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Chapterl

Generalintroduction

－Historicalaspectsofpolyolefins・
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1．Polyolefins

PolyolefinS，rePreSented by polyethylene（PE）and polypropylene（PP），are

indispensablematerialsassyntheticpolymershavlnghugesocialimpact・TbeyareuSed

inourdairylivesinsuchapplicationsasfilms，PIPeS，autOmObileparts，electriCand

electronic partS，medicaland sanitary products，tOyS，COnStruCtion materials，and

agriculturalmaterials・

Ingeneral，Symtheticpolymershavebeendramaticallychangedourdailylives，and

providedhumankindwithhugebenefits・Historica11y，Sincethefirstsymtheticpolymer

（i．e．phenolresin）wasdiscoveredin1907byBakeland，anumberofsyntheticpolymers

thatincludeurearesin，melamineresin，ePOXyreSin，POlyamide，POlyester，POly（Vinyl

chloride），POlystyrene，POlyethyleneand polypropylene have been developedl1】・

Needlesstosay，theyarelight，ruStlessandcapableofbeingmass－PrOducedduetotheir

excellentprocessabilitycomparedwithconventionalmaterialssuchasmetal，WOOd，

glass，PaPerand ceramiC・In addition，a diverslty Of polymerframeworks，in

combinationwithpolymeralloysandcompoundteclmologleS，PrOVidesawiderangeof

characteristicproperties・Tbesewell－balanCedfeaturesaredistmguishablefromthoseof

conventionalmaterials．Therefore，Symthetic polymers have replaced these common

materialsinaccordingwithintendeduses・

Amongsymtheticpolymers，POlyolefinSarethemostwidelyusedclassesofindustrial

plasticsinthesedays・Tbtalamountsofpolyolefinsproducedworldwideeveryyearare

almostonebilliontons，aCCOuntlngbr50％ofthetotalamountSOfsymtheticpolymers

（figure1－1）［2］・ThosepolymerspossessmanyuSefulproperties，namely，lightness，

mechanical strength，tOuglmess，gOOd stability fbr chemicals　and excellent

processability（injectionmolding，eXtruSionmolding，etC），andsoon・n10Sefeaturesas
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Wellaspolyolefin’scost－efftctivenessmakethemsuitableforcommodityapplications

Whichincludepackagingfilms，COntainers，bottles，grOCerySaCk，agriculturalmaterials，

householdelectricapplianCe，autOmObileparts，andsoon・haddition，POlyole血Sare

CleanmaterialsbecausetheyareCOmpOSedofonlycatbonandhydrogenatoms・AIso，

theyareeaSilyrecycled・TheseadvantageSleadtoareductionofenvironmentalburdens．

TotaJamountsofsyntheticpolymersproducedworldwidejn2003

（14％）

Figure1－1

PE＆PP

CIoseby
lOO milliontons

Onthebasisofglobaldemand，thegrowthrateofthesepolyolefinsispredictedto

riseupto5％2muallybytheyear2010，becausepolyolefinSarefindingtheirwaylntO

themarkettoreplacecommonmaterialssuchasmetalandceramicl3］．

2・Developmentofpolyolefinsascommoditymaterials

Inearlystageofpolyolefinindustry，lowdensitypolyethylene（LDPE）wasproduced
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bytheradicalprocessusingorganicperoxideinitiatorsathightemperature（200－300Oc）

andpressure（1000－3000atm）［4］・LDPEisanethylenehomo－POlymerwithmany

branChesandpossessesgoodprocessability，CleameSSandsofhessduetothepresence

ofmanybranChes・Tbe controloftheir strength，however，is difncultbecause the

branChespossessvariouschainlengthS・Inaddition，theharshpolymerizationconditions

ofLDPEproductiondemandaconsiderablecapitalinvestmentandneedahugeenergy

toproducethematerial・Tberefore，theam0untOfproductionofLDPEhasnotchanged

Sincethosedays．

Progressinolennpolymerizationcatalystsystems

弧lE！33坦（Ziegler；1953）
HDPE

聖Q3塾3AlorEt241g（Natta；1954）
isotactjc－PP

塑呈∈12硯但3廻（Kashwa；1968）
Highactivity

星型辿呈∈！2狙塾3∠坦
（Mitsui＆雨ontEdisan；1975）

（Highstereospec沌city）

Metallocene（Kaminsky；1980）

（SingleSiteCatalyst）

Post－Metallocene

（Brookhart；1995）

P ro du ctinn o vation

W ith TopologlCalcontrol
C om posite con打01

Figure1－2

Odgin

LDPE

CatalystInnovation

WithHighactivlty，
Slereospecificity
Single－Site

Processinnovation

WithReductionof

environmentalburden

The glory of polyole血Sinthese days has been brought with developlng their

propertiessuchasonesmentionedabove・Itisregardedthatoneofthemostimportant
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factorsfortheirsuccesshasbeencatalystsystem・Thedevelopmentofcatalystsystems

forolefinpolymerizationshasbroughttheproductinnovationinpolyolefinindustry

（ngure1－2）．

2・1・PolyolennsproducedbyZieglar－Nattacatalystsystems

In1953，0neOfthemostimportantdiscoverieswasdonebyZieglerinGermany・His

discovery，thetitaniumtetrachloride／triethylaluminum（TiC14倍t3Al）catalystsystem

foracoordinationpolymerizationofethylenel5］，hasanabilitytoproducehighdensity

POlyethylene（HDPE），POSSeSSing ftw branChesinapolymerChainCompared with

LDPEundermildcondition・Continuously，in1954，inItaly，CryStallinePPpossesslnga

highisotacticity was produced by titanium bichloride／diethylaluminum chloride

（TiC13佗t2AICl）catalystsystemthatwasdiscoveredbyNattal6］．Thiscatalystsystem

WaSforthefirsttimetoenablethecontrolofstereospecificpolymerizationofα－01efin．

Thus，Ziegler，s discoveryoftranSition meta1－Catalyzedethylenepolymerization and

Natta’sdiscoveryofstereospecificpolymerizationofpropylenebyuslngtheso－Called

Ziegler－Nattacatalystleadtheevolutionofanewgenerationofcatalystsandpolyolenn

materials．

Afterthe discoveryofthose Ziegler－Nattacatalyst systems，many SCientistsand

englneerS have emphasized to discover a high perfbrmanCe Catalyst systems，for

examPle，MgC12－SuPPOrted　TiC14　Catalyst systeml7，8］，Which showed good

PerfbrmanCeinanaCtivity，anabilityofincorporationofcomonomers，StereO－Selectivity，

andsoon・Astheresults，POlyolefinmaterialshaveusednotonlyfordairygoods（toys，

PaCkages，COntainers，and so on）but also replacing goods ofengineering plastics．

Moreover，manykindsofpolyolefinssuchaslinearlowdensitypolyethylene（LLDPE），
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Polybutene，POly（methylhexene），ethylene－CyCloolefincopolymer（COC），elastmer（EL），

andsoon，havebeenproducedinindustry，WhichareuSedinourdailylives（lens，

protect films，adhesive，etC）widely・Figure1－3indicates the examPles oftypical

POlyolefinS・

Polyethylene fdm iIies

■ 上し
ノ

　 LD PE

′ 「〈＼

LLDPE

HDPE

ExamplesPolyolefins

PoIypropylenefam ities

iso－PP

Syn－PP

a－PP

R R　こ　R　云

Poly（butene）；

R一く2H5

PoLy（4－methylpentene）；

RェCH2CH（CH3）2

二二三

COC

■　こ●∴

Elastmer

Figure1－3

AIso，they have made e放）rtS tO Create Smgle－Site catalyst systems・Because

Ziegler－Nattacatalystsystemswereregardedasmultisitecatalyst，namely・manykinds

ofactivepolntSforolefinpolymerizationareOnthecatalystsystem，itisdifncultto

controlthereactionofamonomerinsertionintotheactivesiteonthecatalystuniformly．

Tbedevelopmentofsingle－SitecatalystsystemwasthelastsubjectforMgC12－SuPPOrted

TiC14CatalystwithkeeplngeXCellentperfbrmanCeSOfitabovementioned・
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2・2・PolyolefinSproducedbymetallocenecatalystsystems

AfterthediscoveryofZiegler－Nattacatalystinearly1950，S，indeed，SeVeralcatalyst

SyStemS regarded as smgle－Site catalyst have been reported・For examPles，

Vanadium－basedcatalystdevelopedbyNatta［9］・However，theserendipitousdiscovery

Oftheactivatmgefftctofasmal1am0untOfwateronthesystemofdicyclopentadienyl

Zirconiumdimethyl／trimethylaluminum（Cp2ZrMe2／AIMe3）and the subsequent

developmentofthecontrolledsymthesisofmethylaluminoxane（MAO）byKaminsky

andSirmin1980weremqIOrbreakthroughsin01efinpolymerizationcatalystsystemas

Single－Sitecatalystl10】・ThecatalyticactivityofthemetallocenecatalystislOtimes

largerthanthatoftheMgC12－SuPPOrtedTiC14Catalyst・

Animportant aspect　in　metallocene catalysts，difftring　from heterogeneous

Ziegler－Nattacatalysts，isthen封TOWmOlecularweightdistributionofhomogeneously

PrOducedpolymers・Whilepolyolefins obtained with typicalZiegler－Natta catalysts

have broad molecularWeight disbibutions（Mw仙九＝5－10），metallocene catalysts

PrOducepolymerswithMw〟九approximately2・AnMw〟九valueof2ispredictedby

Schulz－FlorystatisticsforpolymerSanSlngfromidenticalcatalystcenterswithfixed

rates ofchainpropagationand chaintermination・AmolecularWeight distribution

（MWD）of2isthusregardedasevidencethatonlyasinglecatalystspeciesconbibutes

topolymerbrmationinahomogeneouscatalystsystem（thereforemetallocenecatalysts

are Called“Single site catalysts”），Which makes the properties ofthe resulting

POlyolefinspredictableupondetermlnlngthestruCtureOfthecatalyst・

AnOtheraspectofmetallocenecatalysts，ingeneral，isthatanintroductionofbulky

monomerinto the center of active polnt Of catalystis easy・The homogenelty Of

metallocenecatalystsleadstotheformationofpolymerswithuniformincorporationof
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α－01efinComonomers，becausetheelectronicandstericpropertiesofallofthecatalytic

sitesareaPPrOXimatelythesame・LLDPE，isotactic－PP（i－PP），Symdiotactic－PP（S－PP）

andELhavebeenproducedbymetallocenecatalystswithbetterpropertiescompared

WithonesofformerPOlymers．

And，OneOfthemostattractivepolntSOfmetallocenecatalystsystemsistoenableto

designthestruCtureOfcatalystinmolecularsizeandtosymthesizethembyorganic（Or

organOmetallic）synthesis teclmiques・Therebre，it’S possible that the catalystis

designedtoelucidatearelationshipbetweencatalyststruCtureandcatalyticperformanCe

thatincludes precise controloverresultingpolymermicrostruCture（figure1－4）［11，

17－27】．

ProgressinCatalystDesign

⊂ミミゝ

Non－bridgedMetallocene

Bis－CpfamilY

Ex’…芝ち

Figure1－4
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TboseletthefieldofolefinpolymerizationcatalystsfromengmeerlngteClm010gyto

SCience・Inaddition，theanalysisofthestruCtureSOfpolymerSPrOducedbymetallocene

（OrSinglesitecatalysts）hasmadeitpossibletoinvestigatethepolymerizationreaction

Ofolennsmoreprecisely．

Afterthediscoveryofmetallocenecatalystsystems，manySCientistshavestudiedon

Creationofanextpolymerizationcatalystsystem，SO－Calledpost－metallocenel12－16］．

Severalcatalystsystemsofthemshowgoodabilitiesin01efinpolymerization，namely，

livingnature，VeryhighmolecularWeightsofresultingpolymers，andsoonl28－33］．

Therefore，POSt一metallocene catalyst system would be considered next classes of

CatalysttoproducefunctionalpolyolefinS．

3・DevelopmentofpolyolefinSfornewmaterials

Inordertoimprovethepropertiesofpolyolefinmaterialsfurther，Whatareimportant

are the precise control of polymer Chain　struCtureS　and　the　investment of

functionalizationinPolymerchain［34】（ngure1－5）．

3・1・HighperformanCePOlyoleBnswithcompositionandtopologycontroI

SofれPOlyolefinshavebeenusedinarChitecturalmaterialneldsaslikeautomobile

PartS，households，Sealmaterials，PrOCeSSability，and so on，mainly・Therefore，it，s

important Of polyolefins toimprove properties of mechanical strength　and

heart－reSistanCeforapplicationinthesefields・Tb this end，theprecisely controlof

arChitectures ofpolymersincluding compositionand topologleSis to beimportant

（ngure1－6）．
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D iscovery ofPolyolefins
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Tbecontrolofcompositionsofpolymersisexpectedtobeefftctivetocontrolthe

SOfhess，heat－reSistanCe，and so on・For example，it was reported that

PE－blbck－POly（ethylene－CO－PrOPylene）ands－PP－blbck－POly（ethylene－CO－PrOPylene）was

Symthesizedbypostmetallocenecatalystsystemsl35］．Concemingt叩eredpolymer，it

WaSrePOrtedaseffectiveopticalmaterialsl36］．Itwasalsoreportedthatthecontrolof

topologiesiseffectivetoenhanCeaPrOCeSSabilityandmechanicalstrengthl37，38］．

Ethylene basedlong－ChainbranChed copolymer produced by metallocene catalyst

SyStemShowedtheexcellentpropertybalanCebetweentheprocessabilityandtouglmess・

AIsolong chainbranChedPPindicatedtheexcellentbalanCeOfmeltelasticityand

mechanicalproperties・Netwofkpolymers，SO－Calledcross－linkedpolymers，POSSeSSthe

goodelasticityl39］．ThosepolymerSWereuSedasabrasion－reSistanCematerialssuchas

atirerubberortubesforautomobile．

3．2．FunCtionalpolyolefins

Despltethe great success of polyoleBns，deficiencies such aslack of reactive

functional groupsinthe polymer StruCtureS havelimited some of their end uses，

Particularly　those　in　which adhesion，dyeability，Paintability，Printability or

COmPatibilitywithotherfunctionalpolymerSisparamOunt・nerefore，manyreSearCh

activities were geared towardthepreparation offunctionalpolyolefinS・And，many

SCientistshavestudiedtoovercomethisdisadvantagebyintroduclngSuitablefunctional

groupsinPolyolenns tobroaden theapplicationsofpolyole血s tohighlyprofitable

fieldsl40］・Tbeoretically，thereare tWO POSSible approaches to the synthesis of

functionalpolyolefinS，namely，a）directcopolymerizationofolefins withfunctional
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monomers by using polymerization　and catalyst technologies，and b）post

polymerizationreactionwithpolyolefinS・Inthosecases，also，theprecisecontrolof

polymerarChitectures，thatis，Sitecontrolofintroductionoffunctionalmoietiesintothe

polymerchain，WOuldbeimportant・So，inthis sense，the studyon struCtureSOf

polyolefinSandtheinvestlgationofeachreactioninpolymerization，thatisinsertionof

monomer，terminationofpropagationofpolymerchain，ishelpfultodesignandto

controlthemacromoleculearChitectures（figure1－7）．

FunctionaJities

嶋｛｝一一二　‥鱒一一二　■叩T　…‥…二鱒

ChainEnd Telechelics Side Random

Figure1－7

3・2・1・Copolymerizationofolefinswithfunctionalmonomers

The direct method　for symthesis of　functionalized polyolefinS　invoIves the

copolymerizationofan01efinwithcomonomershavlngthedesiredfunctionalgroups・A

largenumberofstudiesofcopolymerizationofole血sbymetallocenecatalystshave

been reported with　functional monomers such as o－Chloro－α－OlefinS［41］，

5－（N，N－diimidopropylamin0）－1－Pentene l42］，　Cubic silsequlOXane l43］，

6－tert－buty1－2－（1，1－dimethylhept－6－enyl）－4－methylphenoll44］，hindered aminelight

stabilizers（HALS）［45］，Carbazole－based comonomerl46］，Oxazoline－based

comonomerl47］，allylanisolel48］，andsoon・

Among them，the comonomershavingthe hydroxylgroups havebeen used fbr

copolymerizationofolefinSinmanyCaSeS・Thosehydroxylgroupsofmonomersare
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usually protected from poISOnlng Catalyst by chemicals such as alkylaluminum

COmPOunds・Aaltonenandhis co－WOrkersinvestlgatedto symthesizehydroxylgroup

COntaining polyolefins using metallocene catalyst systemsl49］．They achieved to

SymthesizehydroxylatedPEandPPwithseveralkindsofmetallocene．Imutaetal．have

SuCCeSSively achieved to symthesize the terminally hydroxylated PE by uslng CI

SyⅡ皿etrical metallocene catalyst system・They suggested　that alkylaluminum

COmPOundsprotectingpolarmOietyhadinfluenceonsiteselectivityforhydroxylgroup

inPE（figure1－8）［50］・Hagiharaandlmutahavereported the symthesis ofamino

terminatedpolyolefinsusingmetallocenecatalystsystemsl51］．

1．Ethvlene／10－UndecenoICoT）01vmerization

‥二〇＼一三＿＿

て≦≠　　　　MetalloceneA

＋　　　　R3Al

省ぜH（R＝芸，iBu，Dist：i：uこdaニndom．姐⊥

2・Ethylene／AllylAIcohoICopolymerlZatlOn

（R＝Me，Et）

（R＝lBu）

HO

Meユ竹R
：二二二：：：二二：：：二：：：

Predominantend－Siteselectivity

嵩茄椚R榊通⊥
Distributedatrandom＆atchainend

Figure1－8

h those cases，namely copolymerization of olefins withfunctional monomers，

metallocenecatalystsystemshaveanadvantagetOSynthesisfunctionalpolymersdueto
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theirabilityfbrpolymerizationofbulkymonomer・However，thismethodislimitedby

the ability of manyfunctional groups to coordinate with the catalyst／cocatalyst

COmPOnentS，thus，CauSlng Catalyst deactivation，mOre Orless・FurthermOre，those

POlymerizationreactionshavebeenstudiedonlybyanalysisofthechainstruCtureSOf

the resulting copolymerS，and，the mechanism of theinsertion reaction of polar

monomersintothemetalloceneactivecenterhasneverbeenclarified．

3．2．2．Postpolymerizationreaction

3．2．2．1．Directmodificationofpolyolenns

Thereare SeVeralways to createfunctionalpolymers basedonpolyolefinS・It’s a

COmmOn method that polyolefinSare treated with radicalinitiatorandfunctional

chemicals such as maleic anhydride，halogen，（meth）acrylate monomer，and so on・

Chemicalmodificationofthepre－formedpolyolefinshasbeenusuallycarriedoutinsitu

during the fabrication process to reduce the production cost・In addition，Surface

modificationofpolymermaterialscontinuestobeanimportantareabecauseofthe

manyCaSeSWherethesurfacepropertiesofpolymersaffecttheirutilities・Forexample，

PE was modified with maleicanhydride through a radicalreaction toimproveits

adhesion，andsoonl52］．TheoxidationofthesurfaceofPEfilmanditsapplicationhas

beenstudiedwithchromicacidsolutionl53］．Plasmatreatmentenablestomodifythe

Surfaceofpolymerfilms，effectivelyl54］・

However，therearenOfacilereactionsitesinsaturatedpolyolefinS．TbeonlywaylStO

activate thepolymerbybreaking some stable C－Hbonds andformlngfreeradicals

along thepolymerchain，aS mentionedabove・Thosefunctionalizationreactionsare

usually accompanied with manyundesirable sidereactions such as crosslin1ingand
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degradation・Tberefore，thecurrentcommercialprocessesarefarfromidealones．

3・2・2・2・Modificationatunsaturatedgroupsinpolyolefins

Unsaturated groups of polyolenns were able to be converted severalfunctional

groupssuchasepoxygroup，Silylgroup，hydroxylgroup，maleicanhydridegroup，and

SOOnl55］・UnsaturatedstruCtureSSuChasvinylandvinylidenearegenerallyobserved

inpyrolized polyolefinS・Metallocene catalyst systems，however，0ffer slgnificant

advantageSforthesymthesisoffunctionalpolyolefinsbecausetheyareabletoproduce

POlyolennspossessingunsaturatedstruCtureSattheendof（Orinthe）Polymerchain．

ThechaintranSftrreactionsinmetallocenecatalyzedpolymerizationleadtoterminal

doublebondsthatareuSedtofurtherchemicalreactions（figure1－9）．

Halogenationl56］andaminationl57］ofterminallyunsaturatedgroupsofPPwere

describedinpreviouspapers・OxazolinetemiatedPPl58］andmethacrylatetemiated

PPl59］weresynthesizedfrommetallocenecatalyzedPPhavingterminallyvinylidene

group・TbrminallyunSaturatedpolyolefinS，POSSeSSmgVlnylorvlnylidenegroups，are

Variable as macromonomerfor cationic，radicaland coordination polymerization

reactionl60］・h this point，it’simportant tOinvestigate unsaturated struCtureSin

POlyolefinS．

IncaseofPE，terminallyvlnylandvinylenestruCtureSWerePrOducedbytermination

reaction of metallocene－Catalyzed polymerization reactionl61］．h case of PR

β－hydrogentransferwasproposedwiththreepathways，namelyβ－hydrogentranSftrsto

metall62］，OrtOmOnOmerl63］，Oraftersecondarymonomerinsertionl64］，tOPrOduce

the vinylidene chainend struCture．β－MethyltranSftris anewly discovered chain

tranSftrmechanisminthepropylenepolymerizationtoformtemiallyvlnylstruCture

15



［65］．OtherunsaturatedstruCtureS，forinstanCe，VinylenestruCture，etC・，WererePOrtedin

previouspapersinmetallocene－Catalyzedpolymerizationofolefinsl66］・Thosestudies

打e uSefulnot only to developfunctionalpolyolefins but also toinvestigate the

mechanismofpolymerizationreactionsofolefinS・

Severalunsaturatedstructuresinmetallocene－CatalyzedpoLymers

PoIyethylene

クへ、／へ）′′‾…‾

（Vy）

ノ＄′＼／′…‾‾

（Vn）

（訂了

Potypropylene（PP）

／V「「丁′…

（Vn）

ルTr′‾‾‾

（Vy）

ConversionofunsaturatedgrouptofunctionaLgroup

＼FT′‾‾‾

（iBu）

Figure1－9

However，inthosestudies，SeVeralmetalloceneshavebeenused，andtheasslgnment

oflH NMR peaks of those unsaturated struCtureS Were aCtually difncult and

complicatedduetothepeakoverlappmgwithterminalvinylidenestruCture・Tberefore，

thereisroomforfurtherinvestigationinthoseresearchfields・
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3．3．Polymerhybridsbasedonpolyole蝕S

RecentadvanCeSinpolyolennchemistryhaveledtothecreationofpolymerhybrid

linking between polyolennsand polar polymer SegmentS by combination between

functionalizedpolyolefinS，Whichwerementionedabove，andseveralprocessessuchas

radical，anionic，Cationicpolymerizationsandpostpolymerizationreactions，bringlng

the ordinary POlyolenns someimprovedand unlque PrOPerties to broadentheir

applications・Tbosenewpolymerhybridscouldbesymthesizedbyusmgfunctionalized

POlyolefinsasthreekindsofefftctivetooIs，WhicharePOlyolenn（PO）macromonomer，

POmacroinitiatorandreactivePO（figure1－10）．

POmacroinitiators，Whichhaveinitiationsitesforradicaloranionicpolymerization

Ontheirbackbones，CanglVeVariouscopolymerSOfthecombinationofPOandnon－PO

asblocktypeandgrafltype．nleborane－functionalizedPOwasusedincombination

Withliving　an10nlC POlymerization of E－CaPrOlactone to symthesize

PP－gTqP－POly（6－CaPrOlactone）（PCL）Copolymerl67］．Al－tem血atedPEproducedby

ChaintranSftrreactioninmetallocene－CatalyzedpolymerizationcouldbeusedasaPO

macroinitiatorforananionicpolymerizationtosymthesizePE－bk）Ck－PCLl68］．Recent

developmentofacontrolledradicalpolymerizationhas extended thepossibilityof

Symthesizingavarietyofblockandgraftcopolymerl69］．Applicationofthatteclmique

forpolyolefins realized the creation ofthe we11－definedpolymerhybrids・Stehling

Synthesized PP－gT頑－pOlystyrene（PS）by using alkoxy－aminefunctionalized PP as

macroinitiatorofstyrenethatwasproducedbymetallocene－Catalyzedcopolymerization

l70］・HydroxylatedpolyolefineswereconvertedtoPOmacroinitiators，andtheywere

used to symthesize polymer hybrid，namely PE－bわck－POly（methylmethacrylate）

（PMMA）［71］，PE－gT頑－POly（n－butylacrylate）（P（nBA））［72］．Those polyoleBns
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mentionedabovearealsousedforlivinganionicpolymerizationasmacroinitiatorto

produce PE－gTqP－POly（PrOPyleneglycol）（PPG），PE一gTqP－PCLl73］・Tbrminally

unsaturatedPOsarealsoquiteusefultosynthesizepolymerhybridbyconversionof

theirchainendtoinitiation sites・Forexamples，PE－bわck－PMMA，PE－blbck－PSand

PP－blbck－P（nBA）were preparedfrom terminally unsaturated polyolefins by ATRP

（ngureト9）［741・

NewPolyolefinHybrids
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POmacromonomerspossesslngaPOlymerizablechainendwerementionedaboveas

ausefultoolfbrsymthesisofpolymerhybridl53，54］．ReactivePOshavingreactive

functionalgroupsareCOnSideredtobethemostconventionalwaytoproducevarious

POlymerhybrids・Typically，itiswell－kn0wnthatthemaleicanhydridemodifiedPOsare

usefulasareactivePOtopreparethepolymerhybridl75］．

Living polymerization teclmiqueis one ofthe most attractive tooIs to prepare

POlymerhybridsbasedonpolyoleBns・Yasudaetal・rePOrtedseveralkindsofpolymer

hybrids consistingofPE，POly（Pent－1－ene）andpoly（hex－1－ene）asPO segmentand

PMMAandPCLasnon－PO segment［76］・PE－bk）Ck－（ethylene／propylene）copolymer

WaSalsopreparedbyusingpost－metallocenecatalystsystemsl77］．

As mentioned above，POlymer hybrids based on polyolenns have been studied

energeticallyforthecreationofhighperformanCePOlymermaterialS・Thoughthereare

SeVeralapproaches fbrit，many Studies have onlybeen donebycontrolledradical

POlymerization・Therefore，SOfhr，thestudiesofotherapproacheshavebeensuperficial・

5．Outlineofthisthesis

nleauthororientstocreatefunctionalmaterialsinthisthesis・Underthebackground

describedabove，theauthorconsidersthatthemicrostruCtureS，eSPeCiallyunsaturated

StruCtureS，OfpolyolefinSareVerylmPOrtantforacreationofsite－Selective，namely

Well－defined，functionalpolymers，and also thatpolymerhybrids wouldbeusedas

functionalmaterialsinindushy・ThisthesisconcemsthestudyonmicrostruCtureSOf

POlyolefinspreparedbymetallocenecatalystsystemstoinvestlgatethefinestruCtureSOf

POlymersandthepolymerizationreaction・FurthermOre，thesynthesesoffunctionalized
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POlyolefinS，namelypolymerhybrids，arealsodiscussed・

hchapter2，theinsertionreactionoffunctionalmonomer，10－undecen－1－0lprotected

with several kinds of trialkylalumhum（trimethylaluminum，triethylaluminum，

tri－n－butylaluminumandtriisobuty1aluminum），intothemetalloceneactivecenterofthe

En（Ind）2ZrC12／MAOcatalystsystemintheabsenceofolefinmonomersisinvestigated

asapreliminarystudyrelatedtothecopolymerizationoffunctionalmonomersl82］・

AIso，theauthorrefers to the effectsofthedifferentkindsofalkylaluminumforthe

insertionreactionofUn－0－AIR2intothemetalloceneactivecenter．

Inchapter3，theunsaturatedstruCtureSOfpolyolefinSareinvestlgated・Atfirst，the

separationofintemalandterminalvlnylidenepeaksofpolypropylenein1HNMR

measurement by making use ofthe soIvent effectis reftrredl78］・Tbe chainend

StruCtureSOfthepolypropylenesproducedbythreekindsofmetallocenespossesslng

difftrent symmetries　　（En（hd）2ZrC12，　　aS C2　　　Symetrical，

isopropylidene（CyClopentadienyl）（fluorenyl）zirconiumdichloride（iPr（Cp）（Flu）ZrC12），aS

Cssymmetrical，andCp2ZrC12，aSaSymmetrical）arealsodiscussedl79］・Inhere，the

authorstudiestheasslgnmentOflHNMRpeaksofunsaturatedstruCtureS，eSPeCially

intemalvinylidenestruCture，beingactuallydifncultandcomplicatedduetothepeak

OVerlapplngWithterminalvinylidenestruCtureinpolypropylene・Theauthorreportson

unSaturated groupsinthepolymerchainand discuss the mechanismto explainthe

formationofunsaturatedstruCtureS．TheunsaturatedstruCtureSinpolyhexenefamilies，

namely，POlyhexene，POly（4－methylpent－1－ene）（4－MP－1）andpoly（3－methylpent－1－ene）

（3－MP－1），Which　are Seemed as special polymers produced with metallocenes，

En（Ind）2ZrC12andiPr（Cp）（Flu）ZrC12，arealsoinvestigatedbylHNMRanalysisl80］・

Based on the unsaturated struCtureSinresulting polymers，theinfluences of the
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struCtureSOfmetallocenesandthekindsofolefinmonomersarediscussed．

Fromchapter4，theauthordescribesthesubiectsconcemlngtOSymthesizepolymer

hybrids based on polyole血S・Chapter　4　describes the new methodology　for

Symthesizingpolyole血icgraftblockcopolymerstakingunSaturatedstruCtureSandtheir

morphological featuresl81］・In here，terminally hydroxylated polypropylene（PP）

PrePared　　from pyrolized PP was used　　for symthesis of

PP－（ethylene／propylene）copolymer hybrid via coupling reaction．The ability ofthe

resultingpolymerhybridasacompatibilizerisalsodiscussed．

In chapter5，PE－PMMApolymerhybrid was symthesized viareversible addition

fragmentationradicaltranSftr（RAFT）polymerizationofMMAwithPEchaintranSftr

agent（PE－CTA）［83］・The struCture Of PE－CTA produced by sequential

functionalizationoftemiallyhydroxylatedPEwasconfirmedbylHNMRandFTIIR

analyses・TheresultsofGPCafterMMApolymerizationrevealedthatthemolecular

Weightoftheresulting polymersincreasedcomparedwith theoneofthePE－CTA．

TtanSmission electron　microscopy（TEM）images　indicated the nanOmeterlevel

microphase－SeParationmorphologybetweenthePEsegmentandPMMAsegment・

In chapter6，POlypropylene－gTqP－POlystyrene（PP一g－PS）was synthesized bythe

COuPling reaction of brominated polypropylene produced by metallocene－Catalyzed

COPOlymerizationofpropylenewithll－brom0－1－undeceneandpolystyryllithiumsalts

made bylivinganionic polymerization as a conventionalmethod．Those struCtureS

couldbecon鮎medbylHNMRanalysis・TEMmicrographsofPP－g－PScopolymers

indicated the nanOmeterlevel　microphase－SeParation morphology between　the

POlypropylenesegmentandpolystyrenesegment．
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Catalystsystem

29



1．htroduction

neinvestlgationofelementaryreaCtionsin01efinpolymerization，SuChasmonomer

insertion，Chainpropagationandtermination，hasbecomeoneofthemostimportant

Su句ectsforthesymthesisofthepreciselycontrolledpolymersl1－4】．Sincethediscovery

Of the metallocene catalyst system，aS mentionedinchapterl，a great amOunt Of

researchonolefinpolymerizationwithmetallocenehascontributedsignificantlytothe

knowledgeofthesereactionsl5－14］．

Inpreviouspapers，itwasshownthatmetallocenecatalystsystemswereactiveinthe

COPOlymerization of olenn monomers with polar monomers protected with

alkylaluminuml15－24］・FurthermOre，reCent Studies　found that alkylaluminum

COmPOunds were used　inreglOSelective copolymerization of olefins with polar

monomers，SuChasallylalcoholandallylamine，ViachaintranSferreactionsl17，18，

20］・Needlesstosay，ObtainedcopolymerspossessingpolargrOuPSWOuldberegardedas

functionalpolymerS・hthosepapers，itwassuggestedthatthekindsofalkylaluminum，

Whichwereusedfortheprotectionoffunctionalgroupsofpolarmonomers，influence

thechaintranSftrreaction・However，thosereactionshavebeenstudiedonlybyanalysis

OfthechainstruCtureSOftheresultingcopolymers．FurthermOre，themechanismofthe

insertionreactionofpolarmOnOmerSintothemetalloceneactivecenterhasneverbeen

Clarified．This hasled to　interestin　investlgatmg the reaction ofan　aCtivated

metalloceneandpolarmonomersintheabsenceofolefinmonomers．

TbeauthoraimedtoinvestigatetheinsertionreactionoflO－undecen－1－01（Un－OH）

PrOteCtedwithseveralkindsoftrialkylaluminum（trimethylaluminum，triethylaluminum，

tri－n－butylaluminumandtriisobutylaluminum）intothemetalloceneactivecenterofthe

En（hd）2ZrC12仇IAOcatalystsystemintheabsenceofolefinmonomersasapreliminary
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study・AIso，the author wouldlike to reftr to the efftcts ofthe difftrent kinds of

alkylaluminumfortheinsertionreactionofUn－0－AIR2・

2．Experimentalsection

〟afedd5

10－Undecen－1－01（Un－OH）waspurchasedfromTbkyoKaseiKogyoCo．，Ltd．and

Purinedby distillation・Alkylaluminumcompounds，Which were trimethylaluminum

（TMAL），　triethylaluminum　（TEAL），　tri－n－butylaluminum　（TNBAL）　and

biisobutylaluminum（TIBAL），WerePurChasedfromTbsohFinechemCo．andusedas

received・En（Ind）2ZrCl2WaS PurChasedfrom Sigma－Aldrich Co．．Methylalminoxane

（MAO）was purchased as toluene solution（10wt％）from Albemarle Co．and used

Withoutpmification．TbluenepurchasedfromWakoPureChemicalIndustries，Ltd．were

dried over Sodium metaland distilled before use．Ethylene monomer（Mitsui

Chemicals）wasusedwithoutanyfurtherpurification．OrganOmetalliccompoundswere

treated　under　the nitrogen atmosphere・1－Undecan01，1－dodecan01，1－tridecan01，

1－Pentadecan01and1－OCtadecan0l were purchased　from KantO Kagaku Co・・

11－Dodecen－1－0lwaspurchasedfromSigma－AldrichCo・Tbosereagentswereusedas

receivedforgaschromatographic（GC）analysis．

PoかmedzdJわ乃pmCg血柁げe班γわ乃eW肋と加一0－A岬2

Polymerizationexperimentswerecarriedoutin500miglassflaskseachequlPPed

Withamechanicalstirrer，athermOCOuPleandamonomerinlettube．Tbluene（450ml）

WaSintroducedinto the reactor．Un－OH（2．0mmol）pretreated with aluminum

COmPOunds（TMAL，TEALandTIBAL；2．2mmol）for15minuteswasaddedtothe
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reactor，andthen，En（Ind）2ZrC12（0．10mmol）activatedbyMAO（10mmollAl］）for30

mhuteswasaddedtothereactor．TbereactionmixturewasstirredfbrlOminutesinthe

reactor．Then，thepolymerizationwasstartedbyintroductionofanethylenemonomer

intothereactorat250C．Thistemperaturewaskeptduringthepolymerizationunderthe

COnStantfted，0．3NL瓜，Ofmonomergas．After60min，50mLofmethan0lwasadded

tothereactorinordertoterminatethepolymerization．Thereactionmiturewaspoured

intoILofmethanOl．Polymerswerecollectedbyfiltrationandwashedwith500miof

methan01，thendriedunderthereducedpressureat800CfbrlOhr．

RedCJわ乃げ励仲の2ZrC′2伽AOd乃d乙わー0－AJ＆

Un－OH（10mmol）wastreatedwithtrialkylaluminum（20mmol）indecane（20mi）at

room temperature fbr15　minutes to prepare　alkylaluminum－PrOteCted Un－OH

（Un－0－AIR2）before the reaction．In a30mlSchlenkflask was placed41．9mg of

En（Ind）2ZrC12（0．10mmol）andtoluenesolutionofMAO（6．52ml；10Ⅱ皿01aslAl］）to

activatemetalloceneintoluene．Un－0－AIR2（1．0mmol）andexcesstrialkylaluminumin

decaneWaSaddedtotheflaskatroomtemperature．Eachsamplesolutionwaspoured

intolO mlofHClaq（l N）solution．Then，the organic phase was separatedand

Su句ectedtoGCanalysis・

A朋小山

A乃d恒ねq p0秒mgr∫

Molecular　Weights　and molecular weight distributions were determined by

gel－Permeation chromatography（GPC；Waters，AllianCe GPC　2000）using

o－dichlorobenzeneassoIventat140。C・lHNMRspectrawererecordedonaJEOL
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JTMGX－400seriesspectrometeroperatedat400MHzinthepulseFouriertranSbrm

mode・hstrumentalconditionswereasfollows：Pulseangle，450；Pulserepetition，5・O

SeC；SPeCtralwidth，18050Hz；temPerature，1100C；data pomts，20000・Polymer

SOlutionsusedforNMRwerepreparedbydissoIving50mgofpolymerin0・5miof

ODCBassoIvent．

A乃dかねqf柁dCJわ乃∫α〝pk∫

GCchartWaSreCOrdedonaShimadzu GC－1700chromatographwithacapillary

COluⅡmDB－17（0・25mmx30m，Camiergas；helium，flowrate；76．7ml／min．，SPlit

ratio；1：30），J＆W ScientificInc．Measurement conditions were asfollows：initial

temperature；1500Cfor15min・，rate；100C／min・，finaltemperature；2500Cfor20min．，

injectioncolurmtemperature；2500C．AcetonewasusedassoIventformeasurement．

Theresultingorganicphasewasdilutedbyacetone，andthatsolutionwasusedforGC

analysis．

Productswereidentifiedbycomparisonwithauthenticsamples・1－undecan01，Rt＝

10．40minutes．10－undecen－1－01，Rt＝10．82minutes．1－dodecan01，Rt＝15．56minutes．

11－dodecen－1－01，Rt＝16・22minutes・トtridecan01，Rt＝19・08minutes・1－Pentadecan01，

Rt＝23．66minutes．1－OCtadecan01，Rt＝26，68minutes．

Gaschromatography一maSS SPeCtrOmetriC（GC－MS）analysiswasconductedona

Hewlett－PackardHP6890／HP5973withusingacapillarycolumnDB－17（0．25mmX

30m，Carriergas；helium，flowrate；1．Oml／min．，SPlitratio；1：10），J＆WScientificInc．

MeasurementCOnditionswereasfollows：initialtemperature；500C，rate；100C／min・，

finaltemperature；2500Cfor40min・，lnJeCtion coluⅡm temPerature；2500C・The

Organicphasewasdilutedbyacetone，andthesolutionwasusedforGCanalysis・
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13cNMRspectrawererecordedonaJEOLECP－500spectrometeroperatedat125

MHzinthepulseFouriertranSfommOde・For13C－NMRinstrumentalconditionswere

asfollows：Pulseangle，450；Pulse repetition，8．O sec；SPeCtral width，32000Hz；

temperature，270C．ForDEPT（distortionlessenhanCementbypolarizationtranSfer），the

DEPT135spectrumWaSmeaSured．UsedsamplesolutionsforNMRwaspreparedby

dissoIving50mgofsamPlein0．5mlofchloroform－d3（CDC13）assoIvent．

3．Resultsanddiscussion

Co頑mdJわれげ加C（）甲OmJわ乃qfとわーOd伏2わPoかe娩yk乃e

Inhere，En（Ind）2ZrC12aCtivatedwithMAOwasusedasametallocenecatalyst．First，

to confirm　the　insertion of Un－0－AIR2　into the metallocene active center，

COPOlymerizations of Un－OH protected with1血alkylaluminum（Un－0－AIR2）were

Carried outinthe presence ofanethylene monomer usinganEn（Ind）2ZrCl2／MAO

Catalyst systemintoluene under atmosphericpressure．Tberesultingpolymers were

analyzedbyNMRandGPCreftrringtopreviouspapersl17，21］．Thble2－lshowsthe

results of copolymerization conducted uslng different bialkylaluminums．me

incorporation of Un－0－AIR2into polyethylene was confimedineach copolymer，

indicatlngthattheUn－0－AIR2WaSinsertedintotheexaminedmetalloceneactivecenter

inthepresenceofolefinmonomer．

34



Tbble2－1ResultsofcopolymerizationofethylenewithUn－OHcappedwithAIR3a）

Entry AIR3　Yield Mwb）　吼／Mnb）　Un－OHCont．C）

（g）　（XlOう　　　　　　（mol％）

l TMAL O．321　　18．5　　　　2．22　　　　　　0．79

2　　　TEAL O．355　　　5．2　　　　1．97　　　　　　0．65

3　　　TⅡiAL O．368　　　7．7　　　　1．93　　　　　　0．40

a）Polymerization condition；En（hd）2ZrC12（0．1mmol），MAO（10mmol），AIR3（0．22mmol），

Un－OH（0・2mmol），ethylene（0．3NLnl），250C，0．1MPa．intoluene（400ml）fbrlhr．b）GPCdata，

PEstandard・C）EstimatedbyNMRanalysis．

血e〝わ〃柁dC血乃げ【わーOA岬2加わ娩emeねJわcg乃gdCかece乃おr山蕗edあ∫g乃Cgげ

OJ亘声乃椚0仰椚em

TheinvestigationoftheinsertionreactionofUn－0－AIR2intothemetalloceneactive

CenterWaSCOnductedusingEn（Ind）2ZrC12aCtivatedwithMAOintheabsenceofolenn

monomers・Un－OHwasselectedasthemonomerinthisstudybecauseofthetendency

PreVentingmonomerpropagationreactioncomparedwithotherhigherα－01efinsl21，

25］・Un－OH（1・Ommol）waspretreatedwith2．0mmoloftrialkylaluminumcompounds，

Which were trimethylalumium　（TML），　triethylaluminum　（TEAL），

tri－n－butylaluminum（TNBAL）and triisobutylaluminum（TIBAL），tO PrOteCt the

hydroxylgroup・En（Ind）2ZrC12WaSPretreatedwithMAOfor30minutestopreparethe

alkylcomplexofmetallocene・ThepreparedUn－0－AIR2andexcesstrialkylaluminum

WeretreatedwiththeEn（Ind）2ZrC12几4AO systemintoluene（15．3mmollZr］／L）．The
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molarratiosoflOH］／lZr］werelO／1inthisreaction．AfterquenchingthereactantWith

hydrochloricacid，theorganicphasewasseparated・

Tbe resulting alcohoI compounds wereidentified by GCanalysis through the

COmParisonwithauthenticsamPles．GC－MSwasalsousedtodistlnguishsaturatedand

unsaturatedones．TbeGCchartinthecaseofTEALisshownasatypicalexamplein

figure2－1．TberesultsareSummarizedintable2－2．

CJ2－0打

Figure2－1　GCchartOfcompoundsresultingfromTEAL（after5min．）

AllalcohoIcompoundsweresaturatedonesexceptUn－OH（Startingmaterial）．Those

Wereundecan01（Cl1－OH；SaturatedUn－OH）andotheralcohoIcompoundsinwhich

alkylgroupsderivedfromtrialkylaluminumwereinCorporatedintoUn－OH．Namely，fbr

TMALandTEAL，C12－OHandC13－0Hwereproduced，reSPeCtively．ForTNBALand

TIBAL，C15－0Hwasproduced．NeitherdimernoroligomersofUn－OHweredetected．
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Table2－2　Mol％ofidentifiedalCohoIcompoundsfbmedbythereactionoflO－undecen－1－0l

protectedwithalkylaluminuminEn（Ind）2ZrC12／MAOcatalystsystema）

Entry AIR3　Reaction UndecenoI Undecan01DodecenoI Dodecan01Tridecan01Pentadecan01

Time Un－OH Cl1－OH C12，一一OH C12－OH C13－OH C15－OH

（min・）　（A）　　（B）　　（C）　　（D）　　（E）　　　（F）

l TMAL

2

3

4

5

6　　　TEAL

7

8

9

10

ll TNBAL

12

13

14

15

16　　TⅡiAL

17

18

19

20

5　　　　　97

10　　　　　95

30　　　　　95

60　　　　　95

120　　　　　95

5　　　　　73

10　　　　　55

30　　　　　8

60　　　　　0

120　　　　　0

5　　　　　　0

10　　　　　0

30　　　　　0

60　　　　　0

120　　　　　0

5　　　　　1

10　　　　　0

30　　　　　0

60　　　　　0

120　　　　　0

1　　　traceb）

1　　　　　1

1　　　　　1

1　　　　　1

1　　　　　1

7　　　　traceb）

12　　　traceb）

20　　　traceb）

21　　　traceb）

21　　　traceb）

45　　　traceb）

45　　　traceb）

45　　　traceb）

45　　　traceb）

45　　　traceb）

91　　　traceb）

91　　　traceb）

91　　　traceb）

91　　　traceb）

91　　　traceb）

2　　　　　　0

3　　　　　　0

3　　　　　　0

3　　　　　　0

3　　　　　　0

1　　　　　19

1　　　　　32

1　　　　　71

1　　　　　78

1　　　　　78

1　　　　　　0

1　　　　　　0

1　　　　　　0

1　　　　　　0

1　　　　　　0

1　　　　　　0

1　　　　　　0

1　　　　　　0

1　　　　　　0

1　　　　　　0

0

0

0

0

0

0

0

0

0

0

54

54

54

54

54

a）EstimatedbyGCanalysis．b）Lessthan0．5m01％．
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Figure2－2showstherelationsofthemolarratiosofUn－OHandreactiontime．This

figureindicatestheconsumptlOnrateSOfUn－0－AIR2foreachalkylaluminum，andthe

Order was TNBAL，TIBAL＞TEAI＞＞TMAL．ForTNBALand TIBAL，almost allof

Un－0－AIR2WaS COnSumedin5minutes．ForTMAL，however，its consumptlOnWaS

limited．ForTEAL，itwasconsumedgradually．AlthoughlOtimesasmuchamOuntOf

Un－OH（OrreSultingUn－0－AIR2）as En（hd）2ZrC12WaS uSed，allofUn－0－AIR2WaS

COmPletelyconsumedfbrTEAL，TNBALandTIBAL，indicatlngthatUn－0－AIR2WaS

reactedcatalytically．

Themoleratios　　60

OfUn－OH

（％）

0　　　　10　　　　20　　　　30　　　　40　　　　50　　　　60

Reactiontime（min．）

Figure2－2　RelationsofmoleratiosofUn－OHandreactiontime

Inexpanded13CandDEPTNMRspectraofentrylObrTEAL（figure2－3），the

SlgnalswereasslgnedasthemethinecarbonappearedarOund30．Oppmand34．5ppm．
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TbosepeakswouldbeduetobranchedalkylgroupsaslikestruCtureSAandB・Itwould

beconsideredthatthosebranChedalcohoIcompoundswereformedbytheinsertionof

Un－0－AIR2followedbyalkylexchangereaCtionswithtrialkylaluminumasshownin

ngWe2－4・

メ礪HA）礪HB

DEPT135

13C－NMR

Figure2－3　Expanded13CandDEPTNMRspectra（recordedinCDC13at270C）

between5and45ppmofentrylO
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＞Z了CH2CH3・l昭、R2

Figure2－4　AlkylexchangereaCtioninthecaseofTEAL

EachalcohoIcompoundwouldbefbrmedviatheinsertionreactionofUn－0－AIR2

intothemetalloceneactivecenterasshowninfigure2－5・Compounds9，5，andE

whichwerethealkyl－addedonestoUn－OH，WOuldbefomedviaroute6afteran

insertionofUn－0－AIR2intotheZr－R（a）activecenterfbrmedbythereactionof

En（hd）2ZrC12WithMAOorbyalkylexchangereaCtion・Undecan01（B）wouldbe

fbrmedviaroute7afteraninsertionofUn－0－AIR2intoZr－H（C）activecenterformed

bytheeliminationofalkenefromZr－R（route2）・Thecompound⊆producedfrom（b）

（route5）wasnegligible・NeitherdimernoroligomersofUn－OHwereproduced，

indicatingthatfurtherinsertionofUn－0－AIR2WOuldnotoccurat（b）and（d）・

hthecaseofTMAL，theconsumptlOnOfUn－OHwaslow・TYlereaSOnmightbethat

thealkylexchangereaCtionsaftertheinsertionofUn－0－AIR2hardlyoccurorthatthe

insertionofUn－0－AIR2ispreventedduetocoordinationoftheoxygenatOmOfthe

monomertothemetalloceneactivecenterbecauseTMALisnotbulkyenough・For
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TEAL，堅wasfbundmainly，indicatlngthatthereactionprogressedviaroute1－6．Inthe

CaSeOfTNBAL，塑andFwerefoundinthesameamOuntS，Whichwouldindicatethat

reactionsbothviaroute1－6andviaroute2－3－7mightoccurcompetitively・ForTIBAL，

Since塑wasfomedmainly・thereactionviaroute2－3－7wouldprogressdominantly．In

allexamPles，⊇washardlydetectedalthoughMAOwas usedinlarge amounts，

therefore，thealkylexchangereaCtion（route6）withMAOwouldhardlyoccur．

Thus，forTEAL，TNBALandTIBAL，theinsertionreactionofUn－0－AIR2WOuld

PrOgreSSCatalyticallyviaroute1－60rrOute2－3－7・Thepri0rityoftheroutesmight

dependontheeaseoftheeliminationofalkenefromZr－R（route2），namelytheeaseof

theprotontranSftrtoactivecenter；－CH2CH（CH3）2inTIBAL＞－CH2CH2CH2CH3in

TNBAL＞－CH2CH3inTEAL．
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（

Figure2－5　PossiblemechanismofthefbrmationofalcohoIcompounds

4．Conclusion

Insertion reaction ofl0－Undecen－1－0lprotected with TMAL，TEAL，TNBAL or

TIBAL（Un－0－AIR2；R＝Me，Et，n－Bu，i－Bu）into the metallocene active centerof

En（Ind）2ZrC12／MAO was confirmedinthe absence ofolefinmonomers by GC and

NMRanalyses R）r the first time．In the case of TEAL，TNBALand TIBAL，the

identified compoundsinwhich alkyl groups derivedfrom trialkylaluminum were

inCorporatedintoUn－OH．ItcouldbeconcludedthatUn－0－AIR2WaSinsertedintothe

metalloceneactivecentercatalyticallywithanalkylexchangereaCtionintheabsenceof

olefinmonomers．
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Chapter3

Microstructuresofpolyolefinspreparedbymetallocene

Catalystsystems
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Preface；

TheanalysisofmicrostruCtureSOfpolyolefinsisofparticularinteresttoscientistsand

englneerSgalnlngadeeperunderstandthepolymerizationmechanismandtheproperties

ofthem［1－20】．Especially，thestudyonthechainendstruCtureOfpolyolefinsisoneof

the mostinteresting subjectsbecauseitprovidesimportantkeyinformationon the

elucidationofpropagationandterminationmechanismsin01efinpolymerization・And

also，theendstruCtureOftenactsasausefu1functionalgrouplnOrdertocreatenew

functionalpolyolefinS・FurthermOre，unSaturatedchainendgroupscouldbeutilizedfbr

additionofpolarorotherfunctionalgroups［21－25］・

nestudyontheeffectofmagnesiumsupportedtitaniumcatalystsfbrthechainend

struCtureS Ofpolypropylene have been reported withNMRanalysis［26，27］・For

instance，theinitiation reaction of propylene polymerization has been regarded as

l，2－insertionofamonomerbythedetectionofn－PrOPylgroupastheusualinitialchain

endstruCtureOfthepolymerl11－17］．Inthecaseofmetallocene－Catalyzedpropylene

polymerization，theterminationreactionsofthepolymerchainarebelievedtobea

derivativeofthetranSferofaβ－hydrogenoramethylgroupofthegrowingpolymer

chainowlngtOthedetectionofvinylidene，Vlnylandvinylenegroupsasunsaturated

chainend struCtureS・In previousreports，itwasindicated thatchainend struCtureS

dependonthespeciesofthecatalysts・However，theeffectofsymmetryOfthecatalyst

onchainpropagationandaterminationreactionhasneverbeenclarified・

hhere，theauthoraimedtoinvestlgatethemaicrostruCtureS，eSPeCiallyunsaturated

struCtureS，inpolyolefinSinorderto contribute to understandingofpolymerization

mechanismandtocreationoffunctionalpolymerS．
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3・1・The detailed analysis ofthe vinylidene struCture Ofmetallocene－Catalyzed

polypropylene

1．Introduction

Sincethediscoveryofmetallocenecatalystsystem，thefieldofolennpolymerization

hasbeenextendedfromteclm010gytoscienceduetoahomogeneousactivesiteofthe

Catalyst・And，itiswellkn0wnthatthemetallocene－CatalyzedPPhasvlnylideneend

groupproducedbyβ－hydrideeliminationl11，28］．Recently；theterminalchainend

StruCtureS SuCh as vlnyl，butenylandisobutenylstruCtureS have been reported on

POlypropylenepreparedbymetallocenesthathaddifftrentligandstruCtureS［17，29］．

However，theasslgnmentOflHNMRpeaksofthoseunsaturatedstruCtureS，eSPeCially

intemalvlnylidene struCture，is actuallydifncultand complicateddue to the peak

OVerlappingwithterminalvinylidenestruCtureinpolypropylenel4，14］．nleauthor，at

first，aimedto studyontheseparationofintemalandtemialvmylidenepeaksof

polypropylenein1HNMRmeasurementbymakinguseofthesoIventeffect，andthe

COmParisonoftheamOuntSOfthosevinylidenestruCtureSbetweenEn（Ind）2ZrC12，Which

isC2Symetrical，andiPr（Cp）（Flu）ZrC12，WhichisCssymetrical，tOO．

2．Experimentalsection

肋加　わ元南

Tbtrahydrofuran（THF）andpentanePurChasedfromWakoPureChemicalIndustries，

Ltd・Were dried over Sodium metaland distilled before use・Methylene chloride

PurChasedfromWakoPureChemicalIndustries，Ltd．weredriedoverCaH2anddistilled

beforeuse・n－Butyllitium（n－BuLi）waspurchasedfromWakoPureChemicalIndustries，
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Ltd．as hexane SOlution（1．6mol／L）．6，6－Dimethylfulvene was purchased from

Sigma－AldrichCo・・andusedwithoutpurification・Fluoreneandzirconiumtetrachloride

（ZrC14）werepurchasedfromWakoPureChemicalIndustries，Ltd・andusedwithout

furtherpurification・Propylenemonomer（MitsuiChemicals）wasusedwithoutany

further purification・Other materials were same aS described　in　section　2・

OrganOmetalliccompoundsweretreatedunderthenitrogenatmosphere・

P柁pdmか〝げfPrrqリげ切ZrC′2

iPr（Cp）（Flu）ZrC12　WaS PrePared according to theliteraturel30］・At first，

2－（CyClopentadienyl）－2－fluorenylpropane（A）wasprepared，andthen，iPr（Cp）（Flu）ZrCl2

waspreparedbyametallationreaction・Thereactionwasoperatedundernitrogen

atmosphere（Showninfigure3－1）・

ha500miroundbottomflaskwasplaced60mmol（9．98g）offluorenedissoIvedin

100miofTHF．TbthissolutionanequlmOlaramOuntOfn－BuLiwasaddedover30min・

atambienttemperature・Tberesultingred solutionwas stirredfbr4hour・Tbthis

solution60Ⅲ皿0lof6，6－dimethylfu1vene（6．37g）in50mlofTHF was addedat

ambienttemperature・Afterstirringfbr4hour，thereactionwasquenchedbyadding30

miofanaqueOuSSOlutionofsaturatedammoniumchloride・Tbeorganicphasewas

separatedanddriedovermagnesiumsulfate・AfterevaporationofthesoIvent，aWhite

solidwasobtained．Itwaspurifiedbycolurrmchromatographyoversilicagel（eluent；

hexane）toyield13．08g（80％）ofwhitesolidas（A）・
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1）n－BuLiinTHF＠rlfor4hr

2）鴇

1）2eqnTBuLiiJITHF＠rtforovernight

2）ZrC14inpentane＠－780C－rtfor6hr

hTHF＠dbr4hr

Yield；80％aswhitesolid

Yield；42％asredsolid，

1HNMR（CDC13），82・05（S，6H，CH3），5・42（S，2H，Cpring），

6・18（S，2H，Cpdng），7．05－8．20（m，8H，nu）．

Figure3－1

A500miroundbottomflaskwaschargedwith35mmol（A）（5．82g）in200miof

THFTbthissolution70mmolofn－BuLiwasaddeddropwiseatroomtemperature・nle

resultingredsolutionwasstirredovemight・TheevaporationofthesoIventgavean

OrangeSOlidasadianionicligand・Tbasuspensionofthedianionicligandin200miof

Pentaneinallroundbottomflaskwasaddedasuspensionof35mmolofZrCl4

POWder（8・16g）in200miofpentaneat⊥780C．Themixturewasstirredfor6hourat

ambienttemperature・ThereactionmixturewasfilteredandobtainedorangeSOlidwas

extractedwithmethylenechloride・Afterrecrystallizationwithmethylenechloride，4．81
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gofredsolidwasobtainedasiPr（Cp）（Flu）ZrC12（42％）・

lHNMR（CDC13），∂2．05（S，6H，CH3），5・42（S，2H，Cpring），6・18（S，2H，Cpring），

7．05－8．20（仇，8H，Flu）．

Pdかmerfz（7才わ乃

Allpolymerizationexperimentswerecarriedoutin500miofglassflasksequlPPed

withmechanicalstirrer，thermOCOuPlesandmonomerin1ettube・htothereactor，250mi

ofdrytoluenewasintroducedandsaturatedwithpropylenemonomergas・Afterheatlng

thesoIventto，700C，MAOintoluene（5mmolasAlatom）wasaddedinthereactor，

andthen，thepolymerizationwasstartedbyadditionofmetallocene（0・005mmol）inthe

reactor．Thattemperaturewaskeptfbr30min・undertheconstantfted，100NIJh，Of

monomergas・Afterthat，5mLofisobutan01wasaddedtothereactorinorderto

terminatethepolymerization・Tbereactionmixturewaspouredin1Lofmethan01・

Resultingpolymerswereobtainedbyfiltrationandwashedwithmethan01，thendried

underthereducedpressureat800CforlOhours・12・86gofpolypropylene（PP－1）was

producedbyusingEn（hd）2ZrC12，and2・33gofpolypropylene（PP－2）wasproducedby

usingiPr（Cp）（Flu）ZrC12・

A乃d恒ねqrp0秒mer

lHNMRspectrawererecordedonaJEOLGSX－400spectrometeroperatmgat400

MHzinFouriertranSformmode．InstrumentCOnditionswereasfollows：Pulseangle，

450；Pulserepetition，5・Osec；SPeCtralwidth，8000Hz；temPerature，1180C；datapolntS，

32k．TheNMRsampleswerepreparedbydissoIving50mgofpolymerin0・5miof

decahydronaphthalene－d18（Decalin）orl，2－dichlorobenzene－d4（ODCB）assoIvent・
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3．Resultsanddiscussion

Twometallocenes，En（Ind）2ZrC12，1，andiPr（Cp）（Flu）ZrC12，2，WereChoseninthis

Study as typicalC2and Cs syrrmetricalones・Those metallocenes could produce

isotactic polypropylene　and symdiotactic polypropylene，reSPeCtively・Vinylidene

StruCtureSOfPP－lobtainedbylandPP－2by2wereinvestigatedbylHNMR．h

PreViouspaperl31］，itwasmentionedthattheterminalvinylidenestruCtureChangedto

isobutenylstruCtureincaseofusingl，1，2，2－tetraChloroethane－d2（TCE）asasoIvent．

Therefbre，atfirst，decalinwasusedfortheNMRmeasurementasasoIvent．TbeNMR

SPeCtraOfthevinylideneprotons（4・50－4・80ppm）wereshowninfigure3－2．Thepeaks

WereaSSignedasfollowsl4，14，17，29］．Theterminalvinylideneprotonswereobserved

at4・62and4・69ppm，reSPeCtively，becausethesetwoprotonswereinthedifftrent

Chemicalenvironment・Ontheotherhand，theintemalvinylideneprotonsresonatedat

thesamePOSitionofarOund4・70ppm・ItwasremarkableinPP－2thatthepeakwas

moreintensethanthehigherneldonebecauseofoverlappmgwiththelowerfieldpeak

Oftheterminalvlnylideneprotonslikeas sameaSuSlngTCE・Sincethatmadethe

analysiscomplicated，Wetriedtomakethepeakseparation，makinguseofthesoIvent

efftctinducedbyanarOmaticcompound・ThelHNMRspectraofPPqlandPP－2

0bservedinODCBsolutionwerepresentedinfigure3－3・Itwasnoticeablethatnew

Peakswereobservedintherangeof4・68and4・74ppminPP－2・Ⅵ屯asslgnedthepeaks

at4・69and4・7lppmtothevlnylideneprotonsa句acenttothechainend，Wheretwo

Vlnylideneprotonswereintheslightlydifftrentchemicalenvironment，andthelowest

Peak（4・74ppm）to qtherintemal vinylidene protons，reSPeCtively．The teminal

Vlnylidene peaks at4・61and4・67ppm had the equalintenslty，becauseintemal
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vlnylidene peaks were removedfromthe overlappmgones ofvlnylidene・Intemal

vlnylidenemightbeproducedviaanallylcomplexthatwasproposedbySchaverien

［29】．

〆Ll〉」、、＿＿＿＿＿　＿…＿／し大人、＿＿＿

（わ　　　　　　　　　　　（切

a）＋b）　　a）

4．7

a）＋b）　　　a）

4．6

4．8　　　　　　4．7　　　　　　4．6　　　　　　4．5

Figure3－2　ExpandedlHNMRspectrabetween4・5and4・8ppmofPP－1andPP－2in

Decalin
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a）

「　　　　　1

Figure3－3　ExpandedlHNMRspectrabetween4・5and4・8ppmofPP－1andPP－2in

0－dichlorobenzene

ThethreetypesofvinylidenestruCtureS，Whichwereconfirmedbythisstudy，Were

Showninfigure3－4・Fromthespectrainfigure3－3，threevlnylidenestruCtureS，thatis，

Vd（a），Vd（b－1）andVd（b－2），eXistedwiththeratioof92：3：5inPP－1and60：31：9inPP－2，

indicatlngthattheintemalvinylidenestruCtureWaSformedwiththehigherfrequency
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with2thanWithL．

人人人＿＿　人人／し　＿＿人人⊥＿
（a）　　　　　　（b－1）　　　　　（b－2）

Figure3－4　StruCtureSOfvinylidenegroups

4．Conclusion

ThevmylidenestruCtureSinmetallocene－Catalyzedpolypropyleneswereanalyzedby

lHNMR．Tbeintemalandterminalvlnylidene struCtureSWereClearlydistmguished

usmgoDCBassoIventduetotheeffectofthermgCurrent，andthevlnylidenestruCture

nexttothechainendcouldbeasslgnedforthefirsttimeasdifftrentpeaksfromthe

othervinylidene struCtureS．iPr（Cp）（Flu）ZrC12tendedtoproduceintemalvinylidene

struCtureSCOmParedwithEn（hd）2ZrC12・
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3・2・Chainendstructuresofpolypropylenespreparedwithdi恥rentsymmetrical

metallocenecatalysts

1．Introduction

Inpreviousreports，itwasindicatedthatchainendstruCtureSdependonthespeciesof

the catalystsl25－28］・However；the e鮎ctof symmetryofthe catalyst on chain

PrOPagationandaterminationreactionhasneverbeenclarified．Thishasledtointerest

ininvestigating detailed saturatedand unsaturated struCtureS Of polypropylenes

PrOducedwithdifferentsymmebicalmetallocenes．

In here，three kinds of metallocenes，En（Ind）2ZrC12　aS C2　Symmetrical，

iPr（Cp）（Flu）ZrC12aSCssymetrical，andCp2ZrC12aSaSymebical，WereSelectedto

discussthechainendstruCtureSOftheresultingpolypropylenes・Theauthorreportson

unsaturatedgroupsinthepolymerchainanddiscussthemechanismtoexplainthe

formationofunSaturatedstruCtureS．

2．Experimentalsection

肋Jerねね

Cp2ZrC12PurChasedfromWakoPtlreChemicalIndustries，Ltd．wasusedasreceived．

0thermaterialsweresameasdescribedinsection3＿1．

Poかmgrfzα血乃

Allpolymerizationexperimentswerecamiedoutin500miglassflasksequlPPedwith

mechanicalstirrerJhermOCOuPleandmonomerinlettube・250mlofdrytoluenewas

addedtothereactor，andmonomergaswasintroducedinthereactorthroughtheinlet
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tube．AfterheatingthesoIventtopolymerizationtemperature，MAOintoluene（5mmol

lAl］）wasaddedinthereactor，andthen，thepolymerizationwasstartedbyadditionof5

ml of toluene solution dissoIved metallocene（0．005mmol）inthe reactor．That

temperature was maintained during thepolymerization undertheconstantfeedof

lOONL仙ofpropylenemonomergas・Afterthat，5mLofisobutan0lwasaddedtothe

reactorinordertoterminatethepolymerization・Thereactionmixturewaspouredin1L

ofmethan01．PolymerS（PP2－5）werecorrectedbyfiltrationandwashedwith500miof

methan01，thendriedunderreducedpressureat800CforlOhrs・Polymer（PPl）was

separatedfrommethan01bydecantationandwashedwithmethan0lseveraltimes，then

driedunderreducedpressureat800CfbrlOhrs・

A乃d恒ねげ卯かmgr

Molecular weights　and molecular　Weight distributions were determined by

gel－Permeationchromatography（GPC）usingo－dichlorobenzeneassoIvent・13cNMR

spectrawererecordedonaJEOLJNMGSX－400seriesspectrometeroperatedatlOO

MHzinpulseFouriertranSfbrmmOde・hstrumentCOnditionswereasfbllows‥Pulse

angle，45。；Pulserepetition，5・Osec；SPeCtralwidth，18050Hz；temPerature，1180C；

datapolntS，32768・1HNMRspectrawererecordedonaJEOLJNMGSX－400seriesin

pulseFouriertranSfbrmmOde・InstrumentCOnditionswereasfollows：Pulseangle，450；

pulserepetition，5・Osec；SPeCtralwidth，8000Hz；temPerature，1180C；datapomts，

32768・PolymersolutionsusedbrNMRwerepreparedbydissoIving50mgofpolymer

samPlein0・5miofODCBorofDecalinassoIvents・
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3．Resultsanddiscussion

Polymerizationswereconducteduslngthreekindsofmetallocenesactivatedwith

excessamountofMAOintolueneunderatmosphericpropylenegasfbedingata

COnStantrate・ChainendstruCtureSOftheresultingpolymerSWereidentifiedbylHand

13cNMRwithODCBorDecalinasasoIventtorestraintheisomerizationofvinylidene

grouptoisobutenylgroupduringthemeasurement【31］・Theresultsofpolymerization

andthedataofidentifiedgroupsareSurrmarizedintable3－1・ExpandedlHNMRand

13cNMRspectraofresultingpolymers（PP3andPP5）inODCBareShowninngure

3－5and3－6withassignedstruCtureSaCCOrdingtopreviousreportsl28－31］，reSPeCtively．

AndpossiblepathwaystobrmeaChstruCtureareShowninschemes（1）－（12）inngure

OnthebasisofthepreviouspapersdescribedtheassignmentofNMRspectral26－29］，

1，2－insertedchainendcouldleadtovinylidenegroup（A），n－PrOPylgroup（G）and

i－PrOPylgroup（H）asdescribedinschemes（1）－（3）infigure3－7．2，1－insertedactive

Chainendcouldgive2－butenylgroup（C），n－PrOPylgroup（G），i－PrOPylgroup（H）and

n－butylgroup（I）asschemes（5）－（7）・i－Butenylgroup（B）and4－butenylgroup（D）are

mentionedasbeingderivefromtheisomerizationasshowninschemes（4）and（8）［14］．

Byallylic activation ofthepolymerchain，intemalvinylidenes（E，F）wouldbe

generatedasshowninschemes（9）and（10）【16］・i－Propylgroup（H）alsoderivesfrom

thel，2－insertionofamonomerintotheZr－CH3bondasshowninscheme（11）・Ethyl

group（J）by2，1－insertionofamonomerintotheZr－CH3bondisnegligibleforasmall

amOuntinthisstudy．
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Figure3－5　ExpandedlHNMRspectra（recordedinODCBatl180C）oftheolefinic

reglOnOfthePP2andPP5
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n－Propyl（G）　i－Propyl（H）　　n－Butyl（Ⅰ）　　　Ethyl（J）

Figure3－6　Expanded13cNMRspectra（recordedinDecalinatl18。C）betweenlO

and50ppmofthePP2andPP5
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Table3－1Resultsorpropylenepolymerizationa）

Run＃　MetaHocene

PPI Cp2ZrC12

PP2　En（］nd）2ZrC12

PP3　　E11（Ind）27rC12

PP4　iPr（Cp）（Flu）ZrC12

PP5　iPr（Cp）（FIu）ZrC12

Polymn．Activllyb）　硯C）
Temp‥

（OC）

25　　　1762　　　　2371

50　　　　89S4　　　　9907

70　　　　5144　　　　3962

50　　　　672　　　26423

70　　　　　4（沌

Unsaturatedandsaturatedgroupsinpolymer（lmitnlnl％）d）

Inbrackels，PerCentageSOrunits（A－J）ineachpOlymer

Unsatllrated Saturated

vi錠、ei＿＿去霊nyl，＿霊n｝′1。●霊三nyl記ZL。1viny．iL：Le）n一品1

1．2R n．n4

（48．5）　　　　　　（l・5）

0．14　　　（）．n4　　　0．07

（17．3）　（4．9）　（8・6）

0．72　　　（）．ln n．06

（33．2）　（4．6）　（2・8）

0．n9　　　　0．31　　　0．n4

（12．2）　（41．8）　（5・3）

804R O．33　　　n・8R n・n6

∩．06　　　　0．02

（7．4）　（2・5）

0．07　　　　0．04

（3．2）　（l・8）

0．03　　　　0．03

（4．1）　（4・l）

0．n9　　　　0．05

（14．7）　（39・1）　（2・7）　（4・0）　（2・2）

1．32

（50．0）

0．01　　　0．26

（1．2）　（32・l）

0．03　　　　0．78

（1．4）　（35・9）

0．03　　　　0．05

（4．1）　（6．7）

0．17　　　　0．28

（7．6）　（12・4）

（‖）　　（l）　　（J）

i一一一ropyl n－Ilutyl Elhyl

（）．11　　　0．10

（13．6）　（12・4）

0．14　　　　0．23

（6．5）　（10．6）

0．13　　　（）．n3　　1raceC）

（17．6）　（4．1）

0．34　　　　0．05

（15．1）　（2・2）

a）Polymerizationcond”on：rZrl；0・005mmol，MAO；5mmolin250mlonolueneatO・lMPa・Propylenefbed；10ONL′h・Polymerizationtime；15min・（PPl，2，3），30min・（PP4，5）・

b）kg／moIlZl・】′h・C）GPCdata（PPstandard）・d）estimとItedbylHand13cNMR・e）underO・Olmol％・
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b）2，1－insertedchainend
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d）Initiationofmonomerinsertion
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Zr＼cH3

zr〉し （11）

（12）

Figure3－7　Schemesofthepossibleformationreactionsofchainends
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hPPl，n－PrOPylgroup（G）wasonlyidentifiedasthesaturatedchainendstruCture，

andthemainunsaturatedgroupatthechainendwasvinylidene（A）・Basedonthese

results，thefbllowlnglSindicated：inuslngCp2ZrC12，theterminationreactionof

polymerizationwasthetranSferofaβ－hydrogenofthegrowingpolymerchaintoa

monomerortothemetalcenterofthecatalyst，andthatapropyleneinsertionwasa

l，2－insertionpredominantlyasshowninscheme（1）・Itcorrespondstotheresultina

PreViouspaperl11］・

InPP2andPP3thatwereproducedwithEn（hd）2ZrC12，allofstruCtureSOf（A）－（Ⅰ）

weredetected．Amongthem，Vinylidenegroup（A）andn－PrOPylgroup（G）weremainly

fbrmedasunsaturatedandsaturatedgroups，reSPeCtively・Moreover，i－PrOPylgroups（H）

andn－butylgroups（Ⅰ）wereidentifiedashavingalmostthesameamounts・Thoseresults

w。uldindicatethatthereactionsasshowninscheme（7）and（11）occurredbesidesthat

showninscheme（1）．Thepresenceof2－butenylgroup（C）couldbeevidenceofthe

chaintranSferreactionasshowninscheme（5）．Therefore，thiswouldbesuggestedthat

terminationreactionat2，1－insertedactivechainendoccurred・Thepresenceofi－butenyl

group（B）and4－butenylgroup（D）couldindicatethattheisomerizationreactionsas

showninscheme（4）and（8）Occurred・htemalvinylidenes（E，F）wouldbefbrmedby

allylicactivationsoccurrlngbetweenthemetalcenterofthecatalystandthegrowlng

POlymerchain・

h PP4and PP5that were produced withiPr（Cp）（Flu）ZrC12，the brmation of

vinylidenegroup（A），i－butenylgroup（B）astheunsaturatedgroupandn－PrOPylgroup

（G），i－PrOPylgroup（H）asthesaturatedgroupwouldindicatethatthetermination

reactionsoccurredat2，1－insertedactivechainend・Thepresencesof2－butenylgroup
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（C）and4－butenylgroup（D）could show that the chainendreactions as shownin

SCheme（5），（6）and（8）occurredat2，1－insertedchainend．Intemalvinylidenes（E，F）

WOuldbeformedasinPP2andPP3．

TheimportantPOlnttOnOteherewasthattotalamountsofunsaturatedgroupswere

toomuchcomparedwiththeonesofsaturatedchainendgroups・Thatresultcould

SuggeSttheliberationofhydrogenoccurredinpolymerization・

Inexpanded13cNMRspectrashowninfigure3－8，theslgnalsofi－butenylgroup，

Whichappearedbetween129and133ppminPP3［32］，COuldbehardlyobservedinPP5．

However，difftrentslgnalsthathaveneverbeenknowntothebestofourknowledge

WereObservedarOund131・7and133・9ppm・Asthechemicalshiftsofthoseslgnals

WOuldinduceadownfieldshiftfromthoseofi－butenylgroup，itwouldsuggestthat

thoseslgnalswereasslgnedastheintemal仕i－Substitutedalkenylgrouplnthepolymer

Chain・hPP4andPP5，therefore，therewouldbemuchintemaltri－Substitutedalkenyl

groupcomparedwithi－butenylgroup．

ThatstruCtureWOuldbeformedviathepathwaysasshowninfigure3－9・Beforethe

β－hydrogentranSftrproducesterminalvinylidenegroup，anallylicactivationoccurStO

fbrmakindof7T－allylcomplexbetweenthemetalcenterofthecatalystandtheendof

growlngPOlymerChain・Whenitoccursatmethylsitenearthechainendwithliberation

Ofhydrogen，intemalvinylideneisgeneratedfollowedbypropylenemonomerinsertion・

Whentheallylicactivationoccursatmethylenesite，atri－SubstitutedalkenylgroupIS

generated・FollowedbythechaintranSferwithliberatedH2，i－butenylgroupisfomed

l26］・On the other hand，followed by propylene monomer　insertion，intemal

tri－SubstitutedalkenylgroupappearSinthepolymerchain．InPP4andPP5，thelatter

Pathwaywouldoccurmoreeasilythantheothers．
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Figure3－9　Scheme of the proposed mechanismforintemalunsaturated groups

fomation

4．Conclusion

Propylenehomopolymerizationswereconductedwiththreekindsofmetallocenesto

discussthechainendstruCtureSOfthepolymerandthemechanismofpolymerization・

InthepolymerizationwithCp2ZrC12，theterminationreactionexclusivelyoccurredat

l，2－inserted chainend・In cases ofEn（Ind）2ZrC12andiPr（Cp）（Flu）ZrC12，besides at

l，2－inserted site，a COnSiderable number of termination reactions occurred at

2，1－inserted chainend・Intemal vlnylidenes were detectedinboth metallocenes．

Moreover，i－butenylgroupandintemaltri－Substitutedalkenylgroupwereidentifiedin

En（Ind）2ZrC12andiPr（Cp）（Flu）ZrC12，reSPeCtively．ThosestruCtureSWOuldbefomed

Via7T－allylcomplexbetweenthemetalcenterofthecatalystandthegrowmgpolymer

Chainwith1iberationofhydrogen・
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3．3．Unsaturated structures of polyhexene，pOly（4・methylpentene）and

poly（3－methylpentene）preparedwithmetallocenecatalysts

1．Introduction

Itis　kn0wn　generally that metallocene－Catalyzed polyolenn possess several

unsaturated struCtureSl4，11－17，28，29，33］．So far，Vinyl，butenyl，isobutenyland

intemalunSaturated struCtureS have been reported as unsaturated struCtureS　in

metallocene－CatalyzedPPasshowninsection3．1．and3・2・

One of the other charaCteristics of metallocene catalystsis that they have good

COmOnOmerincorporationforpolymerizationwithnamowmolecularweightdistribution

POlymersl11，13，34］．FurthermOre，theycanPOlymerizethebranChedbulkyolefins

COmPared with previous catalysts・ForinstanCe，POlyhexeneandpoly（3－MP－1）have

alreadybeensynthesizedbymetallocenecatalysts・And，theirstereochemistry［35－40］

has so far been the su句ect of study．However，Only ftw studies have reportedin

PreViouspapersregardingunsaturatedstruCtureSOfthosepolymerSl41，42］although

theyareimportantforindustrialusages・

Tbe author aimed to study on the unsaturated struCtureSinpolyhexene families，

namely，POlyhexene，POly（4－MP－1）and poly（3－MP－1），PrOduced with metallocenes，

En（hd）2ZrC12andiPr（Cp）（Flu）ZrC12，bylHNMRanalysis．

2．Experimentalsection

肋Jどrね／∫

Hex－1－ene PurChasedfrom Wako Pure ChemicalIndustries，Ltd・WaS dried over

molecularSieves（4A）．4－Methylpent－1－eneand3－methylpent－ene mOnOmerS（Mitsui
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Chemicals）weredriedovermolecularsieves（4A）beforeuse．Othermaterialswere

SameaSOneSinsection3－1and3－2・OrganOmetalliccompoundsweretreatedundera

nitrogenatmosphere・

劫伽耶戒戚加

Allpolymerizationexperimentswerecamiedoutin500mlglassflasksequlPPedwith

mechanicalstirrerithermOCOuPleandmonomerinlettube．250mlofmonomerwas

addedtothereactor・Afterheatingthemonomerto45。C，MAOintoluene（5mol

lAl］）wasaddedinthereactoriandthen，thepolymerizationwasstartedbyadditionof5

mioftoluene solution dissoIved metallocene（0．005mmol）inthe reactor．Tbat

temperaturewasmaintainedduringthepolymerization・Afterthat，5mLofisobutan01

WaSaddedtothereactorinordertoterminatethepolymerization．Thereactionmixture

WaSPOuredinlLofmethanol・PolymerS（H－3，4，5）werecorrectedbyfiltrationand

WaShedwith500miofmethan01，thendriedunderreducedpressureat800CforlOhrs．

PolymerS（H－1，2，6）wereseparatedfrommethan01bydecantationandwashedwith

methan0lseveraltimes，thendriedunderreducedpressureat800CforlOhrs．

A朋か南が如伽耶r

MolecularWeightsand molecularWeight dis扇butions were detemied by

gel－Permeationchromatography（GPC）usingo－dichlorobenzeneassoIvent．lHNMR

SPeCtraWerereCOrdedonaJEOLJNMGSX－400seriesinpulseFouriertranSformmOde．

InstrumentCOnditionswereasfollows：Pulseangle，450；Pulserepetition，5．Osec；

SPeCtralwidth，8000Hz；temPerature，120。C；datapomts，32768・Polymersolutions

usedR）rNMRwerepreparedbydissoIving50mgofpolymersamPlein0・5miof
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1，2－dichlorobenzene－d4（ODCB）assoIvents・

3．Resultsanddiscussion

The author selectedthree kinds ofolefinmonomers that wereisomers ofhexene，

namely，hex－1－ene（hexene）aslinear monomer，4－methylpent－1－ene（4－MP－1）and

3－methylpent－1－ene（3－MP－1）as branChed ones・And we prepared polyhexene，

poly（4－MP－1）andpoly（3－MP－1），inmonomerliquidpooIsatsametemperaturewith

metallocenes，En（hd）2ZrC12andiPr（Cp）（Flu）ZrC12，Chosenastypicalones・It’Sknown

thatthosemetallocenescouldproduceisotacticandsyndiotacticpolymers，reSPeCtively・

クへ／へ〉／〆（、人

Hexene　　　　　　　4－MP－1

T
3－MP－1

UnsaturatedstruCtureSOftheresultingpolymerSWereidentifiedbylHNMRwith

ODCB as a soIvent to restraintheisomerization during the measurement［31］・

ExpandedlHNMRspectraoftheresultingpolymersareShowninfigures3－10・Onthe

basisofthepreviouspapersdescribingtheassignmentoflHNMRspectral4，11，14，17，

29］，SeVeraltypesofunsaturatedstruCtureSWOuldbeobservedinresultingpolymers；

Vinylidene，CH2＝CRR’，（Vd；between4・7and4・8ppm），Vinyl，CH2＝CHR，（Vn；4・9and

5．7ppm），tri－Substitutedvinylene，RCH＝CR’R”，（3Vn；5・2ppm）anddi－Substituted

vinylene，RCH＝CHR，，（2Vn；between5・3and5・5ppm）・Tberesultsofpolymerization

andthedataofidentifiedunsaturatedstruCtureSareSummarizedintable3－2．
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Table3－2　Resultsofpolymerizationa）withmetallocenecatalysts

Run＃　Monomer Metallocene Activlty Mwb）

（Kg／mmol［M】／h）（g／mol）

AJ“ノAJn Unsaturatedgroupsinpolymer（unitmo1％）C）

Jnbrackets，perCentageSOfunitsinunsaturatedstruCtureS

2Vn Vd　　　　　　　　3Vn Vn

（RCH＝CHR’）　（CH2＝CRR’）　（RCH＝CR’R”）（CH2＝CHR）

H－l Hexane En（lnd）2ZrCl2　　　32448　　　　　29500

H－2　Hexane iPr（Cp）（Flu）ZrC12　　35808　　　　　48400

H－3　4－MP－l En（Ind）2ZrCl2　　　　4004　　　　　25000

H－4　4－MP－l iPr（Cp）（Flu）ZrC12　　　697　　　　　34000

H－5　3－MP－l En（Ind）2ZrC12　　　　955　　　　　41000

H－6　3－MP－l iPr（Cp）（Flu）ZrC12　　　37　　　　　3150

0．03

（5）

0．01

（3）

0．04

（5）

0．02

（2）

0．19

（46）

0．61

（16）

0．12

（16）

0．14

（18）

0．19

（46）

2．72

（74）

0．03

（8）

0．38

（10）

a）Polymerizationcondition：［Zr】；0・005mmol，MAO；5mmolin250mlofmonornerliquidpool・Propylenefbed；100NLnl．Polymerizationtime；15min．（H－），2，3，4），

60min・（H－5，6）・b）GPCdata（PSstandard）．C）estimatedbylHNMR．
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hpolyhexene，WhichwereH－landH－2，di－SubstitutedvinylenestruCture（2Vn）was

identinedasthemainunSaturatedstruCture，andasmallamOuntOfvinylideneone（Vd）

WaSalsoobserved・Incaseofpoly（4－MP－1），H－3andH－4，di－Substitutedvinylene

StruCture（2Vn）wasidentifiedasthemainunSaturatedone，andasmallam。unt。f

Vinylideneone（Vd）wasformedinbothpolymerS・FurthemOre，bi－Substitutedvinylene

StruCture（3Vn）wasobservedinbothpolymerS・hpoly（3－MP－1），H－5andH－6，a

bi－SubstitutedvinylenestruCture（3Vn）wasformedmainly・Vinylideneone（Vd）was

identifiedatsomelevel・MoreoveちVinylstruCture（Vn）wasformedinbothpolymers．

UnsaturatedstruCtureSinpolyole血，ingeneral，WOuldbeformedbytermination

reactionofapolymerization・Basedonpreviouspapersl4，11，14－17，29，31，33］，

SChemesofpossiblefbrmationreactionsofunSaturatedstruCtureSmightbeindicatedas

figure2・Accordingwiththatassumptionshowninthoseschemes，thefollowlngSWOuld

besuggested；（a）theterminationreactionofpolymerizationofhexenemainlyoccurred

atthe2，1－insertedactivechainendbytheeliminationofaβ－hydrogenofthegrowing

POlymerchaintoamonomerortothemetalcenterofthecatalystasshowninScheme

（4）・（b）In4－MP－lpolymerization，thereactionsatthel，2－insertedactivechainendas

ShowninScheme（1）and（2）Occurredatsomelevelbesidesatthe2，1－insertedactive

Chainendshowninscheme（1）・rC）Incaseof3－MP－lpolymerization，thetermination

reactionoccurredatthel，2－insertedactivechainendbytheeliminationofaP－hydrogen

Oraβ－alkylgroupasinFigure3－11（1），（2）and（3）．
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（b）2，1－insertedchainend

zrユ元／
ChaintranSferby

β－Helimination

YY‾－”・zr／C6H13

（Vd）

Isomerization

＼∴／′
（3Vn）

（1）

（2）

（3）

して1／∴zr／C6H13
（2Vn） （4）

Figure3－1l SchemesofthepossiblefbrmationreactionsofunsaturatedstruCtureSat

thepolymerchainend

hhere，theremarkabledifferenceswerenotobservedinmetallocenes，En（hd）2ZrC12

andiPr（Cp）（Flu）ZrC12Tnerefbre，thedifferencesofunsaturatedstruCtureSamOngthe

resultingpolymerscouldbeattributedtoaninteractionbetweenthebranChedmethyl

groupofmonomersandmetallocenecatalystsmorethananinfluenceofmetallocene

struCtureS．InfurtherinvestigationofdetailedunsaturatedstruCtureSOfpolymers，We

sh。uldc。nSidertheisomerizationbyachainworkingl42］andtheintemalunsaturated

onebyanallylicactivationl311・
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4．Conclusion

Hexene，4－MP－1and　3－MP－1，homopolymerizations were conducted with

metallocenes：En（hd）2ZrC12andiPr（Cp）（Flu）ZrCl2・lHNMRanalysesoftheresulting

POlymerswerecarriedouttoidentifytheunsaturatedstruCtureSOfthosepolymers．In

POlyhexeneandpoly（4－MP－1），thedi－SubstitutedvinylenestruCture（2Vn）wasmainly

Observed・On the other hand，inpoly（3－MP－1），the tri－Substituted vinylene（3Vn），

Vinylidene（Vd）andvinyl（Vn）struCtureSWereidentifiedforthefirsttime．
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Chapter4

Newmethodologyfbrsynthesizingpolyolefimicgraftblock

COPOlymersandtheirmorphologlCalftatures
●
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1．Introduction

Nowadays，aCOnSiderableamountofpolyolefinsisusedforthemoldedproducts

afterblendingtwoormorekindsofpolyolefinS，becausepolyolefinblendsbringabout

unlqueandimprovedproperties・Generallyspeaking，blockcopolymerSPlaylmPOrtant

rolesin　compatibilizing the blended polymers・Therebre，POlyolefinic block

copolymers are expected to compatibilize differentkinds ofpolyolefins thatare

naturallylmisciblecombinations・Suche放）rtWillbeabletocreatenewclassof

plastic materialsfrompolyolefins thatareregarded as commodities so far・Tbe

polyolefinicblockcopolymersareClassifiedintotwotypesthatarelinearandgraft

types・Untilnow，tWOandonemethodologleShavebeenreportedbrsynthesizingthe

formerandthelatter，reSPeCtively・

Tb synthesizetheformer，livingpolymerizationofolefinshasbeenintensively

studiedandmanyuSefu1catalystshavebeendiscoveredl1－7］・Thesecatalystsenabled

ust。。bservethewell－definedmorphologiesoflinearblockcopolymerswithTEMl8，

9］．Altemativemethodbrproducinglinearpolyolefinicblockcopolymersisuseof

bis（2－arylindenyl）metallocenestoobtainstereoblockPPl10】anditsmorphological

changeduringandaftertensileextensionwasobservedl11】・Tbsynthesizethelatter，

copolymerizationofmacromonomerswitholefinshasbeeninvestigated［12，13］・

Needlesstosay，thevarietyofthesegmentsintheblockcopolymersislimitedinthe

field of applicabilityOf each method・Then，neW methodology fbr synthesizing

polyolefinic block copolymersis desired to diversifythe combinations ofthe

componentsinpolyolefinicblockcopolymerS・Therefbre，theauthorinvestlgatedanew

routetograftpolyolefinicblockcopolymerSWithpolymercouplingreactionasan

applicationofourexpertiseinSymthesizingterminallyhydroxylatedPP（PP－OH）［14］・
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SuitablepartnerSfbrPP－OHincouplingreactionwouldbemaleicanhydridemodified

POlyolefins thatare COnVentionalresinSand expected to show high reactivity to

hydroxylgroupofPP－OHl15］・Inthisstudy，theauthorintroducescouplingreactionof

PP－OH with　maleic　anhydride modified polyethylene（PE－g－MAH）and maleic

anhydridemodifiedethylene－prOPylenerandomcopolymer（EPR－g－MAH）．

2．Experimentalsection

肋加勧元南

Diisobutylaluminiumhydride（DIBAL－H）waspurchasedfromTbsohFinechemCo．

andusedasreceived．Decane（MitsuiChemicalsFine，Inc．）wasdriedoverCaCl2before

use・P－tOluenesulfonicacidwaspurChasedffomWbkoPureChemicalIndustries，Ltd．．

PyrolysisPP（Py－PP）obtainedintheconventionalwayl16］wasusedforhydroxylation

to symthesizePP－OH・ItsweightaveragemolecularWeight（Mw）was8，000andits

molecularweightdistribution（Mw耽）was2．4．ItwasisotacticPPcopolymerizedwith

2　m01％　of ethylene．PE－g－MAH　and EPR－g－Mju　that were obtained　in　the

COnVentionalwayl17］wereusedforcouplingreactionwithPP－OH．ThevaluesofMw

OfPE－g－MAHandEPR－g－MAHwere45，000and130，000，reSPeCtively．TheMw耽

Values of PE－g－MAHand EPR－g－MAH were2・4and2・0，reSPeCtively・PE was

homopolyethyleneand EPR consisted of81m01％of ethyleneand19m01％of

PrOPylene・TbecontentsofMAHinPE－g－MAHandEPR－g－MAHwerel・8wt％and

l．Owt％，reSPeCtively．

勒dmjγ血血乃

Intoanitrogen－PurgedlLglassreactorequlPPedwithamechanicalstirrer，26・6gof
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py－PPwasaddedwith34・6mmolofDIBAL－Hand800mLofn－decane・Itwasheated

tolOOOCandthattemperaturewasmaintainedfor7hwithstirring・Then，driedairwas

ftdintoitatarateof200IJhatthattemperaturefbr6h・Tberesultingsolutionwas

pouredintoamixtureof2Lofmethan01，2LofacetoneandsmallamountofHCl，

followed by strrlng With a magnetic stirrer chipfor2h・Thus－Obtained polymer

（PP－OH）wasrecoveredbyfiltration，WaShedwithlLofmethan01，anddriedat800C

fbr5h．

Co岬肋gJでdCJわ乃

Intoanitrogen－Purged400mLglassreactorequlPPedwithamechanicalstirrer，1・25

0rl・O g of PP－OH was added with150mL of decane，CatalystamOunt Of

p－tOluenesulfonicacidandl・75gofPE－g－MAHor2・8gofEPR－g－MAH，reSPeCtively・

Itwasheatedto800r1400C，reSPeCtively，andthetemperaturewasmaintainedfor80r

7hwithstirring・Then，itwaspouredintoamixtureofl・5Lofmethan01andl・5Lof

acetone，followedbystirringwithamagnetic stirrerchipfbr5min・Tberecovered

polymerbyfiltrationwasstirredin2Lofacetonewithamagneticstirrerchipfor2h・

Tbus－Obtainedpolymerwasrecoveredbyfiltration，WaShedwith0・5Lofacetone，and

vacuum－driedat800CforlOh．

Poか椚grあJe乃d

For comparison with graft polyolefinic block copolymers，Same PrOCedures as

describedinCouplingReactionexceptforuslngPy－PPinsteadofPP－OHwerecarried

OuttOPreParePOlymerblends・
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A朋小山

MolecularWeightsofagraftpolyolefinicblockcopolymerandapolymerblendwere

measuredbyaMilliporeWaters150Cgelpermeationchromatography（GPC）equipped

Witharefractiveindexdetector，uSlngPOlyethylenecalibration・MorphologleSOfgraft

POlyolefinic block copolymersand polymer blends were observed with TEM as

following・Ultra－thin（Ca・100nm）sectionofthepolymerthathadbeenpressedtogivea

SheetanddyedwithRuO4WaSPreParedwithaReicaUltracutmicrotomeequlPPedwith

adiamondknife at－1000C・The specimenwas examined with aHImCHIH－810

tranSmiSsion electron microscopy operated atlOO KV atlO，000　and150，000

magnifications・Theanalysiswith13cNMRwasperformedinthesamemaJmeraSOur

PreViouspaperl14］・SolubilitiesofagraftpolyoleBnicblockcopolymerandapolymer

blendtodecaneat230C（ClOSol）weremeasuredasfo1lowing．htoalLflask，lgof

thepolymerSamPlewasaddedwith10mgof2，6－di－t－buty1－4－methylphenoland500

mLofdecane・Themixturewasheatedto1500CinordertodissoIvethepolymer

SamPle・The obtained solution was cooled t023OC during8hand kept atthat

temperaturefbr8h・Theresultingslurrywasfilteredandtheliquidphaseportionwas

VaCuum－drieduntilitreachedconstantWeight・Thepercentageofthus－Obtainedconst皿t

WeightintheweightoftheinitialpolymerSamPlewasClOSol．

3．Resultsanddiscussion

印加Jγ血血わ乃qfッーPP

Chain－ends加CtureSOfpy－PPwereinvestigatedwith13cNMRandthemqOrgrOuP

WaSVlnylidenegroupas shownintablel，WhichisaccordanCeWiththeliteratureon

PyrOlysisofPPl18］・ItwasusedbrpreparingPP－OHthroughhydroaluminationwith
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DIBAL－H，OXidationwithdriedairandmethan01ysis・Thechain－endstruCtureSOfthe

resultingpolymerwereanalyzedwith13cNMRandsurrmarizedinTbble4－1in

comparisonwiththoseofpy－PRThefbrmationof45m01％ofhydroxylchain－end

groupfromthevlnylidenegroupaccountlngfor81m01％inpy－PPmeanSCOmParable

conversionwiththatobservedinthehydroxylationofhighmolecularweightPP

possessingalkylaluminumatitschainendl14］・Consequently，theobtainedpolymer

possessedhydroxylchainendinthecontentof45m01％ofbothendsofthepolymer

chain，namely，0・9hydroxylgroupperchainontheaverage，althoughitwouldbea

mixtureofdi－hydroxylated，mOnO－hydroxylatedandnon－hydroxylatedpolymers・

Tbble4－1Theproportionsofchain－endgroupsofpyrolysisandhydroxylatedPR

Sample Chain－endgroupa）′mol％

Vd　　　　　乃Pr

py－PP　　　81　　17

PP＿OH　　　6　　　　15

貯r　　　　貯r－OH O血ers

2　　　n．d．b）　　　n・d・

34　　　　　45　　　　　m．d．

a）vd：Vlnylydene；nPr：n－PrOPyl；iPr‥i－PrOPyl；iPr－OH：hydroxyl－PrOPyl・

b）Notdetected．
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Cb岬肋gJでdCrわ乃あピルee乃PP－0月α∽dPg一g－〟A〃

Thus－ObtainedPP－OHwasreactedwithPE－g－MAHat80OCfor8hindecanewitha

molarratioof4tolto synthesizePE－g－PP Tbiskindofcouplingreactionbetween

POlyolefins hasneverbeen reported so fartO thebestofourknowledge，although

COuPlingreactionbetweenamaleicanhydridemodifiedpolyolefinandapolarpolymer

SuChaspolyamidehasbeenkn0wnWell［19］．Foritscomparison，Py－PPwasblended

with PE一g－MAHunderthe same COnditions as the couplingreaction expectforthe

replacementofPP－OHbypy－PRTben，thebothwerecomparedwithGPCanalysis・

Asshowninfigure4－1，aPeakinlowmolecularWeightreglOnOfPE－g－PPisobviously

Smallerthanthatofthepolymerblendand，initsplace，PE－g－PPhasthelargerPeakin

highmolecularweightreglOn・TheywouldclearlyshowthatPP－OHformlngthepeakin

lowmolecularWeightreglOnWaSbondedtoPE－g－MAHbythereactionbetween－OH

and－h4AHunits．
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Next，thebothwerecomparedinobservationwithTEM・nlebothshowedphase

SeParationmorphologywherethemabixwasPEsegmentandthedispersedphasewas

PPsegmentasinngure4－2・Evidently，thesizeofthedispersedphaseinPE－g－PPwas

muchsmallerthanthatinthepolymerblend・AlthughthepeakinlowmolecularWeight

reglOnOfPE一g－PPinfigure4－1meanSPreSenCeOfPP－OHunreactedwithPE一g－MAH，

therewerenocoarSedisperseddomainsasshowninfigure4－2（a）．Itindicatesthatthe

formedPE－g－PPactedasacompatibilizerbetweenunreactedPP－OHandPEsegment・

Figure4－2　TEMmicrographsatlO，000magnificationfrom（a）PE－g－PPproducedby

COuPlingreactionbetweenPP－OHandPE－g－MJuand（b）polymerblendconsistingof

Py－PPandPE一g－MAH・ThemolarratioofPPsegmenttoPEsegmentis4tolinany

Oftheboth．
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Co岬7両柁αCJわ乃あピルge乃PP－0〟d乃dgP尺一g一朗Aガ

Altematively，Studies on combination of crystalline polyolefin　and amorphous

POlyolefinSareOfimportanCetOCreateneWClassofplasticmaterials・AsaneXamPle，

PP－OHwasreactedwithEPR－g－MAHat1400Cfor7hindecaneWithamolarratioof

6　tol to symthesize EPR－g－PR Forits comparison，Py－PP was blended with

EPR－g－MAH underthe same conditions as the coupling reaction expect br the

replacement of PP－OH by py－PRIn the coupling reaction，its non－Viscousinitial

SOlutionchangedtojelly－likeproductthroughhighlyviscoussolution，althoughthatin

blendingthepolymerskeptthestateofnon－Viscoussolution・Itsuggeststheproceeding

Oftheaimedcouplingreaction．

Eachproductwaspouredintoamitureofmethan01andacetone，then，thepolymer

recovered by filtration was washed with acetone fbllowed by vacuum dry to be

COmParedinClO Sol・Tbe ClO Sol・OfEPR－g－PPwas8・8wt％，Whilethatofthe

POlymer blend was75・3wt％Corresponding nearly tothe weight proposition of

EPR－g－MAHinit．ItwouldindicatethatPPsegmentbondedtoEPRpreventedtheEPR

SegmentfromdissoIvingindecane・

Figure4－3shows morphologleS Observed with TEM fbr press sheetsfrom the

respectivepolymers．Phaseseparationmorphologywasobservedinthepolymerblend，

WherethematriXwasEPRsegmentandthedispersedphasewasPPsegment（figure4－3

（b））．Itwascommonmorphologyforpolyolefinsasdoneinfigure2andthedispersed

Phasewasfoundtobeconsiderablylargeandnon－unifbrm・Onthecontrary，EPR一g－PP

demonstrateduniquelamellamicrostruCtureaSShowninfigure4－3（a）．FurthermOre，its

Phaseboundarywasnotdistinctathighmagnificationasseeninfigure4－3（C），although

thephaseboundaryWaSClearinthepolymerblendevenathighmagnification（ngure
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4－3（d））．

Figure4－3　TEMmicrographsatlO，000magnincationfrom（a）EPR－g－PPproduced

by coupling reaction between PP－OHand EPR一g－MAHand（b）polymer blend

COnSistingofpy－PPandEPR－g－MAHandat150，000magnincationof（C）theEPR－g－PP

and（d）thepolymerblend・ThemolarratioofPPsegmenttoEPRsegmentis6tolin

anyOfthebothsamples．
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Namely，thelamellar domainslooked black or white atlow magnification were

tumedouttoincludetheothercomponentonanan0－0rderscalebytheobservationat

highmagnification・EventuallyitwasdiscoveredthatPPcouldbecompatibilizedwith

EPRcompletelytoglVethenovelpolymerphasemorphologybythiscouplingreaction・

4．Conclusion

Tbisstudydescribesanewsyntheticrouteforpolyolefinicgraftblockcopolymersby

adoptmg couplingreactionbetween terminally hydroxylatedpolyolefinSand maleic

anhydride graftedpolyolefinS・Tbrminallyhydroxylatedpolypropylene（PP－OH）was

COuPled with PE－g－MAHand such EPR－g－MAH to glVe POlyole血ic graft block

COPOlymers（PE一g－PPand EPR－g－Pft respectively）・Theformation ofPE一g－PP was

COnfimed by enhanCement On mOlecularWeight compared withthe corresponding

POlymerblend・Itbroughtaboutdistinctivelydecreaseinsizeofdisperseddomaininits

Phaseseparationmorphology・0ccurrenceofcouplingreactiontoglVeEPR－g－PPwas

indicated by extreme decreaseinits solubility to decaneincomparison with the

COrreSPOnding polymer blend・Itled to unlque mOrPhology demonstratlnglamella

microstruCturethathadneverbeenreportedforacomparablepolyolefincomposite・
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Chapter5

Syntheticmethodofpolyethylene－POly（methylmethacrylate）

（PE・PMMA）Polymerhybridviareversible

addition－fragmentationchaintransfbr（RAFT）

POlymerizationwithfunctionalizedpolyethylene
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1．htroduction

RecentadvanCeSinpolyolefinchemistryhaveledtothecreationofpolymerhybrid

linking between polyolefinSand polarPOlymer segments by combination between

functionalized polyolefinSand severalprocesses such as radical，anionic，Cationic

POlymerizationsandpostpolymerizationreactions，bringlngtheordinaryPOlyolefins

SOmeimprovedand unlque PrOPerties to broaden the applications ofpolyolefins to

highlyprofitablefields［1－5］・

Allowmgbrtheproductionofpolymerhybridbasedonpolyolenns，intheearly

Stage，irradiatedpolyolefinwasusedasaninitiatorforradicalpolymerizationl6，7］・

That method，however，WaS difncult to controlthe graft densltyand the side chain

lengthofpolarpolymersegments・Inrecentyears，SeVeralstudieshavebeenreportedby

usingcontrolradicalpolymerization（CRP）methodsl8－14］・CRPwouldbeattractive

tooIsbecauseofthecontrollabilityofpolymerization，andtheywouldbeexpectedas

VerSatile methods to symthesis ofwe11－defined polymerhybrids・However，the atom

tranSftrradicalpolymerization（ATRP）［8－12］，Whichis atraJISition metalmediated

radicalpolymerization，is adoptedinmany cases ofthem，and removalstep ofthe

CatalystashisneededfbrpurificationofresultingpolymerincaseofArRRMoreover，

Other CRP methods have hardly been studied to produce polymer hybrid based on

POlyolefinS．

In previous studies of reversible addition－fragmentation chaintranSfer（RAFT）

POlymerization，WhichisametalfreeCRPmethodl17－21］，SeVeralpolymerhybrids

basedonpolystyrene，Cellulose，FEPfilmandsilicasurface，havealreadybeenreported

l13－16］．Tbeauthor’smotivationinherewastoapplytheRAFTpolymerizationmethod

tosynthesizepolymerhybridsbasedonpolyolefinS・Atfirst，theauthorsynthesizedthe
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PEchaintranSftragent（PE－CTA）possessingthedithiobenzoategroupobtainedby

Sequentialfunctionalizationoftem血allyhydroxylatedPE・Tben，PE－PMMApolymer

hybridswereproducedviaRAFTpolymerization．

2．Experimentalsection

肋ねrねね

Dimethylsilylene（2，7－tert－buty1－fluorenyl）（2－methyl－benzle］indenyl）zirconium

dichloride was prepared according with previous paperl22］．Methylaluminoxane

（MAO）purchasedfromAlbemarleCo．wasdriedundervacuumanddilutedintoluene．

AllylalcohoIwas purchasedfromTbkyo KaseiKogyo Co・，Ltd・and pmifiedby

distillation・Triisobutylaluminum（TIBAL）waspurchasedfromTbsohFinechemCo．

andusedasreceived・TbluenepurchasedfromWakoPureChemicalIndustries，Ltd．was

driedoversodiummetalanddistilledbeforeuse．Tbtrahydrofurane（THF）purchased

fromWhkofhreChemicalIndusbies，Ltd・WaSdriedoversodium巾OtaSSiumalloyand

distilledbeforeuse・Ethylene monomer（MitsuiChemicals）was used withoutany

furtherpurification・2－Chlor0－2－PhenylacetylchloridewaspurchasedfromWakoPure

ChemicalIndustries，Ltd・andusedasreceived・Triethylamineandcarbondisulfide

PurChasedfromWakoPureChemicalIndustries，Ltd．weredriedovermolecularSieves

（4A）beforeuse・PhenylmagnesiumchlorideTHFsolutionwaspurChasedfromKantO

Kagaku，Ltd・andusedasreceived・Methylmethacrylate（MMA）waspurchasedfrom

Wako fhre ChemicalIndustries，Ltd・and purified by distillation・OrganOmetallic

COmPOundsweretreatedunderthenitrogenatmosphere・
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A朋小南

lHNMRspectrawererecordedonaJEOLJNMGSX400spectrometer（400MHz）

WithTCEorODCBassoIventsat1200C・Themolecularweights（MwandML）Ofthe

POlymersweredeterminedat1450CwithWatersAllianCeGPC2000equlPPedwithfbur

TSKgel colurrms（two TSKgel GMH6HT columnsand two TSKgel GMH6－HTL

COlurrms）calibratedwithPE．0－DichlorobenzenewasusedasasoIventataflowrateof

l．O mUmin．．IR spectra were recorded on aJEOL FTLIR410spectrometer．TEM

Analysiswascarriedoutwithultrathin（Ca．100nm）sectionsofthepolymerwerecuton

aReicaUltracutmicrotomeequlPPedwithadiamOndknifeatalowtemperatureand

then were stained with RuO4．TEM observations were made with a HitachiH－7000

tranSmissionelectronmicroscopeatanaCCelerationvoltageof75kV

PJ甲αmJわ乃げJem玩α坤カツdm考bJedPgげg－0旦J

Polymerizationwascarriedoutin2LofglassflasksequlPPedwithmechanicalstirrer，

thermOCOuPlesand monomerinlet tube．Into the reactor，1700mL of toluene was

introduced．AfterheatingthesoIventto450C，TEAL（96mmOl）andallylalcohol（80

mmol）　　　　　　　　　was added．　　　　　　　　　Then，

dimethylsilylene（2，7－tert－butyl－fluorenyl）（2－methyl－benz［e］indenyl）zirconium

dichloride（0．05mmol）activatedbyMAOintoluenesolution（3．5mmolasAlatom）

WaSaddedintothereactor．Tbepolymerizationwasstartedbyintroductionofethylene

gas．Polymerizationtemperaturewaskeptat500Cundertheconstantethylenefted，10

NI．nl．After3hour，20mLofisobutan0lwasaddedtothereactorinordertoterminate

thepolymerization．TbereactionmiⅩture WaSPOuredin3Lofmethan01．Resulting

POlymerwas obtainedbynltrationand washedwith methanol，then driedunderthe

94



reducedpressureat800CforlOhouri25・6gofpolymerwasobtained．Molecular

Weightswereasfbllows；吼＝36，600，Mn＝13，600，Mw山九＝2．69．Thecontentof

hydroxylgroupinpolymerwasO・16m01％（Theestimatedhydroxylgroupcontentis

O・8unitl－OH］perpolymerChain）．

PJ甲dm血乃府ゆe頻，わ乃ピーCあわm伽叩〃dCg砂血相げg－CmJ

PE－OH（30・95g；l・75mmol［OH］）wasdissoIvedintoluene（250mL）atllOOC，and

thenit was cooled to　80　0C・Thethylamine（11mL，80　mmol）and

2－Chlor0－2－Phenylacetylchloride（4．5mL，27mmol）wereaddedtothesoluti。natthat

temperature・Thereactionmixturewasstirredat800Cfor4hour・ItwaspouredintoIL

Ofacetone・ObtainedpolymerWaSWaShedwithmethan01（lL）andacetone（lL），then，

itwasdriedundervacuumat500CforlOhouL29・65gofpolymer（PE－CPA）was

1HNMR（C2D2Ch），∂0・85－1・80（－CH2－OrCH30fPE），3・80－4・20（m，2H，－CH2－0－），

5・31（S，1H，－CH（Ph）Cl），7．25－7．65（m，5H，Ar）．

FTIR，（KBr）：1760（C＝0），1155cm．1（C－0－C）．

P柁pd相加乃げクゆg卸わ乃ピーCd血乃γ帥叩肋g班〆d助わあe乃ZOdJeげg－CPDβJ

PhenylmagnesiumchlorideinTHF（2M；10mmol）was tranSftrredinadried

Schlenkflask・THF（25mL）andcarbondisulfide（41・6mmol）wasaddedtodropwiseto

theflaskoverlOminute，andthesolutiontemperaturewasthenraisedto400C，formlng

abrownSOlution・ThesolutionwastransftrredtoanOtherSchlenkflaskcontaining

PE－CPA（15・Og）肌dTHF（120mL）．Thereactionmixturewasstirredat600Cfor26

houLItwaspouredintoILofacetone・Obtainedpolymerwaswashedwithmethanol（1
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L）andacetone（lL），then，itwasdriedundervacuumat500CforlOhour・15・1gof

POlymer（PE－CPDB）wasobtained・ItwasusedasPE－CTA・

1HNMR（C2D2Cl4），∂0．85－1．80（－CH2－OrCH30fPE），3．80－4．20（m，－CH2－0－），5．30（S，

－CH（Ph）Cl），7．20－7．70（m，10H，Ar），8．12（d，－SC（Ar－H）（＝S））・

FTIR，（KBr）：1760（C＝0），1155cm．1（C－0－C）．

PoかmedzdJわ和げ仙A〟∫加gPg－CPかβ

Atypicalpolymerizationprocessisasfbllows：afterPE－CPDB（3・14g）wasplacedin

alOOmLSchlenkflaskequippedwithastirringbar，tOluene（15mL），MMA（10・7mL；

100mmol）andasolutionofAIBN（3．0mg，0．02mmol）intoluenewasaddedandthe

mixturewasheatedat600cfbr24hour・Aftercooling，thereactionmixturewaspoured

into400miofmethan01andthewhitesolidwascollectedbyfiltration．Tbeobtained

polymerswerepurifiedwithboilingTHFbySoxhletextractorfor16hour，anddriedat

500Cinvacuumfbr20hour．

3．Resultsanddiscussion

PJ甲dmJわ乃げPg－Cm

TbesymthesisofPE－CTAinvoIvedthreesteps（figure5－1）・

h the first step，PE－OH，Which possessedpnmary alcoholatits chainend，WaS

successfully obtained　through the copolymerization of ethylene with

aluminum－PrOteCtedallylalcohoIwithourproprietarymetallocenecatalystsysteml22］・

In the second step，the terminally hydroxyl group of PE was reacted with

2－ChlorophenylacetylchloridetoproducePE－CPA・Tbereactionwasperfbrmedundera

solutionconditionat800cthroughtheadditionofexcess2－Chlorophenylacetylchloride
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andtriethylaminetoyieldsufncientreactivityoftheterminalhydroxylgroupenclosed

bycrystallinePE・hthethirdstep，thePE－CPAwasreactedwithdithiocarbonyl

COmPOundtoproducethePE－CPDB，WhichcouldbeusedasachaintranSftrreagent

（PE－CTA）for RAFTpolymerization．Thereaction was camiedoutbelow800C t。

PreVentthedecompositionoftheresultingcompound・

メク．クへ＼／OH

／1レ／羊0岬
（PE－CPA）

AIBN／MMA

≠‾≡；‾二

／／＼レ「

－∵三
（PE－CPDB（PE－CTA））

遥rs∵
l

（PE－PMMApolymerhybrid）

Figure5－1SymtheticroutebrPE－PMMApolymerhybridviaRAFTpolymerization

method
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Figure5－2showsthelHNMRspectraofPE－OH，PE－CPAandPE－CPDB・Tbe

multiplepeaksof3．2－3．4ppmareassignedtomethylene（－CH2－OH）attheterminal・

FromlHNMRanalysis，80％ofchainendofthepolyethylenewashydroxylgroup・For

PE－CPA，themultiplepeaksof3．8－4．2ppmcorrespondtomethylene（－CH2－0－），andthe

Singlepeakof5．3ppmcorresponds to methine（一CH（Ph）Cl）・Themultiplepeaksof

6．9－7．5ppmcorrespondtophenylgroup；nOPeaksofmethylene（－CH2－OH）areeVident，

andthisindicatesthepresenceofPE－CPAandtheabsenceofunreactedhydroxylgroup．

ForPE－CPDB，almostofallpeaksareSimilaraSPE－CPAexceptthemultipeaksaround

8・1ppm・Tbese would be asslgned to two protons of phenyl group nearby

dithiocarbonylgroup．
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InFTLIRanalysesofPE－CPAandPE－CPDB，theslgnalsat1760andl155cm－lwere

Observed，aSSigned to carbonyl（C＝0）and ether（C－0－C）groups，reSPeCtively，

indicatingtheesterbondwasinbothpolymers・Fromthoseresultsofanalyses，itwould

beindicatedthatPEchaintranSftragent（PE－CTA）possessingthedithiobenzoategroup

WaSSynthesizedbysequentialfunctionalizationofterminallyhydroxylatedPE．

RAf’rpゆ椚erizdお花げ〟掴A加地おd毎A〟W

TheauthorappliedtheRAFTpolymerizationmethodtocreateapolymerhybrid

basedonPO・ThepolymerizationofMMAwithPE－CTAwasperformedbyusmgAIBN

asaninitiatorat600Cintolueneunderaslurrycondition・Theweightratiosofthe

PE－CTAtotheAIBNweresetatlOOO／lor2000′1，andtheweightratiooftotal

monomertothePE－CTAwassetatlO／3・Thepolymerizationwasstoppedbycoolingof

reactorwithicebath・Thepolymerizationmixturewaspouredintomethanol，COllecting

allpolymers・Tbremovehomo－PMMA，theobtainedpolymerswerepurifiedwith

SoxhletextractorwithboilingTHF・InbothSamPles，therewereobservedsomeamOuntS

Ofhom0－PMMA（Ca・1－2gofhomo－PMMAwerecollectedbySoxhletextractionwith

boiling THF）・1hble　5－1suⅡ皿arizes　the results of polymerization　for two

POlymerizationconditions・hbothcases，theamountSOfpurifiedpolymersaflerthe

SoxhletextractionincreasedcomparedwiththeoneofthePE－CTAasstarllngmaterial・

Gelpermeationchromatography（GPC）measurementsrevealedthatthemolecular

Weight（Mw）ofthepurifiedpolymersincreasedfrom36，600byPE－CTA，tO38，500and

40，000，reSPeCtively（Showninfigure5－3）・TheMw耽ratiosofthepurifiedpolymers

Werebetween2・3and2・4，gOttenSmallerthanoneofthePP－OH，2．84．Theseresults

WOuldshowtheformationofPE－PMMApolymerhybridviaRAFTpolymerization．
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Tbble5－1SuⅡ皿aryOfMMApolymerizationa）

Run＃　PE－CTA MMA AIBN Yieldb）　pMMA

ContentsC）

GPCd）

（g）　　（g）　（mg）（g）　　（wt％　in Mw Mn Mw／〟n

POlymer）

P－1　　3．14　　　　5．0　　　3．0　　3．41　　　7．8　　　　38，500　16，100　2．39

P－2　　　3．31　　10．0　　1．5　　4．21　　　23．0　　　　40，000　17，100　2．34

PE－OH　　－ 36，600　12，900　2．84

a）Allpolymerizationwerecarriedoutat600Cfor24hourintoluene・Tbetotalvolume

Ofeachpolymerizationwas30mLb）afterpurificationofobtainedpolymersamplesby

SoxhletextractorwithboilingTHF．C）estimatedbylHNMRmeasurement．d）GPC

data（PEstandard）．

之軋併　　　　　　　25．重犯　　　　　　　30．儲）　　　　　　35劇

Eluent血e（mh．）

Figure5－3　GPCtracesof（a）PE－OHandpurifiedpolymerswithPMMAcontentsof

（b）7．8wt％（P－1）and（C）23wt％（P－2）
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P－2（PMMA；23wt％）

＿＿　＿＿＿．　　　　＿＿＿．＿　　＿＿＿＿1－1

P－1（PMMA；7．8wt％）

＿＿＿　一一

叫

PEsegmentor

CH30fPMMA

｛

l

．＿＿」＿＿　　▼＿＿＿＿∴＿．、∵lJ

9　　　　8　　　　7　　　　6　　　　5　　　　4　　　3　　　　2　　　1

Figure5－41HNMRspectraofpmifiedpolymer（PE－PMMApolymerhybrid）

Tbepurifiedpolymerswereanalyzedat1200CwithlHNMRwithODCBasa

SOIvent・ThePMMcontentsinthepurifiedpolymerswerecalculatedattheratioof

twointegratedintensities between3・6ppm（assigned to the methylprotons ofthe

PMMAsegment）andl．3ppm（assignedtothemethyleneprotonsofPE）．FromthelH

NMRspectrashowninfigure5－4，thepurifiedpolymerscontained7・8and23wt％of

PMMAsegment，reSPeCtively・

101



〟km∫机JCJ〟柁qf柁∫〟〟わgpクかmem

Figure5－5showsTEMimagesofPE－CTAandpurifiedpolymersofPE－PMMA・h

case ofPE－CTA（before MMApolymerization），thelamella originated by PE was

observed clearly．h purified polymers（after MMApolymerization），however；the

nan0－StruCtureSOfthemwouldchangeCOmParedwithPE－CTA，aSlikethatthelamellar

wascomelooseaccordingtoPMMAcontents・Inthisstudy，MMApolymerizationwith

PE－CTAwasperfbrmedunderaslurrycondition・Therefore，itwouldbesuggestedfrom

TEMimagesthatPMMAchainwasgrownonthesurfaceofPE－CTAparticleandin

PartSOfamorphousofPE－CTA・

Figure5－5　TEMimages；a）PE－CTAandpurifiedpolymerSWithPMMAcontentsof

（b）7．8wt％（P－1）and（C）23wt％（P－2）

Figure5－6showsTEMimagesofsheetsofpurifiedpolymerwith23wt％ofPMMA

contentsandhomo－PEnlOmO－PMMAblendpolymer・Thosesheetswerepreparedbythe
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PreSSafleramealat2000C．

The TEMihages of the purified polymer reVeal　the nanOmeterlevel

microphase－SeParation morphology betweenthe PE segmentand PMMA segment

diffbrentthan PE／PMMAblend polymer，SimilartO PE－b－PMMAbyArRPinthe

author’spreviouspqperl8］・natWOuldbeindicatedthatpolymerhybridbasedonPE

WaSSynthesizedviaRAFTpolymerization，WhichisametalfreeCRPmethod．

Figure5－6　TEMimagesofpolymerSheets；a）pmifiedpolymer（PMMA；23wt％），

b）homo－PE／homo－PMMAblendedpolymer（PEnMMA＝75／25W／W）
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4．Conclusion

PE－PMMApolymerhybridwassynthesizedviaRAFTpolymerizationmethodfbrthe

firsttimeusmgPE－CTAthatwaspreparedbysequentialfunctionalizationofterminally

hydroxylatedPE・ThestruCtureOfPE－CTAwasconfirmedbylHNMRandFTLIR

analyses・nereSultsofGPCafterMMApolymerizationrevealedthatthemolecular

weight（Mw）ofthepurifiedpolymersincreasedfrom36，600byPE－CTA，tO38，500and

40，000，reSPeCtively・lHNMRanalysisofpurifiedpolymerSCOnfimedthattheamountS

ofPMMAsegmentswereinarangeOf7・8and23wt％・TEMmicrographsindicatedthe

nanOmeterlevelmicrophase－SeParation morphology betweenthe PE segmentand

PMMAsegment，SuggeStmgthatpolymerhybridbasedonPEwassynthesizedvia

RAFTpolymerizationmethod・
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Chapter6

SyntheticmethodofpolypropyleneTg頑－POlystyrene

（PPTg－PS）bycouplingreactionwithbrominated

POlypropylene
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1．Introduction

RecentadvanCeSinpolyolefin（PO）chemistryhaveledtothecreationofpolymer

hybridlinkingbetweenPOandpolarPOlymersegments，bringlngtheordinaryPOsome

improvedandunlquePrOPertiestobroadentheapplicationsofPOtohighlyprofitable

fieldssuchascompatibilizers，adhesionbonds，andsoonl1－5］・

Whileanefftctivestrategyfbrimprovlngthecompatibilityofimisciblepolymer

systemsistheuseofblockorgraftcopolymerSaSCOmPatibilizingagentsl6，7］，the

symthetic challengesinpreparmgWell－definedblockorgraflpolymerSOfPOshas

proven fbmidable・So far，the symthetic route of well－defined

polypropylene－g′画一POlystyrene（PP一g－PS）hasbeenreportedinseveralpapers・Chung

hasdevelopedaninterestingapproachtopolypropylene（PP）／polystyrene（PS）block

andgraftpolymerSbyintroductionofoxygentoaborane－functionalizedPO［8－11］・A

styrene－terminated PP has been adopted br atom tranSfer radicalpolymerization

（ATRP）topreparePP－g－PSafterbrominationl12］・Additionally，graftcopolymerof

P0－g－PS has been symthesized by the copolymerization of olefins with PS

macromonomersbyseveralscientists［13－16］・

Aspartoftheauthor，sinterestindeveloplnganeWandconvenientmethodologyfbr

the synthesisofwell－definedPP－g－PS，theauthorwasfascinatedwiththecoupling

reactionbetweenfunctionalpolymers・Inhere，the synthesismethodofPP－g－PS by

coupling reaction was reported・At first，the author synthesized

propylene／bromoundecene copolymer（PP－Br）using En（hd）2ZrC12／MAO catalyst

system・Tben，PP－g－PSwassymthesizedbythecouplingreactionbetweenPP－Brand

polystyryllithiumsalts（PS－Li）asaresultoflivinganionicpolymerization・
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2．Experimentalsection

肋Jerねね

n－Butyllithium（n－BuLi）waspurchasedfromWhkoPureChemicalIndustries，Ltd．as

hexanesolution（1・54M）・11－bromoundec－1－ene（Un－Br）waspurchasedfromAldrich

Co・andpurifiedbydistillationunderreducedpressure・Styrenewaspurchasedffom

WakofhreChemicalIndustries，Ltd・andpurinedbythedistillationwithcalcium

hydrideunderreducedpressure・OthermaterialsweresameaSmentionedabove．

A朋小壷

MolecularweightsofpolymerswererecordedonallianceGPC2000anddetermined

bygel－Permeationchromatography（GPC）usingo－dichlorobenzene as soIvent．Tbe

detectorwasadifftrentialrefractiveindexdetector・lHNMRspectrawererecordedona

JEOLJNMGX－270seriesinpulseFouriertranSfbrmmOdeuslngTCEassoIvent．Tbe

ultimateviscosltyOfpolymerswasmeasuredindecalinat135OC．

mepeaksofmeltingtemperaturesofthepolymerSWeremeaSuredwithaShimazu

DSC－60difftrentialscannmgCalorimeter・Thesampleswereheatedto200OCat500c

min－1，maintainedat2000CforlOminutes，andcooledto300CatlOOCmin－1for

recrystallizationfollowedbyreheatmgt02000CatlOOCmin－1．Tbestimatethethemal

historyithethermOgramOfeachsamplewasrecordedduringthesecondheatlngrun・

TheinstrumentWaSCalibratedwiththemeltingpolntSOfindiumandlead．

TEManalysiswascamiedoutwithultrathin（Ca・100nm）sectionsofthepolymeri

Whichhadbeenpressedintoasheet，WereCutOnaReicaUltracutmicrotomeequlPPed

WithadiamOndkniftatalowtemperatureandthenwerestainedwithRuO4．TEM

ObservationsweremadewithaHitachiH－7000tranSmissionelectronmicroscopeatan
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accelerationvoltageof75kV

C如ゆmedzd血乃げク′叩〆g乃eW助と加一月rr7妙CdJpmCe血柁J

Ina500mlreactorequlPPedwithstirrer，gaSinlettubeandthermOmeter，WaSPlaced

250mloftoluene．Tbetoluenewassaturatedwithpropyleneat400C，thenl・2miof

ll－bromoundec－1－ene（5mmol），13．5miofMAOintoluenesolution（20mmolas［Al］）

andEn（hd）2ZrC12（0．02mmol）wereaddedtothereactor・Thepolymerizationwas

perfbmedatthattemperatureunderconstantPrOPylenemonomergasfeed（100NLm）・

After30min・，thepolymerizationwasstoppedbyadditionof20mlofisobutanOltothe

reactor．Thereaction mixturewaspouredin11・Ofacidic methanol・Theresulting

polymerwascollectedbyfiltrationandwashedwithmethan01，thendriedatreduced

pressure（160mmHg）at800CfbrlOhours・

Cb呼伽g柁dCJわ可7おkdJpmCe血柁J

Ina200mlSchlenkFlaskequlPPedwithmagnetic stirrerwasplaced3・37gof

styrene（32・3rrmol）andlOOmloftoluene・2・17mlofn－BuLiinhexaneSOlution（1・54

M；3．34mmol）wasaddedtothesolution．TbepolymerizationwasperformedatOOC

for15min．andatr．t．fbr15hourswithstirrlng・ha500mlglassreactorequlPPedwith

mechanicalstirrerwasplaced1．00gofthePP－Br（Po1－1，［Br］‥0・34mmol）・ThePP－Br

wasdilutedin200mioftolueneat800C．Thestyrenepolymerizationsolutionthatwas

obtainedwiththeaboveprocedurewasaddedtothePP－Brtoluenesuspension・The

reactionmixturewasstirredat800Cfbr6hours．Aflerthat，itwaspouredintoll・Of

methan01．TheobtainedpolymerswerepurifiedwithboilingTHFbySoxhletextractor

for16hours，anddriedat800CinavacuumfbrlOhours・1・31gofpurifiedpolymer
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WaSObtained．

Jわかmerあわ乃d

Theblendedpolymers，uSedforTEMimages，WerePreParedwithO・42gofPP－Br

（Po1－1）andO・42gofPS（Mw＝5，500；Mw／Mn＝1・05）withorwithout0．084gof

PP一g－PSinsolutiontoobtainmolecular－levelmiXing・ThepolymerSando－Xylene（50

ml）wereaddedtoalOOml，rOund－bottomflaskequippedwithastirringbarandwere

Stirredat1300Cuntilthepolymermixturewashomogeneousfor2hours．nleblended

POlymerwasprecIPltatedinto methan01，andthendriedat800CforlOhoursina

VaCuum．

3．Resultsanddiscussion

み乃めど∫ねげ血PP一g一郎C呼ゆ椚er

The synthesis of PP－g－PS　invoIved two steps（ngure6－1），namely，Ole鮎

POlymerizationandacouplingreaction．

Thefirststeplnthepreparationofthegraftcopolymerconcemsthesymthesisof

SuitablepropylenecopolymerscontalnlngUn－Brwithametallocenecatalyst・Aseriesof

COPOlymerizationswereperformedundervariablemonomerftedratios，inthepresence

Of En（Ind）2ZrC12aCtivated by MAO，tO Obtainthe copolymers with variable

COmPOSition・TheamOuntSOfcomonomercontentsinresultingpolymerswereestimated

bylHNMRanalysisasshowninfigure6－2（a）・nlemultiplepeaksof3・2－3．4ppm

WereaSSignedtomethylene（－CH2－Br）a4jacenttothebromineatom．Tberesultof

COPOlymerization was summarizedintable6－1・Resulting polymers contained

COmOnOmer，Un－Br，atarangefroml・5tolO・3m01％，thatwereproportionaltothe
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amountsofcomonomerusedinpolymerization・And，thevaluesofmolecularWeight

distribution（Mw／Mn）ofcopolymerswereunder2・

メタ＼・ク＼ィ＼＼kBr
En（lnd）2ZrCL2／MAO

Potymerizationwithn－BuLi

intoIuene＠r．t． into山ene＠80

Figure6－1・TbesyntheticpathwayforpreparlngPP－g－PScopolymers
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Thegraftcopolymers（PP－g－PS）wereobtainedthroughthecouplingreactionof

PP－Brandpolystyryllithiumsalts（PS－Li）・Styrenepolymerizationwasperformedwith

n－butyllithiumasinitiatoratLt・intolueneasalivingnature・Withoutquenchingof

POlymerizationsolution，itwasmiXedintothesuspensionofPP－Brintoluene．Afterthe

COuPling reaction，the reactionmiⅩture WaS POuredinto methanOl，COllecting all

POlymers・Tb remove homo－PS，the obtainedpolymers werepurined by Soxhlet

extractorwithboilingTHEThble6－2summarizestheresultsofthecouplingreactions．

Thble6－1ResultsofpropyleneandUn－Brcopolymerizationa）．

RunNo・Un－Br Activity Mwb）　MwMn ComonomerC）

Contents

（mmol）（kg／mol【Zr］nl）（g／mol） （mol％）

Tm

Po1－1　　　　5

Poト2　　　11

Poト3　　　　21

Po1－4

1851　　　　19600

853　　　　　14900

624　　　　　11200

4636　　　　　30100

1．87　　　　　1．5　　　　　131．7

1．77　　　　　　3．9　　　　　111．7

1．84　　　　　10．3　　　　　　87．4

133．9

a）Polymerizationcondition；Metal1∝ene（En（Ind）2ZrC12，0・02mol），MAO（20rrmol），

Hexane（250mL），40OC，30min・b）DeteminedbyGPC（PSstandard）．

C）DeteminedbylHNMR．
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Inbothcases，theamountsofpurifiedpolymerSaftertheSoxhletextractionincreased

COmParedwiththePP－Brstartingmaterial・ThelHNMRanalysisoftheresulting

POlymers（figure6－2（b））indicatedthatthePSsegmentwasincludedintheresulting

POlymer，becausenewpeaksappearedfrom6・6ppmto7・7ppm，andthatthebromine

atomwasconsumedbecausethepeaksof3・2－3・4ppmdisappeared，SuggeStingthat

PS－Lireactedwiththebromineatom・FromthelHNMRanalysis，thepurinedpolymers

COntained20and51wt％ofPSsegment，reSPeCtively・Itwasalsosuggestedbythe

measurementofultimateviscositythatmolecularWeightsoftheresultingpolymers

Wereincreasedbeyondwhattheweightswereasstartingmaterialsl17］．Thoseresults

ShowthatPP－g－PSwassynthesizedbyacouplingreaction・

Thble6－2　Resultsofcouplingreactiona）ofPP－BrandPS－Li

RunNo・　　　StyrenePolymerizationb）

Styrene n－BuLi MwC）Mw′〟n

（mmol）　（mmol）

PP－Br Yieldd）pscontentse）lTl］　Tm

（g）　（g）　　（Wt％）　（dl／g）（OC）

PC－1　　33　　　3・4　　1100　1．12　1．00　　1．31　　　　20　　　　0．24　129．9

PC－2　　161　　　3・4　　4900　1．08　1．00　　2．39　　　　51　　　0．28　127．1

Po1－1　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　0．22　131．7

a）Reactioncondition；800C，intoluene，6hr．b）Polymerizationcondition；ambient

temperature，intoluene，15hr・C）DeteminedbyGPC（PSstandard）．d）Aflerpurincationby

Soxhletextraction・e）DeteminedbylHNMR．
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肋甲加わ訂げPP一g一郎C呼ゆmgr

Figure6－3showsTEMmicrographsoftwoPP－g－PScopolymerS（PC－1andPC－2）・

TEMimagesofthePP－g－PScopolymerSreVealthemicrophase－SeParationmorphology

atthenanOmeterlevelbetweenthePPsegmentandthePSsegment・Thatwouldalso

indicatethatPP－g－PSwassynthesized・

二≡三
100nm 100nm

a）PC－1 b）PC－2

Figure6－3　TEMimagesofaPP一g－PSpolymersheet

Obtainedblockcopolymerswereexpectedtoworkasacompatibilizerfbrimprovlng

theinterfacialinteractionsbetweenblendedpolymerS・Tbestimatethisefftctiveness，the

author blended the PP－g－PS copolymer　and homo－PP　and homo－PS

（homo－PPnlOmO－PS／PP－g－PS＝5／5／1wtratio）at1300Cin0－Xylene・Forcomparison，a

blendedsamPlewithoutPP一g－PS（homo－PP瓜omo－PS＝5／5wtratio）wasalsoprepared・

Figure6－4shows TEMimagesoftheseblendedpolymers・Tbeblendedpolymers
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COntainingPP－g－PSshowedmorphologylnWhichthesizeofthedisperseddomainswas

SmallerthanthatoftheblendedpolymerWithoutPP一g－PS・AndthePSdomaininPC－2

WaSnnelydispersedcomparedwithPC－1・Itcanalsobesuggestedthatthesizeofthe

domaininthePP／PSblendedpolymerdependedonthePScontentsofPP－g－PS・These

resultsindicatethatsuchPP－g－PScopolymerSefftctivelyimprovethecompatibility

betweenPPandPS．

a）PP／PSblend（5／5wtratio）　　　　b）PP／PS／PC－1（5／5／lwtratio）　　　　C）PP′PS／PC－2（5／5／lwtratio）

Figure6－4　TEMimagesofPPmSpolymerSheetwithorwithoutPP－g－PS
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4．Conclusion

ThenewsymtheticmethodofPP－g－PScopolymerShashereinbeendescribed・The

PP－g－PS was symthesized by the coupling reaction of the PP－Br produced by

metallocene－Catalyzed copolymerization　and PS－Li made byliving　anionic

polymerization・These struCtureS Were COnfirmed bylH NMRanalysis・TEM

micrographs of PP－g－PS copolymers　indicated the nanOmeter level

microphase－SeParationmorphologybetweenthePPsegmentandthePSsegment，thus

beingevidenceoftheproductionofPP一g－PS・ObtainedPP－g－PS copolymers could

functionaseffbctivecompatibilizersofPPandPS・
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［17］Inthis study，the authoradoptedtheultimateviscosityto evaluatemolecular

weightsofPP－g－PScopolymerbecauseit，sdifnculttomeasuremolecularweightsof

thecopolymerbyGPCduetothedetector・
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GeneralConclusion

ThisthesishasdealtwiththestudyonmicrostruCtureSOfpolyole血Sandsymthesisof

functionalized polymers based on polyolefinS・This concems theinvestigation of

insertionreactionofpolarmOnOmerintothemetallocenecatalyst・Thedistinctionof

COmPlicatedunSaturated struCtureSand theinvestigation ofchainend struCtureS Of

POlyolennsarealsodiscussed．Thosestudiesareaimedtocreatewell－definedfunctional

POlymers・FurthermOre，thecreationoffunctionalizedpolyethyleneandpolypropylene

arediscussed，tOO．

Tbexplainthisthesisinplainscheme（SChemel），theauthorclassifiedpolyolefin

materialsintotwocategories，COmmOditypolymersandspecialtypolymers・Theauthor

alsogroupedthemethodologyfortheimprovementofpropertiesofpolyole血Sintotwo

types，namelypolymerizationandpost－POlymerization．nleframeWOrkofthisthesis

andthebriefconclusionsofeachchapterareaSfollows．

Chapterlreviews the historicalaspects ofpolyolefinSfrom the discovery of

POlyolefinstolatesthighperformanCematerials．

In chapter2，aS Preliminary Study related to copolymerization offunctional

monomers，theinsertionreactionoflO－Undecen－1－0lprotectedwithTMAL，TEAL，

TNBALorTIBAL（Un－0－AIR2；R＝Me，Et，n－Bu，i－Bu）intothemetalloceneactive

CenterOfEn（Ind）2ZrC12MAOhasbeencon鮎medbyGCandNMRanalyses．hthe

CaSeOfTEAL，TNBALandTIBAL，theidentifiedcompoundsinwhichalkylgroups

derivedffombialkylalumhumwereinCorporatedintoUn－OH．Itcouldbeconcluded

thatUn－0－AIR2WaSinsertedintothemetalloceneactivecentercatalyticallywithan

alkylexchangereaCtionintheabsenceofolefinmonomers．
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MethodologyflOwofpolyolennstospecialtypolymers

andrelatedchaptersinthisthesis

（Polymerization）

DiscoveryofPolyolefins

Cdねか∫7度Pr‘）Cg∫∫

Jn乃OVがわ那

ConventionalPolyolenns

（Chapterl）

（Post－POlymerization）
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PolyolefinHybrids
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Schemel

CommodityPolymers

（StruCturalMaterials）

SpecialtyPolymers
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hchapter3，inpolypropyleneandotherpolyolefinS，unSaturatedstruCtureSthatwere

utilizedinpost－POlymerizationreactiontosynthesizefunctionalpolymerShavebeen

investlgated・TbevlnylidenestruCtureSinmetallocene－Catalyzedpolypropyleneshave

beenanalyzedbylHNMR・TbeintemalandterminalvinylidenestruCtureSWereClearly

distmguisheduslngODCBassoIventduetotheeffectofthermgCurrent，andthe

vmylidene struCtureneXttOthechainendcouldbeasslgnedfbrthefirsttimeas

different peaksfrom the other vinylidene struCtureS・iPr（Cp）（Flu）ZrC12tended to
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PrOduceintemal vinylidene struCtureS COmPared with En（hd）2ZrC12．Propylene

homopolymerizationshavealsobeenconductedwiththreekindsofmetallocenes to

discussthechainendstruCtureSOfthepolymerandthemechanismofpolymerization．

hthepolymerizationwithCp2ZrC12，theterminationreactionexclusivelyoccurredat

l，2－insertedchainend・IncasesofEn（Ind）2ZrC12andiPr（Cp）（Flu）ZrC12，besides at

l，2－inserted site，a COnSiderable number of termination reactions occurred at

2，1－inserted chainend・htemal vmylidenes were detectedinboth metallocenes．

Moreover，i－butenylgroupandintemaltri－Substitutedalkenylgroupwereidentinedin

En（Ind）2ZrC12andiPr（Cp）（Flu）ZrC12，reSPeCtively．ThosestruCtureSWOuldbeformed

Via7T－allylcomplexbetweenthemetalcenterofthecatalystandthegrowmgpolymer

Chainwithliberation of hydrogen・FurthermOre，hexene，4－MP－1and3－MP－1，

homopolymerizations have been conducted with metallocenes：En（Ind）2ZrC12and

iPr（Cp）（Flu）ZrC12・lHNMRanalysesoftheresultingpolymerswerecamiedoutto

identifytheunsaturatedstruCtureSOfthosepolymers．hpolyhexeneandpoly（4－MP－1），

thedi－SubstitutedvinylenestruCture（2Vn）wasmainlyobserved．Ontheotherhand，in

POly（3－MP－1），the bi－Substituted vinylene（3Vn），Vinylidene（Vd）and vinyl（Vn）

StruCtureSWereidentifiedforthefirsttime．

Inchapter4，tOCreatenOVelolefinicpolymerhybrids，ithasbeendescribedthata

new symthetic routeforpolyolefinic graftblock copolymersby adoptmg coupling

reaction between terminallyhydroxylatedpolyolefinSand maleicanhydride grafted

POlyolefinS・Tbmially hydroxylated polypropylene（PP－OH）was coupled with

PE－g－MAHand such EPR－g－M to glVe pOlyolefinic graft block copolymers

（PE－g－PPandEPR－g－PRrespectively）・TbeformationofPE－g－PPwasconfirmedby

enhanCementOnmOlecularWeightcomparedwiththecorrespondingpolymerblend・It
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broughtaboutdistinctivelydecreaseinsizeofdisperseddomaininitsphaseseparation

morphology・0ccurrence ofcoupling reaction to glVe EPR－g－PP wasindicatedby

extreme decreaseinits solubility to decaneincomparison withthe corresponding

polymerblend・ItledtounlquemOrPhologydemonstratlnglamellamicrostruCturethat

hadneverbeenreportedfbracomparablepolyolefincomposite・

Inchapter5，PE－PMMApolymerhybrid，POlyolefinandnon－POlyolefingraftedblock

copolymer，hasbeensynthesizedviaRAFTpolymerizationmethodforthefirsttime

uslng PE－CTA that was prepared by sequentialfunctionalization of terminally

hydroxylatedPE・TbestruCtureOfPE－CIAwasconfirmedbylHNMRandFTIIR

analyses・TheresultsofGPCafterMMApolymerizationrevealedthatthemolecular

weight（Mw）ofthepurifiedpolymersincreasedfrom36，600byPE－CTA，tO38，500and

40，000，reSPeCtively・1HNMRanalysisofpurifiedpolymerSCOnfirmedthattheamounts

ofPMMAsegmentswereinarangeOf7・8and23wt％・TEMmicrographsindicatedthe

nanometerlevelmicrophase－SeParation morphology between the PE segmentand

PMMAsegment，SuggeStmgthatpolymerhybridbasedonPEwas synthesizedvia

RAFTpolymerizationmethod・

hchapter6，thenewsymtheticmethodofPP－g－PSpolymerhybrid，POlyolefinand

non－POlyolefingrafted block copolymer，has been described・The PP－g－PS was

symthesizedbythecouplingreactionofthePP－Brproducedbymetallocene－Catalyzed

copolymerizationandPS－Limadebylivinganionicpolymerization・TbesestruCtureS

were confimed bylH NMRanalysis・TEMmicrographs ofPP－g－PS copolymerS

indicated the nanOmeterlevelmicrophase－SeParation morphology between the PP

segmentandthe PS segment，thus being evidence ofthe production ofPP一g－PS・

ObtainedPP－g－PScopolymerscouldfunctionaseffectivecompatibilizersofPPandPS・

124



Sofれthepropertiesofpolyole血shavebeenimprovedbycatalystsystemsand

PrOCeSSinnovationsconcemlngthepolymerizationreaction．However，itwouldbestill

hardtoovercometheirweekpolntSaSalackofcompatibilitywithotherpolarmaterials

bypolymerizationmethodologleS・Onlookingaheadtothenearfuture，OneOfthemost

POSSibleapproachestocreatespecialpolymerSispost－POlymerizationreactionswitha

Siteselectivity・Astheresultsinthisthesis，microstruCtureSOfpolyolefinS，eSPeCially

unsaturatedstruCtureS，aretObeclearly・Thoseknowledgeswouldcontributeforsite

Selectivefunctionalization，Whichisoneofpost－POlymerizationreactions，Ofpolyolefin

materials・FurthermOre，SymtheticmethodsofpolymerhybridspossesslngPOlyolefin

SegmentandothernaturesegmentsuchasRAFTpolymerizationandcouplingreaction

arePrOPOSed・Thosehybridmaterialsbasedonpolyolefinswouldbebroadentheir

POSSibilityforapplicationsinindustry・

Theauthorconvincesthatobtainedresultsinthisthesiswouldbehelpfulforcreation

Offunctionalpolyolefins overcome their disadvantageS・Those materials seem to

POSSeSS SeVeralbenefits，namely energy－SaVmgln fabrication ofpolymeriPrOCeSS

Simplificationandthetotallysaveoftheoilresourcebybroadenapplicationofolefinic

materialsthatareeaSytOreCyCle・TheauthoralsohopesthatproducednewpolymerS

areefftctiveforourfuturelives．
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