Met hod for Inproving Catalyst Efficiency During Polycarbonate RTMP co
Redi stribution 5 Background of the Invention Redistribution is a process
whereby a resin of |ower nolecular 10 weight is prepared froma resin of
hi gher nol ecul ar wei ght by a reactive extrusion process. This invention
relates to a nmethod of enhancing the catal yst efficiency during '
pol ycarbonate redistribution. More partithtarly, it relates to a nmethod of
i mproving the catal yst efficiency during redistribution by enploying an
extruder screw design that provi d\élstlwd”r&lt Impapvingt ween t he extruder throat
15 and the vacuum port. A nel ' Wﬁ’ e free volunme within
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known hi gh performance engi neering thernopl astics characterized by many
advant ageoug physi cal properties, such as 20 hi gh optical clarity,
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tenperature range. Typically, in a manufacturing environnment, different
grades of pol ycarbonate, charagterized . ,prinarily by different wei ght
average mol ecul ar wei ghts, ar eﬁBFG'é%fé’Pé'é ?%@%&3¥§?é°?ot s. To transition
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the vol ume of V\%‘s‘i"é‘“ﬁﬁ‘t%}"?“& esighhat ravidesa melt exUdaritheat or t he
|'i ke. Ther dffor eandithe v&cuum port. A melt seal exists when the free volume within the

extruder is sufficiently filled with molten resin so as to prevent the passage of

I nportance in the |ast few years; they.are Vvie g as one way to mnimze
sl bervgen the

gases between sections of the extruder.
Polycarbonates are well known high performance engineering
thermoplastics characterized by many advantageous physical properties, such as
20  high optical clarity, toughness, dimensional stability and excellent impact
strength over a wide temperature range.
; Typically, in a manufacturing environment, different grades of
polycarbonate, characterized primarily by different weight average molecular
~ weights, are prepared in separate lots. To transition from one lot, or molecular
25  weight grade, to another results in the production of a significant amount of
material with variable molecular weight until the production line is completely
purged of the prior grade. Transition grade materials must be inventoried and
later matched and blended with other grades of polymer to obtain a grade with
commercially acceptable properties. Often there are inconsistencies between the
30 properties of transition grade batches, causing variation in matching and
blending from batch to batch.
' Recycling processes have become of increasing importance in
the last few years; they are viewed as one way to minimize the volume of waste
material that must be di_spdsed of in landfills or the like. Therefore, it is



-2 - desirable to provide processes for recycling scrap polyners, including
‘pol ycarbonates. In view of the above, it would be desirable to provide a
practical method of reform ng pol ycarbonates, including used pol ycarbonates
and newWy 5 produced pol ycarbonate that have an initial weight average
nol ecul ar weight, into a variety of comrercial .grade pol ycarbonate
conpositions characterized primarily by 2tfferent nolecul ar weights. Such a
process would elimnate transition grade polycarbonate and the
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tetraalkyl ammonium base. During the course of the process, the tetraalkyl
ammonium base can decompose to form a trialkyl amine. If it is not removed,
this trialkyl amine will be present in the final redistributed product, resulting in a
degradation of the polycarbonate's material properties. The trialkyl amine can
20  be removed by extruder devolatilization via one or more vacuum ports in the

extruder.

. It is desirable to enhance the catalyst efficiency in a redistribution
procc_ss so that the quantity of catalyst is minimized while the weight reduction
of the polycarbonate is maximized. At the same time, it is desirable to prevent

25  the pulling of air into the extruder as a result of the vacuum port(s), as the
introduction of air into the extruder will quench the redistribution reaction.

Summary of the Invention

30 The present invention provides a method of redistributing
polycarbonate comprising the step of melt equilibrating a mixture comprising:
a. apolycarbonate having a weight average molecular weight of
500 to 200,000, and,
b. a polycarbonate redistribution catalyst,



a. a polycarbonate having a weight average nol ecul ar wei ght of 500 to

* 200,000, and, b. a polycarbonate redistribution catalyst, -3 - at a
tenperature of 180[err] to 320[err] in an extruder conprising at |east one
screw, a feed throat and at |east one vacuum port, wherein said extruder
produces. a nelt seal, said nelt seal |ocated between the feed throat and
the vacuum port that is closest to the-Bged throat. Detail ed Descri ption. of
the Preferred Enbodi ment The present invention relates to a nethod for

i nproving the ef fici-encyit dfempessnseoid BY kao82p Lainanexyydersompaisig@bt i n a
redi stributi ofeasegielschiv, b fled thivat did dtilddst\éhedvat @i o SWhétBintsart ensures the
formation of a ne|t seal \Mtglln he, exeé(rﬁ%gﬁr. The methtgd e%arrgl_rlsag]atthe step
of melt equi | EKFUASr REPAICTSA PelL Segh paidan QPR LPPIRRRR the feeditaropt 48dt i on
catal yst wi t hgasvaenimydarthitiotlogpso@dubefedthiedtt seal . The manufacture of

pol ycarbonate is well known in the art. 15 There is no limt on the

pol ycar borat e that can be enployed in the instant invention. Appropriate
pol ycar bonat es for uBetailed: Deséniptiomtofi thecPteferrednEmbalindente materi al s
that conprise structural units of the fornula [err] 20 wherein [err] is a
di val ent organic radical. Suitable [err] values include ethyl ene,

propyl ene, trinethyl ene, Thegresantsnysntion sglatttoamethod fordmpriyingstheret hyl ene,
1, 4- ( 2- but enyl

- - - . , 3-
cycl ohexyl ene ,e ﬁgb‘?%{ycg % g %gﬁé@(mﬁe’% Qﬁg&gt@ﬁ@% (e:ar%ygtléﬁ gﬁ%ﬁﬁgﬁﬁnﬁ%@ 25
bi phenyl eh@, byzmbzmgumgqsmél}qéﬁ he frsmatierbofia melseal prithinethe and
simlar radi cak@udddCThe netdTBmpRsGhE REP Sﬁﬂaaéqdimﬁb%ﬂg&y%a&m& onpounds
di scl osed by nane ar, f orJ'ruI 3 gnq)ener ic or S‘BmeCI fic) Itﬂ . Pat ens
4,217, 438, composition and a redistribution catalyst with an extruder that produces a melt
' seal.
The manufacture of polycarbonate is well known in the art.
15  There is no limit on the polycarbonate that can be employed in the instant

invention. . _

Appropriate polycarbonates for use in the instant invention

include those materials that comprise structural units of the formula

|‘i

() -R-0-C-0-,

20 ' :
wherein R! is a divalent organic radical. Suitable R! values include ethylene,
propylene, trimethylene, tetramethylene, hexamethylene, dodecamethylene,
1,4-(2-butenylene), 1,10-(2—ethyldecylene), 1,3~cyclopentylene, 1,3~
cyclohexylene, 1,4—cyclohexylene, m—phenylene, p-phenylene, 4,4'-

25  Dbiphenylene, 2,2-bis(4-phenylene)propane, benzene—-1,4-dimethylene and
similar radicals such as those which correspond to the dihydroxy compounds
disclosed by name or formula (generic or specific) in U.S. Patent 4,217,438,
the disclosure of which is incorporated by reference herein. Also included are
radicals containing non-hydrocarbon moieties. These may be substituents such



the di sclosure of which is incorporated by reference herein. Also included
are radi cal s contai ning non-hydrocarbon noieties. These may be substituents
such -4 - as chloro, nitro, alkoxy and the like, and linking radicals
such as thio, sulfoxy, sulfone, ester, anmide, ether and carbonyl. Mst
often, however, all [err] radicals are hydrocarbon radicals. Preferably
[err] is aromatic. Mre preferably, the sfematic [err] 5 radi cal s have
the fornula [err] wherein each of [err] and [err] is a nonocyclic dival ent
aromati c radi cads chiwtoMiire, alkdxy andithe tige,and linkingahdicals swohas tinesudfoxyio at ons

separate [err] Ju'it%'iﬂe [e‘§€e§]am1599et Jr?ﬁd)éfx%n&geg&? fred momggw@mm@&% usually

in the meta or ‘para positi relati ornul a
11, the [err] aardhyénocgrboarqde@S:ay be unsubstituted phenyl ene or

substituted derivatives tPﬁTﬁQ‘Pﬁl éy!%h{aaf:l Mor R:?érhﬁl%?ﬁé&o peRar 15

nore) being al kyl, al ken especl a oro a rono), nitro,

al koxy and 5helmﬂkﬁkf@M% pdermula ed phenyl ene radlcals are preferred. Both
[err] and [err] are preferably p- phenylene al t hough both nay be o- or

m phenyl ene or one o- or n}phenylen l§b ot her p-phenyl ene. The
bridging radical, Y, is one in mhic orfwo atons, 20 preferably one,
separate [err] fromJ[err]. It is nost often a hydrocarbon radi cal and

articul arl asturat h I , 2-
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and hydr ogen; fA?uescbamnequ 2- di chl or oet hyl i dene car bonyl
pht hal i dyl i dene, oxy, thig, qg)ql@mj &lAfz%ﬁaesﬁﬁ
a

availability and partlcular sult |ty e pur oses of this invention,
the preferred rehfinylene of sybstitatadderivatives lﬂh‘ée@ lustrative substituents (one or

15  more) being alkyl, alkenyl, halo (especially chloro and/or bromo), nitro, alkoxy
and the like. Unsubstituted phenylene radicals are preferred. Both Al and A2
are preferably p~phenylene, although both may be o~ or m~phenylene or one
o— or m~phenylene and the other p-phenylene.

The bridging radical, Y, is one in which one or two atoms,

20  preferably one, separate Al from A2, It is most often a hydrocarbon radical and
particularly a saturated radical such as methylene, cyclohexyimethylene, 2- '
[2.2.1]-bicycloheptylmethylene, ethylene, isopropylidene, neopentylidene,
cyclohexylidene, cyclopentadecylidene, cyclododecylidene or adamantylidene,
especially a gem-alkylene (alkylidene) radical. Also included, however, are

25  unsaturated radicals and radicals that contain atoms other than carbon and
" hydrogen; for example, 2,2-dichloroethylidene, carbonyl, phthalidylidene, oxy,
thio, sulfoxy and sulfone. For reasons of availability and particular suitability
for the purposes of this invention, the preferred radical of formula II is the 2,2~
bis(4-phenylene)propane radical, which is derived from bisphenol A and in
30 which Y is isopropylidene and A! and A2 are each p-phenylene.

Polycarbonate is produced by several methods, including an
interfacial polymerization method and a mielt transesterification method.
Polycarbonates made by any method can be utilized in the present invention.

Polycarbonates can be prepared by a heterogeneous interfacial

35 polymerization method. Usually an organic bishydroxy compound, such as



.bi s(4- phenyl ene) propane radi cal, which is derived from bi sphenol A and in
30 which Y is isopropylidene and [err] and [err] are each p-phenyl ene.

Pol ycarbonate is produced by several nethods, including an interfacial

pol yneri zation nethod and a nelt transesterification nethod. Pol ycarbonates
made by any nethod can be utilized in the present invention. Polycarbonates
can be prepared by a heterogeneous i nt ePfaci al 35 pol yneri zati on met hod.
Usual Iy an oraanip bi shydroxy conmpound, such as = -5 -
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di aryl carbonate and an_ aronatic ydr oxy conpou der nelt
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catal yst. 15 patents 5,319,066 anld’5 #ECO410 Which até ifkofpdPatbd RERMD lefdrfh®.

i nventi on, ané‘ of the g}bove-l denti f.i ed pol y;tar bopat e hflVI g an initial
vei ght aver agd YRISRRY:SHEN 2 pRocepscomprses he step rpﬁrémgaf@@v ¢ashenRsANd 500 to
200, 000 nay ben afnwtidRsis ﬁym&&{gacofrﬂpbﬁhd pfdey et M Riza06Peshditions il@ei Ny a

di fferent nol ecul ar I ght ref er abl t he wei ght average nol ecul ar wei ght
range is fromPHSBUE %@gltﬁ%ﬁ"%‘%"“s&%%é%& 000. All nolecul ar weights are

as deterni@ed by gel pelmreaiordemce withithd process bythimmgiqnohm&bmmne as a
reference mat %ﬁé@ideggﬁedoﬁ)glyc%?goggtg? Bgving an initial weight average molecular

weight typically in the range from about 500 to 200,000 may be reformed into a

final polycarbonate composition having a different molecular weight.
Preferably, the weight average molecular weight range is from about 5000 to
20 about 100;000. All molecular weights are as determined by gel permeation

chromatography, using polystyrene as a reference material. The polycarbonate
can comprise mixtures of different linear or branched polycarbonates and
mixtures of linear and branched polycarbonates. The process is particularly
useful with recycled polycarbonates, whether linear or branched, including

- 25  polymers formulated into such products as optical disks (usually linear) and
blow—molded bottles (usually branched).

- The redistribution process involves melt equilibrating the
polycarbonate in the presence of a polycarbonate redistribution catalyst. Melt
equilibration involves heating the polymer at a temperature sufficient to produce

30 amelt for a time sufficient to achieve redistribution equilibrium. Typically,
when the starting material is a single homopolymer or copolymer, redistribution
converts the starting polycarbonate into a redistributed polycarbonate having a
weight average molecular weight which is lower than the starting weight.
When the starting composition is a blend of homopolymers or copolymers of

35  different molecular weights, it is possible for the redistributed composition to



can conprise mxtures of different linear or branched pol ycarbonates and _
m xtures of |inear and branched pol ycarbonates. The process is particularly
useful with recycl ed pol ycarbonates, whether |inear or branched, including
25 polymers formul ated into such product.s as optical disks (usually

| i near) and bl ow-nol ded bottles (usually branched). The redistribution
process involves melt equilibrating the-®ol ycarbonate in the presence of a
pol ycarbonate redistribution catalyst. Melt equilibration involves heating
t he pol ymer athavenanglesudaruveightihighier thanat least pnestaing somporentrand lofwer a ti me

sufficient to ' ' | | L4 i brium Typically, when the
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or polybutyl tbejimetsylaminopropane, imidazole, benzimigazeleand heprassmle _
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1, 3- di net hyl anﬁlﬁgg’ﬁ. ﬁ%ci’ W%ﬁ%ﬁ“ﬁ%“%ﬁﬁwé’ uspally 38 B0t r i azol e.

Qther or g C pefdiydfae) and Setrabibyldlonii@hydroxide} etradlRyy mhénibmanmoni um

hydroxi des,” sugh ag: e L ATE kb TP O b G, BAlR) dotnd™ N

monohydrate; tetraalkyl ammonium acetates, such as tetramethyl ammonium

acetate; tetraalkyl ammonium tetraphenylborates, such as tetramethyl ammonium
tetraphenylborate; lithium stearate; the lithium salt of bisphenol A; the tetraethyl

20 ammonium salt of bisphenol A; and sodium phenoxide. Suitable organic bases
also include phosphines, for example, triphenylphosphine. A wide variety of
organometallics are suitable catalysts, including organotin compounds, such as
di(n—.butyl)tin oxide, di(n—octyltin oxide, di(n-butyl)tin dibutoxide, di(n—
butyl)tin dioctoate, dibutyltin, tetrabutyltin, tributyltin trifluoroacetate,

25 tributyltin chlorophenoxide, bis{(dibutyl)(phenoxy)tin] oxide, and tributyltin
hydride; organotitanium compounds, such as titanium tetra(isopropoxide),
titanium tetra(5-methylheptoxide), and titanium tetra(butoxide); zirconium
tetra(isopropoxide); aluminum tri(ethoxide); aluminum tri(phenoxide); mercuric
acetate; lead acetate; (diphenyl)mercury; (tetraphenyl)lead; and

30 (tetraphenyl)silane. Also suitable are a variety of hydrides, including sodium
hydride, lithium hydride, aluminum hydride, boron trihydride, tantalum and
niobium hydride, lithium aluminum hydride, lithium borohydride, sodium
borohydride, tetramethyl ammonium borohydride, tetra(n-butyl ammonium)

_ borohydride, lithium tri(t~butoxy) aluminum hydride, and diphenylsilane; as

35 | well as simple inorganics, such as lithium hydroxide, sodium silicate, sodium



15 pent ahydrate, and tetraethyl ammoni um hydroxide; tetraal kyl amoni um
*phenoxi des, such as tetranethyl ammoni um phenoxi de, usually as the
nonohydrate; tetraal kyl ammoni um acetates, such as tetranmethyl anmonium
acetate; tetraal kyl ammoni um tetraphenyl borates, such as tetranethyl

anmoni um t et raphenyl borate; |ithium stearate,; the l'ithiumsalt of bisphenol
A the tetraethyl 20 anmonium salt of i sphenol A; and sodi um phenoxi de.
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polycarbonate. More preferably, the amount of such catalyst ranges from about
30 ppm to about 180 ppm.
Optionally, a diaryl carbonate may be added to the polycarbonate
20  tobe redistributed. The diaryl carbonate functions to control molecular weight
and serves as an efficient endcapping agent. Diaryl carbonates which are
suitable include diphenyl carbonate and substituted dipheny] carbonates
provided that the substituent is inert with respect to the redistribution process.
Typical inert substituents include alkyl, halo, cyano, alkoxy, carboxy, aryl and
25  nitro moieties. Preferably, the diaryl carbonate is unsubstituted diphenyl
carbonate.
The amount of diaryl carbonate employed in the process of this
invention may be any amount which provides the desired molecular weight in
the redistributed polycarbohate composition. Usually, the amount of diaryl
30 carbonate is no greater than about 1.5 weight percent based upon the amount of
starting polycarbonate; more preferably, the amount is no greater than about 1.0
weight percent. '
The redistribution process of this invention can be effected by
dry mixing the starting polycarbonate, the carbonate redistribution catalyst, and
35  optionally, the diaryl carbonate, and melt equilibrating the resulting mixture at a



.probess of this invention may be any anount which is effective in pr.onot i ng'

" the redistribution process. Usually the effective anount will depend upon

the 10 particul ar catal yst enployed, the reaction rate desired, the
particul ar nol ecul ar weight desired in the redistributed conposition, and
to a | esser extent on the chemcal nature of the particular starting

pol ycar bonat e conposition. Dependi ng upén such vari ables, an effective
anount of catalyst can easily be determ ned w t hout undue experi ment ati on.

I't is prefer r'eHperagre Wﬁlgth@“ pbout 184tGatoabout 3205C Rreferablyytheamoni um

hydr oxi de, th@n@ﬁﬁﬂﬁér@%e&ﬁbﬂ'ab@ﬁtﬁ@"@ﬁﬁaﬁob@m@m 15 ppmto about 1000
ppm based upon the anoupt startin gcar bonate. Myre erably, the
amount of such catal yst Eﬁ‘éeége’fl%ﬁ? ST 4 Hupe fn

qOéI i onal Iby, aprdsent iﬂveﬁﬁdrb(ﬂ'tﬁﬁ(ﬁrmrdﬂef r dckiped thiap ateheelplaiqmairnttfwﬁt IearZO t(r)\ be
redi stri car honat.e ciion tr mol. ecul ar wei ght
and serve dbea‘f'ft] alﬂb hér?f s&ﬂtdg‘éeﬂlﬁﬁ ﬂ'gil %‘j%iht{ Stﬁagﬁﬂotﬂﬁosz% %ﬁﬂé@ ®hi ch are
sui t abl e i nc| mdst haive helagst onavdnnnat portthrbugh vdiicht gasey) intiyslimgthe tiadkylonat es
provided that it L I bution
process. Typica he ﬁ%@ rg@éetc R{’ﬁ&s n%%%gﬂéw&ah&ﬁmhgﬁc tglg'l‘“tsctaflkoxy,

car boxy, aryl beamntaii Thersxgmdernan deieisher aﬂumlescmww twmescmva@gttudelar bonate is

unsubst [t ut cdofié ARG i (85 98 Hop e yARHSkreBfep MM roLARRIRRY GuSTD! OVed

in the process o i's [ nventi-on provi-des’ t he
desired M8 ecul ar wei ghhe axtryder F@W§Pﬂﬁﬂ§@t&ﬂl ip of grealepparanedNposi ti on.

Usual Iy, the qaRsuschiw dés?%ﬂé'ar@@ell kﬁ@sﬁrﬂﬁ?ﬂi&e SKillB@irbthe akte Fok Binabout 1.5
wei ght percen based u

preferably, Pé??B'EHP ‘?“é‘oﬁ ?‘Eerrg{{‘]’g{‘“s? ‘&t;[?g ip SBC%%%&QSE?‘P&BT? eThe
redistributi oseapdmﬁg;s imsidet the mefdeﬁnAlrmlt searexlim whéethedrbelvplugiiey i xi ng the
SLart 9, Dol ek RS il FRIGARG i SA AR B SRR 07, 35,
m xt ure dt5 a passag® of gases between the section of the extruder in close proxnmty tothe

feed throat and the section of the extruder in close proximity to the vacuum port

nearest to the feed throat. This melt seal must be located between the feed throat

_ of the extruder and the vacuum port that is closest to the feed throat. The melt
seal operates to prevent the pulling of air through the extruder by the force of
20 the vacuum. Any screw design, whether single or double screw, that results in

the proper placement of the melt seal within the extruder can be used to practice

the method of the present invention. An appropriate screw design is easily

determinable by those skilled in the art.

25 Example

Polycarbonate was extruded through a Werner & Pfleiderer twin
screw extruder. Two batches of polycarbonate were extruded for the examples:
~ Batch ML-5221 was a low molecular weight grade (38,700 weight average
30  molecular weight), while ML-4505 was a high molecular weight grade ( 51,000
weight average molecular weight). For each extrusion, the extruder temperature
was set at 180°C at the feed section of the extruder and 260°C for the length of
the extruder. The redistribution catalyst was tetraethyl ammonium acetate
(monohydrate) (TEAA). 335 ppm, by weight based on the polycarbonate, of
35 TEAA was blended with the polycarbonate powder in a one gallon Henschel



.tenperature ranging fromabout 180[err] to about 320[err]. Preferably, the
“ tenperature ranges from about 250[err] to about 300[err]. Extruder design

and extruder screw design are inportant to the present invention. Standard
extruder designs that are well known in the art can 5 be utilized in the
present invention. In addition to a feed throat, the extruder nust have at
| east one vacuum port through which ga%&s, including the trial kyl am ne,

formed during deconposition of the carbonate redistribution catalyst can be
vented. The eRuxeideronedpingts. Onerkgof polycabpnate ppwderdnixiwasextudedinext r uder .

One skill eiloi Bachhamble ahalfeed 1aeQANR DAbs/MRdnd I \Rréik Eied P 8Spmdwiegd rate
may vary. 1

. T uder screw configuration is of greater
ot tance. \iistasysed avagugaof §o8 Mbavaamtied Siar et £ Hode c2doutiled i o ¢ ne
art. For use wventt he present invention, the screw nust be configured in such
a way that.a nelt seal vel ops Jd nsi d e_extruder. t seal exists
when t he f5r ee volune wt Fﬁespﬁ%oi’eg%\?lpﬂgaérﬁpq?grc%?ﬁzptg‘iérhf?@g:li lled with nolten
resin so as to prevent the 15 passage of gases between the section of the
extruder in close proxim t ?;‘E&. W ection of the -

- extruder in close proxi ﬁ %letlg e Q/%gﬂén%sgﬁmnearlglﬁ?o the feed throat.
This nmelt seal nust be | ocated between the feed throat of the extruder: and
t he vacuum por hat i S to the feed t oe nelt seakqdi S
to prevent theEs{b%I i ngﬁ)o @T’fﬁéﬂr ough the ext %@@?%y the force o %gﬁaktﬁhe
vacuum Any screw design, whether single or double screw, that resWEIET n
the proper placenmegf 9hythe nelt seal within the extruder can be usggoed 0
practice the nmethod of the present invention. An appropriate screw design

i s easily detérni nMH-Z2b53iprndEALLI | | etingleyeptymelpsesl fulbgcuum 32,600
Exanpl e Pol ycarbonate was extruded through a Werner & Pfleiderer twin screw
extruder. Two_bat ches_of _pol ycarbonate re extruded r the exanpl_es; '
Batch M.-52213was 3wl iotreRJEeAr wei glPﬂ\(\'ﬁ@P’%{'&é'°(“§'€§§°7‘Ujﬁl?\"/@“ﬂht aver 299°%0
nol ecul ar weight), while M-4505 was a hi gh nol ecul ar wei ght grade ( 51, 000

wei ght aver age nol ecu ] %For ach extrusjon, the extruder
“tenperature Wgs seS’ﬁ‘a%ﬁg@\é'\wpgﬁr theﬁ?uglgaenéélg |ict)?1°glo aﬁ%‘?extruders“gﬂ%

260[err] for the length of the extrudewmcuifhe redistribution catal yst was
t et raet hyl anmmoni um acet ate (nonohydrate) (TEAA). 335 ppm by wei ght based

on the pol ycarbonate, of
5 ML-5221+335ppm TEAA Double vent, melt seal full vacuum 32,600

6 ML-4505 ' 51,000
7 ) ML-4505+335ppm TEAA Single vent, melt seal full vacuum - 42,000
8 ML-4505+335ppm TEAA Double vent, no melt seal full vacuum | 50,000
9 - ML-4505+335ppm TEAA Dox;ble vent, no melt seal no applied 44,400
~ vacuum
10  ML-4505+335ppm TEAA Double vent, melt seal full vacuum 40,800
10 For a given quantity of cétalyst (TEAA), the molecular weight

was reduced more when air was not allowed to be pulled through the extruder,
thereby quenching the redistribution reaction. The most efficient use of the



35 TEAA was bl ended with the pol ycarbonate powder in a one gallon
- Henschel m xer for one m nute.” One kg of pol ycarbonate powder m x was
extruded in each exanple at a feed rate of 12.0 | bs/hr and a screw speed of
325 rpm Wen it was used, a vacuum of 0.08 MPa was applied via either a

single or double vent. 5 The results of each exanple are
presented in Table 1. Table 1. ExtrudedOom 28 nm WP TSE EX. #

FORMULATI ON CONDI TI ONS MOLECULAR

VIEI GHT 1. detalysp and the greatest reduction in molecular weight occured when a melt seal

38, 700 2. BB m&tetular wei h&%@u&ﬁ%hen%&dun?%n&ml vacuum
32, 600 3. %@%:@gppm o8 le vent, no nelt seal full

vacuum 36, Carpligd, the reamonmma%?fﬁmemm the qualitypf; the eesylting productre| t seal
no applied wédldé@fferAGMEEifable catatgvttbﬁ%&dc?s%@@rﬂoimved by Double vent,

| t | _ful 32, 600
r5ni 0086(;l 5 - AMﬂ‘HgM3gﬂﬁm° elts@?%’éﬂv@eaéﬂea%ﬂmg%ﬁfull vacuum

42,000 8 WeightVerage mitevuldrAdight in the pblyodrbenavewithom dncredsingakeal f ul |
vacuum 50, 0 0 vent,.., no nelt seal

no applied n%cg%%&Wgﬁaﬁﬁgpﬁwﬁ%ﬁpmmwess Théubl e vent,
melt seal fulﬂesulangjmahstnbuteddiﬁrpam isl6f higher purity because therd-islesa cgtialysh quant i ty
of catalyst ( Eﬁﬁ% g‘m Vel ght was reduced nore when air was not
al l owed to be ':E d‘tp%%&ﬁ 0eréltextruder t her eby quenching the

redi stribution reaction. The nost effici ent use of the - 10- catal yst
and the greatest reduction in nolecul ar weight occured when a nelt seal



was created. \Wile the nol ecul ar wei ght was reduced when vacuum was not
-applied, the reaction was not as efficient and the quality of the resulting
product woul d suffer as undesirable catal yst byproducts were not renoved by
5 devol atilization. The creation of a nelt seal provided a greater

reducti on of wei ght average nol ecul ar weight in | “ l’e wi t hout
i ncreasing the quantity of catal yst re'qilﬁ red. TIHI m“ mﬂu Eﬂ]ﬂ SS

expensi ve process. The resulting redistributed prodactti s® ofs hi*gher purity
because t her e Whatjigddaimeddisi| yst residue left in the pol ycarbonate. -11 -
VWhat is clained is: 1. A nmet hod of redistributing polycarbonate
conprising the step of nelt equilibrating a m xture conprising: a. a

pol ycar bonat e havi ng a wei ght average nol ecul ar wei ght of 500 to 200, 000,
and, 5 b.1.a poA yetiddwf aédisuibdingtpolyedtbonate eainptisifig theat a

t enperature of 188&?5{;}\181@ %20 err] in an.extruder conprising at |east one
screw, a feed SEROORCHIRIRAUNE AOUXEHCRMISNG: port, wherein sai d extruder
produces a nelt seal, sai.d polydartoaate havioghatight bverage mblectleeweightafat and

t he vacuum por, In&n C est to the feed throat. 2. A nmethod in

accor dance_ w tsﬁoépgp?ﬁbﬁ?’ Avﬂ(wazr ein said pol ycarbonate conprises structural
units of the formul a [ erk.]apolycarbonate redistributigtheatalyst, [err] is a dival ent
organic radical. 3. A i nEGECH otdi i i err] is
aromatic. 4. A nethod {Tﬁ&gg%@éggﬁ%(e&vhgth clggior?én,c erg?rn_ I g,rri?in%ﬁgs t he
formul a [ err] least one screw, a feed throat and at least one vacuum port, wherein said

extruder produces a melt seal, said melt seal located between the feed throat and
the vacuum port that is closest to the feed throat.

2. A method in accordance with claim 1, wherein said
- polycarbonate comprises structural units of the formula

0
.
() -R-0-C-0-,

5 wherein R1 is a divalent organic radical.

| 3. A method in accordance with claim 2, wherein R1 is
aromatic.

4. A method in accordance with claim 3, wherein R1 has the
formula

() -Al-Y-A2-,



- 12 - wherein each of [err] and [err] is a nonocyclic divarent aromatic

‘radical and Y is a bridging radical in which one o ate
[err] from[err]. 5. A nmethod in accordance with c“g]'mmﬂggumﬁmal d
pol ycar bonat e conpri ses bi sphenol A pl?ycarbonate. ®. A et modsi N«
accordance with claim1l wherein the wei ght average nol ecul ar weight of the
pol ycarbonate is 5000 t wherDeadd Al and AR inemdmocyclicdiaecramnice with claim 1,

wherein said peddiaahdy nadwidgsoBdiéadawhith one@Rio aRAR sdph@@aAN fBMl ycar bonat e. 8.
A method in acgerdance with claim1, wherein said polycarbonate conprises

at | east one branched pol ycarbonate. 9. A nethod in accordance with claim
1, wherein said polycarbonate conprises at |east one |inear polycarbonate
and at |east one branché&dApsthotiantsorance withdaimA. wierdiroehdi n accor dance with
claim 1, wher eipalvGasiodat¢doriptieebibpliérioh® polgoatpiateses a second pol ynmer. 11. A

met hod i n accordance with claim 10, wherein said second polyner is selected
fromthe group consisting,of acrylonitrile/butadiene/styrene copolynmer and
pol ybutyl terepht hal at el.a' ﬁf:ﬂhﬁg'r?é‘fcﬁ%ﬁncf H"%%‘E%‘rld%hcéeé" W ‘f’ﬁt’hgl aim1, wherein
sai d pol ycar borf¥grasemolsrdy veshital B pelyrerbpaatsts 1000 od0@8%0ed from t he group

consi sting of am nes: tetraal kyl anmoni um.hydr oxi des; tetraal kyl anmmoni um

phenoxihdesl: bt etraal kyl amthnﬁ%ﬁd@ﬂceﬁithélﬁ%rlaﬁﬁéﬁmsaﬁimTFni u][n b sohenol A
tetrap enyl bor ; . . Ithiumsalt o I spneno ,
ap%ﬁ%%boﬂt& &hgﬁ%eéggc%}ogegﬁga}] g?lyckl;%gna ;

t he tetraethyl nrums sodi um phenoxi de; phosphi nes;
organotin conpounds; organotitani um conpounds; zirconium '
tetra(i sopropoxi de); al 8nfimethod inja¢eordatss wWilkeglaiml luwhemimsaidr i ( phenoxi de) ;

mer curi c acet atplycdrieasle eoaiphists &;least one branched polycarbonate.

9. A method in accordance with claim 1, wherein said
polycarbonate comprises at least one linear polycarbonate and at least one
branched polycarbonate. '

10. A method in accordance with claim 1, wherein said mixture
further comprises a second polymer.

11. A method in accordance with claim 10, wherein said second
polymer is selected from the group consisting of acrylonitrile/butadiene/styrene
copolymer and polybutyl terephthalate.

12. A method in accordance with claim 1, wherein said
polycarbonate redistribution catalyst is selected from the group consisting of
amines: tetraalkyl ammonium hydroxides; tetraalkyl ammonium phenoxides;
tetraatkyl ammonium acetates: tetraalkyl ammonium tetraphenylborates: lithium

S  stearate: the lithium salt of bisphenol A; the tetracthyl ammonium salt of
bisphenol A; sodium phenoxide; phosphines; organotin compounds;
organotitanium compounds; zirconjum tetra{isopropoxide); aluminum
tritethoxide): aluminum tri(phenoxide): mercuric acetate; lead acetate;



-13- (diphenyl)nercury; (tetraphenyl)lead;- (tetraphenyl)silane; hydrides; 1
*0 di phenyl sil ane; |ithium hydroxide;. SOdI um si | i cater—sodium horate;
silica; lithiumfluoride; lithiumchloride; l|ithiumcarbonate; and zinc

oxide. 13. A nmethod in accordance with claim 1, where mmammnm nat e
redi stribution catalyst is a tetraal kyl ammoni um base' m’m
accordance with claim1, wherein sai d 13 ycar bonat e redi stri‘buf'i of cat al yst
is a tetraal kyl. ammmpni um hydr oxi de, thod in accordance with claim

14, wherein t@P’@ﬁMH{‘leﬁ‘%f@eﬁfﬁheaﬂDlﬁﬁd U&H@Rh@ﬂbﬁ‘h?@iﬁ’dﬁﬂ@ is about 15 ppm

to about 00 dimemﬁmﬁ& 1HRiRMh Kydfoxidea 8éditm smfcateosionm beraw! ilicak Githidin et hod i n

accordance vm eréin said mxture further conprises a diaryl
car bonat e. h‘%‘&nlcmgéléﬁdﬁﬁawt?ﬂ“?tﬁ @deﬁ‘qﬁ(?i“g%erel n the nelt

equilibrati ng |s perfornmed at a terrperature rangi ng from about 180[err] to

about 320[err]. 18. A hqd i ccord rein said

ext ruder conprises tmmjét&metﬁgﬁ%accg %‘é‘%ﬁ ?EWrB ce with claim

1, wherei n sapdlyearbonateredistrihutios eatalgstds m@kmalky]r&tmnoﬂﬁm baseret hod in -

accordance with claim 1, wherein said extruder conprises a double screw.
14. A method in accordarnce with claim 1, wherein said

polycarbonate redistribution catalyst is a tetraalkyl ammonium hydroxide.

15. A method in accordance with claim 14, wherein the quantity
of tetraalkyl ammonium hydroxide is about 15 ppm to about 1000 ppm based
upon the quantity of polycarbonate.

16. A method in accordance with claim 1, wherein said mixture
further comprises a diaryl carbonate.

17. A method in accordance with claim 1, wherein the melt
equilibrating is performed at a temperature ranglng from about 180°C to about
.320°C. :

. 18. A method in accordance with claim 1, wherein said extruder
comprises two vacuum ports.

19. A method in accordance with claim 1, wherein said extruder
comprises a single screw.

- 20. A method in .accordance with claim 1, wherein said extruder
comprises a double screw.



