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Ａｃｏｎｄｉｔｉｏｎｏｆ３０ｔｏ５０％monomerconversioninstyrenesuspensionpolymerizationwas
approximatedbydispersingtoluenecontaiｎｉｎｇ３０ｔｏ５０ｗｔ％polystyreneinwater・

Thesizedistributionofthosepolymerdroplets,inwhichnopolymerizationoccurs,ｗａｓmeasured
underconditionsofultrasonicirradiationandofnoirradiationtoobtainmoredetailedinformation

aboutviscousdropletsinastirredtankreactorunderultrasonicirradiation・

Theultrasonicscausedacomparativelystrongcohesiveeffectonthedropletsoverthewhole
rangeofexperimentalconditions、ＴｈｅｅｆｆｅｃｔｓｏｆviscosityandPVAconcentrationonthesizeof

droplets,however,ｗａｓｆｏｕｎｄｔｏｂｅｔｈｅｓａｍｅｕｎｄｅｒｕｌｔｒａｓonicirradiationasundernoirradiation．

Introduction

InthesuspensionpolymeriZatio、process,dispersedpolymerdropletscoalesceandre-disperse
enormouslyinthereactor,andhaveacertain“stable”averagesizebalancedbythecoalescence

・１．３，４）

andre-dispers1on・

Underinsufficientmechanicalmixingortoolowinterfacialstabilizerconcentration,however,poly‐
merdropletswouldbeunstable,proceedingtoastickingtotheimpellerandreactorwall,and／or

proceedingtoacakingphenomena,inwhichtheylumptogether・Ultrasonicirradiationseemsto

beaneffectivemethodtopreventsuchphenomena・

Inthepreviousreports,2)suchaneffecthasbeendemonstratedbycarringoutthestyrenesuspen‐
sionpolymerizationunderultrasonicirradiation、Ａｔｔｈｅｓａｍｅｔｉｍｅｔｈｅｕｌｔｒａｓｏｎｉｃｓｈａｖｅｂｅｅｎｒｅ‐

vealedtohaveanagglomerationeffectoverthewholerangeoftheoperatingconditions・
However,itisconsideredthattheeffectofchangesofphysicalpropertiesoccuringwithpolymeri‐
zation,especiallysuchastheeffectofviscosityofdisperseddropletsonsizedistributionofpolym
erdroplets,isnotnegligible、Ｔｈｅｓizedistributionofpolymerdropleｔｓｏｎｔｈｅｗａｙｏｆｐｏｌｙｍｅｒｉｚａ‐
tionmightbedifferentfromthatatsteadystate・

Inthisstudy,toknowtheeffectoftheultrasonicsonthepolymerdropletsatsteadystate,the
dropletssizedistributioninthesystemofdispersedtoluenecontainingafixedamountofpoly‐
styreneinwaterwasmeasuredunderultrasonicirradiationandnoirradiationconditions・

Theeffectsofviscosityand､polyvinylalcohol（ＰＶＡ）concentrationonthesizeofdropletswere
alsoinvestigatedunderbothultrasonicirradiationandnoirradiation．
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1．Experimental

Styrene（Ｓｔ），water,toluene,Ｎ,N-azobisisobutyronitrile（ＡＩＢＮ）usedasreagentwerepuri‐
fiedbythesamemethodasmentionedpreviously,２１Theschematicdiagramoftheexperimental
apparatusisshowninFi9.1．ThesourceofultrasonicsemployedwasaCho-OnpaKogyo
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Fig.１Experimentalapparatus

Co・UltrasonicsGenerator,ModelUSV-500V,andthetransducerelementwasbarium-titanatedisk
Thereactorusedwasaseparableflaskofinnervolume600mLUltrasonicradiationwasirradi‐
atedfromthetransducerelementtothebottomofthereactor・

PreparationofpolymersolutionUsingtolueneassolvent,whosephysicalpropertyisvery
similartothatofstyrenemonomer,solutionpolymerizationofstyreｎｅｗａｓｃａｒｒｉｅｄｏｕｔｆｏｒａｂｏｕｔ２０

ｈｒｓａｔ７０℃tocompletethepolymerizationundertheconditionsshowninTablel・

TablelReactionconditionsforthepreparationofpolymersolution

Reactiontemperature＝70℃

Styrenemolefractioninsolution

＝0.37,0.47,0.60and０．６９［－］

Initiatorconcentrationinsolutiｏｎ

＝0.0600ｋmol／㎡

ThepolymerweightfractionwascalculatedbyregardingtheresidualStasasolventaswellas
toluene・

ExperimentalprocedureAtoluenesolutionof85､７mlcontainingafixedamountofpoly‐

styrenepreparedbythemethodmentionedabove,PVAaqueoussolutionofconcentratｉｏｎｏｆｌＯ

ｋｇ/m3andwaterwerepouredintotheseparableflask．（Volumeratioofthedispersedphasetothe
continuousonewasl/６．）Afterthesystemattainedsteadystateoperationalconditions,ａｓａｍｐｌｅ

ｗａｓｔａｋｅｎａｎｄｒapidlymovedbypipettetoawatch-glasscontainingPVAaqueoussolutiｏｎｏｆｃｏｎ‐

centration50kg/ｍ3．Photographsofthesampleweretakeｎｄｉｒｅｃｔｌｙｂｙｃａｍｅｒａｏｒｔｈｒｏｕｇｈｔｈｅ
ｍicroscopetoobtainthesizedistributionofpolymerdroplets．



Temperature

Ultrasonicfrequency

PVAconcentration

Rotationalspee。
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＝70℃

＝200ａｎｄ４００ＫＨｚ

＝０．０３，０．０５ａｎｄ０.ｌｗｔ％

＝６．１７，８．８３ａｎｄ１０．７ｓ－１

２．ResultandDisCussion

Themeasurementsofthenetultrasonicenergywerecarriedoutbythecalorimetricmethodin

therangeｏｆ２００ｔｏ８００ＫＨｚｉｎｆｒｅｑｕｅｎｃｙ、４００ＫＨｚｗａｓｆｏｕｎｄｔｏｓｈｏｗａｍａｘｉｍｕｍ、The

observedratesofinputenergyaｔ４００ａｎｄ２００ＫＨｚａｄｏｐｔｅｄｈｅｒｅａｓｕｌｔｒasonicfrequencieswerere‐
spectively69,８ａｎｄ２３．２Ｊ/s・

ＴｈｅｅｘperimentalconditionsareshowninTable２．

Table2Experimentalconditions

EffectofUltrasoniclrradiationonDispersedPolymerDropletsinWater

＊：Polystyeneweightfractioninsolution

RelationbetweentheSauteraveragesizeofdropletsandrotationalspeedunderbothultrasonic

irradiationandnoirradiationfdraPVAconcentrationofO・lwt％ｉｓｓｈｏｗｎｉｎＦｉｇ､２．

Thedottedlinesinthefigurerepresentvaluescalculatedfromthefollowingcorrelationrepresent‐

ingtheaveragesizeofdropletsundernoirradiation､5）

坐=凹型N綱ざ，徳N髄-"(差)．“ＩｌｌＤｆ｡fの

ＩｔｉｓｆｏｕｎｄｆｒｏｍｔｈｅｆｉｇｕｒｅｔｈａｔｔｈｅｓizeofdropletsunderultrasonicirradiationisconsiderablelaIger

duetothecohesioneffectofultrasonicscomparedwiththatundernoirradiation,ａｎｄｔｈａｔｔｈｅｅｆｆｅｃｔ

２．１．Measurementofsizedistributionofdispersedtoluenedropletscontainingpolystyrene

ThephysicalpropertiesofthesolutionsarelistedｉｎＴａｂｌｅ３、Frompreliminaryex-

periments,itwasconfirmedthatsteadystatesizedistributionsofpolymerdropletsareattained30

minafterstirring.4）
Table3Physicalpropertiesofpolymersolutionsat70℃

Liquid
＃

＊

[－］

１０

[kg／㎡］

〆

[９．cm／s］

ぴ

[g／S2］

ＰＶＡｃＱｎｃ

[wt％］

Ａ

0．３６ 0.8939 0.0683 2８．８

１４．６

１２．１

１１．４

０３

０５

１０

０
０
０
０

Ｂ

0．４５ 0．９１７５ 0.274 2７．８

１４．１

１１．１

９．０５

0３

０５

１０

０
０
０
０

Toluene

0.8200 0.00438 30.7

15.5

14.0

12.6

10.4

１
３
５
０

０
０
０
１

０
０
０
０
０

Ｓtｙｒｅｎｅ

0.8638 0.00461 30.9

12.4

10.8

10.4

０３

０５

１０

０
０
０
０

Water
0.9779

0.9785

0.00406

0.00440

０

０．１０
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Fig.２Effectofultrasonicirradiationondp32usingpolymersolutionsasdispersedphase（ＡＯ,Ａ１
：SolutionA,ａｎｄｎｏＰＶＡａｎｄＯ､１ｗｔ％ＰＶＡ,respectively,ＢＯ,B1SolutionB，ａｎｄｎｏＰＶＡ
ａｎｄｌＯ・lwt％ＰＶＡ,respectively）

ofviscosityonthesizeofdropletsunderultrasonicirradiationismoreprofoundthanthatunderno
irradiation・ＦｏｒｅａｃｈｐｌｏｔｕｎｄｅｒｕltrasonicirradiationinFi9.2,thenormalprobabilityplotisex‐

aminedinFig､３．Fromthefigure,thesizedistributionoftoluenedropletscontainingpolystyrene

Fig.３Normalprobability
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atsteadystateunderultrasonicirradiationｉｓｆｏｕｎｄｔｏｂｅａｐｐｒｏｘｉｍａｔｅｄｂｙｔｈｅｎｏrmaldistribution

aswellasthatofpolymerdropletsinprogressofpolymerizationexceptforthecaseofN＝６．１７rps・
TheeffectofPVAconcentrationontheaveragesizeofdropletsunderbothultrasonicirradia‐

tionanｄｎｏｉｒｒａｄｉａｔｉｏｎｉｓｓｈｏｗｎｉｎＦｉｇ４ｗｉｔｈｐｏｌｙｍｅｒｓｏｌｕｔｉｏｎＡｏＩｔｉｓｆｏｕｎｄfromthefigure
thattheaveragesizeofdropletsisscarcelyaffectedbyPVAconcentrationsintherangeofｔｈｉｓ

潟･Ｏ５
Ｑ

1℃

POlymersolution：Ａ､1５

EffectofUltrasoniclrradiationonDispersedPolymerDropletsinWater

Polymerwt・fraction＊ ＝０．４０ ［一］

Densityat70℃＝0.9077ｋg／㎡

Viscosityat70℃＝０．４４８ ９．cm／s

lnterfacialtensionagainstwatercontainingO､lwt％ＰＶＡａｔ７０℃

＝１１．３ ９／s２

ｏ 院汽一弓フ９１１

Ｎ【ｓ－１〕
Fig4EffectofPVAconcentrationondp32usingSolutionAasdispersedphase

experiment、AsmightbeexpectedfromEq.(1),thesizeofdropletsissignificantlvaffectedbythe

interfacialtension、Fromthefactthattheinterfacialtensionofthepolymersolutionisscarcely

affectedbythePVAconcentrationsintherange０．０３～０．１ｗｔ％ａｓｓｈｏｗｎｉｎＴａｂｌｅ３,theabove

mentionedtendencyofaverａｇｅｄｒｏｐｌｅｔｓｉｚｅｓｅｅｍｓｔｏｂｅｎｏｔｓｏsurprising、

２．２．Effectofmicro-dispersiononsizedistributionofdroplets

Becausethesizedistributionsofdropletsdescribedsofarwereobtainedfromcameraphoto‐

graphs,theinformationonsmalldropletsoｆｌＯ－２０/ｕｍｉｎｓｉｚｅｉｓｄｏｕｂｔｆｕｌ、

Thephysicalpropertiesofthepolymersolutionusedformicroscopicmeasurementsarｅｓｈｏｗｎｉｎ

Ｔａｂｌｅ４・Representativeexamplesofsizedistributionofdropletsobtainesbymicroscopyare

showninFi9.5．Ａｓｓｅｅｎｉｎｔｈｉｓｆｉｇｕｒｅ,itisfoundaconsiderableamountofmicro-dispersiondro‐

Table４Propertyofapolymersolutionusedforamicrophotography

＊FIeparedfromdilutingthepolymersolutioncontaining

U､７ＺｐｏｌｙｓｔｙｒｅｎｅｉｎｗｅｉｇｈｔａｓｓｈｏｗｎｉｎＴablelwithtoluene
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Ａ，Ｂ＝polymersolutions

D＝impellerdiameter［cm］

dp＝dropletsize［mm］

dp32＝Sauteraveragesize［cm］

1.3｢一両一二一両ラ

Nomenclature

r･ｐｓ

ｗＷｂ

ｄｐ３２
､0203
.0459

ｃｍ

Effectsofultrasonicirradiationonthesizedistributionofpolymerdropletsatsteadystatewere

investigatedusingpolymersolutionofpolystyrenecontentof36and45weightpercent、

Thefollowingresultswereobtaine.．

'）Thesizeofdropletsunderultrasonicirradiationisconsiderablelargerduetothecohesion

effectofultrasonicscomparedwiththatundernoirradiation．

2）Thesizedistributionofpolymerdropletsconformsapproximatelytoanormaldistributionas

wellasthatofpolymerdropletsinprogressofpolymerization．

3）TheeffectsofviscosityandPVAconcentrationontｈｅｓｉｚｅｏｆｄｒｏｐｌｅｔｓａｒｅｔｈｅｓａｍｅｕｎｄｅr
ultrasonnicsirradiationasundernoirradiation．
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Fig.５Comparisonofdropletssizedistributionunderultrasonicirradiationwiththatunderno

irradiationbymicroscopy

pletsoflO～２０ﾉumexist,andthatthedistributionmighthaveatendencytoshowatwinpeak,3）
Thesizedistributionofpolymerdropletinthiscaseiscomplicatedanｄｉｔｃｏｎｆormstoneither

normaldistributio、norlogarithmicnormaldistribution・Asexpressedabove,theresultobtained

bymicroscopyisapparentlyconsiderablydifferentfromthatbydirectphotographyuｓｉｎｇａ

ｃａｍｅｒａ・

However,consideringthatthepolymerdropletsunderultrasonicirradiationrangｅｆｒｏｍ０．５ｔｏ１．０mm

inaveragesize,thedifferencebetweenmicroscopyanddirectphotgraphyisnotofpracticalimport‐

anceexceptinmicroscopythenumberofmicro-dispersiondropletsbelｏｗｌＯﾉumcanbedetected．

Conclusion
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f＝afactorrelatedtotheeffectofthesizelimitindispersion［－］

fの＝afactorrelatedtotheeffectofthevolumefractionofdispersedphase［－］

g＝graVitatiOnalaCCeleratiOn［C､/S2］

Ｌ＝lengthfornormalization（＝0.1mm）［ｍ］

Ｎ＝rotationalspeed［s－１］

NFr＝Froudenumber（＝DN2/g）［一］

Nwe＝Wevernumber（＝ＤＮＩＣ/ｏ）［－］

ﾉαc，ノａｄ＝viscositiesofcontinuousanddispersedphases,respectively［９．cm/s］

,｡c，Ａｌ＝densitiesofcontinuousanddispersedphases,respectively［g/cm3］

ぴ＝interfacialtension［g/s2］
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