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CarbenyReactorによるＰＥ,PRＰＳの触媒分解
CatalyticdegradationofPE,PPandPSbyCarberTyReactor

正村田勝英（豊橋商工会議所）

KatsuhideMurata,ToyohashiChamberofCommerceandIndustry

Catalyticdegmdationofpolyolefinswasperfbrmedinacontinuousnowreactorthatallowsthestudyof
thedegradationprocessesatstcadystate､ThecontinuousflowCarberTyreactｏｒｗａｓｏｐｅ魁tedatatmospheric
pressureandatfｂｅｄｍｔｅｏｆＯ‐１．５kghF1polyolefinsovertwosilica-aluminacatalystshavingdiffe唾nt
SiO21Al203moleratio・Polyethylene(PE),polypropylene(PP)andpolystyrene(PS)weredegradedat420，
380ａｎｄ360℃respectivcly､Molarrateofdegradationwasincreasedinthepresenceofcatalysts,however
thcmassrateofdegradationwasdecreased，Theseinterestingresultsmightopennewperspectivesin
unde『standingthemacroscopicmechanismfbrcatalyticdegradationofpolyolefins．
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1．Introduction

Sincethelateofl97０，s，alotofworkoncatalytic

degradatiｏｎｏｆｐｏｌｙｍｅｒｓｗａｓｃａｒｒｉｅｄｏｕｔｂｙｕｓingbatchreactor

systemstoinvestigatethee雄ctivenessand/orthemechanism

duringdegradationovcrvariouscatalyticsystems・These

systemscouldactasrealcatalystsor/andasreactantｓ(oxygcn

donor)．Ｉｎｍｏｓｔｏｆｔｈｅｐｒｅｖｉｏｕｓｓｔｕｄｉｅｓｏｎｔｈｅcatalytic

degradationofpolymers，researchershavenotdistinguished

betweenthetwofimctionsofthecataIyticsystemsbecausethis

isdifficulttobeanalyzedinabatchreactor,Carberryreactor(a

continuousflowoperation）isasuitablctechniquetostudythc

catalyticdegradationofpolymersbecausetheexperimentaldata

arcobtainedatsteadystate，ｔｈａｔｉｓ，atconstanttcmperaturc，

constantpressureandconstantamountofreactorcontcnt・The

authorpreviouslyreportedonthethermaldegradationofPE,PP

andPSinacontinuousflowreactorI),aswellasontheefYectof

reactionpressure2)．Inthepresentstudytheauthorcarriedout
thecatalyticdegradationoｆＰＥ,ＰＰａｎｄＰＳｏｖｅｒｔｗｏｔｙｐｅｓｏｆ

ｓｉｌｉｃａ－ａｌuminacatalystwithdi賑rentSiOz/Al203ratio，ina
continuousflowreactor．

2.Experimental

PE（highdensity),ＰＰａｎｄＰＳｗｅｒｅｏｂｔａｉｎｅｄｆｒｏｍＭｉｔｓｕｉ

Ｃhemicals,Inc,ThecatalystsemployedinthisstudｙｗｅｒｅＳＡ－ｌ

ａｎｄＳＡ－４ｃｏｍｍｅｒｃｉａｌｓｉｌｉca-aluminafomMizusawaChemical

lndustriesCo・Ltd・Japan，havingSiO2/Ａｌ２０３ｍｏｌｅｒａｔｉｏｏｆ５､０

and0.42andBETsPecificsurfhceareaof420and240m2g1
rcspectiveIy･

Fig.１ｓｈｏｗsaschematicdiagramoftheexperimentalset-up

uscdfbrcatalyticdegradationofPE，PPandPSunder

continuousflowOperation・Thedegradationwasperfbrmcdina

stainlesssteelvesselreactorof51ｖｏｌｕｍｅinwhicharotating

cagcthatcontainedlOOgofcatalystwasinstalled・The

polymerswereheatｅｄａｎｄｍｅｌｔｅｄａｔ２００－２２０℃insidean
extruderthcnfbdintothereactoratdesired企edingrate

betwcenOandl､Ｓｋｇｈ.'、Firstly,ａｂｏｕｔｌｋｇｏｆｐｏｌｙｍｅｒｗａｓ企d
intothereactor・Ｔｈｅｎｔｈｅｒｅａｃｔｏｒｗａｓｈｅａｔｅｄｕｐｔｏｔｈｅfinal

degradationtemperaturcof420,380ａｎｄ360℃fbrPE,PPand

PSrespectively・Whenvolatileproductsbegantobeobserved，

analiquotamountofrawpolymercorrespondingtotheoutput

(liquidproduct＋gases）wascontinuously企dintothereactor

bytheextruder・Therateoffbedinputwasgraduallyadjustcdto

thatofproductoutputinordertokeepconstanttheamountｏｆ

１１

reactorcontent，Thevolatileproductsleavingthereactorwere

passedthroughawater壱cooledvcntcondenser・Thecondensed

liquidproducts(oils)werecollectedinareceiverhavingaglass

levelgaugewhilethegaseousproductspassedthroughaseal

potandagasmeterbefbrecollcctionfbranalysis，Thc

catalyst/polymermassratiowasofaboutl/lOinour

experimentalprocedurethatismuchsmallercomparedtoother

procedureswherehigheramountsofcatalystsareused（even

catalyst/polymermassratioofl/1)．
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FiglCarberryreactorfbrcatalyticdegradationofPE,PPand

PSinacontinuousnowoperation．

3.ResultsandDiscUssion

Themassrateofvolatilizationincreasedwithdegradation

temperature(Fig.２a),thevariationdecreasinginthePS＞ＰＰ＞

ＰＥｏｒｄｅｒｔｈａｔｍｉｇｈｔｂｅｅｘｐｌａｉｎｅｄｂｙｔheoppositetrendfbr

thermalstabilityofthesepolymers・Thecatalyticdegradation

decreasedthemassrateofvolatilization,theefIbctbeingsmall

fbrPETheactivationenergieswerecalculatedけomArrhenius

plotsdrawnbasedonthemassrateofvolatilization（Fig.２b)．

TheyincreasedfbrcatalyticdegradationonSA-lcomparedto

thermaldegradationasfbllowing:from220.9ｔｏ230.5kJfbrPE，

ｆｏｍ２１６３ｔｏ２１８,okJfbrPPandfrom207､５ｔｏ221.0kJfbrPS

Itisclearthattheactivationenergiesofthermaldegradation

wereincreasingwiththethermalstabilityofthepolymersand

werchigherfbrcatalyticdegradation、Ｔｗｏｄｉｓｔｉｎｃｔｅ鮭cts

decreasethcmassratcofvolatilizationfbrcatalyticdegradatio、
comparedtothethermaldegradation．

ＥｎＥｃｔｌ：

Intheprecedingpapers[1,2]theauthorproposedamacroscopic

mechanismfbrthermaldegradationofpolyolefinsbychain

reactionsinvolvingfreeradicals．
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weightside・Sincctherateofchain-endscissionisproportional
tothenumbcrofmolecules，themassrateofvolatilizationis

influenced

EfYbct2：

Accordingtotheabovementionedmacroscopicmechanismthe

molcculesinsidethereactorcontenthavealongpartofthe

chainanchoredintheliquidphaseandashorterpartattheend

ofthechainthatshiftstothevaporphaseduetothestrong
kineticenergy，Thevehementmovementsofthechain-endin

thevaporphasecausethescissionofthechainatgas-liquid

intcrface・Moreover，thechain-endscissionatgas-liquid

interflcecauseatemperaturedropbetwecntheliquidandvapor

phasethatusuallyexceed５０℃.[2]Long-chainmoleculescould

beproducedhavingtheboilingpointhigherthanthe

tempcratureofthcvaporphase・Assoonastheyjumpupinto

thevaporphase，theycondenseinliquiddroplets（veryfine

particlelikeafbg)duetoatemperaturedrophomtheliquidto

thevaporphaseinreactor・Ｔｈｅverysmallliquiddropletsarc

transportedoutofreactorbytheupwardhighstreamofvolatile

products､Thistransportphenomenonincreasesthemassrateof

volatilizationandexplainsthepresenceinIiquidproductsof

compoundswithhighboilingpointsthatnormallyshouldnot
leavethereactor・

ＦｏｒｅｘａｍｐｌｅｔｈｅｖａｐorphascfromdegradationofPPat

380℃hadatempcraturebelow330℃thatisequivalentto
n-C20,however,theNPgramoftheliquidproductofPPshows

theliquidproductcontainSSignificantamountsofcompounds・

AndtheNPgramoftheliquidproductｏｆＰＥｓｈｏｗｓａｓｗｅｌｌｉｎｇ
ｏｎｔｈｅｃａｒｂｏｎnumberdistributionaroundn-C20resultedfi｢om

theabove-mentionedcfYEct、

Meanwhilethesupplementarychain-endscissionsoccurring

duringcatalyticdegradationdecreasetheｓｉｚｅａｎｄｔｈｃｂoiling

pointofthemolecules，Thefbrmationofliquiddropletsinthe

vaporphaseandtheirtransportoutofreactorinthepyrolysisoil

isdiminishedcomparedtothermaldcgradation・ForPP

degradationthisisobservedbyalmosttotaldisappearanceof

compoundsaboven-C20inpyrolysisoi1s、Ｔｈｉｓｃａｕｓｅｓａ

ｄｅｃｒｅａｓｅｉｎｔｈｅｍａｓｓｒａｔｅｏｆｖolatilizationduringcatalytic

degradationcomparingwiththermaldegradationofpolymers・

Thelattercffbctrclatestothedisputeconcemingtheactivation

energyofdegradationcalculatedfomthemassrateof

volatilization・Athighertemperaturestherearｅｌｅｓｓａｍｏｕｎｔｓ

(relativeamountsinmassrate）ofdropletcomponcntsfbrthe

thermaldcgradationduetoasmallerdropintemperature

betweenliquidandvaporphase.[2］Conscquentlythcincrease

ofmassratcofvolatilizationduetotransportphcnomenonof

d『opletsbecomesnegligible､Ｔｈｉｓexplainsthelowerdifferences

(approachingtozeroat440℃）inmassratcofdegradation
betweenthcrmalandcatalyticprocedurcfbｒＰＥｃｏｍｐａｒｅｄｔｏＰＰ
ａｎｄＰＳ．

TwomaintypesofC-Cbondscissionsimultaneouslyoccur

duringthermaldegradationandarcresponsiblefbrthereduction

ofthemolecularweightoftheproducts・Oneisarandom

scissionofC-Cbondswhichcausesamolecularweight

reductionofrawpolymerintosmalleroligomersincreasingthe
reactorcontentTheotheroneisachain-endscissionofC-C

bondsgencratingvolatileproductswhichcausesthedissipation

ofreactorcontent,Thevolatileproductsarenotfbrmeddirectly

fromthcinitialmacromoleculesbuttheyresultfmmthc

degradationofoligomersinreactorcontent､Theratiobetｗｅｅｎ

ｔｈｅｔｗｏｔｙｐｅｓｏｆＣ－Ｃｂｏｎｄｓｃｉｓｓｉonsdependsonthepolymer

typeandaffbctsthepropertiesofthereactorcontentand

volatiles,asdescribedabove,Thechain-endscissiontakesplace

atthcgas-liquidinterfaceinworkingreactor,Consequcntly,the

volatilizationofproductsduringthermaldegradationof

polymcrsisaheterogeneousreactioninwhichthereactantisin

aliquidphaseandtheproductisinagasphase，

Forthecatalyticdegradationofpolymersthereaction

systemismuchmorecomplicatedthantheabovementioncd

reactionsystemfbrthethermaldegradationofpolymers，

bccauseitinvolvesthreephase(gas,liquidandsolid),namely，

threephasereactor・Silica-aluminacatalysthasaremarkable

e鮭ctontheproductdistribution，ｂｕｔ、otonthemassrateof

volatilizatio､，asshowninthepreviouspaper［3]・This

experimentalobservationsuggcststhatthecatalystaccelerates

thechain-endscission，butnottherandomone､Asaresultthe

distributionofreactorcontcntshifistothehighermolecular
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Fig2Variationofmassrateofvolatilizationwithtcmperature

andArrheniusplotsfbrcatalyticdcgradaｔｉｏｎｏｆＰＥ,PPand
PSoversilica-alumina．


