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5．4TSCofparamnandpolyethylene

5．4．10bservationofthemelt－SOlidboundary

Linear hydrocarbon molecules，Called n－alkane，have a chemical conformation of

CnH2n．2．Normally，WeCallparafnnwhenlO＜n＜50．Inordertoobservethecrystallizlng

boundary，We uSed severalparafnns which we abbreviated bythe notation ofthe carbon

numbers：C（n）．Thelongerhydrocarbonmoleculewithaveragemolecularweightbeing2000

（Correspondingtothecarbonnumber：n＝142－143）iscalledpolyethylene2000（PE2000）．Tb

Observethemelt－SOlidboundary，thesamplewasputinaglasscapillaryandsettotheTSC

apparatus．TheheaterwascontrolledatadennitetemperatureabovethemeltingpolntOfthe

SamPle，Whichwas丘xedat1700CfbrPE2000andatllOOCforC32，C36，andC38．The

temperature of the cooler was　25　0C by continuous circulation of water．Then，the

temperatureslopewassetupinagapof2mmbetweentheheaterandthecoolerl15］．

Theaveragetemperature slopeatthecenterofthegapwasmeasuredas300C／mmfbr

PE2000and150C／mmfbrparafnns．Theglasscapillarywasthenmoveddownwardswitha

Veloclty，V＝1．0mmnlr．The fbatures ofthe crystalgrowth plane were monitored by a

POlarized optlCalmicroscope with suitable magnincation．The resultswere displayedby a

televisionuslngaCCDcamera，andthedatawererecordedonavideotape．Wedennethez－

axisalongthetemperatureslope，Paralleltothesamplecapillary．

Figure5．7provides amicroscopICView ofthe melt－SOlidboundary fbrPE2000．In

Fig．5．7a，aStationarymelt－SOlidboundaryappearsatthepositionshownbyanarrow．When

thesampleisstoppedinbetweentheheaterandthecooler，thetemperatureoftheboundarylS

COnSideredto coincide withthe melting point（Tn＝132．60C）ofPE2000．In Fig．5．7b，the

SamPlecapillarylSmOVeddownwardsbylmmnlralongthez－aXis．th2derthecり′Stallization
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Fig．5．7a）Sample－StOPand b）sample－CryStallizationstage，rePreSentingthediffbrence

inheightofthemelt－SOlidboundariesasindicatedbyarrowsl15］．
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In the case ofthe even－number parafnns，SuCh as C32and C36，the melt－SOlid

boundarydidnotshowanyshiftingdownwardbyTSC．Contrarytothecasesq Pg2000and

〃J〟‘リ・／，・小J肌リ・、′川J／，／八丁〟‘・l・り・、J〟／gn川血／，ん川ハ・ィ、…肌・‘・l・ぐ〃－J川JJ血・J・／，〟叫折Jn〟n・

Shyiedtothehなhertenq，erature．Theshiftincreasedwiththecrystallizingtimeandstopped
Whenthe surface moved about O．3mmupfromthe orlglnalpositioninthe case ofC36．

Consideringthetemperature slope，the shi氏correspondsto4．50Cupperthanthe melting

temperature．

Inouradditionalmeasurementsuslngtheodd－numberparafnnssuchasC29andC33，

the crystalgrowthplane didnotshowany shiftingupward，butratherwas shi氏ed slightly

downward．The resultant orientation observed by the X－ray di餓●aCtion was very broad，

Withoutsharplamellarorientationasobservedfbrtheeven－numberparafnns．

5．4．2　h－SituX－raymeaSurementOfPE2000

Thein－Situ X－ray meaSurementS Were Performed atthe synchrotron facility uslng a

highbrightnessincidentbeamWith7トLmindiameter．WAXSandSAXSpattemsofPE2000

CryStallizedbyTSCare showninFig．5．8．FromthepositionofllOand200reflectionsin

Fig．5．8a，thecrystalhasab－aXisorientationparalleltothez－aXis．TheSAXSpattemShows

thatlamellaearewelldevelopedbyTSC，Wherethenormalareorientedperpendiculartothe

Z－aXIS．
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Fig．5．8（a）WAXSand（b）SAXSpatternSOfPE2000attheTSCgrowthsurface．

（C）Schematicillustrationofthelamellarandc－aXisorientationatthegrowthfront．［15］
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In orderto measure theintensity pronle along the equator（E）and meridian（M），

integratedintensities ofthe rectangular areasin Fig．5．8a were compared．Forthe SAXS

Pattem，the equatorialintenslty WaSintegratedinthe rectangular reglOnin Fig．5．8b．The

featuresoflamellarandmolecularorientationareillustratedinFig．5．8C．ThespaclngOfthe

lamellaeismeasured180Å．AsthisvaluecoincidestothemolecularlengthofPE2000，the

moleculeisextendedinthelamella．

Fig．5．9　PositionsoftheincidentX－raybeam；thecrystallizlng

Surfaceisa4iustedtoOLlm．［15］

ThepositionsoftheincidentbeamareShowninFig．5．9．Positions①and②areinthe

supercooledstateabovethecrystallizingsurface．Position③isa鴎ustedonthecrystallizing
surface，andpositions④and⑤areunderthesurface．

The results ofthein－Situ measurements are summarizedin Fig．5．10．The WAXS

PrOnles obtainedfbrsupercooledmeltat＋125and＋50トIm Showabsolutelyno di脆rence

betweenEandMintenslty．Thismeansthatmoleculesinthisstatearecompletelyatrandom
Orientation．ThedifnlSePeakindicatesanamorphous statewithoutcrystalline order．When

theincidentX－rayisa鴎ustedatthecrystallizingsurface（0トIm），theamorphousintensitiesof

EandMagaindonotshowanyconspICuOuSdifRrence．Asharpcrystallinepeakisfbundat

anangleabout20＝2400ntheequatorialpronle（E），indicating200reflection．InWAXSat

positions④and⑤，the crystalline peaks become strongerwith sharp orientation．The

COrreSPOndingpronleshavepeaksofthellOreflectiononMandastrong200reflectiononE．

At the position－25トIm below the surface，the amorphousintenslty Ofthe WAXS

PattemSdecreases，andaslightdifRrenceofintensltybetweenthetwopronlesappears；the

（M）pronleishigherthan（E）．At－75トIm，themeridionalintensityoftheamorphouscurveis

Obviously strongerthan the equatorialone，SuggeStlng thatthe amorphous molecules are

Slightlyorientedperpendiculartothez－aXis．

TheintensltyPrOnlesfbrtheSAXSpattemSarealsocomparedinFig．5．10．Tbdiscuss

theamountoflongrangeorder，the SAXSintensityI（arbitraryunit）wasmultipliedbythe

reciprocalunits（＝1／d）．Thiscorrectionisperfbrmedbasedontheassumptionofuniaxial

SymmetryOfthestruCturenearthecrystallizlngPlane．
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Fig．5．10　　Summary ofthein－Situmeasurements ofPE2000．ForWAXS patterns，equatOrial

（E）andmeridional（M）intensities（I，arbitraryunit）areplotted as the diffraction

angle（20）．The corrected SAXSintensity（Ixs）is plotted as thereciprocalunit s

（＝1／d）［15］．
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TheSAXSpeaksareobservedats＝0．0055Å‾1（180Å）whentheX－raybeamisunder

thecrystallizingplane（positions③，④，and⑤）．Incaseof＋125pm，theSAXSintensity
increasesatansvaluelowerthanO．0055Å‾1，indicatingthatadensityfluctuationlargerthan

180Åispresentinthesupercooledregion．Atthepositionof＋50pm（Position②），theIs

valueishigherthanthatoftheposition①．Theresultindicatesthattheprecursorlongrange

川・lんリ・八叩，／，川J・‘・l／んJJ〟rJ肌府、J仙川川J・J〟‘・l・り・、J〟／／たれで／，ん川‘1

5．4．3力h正血TSCorC36

1nsituX－raymeaSurementSOnParafnn（C36）wereperfbrmedbyTSC．Asshownin

Fig．5．11，theincidentX－rayisnxedatOトLm．WhenthesamplecapillarylSmOVeddownward，

thecrystallizlngSurfacemovesupward．TheWAXSpattemSareCOmParedwhentheinterface

is at OトLm（SamPle－StOP）and＋40トLm（sample crystallizing）．At the crystallizingfront，

Sharplyorientedlamellarreflectionsappearonthemeridian，Showlngthatthenormalofthe

lamellaeis parallel to the z－aXis．The equatorial WAXS reflectionsindicate that the

PSeudohexagonalpackingoftherotatorphasehassomemolecularinclinationfromthez－aXis．

The struCture mOdel of even－number parafnnsis shownin Fig．5．11C．The crystalline

OrientationofC36istotallydi脆rentfromthatofPE2000ShowninFig．5．8C．
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Fig．5．111n－Situ WAXS measurements of C36．The meridional reflectionsindicate that

lamellaeareorientedsuchthattheirnormalisparalleltothez－aXisl15］．
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5．4．4．DynamicfbaturesofTSC
5．4．4．1Lamellarandmolecularorientation

We have perfbrmed extensive studies ofTSC on parafnns and polyethylenes．The

resultsareclassi丘edintothreecategoriesl16］：

lJf・′J〟ん〃仙イ／＝・JM川MhJ…／l・り・、J〟／／んJ‘・いイハ・八〟nリ，叩，ぐ〃晶・JJん肌－t・〟‘Ⅵリ〟‘・ムー几l・八八

／，′J川仇イJ・り〟‘・二一几l・八．J肘、（り，ぐ・イ川・んWJ〟Jん川叩，／，‘W・、んJJJJJ〃〃〃′J…／／〃〃．㌣J・l・〟′JんJJJJ二

二Jf・′J〟ん川J‘イんげ〃川・J〃〟／′川dl・り・、J〟／／んJ‘・いイハ・八〟n㌧〃≠〃・什／，〟川仇イJ・り〟‘・二一几l・八、〟→、〟川川んJ

J〟‘・‘mYJ〃J川血・J・／，′J叩研Jn、肌・〟〟、（JhCjJ′川IH一二凡

3．Bothlamellarand crystalline reflections are broadly distributed without showlng Sharp

Orientation．ThistypeappearedinC20－C27，C29，C30－C33．

5．4．4．2Movementofthecrystallizingplane

In the TSC method，the crystallizlng Surfaceis normally shifted downwards as

appearedinPE2000．ThismovementisconsistentifweconsiderasupercooledreglOnbefbre

CryStallization．However，the even－number parafnn shows a special movement of the

CryStallizlng Surface movlng tO highertemperatures．This fact cannot be explainedifwe

COnSiderthattheorlglnalpositionofthesample－StOPSurfaceisa鴎ustedtothemeltingpolnt

（Tm）oftheparafnns，becausetheuppercrystallizationthenoccursatahighertemperature

thanTm．

Normally，long chain molecules can easily assemble with each other producing a

lamellarstruCture．Then，bothmolecularc－aXisandlamellarnormalbecomeperpendicularto

the z－aXIS，aS Shownin PE2000．However，if weimaglne CryStal growth by a screw

dislocation，aPerPendicularorientationcanbeexplained，Withalamellarnormalparallelto

the z－aXis．The crystallizlng Surface ofthe even－number parafnnsis moved to a higher

POSition by reinfbrcement ofthe crystallites by the prefbrred nucleation and orientation

associatedbythescrewdislocation．

5．4．4．3StructureinthesupercooledreglOn

IntheWAXSpronlesofFig．5．10，theamOrPhousintensltyShowanisotropyat－25

and－75トIm；themeridionalreflectionbeingstrongerthanequatorialone．Thisfactindicates

thattheamorphousmoleculesareslightlyorientedperpendiculartothez－aXis．However，fbr

amorphous moleculesin the supercooled state（＋125　and＋50トIm）and even at the

CryStallizingsurface（0トIm），thereisnoapparentmolecularorientation．

MoreinfbrmationofthesupercooledmeltstatehasbeenobservedintheSAXSpattem，

indicatlnglong－range densltyfluctuation．Thelong range densltyfluctuationsin polymer

meltshavebeendiscussedbyseveralauthorsl24，25］．InthisexperimentwithPE2000，the

SAXSintensltyinFig．5．10atthepositions＋125and＋50トImhasaweakpeakattheposition

around s＝0．005Å‾1．The result suggests that the supercooled melt has along－range

fluctuationslightlylarger（～200Å）thanthenna1180Ålamellarperiodicity．
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5．5TSCofisotacticpolypropylene（iPP）

5．5．1　CrystallinephasesofiPP

Isotacticpolypropylene（iPP）isknowntohaveseveralcrystallinephases，labeledα，β，

andγ［26，27］．Them如orfbrmOfiPPisknowntohavetheαandβphasesatatmospheric

PreSSureWithmonoclinicandhexagonalstruCture，reSPeCtively．Thecrystallineorientationof

iPPbyTSCwasreportedbyFujiwaraandAsano［6，11］．

Figures5．5and5．6indicatethemicrographsandX－raydi餓●aCtionpattemsofthetwo

difRrentphases ofPn respectively．Because ofexcessα－nuCleationfrequency，theinitial

SamPlewasoccupiedbythe orientedα－Phase．Asaresultofthe fastergrowthrate，theβ－

Phase texture developed prefbrentiallyfrom aβ－nuCleus and soon occupied the entire

available space ofthe sample．Thus，the appearance ofaβ－nuCleus changedthe struCture

COmPletelyfromtheα－Phasetotheβ－PhaseasshowninFig．5．5b．Thecrystallineorientation

Oftheα－andβ－PhasecrystalswasdeterminedbyWAXSmeasurement，aSShowninFig．5．6．

Theα－andβ－CryStalshaveauniaxialorientationwiththea＊－anda－aXisbeingparalleltothe

Z－aXIS，reSPeCtively．

5．5．2　MethodologyofTSCforiPP

ForTSCofiPntheheatertemperaturewas丘xedto2200Candthecoolerwaskeptat

200C．TheglasscapillarycontainlngiPPwasmoveddownwardwithaveloclty，V＝1．15

mmnlr（0．32トIm／sec）．Weusedtwosetsofapparatus：OneWaSfbrtheopticalmeasurement

and the otherwas fbrthein－Situ X－ray meaSurement．The gap distance（2mm）and the

temperaturesoftheheaterandthecooler，andthevelocltyOfthesamplecapillaryweresame

inbothapparatuses．Cylindricalandconicalshapedheaterandcoolerwereusedfbrtheboth

equlPmentS．

ThetemperatureslopeoftheoptlCalTSCwascheckedbyamicro－thermOCOuPlewith

Very thin copper and constantan wires．The micro－thermOCOuPle was putinto the glass

CaPillary，Where the copper and constantan wires were bound to opposite sides ofthe

CaPillary．TheiPProdwasre一meltedtonllinthe capillary．Itwasdifnculttomeasurethe

exact temperature slope，because the gradient was notlinearin the gap．The sample

temperatureattheuppersidewaslowerthanthatoftheheater，andthatatthebottomside

WaShigherthanthecoolertemperature．ThediameteroftheglasscapillaryalsoafRctedthe

temperaturegradient．Asaresult，theaveragevalueofthetemperatureslopewasmeasuredas

500C／mm．

Wedenneherethez－aXisparalleltothetemperatureslope．Inasample－StOP（SS）stage，

befbretheTSCrunS，themelt－SOlidboundaryappearedatanxedpositionbelowtheheater．

ThemovementoftheboundarywasmeasuredbyanoptlCalmicroscopemonitoredbyavideo

SyStem．Duringthe steady－State TSC，the crystallinegrowthrate Gcoincidedwithmovlng

SPeedV．Theresultingcrystalexhibitedonedirectionalorientationalongthez－aXis．
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（aISSsh即 巾）TSC与ta騨

Fig．5．12（a）SS（SampleStop）stageand（b）TSCstagerepresentingthediffbrencein

heightofthemelt－SOlidboundaryasindicatedbyarrowsl20］．

5．5．3　0pticalmeasurementsonthemelt－SOlidboundary

Whenthesamplecapillarywasstopped（SSstage），themelt－SOlidboundaryappeared

1600トImabovethecoolerlFig．5．12a］．ThispositiononthesamplecapillaryisnamedasZ。．

Then TSC was started by movlngthe sample capillary downward withthe speed V．The

boundarywasmoveddownwarduntilstationaryTSCwasmaintained．Figure5．12b shows

the position ofthe melt－SOlid surface after180min．The difRrence ofthe twointerfaces

（arrowsinFig．5．12）indicatesthe supercooledregioncorrespondingto700トIm．Sincethe

averagetemperaturegradientisof500C／mm，amOuntOfthesupercoolingcorrespondst0

－350C．Inthe TSC，iPPwas stationary crystallized atthe boundary withthe growth rate

G＝1．15mm／hr．

Movement of the boundary with respect to time was measured by the optlCal

microscope．The results，aVeraged fbrthree measurements，are Shownin Fig．5．13．The

movementoftheglasscapillary（thepositionofZ。）isindicatedbyadottedline．
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Fig．5．13Movementofthemelt－SOlidboundaryasafunctionofthecrystallizingtimel20］．
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Wede丘nefburreglOnSinFig．5．13．InreglOnI，theboundarymovesdownwardwith

theglasscapillary．StartlngtheprlmaryCryStallizationattheendofthisreglOn，POSitionof

theboundarylSremOVedfromZ。．AtreglOnII，TSCdevelopsbythelargesupercooling；350C

lowerthanthemeltingtemperature．Asorientedα－Phaseis developedby V，the surfaceis

nxedtothesameposition．Afterappearanceofaβ－nuCleus，theα－CryStalsdecreasewhileβ－

CryStalsincreaseinregionIII．Theorientedβ－PhaseoccupiesthewholecapillaryinregionIV

ThetimescalesoftheregionsII－IVareshortenedbyanappearanceofβ－nuCleation．Insome

CaSeSOfrapidβ－nuCleation，theβ－Phasecrystalappearsbefbre60min．

5．5．4　X－raydiffractionmeasurements

In－Situ WAXS and SAXS measurements uslng SynChrotron radiation with a7トIm

PinholecollimationwereperformedbymeansofimaglngPlate．ThepositionofWAXSIP

WaSdisplacedfromthedirectbeam so asnottodisturbthepattemOfSAXS．Tb shiftthe

POSitionoftheincidentX－raybeamonthesample，theTSCapparatuswasmoveddownward

ataconstantveloclty Of5トIm／secbyastepplng mOtOr．Besides，IPs ofWAXS and SAXS

WereSimultaneouslymovedwithO．4mm／secparalleltothez－aXis．Anequatorialmaskingslit

With a width of2mm was placedinfront oftheIP nlms．The scatteredintenslty WaS

monitoredonlyontheequatorpasslngtheslit．Forscannlngfrombottomtotopofthegap

（2000トIm）by5トIm／sec，OnemeaSurementtOOk400sec．Simultaneously，WAXSandSAXS

IPsandthesamplecapillaryweremovedbyO．4mm／secandbyO．32トIm／sec，reSPeCtively．In

addition，POSitionresoIved SAXS pattemWaSmeaSuredbyaCCD cameraconnectedto a

COmPuterSyStemWithexposuretimeof30secforeachpattem．
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Fig．5．14ProcessofX－raymeaSurementSduringthein－SituTSC．［20］
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5．5．5　ProcessofX－raymeaSurementS

Tbexplainthe X－raymeaSurementS，theexperimentalprocessis showninFig．5．14．

The position ofthe melt－SOlid boundary was scaled by the distancefrom the cooler and

analyzedbytheX－rayreSults．ThestartlngtimeoftheX－raymeaSurementSisa鴎ustedtothe

StartlngtlmeOftheTSCrun．Wecallthetimealonghorizontalaxisascrystallizlngtime．The

SynChronized measurement was perfbrmed at difRrent crystallizing times（t）and with

difRrentX－rayeXPOSingtimes（te）．Theprocesses ofthese measurements areindicatedby

arrowsinFig．5．14．Theresultsobservedwitht＝0（samplestop）isshowninFig．5．15，Witht

＝30min＆te＝400sec（6．7min）isinFig．5．16，Witht＝42min＆te＝8minisinFig．5．18，

andwitht＝60min＆te＝400secisshowninFig．5．17．Duringthesemeasurements，the

POSitionofZ。WaSmOVedbythevelocityofl．15mm／hr（19トIm／min）．

By movlng the TSC apparatus，the SAXS and WAXS equatorial reflections were

SimultaneouslyandcontinuouslymeasuredontheIPnlmsasshowninFigs．5．15，5．16and

5．17．Becauseoftherapidβ－nuCleationduringthesemeasurements，theregionIIIappeared

befbre60min．TheWAXSpattemOfFig．5．15indicatesthattheinitialcrystallinefbrmOf

iPPwas theα－Phase．The arrows on the SAXS andWAXS pattemS Show the melt－SOlid

boundary atZ。．The SAXS pattemis shiftedto a smaller angle when theincidentbeam

approachesthe melt－SOlidboundary．Duetothetemperature slope，the crystallinelamellae

growthickerwhileapproachingtoZ。．ThemaskedSAXSpattemclearlyshowsthethermal

thickenlng Of the　α－Phaselamellae．Both the WAXS and SAXS crystalline reflections

disappearabovetheboundary．

〔粛SAXS （1〕）WAXS

山111，摘・11位〔U・√101

Fig．5．15Continuousequatorialpattern，t＝0（SampleStop），

measuredbythemaskingslitl20］．
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（b）WAXS

α（111，1計11α10401

Fig．5．16　Continuousequatorialpattern，t＝30mln，te＝400S，

measuredbythemaskingslitl20］．

（討SAXS 帖）WAXS

dHl．】3・lI d0401

Fig．5．17　Continuousequatorialpattern，t＝60min，te＝400secl20］．
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ThepositionoftheboundarylSloweredinFig．5．16．AfterstartlngtheTSC，theSAXS

Peakrapidlydevelopsatalargerangle．ThisfactindicatesthatthelamellaeoftheTSCare

relativelythinduetotheincreaseofsupercooling．AstheWAXSpattemindicatesα－Phase

reflections，theinitialcrystallizationisdevelopedbytheα－Phasecrystals．

At arrow①　ofFig．5．17，theα－Phase O40reflection becomesintense showing

appearanceofthea＊－OrientationofthecMryStal．Theβ030reflectionappearsattheposition

ofarrow②．TheSAXSpattemShowscoexistenceoftheα－andβ－Phasereflections．The

OrlglnalboundaryZ。attheSSstageismoveddownwardto1150トImbythe60－minTSCrun．

ThewholestoryoftheTSCwasmemorizedonthesamplealongthez－aXis．

Withthehelpofthepinholecollimation，thecrystallizlngboundarywasobservedby

POSition resoIved SAXS measurements．Using a very highintenslty Ofthe synchrotron

radiationbeam，SAXSweremeasuredatpositionsaroundZ。aSShowninFig．5．14．InFig．

5．18，the distance zis nxed by takinginto account the movement of Z。during the

measurement．The negative positions show the annealing phenomenabecause the sample

belowZ。hasnotmeltedduringltSthermalhistory．Forthepositivepositions，themolecules

areoncemeltedandthenrecrystallizedbytheTSC．TheintensltyPrOnlesofFig．5．18Were

modinedbyacomputergradationtechniquethatclearlyemphasizedtheintensltyCOntOur．

（aI・娼叫m　　　　肘・13叫nl　　　　　〔亡1　60Hm　　　　【dl E＝叫m

は　30Pm rq　7日匹m rgll缶（叫nl　　　　・nl〕231叫m

Fig．5．18　Position－reSOIvedSAXSpatternS，t＝42min，te＝8minl20］．

ThepositionoftheincidentbeamisscaledfromZ。Ontheequator．

Figure5．18（a）－（C）indicatesthattheringpattemSare Shiftedtosmallerangleswitha

Slightintensincationonthemeridian．Thisfactrevealsthatslightlamellarorientationoccurs，

accompanyingbythelayerthickeningprocessduringthe annealing．FromFig．5．18（d）－（f）

theSAXSpeaksshowsstronglntenSltyOnthemeridian，Whileitisdifnculttodistlnguishthe

Peak．The results stronglyindicate that theinitialα－Phase crystallizationincreases the

meridionalscattering．Then Fig．5．18（g）and（h）showthetypicalcrosspattem，Wherethe

Peaksclearlyappearonboththeequatorandthemeridian．Thispattemwasnrstobservedby

Fujiwarafortheorientedα－PhasecrystallizedbytheTSCmethodl6］．
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A－lamellae

B－lamemae

Fig．5．19　SchematicmodelofA－andB－lamellae．Equatorial－andmeridional

PeaksinFig．5．18arefromA－andBlamellae，reSPeCtivelyl20］．

5．5．6　MechanismofiPPcrystallization

InFig．5．19，WedenneA－andB－lamellae，Wherethenormalandc－aXisofthefbrmer

areperpendicularandofthelatterareparalleltothez－aXis．Inthesecircumstances，theSAXS

reflectionsofA－andB－lamellaewillappearontheequatorandonthemeridian，reSPeCtively．

Theimportantexperimentalresultsaresummarizedasfbllows：

1．Inthesample－StOPCOndition，theα－Phaselamellaebecomethickerwhileapproaching

tothemelt－SOlidboundaryduetoannealingefRcts．Closetothemelt－SOlidboundary，

the SAXSreflectionbecomesintensinedonthemeridian，indicatingthatB－lamellae

αregわあJe．

11．InthebeglnnlngOftheTSCexperiment，theα－PhaseB－lamellaedevelopastheprlmary

PrOCeSS Ofcrystallization．Onthe secondary crystallizationunderhigh supercooling，

theSAXScrosspattemindicates（型，earanCeq／theaTPhaseA－andB－lamellae．Due

tothe supercooling，thicknessq／thesecondarylamellaeisthinnerthanthatq／the

JIn〃J〟J：l●〃JJビ∫・

111．　Subsequently，theorientedα－Phaselamellaearereplacedbyorientedβ－Phaselamellae．

Following the appearance ofa spontaneousβ－nuCleus，thePTPhaselamellae grow

／，J・小リ・ぐ〃JんJ／小山・l・／…〟〃gJ〟ぐ′り，〟〟略〟…／机・叫町仙川・〟・′／‘用J・川可J〟ハ′JJ叩ん・
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Duringthein－SituTSCmeasurement，themelt－SOlidboundaryappearsperpendicularto

thez－aXis．TheorlglnaliPPsampleinthecapillarylSaS－grOWnSPherulitecrystalsinwhich

bothA－andB－lamellaeareequallyexisted．Asthec－aXeSOfA－lamellaeareparalleltothe

boundary，mOleculesareeasytobedetachedfromthecrystalsattheboundary．Ontheother

hand，mOleculesoftheB－lamellaearedifnculttomelt，becausetheirc－aXisisperpendicular

totheboundary，andhencetheyareburiedinthelamellae．Asaresult，thethickB－lamellae

aremorestablenearthemelt－SOlidboundarylntheSSstage．

StartlngfromtheTSCrun，theinitialcrystallizationdevelopsontheboundary．Asitis

difnculttofbrmaneWnuCleusnearthemeltingtemperature，theinitialcrystallizationstarts

from the remainlng B－lamellae．Thus the SAXS reflection nrst becomesintense on the

meridianduetothenewlycrystallizedB－lamellae，aSindicatedinFig．5．18（e）．Asthegrowth

directionoftheB－lamellaeisperpendiculartothez－aXIS，thepossiblegrowthmechanismis

thescrewdislocation．However，thegrowthrateisslowintheprlmaryCryStallization．

WhentheglasscapillarylSmOVedtodownward，thecrystallizlnglnterfacemovestoa

lowertemperature．Duetothehighersupercooling，thefrequencyoftheα－Phasenucleation

increases．Inthiscase，thegrowthofA－lamellaegetsadvantagebecausethegrowthdirection

OftheA－lamellaeisparalleltothez－aXis．Accordingly，lnthesecondstageofcrystallization，

theA－lamellaegrowfasterattheboundary．Then，theiPPc－aXisliesepltaXiallyontheside

Surface ofthe A－lamellae by the selfepitaxialmechanisml6，28］．Consequently，the B－

lamellaegrowonthebaseoftheA－lamellae．Thus，the SAXScrosspattemaPPearSduring

thestableα－Phasecrystallization．Duetothehighersupercooling，bothlamellaehavethinner

SPaClng・

After the appearance of spontaneous　β－nuCleation，the orientated　β－lamellae

Prefbrentially develop．Inthis case，A－lamellae are advantageous to grow because ofthe

growthdirectionparalleltothez－aXis，andthusthe SAXSβ－PhaseA－lamellaereflectionis

locatedontheequator．
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