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Abstract

The effect of tire age and catalysts on the pyrolysis products were investigated in
this research. The catalysts employed in the experiments can be divided into 3 types: acid
catalysts, basic catalysts, and hydrotalcite-type derived catalysts. On each case, the
pyrolysis conditions such as the acidity or basicity on the catalysts, the catalysts to tire
ratio, and the change of anion intercalated in the clay interlayer were studied for their
influences on the pyrolysis products. The results indicated that with varieties of
concentration depending on the case the components in the pyrolysis gas for all cases
composed of methane, ethane, ethylene, propane, propylene, and the hydrocarbon gases
with the carbon numbers from C, to C;. Generally, the liquid products can be separated
into gasoline (b.p.<149°C), Kerosene (b.p.=149-232°C), gas oil (b.p.=232-343°C), light
vacuum gas oil (b.p.=343-371°C), and heavy vacuum gas oil (b.p.=371-559°C)with different
amounts depending on the case.

From the study on the effect of tire age, the results showed that pyrolysis of tire
aged with different time durations yielded indifferent amounts of gas product, but produced
less amounts of valuable commercial oils. However, when aged until a certain time, tire
confronted the change in the molecular level, leading to the production of higher amount of
diesel oil through pyrolysis process.

When the acid catalysts, SO; /ZrO,, with different amounts of SO;  group
were co-pyrolyzed with tire, methane and hydrocarbon gases with 4-6 carbons in the
molecules significantly increased in the amount. Gasoline was also produced in larger
amounts up to 1.5 times as much as in the non-catalytic case. Moreover, the catalyst to
tire ratio had the influence only over diesel production. Higher catalyst to tire ratio led to
higher amount of diesel oil.

The basic catalyst KNO, / ZrO, produced substantial amount of C5 hydrocarbon
gases, which are the only gases produced in higher amounts when larger amounts of
KNO3 were loaded on zirconia. It was postulated that the basicity of catalyst could be
responsible for the production of monomers used in tire production such as butadienes and
isoprenes (Cy hydrocarbons). Basicity also added value to the liquid product by increasing
the amount of kerosene (up to 1.24 times as compared to the non-catalytic case).
Furthermore, basicity can increase the value of the oil products, but it needs to be added
in an appropriate catalyst to tire ratio, which is 0.5 for this case.

The catalysts prepared from an hydrotalcite-type clay regardless of the interlayer
anions yielded tremendously amount of C4 hydrocarbon gas, and also produced dominant

amounts of C,y-Cg, hydrocarbons as another group of products, which was not found in the



other cases. Finally, the catalyst prepared from hydrotalcite-type clay intercalated with both
heptamolybdate and octavanadate anions was the only clay catalyst yielding more amount
of gasoline than that of non-catalytic case (1.14 times higher). All clay catalysts can

produce incomparable amounts of kerosene.
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RWUIN 1% AN lavea Wia laslon udu ansuclasiainsuestuaniansusae
o [ . A ' o o
nulawaivvesuglod  (Brucite; Mg(OH),) Ssfinguuaslaasanlodloaawissdinuiu
a a s g: dl & a
uwunianazlnuat  (Hexagonal) uaziilanzlosauvinGusdmlutulugeanidueanazdason
(Octahedral ~ Sites) luianavasuanlosanuazinzunsnaglusznirsuainaniiasing
1 g; a v { I a J
AMuFNAaiNTY alewaiefiduduiu gasluanavaslalasmaladia MgeAlLCO,

(OH);6.4H,0 gﬂmaaau"l,aimmavlmﬁu,amag”lugﬂ‘ﬁ' 3.1
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OH™
07sMg'o2s At
OH™

|

o.1stD§', 05H,0

OH~
a7sMg2+o.2s A3t
OH™

317 3.1 Tawssssvasdulalasmalod (Cavani uazame 1991)

I@aﬂﬂaLLﬁaau"LaImmavlmTﬁmi’uaLumvlaaamﬂu"[aaauﬁumﬂa%i@m
' & oA = A A ' . & 9 &
nawszniege  udilabifianaflesauiunsnagasinaszninauliliaivaualosau
=) = 2 & 6 a a 5 A 1 a A a 6
uaanilassaadulalasnialae Auzilattuazgnizonia fuladlandn lalana loa
(Hydrotalcite-type clay) Taanuaunialumuanidasulasauiiuninagasinansszninem
d' o v s wa a a 1 a d'd
a9 lAinsinsndivdpguaudfuesduasnanldlasnisunsnluanausziiend
anumanInewziunIhujisnnaonanesiiald willunguluanadenanide Ind
aanlouanlanan
d' o Q a | Q/g: a 1 =
ssnazihanlflunmsdaudasdumusnduldng - Seeuuaznguvaidoan
A a Aa & @ A . A = A a&
lasfinguuasdeauniidszgauiidunihaula hasmnanumaninlunmafiveandiauniu
ArvaddNuadtNalulunIzuInnsoanBIaTUILAZIANTY  IWRaan owat laaah Aangu
u:i' 3 a Id 6 1 n:l'
IwLaqaﬂs:ﬁ;aummﬂlmyﬂﬂi:ﬂaum:Ja:mamlaoaaﬂsﬁmmﬂuamﬁ‘i:ﬂauag 2-4 99N N
Feulssagnuluianatszauinasinas  lasezaanvasaandiauansaziannuwiuasmin
1 1 o Y A I Ié/ 1 =) U
V24T 2 NNazaaN wﬂ%m(ﬂL‘]JuhlLaqamm@lmymumwmmvlm
Indeanloiunniaan  (Polyoxometalates; POMs) niiulwdaanlawau
' A A ° o . & a { ~ & a o
losaungunilafianannianlfuninszwivituasduiiaifunnugivaiTuasfuuaziin
lulddnmamuant@dngg  Madinsdnsnislinguuesdeausulumauninszninsudn
1 =S wa ti/ a = a lil F\‘ U a a a 1
wu  nsEnmandaduiamaaivesegininGuduiiluavenuaziadazluiuianuninag)
I@ﬂﬁﬂmaﬂ’ﬁwamaﬂuﬁuL@mLLazLaﬂmeﬁumwﬁl,%ﬁaag'izwmﬂ'm@%w Taanssandi
WAZ NNII0aNTLOTY AILLALTasIINIG WU IWAuLanaztiauInNaIanuLdunIa-eg 4.4
- 4.5 wazisdazludvianiiaunnd enanandunia-a19tszanss 11 (Payen et al.,1987), N3
guanziamalonlalasmalodngnuninszwivsudisiadasludvianuaziaaznwian

% a A inid U :i a = % 3: (% a' 2
I ﬂlmaﬁsaummuﬂi:ﬁ;ammﬂﬂ LLaﬂLﬂaﬂuaaaﬂuamazﬂmmnuamuﬂ@gmmmﬂm
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Dredzdon, 1988 uazsaanldfimsinenlassauazmaiadfasenvaslelonwianlugu
vasdiisuagiiiualutisvasdranudunsadalaslfiaimainuiulas Twu et al, 1989

furfialalasmaladfiunsndrouenlosanildlunmsinlslads sansa
o lalagitaelud

3.3.3.1 @’?mrﬁ@Ya’/Zm‘nm7617@’7”7‘9mmin@”wmamWWmmw (TA-Clay)

NRUNTALNBLIWINEAN 33.3 N3W, 143.8 NINvaIaNTAzAe ALY
leasanlodanuduty 50 wWofifuduas inaw 400 Jadansaunuasluplatiwnanay
Ao samnauainain U lwanuousuils 80 svmaaidoaniauiuauliniimasannnas
ﬂﬁiaﬂlﬁLﬁuaaﬁqmﬁQﬁﬁaa wdRussaraeinsu TN WLgIes 1025 n3uval
wundoyluesn, 75 ﬂ%'maaaaﬁl,ﬁw"l,w,mﬂ Wae 1Na%w 320 UadaaT andmiauef
aznna Wemsaraenualsssssuauainsa i 75 ssrma@osiunm 18 Talug was
NATUAMHAL AT THANTHIRUANINTBIUasdITsiNawI o s aBoaud 1w Ainaen
Tdusn LLazﬁ]:VL@meamaaau‘*}jﬁ@"l,aimma%ﬁﬁgmminﬁarJmamwmaﬁ‘n (Drezdzon,
1988)

3.3.3.2 ﬁmfﬁ@73[@5777&‘Zéﬂ@rﬁgmmm@ﬁm@ﬂﬂ:mmmn (V-Clay)
LASHNRNITATA LA I NN UNANIINAITHINARITERINI LDLA B3N
WAN 44 n3U uaztinaw 29.8 fadaas msazaedildiduadli 100 nfuvasEuTie
"I,a‘[mmavl,sﬁﬁﬁgnumﬂﬁaUmamwmam‘[mﬁmswammﬁwLaua dsuaranuidunsa
Hudnsdronsaluainonlden 45 Adunnzaufilanznuieniodn iasnaunmue
ANNTILAZEITI BN NAL ﬁﬂﬁLLﬁaImmiLﬁﬂﬂuﬁauﬁ 110 29ANTALTURTINABUAILHN

ﬁqm%{]ﬁ 350 aIANLTALTHRLIWIIAT 12 T2 LN

3.3.3.3 ﬁmfﬁ@YameaYsmgﬁ"gmmm@”wta’/ﬂmhﬁumw (Mo-Clay)
WwIsuasazasalazluAuiananmMINaNARIzn I lofon uay
AN 8.5 N3W wazinnaw 15 Jadans Wmsazansiilaiduadln 100 niuvesdusialalas
ma"l,sﬁﬁﬁgmminﬁwmaLawmaLiﬂmﬁmiﬂuamaaﬁ%aua dsuaanuiunsaidudns
donsaluadnanlddn 45 FominzsufiaUasluauianiioln e IHINNIRIANINTS
LazA9TEtINa ﬁﬂﬁuﬁﬂmmnﬁﬂi’tuﬁauﬁ 110 aveniaalTustnuawua N

amnnil 350 asenvralBeailniagn 12 Tlud

3.3.3.4 6%77%‘23[@57)7&'Zbﬁ@’ﬁgﬂLstn@”?ﬂLaﬂmfwﬁm@mmu@ﬂﬂ:mmmn
(Mo-V-Clay)
WGpuENTaceNFNTadtalaz TR uIaNLATIanAzIWILAN e

NENNWTEA L AuNINAULAN 5.5 N3N, §15azaaloasunuIan 1.5 N3N Laziinan
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100 fadaas avazaedfilaauade 100 ﬂ%ﬁ\lﬂlaaamﬁ@"la‘[mmavl,snﬁﬁgmmsn@hUma
wwinatsnlagimaanagnssdnaus Ysudanudunsadudsronsaluasnanldd 4.5
Famunzauaa: luAUIANLAZIAAAZNUILANIAATY INETHENHIRUANNTBILAZR1IeY
Wnau ﬁﬂﬁuﬁﬂmmuﬁﬂﬂuﬁauﬁ 110 aamLsﬁaL%maﬁmﬁuuﬁumﬁqmﬂgﬁ 350

asevratBoaiwiaan 12 12lu9

3.4 manaaasinlslads
m3lwlslagsvassnmnsudazvinlueiasdfnsnisfiaiuansfl  (Semi-batch Fixed
bed reactor) sausadluzid 3.2 lagaziimsrumelulasewdnldlugnsalassanadae
anuis1 30 Saddasdauwndl iRawaHiai i Idananiedasdfnanl uazidarinlwifa
UIsEAINT A

%&J—z L, =2 ﬁ Gas Cylinder NN cekave 95969 1NRONTLAL
: A I - < BTC ERTTF Ty b

controller

Nitragen

@ ier @ Themmocouple

@ Temperature
Gontrolier

@8 masawﬁgﬂ

EAVNRNNUFILAY

vl [ | WAIUAZDNLTIITIN
@ @ m E Auluadasufnyel

Cardensar Conderser Consarser Condensar 6]' au ’]lﬁﬂ 17U %’a %

Heater

a A a 6
nutaIedd)nyl

Heating Blocks and Heater fore Gas sampling Bag 7N aq 11434 Q ﬁ ﬁa JA%
fis  500°C @
311 3.2 zuuiesesdJnsainldlumsinlslads aMuE 10°C ¢

Wil nin Wee
ﬁ'msﬁﬁaanﬁnﬂLﬂ%"adﬂ;jmrﬁazgﬂﬁ,’]mchum’%am*muﬂuﬁaﬂﬁf’] WAZHIUIALALENT 4 UIN
Al dwedasmuuindsinudinguinie I@ﬂﬁﬁ;@ﬂs:mﬁl,ﬁ"mmmmwﬁmﬁmsﬁlumuﬁﬂu
Pa9LnaIS BN HaEN mnﬁf’uﬁ”wwﬁmﬁ'mﬁ%gnsimﬁﬂﬂlum%mme'!u uwazgmiiuilu
qaﬁﬁ'}"l,’?l,ﬁ"aLﬁur‘ﬁfﬂ@ﬂmw*mﬁ‘asamﬁmﬂzﬁ@iavlﬂ *L‘E’]ﬁuﬁ"lﬁgﬂﬁmﬁLﬂﬂzﬂ@ﬂﬁ
Lﬂ%'a\‘lLLﬁuaIﬂﬂJ’]I@mT]qu%Qﬁgd (High Temperature GC, Model Varian CP-3800
SIMDIST GC, equipped with FID, using a 15 m x 0.25 mm x 0.25 ym WCOT fused silica
capillary) aNNAI3 % ASTM D2887 daunAasmsifiiufasldihaiienzdlaslfiaTos
wialasunlans i (Agilent Technologies 6890 Network GC system, using HP-PLOT Q
column: 30 m 0.32 mm i.d. 20 pm film., FID) z%m‘%’maaLLﬁaﬁvlﬁaﬁﬂﬂwsvlwIsvla%agnﬁhm

mdSuaansuesulaslsinain TGA (Thermogravimetry Analysis)
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3.5 nNInadaugmaNTAYIMILIIL TN

inaftalumianaseugusuifvasdiisljismuenaudis

3.5.1 LinmIsanunngu (XRD)

Enasdanunntunafiafitoulunisiunldluniseasissaundnlas
UTTINUAITBIVIIAVBINEAN,  NINTTNUVBIVIIANEN,  BIRUITZNOUVBINANVBIAINTS
Ufssuazlanasunoly winmyveudnasfanunndusidsnnanuuandizadudag
Tassgananisnziusievesasdlsznay Iﬂﬂgmmwaawﬁm:mmim‘ﬁmuVL@Tﬁ'mmu
LNWY IR ILARZTH miﬁumLLazmiLﬁsmgﬁu,uummmﬁﬂé’lmmﬂf JCPDF files 31
LL?IJ‘JJ‘IJE]JLﬁﬂ‘miﬁawLLWﬂ“ﬁ"uslud’meﬁfUﬁ%lﬁﬁl’lﬂLﬂéaa Rigaku X-Ray diffractometer system
(RINT-2200)

3.5.2 MIRINRNRILa83T BET

A

LA38938 Autosorb-1 Gas Sorption system (Quantachrome Coorporation)
Qnﬁwﬂﬁﬁamwmﬁuﬁﬁa, ﬂ'%mmﬁ‘ammaagua:mLﬁumuquﬂﬂmamﬁwadéﬁm
aAana a W@ Y U ™ = { g { '2
Uifisenlwauidnil laglswanmsdudumanmeoniwlulasiaunluanaiiiui 16.2 x 10
ANILNAT ﬁaqm%gﬁmaﬂu‘[mwummﬁa 77 1989% laafannISNATIAROURNIAILNY
o o A A o < A A A e
a:gﬂlﬂmﬂmauﬂ 250 aammamamﬂI@ﬂﬂa:qtytyﬂﬂﬂﬂLﬂuLamﬁmﬂmwavlmmama
muﬁgﬂ%mﬁuagﬁauaaniﬂ Namﬁmm:ﬁa:gﬂﬂi:mawaﬁuﬁim Autosorb ANAGAS

software version 2.10

3.5.3 NuNaTH ALlanasan hulasalasitl (Transmission Electron Microscopy)

YU, gﬂs'wLm:é‘fmgmmaaﬁ’;Lidﬂﬁﬁ’%mm’sﬁ]aauﬁ’sﬂ%é’ﬂmwad
nIulaTwdianasonilasalast laswa3as Joel JEM-200 CX sIeIatzgnuali

szldsausiandaasunuriasBuiaaalduiusn g us239i lddainsas

3.5.4 gunuis BLlanasan hlasalast (Scanning Electron Microscopy)

ﬁ'li(;l”JE]Ei’]d"ﬂzgﬂﬁﬁvlﬂa@]uul,mdﬂE]{'JLL@NLLﬂzLﬂaaU@T’] anaaduiia 8 wiil

uwsi lUdasndaaiu Joel JSM-5200 lapasdussiaianluiif 25 Alaliad udrdnonn

3.5.5 azaayuin wausmanwtw atlnlasslall (Atomic Absorption Spectroscopy)

19389 AAS (VARIAN Model 300/400) gninanlflusmisuiiiensiamay
mmﬁmﬁmﬁumaam@;uuﬁaLiaﬂﬁﬁ%mﬁaﬂa Taodanadouiumaazandadaringiss
Ufismndidainiarasauanazandis aqua regia Suussazanolsznauszwininialua
Snuazniabalasaednludnsnain 2:1 LLazﬁﬂﬁLﬁammmﬁalﬁagjisl,uﬁaaﬁl,ﬂ%aamminmn

qavler
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3.2.6 MIIILATNLRIUIT LNEIUDALNTINGIN (Thermal Gravimetric Analysis)

< A A9 o A o aaa A A A
Lﬁumﬂuﬂ‘nl"ﬁmwaaummimasJuLWamadmLidﬂgmmwaumﬂwm

a

A a d%' U A o s 1 aana v
QUnNd wianasaumyIwls ladsidosduasns uszmie sranaunuaisljisen lasls

U
a

1389 Du Pont TGA 2950 Thermogravimetric Analyzer lagansdmatnsazgniiannuiauiiy

De

=

PuNaz 10 adm@iamﬁluﬁaaqmﬂgﬁiwha 30-700 BIFLTRLTER ﬁmﬁfnﬁmﬁﬂuvlﬂazgﬂ

v K [ 2 v &
‘]_Iu‘YlﬂvL'J@'J m:uumiﬂi:mawama;&am afl,umsaa

3.2.7 INUNBLIL903 LUIunIy Amansu (Temperature Program Desorption)

\A3a3ila micrometrics TPD/TPR 2900 pnihanltluanwisviilasldfig
gRsuduain wsziandaimigaduazgnmwiwiadissljizoniuingm 5 ki udis

af A 9 oa i o ad a &
qmﬁgwmﬁahmmﬁgngmmuvxq@aanmmuqnmnﬂuﬁwau

3.2.8 minagauaNudunsalasifuesuauiiin (Hemmett Indicator Method)

i@ Asofazneseuandszanm 1 n3w ldlumenasey neams
AemEBUALALADSISEANAIGUSIH 2. 4-dinitrofluorobenzene,  2,4-dinitrotoluene, p-
nitrotoluene,  Anthraquinone, 2-bromo-4,6-dinitroaniline,  Phenolphthalein¥ 2,4-
dinitroaniline, Diphenylmethane, Cumene Faunamadasuuaswesdfiiodn dranudu

N30 (Ho) ™1 l@an@NaNa &1 Taza N NagaUAILEad lsan3199 3.1

A ' a a &
M197°9N 3.1 AN Ho VBIDUALALABDT

ninuasdndtainas @1 H,
2 4-dinitrofluorobenzene -14.52
2,4-dinitrotoluene -13.75
p-nitrotoluene -11.35
Anthraquinone -8.2
2-bromo-4,6-dinitroaniline -6.6
Phenolphtahalein 9.3
2 4-dinitroaniline 15.0
Diphenylmethane 35.0
Cumene 37.0
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UNN 4

mslnlsladalaalailannselfisen

d? U a U a ¢ a a
4.1 mawianiziasawlunisinlsladalagldfinaiamasnaanninuasn

4.1.1 Nﬂ“ﬂﬂdﬁ’]%ﬁrﬂmadﬂ’wiﬂﬂu@?

A = ¥ @ o ' ° A PP

NN 4.1 uREIDINRVAINWTNUasalatnslwnIvinlnlsladzuasansni

PUALNALIYINNUAD 0.125 VL. LﬁumW\I“qﬂLéfuiumwsfauﬁuﬁ'uazhol,ﬁu"l,ﬁ%'@ma@md
Aaa = ¢ A o o s v @ ' ' A o A

awlnFoaTeanysal Wuwnnstugwladn dwnnvasaladslugranvinmnesauluing

dadizen duuu dminvesdieden 4 un. Jspnideniiailudmunulunsfinsnazas

YU1AVBILAA ﬂﬁdl%LL@iﬂZﬂ'\iﬂ@ﬂﬂd

54 Tire 4 mg.
. —— Tire 8 mg.
Y -3 S I LLLLLL LD Tire 10 mg.
44
o
S
Z I
5 .24
A I
14
0.0
F T : : : : T : : : : T : : : : T
0 200 400 600 800 1000

Temperature (°C)

511 4.1 wavaIdINkn mﬂums"lwiﬂa%aium%aa N E§N DALNTILNAIN

u

=3 (3
4.1.2 NRVDIVUIQAVBILUAENNIDLUSA

NN 4.2 ugadliiAnedaautain awevasiasiidninanands
mafad§isen asansunywld ldinmstaununudonivue sunsaastesuisginle

1 AI J v K =Y v

nanusasrmnavandasalnalininszasdivesgmnpiinolusesidiassiinig

£ o @ ad ° ' ad& A . o &

21 i lianglinununansdiningmnnINAUAL (Encinar et al., 2000) GIRUVUIATBITA
=

9 U

ma‘nag’lwﬁ’m 0.212 — 1 ¥u. ﬁagmﬁamﬁaﬁ"nvl,ﬂ?mmNaiumsmaaaﬁ'ﬂvl,ﬂ
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5 -[_ — — — 236mm.

[ = E ............. 1.40 mm.

oM i 0.212 mm.

4 4 ! —_————ee 0.125 mm.
6 H
£ 5 !.
s 1
Z ]
g .2 1
A !
1
REE .
4

0.0 1

0 200 400 600 800 1000

Temperature (°C)
317 4.2 wavesvwaidiapslumslulslagalunToanesuaaunsiwesn

4.2 Qmauﬂ'ﬁmamﬂmwmaamwé’am‘sﬁ'\‘lﬁl?{auamw

421 anadanlgsszrinelauana

AMVUNAIUNIZUIWMITHRALNS  SrazIaNwaIzay lwnITauLNTRIsNIAe
flanasagnianludluui 90-95% aanuiiiies 5 - 10 wWafidudivimuniviaa
ARTUNITIAAN ML TUATNTITNTIALRZANNNITIEN UL wananinsAaIaa L
< & { ' & A ° o = o '

TWITH NNV LN N Tz U2 AN TAVL NI NI WTI9zrIN IR A NLTIuT9T0 I LATIRTIITIIL LA
A [ 6 = a o an L= A 1
qmauumadmammvlwﬁa@m NNMIANHLAITBVIRTI N AT Tudl 1987 wuin
n:l'n:l 1l nl' a A &, o 6 = 1 o all &
mammsuﬂmmaqumﬁgm 70 asewadomduingm 1 dleiazlenguiiuensiiiy
luanﬂa:ﬂﬂaﬁqmﬁgﬁﬁadLflunm 1 U (AFgvivuacamie, 1987) LNT1EAZ lunsdiiinn
1 tﬂl v A tﬂl v v o v t:ild ]
iauuwLwaI%LﬂﬂﬂﬂsLaauanﬁwI@ﬂlmﬂmmauﬂﬂ%aﬁﬂizﬂaumommqmiuw 1-4
ﬁﬂmﬁﬁa:ﬁmqwhﬁ’umdﬁLﬁuvl,ﬂuama:ﬂnal,ﬂunm 1-4 YoUENAU AILTUAIDENIVDI
4o g
g9 TaNlunInasasit
loamaldvasanunwuiumadenlosluanaluasddsznovaasns  qm
wa A& Ao o A A & o o @ a &
sutanisnaenfamaslusadaiuardimnaanusmansalunmsuiuzaslwiwes  waves
nalunslianuieunfdenmadenlosluanalduaasaglunmn 43 lasansdsznavvas
d‘ v 1% :!' o qz::!' d' a A & s 6 a
ma‘ngﬂiﬁmﬁmamwamlmaauamw“nqm%{}u 70 asrnaadomduia 1-4 slanwk (a2
. ) . . Y . A . o &
Wunas “‘RPC” Aadrwindlanilumislianuion) lasdradnsniiony 1 dandiimadiauau

' o ' & A a v o AN A '
°]Jﬂ\‘]ﬂ']"lll‘lﬂu’]LLuuﬂqiL’ﬂaﬂJIﬂﬂINLaqaaEﬂ\‘]i"]@ljﬁLﬂJﬂL‘Y]ﬂUﬂ‘U@]')E]El’]\jV]VLSJSJﬂF]TQ‘]J‘UQJ LR
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= a & a

l:l l}’ 1 { =3 v QI/ s
NILNNYBVYBIAINRUN LL%%ﬂ’ﬁL%GNIEJ\‘JINLEﬂQﬂﬂLWﬁJ‘U%LW galantasawNINIDe 3 aUan

6

a & | = a & A o
LRSLNNTWOEINTIALINDNANNLNATY 4 UMW

4.2.2 @NULDY
m‘smnaaum‘sﬁﬂﬁ%ammwﬁﬁNa@iamwLLﬁdmaomamummgmmad
ASTM D2240 maaéhazmamﬂi:ﬂaumaﬁﬁmqmsauﬂmﬁaﬁu Idusasl3lunnd 4.4
Tassanuuisrasiatfndunuszoznaaesmyauty uaegelsiow sammainduas
ANNLTIIRILTANILANGINUEY 2 T2 Aatrassudnanlumslvanudon 0-2 slanw
wae 2-4 FUanst

25 7
2.4
23
22
2.1

204

Crosslink density (xlO4 mo]/cm3)

19 {

1.8 4 , . . . .
RCPO RCP1 RCP2 RCP3 RCP4

= o 9 oA ' \ a
E‘JJ‘VI 4.3 NamaomsmlvﬁLaammwmmw‘mmLLuumaamimawImImaqa

72 T
70
68
66

64 1

Hardness (shore A)

621
60

58 4

56 L . . . . .
RCPO RCP1 RCP2 RCP3 RCP4

‘::' o 9 o ' &
51Un 4.4 Namaamsml%Laauamwelamﬁmwwaama
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a

° o A [y [y A a o ¢ a
4.3 HATDINIIN IALHANENINALANNSDUNARaNAaNINALNAINNT NS ladd

4.3.1 masauliiasdulasldinaiamnasiaaunidiiegsn

INNINN 4.5 LaaInTIWaas DTG Bainsinlsladauasssdsznavusnn
1 [ U 2 % 1 6 1 (%
auuafl,‘vsm']mauummmmaumuqummaszmn 0.212 ~1.0 Wy NNLEUNTINITUFAIFDY
ﬁaamaaqmﬁgﬁﬁLﬁmmsamﬂﬁ’;ﬁagszm’m 30- 800 BIFLTALTLE I@maaﬂﬁjwﬁﬂmaa
a ' Y < o ¢ A £ ' A ' A
gaanIINATIILNIN wamnmsﬁmmu%ammmulumaqm%gm:mw 110 — 350 DIALTRLTYE
A o &< A ¢ o £ ' aa ' a
LLazwamnmsﬁmuﬂaaa?ﬁammuiumaqmﬂgmgamwuﬁo 500 BIFLTRLTHR BIAlsznau
YAILITIUALALNI WA ENIBITNTG,  BeRtaIw-Taentedn,  preadianladuniasin
U32nauI08198%, WNaunlFIuMIENLE, MTUBKLUAA, ANNTW, WaIRAN koLwas, 813
= & A A A a o A A 1
Usuds Seasdsznaunanftazgninlylads aanunfgmngiidneg iu lasfgaumniilugas
150 — 350 AIANLTRLTORITAINAINITRANUAIAILAINNTOUVDIRIUNINVDININWA LT bnS
LANLGIENY, ANNTU, wmaaﬂvlsmfnaﬂl,a:miﬁgaLL@ia YUTNENITITHTG, IR LATU- DA
ladu, svdinleduniedulznavazamodlusisgunnl 340 - 550 asrwTaGus
(Leung et. al, 1998) MNANN 4.5 HaaNTNNLFAINIAN UNUUAUVBILNITOIUAT LAY
1 v t:l' a Ad‘ 3 o‘d‘ A 1 tﬁ a
miuwLLaaa:LﬂaauVLﬂluﬂﬂﬂwamaaqmﬁgmgamwaamamyuw"l,wmiuw FI9199LNHA
a & a = L A a & o 4
mmnmwLuamsﬂi:ﬂawaamwmwLmomﬂmmuaamﬂmigtyLaﬂumuﬂiﬁumi
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