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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
KNO, 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 (Cs 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 Cg hydrocarbon gas, and also produced dominant

amounts of C,,-Cg4, 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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2.3M
C, = (w+0.78x106)(l—M—°’Chem)

¢,chem n
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' o o 5 [ ' o o A iy R |
AOUNIZLINMTIAN Ll TH, 5x10° g/mol, MINARBIAINEITNIALTUIH 3 T uaAIN
Tamdiase

3.1.2 ANULTI8 819 (Hardness)

mymaanuudsvasensldiniasdalslinas (Durometer) #wia w83 Lo
(Shore A) @N3T ASTM D2240 laslTunusmannunu 6 Jaauas 1w 5 41 lag

AT TRV IFANNRTINIA LAINNTUINN 5 Th

3.3 #iA2aIa U8 uazIETN1IaIaN

3.3.1 a3l mantaLdunsa

é'f’;Li’dﬂﬁﬁ%mﬁiﬁqmawﬁaLﬂum@mmmm%'mu"[ﬁmn%%ﬁL’%'ﬂﬂammmu
7 TagldasdsznavnanluiisadaaludSinaiidasms woaasluudasessuiidasms
WEIINI ﬁw"[ﬂauﬁqm%gﬁ 110 aseoafomiuwnadszanm 1 5w uazin e
gunnd 550 saeniwaLfosmiuiam 2 Tl

3.3.2 9 53UANS NI e e UL T w U

= wa

a 0 aaa P & = ¥ ¥
dusajitennfiguaudaiduwusaansneiowld laoldmsdsznoy

A a A o o o o Ao a A o o
InunatdonlwatalulSuiundadniy vanaunuaITaIsUNda M IIBlSu N ATrRa 13
uaznuaunad L lnUSuNos 0.5 FaRAAIGaNTN WAIIINTH ﬁw"l,ﬂauﬁqmﬁgﬁ 110 29¢

eraLBoa dwanlszunns 12 1 las

3.3.3 aussUARTI NN NG lalasnia loe

dulalasmalodidudunisirfiauenlosafin(zyay) ilasandasms
IuLaqaﬁﬁﬂszqaumﬁ’mmmauszwmf'ﬁy'u Tudrvasrudnasiminansdszneylan
Saﬂvlsﬁﬁaadf‘:uﬁﬁiaﬁzﬂﬁﬂﬁaLLNﬂﬁL‘%UNLL&zBQﬁLﬁUN %%aiammm%%’uﬁﬁﬂszﬁlaadﬂ%a
suUIn 1% wman lavea wAa lendion 1udu snwaclassseessuandsnsuzade
nulaseaigvesuglod  (Brucite; Mg(OH),) s’fiaﬁﬂéjwaavlamaﬂvlsn@“laaauﬁmé‘;ﬁmﬂu
wuutangzlnuak  (Hexagonal) Lm:ﬁiamvlaaaumnﬁmﬁﬂuﬁﬂuq@ﬁLﬂuaaﬂm%‘mau
(Octahedral ~ Sites) I:uLaqamadLLau"LaaauLLa:ﬁw:Lmsnayﬂuizmwa%y‘uﬁaﬂa'nﬁaa‘{w
mwau@as:%iﬂﬁv’u Aalassaiefiiuands gasluanazasialasmalodfa MgeAlL,CO;

(OH),5.4H,0 gﬂmaaauvlaimmavl‘ﬁﬁuamaglugﬁﬁ 3.1
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OH™
07sMg'o2s At
OH™

o.1stD§', 05H,0

OH~
a7sMg2+.2s a1 dt
oH™

31l 3.1 lawssssvasdulalasmalod (Cavani uazame 1991)

I@mJnaLLﬁaauvlaiﬂsﬂanLsnﬁﬁﬂﬁ§uaLu@l"l,aaamﬂuvl,aaauﬁtmiﬂagma
NAITERINITH LL@iLﬁaVl,sﬁmuﬁ"laaauﬁLLmnag’manmas:wjﬁd%ﬁhﬂﬁm%ﬂamm"l,aaau
udduilassaadulalasmalos auﬁﬁ@ﬁ?uﬁlzgﬂﬁﬂﬂ’h dualandnlalasma lod
(Hydrotalcite-type clay) %amma’lmsnluﬂﬁuamﬂﬁqul,aaau‘?il,msnagjimanmaizwj'm%”'u
o ﬁﬂﬁmmmsaﬂ%‘uﬂgdqmawﬂamaaauéﬁﬂmﬂﬂ@ﬂmil,miﬂimaqamwﬁﬂﬁﬁ
anumansaamEiumMsUisemmenaesiald nislunguluanadonanife na
ganlouawloaan

sz lflumseaudasduamunsadin SaauuaznguvaIdoan
IﬂUﬁmjmad‘éaauﬁﬁﬂszﬁ;auﬁﬂuﬁmaﬂa iipsanenusansalumaiueandiaufitiu
Avasdawasdialulunszuiumssandiaduuazsendn  Iwasanlouanloaan Aangu
IuLaqaﬂi:qawm@lmy'ﬁﬂiznau@”’aUamamadaaﬂ%wmﬂuaaﬁﬂs:ﬂauag}i 2-4 azaan 7
l,”?j'auimag}iﬁ'ﬂmaqaﬂszﬁgmnmaﬂma lagazaauvasaandananvazidoniudugznin
20432914 2 NfNezaaN ﬁ'ﬂﬁLﬁ(ﬂLﬂ‘uluLaqamu’mimﬁuﬂ’j%aﬂﬁ

Indeanlaunniaian  (Polyoxometalates; POMs) nillulwfaanlauan
"Laaaumjwﬁaﬁmmsnﬁwm’ltﬁmsmwdw%wao@mﬁ‘aLﬁummgwaa‘*ﬁ”’uﬂuaaﬁuuazﬁw
luldanmnguauifdngg v‘T’sasmmsﬁﬂmmﬂ"ﬁmjwaaﬁaauaﬂumﬂm‘sm:ij%uau
K1) miﬁﬂmauﬂaﬁuﬁamomﬁmaaagﬁmﬁﬁuﬁuﬁ‘[uaummmzmﬂmiuaumwLmsnagj
I(ﬂﬂﬁﬂm'ﬁﬂ’ﬁwamaﬂwauLomLLa:Laﬂ@l:Iwﬁumﬂﬁmﬁaagjsijnmﬁﬁw Tagmy5anau
W MY3anTiatu Mowaisuu wu luduanaziievinfidenudunse-ag 4.4
— 4.5 wazigtazluauianieuni drenulunia-aotlseanas 11 (Payen et al.,1987), N3
é’ame:ﬁamaﬁau"LaImmavl,eﬁﬁﬁgmmsm:mqa%uﬁamLaﬂ@lziuﬁummm:mmmmmw

¥ a A oA ¥ d' a = v & [ a v
I@] ﬂl“ﬁﬁﬁiﬂuﬂi&m&lﬂiz%aﬂm"ﬂﬂ wantla waaauluama:mtmanua EI%HVL@]E]T']L?N@]%I@EI
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Dredzdon, 1988 uazdaan latinsanwlassasauazmaiadjisenvaslalanwianlugm
vasdifisuagiiiualutiasdanuiuniadlaslfiaimaiiuiulas Twu et al, 1989
Auaia lalaInma ManunInaaLaw laaawn it w1t s lads 813130

3oy lalasatealuh

3.3.3.1 5%771’2@'28[@5147@Yﬁ@’ﬁgmmm@ﬁm‘nam‘memw (TA-Clay)

NRUNTALNBLININGAN 33.3 N3¥, 143.8 nSNvaIaTAzaelaAsy
laasanlodanuduin 50 wWodiduduaz inaw 400 Haddasriuinasluraiunaay
ao sannauaanain i lwanuteuauds 80 ssrwaiduanieniuanlimimaiannas
ﬂdaﬂﬁtﬁumﬁqmwgﬁﬁaa LddumIaeefnEuTIN g Ies 1025 n3uvas
wunigoylueaTn, 75 ﬂ%'maaag}ﬁl,ﬁw"l,umsﬂ Wae Hnaw 320 Uasaas asnsmsiauef
azniea Wesmsarasnualassssuauainsa i 75 ssrnmaBominam 18 12lug was
NATUATMHAN AN EITHANTHINUANINTBILaE 19BN nAw AN a B andwiinoan
Tuudn LL&Z%VLﬁa’liNall“llE]Gau"liﬁ@]vl:e’liﬂi‘l’]’mvlﬁﬁ@?ﬁgﬂLLVliﬂﬁ’JUmaLaWLV]E]LTV] (Drezdzon,
1988)

3.3.3.2 ﬁu"zfﬁ@YaZ@imaY%@’ﬁgnum‘n@”’gm@ﬂmmmz@m (V-Clay)
LW@SBNRITALA LA LN UINANIIAMTHENABITZRIN LA BN
WILAN 44 n3U uazinaw 29.8 fadaas asazaefildiduasln 100 nuvesduvia
Vl,aimma"lfﬁﬁﬁgmmiﬂﬁammmawmaLiﬂi@wmﬁnwsﬂuaﬂnaaﬁwLaua Usuaranudunye
Hudnsdonsaluainonlden 45 Adununzaufilnanznuieniiodn inasnaunmue
ANTBILAZENIEBINNAL ﬁﬂﬁuﬁﬂmmmﬁu"ﬁluﬁauﬁ 110 29FALTALTURTINABULAILN

ﬁqmﬁgﬁ 350 adeiaTaRLwaT 12 T lus

3.3.3.3 ﬁmfﬁ@Yamea‘qu@‘ﬁgmmm@”?maﬂ@:fgﬁumn (Mo-Clay)
WwisNasazasLlazluduienanmInaNn I laauluay
lan 8.5 N3N Waztinnaw 15 Gadaas tasazaefilaiduadu 100 nsuvesdusiialalas
ma"lmﬁﬁgmmsnﬁaslmaLawmaL‘mI@mﬁﬂﬁﬂuamaaﬁ'}Lawa dsueranudunsaiduans
drensaluasnanlden 45 Fomunzsuialazludvieniodn amINEUIRUaNINTas
Wazdad AL ﬁﬂﬁuﬁﬂmmnﬁu"muﬁauﬁ 110 asmmadostnufuudrun

aaunnil 350 asenvratBoatniaan 12 12lud

3.3.34 ﬁum’i@73[@757)7@Yszf@(ﬁgmmmﬂyammlm[.yﬁm@mmm@ﬂﬂ:mmmn
(Mo-V-Clay)
LESUNRNIIALAENENAILaU A R UONLAZIAAAZIWILON e

NENAWIER T AsNINRUIAN 5.5 AN, §1IRAUlmANNNWNAN 1.5 NV WATHINA®
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100 fiadans iasazanedldfuaddu 100 ﬂ%'mmaamﬁmvl,aimmavl,sﬁﬁﬁgﬂLmsﬂ@hsjma
wwmasnlagiimsanagesinaue Usudenudunsadludsdsnialuasnanlden 4.5
Fomunzaufilala: luAUINUAIANAZNILANLAAT Y TETHRNTIRANINTOILAZEI62Y
Wnau ﬁﬂﬁuﬁﬂ@ﬂmnﬁuvlﬂuﬁauﬁ 110 aqmwﬁmé’rﬁﬂﬁwﬁuuﬁaLm"?'iqmm“ﬁ 350

asenraLdoadwiaan 12 3209

3.4 manaaasinlslads
mslnlsladzasensnsudazrilueiasdnsoisfiaiuansil - (Semi-batch Fixed
bed reactor) asuaadluzil 3.2 lasazlimsrhumalulasnwdldludjnsnianaaiaidas
<3 Aa aa ' = a a o ey o a a 6 - o v a
AML37 30 adfasdewfl iNewtemdanmein ldaanaine3asdnsol uazinarildiiie
yssganaan
() oo NN o l3rg9naanfia

Mass flow d a
By semeomare db SRR yieSasufnaoian

@ iter @ Thermocouple

@ Temperature
Caontroller

@28 899D ﬂuﬁgﬂ

PNNFNNURTLAY

vl | | WAIUAZDNUTIITIN
@ @ D‘J % AuluiaIasufnanl

Cardensar [Sr— Gonriarser Cardensar (ﬂl av 1 gﬁ’ﬂ 14 %’a W

Heater

o A a 4
nutaIaddjnsal

Heating Blocks and Heater ot 4 Gas sampling Bag a’]ﬂqmﬂﬂuﬁﬁ/a'aﬁ]u
9 500°C @7
317 3.2 szuviedasd Gnaainlslumsinlslaga ANE1 10°C da

Wit niu Waee
ﬁmﬁﬁaanmnLﬂéaaﬂﬁﬂitﬁazgﬂﬁﬂmmum'%f'aamuLmuﬁ'mf:w WATNIUVIALALENT 4 VI
Al dwedasmuuinudsiudinauinie I@mﬁﬁ;‘@ﬂi:mﬁlﬁmwmmwﬁmﬁmsﬂumuﬁtﬂu
PasmaInseinTuaan awnfuﬁwmwﬁ@ﬁmﬁa:gﬂmmﬁﬂﬂmﬁmLLschu wazgniAinlilu
qdﬁﬁﬂﬂﬁ'aLﬁufﬁﬂmmwwnﬁaiamﬁmsw:ﬁ@iavlﬂ ﬁﬁﬁuﬁvlﬁgnﬁmﬁLﬂiﬂ:ﬂ@ﬂl"ﬁ
Lﬂ'%laaLLﬁ"ﬁImmI@m’qumﬁgﬁga (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) MWNNAI3 % ASTM D2887 daundasawiniduirldihuniienzdlasldiaios
uialasanlanmw (Agilent Technologies 6890 Network GC system, using HP-PLOT Q
column: 30 m 0.32 mm i.d. 20 pm fim., FID) ﬁ%'m%'u"naaLLﬁaﬁVL@Tﬁnnmﬂwiﬂa%agﬂﬁﬁm

wmuSuaasuenlasldinaiia TGA (Thermogravimetry Analysis)
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3.5 NI nadaugmaNTAYaINILIU TN

inafialunsasaseuguanidvesdnialjismienandis

3.5.1 LAnmsfanunnsu (XRD)

nasdanunntunafafioulunisianldlunisasiesouninlas
UTZINUAITBIVIIAVBINAN,  NNINTTLVBIVIIANEN,  BIRUITZNOUVBINANVBIALTS
UiAssuazlarasiunmels wanmsvendnsssanunndudradnnanuuandssadusdas
Tassaananisunziusievesasslsznay loszUupuraswdnazausafioyldniuuuy
uHusaImIudazTiia nsduwmazmaifisusluuuasnsaldlasnsls JCPDF files 31
nwuvasdnmsfanunndulnnuisoiildanedes Rigaku X-Ray diffractometer system
(RINT-2200)

3.5.2 MIRINUNRL 835 BET

Lﬂ%ladfla Autosorb-1 Gas Sorption system (Quantachrome Coorporation)
Qﬂﬂﬁmlﬁﬁammmﬁuﬁﬁa, ﬂ‘%mmﬁmmmaagu,az@hL&%NﬁuguﬁﬂmamﬁU"}Jaaﬁam
UfAsenluamidvd Tasldnanmsgudumemeniwlulasauiluanaitud 162 x 107
ANTILNGT ﬁqm%gﬁmaﬂuimmummﬁa 77 wa3n lagnaumIsunsaRausInIogig
azgn’lﬁmm%auﬁ 250 aamLsrjm%:lamﬂl@i”m’;zqryryﬁmmﬂunm%ﬁaﬁmﬁa"Lsiuﬁama
ﬁauﬁgn%w%’uag’ﬁauaaﬂiﬂ NamﬁLﬂiﬁzﬁﬁ]:gnﬂszmawaﬁuﬁim Autosorb ANAGAS

software version 2.10

3.5.3 NIUNTY dLanasan bulasalast) (Transmission Electron Microscopy)

P9, JUINUITTUFINBINUTIUJTTE10T9R UM BRANNN TS
nnulatudianatanlulasalasll lasia3es Joel JEM-200 CX a13dnatazgnuald

a ¥ o a ' a A g & iy & v K ° ' v
QZLE’J&I@LLQ'J%WN'W]@EN‘]J%LWNLi“ﬁ%LWﬂ@(ﬂLﬂuﬂjuLﬂﬂG] LmemVLﬁJaaanaaa

3.5.4 aUNUI BLlanesan ilasalast) (Scanning Electron Microscopy)

msé’:}aﬂ'ﬂdazgﬂﬁﬂﬂé‘muuuﬁw aaladuazinfaualanadduiian 8 wifl

LLﬁaﬁﬂvlﬂdaanﬁaaju Joel JSM-5200 lagairusanfanlnilini 25 Alaliad waadianin

3.5.5 axaauiin waumand anlasalail (Atomic Absorption Spectroscopy)

1389 AAS (VARIAN Model 300/400) gmﬁhm’lﬂmmﬁ%’uﬁyﬁamnaau
ﬂ'ﬁm'mL?Twﬁumaam@;uuﬁan’aﬂﬁﬁ%mﬁaﬂa Taodauadsuiusiazaadadasingids
Uffsmnfidainsariasananazasdis aqua regia Sadumsazanoiliznausznininialua
Snuaznsalalasaafnlusanain 2:1 LLazﬁﬂﬁLﬁammLﬁaiﬁagluﬁ’;aﬁl,ﬂ’%'aaa'lmsmlsw
qoule
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3.2.6 MIILATNLRIUIT LNEIUDALNTILNGIN (Thermal Gravimetric Analysis)

& a A9 o = o aaa A~ a
Wumafianldasrasouniniadfuuwanasaassdjisoniainisiing

a

= a dlq’ v A @ o ' aaa ¥
gunnil wianasaumyinlyladmiasduvasns uazmia awaunudiisljise laold

a
a

L1383 Du Pont TGA 2950 Thermogravimetric Analyzer T,@Ums@ﬁaﬂwam:gﬂﬁmwﬁ”amﬁw

De

=

PuNaz 10 aam@iamﬁlumaaqm%gﬁizmn 30-700 BIFLTRLTER ﬁmﬁfﬂﬁmayuvlﬂa:gn

v K [ 22 v A
‘]J%‘Yva'J(ﬂ'J m:uumiﬁi:mawamagam UIHLQ?BG

3.2.7 IMUNaLIL03 JUIUNIN AvanTL (Temperature Program Desorption)

138988 micrometrics TPD/TPR 2900 Qﬂﬂﬁmlﬂud’m‘ﬁ'ﬂﬁiﬂﬂfﬁw

gnsuduainn uaziandaimsgaduazgniuiniladiialjisoniuig 5 win udia

'
a

QJ { Y eV { o a { J
qm‘ﬁgmmﬁal%msﬁﬁgn@ﬂsﬁu%ﬁmaaﬂmmmqmﬁguﬁmmu

3.2.8 minazauaNudunsalagituaduauiiin (Hemmett Indicator Method)

ihdsa§isofaznaseuandszanm 1 niu ldlumanasey noams
NP UALALADSISEANAIGUSIH 2 4-dinitrofluorobenzene, 2, 4-dinitrotoluene, p-
nitrotoluene,  Anthraquinone, 2-bromo-4,6-dinitroaniline, = Phenolphthaleind 2,4-
dinitroaniline, Diphenylmethane, Cumene ﬁdLﬂ(y‘lmil,‘i_la‘lﬂuLLﬁadmaaﬁﬁLﬁﬂ‘ﬁu aranuLin

1390 (Ho) W1 @NANaN @Iz TAzA 8N NAFOL AILEAI AN T197 3.1

A ' a a &
M197°891 3.1 a1 HO VIDUALALA DT

ritavasdudtaLna; @ 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

nslnlsladalaglailaaiiedisen

d" £ a [ a & a a
4.1 mawaniziasawlwnisinlsladalaglfinaiamasnaannsiauasn

4.1.1 WaUIRBNUBI8NIT0 U%@T

A =< ¥ o o ' o A Aa

MAN 4.1 URAIDINATDINIRINVaIAaslwnIin Iwls ladsuaneng

PUNALTALNIYINNURAD 0.125 W3, Léfum']WnnLﬁuslumw%auﬁ'uﬁ'uamaLﬁu"LéT"ﬁ'@mawﬁN
Aaaa < & & A o o, s @ o ' ' A o A

awlnoaTeanysal Wunstuaulain dnnnaasaradslusrsnvinmmeseulifing

dadizen deuu dminvasdiedef 4 un. Jspnideniiaiudmunulunsfinsnazas

YUWAVBILTA ﬂ?dl%LL@iﬂzﬂﬁiﬂ@]aa\‘i

;. Tire 4 mg.

; —_—— Tire 8 mg.

Y - U s Tire 10 mg.
4 1
— L
g 41
S
R
g .24
a L
14
0.0 4

0 200 400 600 800 1000

Temperature (°C)

317 4.1 wavasthmtneslumslnlslagalundaanasueaunsiwesn

I [
4.1.2 NIV WIVBILUALNIDN UG

NN 4.2 ugasliinedaautadn awevasdasniidninanands
matiad Az thasnnigunaw i ladnsdeununuFaninue sansaastasuiisgwle
1 l:l lg/ v s a v
nmainusasrmavandessiinalinminszansdivasgunninmaluseaidaseiniig

ad

£ o [ ad ° ' ¥ a . o &
piA2) ml‘maqm‘muuﬁLmuﬂmammﬁqmﬁgu‘ﬂﬁum (Encinar et al., 2000) AIBUUUIAVDILTA

maﬁag’lwﬁaa 0.212 — 1 Wy. ﬁagmﬁanLﬁaﬁn"l,ﬂﬁn‘mNalumiﬂ@aaaﬁ'@‘lﬂ
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5 1 7| ——— 23mm

3 T ICPTTTPPTT TS 1.40 mm.

N i 0.212 mm.

4 4 1'1 ! ———s 0.125 mm.
~ H
& !
s i
= i
= ]
5 .2 1
A !
!
1 :
4

0.0

0 200 400 600 800 1000

Temperature (°C)
Eﬂﬁ 4.2 Nﬂmaﬂ"ﬂu’](ﬂLﬁ@]ﬂqﬂluﬂqivLWIivLa%aluLﬂ%aﬂLﬂﬂgllﬂﬂLLﬂiaLN@ﬁﬂ

4.2 @!m&&l UANIINILAINYDIYIIRAINN 5"{3']611}]/!,%6& d0N

421 anudanlossznineduana

MUUNAlUNTZUIRNINRASNS  SzazaNwNIzaNlwNNTaULNYaIsNIRa
ﬂLﬁanmmagni'amvlwﬂﬁuﬁa 90-95% AIUUULNLI 5 — 10 Lﬂai‘LfEu@TLmﬁfuﬁmﬁaag

AWTUNITTAAN LT T WA N TITUTIALRL AN T M NUUDIENS  1aNINHNNTAAIRAT Lsbe

< a L A a ' £ A ° o et 'Y '
TwazH NNV a N Tz uz AN TaUL N IR WGIazrin TR AT Iva I laTI a9 TR LA
Qmauﬁ'ﬁmaamﬁaﬂﬂwﬁmm ﬁnﬂmiﬁﬂmuazﬁﬁ'ﬂmadﬁ%qﬁ'ﬂLLa:ﬂm: Tuil 1987 wuin
Aa ' A A = I @ e A . @ A <
mammsuulmmauwaqmﬁnuu 70 aseraosiuim 1 dlaiaziangurinuesiny
luanzdn@ngumnivendunan 1 U (@gribuazaniz, 1987) twmnzazui lunsdiin
samjuLﬁalﬁl,ﬁ@mnﬁauameQﬂ“ﬁﬂ';m%fauﬁﬂﬁmsﬂizﬂaumdﬁﬁmqmsﬂu 1-4
é’ﬂmﬁﬁazﬁmﬂqwhﬁ'umqﬁLﬁuvlr‘j’l,uamaxﬂﬂalﬂm’;m 1-4 YaUd 19U AITUAIDENIVDI
A a g
g9NasunlumMInaaasi
losmldvasanunwuiunaigenlosluanaluasdisznausaseny qm
wa A& Ao o A A & o o o = &
susaninaeyfamesluwadaduadrnaanumuisnluvmsvivaswiiues  Waves
L’JQWIRﬂWEIﬁﬂ%1N§a%ﬁﬁ6iaﬂ’]iL%aNIEIGINLaT]]aVLﬁLLﬁ(Na%ﬂuﬂ’]‘w 43 lapasUsznauvas
A:l' v v d' o qzd' n:i a a & % 6 £
mmgﬂlﬂmwmamwamlmaammwwqmﬁgw 70 asenwaldoamduian 14 slast (a2
a ° a v [ o ' { s a &
WIRAI “RPC” Aadrwinduanilunisliannuion) lasdretninfeny 1 fainmaiuiu

, A 1 = A a o o LAY A '
VBIAIMURAUN LLuuﬂ']sL“ﬁﬂNIU\TINLﬂqaﬂﬁn\?i?@lj? LUain UUﬂU@]'JaU']GﬂVLNNﬂ']iaUUN LR



19

a X ' A = a £ a &  » < o
ﬂ'ﬁLW?J“]Ju’UE]\‘]ﬂ']']N‘ViuﬂLLuuﬂqiL"ﬁaNIUGI@JL@QE‘]ﬂLWN“HuLWUGLaﬂuaU"ﬂ%ﬂjfﬂ\?ﬁ\? 3 aﬂ@’]ﬂr
A & ' & a & A o
LRZLNVYUDEINIINLIIDNAIILNDLNATL 4 ﬁﬂ@]’]ﬁ

4.2.2 @NULDY
msemﬁmaumsﬁﬂﬁléawamwﬁﬁwmiammu%waamamummgwfuaa
ASTM D2240 ma\‘iéﬁasmmsﬂi:ﬂaumdﬁﬁmqmiauﬁmmﬁ'u Iuaasl3lunnd 4.4
Tassanuuisrafiotfindunuszsziaassmyauty udeghelsfiow sanmaiuduas

m’mLLﬂamaamaﬁmmLmn@mﬁ'uagj' 2 179 ABTIAINGINIWMTIRAINTOW 0-2 FUAR
uae 2-4 §UaR

25 7

2.4 —
23 —
22 —
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204

Crosslink density (x10* mol/em’)

19 4

1 . 8 [ T T T T T
RCPO RCP1 RCP2 RCP3 RCP4
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