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　　Numefuus studieshavebeellrep(yrtedon phasesepanllionofpolymersohltionlmder shearnow iiom the

1％Os,MallyresealcherswerePallicnlarlyattlxtedbylhelong strillg-hkestnlctulでsofnexiblepolyme5,caned

theべhish-kebab"stmc吋e，obtajned肋mthestirredsolution8^lo。lthad been po面ed outthatthemolecular

orientationwasinducedby shearnowjmditwascmcd蝕‘fb皿ation ofthe訪n)usclystals11.WithlesPect.to

rigidぶ)(1POlymers，studieson sheaFinducedPolymerchainorientationand molp11010gyhave been done on

Po抄(心rletherket(糾12and辱叫lysl朗il吋olymelぐ騨ふlod州ym叫easilyla胎with theshearlnow

(hllctiondePendj俘ontheaxialasPectmtio,Polymermoleculesdongatdby theshearflowcoagulatedeasilyto

咄nthe皿ckidueltol趾en欧Picadvantageyandthenl㈲ymerlnloledelsa肺ledbyllheshearlnowlclystalh7ed

e伍ごctivelvtofbrmthecrvstayｭo。

　　Oriel釦tionofthemoleculeSplaysanimpoltantmle 拓rthereactionmtein solulionPo励nerizalionaSwdl.

PreVio

EXPERIMENTAL

Materials

Hie p-ABA and wi-ABA wae pmchasa:１ from TO Co. Ltd. aiid Aldridi Co. Ltd.√Kspa:tively.Biey weiで

pmified by reaystallizatioiifrom etliylaceteiteよiquidparaifin(LPF)was pmdiased from Nacalai Teajiie.Co.

Ltd., aiid piaified by vacmuii distillation(220-24(fC/0.3 uraiHg). Pheiiyl 4-[4-(benzoyloxy)beiizoyloxy]-

beiizoate (PPPP)aiid plienyl4-(3-{恥nzoyloxy)benzoyloxyで}benzoate(PMPP)were synthesized as oligoma-

model coiifjouiidsaccording totlieprevious procedures*''^.

INTRODUCTION

Precise coiilrolof polycondeiisation is of academic and inA!stiial inmoitaiice to create new polyiiKT materials.

K'laiiy attiactive reactions tave basil recently developed siiclias syiilliesisof seqiieiKe-defined polyma's＼

condeusative cImii pol>ineiizationﾐsolid-state polycondensatioii^. micleation-eloiiption poiymeiizatiQnサand

ftactioml polycondeiisation* I Fractional polycondeiisation niay be definal as a pol}iiierization in wliicli CQtain

monomei's ai≪ sela:tively incorporated iiito the

cop(lymaizatioii syste皿CopofynM^ rich ill a

戸oxyt)enzoyl iiwietv were s^Tifliesizedfrom tlie

copolymeiizatiou of |j-acetoxybeuzoic acid

(p-ABA)aiid B･-acetoxybeiizoic add (m-ABA)

by using selective cr^'stallizatiouof oligoinai-s

during polwiierization as ckpicted in Scheme.
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Meast∂甘nmits

Moipli(logy of the polymeiﾅcrystalswas observed <m ａHitadii S-35O(N scanoiiigelectronmicroscope (SEIvI)

Samples for sai oteeivationwei-edried,sputteredwilh gold and obsdved at20 kVでliftared(取) spectraweie

measitted OE ａJASCO FT,1R-41O spec㈲metei-.A wifc-fflideX-iBV scattaiiig(WAXS)pattern was iiKasiffed

on a Rigaki! Gaiger Flex wiii nickel-f

JEOL AL300 SC-m-IR at 3(≫MHz (^H).

P盾meriz磁on

Typical polymerization method imder shear flow is as foEows p-ABA (0.45g,2.5皿noI),･i-ABA(0.4陪2.5

皿nol) and LPF (60 mL) where かwas 50 mol% ミplaced into ａ cylmdrical vessel 呼岫)ed with ａ

mechanical stineiｻand a gas inlet tube. The stirbar was arod呻eレof which iie cHametaｻwas 2.8 cm and tlie

clearance/between Ilie iiMiCT ,all of the cylindrical vessel and stirbar was 0.3 ail The reaction miχlure was

heated imdei' ａ slow steam of nitrogen m to 33びC w池stiirine speed of 1000 ipm／Hie taipaiture was

maiiMaiiied at sso^c for 6 Ii／ITie precipitates were collected by va£�im filti-ationat 33O°C and waslied wifli

n-hsχane and acetone.

Determination of the Content qfm-dり＆nzq雨%fo母in Precipitates

ApolyiiKr saii幽/{10 mg) and lmL of 0.7 wt % KOH in mdlianol solittionwra・ placed in a testtiibeandkeptat

25°C鉦241umtil the sample was completely liydrolyzed The ^lutioii＼＼asneutralizeciwith dilute hydrodilcaic

add and then畔zed by尚a Sliimadzu G(-14B gas clii皿ito姉with FID十equippe沁ii a

niemi皿-3(XX) (60-80 mesli)picked coluiim. Hie cositeot ofm-oxybeiizoly moiely was calculated as ttiemolar

ratio of o-liydroxybenzoic acid and 堺-hydroxybenzoic add. Ilie values of χ/and 知were calculated as follows:

　　　χ(mol %)＝[m-ox}悦Hzoyl moieto]/{叫oxybeazovl moiety}＋[m一oxybaizoyl moiety]}

whereがMid み stand for the content of 戻-ABA in feed and that of ?H-ox柿eiizoyl moiety illliie precipit銀

resj^:tively.

Kinetic Stud

Hie 戸ABA aiid 脚-ABA (0.90 g,5.00 皿mA)and LPF (m mL)were placed into ａ cylindrical vessel equiimed

with a ps Met and outlet tutes aiid a mediatiical stin弧which was the same appaiBtiB usrf for the

|()l>iiieri3itioiiThe mlxtire was heated in an d taih to 330T mitli stillingimder a slow m of liitogai.

Acetic acid produced by fliepolymeiTzatioo was trapped in the water. Bie amount of acetic add produced. atａ

gveii time, was万defemiined by titeti厖witi 0.1 M NaOH. The reactions obeyed second-order kuietics. The rate

constante (島)wa'e eslimat≪i from ａ eまottt of reactirai plot ㈲of CTolved acetic acid as ａ function of

polyiiKrization tiiHe.

P稗faration ofC）ficentratian-Temperatum Phase Dia^nms of狗釦erMaie} Compounds

Oligfflner model conpoimd pppp aid LPF were pat into ａ cyliniMcal vessel 呼嶼rf with a mechanical stinTa-

at diflfaroitconceiitratioiis.ITiev were placed iiito an oil tafli and heated until flieoligoma" modd was entirely

dissolval witli stfcring.Then ⇒erature was

iwd-type bar. llie cloud細即訟was deteimined to piq:Me cc皿ttatio作物申細細匹

RESULTS AND DISCUSSION

Polymaizati・is of鳶ABA or 脚-ABA were/caiiied Ollt at 330・CinIPFtbr61i at l.(％concQitratioa M Ms

study, liie pol}TOeiization conceiitratiou was described as the ratio of the iheoretical pol)≠weMit. and the

solvent volume. The 回ction solitioiiwas stiirうdat speed of3{K> and lOTOipm, coiTespoiiding to shear rate (ﾔ)of

147 and 498 s'＼Both ？-ABA aiid 詞-ABA ･were no! insoluble in LPF at room temt^atinで,but fliey dissolved

dmiiig|reaction at heating up to 33(f C. TTie solulioiibecame tur)id within 20 mill aftffiie teimerature reached
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33O°C die to die preci)itation of oliaomers followed bv polyinei" precipitation aitei-6 h.

　　Hie sheai' flow and 冷significantly influaiced die nioipholog}' of die precipitated r≫lymers as shown in

Fiaiue 1. The ueedlelike aystals weie foiined eveii bv tliecopolymeiization witliovitshearing when χ/was up to

30 niol ％*｀＼..JJtl!Ol噸ldie fibiillatedneedlelike aystak wei'e fonned illdie poljTOerizaiion ofp-ABA at y of 147

s犬lathlike ciystals or precipitates showing unclear moipholog}' were obsereed under shear flow.

Hie precipitated poftTiiei'sdid uot lu液oiimy cover the siiface of

the stii-bar or die iimei' wall of the cyliiidiicalreaction v^sel Tlie

dq)osition prefeieii↑iallyocci肛ed at specific places. aiid the

conceiitiic rotating lings of the pra:ipiMed polvmers appealed

periodically as shown illFisaue 2，Hie appeai"aiice of sQiatiotts

indicates fliesecoiidar>'flow pattern present in tliestiltedsolution

wliich are generated by Taylor voitices in the solution. nie

polymeis dqx)sited on the siteson ttiestirringbai"and die vessel

wall where Ilie two voiiices collide.Hus means tliardie stiiations

finni two Taylor voiiices ro紬ting in opposite diiで1ions settled at

tlie same place on llie stiiiiiigbar aiid inner vessel wall. The

purely laminar flow iiithe cylindrical vessel atlow stillingspeeds

changed fileTaylor voitices. bi恒giiig about a hiige concaitotioii

of oligomers along the ciiailar flow. Taylctt"vortices prevent liie

crystal giowtlL,leading to tliedainaee oftlie moiphology oftlie precipitates.

　　WAXS intensity profiles of the precipitetes prqjared imdei' various conditions aie shown in Figiue 3. Tlie

diflfractioiipeaks of POB piでpaiTed at 489 S-'were quite sliaip and assigned according to the TOB crystal imit

celP弛Wilii tlieiiiaでase in //.the diflfractioiipeaks attributed to tliePOB crystal became broader and relative

intaisity oftlie broad halo from the amorphous region iua^ased. Itis well-known that the copolymeiized moiety

lowers the ciystallinitydiie to tiieiiTegulai'sequence. The aystallinity was also influenced by shear flow. and it

became lower witli flieincrease of r. Tlie precipitated polymei's raqmred polymers prepaid at χΓof50 mol ％
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and Y of 489 s‾'were almost amoiphOTS,

　　These precipitates were insoluble in solvents. and

ttaｾﾞby rolymo" siractoes coiild not be investigated bv

^H aiid "c mffi. Tliey weで con血mied by IR

spectroscopy. Figure 4 .dio＼w m smc能of llieprecipitates

pi'epai-ed mufcr various conditions. Ill an s|^ctra。ａ

caiix)iivlband from flie ester linkage appeared at 1739

curl,and tliechai^cteristic bands from tiiiecaitoxyl group

aiid acetoxy gimro in mon(meis completely disapprared.

These results confiim the foniiatiou of a�油molecular

wei油t TOlyestei; Hie bauds coiiespoiiding to the

1β-phenylene iiioktv were observed at 1485 and 1415

cu占ｎ the spa;tra of the precipitates prepared at 万〇f20

and 50 iiK>l %. Tlie intensity of tliesebands increases wiSi

かand tiie 紳beiizo卵noielj' is s聯y

copohmiaized.

　　ITie yields and かof the raごdpitated fwljmers are

plotted as ａ ftmctioii of 冷as sIlOMl ill Figure 5 Hie

poIvmeK ＼＼ereうobtained as pedpitates at 冷〇-f 0-30

niol % wifli the yield of 39.0-44.5% wiliioiitslieai'flow

Tlie polymeiizatioii atが)f40 mol % did not affwd aiiy

precipitates.At y of 147 s'^tiiepo徊iiers wae precipitated

at がof (-50 tiiol % with tlie yield of 26.3^tCI.2%. At

Mglier-/of489s'' the polymers were 鳥皿led at ■//Of0-50

mol % witlitlieyield of 29.1-37.W％. Precipitatiotidid not

occur at 冷〇f 60 mol % at y of 147 aiid 489 s三Hie yield

of the precipitated polymers is inclined to becaue lower

witii也e iiiaiease in y. TOii resi^rt to かtliose p-qared at

かOf20皿d 30 mol % were 5.3 aiid 12.3 mol % witlioiif"

slieai' flow. At yof 14ﾌs^ the values of 沿of tiie

p祀ipilates pKpaied at 冷〇f 20, 40. and 50 mol % ＼＼ere

3/1,13.3, and 31.6 mol %, respectively. At M肺eiy of 489

s‾ t̂lievalues of 冷of the ra^ipitate prqjared at χfOf20，

40, and 50 mol % were 23, 8.9, and 10.8 mol ％

respectively. The ciitical χ゛to kdice the precqiitatioii

Ixcooies liigfierby shear flow. TIk values of 万are much

loWCT than those of かand tfiey decrease mitli tlieiiicKase

in ｙ Hie H?-oxybeiizoyl moiety was Imdly contained m

ｈ

polvina's wae万mainly con|)osed of り-oxybenzoyl

moiety.

　　ReadioE-iiduced plMse separation ofoligOHKTS ｈ! a

poor solvent can be described on the analogous

concentration-temperature phase diagram to that of

IMrtklly iiuMbk polviner solvent**. Hie phase separation curve illthe repulsive system in which 也ere Is no

attractiveinteiaclim betwKn晦;omeis aiid solvmfs is/written as liie万combination of fliefeezing point ciffve of

oligQKIS and iie iroper aitical solution taroeraHu-e (LICST)type dissoliilioiiciMve. The mecliaiiBm of the

fractional polycoudensation tet＼＼eQip-ABA and ?n-ABA lias teen revealed 00 fliebasis ofi!is phase (M昭Biii as
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follows^:戸Oxybenzoyl homo-oligomei･s are more rapidly fomied illthe solirtioiithaii cooligomen diie to die

diflf:ienceillliiereactivity'of monoiiKi"s. When, tlieDPli of tiie/jべ)xybenzoyl liomo-olieoma-s exceeds a aitica]

value, tliey a pim)itated via aystallization to form tiie ciystals at the early stege in liie pQlymoTstion

Co屈igomecs ai"e^dually foiiiied√aiidthen they are also pha≠sepaiBted. WMe co-oligomeis containing a few

?H-ox}'beuzoyl moieties are precipitated via crystallizatioiLthey are excMed from iie ciystal by tliesep'egatioiﾐ

effect. aud The ･n-oxybeiizoyl moiety is uot present in the aysMs. At the middle stage of die polymeiization.

co-oligomers containing n≫re m-ox＼fbenzoyl me iety are formed illdie solution. but tiiey are uiiaMe to pi刈pi滋

due to Iiigliermiscibility.Fiuiiiei"polycoiideiBati)n proceeds betm'een oligomas in tiiewecipitated aystals, an(

tliePOB cn'stals areごfinallytbnned. Hie ftactioiialpolycondeiisation is caused by tbe diflTerencein tliereactivity

ofiiMiooieis mid illtlieplMse .sq)a万rationbdia＼ior of tlieoligomer.
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　First･ lhe influence of shear now on Ule reaclivity of芦ABA and7μ‐ABA was kinetica恥inVes辱ate(L

脚ure 6 shows the Pk)ts ofI/(1づ?)aS a h1ctionofPo励1dzati(xltimeundcrShearn0w.Ha,芦iSthe eXte鍵of

leaction' The 1でacti01lぽe 0pp0site1y increaseS With time inespedW 0f Shcar mte aS Sh0wn i F琳1re 6a, c,T11e

池幽dh叫堰d尚|池ｂｗ|ｍ紬ar|嚇t|嚇)not扉映�u�池k)w

moIecuIar weight Iでgion' and it may be attributed靫)也c cOncentr滋0n hctuati0n, In a P00r soIVent, the Phase

sq)mtion|is|in(ked by|趾PI0gress|ofPo1ymeIizati0n√and|thc|PhaSe|即aﾉmti皿canbc|1eco函zcd| as a p10ccSs

to enha11ce万趾k)caI conce1mtion 0f 0辱omeIsﾑThc|回cti0n|mte|mighonczlsc| with 1ime| becauSe| |of the

訟aSc万池aぬ鯛u磁)n皿d昨

respectively. Alihcwgh the valiKs of 島for

totli iiDii)iners increase wifli iiear rate. flie

diflfeでaicein liie reactivity tetweai 芦ABA

and 用-ABA became amllerwithlie increase

in y／Hie increase ill臨of 。-ABA with slirar

rate was larger than 娃iatof/)-ABA. Therefore,

tillsmi幽be die to tiieenhaiicemmt offlie

concentration in tlK collisioE iiside the Taylor

wjrtices　rather 也aii 也e　oiiaitatioii　of

m血iles. Shear flow redkces 公differaice

in tiiereactivity being luMesira)le to fomi the

戸oxyteuzoyl homo一晦:<Jineis.

　　Miscibility betweai flieoligoma and the sokent as an effective paiametei: aiid k iiifliEnce ofsheir flow

oiiiie miscibiHty ＼rasej^ii泌t Ihe pMse-sqwrated oligoaiQcs could Eot be KOht≪l fiwn fliepolytnerization

solution/The cQflsolution cun'e and tiie加^瞳point cmve of titlephase-separated oligOUKT could/not be

acairately dbteraiined In this stoly, relativelocations ofthse airves are discussed on 無＼msk of tte misdbiMty

of oligomer motel ccmijouiids aiid LPF. Two kinds of caipjimds, PPPP and PMPP. were ^tiiesized as the

model conmounds forｻliomo一oligomer mid cc-aligomei; ⇒ely. Tliese compounds were⇒dby a

pheiiyl group to avoid the fln色er polvmerization during file preparation of phase dia^'皿IS. Tlie

concaifratioii-tenme池ii嘸pi瞬diagraiiB of libese oligomer HMdel conpsuiids and LPF wei-e prepare臨y牡

147. and 489 S“'by cloxid-p)iit nieasmtments. Iiithe嘸aams as shown in Figure 7. fliephase sejmation anves

atme岬a弛e combination of the 趾尚point 皿and ilie UCST-tyr坤is>liitioii cmve as predictei 孔k

pliase sepaiBtioo ani≪s of PMPP diitted towaid lower temperature flmi tiiatof pppp. Tliis result reveals Iliat

h皿>oMg(尚今稀祠坤y possess席lowest criticalconcentratioii and aitical molecutar wdaiit

for phase se匹tionいThe feezing point ciuve ofPPPPat≫5 nroi % cancenlration where y were 147 and 489 s"'

is located at lowo' taiqxratu珍with respect to flieinftKace of sliear flow. However,ﾉit sliiftstoward li^er

tcw^atme atａTCiy low concentration (≪:1.0％)↓wlikh is close to the 回 polvmeiization coiicentiation of 1 Wo.

Bis well-koowii tlMt the sohndons become tuibid because oflhe siiear-induced Equid-liqiud phase sepaiatioE or

liie ealiaucem改of co胆Etetion fliictiiatioiBwbai smiidiiute 芦沁solutioEis ｚ subjected to shear 虻と

Tlie slieai-indiKed pliase sqKiBtioii is theoretically expbiiiai on the basis of filerelaxation of elastic fee energy

ofpolymeiｹdiains imder sheaiｻfl／｡When tiffishear rate is largea:than niffidmimi ・l万axatirai万rate,the eχcess

elasticfree/enem? built/i|)illtlie万solutionby the detbimation万of iie mtaagled polyme(chaiixs ca皿ot be Klaxed

by disentaiiglemeiits but call be 咄eased only by squeezing sohaiじTliis soivait sqiieeziiigprocess resultsinttie

eolMicanent of concentration fluctuation aiid plmse sroaratice imder sliear flow. Hie Ibeoiy suggeste iiat tbe

dynamical asjmmetiy between LPF chains and o卵tHKTS is crucial ｈ the shear-induced plKEomeEoii illtbe

preseot瞬LPF chain has m桝田i smaller than the oligcaner so tliat臨latter relaxes皿:ch faste. As a
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consequence. stress developed illtile system under dieai" flow is bome only by LPF chaiiis／Hie relaxation

process flien causes tlie/sheai-iuduced pliase万sepm一犬tioii.Hie oligomei-s are squeezed by sheaiｻflowbiini無; about

demixing diie万tothe eiiliaiicement iiithe coiKeiitratiou fluctuation. Illcontest TO die system ofPPPP, tliesystem

of PMPP exliibitsOTOosite phenomena. nie freezing point OHve of PK'IPP at びof 147 aiid 489 s^'sMfts sli油tly

toward lowo' temj)erature at a low ccHiceiitrationof≪ 2.0％. aiid sliearflow does not significaiitlviifluence the

imscibility illliiecase ofFKiPP due to 訟 highei' misdbilify than pppp Fyrtiiei;if moleailar orientation migliぬe

induced by 也e slieai;pppp aliaied toward tiie sliear flow coagulated rapidly to form flie皿clei due to tlie

entropic advantage, making The activation energy for皿cleatioii lower. These|shear effects make Hie

homo-oligomers preci)itate万more rapidly dian flieco-o辱omei's. and liie difference in tliemiscibiMty is arimlified

bv the shear. As shown illTable 1. DPii of tile o辱omers when die solutiou became tiiittdin die polymerization

of D-ABA decreased araduallv with the increase ill V,and tliis result supports the above discussion.

　　Slieai" flow iiifliieucesbotlil^eactivityofmonomeis and miscibility. Shear flow reduces the diflfereiiceillthe

reactivitv bet^^'eeu p-ABA aiid OT-ABA. biingii響about the mifavomble condition for tlie fommtioii of

p-oxybeiizGvl liomo-oligomers. Oil fliecoutimy, shear flow enliances the diをr・ce illIlie miscibility bet＼＼en

liomo-o辱omers aiid co-o辱omers, leading to more rapid pimpitatioii of hoiiio-oligomers diaii co-oligomei's。

Tliusしtiieeuhaiiceniait of fractionability vm万sexamined by tiEiitigtiie applic年ationrime of tiie shea- flcWブITie

di訟-eu£e iiithe reactivit＼fbetween D-ABA and m-ABA became laigei"at y of O s' thaii at M油er T. FiEther,

外xybeiizoyl　homo-ougomeK　were

precipitated more rapid mider slieai"flow.

Based on tliese. the polvmeiization was

canied out witliout sheai" flow until 35 mill

when flie precipitatioa s↑aited.and tiieiithe

slieai"flow a↑Y of 147 s゛*was arolied after 35

miiL Hie 心iiits 服presoited in Table 2 with

the results wiii 147 s-' sheai" for 6 h and

wtbout slieai"flow for compaisoaレnie}ieM

was sligWy deaieasal but the value of 沿

became lower as shown iu nm no. 1. niis

indicates tliat tiie 五iactioiiabilityenliancesi

witli tlieshrar rate and the application period.

CONCLUSIONS

The polvmais containing few 堺≒^sxyteizoylmoieties wa:e obteiiiedas precipitateseveii at・油χ/ illliie
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polymerization system of p-ABA and m-ABA uiKler shear flow. The yield of pimpitated polymeis becaiiK

lowCTwititiie increaseillV,but flieftactioiiabilitvwas enhanred,H肺.er Y 卵ve lower かThe 幽es of 万were

conttoEed by Y Tlie shear flow reduced tliedifferenceon fleInactivitybetween p-ABA and ot-ABA, bitfmade

homo-oligoiiKi-s iiiDre mimirfile and c(M)ligo圓ere両ditJy iBis:ible,leading to)tlieenlianconent of iie

diffeiでoceoritliemiscibilitytetweeu homo-≒omers aid co-o≒omos. Fur趾rn皿re, composition controlwas

aiabW by means of controllingshear rateand flie1km wiiai intiwiuckig shear flow. H!B resultpTO泌s a new

methodology to coiitoliie coiti|)!siticiiofcq^hmers.
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