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Y.C.Lin, HW.Lee W8z H.H.Winter [21]“[
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Uaz WORLATAWNETIWNTLEN ( PET) WazWuINMIIEE THanmaIulilfes 2% Tasin
winazaansoaannuniauaiwafiaasuauad e 60% LazAuWUIIEN1IaanaNY
wila ldathanaluanaves PET fowalwlu wazmssannaumilaiiezsnntudnsuens
NEMRaINT WU bl A% 50% lagunaTaImINEUHENARY LaeM Tl EaINEURANIAR?
InadaguandAdunsnaves PET
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WaawldiRes 3-5% it

& 3 [ a a & & P
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Y.Qian et.al. [28] l@@nufl Catalysis alndfldlun1sgoasizi sPs lasdan
91N Half sandwich Titanium complex (Cp'TiCL(OR*)) Eﬂﬁ‘ﬁ Cp’ fa Cp,CH3CH(CH3)Cp,
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& v - 1 o an - & & | a : o e ‘
Juuazlfiinansadfisenlumagoansy sPs lauld MAC WnassliiTeninu my
wanuuaslenaivasdisal fisontinadedianiashlu §i5oald Tassansn
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S.C.Wu et.al. [29] ldansnfsanemainuaznistianinuuy alpha Laz
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crystallization) finnuenIndnIzng 870-820 em’| ﬁqmmqﬁ 264°C lag@nwuyuy
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Tosfindnuuuiud (beta) %:LﬁwmnmnﬂﬁﬂugﬂmnwﬁnLLuuéTaV\h (alpha) Flunmsy
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Wiy 2000 Tums@nuniile Lﬂﬁﬂuchgmuﬂ”asﬁﬂﬂﬁﬁ‘%mua: AAINEIUVBI AVTi BN
Geli

C.Wang et.al. [31] la@nwnAnuuy alpha 189 sPS lapyinmsasiaiaaniny
838 INENUAZ AN BB ITUNEN (Jamellar) ﬁm‘éwmﬂﬁmwﬁauﬁqnm;gi‘wmG}
i lawld SAXs uaz TEM wuhinamelivegesealunisamaia Saxs ﬁqmmgﬁ
FoailasnnamunaniIusININITaN LS Ta95 I8 ANTERTTRINITUAEN (lamellar) uRs
woRlua$ afmumu 34lvhmInsaeied 180°C Lﬁaﬁﬁ)ﬂﬁﬁagaﬁﬁﬁu MINaTIEA LTFW
myvadfut-naudy (Gibbs-Thomson) LAUFINTOATIAIG LGN BATIFIUTTRIN WRS
Nulum3lesen (fold surface free energy) AOWRMHIUNNIRG DURRINANYBINENEAWN
(alpha) HetaandnHANULLLILAN (beta) ann

S.K.Noh et.al. [32] ladnw1aa139Uin3e0 Doubly bridged dinuclear titanocenes
(DBDM) AlFlun3&3e31e% sPS uazwi41 DBDM ﬁﬁwy}%awﬁa 2,2-diethyl-1,3-
dipropanoxy (DEP) 'h]Lﬁy@LL@i‘Lﬁmwdaa‘hmaaﬂ@ﬁ‘%mgsnhmwfu Fildanuadnaua
malasssedualainadin (Syndiotactic) #1an31 DRDM ﬁﬁ%y}%amﬁa 1,1,4,4-
tetramethyl-1,4-dibutanoxy (TMB) uanmnf‘fﬁaﬁuwudﬂmﬂmaavlwa\iﬂf]ﬁ%ﬂnﬁw%mﬁa
Lﬁmqmﬁgmumiﬁm@ﬁ%m, Lﬁmﬂ‘%mmmaaéhnﬁaﬂ@ﬁ‘%miw was WRnaNuduTuas

lulwwad drudsidgfiaupuanusinavezaslasaivfeanudutuyesslainlu

° aaa 5!, d‘ o nd‘ @ =3 d’ ] ;ﬂl dl . nﬂ' 3 :
ﬂ'ﬁYl'T].]Qﬂ?EJ’] m‘ﬂmﬂmﬂﬂuwmamsw%gmam%aawaa dialkoxy ‘ﬂwm:mw’tmaw

@

sz upadnBisdannyias huanjidousclassaiisuns sPS wnnh

=2
©
&a
o
4
o
2.
c
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o
=h.

d
Z
Z
3
o~
ke
Q
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lymethyleng) T2%775R8 GMESERIIEN Cp

Y.Y.Lyu etal. (33] l@shyadais)§Aseaadaialadu (Half-metaliocene) 181
Tl (Titanium) il siloxy ligands L&z Bimetallic titanocene complex an B luns

faamzd sPs lagldimiial fitoin MAO uasiSnufsunudiinlisonfanlder

D.Larobina etal. [34] ladnsnisgadunazmifunzguasiasiiadi g dendn
790 delta 189 sPS Nlafiduaanudunind199nu 1auden13a32970 isosteric heat
N = & A ] & '3 a
of sorption VasNAN MwRdnwITINds enSuanlasanlod, Tulanaw uazaandian



K.Beckerle et.al. [35] 1a@nseLi9UfiATen post-meltaliocene filluns
§UATIEV isotactic az syndiotactic Polystyrene laplfaaisitfiTonian MAO wia B
(CeFs)s/AlBuUg 617 waljatmadlugiuas [MXo(OCgHo- Buy-4,6),{S(CH,),S1] lauft M &a
Ti, Zr, Hf W8z X @0 Cl, OPr, CH,Ph WU sansndaasizs sPs "L@Tﬁqmwnﬂﬁ@‘ﬁ Ay
:iaavh“uaaﬂﬁﬁ‘%mma:mmmjﬁmuamaﬂmaﬁﬁwLﬂuﬁmmmmaa ligand G139
UfnIen

C.Capacchione et.al. [36] VL@Tﬁnmﬁ\WT’JLiaﬂﬁﬁ%mﬁvlﬂﬁ metallocene #38
isospecific group 4 metal bis(phenolate) lumssatanzs sPS lagldaaselfizonsu
MAO lasdaisufATmadluzuas [MX,(OCeH,-Bu,-4,8){S(CH,),SY landl M &a Ti, zr,
Hf ue X fio CI, CH,Ph laeil ligand flunan 1,4-dithiabutanediyl-inked bis(phenol)s &9
f;‘%aNﬂ@iaﬂ'nm‘aa‘l’maaﬂﬁﬁ‘%mua:mﬁuaﬁ%amamaﬂma&%’wLﬂuaﬂwﬁa M3 figand

284 1,5-dithiapentanediyl-linked bis(phenolato) azanansanaa sPS lafanuiashuas
AT

AK.Ghosh, E.M.Woo [37] le@nwiednwasninuas sPS flunsn (intercalated)
aglwfiounlunnt lanmavinufasenluifiasslasld 1,1,2,2-etrachlorosthane (TCE)
Hlughrnasany wsasliafildda XRD way DSC Lﬁagimaﬁﬂwaa Montmorillenite 1%
sPS ﬁLﬂuwﬁmta:waamzmUﬁnﬁimLLﬂaaﬁaLLﬂsqmmgﬁﬁLﬁmN?m sPS azianansiie
alpha WAz beta %aﬁwamﬂ’ﬂﬁmaamaim:qmwgﬁ mMsiRaduuasHansia alpha AR
%‘LLL%{EISJ ﬂ%uﬁdqm%ﬂﬁ 250°C I(ﬂﬂ'ﬁlﬁ organoc-clay agl; Pristine clay (Na-MMT) %L'ﬁﬁm
ihliiananoia beta @aa@ﬁ'saqmwgﬁlumiﬁnmﬁ MILFARIULY intercalation 1u
sPS axvhIiAaRAnuLy alpha Fiinssa3usdLaUnHANLUL beta uazasrildiie

o L. " W
Spherulites ARaNwIALd9 gAUANITU BINAN AL AT

J.Schellenberg [38] la@nsnfiamyin@aussUiA3euuy multinuclear half-
titanocene aNlBlunsgaanzy sPS laplta@nsslfisensindo MAC uaz tBuAl 63139
UgAsnldaglusiues (T} "-CsMes)Tila(Li-O)g Uz [(T] -CyaHyy) Tila(L-O)s Laemsvin
Uffsnvasasduszneutesiuhuazaraseulanaiefilény Xray lassairanesin
afiSereseanilu tetrameric lanfifazaanvasaandaunnaniudfouszning
Ti maden azaglula1as1ouas adamantine lasiing Cp ﬁaﬂa&%au@iaagﬁfwg Ti VisEen
FUIIUFAIN (1 -CraHn) Tila(L-0) xfinmariasanduazazfinnadedlufintuden g

WIEATIEIN MAOI(T -CigHyy) Tile(LL-O) mole Wil 600 tBuAl aztfivanalalums

-10 -




& ] d‘ Qs 1) 5 k] Qs U 1
AomulIniIREIgANdnIE U TIBA/(T) -CigHyr)Tily(LL-O)s LYNAIL 30-100 @i
Uiitonimisessslinadenaluianazaswefinaiuazminszansaivasluanalasf
Lingdasnumsdaidsssmaluluass anuisshlumsdl jiseves s
IS snuun multinuclear 3309 lene 30-50% pasaaiaslivasasdiznaudes
uuluafiindu uszdildeanadeshigaudhanfulilusnmwideandiau udyadiadh

' aaa 9 a , e o & ' o & & = & . B H
dadfitenslilsafsnswiniuesdizneudesdaiuaiifud Syndiotactic a6
nhmitdisvesduianlifuuuivisshidoudaez lidgmadaiminluenalas

334

Y.Uda et.al. [39] ﬁﬂmmmamﬂ'ﬁﬂu‘[maqaua:n'mﬂ‘é"auﬁaanmaaiuaaqa
PWaLENINNANTia delta sPS lasandsiains ATR-FTIR Lﬁaammumig@ﬂﬁuumﬁa
maﬂmaqaéﬁﬁwa:mmtﬁ:wa’éma% ﬂ’mﬂﬁﬂuIaJLaqaa:@%Lﬂ@vlﬁmnmm‘szwwaﬂa
Toluene W8z Chioroform 2adwanN delta sPS n15Lﬂ§auﬁaanmaﬂmaqm:ﬂﬁaamuu ’
ﬁamimﬁauﬁaanazimm@L%’;mnmuﬁlﬂuaﬁmﬁm wazmaedaufifiiniendaud
VIueEn LLazﬁmsmmf@cﬁlﬂizﬁw‘ﬁ%aam'm"waLm[wLaqaﬁLﬂﬁauﬁaaﬂ LRTMIYANAL

. = P = Al :
LLN\T‘U{]‘Uaﬂﬂﬂaﬂ’]WﬂqiLﬂaﬂuvLﬂma@Naﬂlu"ﬂ UANIIDNYLNAUINE BN

C.LPark etal. [40] AnwnAsnisuasszaumluans sPS fuiasslastuaaud
UTnaua I MINEY Poly(styrene-co-vinyloxazolin) (CPS) lasnsazans OPS asluwlu
LARTANNGIEMIRENAL SPS Nam:ﬂwaaéﬁLLﬂiﬁﬁ@E@Iﬂidﬁ%ﬂ@i:ﬁuiwtaqamaaam
Urznauonfiviu guwDinIWay uazsitausd organoclay %:Qnﬁnwﬂmmﬂ*’ﬁ’ X-ray
Uz Rheology 6’?}\1‘[@zlmnﬁn%uag‘ﬁumnﬁanl"ﬁmiﬂgau@ieauﬂ’%ﬁmaama? MyanIASs
Aldmsivenusonuuussssa e sdsznaumw i ld@esldng exfoliated dhle
bilayer arrangement uazazlina intercalated oD paraffinic monolayer arrangement
mslenusanezsusarhliilasulasess intercalated luifln exfoliated Fyugaaits
ssfamBeafitues OPS wasiuivadass %ammwﬂﬁmn§nwmmummmﬂu@§a
lugmanil® Rheology Fatlwanuian OPS uaslaaiasinfauidnmiuuazyiilvife
m‘a‘mﬁau‘lmmaq‘[wLaqaﬁfaﬁﬂﬁmﬁﬂSméﬁmaamaiﬁaué‘i’aua:ﬁﬂﬁﬁ@‘[maﬁw

WY exfoliation

=

M.Giordano et.al. [41] vlﬁﬁﬁ:awf optoelectronic sensor faanIntamsaunss
luanadnldlusnsazanslanls sps ﬁﬁqmauﬂfﬁNﬁmzﬁmuﬂuﬁmmmg}@ﬁfumi
SundfUsinnaaasuuazalsandnlaa lagiamzasnafeduagauTundasvesmain
LmlﬂLLﬁaLLa:maﬁ@msﬁnmLLm‘lwmzﬁgﬂ@uag}lm{q asannuTuTuans

chioroform Uaz toluene ¥USanmiatuagluszdudmugin (ppm) Maviuvadiaias
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Taanuinuussiliioyldiuatasfioanatafiltagluilegiu (classical resonant

quartz-crystal microbalance sensor, QCM) fildwaRinassiiaiduinwiugiutsznay

C.Wang et.al. [42] @nwianadnnilduas sPS uaz aPS TuaIwuaIninTzis
usanaznndulazaindn lasld DPLS (depolarized light scattering), Ndpagavieiualn
sl uazndpsgariasidianatan aalulanaed aPs AlFtaasvuia da 100,000 (2PS
(H)) uaz 4300 (@PS(M)) MIK&d aPS azanrdanmaiananuazanudlunsfiondn
Tosvan Femsle aPs(v) ﬁ)zlﬁw@ﬁ‘i@mun’hﬁammmawqmw@mnﬁawﬁﬂ matfia

ndnuuusndulasansunsnaawyldluiisamnnil 240-268°C BaIMInan aPS(H)
wazazlWlasssnuuiduladanllmndsmunsnaranulan SEM ualuanefimsnasy
aPs(M) TudSunmunnezldmaniandnuunliulswiulasasefl low supercooling wasls
Tasas1auuY interspherulitic (ialdMn3uas Lauritzen-Hoffman wasnuiufslunise
§1189 sPS fidwimiann DPLS (15.1 erglem’) L&y POM (12.6 erglem’) 2t lWnafigan
ARDINY FIUWRINUNAN IWUUITIVUBINNTLAN aPS a:iﬂ%uﬁuma‘[maqa aPs #l4da
mﬁagﬁm:mm 9.9 erglem’ %aLLamﬁami"ﬁ,&iﬁﬁuﬁ:ﬂLﬂmix%dﬁaImLaqa aPS uas sPS
LLa:uanmﬁamnﬁmaﬁauﬁm’lwa*amm'i:ﬁuz%“m'?um'im?iauﬁma\ﬂmaqa sPS 91N
fuilidueduguidniuwldafuiuluszunaas apsv) dWnlhldfanfaduiiasnn
FIMINRSUIBMTUEN aPS LAz sPS |

C.Wang et.al. [43] la@nsdansdnnu leaad sPS uaz aPs Tuwduainidn
Fe9davasturinuazmsusndraanannwdadanudududn g NIALALANR SPS agji:?i
200,000 LLa:maImaqa aPS ag}‘ﬁ 100,000 lag/ld SAXS (Small angle X-ray scattering)
waz TEM (Transmission electron microscopy) msennitlansunanasho sasfiaan

fauea uazvhmisufgunnil 250°C ialiiRenanfigumnii Liasnnwafiuaing
N o =&

gaallaNUAWILUBINALABIAWMIANIALES X-ray ﬁqmwgﬁﬁawuﬂﬂﬂﬁmn%a‘lﬁ

1
o

<
TSI RnInNdEnN
T ipyupaii-d IEVIBITIN T BaS

udwiialianua lameliar leuaingnBsin madanesida
ga’l‘ﬁ’ammsmaa Debye-Bueche uasldvimsaunisniz@sussiliifsndasanmita
AATEANIRAALAIRTN lameliar LAl REIRENAELT daafiend 9T M IR
wasludadsussnailedsanndaniy TEM %GLL&@GIﬁLﬁuaGHE};&I“HaG aPS ﬁnszmuayjﬁa

NanTad sPS MltAalasshasulafuunsanainnu
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1. 7a&ILATIZA Syndiotactic Polystyrene (sPS) : Wm'%aaﬁamaaguﬁv’ﬁmmmﬁmaeﬁm
UnnIen
MATIAINTINLAL, AnLIaINIINAERS, gmaamrﬁwﬁwmé’m
1.1 Schelenk Line
1.2 Schelenk Tube
1.3 Glove Box
1.4 Vacuum Pump
1.5 Inert Gas Supply
1.6 Glass Reactor, Syringe and Needle
1.7 Magnetic Stirrer and Hot plate

1.8 Soxhlet Extractor

2. el zinediuat

2.1 Digital hot plate Stirrer

2.2 Small angle light scattering (SALS): ta3ssiiatsznavlulszine
wosl fUAmMsIduwadiuas,
madr3eanysual, gnamaniunIngay

2.3 Differential Scanning Calorimeter {BDSC): Perkin-Elmer DSC7,
guﬁm’%aaﬁa, WA INgNaBuRaR

2.4 Scanning Electron‘l\/ﬂicroscope (SEM): JSM-5410LV

guﬁm’%aaﬁa, PIINTINM NS

2.5 Wide Angle X-Ray Diffraction (WAXD):

Philips Expert PW3710 BASED-HT10

soduwidulansusz iz, awmainanlumiinaas
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naEHningIzas

1. Morphology Jadwafinas
Togn@udiwafiawadll morphology &aduuLAa H&N (Crystalline) WazadLg I
(Amorphous) laslAsIasILLLARILIY ?’1aIasaa%waﬁﬂswa%wnnwsﬁmﬁm@hw‘%aa;J;'lu.
amwﬁ'vﬁgﬂLLuulus:ﬁquLaqa wazlassafondnuosnadiwes dolavaiefidmsee
G lufiemefiaduave I@Uﬂiﬂauﬁawaﬁmaﬂﬁmmmﬁmﬁm‘%wﬁwm‘[marga
mvuale viodsludanwiilluudnis 100 % ¢ Tasunudwadiuesezd gnne

FTUFIUNID FATWIIHAN (semi-crystalline) Wit

1.1 lassaFoagmgnn

wallwasuerfia lWinanwiansaasosalla 9iag LLa;ﬁ}:ﬁamwvﬁgﬂLLuuﬁmL@i
MIRRNMITIMILTIaT uazllgmuinilanuii (glass) M3bsnsdaisaedrazianmw
wiaudunil Aansedansrangliimasesinludneacle 9 dnsaensudiduaznesy
a:mzrra:Lmﬂ@mﬁuﬁms%’uvl,mmaﬂumqa ﬁa'lwmnﬁaﬁﬂmaqm:ﬁtﬁmmsé’u"l,m
(vibration) lwﬁaaguﬂmwfu 'ﬁ,mmuﬁaLﬁw:ﬁ?mmaammmiumqa%:ﬁmsm?ﬁauﬁw’%a
FANTO AR UazyuaILIzNaueig ms"l,mmaaIumqaa:mmmtﬂ‘%ﬁu%’ﬁummmﬁa%
Imsasminuan wﬁaﬁammm‘lmluﬁm‘/’iLaﬁauﬁaﬁu‘[mLaqaﬂﬂluﬁﬂmamaFJ LRI
Imaqamaawaﬁmaﬁ{a:ﬁmmmamﬂmlmuaumﬂ URZA ATEIBANNLNIADLEURN
Auinansuadvialulanagann L:ﬁawaﬁma‘fﬁmmﬁmﬁlummguﬁamni‘fm:ag}ﬂu
S STy aagﬂ'ﬁﬂ@ HTINVBINOUNDRLY aﬂﬁluﬁnwmxﬁmﬁauﬁau@uﬁwﬁug’;u 9
LLa:ﬁﬂﬁqmwnﬂﬁgﬁu‘[uLaqaa:ﬁamﬂumﬁmﬁauﬂm@auaaﬂmnﬁﬂ@? wazi3ul

swiluaasnal wilungumplidieliommnldnigamnlesoui (Glass

Y
g =)

transition temperature, Tg) WaRinafazliamwuduazidnzwilaniuum Siguruiads

]
=3

ﬁLﬂuqﬂunwéaaﬁﬁwﬁ@waawaﬁa‘lwﬁu filamnfadauiigafisdszanm 100°C 29
lﬁﬁaﬂ”zWLﬂﬂ:ﬁQMMQﬁﬁ’aa Syndiotactic. polystyrene s flanemenaniasud wanyinly
WisussTuann udagnslsfianuasdanulnsiitasnit Atactic Polystyrene ﬁqmwgﬁ
Rasfanu

1.2 amnpdiamauna
qmauﬁaﬁﬁ%ﬂﬁmﬂi:mmﬁwmwa‘émaﬁmuaé”mgmﬁaﬂﬂngmsdmi

Wisuanewdaduvasinas Gwmnﬁqm&qﬁe‘iﬂ ﬁﬂwaﬁma?aé?mgmgnﬁﬂﬁ’%’au%u

Imaqaa:ﬁwsﬁﬂmaﬁﬁwﬁu LL@iasvaiﬁmm:{hﬁ@agiu"ﬁwmsgﬂmﬁgma:waﬁ

Lliﬂ{fﬂ:Nﬁﬂ'}WﬂﬂﬁmLﬂ’l L;Jaqmwﬂugwuanﬁoqmmgmmmum waama%zgmmﬂmm
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Ul uesligNIWANRANLNLENINNRIUIIAY | malﬁmmmu@ﬂﬂwaaLuangtgl,ﬂﬂ

mmﬁﬂmjuﬂﬁwUUNLLa:ﬁamwmauLLa:‘lﬂamﬁawaamm qmwgﬁﬂé’muﬁﬁﬁa

1
N

eey ﬁwaﬁmaﬁ%uéauﬁaLﬁaamnmﬁﬂmmaﬂmLaqalu"ﬁaaﬁn%a wild waRiwas
i HAnfazligmmnliadouiigwdsani

annInd ULLﬁaﬁLﬁuQmauﬁaﬁug’]mmwaﬁLwaﬂum'ﬂﬁmmaﬂumﬁu
il qmﬁgﬁﬂﬁﬂULLﬁ"'m:Lﬁm‘]{umuﬂﬁumaﬁ%’maﬂuLaqaluﬁaani']al,t,a:ﬁmmﬁm?:
lumsnaudivasdm 6 9 maaIwLaQﬂﬁm"L@T Uszanmiuin 20-50 axaavfidaiiias
ﬁmzLﬁmﬁaaﬁ’umsmﬁau"lmﬁgmﬁﬁﬁﬂﬁmuﬁa LLazLﬁamimﬁaﬂmmaﬂmaqa”ﬁaa
sUART 5:UzmaizmwﬂuLaqaﬁanﬁn%u Sevnli s assuwnzifounlasly
mwnﬁ@qmmgﬁﬂﬁﬂﬁLLﬁa"J%%ﬁaﬁﬁwﬁuﬁa mMsaeinlFanesswizdetiia
qmwnﬂﬁ%u"lﬂﬁfaﬁ 9 (dilatometry) ﬁqmauﬁaﬁﬂm’maﬂwﬁmﬁzmuﬂaﬂﬂﬁqmmﬂﬂ
ASHLAY HNOIBEIITY mnﬂ’é"UuLLﬂmﬁ']mma;ﬂﬂu%’au (Enthalpy) NMILIN@UTING

o o o o % & = \ = o o
ATUMITRNLALRY LLaZmiu’mﬁmauﬂ%umﬂﬂaU%LL‘]J&GVLUEJUNm‘tﬂ@”ﬁ(ﬂ

1.3 HANWaRLUAS

wadeifdanuminndnlugnnsndesliifandnionuaifiasananmsue
‘[maqa'ﬁ'EmLLa:i"JmsLﬁmﬁuﬁmaﬂmaqa DDANAVADULAGINEN (crystalline melting
temperature) s‘f%aLﬂuqmﬁgﬁﬁNﬁﬂﬁiﬂmumnﬁqﬂﬁﬂmaamwnmm‘ﬂwaamm 1oy
UnfudgmnyinasunaInanizsIninguan oMo Laue GanunaAIuaTnils 9

L=\ H =3 { =9 1; 1] =9 w L ¥ = é/ § =1
ﬁqmawmﬁmuﬂﬂuﬁaﬁqmwwmmnqmwgmmmma LLamqumummmﬁaw
qmmgﬁ@‘hﬂdﬂqmﬁnﬁmaummwﬁn &ﬁaqmﬁgﬁganiﬁgmwgﬁmawmmm'ﬁﬂ Wag
wasvzdanuwasiduwrasinaadiuin analad1ity ‘wa‘§Lamﬁﬁﬁu%aﬁqmﬁgﬁﬂﬁwuﬁmgﬂi

o}

=%

-80°C LLa:::TJ'qmﬁgﬁmawmmwﬁﬂﬁﬂizmm 140°C a:ﬁamwﬁﬂmjumﬁnmaﬁ

qmwgﬁﬁaa @"hLLﬂiﬁﬁwa@iaqmwgﬁwaawmmNﬁnvL@?LLriﬁuﬁﬁszmeaqa aNLTH
auiian (polarity) Wusslalastaw uazenumansalunisuadi

mMIFe w‘f’mluwaﬁLwaﬁuagjﬁummaﬁﬁLamamaaiﬂsaa'i”waiuLaqmﬁuaz'mﬁn
mmmj']Lauamaﬂmaaﬁﬂmaqa (tacticity) 2288 w8 IRLAGNRN MNTIIRaNY
mﬁﬁLmumJaaiﬂsaa%”w‘[umqmzﬁﬂﬁﬁmmwaﬁmpu mﬂgﬂwaﬁLuai‘ﬁﬁmﬁmﬁmﬁa
maaﬁaagﬁﬂulﬁmﬁmaaIwLaqaimﬂaﬁﬂ&aua szdanwadiwassiaiwinilaseeiuy
isotactic waﬁma‘?ﬁﬁmﬁ@L’%mﬁwaaﬁaaﬁu"lﬂmi:wmaméﬁwaﬂmaqa LITUNWE
uasriiariuwndlaTeaouny syndiotactic LBwE AL waﬁaﬂm‘%uﬁﬁ]ugm}immmm
mdull SHunedweiAinmsiadasivasiaislisiiaueziton wealwefriiain
ileserinuy atactic
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H——¢ Y (N ooy 4 —H
N N

H r H Y /«"f r \ A (E

Isotactic Syndiotactic Atactic

1A398 19U UL isotactic Way syndiotactic REFINITDLAAHEAN bLWINZANY
mﬁwmwawaﬂmaaﬁﬂmaqa LwiaU?N"L‘iﬁm;Jm‘ié'@ﬁmﬁ'mamy:ziazjLLa:qm*vmuﬁmam
£ 1 s a L2 o &l 2 N < a
waKaNTzuaneanwean1y lasUndudinediuasnalasignauuy atactic aziiluwas

]
5l

weifilansuedagmoniiungivesdraduluansithdsmunsaiansiabosd
dunanle
anulisdsueveslansieduiasuddunsninediue s lasshe
i isotactic wia syndiotactic lasadnguald mslusdnsuelulasisoiiazan
pumninaaNANINANRS uazthlianuiiadnfuainiidateadian 9 azaaanuiin
NEnasANgIn waRlwesHaNTnIewedas i lassarouuy isotactic uas atactic 2:
Wasidudnsiundnanaatitossnsuiiiiv isotactic iniufiezifandnle wanani
’EiaiuLaqa‘{iaflmwzmLLa:miLﬁmﬁuﬁ'm:wm‘[wmgamn%u elA weliwesd

anudunan ity 100%

2. Unngnmsninaauwaiavasweiiuad
ﬂﬁngmsmfmawmmﬁwaawaﬁLaJa§am1mmmwﬂﬁﬁnﬂm‘%faaﬁaﬁmn

wile 1 DSC {ludu mMIvasumaa I ldnadiesianmwiniaussuaznanasiln

gaslwaniiauiy lu@auLLsnLﬁawaﬁmai{ﬁqmﬁnﬁgﬁu wadinataz lainasunad naly

viufimileunusin ilesinweiineilnnunilags ussdweRiweiiWus: covalent

- 16 -




5:ﬂ’jflaﬁwaﬂmaqa (cross finked) wadwafoneaslinsauwaiadisinldian wad
L;Jaﬁfaé'mg’)m:ﬁwéhmﬁqmwgﬁﬂﬁwuﬁaLwiﬁﬁ]:{favbﬂ"ﬁa;waauma’maawaamaﬁf ms
waaualsasfalutionte lagandnifesnwasoonaufiasnasuazaioagn
PAIURAIRH waﬁmaﬁfﬁqNﬁnﬁ]:mamwLLf?aﬁaﬁﬁwsguvlﬁﬁqmwgﬁﬁag;i:wmqmmﬁ

ﬂﬁwmm"’aLLa:gmwgﬁ%aammmwﬁn I@ﬂmnuﬁ’awa%ma%ﬁmﬁnﬁ]:ﬁmmﬁﬂwﬁm

3 :
f=1

gamniii Wasnnanuuandsasdsinminuuasaiwedlafduiiduaduguue:

P Py

gmfiunan uasdis wa‘ﬁwai‘%aauazmuﬁqmwnﬂﬁgm’hqmwnﬂﬁmaumm
wan wadluaseznauidureunanls
wodwoshandnezligavasumaieghiuauinnnimediwe fodmgu lag
auﬁamnﬂﬁwuﬂmgﬂ'ﬂma:mwu,%u,saazi'mt,ﬁuvlﬁ"i?@ usziitasenuuiuasnEniiil
PNALENIIN Gorm wadlwades linaauazansluiuiitadeniuii DM INAANLNAY
Nﬁnﬁmﬂuqmwgﬁﬁw?mﬁ']mumnﬁqwaawa:mm

3. Qmauﬂﬁmdmﬂﬁau
e%'m%uwa’féma%ﬁﬁ@mauﬁamamﬁnmm einamstdasnudatanasuds
adowhliiuyaana filingsialiuee (sotropic) nasaInamn)lganamnyiinaey
VARIKAN LLa:LﬁaLﬂuqmwgi‘m’a"l.ﬂmﬁwﬁ“mﬁ’m:amyé’aLLa:Lﬁ@ama:aﬁmgmﬁ
gmnniaaiolasseing (clearing temperature) wadlupiaz lifin1390138467 (anisotropic)
[V f = a . &ed s e v A5 9
wazaena ULt oI LR WA iany wadllasnenann L1l Tadufmunua lasiging
~ =Y L3 i J o s £
Y3 lNRLNDT uamrmqmw:}“mtmUwuﬂﬂmamnwaﬂnLaQaﬁﬂmzJ
T.ﬁma%“wLLa:ﬁuﬁ:s:MNINLaqaa:ﬁwa@iaqmﬂgﬁﬂﬁwmﬁma:qmﬁgﬁmaw
wanuanwasneb msﬁwaﬁma?‘ﬁn@maa amine #1002 3NANE I lATIRIzYINLH
V=Y =9 ~ @ " J 1 8 o Y o
VgD INRDUIMA LRI UMD IANUAFIUR ‘Lumm&;ﬂmamw a193xvN LA
Qs P9 J k2 = = k-2
AN WORLNDTHANARI UL LE qmwnﬂmaaummNﬁmjaawaamai“maﬂsznaums
AA a ar = 3 o & va: r= =Y pﬂ’
nasgannififannmssngiveIHanudassia uastfuldldnudnsianieazzans
A & 2 a A A o = A E oy
mmﬂLﬂuwanaﬂmwmwaawmmﬂqmwnﬂugmm%
wa‘§L:Jai‘mmﬁ@ﬁﬁmmvmaﬂuawahﬂmaa%ﬂmaqamamuﬁmmsmﬁm
NAN b mmﬁﬂmsmé’h"uaﬂmaa%ﬂ@Uﬂwaﬂmm‘i’auaaazha'mm%aﬁmvﬁ"mhqmvmﬁ
Asnaun waaLuas‘ﬁana"m:ﬁﬁﬂmm:mwm’[m’%am’m@ulnﬁl,ﬁmﬁu‘[maaﬁﬁwﬁﬂﬁ
qmﬂgﬁgoﬁaummﬂmnﬁau (sub cool) I@zﬁmnuﬁawaﬁmaﬂuﬂ@wﬁa:ﬁaummmu
dululafe sndaenagu PET wiamwininad 8w § smsiildasnaniazaunsaiia

(= v & o v v 1 “a v v a r=4 [ v ar Qo
Nﬂﬂvlﬂ anfA Lwalﬂﬂ'ﬂNi@ugg&ﬂ’)’lqm‘ﬂ{}uﬂﬂ??_ILLﬂ'J msmmamuﬂﬂﬂa UWJ@@I%M@

4. amauudluwaiies

-17 -




4 L= a- L (=3 =3 JU = ] :
L'ﬁa'l%qmaummm:nwmﬂmm waamai‘mqmm%wamm‘mmmmﬁa
a e A as as = d Qs o = ~
Uiuguauiid maﬂaanumiamammmwaamaiﬁaﬂmumwmaﬂmmzwgﬂ FILAY
: a & s s v = A A4 - Ao & . & |
udsluwaRmatudslng 9 lhiu 3 wuy wwuintsfesndniludanaiugl uuufizes
ﬁamnamwﬁﬁ"ﬁasJLﬁuﬂmauﬁaL\,a:Lmuﬁmwﬁamn@iuLL@iaﬁ‘LﬁaﬂmﬁmLﬁﬂ’nmun
WIDIUDIRIILANUGIRDITUALLIN qmauﬂaﬁL"ﬂﬂbﬁm’maawaamai‘a:"ﬁmlﬁmi@mum
sunniunuinluvmain U lFnuwuaswefiuad e
WaRLNATLNITRA 131 WaR daaaa bsawianafasdaaa snilufazdndlass
Wauneaiiatlastuniyinaluanenasuman LLﬁLLﬁluﬁqmwQﬁﬁaawa’éma%mmﬁmﬂﬁu
waﬁwsavlwﬁuﬁammmgnaan%vlwﬂm@ﬂaan%muw‘%aumg% WaRLNATUNITRARL LT
2 A . ~ P’ s P ' B w Y = v & o & w
mmvl,umm:aumzﬂnﬂqmmsmumeuﬂvl,wmas P LR Lo e F9dluea
lasnnduusafidTuanufiefn (wetting agents) e liliwafinataoulnimndnuanla
AGINABINTT I@F_JmﬂLLﬁQMiL@NLL@iG“ﬁﬁ@ﬁ%:QﬂLﬂﬁauaQU%L&’%IULLﬁ’JI@UHINﬁ@LﬁﬂU
LLrT'JaguiLin“'J Fadudaivadsznfundesiofsiy waztdstounninanaundsnian
RITITI LR UL TS UBINARLIAS
& NAW ANUNWLN LLa:qmauﬁaﬁummmLﬁw‘l@“ﬂ.@U'Lf%mii,aml,sims:tmﬁaaa
ANLaIl Tz AN A IR wad L ua TNumRaaLIINTUNN 21T TY NNSLANEN9RI LTane
a3 daluanfuusslssinnnni mn@mwia‘ﬁﬁﬂﬁwaamasfﬂuvl,w“%avhi@na@vlw
pEaTalsa T nas fuuaslssinnfizad
mn?mLwiaﬂi:mwﬁmmmﬁﬁ;@unwi@waammammmawﬁﬂmn VLT
a =3 o s J =% =1 [} L2 -1 =Y i d’
Plasticizers s miunstiugl PVC m@quu‘l@ PIDANIAURITRRDAUNA LN
plasticizers 1 bat
luweRiwaiAlllafu plasticizers 3LAaudIv1Iad1ztHua1r e uaf S ouaz T
mitamLL@Nﬂi:mﬂﬁmu%sﬁuwm‘nrﬁ'ﬁmLtfﬂﬂug@ﬁ F5L0ULAI T ANz AR e N
mmulumsgnns:Lmnlumm:ﬁazmmﬁu modulus  MFUsziANENazgNLANRsluwed
o a : . 4
W R TLe UL ANLS IR E
falfunalIziamaNTnaa’ " (lubricant) 9557 aﬁﬂﬁwa‘émﬁmmmwums
‘ U = U d’ n‘ i 3 dv = [
lanoldussaald vlasanazliifutasineluilanadiuas
Plasticizers Lﬂumn%‘nmwﬁﬁﬁayaﬁum@umsmaaﬂmmaﬂﬁﬁuazmwmwaﬁ
wairila adugu lasinnazlsludiinmann ussaclinadaqgmantamsldsauazms
a4 : & a &
e ma:"mU'l,umimugﬂmaawaamai
AMNUANATISBENTALRUVBINTTITIY plasticizers Uaza1IRE0RY AaSunmh
laasl/luitawafias nalnmarhauses plasticizers femsunuiivuszsznhslaans
189wadina’ a1filgu dipolar wia hydrogen bond sxwinvsmslguaslaana vliluens
a Y v & a 2 o & A ' a
fInsaLaRaun lddinaTn waznalndndszmyde miLwaJmamww:wmimLaqamaawaa

-18-




& o wal a Py X 4 -~ a € 2 A [
wasin iivTinesdasafiuanndy setromadonlmivaswedinafitudanu
plasticizers lasUndndrazUsznaudindivinasasfisziwe laen
; . M A Ha o i) JE] a o 'Y, [
dummmdsaufessfifitaluluanafiauns Fvaziwn@diad oy surfactant
arndaufilwrznivssldvainafiwesidodned Svildiifenmyudizesmolamealy
~ a ¢ o & . A o ] . .
finay 9 gavawaiiuet auiu JsmananlfldluBunaidoundy plasticizers lasunn
(3 1 ¢l‘ a n:? :l' o ol = .::5 P n‘ | g:
WEIRIINR 0 AR 1T IUE R WA BITURTIRY tHasnnusidsazldiRiuanudnavad
wadiuasd

5. mMIvnwldvaswediwas

= i

IcﬂEJﬂn@iLL&T’maﬁLuai’a:mawﬁﬂﬁﬁﬁaﬁmﬁgwgaLmuLﬁmﬁum'j"ﬁﬁmahmqaéﬁ
LwiLﬁam’mwa‘ﬁL;Ja?maa:ﬁﬁuﬁ:ﬁLﬂm:ﬂﬁﬂmaqa mldnedinaizasriiasuna
Namﬁﬂﬁﬁqmﬁgﬁﬁﬂmmﬁmﬂmﬂmﬁmﬁmﬁu (miscibility) Waza v IaLen T naadnWg
"lﬁﬁqmmgﬁga Lﬁaamnﬂmw‘lmw@gaﬁizwjn entropy LAz enthalpy SN mensdnnwle
goanadiuafuonanaziinusfitaussnineiud fwedwasiiluluuafamusiand
wsananAue g lulaanafoin mMsidunafiuesansianis ez ldszuurmie
mmam;aﬁLLa:Lﬁ@msviTﬁuvLﬁLu‘éﬂﬁﬂmmmﬁa wanniTad gnnns st e
puasaLLy uuufinitsdansndufiadaais (miscible)  uuufisasdaniadniul
'l (immiscible) uazuuufimudamsdnnwldurssamn (partially miscible)

amq:mﬂi’]ﬁﬂﬁﬁﬁ]:ﬁﬂﬁgmamﬁadw g paswalinasuaunlaswagl)
QmamﬁaﬁLﬁﬂﬁ%@ﬁﬁg@ﬁammﬁmm SunaAeT Rl aeTim IR NIALEITLeN
danunadiwasnauziiamsfivues udatslsnawedinasusriiaasfiuuaslassysy
1§ voneraflasndriimsinuuassiinusztssedugmkiviiny msfinediwes
Namﬁmwulaﬁ]:agﬂwaaamrﬁﬁaéfﬂnﬁmsﬁmmmmaawaﬁmai’ﬁz\mmm']ﬁu wIawal
mas’ﬁaaaammmNauﬁuluizﬁUIuLaqavl@T wiswaswasadanulamnidnrwlale
LLﬁaLﬁawawﬁuﬁanﬁmmwm&umﬁ@u WaAF LAY LaswaRlNTRIuNa: lalan

AuaulananIgseuisandemiibine aasudaneanuias wmin

1%
§ o =y

weRlwainssasriiainnuldluszaulawens dgumnfiadeuiivaiwedlueingusziim
AudalRpsdifey degesthduasududnssnanafiuasnilaluasd1asianuaaunw
a:ﬂﬂwﬁm: (random copolymer) fazligmmndaapuiufieadiae, twaRiaesiann®
"L@TLﬁmmazhm:ﬁqmwQﬁﬂﬁwULLﬁmmdﬂﬁ@nag}‘amqumwgﬁﬂaﬁmﬁwm

a & a a‘"gﬁ d' = dl %] d‘ b a
WORLOIUIENTYIFGY fmLLammMawawqanuaauWa mILaaztWUIEnauaIL
waamas"«‘j’]mumﬂ@mmﬁ@ﬁuuazﬁwaﬁma%ﬁnmﬁwﬁaazmuagiuﬂ%mmﬁﬁam’h

waztwasiuasianwllle a:@mﬁ]wuqmwﬂﬁﬂﬁmuﬁa"w"ﬂ,ﬁmﬁmuﬂm"ﬂ,ﬂmn

-19 -




= = l:sr g: I = Qs &Y —_= [
wediasuigninimas wwdpnuufaalalwiwa¥ (block copolymer) azuaaigmvndl

U

ﬂmULtmmaaIquLaJafma;mmmamumwmwamu

z"faﬁ%’%maﬁ]aaummﬁﬁﬂﬁﬁmmﬁ%m‘ﬁLﬁumal"iﬂﬁaoa}!amwﬁ%Lﬁﬂmau
LuudadnmarieutydsmzaguiWaniawain 9 16 udedrelandnisgenuguas

WO aﬁta:qmauﬂﬁmomm{au eRININVAN IFaauna I waRlva TR NI oHEY
Wwitatdganwleniala

=20 -




SR B AL AEINUHAINBAIINAIIWNILDINITIVY

(1) Taguszasdvadlasims

Wananniad sz Uyl U pRLLBSHEY

AunnTudlawnasnwada lasn

iedszriugumnuazlasnanas (know how) lunsiienssy

wa’ﬁaﬂm‘%uﬁﬁ@%ummmﬂamﬁalﬁ”tﬁqmamﬁ@mmﬁﬁaamiﬁnﬁqil

-21-



F1gRzld UM INUHARIIBAIINNIIRBIYDINITIT Y

@) sydarmaisufisurninununuidofase Hilulasing

as r-.% tﬁ‘ e a =Y L7
AueIsAlaaiunyluud

nanssa

\1@|7N’1ﬂ1

v g v o= A =
AAVILDNRNIDNNDS VARTILAU

lassnaz | Tasunas

TRFSHURTHINHRNIAAT

anvienuauifduHNAnTa

AIHRUHANLART

Tosurasa | lasunas

Tasuna6

Tasunar

Tasunas

WA d o o9
QﬂL@l?ﬂNﬁ’]SWaNeﬂLﬂ’]ﬂu‘l@

o s Qs =
mﬁmaqmamwmuwanﬁ a3

asHEN i nwle

LRI e N e R KR

-2




S1ERZID AN gINLHRITHAIINAIIVRIZOINNTIVY

(3) Azt uavasnanuwITuf laaufinnslduss

3.1) lut19 6 WWaunsnvelif 1 nanuddpflddfumslduddash

1.lémasasiadsu Syndiotactic Polystyrene fitaansifiuninlfjizendne g

2. ldiadanafiuasnsniluuiian

3. ldnsuwoRiainaninainl Syndiotactic Polystyrene fita3aule

4. la3uihiasnmineaadlasls Small angle light scattering

3.2) lwg19 6 1aundsved 1 Tusn Hanuwdtefldmifunuldudq e
1.

2

Fowadiuaifzinaniludwsumil Syndiotactic Polystyrene lasazdatiannuitnin

lanu Amorphous Polystyrene

- anaianuaufvaiwediuainauazwing Syndiotactic polystyrene Massulanuas

Liquid crystal lasl5ia3a4ila Small angle light scattering waz X-Ray diffraction

. NI’ Amorphoeus curve BN XRD 984 Syndiotactic Polystyrene e

Fevrdiuszlomidonmamautasiduensiluaanlanls WAXS

. §UaMzA Syndiotactic Polystyrene L LU lElunmnasasdns g lagldiam

fnMziengiuda 1 1alug, 1 02 1usa39, 2 T2

. WY Syndiotactic polystyrene FIN&1IALHANIRATNIRLUANATT 1% lapilmin

. mmaammamﬁmﬁnhulﬁﬂ%m Differential Scanning Calorimeter tNa®1LSu 46N

anuiunan, gamnlaiipua, sumainaoumaIKan, anmnninanan luguuuy
P89 Unni liiash

. maauqmawﬁamaawaﬁma%maﬂ@m WAXS ez SALS

. agﬂwam:mwaa low molar mass-liquid-crystal waz GMS

Aa a - ) 0 | Q-
nldanaifiandnual Syndiotactic polystyrene UIgND

. Submit paper 1455 Journal of polymer science polymer physics

-23-



S1EAZID SALN Y NUHRINIBAIINAIINWIUBINITIVY
(4) Suanulasanisfasyihlulliaas (qanew 2547- ganau 2548)

4.1 §.A 7129 Syndiotactic Polystyrene AfuIaluianad e 9iu Uszanns 4 ¢

ImUﬂﬂiﬂ'{uqmwgﬁﬁﬁﬁﬂﬁﬁ%mmas} 1% 0°C, 10°C, 20°, Lm:ﬁqmﬁgﬁﬁa@

4.2 AN INRN Syndiotactic Polystyrene fesoulanuwadiwasisanian
fdaannsy 50% lagtmiin vas Syndiotactic Polystyrene ﬁuaaImLaaniNﬂ

4.3 avassuguaNdflay XRD, DSC

4.4 symadniuldveswediuat

4.5 myUnavaanaluanadamndinuldvaswefwed

4.6 INNTINEN Syndiotactic Polystyrene aasonldnunedwasisewanfisa ey
§n9) 1Tl 20, 40, 60, 80% lasinsin
284 Syndiotactic Polystyrene ﬁmaimaqaﬁﬁqm

4.7 aTaFUAMENIRALAY XRD, DSC

4.8 Wuw phase diagram U8IWBRINET

4.9 YNNINRY Syndiotactic Polystyrene LR WaRAS T aRIN LTS AT §IUNEY
619 wEudl 20, 40, 60, 80% lALMTN 1L low molar mass liquid crystal 3o

lubricant (GMS) Fi8aT 8 IMNEY 1% Lagianin
4.10 AMARELAMFNTALAY XRC, DSC
4.11 §7UNAANNUANGNILBY phase diagram Ha9eNMINgY

low molar mass liquid crystal %38 lubricant

4.12 ¥neoaussdlasmisiae

-24 -




10.

1.

12.
13:

14.
15.

16.

17.
18.
19.
20.
21.

LanenI819849 (References)

C. Schwecke, Walter Kaminsky, Journal of Polymer Science: Part A: Polymer
Chemistry, Vol.38, 2805-2812(2001)

Reng Fan, Bo-Geng Li, et.al. Journal of Applied PolymerScience, Vol.85, 2635-2643
(2002)

Bin Chen, Xiliang Li, et.a., Polymer 43 (2002)853-961

Lei Zheng, Rajeswari M. Kasi, et.al., Journal of Polymer Science : Part A: Polymer
Chemistry, Vol.40, 885-881(2002)

J. Y. Dong, E. Manias, and T.C. Chung, Macromeclecules 35, 34338-3447, 2002

F. Picchioni, M. Aglietto, et.al., Polymer 43 (2002)3323-3329

Won-Mook Choi, C. Park, et.at. Jeurnal of Applied Polymer Science, Vol.85, 2084-
2091(2002)

F. Chiu, K. Shen,, et.al., Polymer Engineering and Science, May 2001, Vol. 41m,
No.5

C. Wang, Y.-C. Hsu, C.-F. Lo, Polymer 42 (2001) 8447-8460

K. Hodge, T. Prodpran, et.al., Journal of Applied Polymer Science, Vol.83, 2705-
2715(2002)

Q. Chen, Y. Yu, et.al,, Journal of Applied Polymer Science, Vo0l.83, 2528-2538
(2002)

K. Tashiro, Akiko Yoshioka, Macromolecules 35, 410-414, 2002

D. Amutha Rani, Y. Yamamoto, et.al., Journal of Polymer Science: Part B: Polymer
Physics, Vol.40, 530-536(2002)

Y. Li, J. He, et.at., Polymer 43 (2002) 2488-2454

R. D. Sudduth, Pavan K. Yarala, Polymer Engineering and Science, April 2002,
Vol.42, No,.4

Chi Wang, Yong-Wen Cheng, et.al., Journal of Polymer Science: Part B:FPolymer
Physics, Vol.40, 1626-1636(2002)

Paola Rizzo, M. Lamberti, et.al., Macromolecules 35, 5854-5860, 2002

F.C. Chiu, C.G. Peng, Polymer 43, 4879-48886, (2002)

A.Buckley, A.B.Conciatori and G.W.Calundann, U.S.Patent 4,434,262, 1984
A.Siegmann, A.Dagan and S.Kenig, Polymer, 26,1325-1330, (1885)

Y.C.Lin, HW.Lee and H.H.Winter, Polymer, 34, 4703-4709, 1993

-25-

T1969942



22, dyTu Swanihe, Insnfivuiuwiodia, smadanssned,
PNAINTRINMINgNAY, 1998

23. gus liheuasol, Insniwusumdudia, mandaansad,
PWNAINTHUWTINGNAL, 2000

24, w3506 LMad, InmfAnwumtioddia, wndenisuiad,
PNRINTBIMINEAL, 2002

25. gnanwol aulingdy, Inmiwuamdnda, seniaansinad,
INRINTTUUNINEAY, 2002

26. S.Wacharawichanant, S.Thongyai, S.Tanodekaew, J.S.Higgins and N.Clarke
Polymer, 45, 2201—2209, 2004

27. M.Sivakumar, T.Suzuki, Y.Yamamoto, K.P.O. Mahesh, H.Yoshimizu,
Y.Tsujita, Journal of Membrane science 238, 75-81, 2004

28. Y.Qian, H.Zhang, J.Zhou, W.Zhao, X.Sun, J.Huang
Journal of Molecuiar Catalysis A: Chemical 208 , 45-54, (2004)

29, 8.C.Wu, F.C.Chang, Polymer 45, 733-738, (2004)

30. X‘Suh, J.Xie, H.Zhang, J.Huang, European Polymer Journal 40, 1903—1908, (2004)

31. C.Wang, C.C.Chen, C.H.Hung, K.S.Lin, Polymer 45, 1-9, (2004)

32. S.K.Noh, S.Kim, Y.Yang,W.S.Lyoo, D.H.Lee,
European Polymer Journal 40, 227-235, (2004)

33.Y.Y.Lyu, Y.Byun, J.H.Yim, S.Chang, S.Y.Lee, L.S.Pu, LM.Lee
European Polymer Journal 40, 1051-10586, (2004)

34. D.Larobina, L.Sanguigne, V.Venditio, G.Guerra, G.Mensitieri,
Polymer 45 (2004) 429436

35. K.Beckerle, C.Capacchione, H.Ebeling, R.Manivannan, R.Mulhaupt, A.Proto,
T.P.Spaniol, J.Okuda, Journal of Organometallic Chemistry (2004)

36. C.Capacchione, A.Proto, H.Ebeling, R.Miilhaupt,K.Mdlier,
R.Manivannan, T.P.Spaniol, J.Ckuda,
Journal of Molecular Catalysis A: Chemical 213, 137-140, (2004)

37. AX.Ghosh, E.M.Woo, Polymer 45, 47484759, (2004)

38. J.Schellenberg, European Polymer Journal 40, 2259-2287, (2004)

39, Y.Uda, F.Kaneko, T.Kawaguchi, Polymer 45, 2221-2229, (2004)

_ 40. C.1.Park, M.H.Kim, 0.0.Park, Polymer 45, 1267-1273, (2004)
41.M.Giordano, M.Russo, A.Cusano, G.Mensitieri, G.Guerra,

Sensors and Actuators B (2004)

-6 -



42.C.Wang, W.P.Liao, M.L.Wang, C.C.Lin, Polymer 45, 973-981, (2004)
43. C.Wang, W.P.Liao, Y.W.Cheng, T.L.Lin, Polymer 45, 961-971, (2004)

-27 -




Effects of Low Molar Mass Liquid Crystal and Lubricant Additive on t|
Crystallinity of Syndiotactic Polystyrene 'k

A.Buasri, S.Thongyai*, P.Praserthdam
Center of Excellence on Catalysis and Catalytic Reactions Engineering;
Chemicai Engineering Department, Faculty of Engineering,

Chulalongkorn University, Bangkok 10330, Thailand

Abstract

The effects on the crystallization of syndiotactic polystyrene (sPS) when added
1% of low molar mass liquid crystal (LCC) was investigated using the differential . ,
scanning calorimeter (DSC) and wide angle X-ray scattering (WAXS). The ﬁn’créasés}“ﬁé
the percentage of crystallinity measured by WAXS were observed when adding thaLCfl}
or the lubricant. The slightly shift of the WAXS peaks fo the lower angle of 20 Wet‘e;
also found, indirectly showed the stretching of the molecules when blended with &CGO}' ’
lubricant with the different extent. The changes in the crystalline melting: point - ’ “
temperatures to lower temperatures stated that the addition of the LCC or lubricant w’iiﬁyi:"’ .
ease the melting of the crystals. The crystailization temperatures of the constant oocﬁﬁgff"
rate conditions shifted significantly to the lower temperatures when compare with the
pure sPS which may be implied that the crystals are harder to be formed-in these

blend.

Keywords: Crystalline polymer blend, Crystallinity, Low molar mass liquid ¢rystal
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Introduction

it has long been known that a Liquid crystal can reduce the melt viscosity of
polyolefins and polyester blends‘. However these effects are very similar to these
induced by other small molecule addition especially the lubricant additives such as
GMS. In an extensive series of experiment on blends with LCCZ'a, a reduction in the
blend viscosity under shear, using twin-plates and capiflary rheometers. The very small
amouts of LCC can dramatically reduce the shear viscosity of the melt blend, but the
mechanisms are still under investigation. More over The LCC blends are usually
transparent and this may imply the miscibility at the moclecular level. This is in confrast

with normal lubricants, which are likely to phase separate at the molecular level.

In previous paper4, the low concentration addition of low molar mass liquid
crystal in the base polymer will enhance the mobility of the melt base polymer during
the spinodal phase separation even added at low concentration. The lubricant (GMS)
will also enhance the melt polymer but in lesser extent and limited to some
concentration. In this paper, further experiments on the crystallization when added low
molar mass liquid crystal with syndiotactic polystyrene (sPS) will be investigated. The
use of small molecular lubricant (Glycerene Monosterate, GMS) at low concentration will
also be compared. The pure sPS and the blends were experimented with WAXS and
DSC to find the percent of crystaliinity, Crystaliization temperature, Crystallization

melting points and Glass fransition temperatures.

Usually the crystailization of the semi-crystalline polymer largely depended on
the thermal history of the system. With WAXS, the percent of crystalline can be
measured compared with totally amorphous polymer. In previous research 5-11, the sPS
can have four kinds of crystal, namely C, B Y and 0. The @ and B crystal can be
thermally formed from the melt sPS, while 3and ¥ crystal can be formed from the

solution of special solvent.5 The shiftsin the DSC curves of the O and B crystals from

the pure sPS when added LCC or GMS was_also investigate in the following methods.
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Experiments

The sPS were synthesized in the Chulalongkorn center of catalysis; By using
the metallozene technology, the catalyst used was Penta methy! cyclopenta dienyl
titanium trichloride (Cp*TiCl3) with the cocatalyst of Dimethy!l anilinium tetrakis
pentaflucro phenyl borate ( [PhNMeZHﬂB(CBF;,)‘,]_ ). The temperature of reaction was
60°C in Toluene. Various kinds of sPS were obtained by changing the reaction time of
1.0, 1.5 and 2.0 hours respectively. The details of the synthesis is fully described
elsewhereiz. The obtained polymers were separately extracted by Soxhlet extractor with
boiling Methy! Ethy! Ketone for 10 hours at rcom condition. The syndiotactic index (S:I:)
was measured by calculating the remaining weight of sSPS compare to the weight of
polymer before extraction. The remained polymers were taken as sPS in the symbol of

S$10, S15 and S20 along with their reaction time respectively.
Percent S.1. = (insoluble Weight of PS/Total weight of PS) * 100

The percents S.1. observed were 86.6, 91.3 and 93.1% according fo the S10,
S15 and S20 respectively.

The low molar mass liquid crystal is CBC-33 (Cyclohexylbipheny! cyclohexane)
purchased from Merck Co. Ltd., Germany and was used as received. The Lubricant of
Glycercl monostearate (GMS) is obtained from Rikevita Ltd., Malaysia and was used as

received.

The glass transition temperature (Tg), Crystalline temperature (Tc) and

Crystalline melting point temperature (Tm) of the pure polymer and the blends were
determined by a Perkin-Eimer DSC7. The analyses were performed at heating rate 20°

C/min in the temperature range 50-300°C. The heating cycle was run twice. The first
scan, samples were heated and then cooled to room temperature. The second scan,
sample were reheated at the same rate, both the results of the first and second scan
were reported. In general, the first scan was influenced by the mechanical and thermal
history (annealing) of samples but the second scan was influenced by the heat energy

for endothermic and exothermic reaction within DSC instrument.
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X-ray Diffractometer (XRD) observation with a Philips Expert PW3710 BASED
HT10 was used for determining experiments were performed consisting of rotating tube
anode (Cu) generator and wide-angle powder goniometer fitted with a high temperature
attachment. The generator was operated at 40 kV and 30 mA. The X-ray diffraction
patterns were obtained at room temperature for all polystyrene products and additives
and at higher temperature (70000 under vacuum atmosphere) for only polystyrene

proeducts. The X-ray diffraction profiles were recorded in the 20 range of 5-30° at a

scan rate 0.04°(20)/sec.

The amorphous curves of WAXS for all the blends and three pure sPS were
obtained under vacuum at high temperature. All the blends and pure sPS were

measured the diffraction under vacuum at room temperature. All of the samples were

preheated at 280°C for 5 minutes until the samples were completely melted and

transparent. After completely melting the crystalline the samples at high temperature

were immediately quenched to 200°C and hold the temperature for 20 minutes before

examine with X-ray at room temperature.

The blends were made by melt mixing at 300°C by hand on the digital

controllable hotplate and forming the film shapes under hot press. All the samples were

kept at 280°C for five minutes and immediately quenched to 200°C for twenty minutes

before further experiments at room temperature.

Resuits and Discussion

The similar amorphous WAXS curves of pure sPS and their blends

in order to acquire the amorphous curve of sPS, all the blends and the pure
sample of sPS were heated above 300°C and measure the X-ray scattering at the
angle from 5 to 30° and measure the diffraction at the elevating temperature until no
crystalline peaks scattering were observed. All the amorphous curve of the pure
polymer and their blends were approximately fallen to the same curves. These results

implied that the addition of 1%w/w of LCC or GMS at various sPS did not significantly
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affect the amorphous WAXS curve of pure sPS. More over the different kind of sPS
{810, S15, S20) and their blends gave the same amorphous curve. These
achievements enable us to calculate the percent of crystallinity of the three pure sPS
and their blend while using the standard amorphous curve of sPS.

The summary of the curves can be seen in Figure 1.

The percent crystallinity from WAXS

From the WAXS measurement of the crystallinity of all the samples that have
passed the same heat treatment, the percent of crystallinity of various pures and blends
of sPS can be found. By using the same amorphous curves of sPS, the back ground
scattering intensities of each crystal peak can be eliminate by subtracting the area
under both amorphous and crystalline peak to each of the curves. The percent of the
crystaliinity of the samples can be caiculated from the area between the top of the
crystallization peak and above of the amorphous curve subtract by the summation of
the area of the amorphous and the area of the crystalline (the same area as the

numerator). The results can be summarized as in the Table 1.

The pure percentage of crystallization of the three pure sPSs increased as the
time of the synthesis increases. However, the percentages are in the same vicinity. The
percent of crystalline of the blend of GMS and LCC with sPS increase about 8% from
the percent of crystalline of the pure sPS and the blends with GMS have slightly higher
crystallinity than the LCC blends. This may be implied that the addition of the small
molecules LCC and GMS will enable the sPS to be more crystailine when added in the

amount of 1%w/w.

The shift in the WAXS curves

If the WAXS curve of pure sPS and their blend with LCC and GMS are pictted
in the same curves as in Figure 2, the slightly shift of the crystal peak.in all three
samples were observed. This shift showed the effects of the small molecules added to

the quality of the crystal.

The slightly shift in the peaks of crystal especially in the pure sPS at the g
range of 2.931 (21.060) to the g range of 2.909 (20.900) in case of LCC blends and to

the g range of 2.883 (20.700) in case of the GMS blend with also the slightly shift in the
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peaks of crystal especially in the pure sPS at the g range of 2.053 (14580) totheg
range of 1.898 (14.140) in case of LCC and GMS blends implied the more distances
between the crystal chains. The more shift to the lower angle, the more separate

between the crystal chains as can be seen in the equation beﬁow13,
7 A
F=——X| ==
27\ 2sm(6’)

which A is equal to 1.5406 Angstrom. From this equation, it can be seen that if
6 move to lower angle, the sm(@) will be smaller and indirectly showed more distance
between chains (r) than the pure sPS. From the data, GMS will give larger chain

distance when compare with LCC which also dilate the distances between chains of the

pure sPS.

The decrease of crystallization temperature and crystalline melting point

The heat treated samples of the pure sPS and their blends were taken to
perform the DSC measurements. The first heating s;tated the as made condition of the
samples while the cooling stated the crystallization from the melts and the secend
heating stated the crystalline condition that has formed during the cooling. The results

of the experiments can be summarized as in Table 2.

The glass transition temperatures (Tg) of the first heating (Tg1) and the second
heating (Tg2) are in the same vicinity which confirmed the accuracy of our
measurements. The values of the Tg is much lower than the Tg of the ordinary
Polystyrene which can be resulted from the low molecular weights of the polymer. The
addition of LCC and GMS did not change the Tgs value which confirmed the previcus

3
experiments of S. Powanusorn et.al. in 2000 .

The crystalline temperatures (Tc) of the constant cooling rate have significant
changes when blended with GMS or LCC. The Tc of the pure sPS will drop down in the
~ amount of 5°C in case of adding GMS, but the Tc of the blend with LCC will drop down
in the amount of 10°C from that of the pure sPS. These may be implied that the
crystals of sPS are harder to be formed in the blend of LCC or GMS despite the

increase in the percent crystalline existed from WAXS experiments. The effects when

added LCC are more pronounced than the added GMS. In other words, the crystal is
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harder to be formed in the blend with LCC than the blend with GMS and the crystal of

the pure sPS are the easiest to be formed.

The crystalline melting point temperatures (Tm) of the first heating and the
second heating can be summarized in the table 2 when operate at the same heating
rate. The first heating Tm (Tm1) result from the preheat treatment of all samples at the
same condition. The single peak was observed in ali the different sPS which imply the
B crystal melting point as the preheated condition close to the preparation of ﬁ crystal
methods. in the second heating, two peaks of O and ﬁ crystal were observed which L
and B crystal are most likely to form under the cooling condition in the DSC. The &

crystal should be indicate at the first Tm (Tm21) and the B crystal should be indicate at

the second Tm (Tm22) which are all within the same vicinity as the Tm1.

However, the effects of adding GMS or LCC can also be found. The GMS and
LCC will lower the Tm of pure sPS in both heating cycles. The GMS will lower down the

Tm in the range of 3°C while the LGC will lower down the Tm in the approximate range

of 6°C when compare with the pure sPS. The crystals in the blend are easier to be
melted than in the pure sPS regardiess of the more amount of crystals formed when
added GMS or LCC. These may be inferred ic the previous work of S.
Wacharawichanant et.al. in 20044 which discovered that the added LCC or GMS will
speed up the molecular movements in the melt state. in the other ways, these may be
implied the looseness of the sPS molecuies in the crystals formed which can be

observed by the shift in the peaks of WAXS.

Conclusion

The addition of the low molar mass liquid crystal, not only ease the mobility in
the polymer melts but also have the effects on the crystallinity of the polymer. In cur
experiments, we have found the disturbance in the crystallization of the sPS. Not only
the lower of the crystalline melting point temperature but also lower the crystalline
temperature. This situation infers the hinder effects of the crystallization and the lower
stability of the crystal. However, the percent of crystallinity increase significantly which

may imply the abundance of the low stability crystal. The shift in the peak in WAXS
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-when added the additives showed the dilation of the chains molecules and the

amorphous curves of sPS is revealed the repeatability of the WAXS experiments.
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Figure Caption

Figure 1 : The amorphous WAXS curves of various pure and blends of sPS with LCC ’

or GMS ;
Figure 2 : The crystalline WAXS curves of sPS(S10), the blend with LCC ($101) apd
the blend with GMS (S10g)
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Figure 1 : The amorphous WAXS curves of various pure and blends of sPS with LCC

or GMS
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Figure 2 : The crystalline WAXS curves of sPS(S10), the blend with LCC (3‘1‘
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Table 1 : Percent of Crystallinity from WAXS measurements

Type of Blend S10 S15 S20
Pure 67.1 72.0 734
Blend with GMS 753 77.8 8C.8
Blend with LCC 76.0 79.7 81.3

Table 2 ; Transition Temperature from DSC Experiment

Heated and c¢ooled at ZOOC/mms, 1 for first heating, 2 for second heating

Type of polymer Tgi 1g2 Tc Tm1 Tm21 Tm22
o) ey o) | o | o) | (o

S10 90.2 89.5 2240 | 254.8 241.0 254.5
S10g 804 50.4 220.4 § 2477 233.8 248.0
S10i 90.3 90.4 209.8 | 250.6 237.0 250.6
S15 80.0 89.1 227.5 | 258.0 2455 258.2
S15g 390.3 90.1 2234 | 2513 238.1 253.2
S151 81.7 91.1 208.7 | 2526 244 .2 253.8
S20 50.0 91.7 228.2 | 257.2 245.8 257.2
S20g 80.0 82.2 222.4 2513 240.5 254.7
S20i 92.2 82.1 220.6 | 253.8 237.7 254.3
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