOU (rpm)

3UN 7 maSsuiieusznindannsauidfesiawdinuaiNiiTey

13900V ILATRILUAILAARILTUNY LALNBANNLT?
A £ 8w
FOULANFITUTI 2800 - 3000 rpm WU UNFN
lusidalndidusnuinduniglodn 91 1asan
nanuseugiusda
HANTNAFOUUIIINUINUEAIGI7UN 6
HNUNDATIEIBNEN 9 : 1 FAwIIHLUTAGINTEN
dunAalofn 91 nnANUITAY Liadnusida
a3 uuanlraIdininegsna s aduIngn
1 v v AI J =3
AINAIBLAZLIINNUINAANTUIBAIANNLSITOU
{ A v L v
g9gafl 3,000 rpm Fafiuwaliuiniounvuses
wsnaaspukazuialain 91 osanussdavas
g/ o a v A :/ Q 23 a 1 v
idunaudanlnaifosindunialodn 918INale
v a v = a A
widdusnaziuwilduinionnsidalayien
v A o o A A A <
Inatdosnuwialadn 91 LlalANANNLSITOLV DI
LA3BILUE NANLSITOU 2800 - 3000 rpm
HaYBIANNFWIRBILTALWAILEAIAIFUN
7 NNUHFNIATIEINHEN 9 : 1 VBATINIRULURD
& A R & A A A
DaLWRININN I wL AR AW 91 Lilasannidn
auTaudininidundalafdn 91 lutiininy
139581 2000 - 2600 rpm KINUKNFNITHOATINT
FuidRasunnninunaladu 91 Ussunmienas

94

9.8 - 15.7 uazazldussdauazusesiusadinda
$auaz 6.1 - 12.3 uarianaz 6.3 - 12.0 Wiasan
indunsuidaiuiondinitanudiey 1ie
AnuEsoutRNAwluT9 2800 - 3000 rpm u3edia
LATUIITILUINY B9 TUNENITAINT 11N T
wiwlodn 91 Uszanmiauas 3.1 - 3.4 uaziouay

a

2.8 -2.9 ANEIGU UASAINFWLUABILTOINES
@enuuInfiesasas 10.9 - 13.6 ﬁiaugaﬁauﬁ'j'\
m3ldriiunsuasliussbaussussiiusnlngidss
AuwnuuRalodn 91 wadsasldinduuinnin
Asunindunavazdenanufoulnadssiuuss
T 91 wdsudsznavvesiduiildannnisnan
HuLaAna9aninTuUwE 91 uaziidnanutoud
wana19ns ssnudsunmliidoindsefinanu

wanaanulleas

Rl

9

6.
myinlslagdanaradnlndalasu (PS)

1 { a J 1 v
WUl r) 18Nz UIUNIFITUFINALH
USUN UV BILRAILAZVBILTIN W LU UAART FI%
23 a a J 1 L 1
WAFIUSUIMNINAN FIUDATINT AR b LaTian bal
a 1 a a £ 6 il a o o s o 9 v
InadadTurmndanmaiad9linodraginlale



s Uylylng ussani, 1sasrsisamaluladuionssy, avudi 11807 1, taunid 85 — 97, 2560.

gnzimunzanifafos ldUSumnd oS mat
2a9MANINTIgAT 400 °C fidn3auas 93.24 (wiw)
wazfisasnmsluazosusalulasian 150 cm¥/min
HdSauas 95.67 (wiw) I@ﬂﬁé’@liﬂmﬂﬁuqmﬁnﬁ
10 °C/min §IWMINAROUFNIIOULASILUANLIN
gandmuay 9 : 1 ussbauazussdnuingiga
WAL 6.02 Nm &z 2.43 hp feasa3a 2,600
W&z 3,000 rpm anudeulasiisasnisawdas
L%mwaw‘iﬂq@ua:gaq@whﬁu 0.93 uaz 1.32 Iph 1
AMMI59380 2,000 Uz 3,000 rpm AINEIGU il
Wisnfsuindunsunastinguuialadn 91 wud
wbauaziasadniusnaziasniiiseas 6.1 - 12.3
ey 2.8 - 12.0 ANE1GU saudSunoninduildes
gIninTesnz 9.8 - 15.7

7. naanyIndsznma
ATEHITYDVOUA AL IAINTINUAL

DARNNTTULNHATURZE N IVUUAZFIETVITINNT

WA VRINDRouLE ﬁiﬁnuaﬁumgumsﬁﬁ%’ 3

Tuanwiaoit

8. LANA13D19D9
[11 A. Demirbas. Pyrolysis of municipal plastic
wastes for recovery of gasoline- range
hydrocarbons. Journal of Analytical and
Applied Pyrolysis, 72(1) : 97 — 102. Doi :

http: //dx. doi.org /10.1016/ |.jaap.2004.03.

001., 2004

[2] N. Tippayawong. Biomass Conversion
Technology Technology Promotion
Association (Thailand — Japan)., 2009.

[3] N. Miskolczi, L. Bartha. Utilization of

Hydrocarbons Obtained by Waste Plastic

Pyrolysis : Energetic Utilization (Part I).

95

[4]

[5]

[6]

[7]

(8]

Journal of Energy and power Engineering,
2016(6) : 1204 — 1210., 2012.

T. Bhaskar, J. Kaneko, A. Muto, Y. Sakata,
E. Jakab, T. Matsui, M. A. Uddin. Pyrolysis
studies of PP/PE/PS/PVC/HIPS-Br plastics
mixed with PET and dehalogenation (Br, Cl)
of the liquid products. Journal of Analytical
and Applied Pyrolysis, 72(1) : 27 — 33. Doi :
http: //dx. doi.org// 10.1016/]. jaap. 2004.
01.005., 2004.

S. Breyer, L. Mekhitarian, B. Rimez, B.
Haut. Production of an alternative fuel by
the co- pyrolysis of landfill recovered plastic
wastes and used lubrication oils. Waste
Management, 60 : 363 — 374., 2017.

N. K. Sundararajan, A. R. Bhagavathi.
Experimental Investigation on Thermocatalytic
Pyrolysis of HDPE Plastic Waste and the
Effects of Its Liquid Yield over the
Performance, Emission, and Combustion
Characteristics of ClI Engine. Energy &
Fuels, 30(7) : 5379 — 5390., 2016.

C. Muhammad, J. A. Onwudili, P. T. Williams.
Catalytic pyrolysis of waste plastic from
electrical and electronic equipment. Journal
of Analytical and Applied Pyrolysis, 113 :
332 - 339, 2015.

C. Santella, L. Cafiero, D. De Angelis, F. La
Marca, R. Tuffi, S. V. Ciprioti. Themal and
catalytic pyrolysis of a mixture of plastics
from small waste electrical and electronic
equipment (WEEE). Waste Management,

54 : 143 - 152., 2016.



s Uylylng ussani, 1sarsisamaluladuionssy, avudi 11807 1, taanid 85 — 97, 2560.

[9]

[10]

[11]

[12]

[13]

[14]

T. Wongsiriamnuay, S. Sangsrichan, S. Jaitui,
P. Taduang. Production of Liquid Fuel from
Scrap Tires and Plastics Waste by Pyrolysis
Process. Paper Presented at the Conference
on Energy Network of Thailand (ENETT2010),
Holiday Inn Resort Regent Beach, Cha-am,
Hua Hin, Phetchaburi, Thailand., 2010.

F. Pinto, P. Costa, I. Gulyurtlu, I. Cabrita.
Pyrolysis of plastic wastes.1.Effect of plastic
waste composition on product yield. Journal
of Analytical and Applied Pyrolysis, 51(1-2) :
39 — 55. Doi :http://dx. doi.org/ 10. 1016/
S0165-2370 (99)00007-8., 1999.

Y. Liu, J. Qian, J. Wang. Pyrolysis of
polystyrene waste in a fluidized-bed reactor
to obtain styrene monomer and gasoline
fraction.  Fuel Processing Technology,
63( 1) 45 — Doi : http: // dx.
doi.org/10.1016/S03783820(99)00066-

S. V. Papuga, P. M. Gvero, L. M. Vukic.

55.

Temperature and Time Influence on the
Waste Plastics Pyrolysis in the Fixed Bed
Reactor. Thermal Science, 20(2) : 731 —
741., 2016.

S.-S. Kim, S. Kim. Pyrolysis characteristics
of polystyrene and polypropylene in a stirred
batch reactor. Chemical Engineering Journal,
98(1-2) : 53 — 60. Doi :http://dx.doi. org/
10.1016/S1385-8947(03)00184-0., 2004.

R. Aguado, M. Olazar, amp, x, B. Gaisan,
R.Prieto, J. Bilbao. Kinetics of polystyrene

pyrolysis in a conical spouted bed reactor.

Chemical Engineering Journal, 92(1-3) : 91

96

[15]

[16]

[17]

[18]

[19]

-99. doi: http://dx. doi.org/10. 1016/ S1385-
8947 (02)00119-5., 2003.

N. Miskolczi, R. Nagy. Hydrocarbons obtained
by waste plastic pyrolysis: Comparative
analysis of decomposition described by
different kinetic models.
Technology, 104(0) : 96 -104. Doi : http://dx.

doi.org/10.1016/j.fuproc.2012.04.031.,2012.

Fuel Processing

W. Kaminsky, B. Schlesselmann, C. Simon.
Olefins from polyolefins and mixed plastics
by pyrolysis. Journal and
Applied Pyrolysis, 32(0) : 19-27. doi:http://
dx.doi.org /10.1016/0165-2370(94)00830-
T., 1995.

J. A, Onwudili, N.

of Analytical

Insura, P. T. Williams.
Composition of products from the pyrolysis
of polyethylene and polystyrene in a closed
batch reactor: Effects of temperature and
residence time. Journal of Analytical and
Applied Pyrolysis, 86(2) : 293 -303. Doi :
https://doi.org/10.1016/j. jaap.2009.07. 008.,
2009.

A. Karaduman, E.H. Sim§ek, B. Cicgek, A.
Y. Bilgesi. Flash pyrolysis of polystyrene
wastes in a free-fall reactor under vacuum.
Journal of Analytical and Applied Pyrolysis,
60(2): 179 -186. Doi : https://doi.org10.1016
/S0165-2370 (00)00169-8., 2001.

M. Mani, G. Nagarajan, S. Sampath. Charac
terisation and effect of using waste plastic
oil and diesel fuel blends in compression
ignition engine. Energy, 36(1) : 212-219.
Doi :
2010.10.049., 2011.

http://dx. doi.org/10.1016/]. energy.



s Uylylng ussani, 1sasrsisamaluladuionssy, avudi 11807 1, taunid 85 — 97, 2560.

[20]

[21]

[22]

S. Kumar, R. Prakash, S. Murugan, R. K.
Singh. Performance and emission analysis
of blends of waste plastic oil obtained by
catalytic pyrolysis of waste HDPE with
diesel in a Cl engine. Energy Conversion nd
Management, 74(0) : 323-331. Doi : http://
dx.doi.org /10.1016/ j.enconman.2013.05.
028., 2013.

|. Kalargaris, G. H. Tian, S. Gu. Combustion,
performance and emission analysis of a DI
diesel engine using plastic pyrolysis oil. Fuel
Processing Technology,157:108-115., 2017.
R. Wiwatpreechanon, A. Janyalertadun, C.
Santaweesuk. Studying of physical properties

of wasted plastic oil and its effect on small

97

[23]

[24]

gasoline engine. KKU Engineering Journal,
40(2) : 229-236., 2013.

J. Mertinkat, A. Kirsten, M. Predel, W.
Kaminsky. Cracking catalysts used as
fluidized bed material in the Hamburg
pyrolysis process. Journal of Analytical and
Applied Pyrolysis, 49(1-2):87-95 doi :http://
dx. doi.org/10.1016/ S0165-2370(98)00103-
X., 1999.

|. Demiral, E. A. Ayan. Pyrolysis of grape
bagasse: Effect of pyrolysis conditions on
the product yields and characterization of
the liquid product. Bioresource Technology,
102(4) : 3946-3951. doi:10.1016/j.biortech.

2010.11. 077., 2011.





