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Report Title A Study of Factor Affecting a Pyrolysis of Scrap Tires

By Mr. Thossaporn Supajaroon
Miss Bussarin Sapsawaipol
Advisor Dr. Apinan Nambkanisorn

Report for Bachelor Degree of Chemical Engineering
Department of Chemical Engineering, Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

Abstract

The effect of temperature an the product obtained from Pyrolysis of scrap tires was
investigated by comparing the pyrolysis with and without using catalyst. The catalyst used in this
study was ZSM-5. The principle objective of this project was to find an optimum condition
suitable for pyrolysis of the scrap tires in order to maximize the oil content with can be further
used as fuel or feedstock in petroleum industrial. The experimental results revealed that for the
case of pyrolysis without catalyst the temperature of the reactor should be set at 480 "C, while the
temperature of 450 °C should be used for pyrolysis with ZSM-5. In the absence of ZSM-5, the
yield of the pyrolysis contained 45.61 %ewt compared to 43.41 %wt as the ZSM-5 was used. The
valuable product obtained from the pyrolysis with catalyst contained Benzene 2.5 %wt, Toluene
11.3 %wt, Xylenc 7.65 %wt and Ethylbenzene 6.2 %wt. On the other hand pyrolysis without

catalyst yielded a much lower valuable product.
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2.6 vaamaIn Iaonms inlsladia (Pyrolysis liquid)

veamaailgninms Wislasamunsndendnmedod e Pyrolysis oil, Bio-crude-oil,
Bio-fuel-oil, Wood liquid, Wood oil, Liquid smoke, Woed distillates, Pyroligneous tar, Pyroligneous
acid LA Liquid wood Fweunard &nnma Tnlslagad e Imndenlndifestud
Zouvonihniuiomnas szl 16-18 MI/Ke) dadnuaiz Inowan Tlvesveanaii ldanmslu

P r . 9
Tslagaansalfumudamaild ) dvawesasu  ldlundeduth  (Boiler),  fanu

(Turbine) 18 Tavanuazmanenmwvasvaarasi Manng lnls lade szuaas 1Aluaisiei 2.2

= a = v =
137190 2.2 nﬂummdnmmwmmmmmn’m"!ﬂmnm's"lwis‘lama [15]

Physical properties Typical value
Moisture content 15-30 %
pH 25
Specific gravity 1.2
Elemental analysis dry basis C 56.4 %
H 6.2 %
O (by difference) 37.3%
N 0.1%
Ash 0.1%
HHYV as produced (depends on moisture) 16-19 MI/Kg
Viscosity (at 40 °C and 25 % water) 40-100 cp
Solid (Char) 0.5%
Distillator Max 50 % as liquid degeades
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2.8.1 #1AETINYIA (Natural rubber)
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laBusuines (Styrene - Butadiene Rubber - SBR) T paasmaii ldnaminodalaiu
) aw [} s A =] 1 of =3 o & o 4 o @ =

o Fudupinssinio I veudnen wesiines niinWuw 111 9a4 dmin wile

o o Ay 4 & @ - - '
winAuainld Ae Fuduginsalsooud nszdhi@unie vie mruzussy 984 uaz a1
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wasery vz lUvessaoud vieea aofa aaq dauans la Tameney oz idasailis
o o 9 =y [ g [ 's =4
pandy e ldidiumsluaou s Tesezldwfadusl Ao v @uleduniey da

waa@niiugal 1a [26]

2. Youdasmum Tngdu (Toluene)

gasluana C,H,

o]

o

wminlmana 92,14 gmol
auvAManiinazMea N
ANMAUIZAIONAN  ADVUTVNNATEMIN: VOINAD

=

i lun@

A1319h ¥.2 nauandRvedingau [25]

Aeuduia 1 o QUNNINTD
AR
YAIADA/BIIN131ADA 110.6 BIF AT 760 mmHg
YANABWNA YEIINS -93 BIRUNALTU
HABNINAY
LRI 4 BIRNTALT YA
qungiignan Tvdeauea 562 AU AT
Fadrfamsszida fn: 1.2 nlesidud lav5uag
qand: 8 uledidualaviSies

anuaule 21.75 mmHg 20 9Bl
A9 W IL/N MU U MUY 0.865 g/em’ 25 BIA U AT
mMIazaly m3azawin: 0.5 mgiml H.O

Usdoni: Pundaduaiil Tanadildduasdviazaty (Solvent) iWeldlu gaamnssy

USZIANANBU HI5IAAOURI BIATUNAS GATIHATIVE 11 LazBue [26]
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3 %‘ewﬁmﬁ’m«ﬁ T {(Xylene)
gasluaga CH,,
niinisaga 106.17 g/mol

guiiAMaALaz e
ANEUEMBHEN  ADIUZVINENIW: VaAUNan

a: luld

asnh 1.3 puaudfivesnin-loau [25]

Auaua A1 W QUNYIINT D
AFILUAY
JAIRDA/FIIN1TABA 137-138 DIRWBRITY 760 mmHg
PANADUMAVHIINTT 13 eap i alye
HABNME
9971 1 25 Dapt AT
gunniignaalwdvauies 529 DR IHAITLA
Padrvantsiziia &1 1.1 uledidud TaviSums
ganh: 7 nlefdiunTaolSuas

AIUA 1o 9 mmHg 20 B4FIEALT A
A9 WA N UHU LY 0.861 glem’
ANULLUYeslo 277 g1
Futlsedndnmuledn Log K, =3.15
anuvuuuwesle 37 ¢/l
HTIRAIA7 28.3 mN/m 20 DIF UM AITUA
myazaiy M1ATA: 0.2 mgml H,0

Uselamd: dhufagaudetloulilsswmgeamessulllasmlidunarn ldwdnas PTA
. . . = = qﬂ‘ =§ 1 o o

(Purified Terephthalic Acid) wie niamiadmanuigns Fududanlsznou dgluns
¥ o

HAAWDABMABS (Polyester) W lodunTizd, Haw, mauzussyorns, vimibiay, (e

PET) uaznanunamiou [26]




4. Yowdmdan @NE A UHY (Ethylbenzene)
gaaluann CH,,
wmvinlana 106.17 gimol

FuiAMuniuazmMann

anHZNEUDN ADUSVNIYNTA: UVDAUNAD

@

MW 1.4 puauiRvedonsamwusu [25]
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Aurlia il U QUNYINTD
A 1UAY
JAIADA/ 519N 151ADA 136-137 BIRUBAT O 760 mmHg
JANADUIMAYEIINT -95 DIFBAT O
HABUIHAD
Ul 15 or Iz UL
gungiignan 1WA uanea 432 parnrAIT e
VAR ITILa f171: 1 wodiust TauSinas
qand: 6.7 wlesisud lnodiuiag

Anuau 1o 10 mmHg 20 DIRIT AL oA
A9 UWIZ/ATTHAU WML 0.867 glem’
ANUHUILHLYD Lo 3.7 ¢/

dszlowal: Milumsdanatalumanaamsa’lesy (Styrene) tazldidumasudnlums

= = @ o 3 3 o @ - =
waswaradnyiindeg andunsizd auing Ixdumshazauasiaghuluniaeda

waglamezdian oxd 1AW UL (Acetophenone) TAlenB Al (diethyl benzene) UBzLD

o a [} :‘ o 3 = o 4 =
wnTAd Ul (Anthraquinone)  waz liludunenluihiu@emdsosuduazinseiiu

(261
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MANUIN A

A A
InS0INB IUMSNATDL

1. ufalasuInand-unaanlnsiing (Gas Chromatography-Mass Spectrometry)

M Rawsinnusiavesesiilizneviiteglums IWeturoudhanindigs
Taao1fon13a)Se1ien Fingerprint U841aU1IA (Mass number) ‘UﬁN’c’fﬁﬁ’JBdN&uf} i
doyafifiogly  Library wonvnfidamusallumsTnned I8 lufaim
(Quantitative analysis) 1ASIFIRUATN (Qualitative analysis) GC-MS szneudin 2 g

A8 TIUYPUNTDI GC (Gas chromatography) LAz @IUVBUATOY MS (Mass spectrometer)

U a1 insewdalasilnn il-iuamunlasiing 27]

Gas Chromatograph (GC)
. | o P .
Fanthflumsuenendse neuresmsnammsaszronadlulo (Volatile
. ¥ A i '
organic compounds) Milegnanwieu aalnildlumsusneasddsznoudng luans
fFetodenanvesnTurauiuanasnuueansnlszneyludemeanidema 2 wa

f® Stationary phasc 1@z Mobile phase BIAUILNOUNFNYVDIATOI GC AITDULNBON

18l 3 g A
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Sample R oon

PPN ST
I«,»’“
1 et port

po; L2 s

! = i ‘

B na W, e TP

| P rass S S TR
LORTON -*! : Fewgtar
; : walve {

wvider :
i
R
Fan-geamied thomsuaiaiasth

congrpailed cven

5t a.2 dutlszreuituguves 6C (27]

I, Injector fin  dawiaisdmednzgniadhgmismazsameduloneunazdg
o = o A o ns L
Column QUUAHAMUIEANYBY  injector A3TUgRIMgTRgaweiiosh IfasdIod
1 L) @ @ ' L - E S . .
aunsaszmeiduados L limsaaiods 20613009 injector 1ALA Split, Splitless, On
column
A ¢+ dg¥o W oA a I
2. Oven fin daufi ld¥dm5uns5q Column iazmfludrunnIugugumgives Column 14
‘ o o - 4 a b
wasu hlawanumanzeuiumside ezl FImsaauguaungiuas Oven 1y
= A
1 2 nu Ao
2.1 IsocraticTemperature
2.2 Gradient Temperature
Jodunan s Gradient temperature A9 @ 1W150 IFAUTITAIREINHTIgABEAN
Q1 = s
(Wide boiling range) azfiayasannalumsing 1z
3. Detector fin daunuzl¥dmiunsisinasdilsznovifloglumsdioin uazgiians

dretardiaie wuluinFnuooila

Mass Spectrometer (MS)

fu Dewctor #l¥nsnninosddsznoviiiiogluaisfetalasersionaln o
Tunnavesesdilsznaufignuonsenuinmsdesalauaies Ge vzqnloseluslu
anzgannne udinsiviaesnuuiluauuia (Mass number) Roufugutoyasieds

¥ - o {.':
ud7 ilanaeenuuiuyevssesftlsznatniueg



51

Mass spectrometer components

“aho vACUUm

H

P

intarfac ionization
S0Urce

U7 .3 Aalsznounug e Ms [27]

) T =1
peRlsznoudifaues MS uilaeanidly
1. lonization Source uﬁmanﬁ]u 2 LUVAe
4 A a 9 = 9l o =
Electron Tonization (ED 15lunsiil¥a1siia Fragment Taoldd1 Electron 4
lonization chamberd8allANALAI1U 35119 10 -8 Torr 1A Electron 910 Filament Aoz
qs T dy i 1 a o =
anTRaRmastinazgnaadnn repeller voliage filinawanadng 70 Toad Feazld
WEINUSY  Electron Wu 70 ev i lussnauidusonvedlosswiamsunnin
(Fragmentation ion) Aannsalidoyamodiulnsemdtwazanugaudiiing (Relative
abundance)
3 z . o o ¥ = | =
Chemical Tonization (C1) /13 1A a15109n15 Fragment @2835n19ia3 Taonay
MTEIB61 (ANLFU L0 -4Torm) AULATAIIGATIIA 8 (AN 1 Tom) udIIUmS
el 1y Tonization chamber Tann13vi11¥iAAN13 Fragment A10A15%USY Electron
VoA e oA @Yo 5
IFUAD ﬂmmﬁw“l%’"lmm Methane, Isobutane, Ammonia
2, Mass Analysis
Fhin3eadingiziuin IMaeuuy Ao Magnetic-sector analyzer, Electrostatic
analyzer, Time-of-flight analyzer, lon cyclotron resonance analyzer, Quadrupole
[ = o ] o4
mass spectrometer-Quadrupole Mass  Spectrometer Mvdnms s eddeauiuuiman

é =) 1 £ 1 I a
fn il Path-stability mass spectrometer ¥3UUHAINAR Lon source 2 drulagdruusnazi
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Tdednmuiiuloseu wavaiud 2 i ldasuasigiunaw du'leseudilosouns

a s

) ¥ ¥
apapsgaifsfuiiunsowonlesauya  Feafu duiulesaumumizldsudning
v od o ] @ i v & Ay
vnau A lurnngRoniy uagaasiaua: TadamnTed Detector anAuFaliven
M o ¥ o ) ¥ 1. o
Ao Ivenuisadanialdodagndeanyiudi
3. Detector
g 9 o A ' - . q
Al#laon lfivaneedia fe Faraday cup detector, Electron multiplier detector
Scintillation counter detector, Photographic plate detector [27]
i o
pAY8I GC-MS
o r r
1. aansndnsied Idiwmni Tuazuunmmzinzoa W Seasitivity g

1 4” = 4 Ad ] [ ] 2
. mnsotiriiavesesdisznauiiisglumsdianala

2

»
3. gwnsndms e lenaluFalSinamwaziFasam

do178v03 GC-MS
U T g o ol r-‘ili
1. i taza e lunsiigasnuuniosgs

3 a a
2. Avaldynminstlanuiimgs
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2. M58 unsIERIINTAMInNUEoU (Thermogravimetic analysis: TGA)

nANAISYEUAIDI
= oy [ r a Aa dl 3 o
MR IERaANTiANIALToUYBaTaY dunqumadafiduiludmiums
= 7 o ' ' = 4 = a4 A = = o a o
ARV ANEuzmNIZYBITagee) 1y Indwes mrdunidnsomseuund wiind
g & 4 = arsy = o
Tavs  wagdagmalliun  msdmnedmn@mennnioy  dusnliesizdins

a =)

1 [ 4
Wanumalaamnd  mameamuSemaniivesiagiuiuguvgiuaznm a3

7 RF

Aws ez lidoyamondy mmidnanudeu iatasnwaenuiou wivsamdems

Wedifiveensiadu  wezdnwmznisdunsziaumsnuanuiouvesiag  Tau
o = :‘ w_ o A = - = ¥ =l = A
viimsdauimdnive ludielinswlaountagurgd awieuningaanioms e
P A =4 = o oy 1

mansulanuaguugiimiona uazmanasulanneuesian Fuaumeldnms

A = A
lﬂﬁﬂuuﬂﬂﬂ’qmﬂﬂ“ﬂiﬂn an

U A4 wTodimazdaniimennuion

b
NS
3 iy P o a A9 {
doyai lavianinszd szanusmiunlgle s Fudimtininldou Tyl
Tassadumasdsuia aszvaunms waznrsnoranies Jdau dredasy
= o m [ = @ [ o ’ =
- MIUNTIZRBIAUAN 19U Wodwad, vy uazdieramaiaamans @y r51in
o
Wiy
= o = ] = LY 3 ey 1]
- MIUATISHAIS 0 1 msvmlFinaesdaiiazats, aNuid, Ss@unds,
4 G¥ o o o
fAITHaULLAR LAy waraan laaas
A ar t H = ,& =
- ASAREIATILIATTH AN TN BUYDIFI0NE IFUNOAINDS LAZe1s FeTATIZH

ar 1 3 :.: =1 Ny
fstnald Heaeruzvaanda vaunad v uaudy uazidule
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