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FIELD OF THE | NVENTI ON gl ycarbonates are a particularly useful class of

60Iyners because they e exceptionally high inp - resj
ductility (ﬂ)ﬁﬂzocpo' ycar bonates can be made with high opt |p§;{1&§¥1m53§2y

Sonme common uses of polycarbonates include transparent w ndow gl azi ng and
eptical nedia applications (e.g., the 5 CD, DVD, CD-RWand other formats).
- The present invention relates to particul ar pol ycarbonates, efficient

processes for manufact WwimgsEQEUHES POIMT AR REINKIE RESRYes, articles nade
from pol ycar bonat es, and nmet hods for maki ng pol ycarbonate articl es.

BACKGROUND OF THE | NVENTI ON Pol ycarbonates are desirable materials for a
w de variety of end use 10 a I i cations including wi ndow gl azi ng, optical
hedi a, aut ddBLDV@FpEAEIN Ng materials, packaging, and nany ot hers-
Each of these end use applications has sli ghtly different requi renents,

d d f h
The differing domuRGReoaRSR 4Pt parbrtiahy Bebl s e sTuHER BERRLE oy ™ ¢
is desi rab'h%v %x JI%IRO hﬁ%&@&&&éﬂéé"&l&dh%hﬁw VRlgb, b@?’dﬁ?ﬁén&b@w

index (i.e., sc05|t ke polycarbonat € sheef *f gl azi ng

applicati oaanlbeqauae with Yigh bptiasleclarityeeforns comzhoraseoof palyoarbomdesed by
extrusion operations which are not conpatible with |owviscosity
mat eri al s. indlude traneparentiwindaye glaging endseptifal Wlechmappﬂqcewwffeg the e.

| ow vi.scosiiy) onplicated parts 20 by injection
nmol di ng be s%eﬂ'%&g%néf%ga “that a | ower viscosity material wll
conpletely fill a nold cavity having a conplicated shape with snall

openings. 10 ‘%héagf@séﬁt %QQ&&MR Qdfareb2RP fa@ﬁéﬁﬁ@% OxrbbRatBe lefficient
-requi renents of diverse applications, facturers have typicaily run
al ternati nprmsésahirmnangfammmglagmisdxstbﬁbpnhgqmlymbaatees articles made

from polycarbonates, and methods for making polycarbonate articles.
BACKGROUND OF THE INVENTION

'Polycarbonates are desirable materials for a wide variety of end use

10 aﬁplications including window glazing, optieal media, automotive parts,

building meterials, packaging, and many others. Each of these end use

applications has slightly different requirements, and it is desirable to

~ customnize the properties of polycarboﬁates to match the differmg demands of

~ particular end use applications. For example, it is desirable to use
15 ~ polycarbonate having a relatively low melt flow index-(i.e., high viscosity) to |

make polycarbonate sheet for glazing applications because polycarbonate

sheet is most economically-produced by extrusion operations which are not

compatible with low viscosity materials. In contrast, it is better to use high

melt flow index (i.e., low viscosity) polycarbonate to make complicated parts

20 by -injecvtion molding because it is easier to ensure that a lower viscosity

material will completely fill a mold cavity having a complicated shape with

small openings.




Specifically, manufacturers typically produce a | arge selection of

pol ycarbonates having diigeering nelt flow indices by ryi . } zat i on
5 conditions (e.g., time/enperature, etc.) to prodd®e ng?g?@%rggﬁ%%i ng -
di fferi ngwoestgrage nol ecul ar wei ghts. This process i s expenxinveshi®ssuise it
requires delay when switching between nelt flow index (hereinafter "MI")
set points, and in continuous processes produces |large quantities of off
specification material during the switch. There has | ong been a desire to
el ininate this 0o cuset yeguiremkhtsy of t diverds g piiea it Nindgufdteufer & Hvel 1 Y
to deliver a yaii ety of custonized polycarbonate grades. It is known that
certain "r dUPERNY I dMeraating yaanuiagaying “carapaiges” of pobtcarbtmate cedins,
reactions otr? apa car bgnat e..nmol ecuj es. anpl es of suitable
redistri buﬁyggﬂ%%pgf ygﬁ éﬁ%ggb%s cr i?%%’&% ¥orP | 2 Eﬁﬁr eelection; oft

Nunbers 5, 35Ty @2Bon8tcB8fna8 differh®® n?df floWthdicddily %gﬂpgg@;mesag%xst S

offer the ability to reduce the average nol ecul ar wel ,

pol yca bongoaditiarisefeedhytine] simpertaeren et pigeptdduceimateeiabohyang kRgakia
However, certain of these-catalysts nmay be too active to allow fine CTontrol
of M. AP¥gragenB\Glgcdlapaeightin dihin Progess Bnexpansite heeatdesitriequizesn
catal yst t stream of po ar honat e, woul d nqt .necessarily make .
Che I motel B HEE ARG bR R el Fai BBk Tncretmat i cEES ek mrinis)
addi ti on ofnHhr, ceatiglsst. r oMY have .
substantial MFl variati on.PﬂlgggstsE“LérI gi f%%%gﬁgeggﬁ?ﬁﬂﬁ%ﬁu ac EE??%C“O“

conmer ci al mateda¥ duringothec switohat Bhreoliaie Iongbeere Acdesite ke dlivhiRAtea{Hi € NPt | Ng

to pr,aduce | aiyge- .25 quantities of polycarbonate havi ng both a consistent
aver ége MrFosthas witeing arei while soainsaingig Kim flexibilttyntredelivarad vaziatyf aft ur i ng 3}

_operations,.. tities of polycarbonate may be blended to obtain a
hormgeneoucsmjbtg{lg%ed%ﬁggcgl??{éa%‘é%?‘gegge MFlI does not vary greatly. However,
this technique is cunbersonme, expensive and nmay still result in a product

having a wide It & kholaluRay c2A0m dradishibidan @fal)hb” R SpdvideqMd
di stribution is undesirabl e because it
- promote chemical reactions which cut apart polycarbonate molecules.

Examples of suitable redistribuﬁgﬁn catalysts are described, for example, in

15 U.S. Patent Numbers 5,567,802, 5,886,073, 5,459,226, and 5,141,057. These

| catalysts offer the ability to reduce the average molecular wei'ght of
polycarbonate, thereby raising the average MFI of the polycarbonate.
However, certain of these catalysts may be ltoo active to allow fine control of
MFI. Also, the mere addition of a fixed amoﬁnt of a redistribution catalyst to

:20_' ' a source stream of polycarbonate would not necessarily make the MFI more ! }
homogenous throughout a large campaign because prior to addition of thé

catalyst, the stream of poly&arbonate may have substantial MFI variation.

| Further difficultes in manufacturing cbmmercially useful
polycarbonate products are encountered when atterhpting to produce large
25 . quantities of polycarbonate lhaving both a consistent averagé MFI and a
narrow distribution of MFIL. In conventional mémifacturihg operat:ioﬁs, Iai:ge
quantities of polycarbonate may be blended to obtain a homogeneous batch
where the average MFI does not vary greatly. However, this technique is

cumbersome, expensive and may still result in a product having a wide
) ,




produces variability which causes problens with | ong term consistency when
processing the resin into finished articles. For exanple,_ resins.with w de
MFl - distributions are more likely to cause errors when Fﬁﬂ@%*¥%ﬁ8gildlng
because the plasticizing tinme of the resin is |less predictable. Al so, the
peak injection pressure variability in injection nolding operations may be
hi gher thardlstebbmche«df MFI. SDigib WB:B:i MFI ﬂhsltﬁbﬁﬁtbﬁ \aelundesimblﬁalmﬁaasé it er may

sinply ship car bonat e ion. This solution is
al so undesif" 8@?@% Q’Fg eStWé’ %ﬁ%%ﬂéﬁ atﬁi“ﬁ cé)n\%s Cgr}’&fi@rq i cation
nay requi r gro6@Rfigate r@@iﬁdhuﬁﬁﬁﬁnéd aftidley. Fori exanipe, dicsigs avich atile MFI

fabrication_ _operations si gnee of the present.a ation has
endeavor ed digigaens ﬁ@%}orﬁiléspf& {0 CRRIey BRI O %Hawwﬁﬁﬁlﬁlggmcause
~variabi l'i tyhi 'i)lélétﬁ:lﬁﬁﬁ”iﬁﬁ@bﬁ'th@@és‘{ﬁ@i @&@%r@dlcmt%iuﬁls%; tld p @an

_preci se tuning and ess adj ust pent of Eararreters CF THE
| NVENTI ON (WESsaisp evariabplityh e griestian g| enera 190§ B3y a ffnahla

produci ng gy E@%ﬂsfdr' QihertshR! m?érHQt"'@él me/&ﬁtanﬁaaafe&q% d¥bly ship
dlstrlbutlon aracterized in that a source carbonae resinis fed

into an extpolmb@mj@tha@mgmmdar sm@nﬁigatmrb&hl@ﬁo 8| iy Alsg ypdesayagle

pol ycar bon &si | aveelT GeghA 10 ﬁ%dh pfor the
ext ruder ta[;e%gj ustd?ﬂ:t \rMe?su%t Hﬁ?ﬁect ive par ;A(nevglgr@ &)é‘cﬁf“ére{et@n dzli}l%ll ng said
redi st ri butcsnstass readjbstatenh of injeation moldingiand rathen f&hmcaham opgEionian t hat
of said so

corpri ses. ol KeRBEH ot HIEDH: O RtciER AT Ent BB EPH bk HRTURARIY |
extruder. Quiyearbotitednyt retaginy Wldeamabthtyhmm ifsocompmeaciel pglwarbma& r i but ed
resin havin arrawed nol ecul a di o this
rechod, & J0epedSnaniBindanats 1t HalpeatHely bt NP her
wi th a redimrambiets.on catal yst for said resin, and a feedback Ioop cont rol
mechani sm may be used to adjust a result effective 3 11 January 2005

SUMMARY OF THE INVENTION

One aspect of the present invention provides a method for producing a
redistributed polycarbonate having a narrowed MFI distribution, characterized
in that a source polycarbonate resin is fed into an extruder together with a
redistribution catalyst for said polycarbonate resin, while using a feedback
loop control mechanism for the extruder to adjust a result effective parameter,
thereby producing said redistributed resin which has a melt flow distribution
narrower than that of said source resin, wherein said feedback loop control
mechanism comprises a sensor to measure the temperature of the resin within
the extruder.

One embodiment may provide a method for producing a redistributed
resin having a narrowed molecular weight distribution. According to this
method, a source polycarbonate resin may be fed into an extruder together
with a redistribution catalyst for said resin, and a feedback loop control
mechanism may be used to adjust a result effective




paranmeter (i.e., a paraneter that will effect the MFl of the redistributed
resin). Typical result effective paraneters may incl ude ige fee W rate
of a redistribution catalyst, the temperature of the exit /@Y

operation speed of the extruder, the feeding rate of a co-reactant, the
feeding rate of a quenching agent, the feeding ratio of the redistribution
cat al yst anarsioster (iad.] ®paranietercdht Mildtlifect theboldil rEnhe radistpibatddoesm)met hod

for produci .a. redistributed thermoplastic resin,whi.ch.conprises feeding
a resin an&%g’lcqleﬁ‘?sé'hr ielcn‘{‘?{:ﬁ}ﬁ‘?l RAAmelely 13y Logl 9e@ienf?eﬁt‘%g gﬁteex?tfff‘der,
WEFISU” ng trbﬁsﬁlﬂuti@htca@yﬁt,lﬂﬂaﬁwerat?ﬁ@ﬁf i éx&mﬁﬂ@to%@atimmdm the
melt tenperature with a.sef point . nelt tenperaturge to determne a
Fenper at ur dhEF Uik e et o 8 orisatianbas £0ahs BEEOIQ PTShiEer | n
response t Qobhe theefieingtirfie ofithd fidedttibation bAtalRY ahd tbiinatims pReeoh| e to

i nstead neasure the viscosity, conpare the viscosity with a set point
viscosity to determne a viscosity differential, and adjust the result
effective parame{gjihém &BBHARRMLL Al ﬂo‘ﬁdiscoas' hiétl&’é&ff‘drerﬁlbélhein t gy al so
be possible to _neasure both the terperature and viscosity, and o set the
set point redisinigd thermonlagics gesipowhichyicontyisey fadeg anrese andcosity
differenti Q43 BIIPR :8 r&iif § td f &RER%HN ¢ anot her
enbodi ment q@%ﬁ“@?f‘ e a refgil;%{lglrggut gﬁb%%/%l}dgdnate rgg’:n%c%l}g uced by the
process described herein. Still another enbodi nent may provide an inproved
met hod for injection nolding which conprises injection nolding a

redi stributed polycarbonate resin produced by the process descri bed
herein. Another enbodi ment may provide optical nedia, such as CD's, DVD s,
CD-RWs and future comercial formats which conprise a redistributed

pol ycarbonate resin produced by the process described herein. Yet another
enbodi nent may provide a nethod for producing a redistributed resin having

a narrowed MFI distribution, which nmethod conprises extruding a
pol ycar bonate source resin together with a

3a




redi stribution catalyst for said resin while using a feedback | oop control
mechani smto adjust addition of said redistribution catal ﬁt . St ?(l)ds anot her
embodi ment may provide a method for minimzing the anmouht Y3y

speci fication polycarbonate produced by a pol ycarbonate plant. According
to this nethod, a nmaster grade of polycarbonate can be produced at a
manuf act ur imelt ftemipetdtyre, Tduanparhignhgrmde wapetdtare weth raansp Qoistd niedt a

redistribution faciljty which may or nm be.in a different geographic 4
S anuary 1B08ARGEAa BRI Rotertnratts naktegRtphctid pHEHAR #4608 oy ade
may be ext raffiedve E;@@ﬁﬁétef invrdéspoise ettt teidperatare ddfabysdl. [BRhFFuBESGCRI PTI ON
OF THE DRAWNGS FIG 1 isﬂ&’: di aug}r tic .representﬁg'ion of. a @gferred
erbodi ment BsrPosIple i Msiradimenitp ABE YSCRE, GOBRE AN YICSIBORIULE Bbhat o
resin. Fl Gpoint §is@oéltynd6 adereimhine’ £PFisesityatiftstetiala agdMdjusatiad ramdar at us
for producing.a redistributed resin, Ich apparatus .is_capabl e qf
cont r ol | i ngtieRtie PETAMEtEE i Fegronge dp sal XfsgaBts A4 terenial. 4t ir%ayaaléeﬂqfar ative
dvht!

pl ot show g%sﬁiBFe Fhestusé bbit iHedBmPEratueiHd dbcosityShhd KES&Yhe séredi
distribution of a redistributed resin. The data for both _ _distribution

plots was demperaterg asthe sefRoighyiscesity basedomtheorsrasty Giffepnsial ehtl ng t he

di stributiqgy 'E‘iﬁ*‘éidﬁfﬁ? Byt leRgeace of conpact discs injection nol ded
froma coll ecplélgln of t rege ,S%ﬂf erent redistributed resins having mean MFI
val ues of 12.2,12.8 and 13.4 conpared with a single redistributed resin

having a mean MyealdifebmtBafined fayploide GOMRRIALLKR BhRkaARANG the

MFI distribution of "a contro resin vefsus the I on

r edi st ri butresinpeeduced fiyethd srecdse desrttied heireinr i buti on pl ots was col | ect ed

. over a three-nonth period. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Before a
detail ed description is provided of some enbodi nents of the invention, it
is to be under stStitd anloghert binbodimentt invay i grostadel mad impryvely méthod for

injection molding which comprises injection molding a redistributed
polycarbonate resin produced by the process described herein.

Another embodiment may provide optical media, such as CD's, DVD's,
CD-RW's and future commercial formats which comprise a redistributed
polycarbonate resin produced by the process described herein.

Yet another embodiment may provide a method for producing a

- redistributed resin having a narrowed MFI distribution, which method

comprises extruding a polycarbonate source resin together with a

redistribution catalyst for said resin while using a feedback loop control
mechanism to adjust addition of said redistribution catalyst.

Still another embodiment may provide a method for minimizing the
amount of off-specification polycarbonate produced by a polycarbonate plant.
According to this method, a master grade of polycarbonate can be produced at
a manufacturing facility. The master grade can then be transported to a
redistribution facility which may or may not be in a different geographic




cl ains appended hereto, and it is not limted to the specific particular
enbodi nents described in this section, which nay be vari %ci brﬁ., t hg Oséd 'l ed
artisan. 0 0 11 January 2005 WD 01/ 77206 PCT/ USOL/ 05392 | Jeppagy 20
specification and in the clains, which follow, reference will be mnade to a
nunber of ternms which shall be defined to have the follow ng neaning. The

si ngul ar f qpo®iona"At 'the rediReibutid’ facikilyw die pindstel gradeneay deuokxesded t he
context clearly dictates.otherw se.. The term "pol ycarbonate" or
pol ycar bondPgeer yi @d&@%ﬁl utinyepiplyetr honat es, honopol ycar bonat es and

(co) pol vestercarbonates. The term "redi stributed pol ycarbonate" defines a
pol ycar bonat e whi h @ﬁ‘i t talyst to pronote a reaction
whi ch cl ea@@ﬁ‘nbﬁimi‘r hﬁﬁgﬁgﬁﬂﬁ@é&é@ The term"MFI" refers to the
melt flow index of a particular polynmer sanple. Except where otherw se

i ndi cated, the M-l of sanples referred to i.n this specificatjon wa

deternined by orilthd Brdrarapmaticrigpecseratingdra pederred smbedaBeR o ng t o
the procedustyfiaatnd RethroBudniSuRRIC) PAREEboharcTRsinTeasur ement

conditions. u thod were 250" C an .2 kg. Ml distribution
hi stograns were plotted by taking a collection of on-line rheonetry

measurenents as : . i : y I
di stribution" re.fﬁg}r?s ’Sog_llc gi_raﬁoi car% S%I?Séﬁvt\ﬁ%rﬁ()f%@F{E{c?eg@qagérlﬁg'{%dar d
devi ati on \preduding aVIiedldtrﬁmtecgucsmn whichregippradds iy capablecoprcontralling
descri bed %gﬁ(e%um%ﬂy@?e%ﬂ(fgga%\fﬁéte@ sufficient tinme period,

ypical ’

redi stributed Tesins ave a narrowed MFl distribution in
conparison with the source polycarbonate resin. For purposes of this

application, th l, di stributi.ons e measyr der, condidjqn

SOFt crent " to GIGE o eogaalEE PAITBRRETHE S RBIatN AR he
MFl is. neassinecrsiveie BUadistritmioapefte redisarituatd rekini The alape forotothf
greater t had?stl%bﬂggrrl lsalots was collected over one day.

FIG. 4 is a comparative plot showing the distribution of maximum
birefringence of compact discs injection molded from a collection of three
different redistributed resins having mean MFI values of 12.2,12.8 and 13.4
compared with a single redistributed resin having a mean MFI value of 12.3.

FIG. 5 is a comparative plot showing the MFI distribution of a control
resin versus the MFI distribution of a redistributed resin. The data for both
distribution plots was collected over a three-month period.

DETAILED DESCRIPTION OF THE INVENTION

Before a detailed description is provided of some embodiments of the
invention, it is to be understood that this invention is defined only by the
claims appended hereto, and it is not limited to the specific particular
embodiments described in this section, which may be varied by the skilled
artisan.




'preferably greater than 4 hours, nore preferably greater than 8 hours, and
nost preferably greater tgan 2 days. WD 01/77206 11 u ;im

PCT/ USO / 05392 The "stan d deviation of MFl was caml :!g'] rgyni??%se IVFI
hi st ogr amswgesgroped above using known mat hemati cal nmethodsyp Joh ok At
data should be collected such that the standard deviation calculation is
statistically proper. Typically, 15 or nore sanples should be coll ected.

The term "source pol ycarbonate resin" refers to finished pol ycarbonate
resin whi ch has rothiyepetifieaticrx paddea the daiRsiwhidhbieilod efdrahys twillpén
“extruder. This polycarbonate resin mati/1 be in the formof a.dry or wet
powder or pafpdesacrumber wétetrns rwhich- sl berdefimestits thavieuthed falkivaingst
..refers to a_catalyst which pronotes 10 cl eavage of pol ycarbonate

nol ecul es. 7th rm"activity ratio” refers to a measurenment of catalyst

activity defined as nolecular weight unit shift per part per mllion (ppm

catal yst. The t P eQnt . hani X rseto.an ar at us

whi ch actively (rarrelg@salr S a cgtrn'%ggan’ p%gcgelgé l\{/{g‘?i %@H%PE@I%?%%F%&S(@E% 15

t enperfat ur ehandneixs chemrhydiclues othemwisext r usi on operation, and. .

automatically adjusts a result effective paranmeter or paraneters. based on

said nmeasurenent(s). The term"qguencher” refers. to a chem cal which my

be added to a nib& urterm®f . “pelycarEingteind Qthe podprarbenates’ oninchitdesy stallwhi ch
tio t he redistribution

di scour age [ revents the.rea pronpt ed .b
cat al yst (t% Y Plcyé%@c"baﬁ - SRERROLY ?V%Sf‘?%si ﬂﬁx}l&%ﬁ%{cﬁﬂ?ﬁﬂqtﬁ catalyst). A
quencher may al so be used to, neutralize active species fornmed by the .

redi stributi on RRClerRIY refRirib@eaRb] al%%v@dd%éé%ﬁ .
"ends" formed during redist rli but ir?gél?ﬁay t hensel ves EB%&??&@%S@%@ whi ch 3
can be neuthaalbeend ekposed 26 ajwetadtistr to promote a reaction which cleaves the N

10 polycarbonate molecuies.

The term “MFI” refers to the melt flow index of a particular éolylﬁer

._sample. Except where otheMise indicatéd, the MF! of samples referred to in

this specification was determined by online rheometry using a rheometer

| calibrated according to the procedure described in ASTM Standard D1238.
15 The measurement conditions used for_thi_s_ method were 250 °C and 1.2 kg.
MFTI distribution histograms were plotted by taking a coﬂection of on-line

- theometry measurements as shown, for example, in FIG. 3.

The term “narrowed MFI distribution” refers to a polycarBonate which
yields a smaller standard deviation when its MFI distribution is analyzed by
20 the procedure described above. When measured ovef a sufficient time
period, redistributed resins typically have a narrowed MFI distribution in
* .comparison with the source polycarbonate resin. For purposes of this
application, the MFI distributions were measured under conditions sufficient
- to capture long term variation in the process. Typically, the MFI is measured
25 over equal time space intervals durihg a period of greater than 2 hours, |
. preferably greater than 4 hours, more preferably greater than 8 hours, and |
most preferably greatex_'thanz =days.: o R |




0 11 January 2005 W 01/77206 PCT/ U5017 05392 The term"feeding ...
“fogether” in the cont e’of addi ng a source resin d a Wgﬁt}arr)i/g El;on.
ﬂél’i%ﬁu g%z

catal yst into an extruder refers to any feedi ng mechani sm

catal yst WRPHH&source resin are nmixed within the extruder. For exanpl e,
systens where the resin and catal yst are prem xed, and systens where the
resin and catal yst are added into the extruder at different feeding points
are both intendedto .h ri t hi g g 'SMFI
application, V\he(rjrehepatsganr?cga@r eé%%gq‘t;e)%en@eykﬁﬂ%edﬁ%lgg%gﬁleggﬁ H?ese

patents arephgp 5 e B h BV Yisiref Bréwaemhttetndtiiad methpldisc Buiffifient 0
There is described herein a nethod for making redistributed ol ycarbonat e
.resin by i ndaexwshiondd sbes aotleetedoswyadarthan she Sttasia'fdariév'@ﬁ%dﬁgui&ﬂﬂn iimn
catalyst for said resin into an extruder equi pped with a feedback | oop
control necktatissrallpesepens o mieatbivlacs W%ﬁﬁ%?h‘i’r‘é}% l?ﬁgc"lf%'é‘?‘gour ce

.pol ycarbonate resin, suitable redistribution catalysts, preferred 15

addi ti yes, quenchers d. f j

descri bed bel ow g&'ee tree i Sg%??qgﬁ@%@%ﬁ%y%%f%éﬁﬁ%ﬁ%g?ﬁgﬂﬁg@g?%la@kfr@ I ge

i ncor por at i R&sjfaivthidle HaBSneN §etiidaadexperednes & ebdisailomtidy dmalybadh i ng
and distributing polycarbonate resins. Source pol ycarbonate resins may be
manuf act ur edxaader.dThiy payeasbenate resio may fheds thi ferim af @ diglar Welop@vHer t he
art. Pol ycarbongtes nade, by. any nethod are suitable for use as source
resins in tHEPSﬁ%@é?‘Ftaqqtrb%‘yanF At present, there are two industrially
useful nethods for naking pol ycarbonates: the interfacial nmethod and the

melt process. |-AiRe.H eflasliliidiPERARst POkys &5 RORAIG st wﬁimigah{dfes

prepared by m xi ng together water, an organic 25 sol vent such nmet hyl ene

chl oriide, ackhbyge bepolyeaionate golediilephenol -A), a carbonate precursor
(e.g., phosgene), and other ingredients such as catalysts and caustic to
adj ust the pH This process is described, for exanple, i? U, § L

, ~ The term “activity ratio” refers to a measurement of catalyst activity

- defined as molecular weight unit shift per part per miﬂién (ppm) c;:italyst.

The term “feedback loop control mechanism” refers to an apparatus

which actively measures a certain procesé variable or variables (e.g.,

15 temperature and viscosity) during an extrusion operation, and automatically-
adjusts a result effective parameter or parameters based on said

measurement(s).

The term “quencher” refers to a chemical which may be added to a

 mixture of the resin and the redistribution catalyst which discourages or

20 prevents the reaction promoted by the redistribution catalyst (typically by
| - chemically altering the redistribution catalyst). A quencher may also be used
| ~ to neutralize active species formed by the redistribution reaction. For
example, cleaved polycarbonate molecule “ends”  formed during
redistribution may themselves be active species which can be neutralized by a

25 quencher.




Patent Nos. 3,161, 615; 3, 220, 973; -3, 312, 659; 3, 312, 6? 3,313, 777,

3,666,614 and 11 January @05 WO 01/ 77206 PCT/ US01/ Ogmp?2 n the
nmelt process, a dihydric aromatic conmpound is reacte tog%?%gura%gqcﬁ a
diaryl ca H7®% n the presence of a catalyst under nelt PETAN&S9% i on
conditions. This process is described in U S. Patent Nos. 3,153, 008;
4,310, 656; 4,383,092; 5,026,817, 5,142,018; 5,319,066 and 5,412,061. It 5

is al i bl | d ich h t yet
been 1 odborri ol T EhEerRo AEBRRON BRI e RLRRSS S g Attiies el o be

useful in timdpredintibutsarbidyst ihto hf eRh%@eY S6Mrd'] Anyk fing gngggﬁg,ﬁggtn Ilgr ge
ol yca¥ bon .

vari ety of copol ycarbonates and bl ends incorporatingp

Any |inear Wheps Hie etlystgand thpedyreriesimatre nig@dsvithienthe eapudscepbabl e
starting rraéxeri for, the redi ss_lri bution process of this invention.

Suitabl e or GERTRICHSY T syhere therasiengr entalyist ase pramipedit and systems
pol ycag bon : , I DLt ] | ycar bonate co ition i.s an
aromatic _pg‘{vglg?r ﬁgﬁg{é@ﬁl&%‘é CFEI{)I ?:a?#e 53@%‘2% tg‘ﬁte Vé‘ieofg%t feé%‘éﬂ eding ght
~of the pol ymainboarellthihterided tobermaetibba by MYs ABUSeL " Om val ues as |ow as
500 to values as high as 200,000, as neasudred by geg per neati on

chromat ography usi ng pol ycarbonate standard reference materials.
Preferably, the Weoughos)ethise applicetivmr wheiegipatentst e petfpedrided) ag

starting c Eely! nges from aboyt 5,000 to 20 about 100, 000, nore
pr ef er abl y%@‘?ﬁg%ﬁgﬁ{ %‘:‘?g%d@t?%tsa‘ﬂ@uﬁe YOBSOTRRRteth Y Teferanseaipty thisom
about 15, 0Q@piaggpuUt 30, 000. Linear aromatic polycarbonates can be
obtained.. Commercially, for exanple, from General Electric Conpany under
the trademark "LEXAN' polycarbonate pellet grades 0QL020, .1030, 100, 105,% %
125, 35 and 14Fhe?s Rowdesceiberiol herairbonabtethed aliso SRR C&@&Jk isheal! abl e
Al ternativel a/ If’a?r}gar aromatic pol ycarbonates can be pre%are y any of
the usual . PEIXSEERRRE femn Pakingpduring armosrialmlytaborxatabsin hd a
I nt effa‘?' a!recﬁ@ﬂ'w&% 'c%@a}%t ?orr said resin into an extruder equipped with .a
' feedback loop control mechanism. Described below are methods for making
| the source polycarbonate resin, suitable redistrib,l__x'tion catalysts, preferred
15 - additives, quenchers and the feedback loop control mechanism.  Also
" described below are redistributed pol_ycarbonate resins, optical media
incorporating said resins and methods for more efficiently manufacturing and

* - distributing polycarbonate resins.

Source polycarbonate resins may be manufactured according to several | 7 \5

20 methods which are well known in the art. Polycarbonates made by any
method are suitable for use as source resins in the present invention. At
- present, there are two industrially useful methods for making polycarbohétes:
- the interfacial method and the melt process. In the interfacial methb&,-'
polycarbonate is typicaily prepared by mixing together ‘water, al;l' organic
25 - solvent such as methylene chloride, a dihydric phenol (e.g., bisphenol-A), a
cla.rbonate precursor (e.g., phosgene), and other ingredients such as catalysts

and caustic to adjust the pH. This process is described, for example, in US.
Patent Nos. 3,161,615; 3,220,973; 3,312,659; 3,312,660: 3,313,777; 3,666,614 and

8




0 11 January 2005 WO 01/,772067 PCT/ US01/ 05392 di hydroxy aronatic compound or

by interfacial polynerigtion of a mxture of ar I C objlgé)rq]earszo@ch as
bi schl or of or mat es, nmonoNydr oxy nonochl orof or mat es, and/ o PCTIUSOry/05392

bi s- hydr X9 ¥VERME nat ed pol ycarbonate ol igoners. 5 Typical eéxanples of
di hydroxy aromati c conpounds suitable for the preparation of |inear
aromati ¢ pol ycarbonates useful as starting materials for the process of

this i [ i b in US Pat. .No. 4, 727 ]
compounds. e @2eq nEeL it REptRsS B Apiahs) “Rmgle FEfpoyid 1 heitted
bi's(4-hydr gx g_@MhHﬁahﬁaéd darboRhe(Fhyi gﬁwﬂa@y&f) §Yekaex anger Bhaf 4 10
hydroxyphenyg? I phenyl net hane, 4, 4'-di hydr Oxybi phenyl, 2, 6-

.di hydr oxyn thelieadonr esatitibnal , ThisdpcBshiis (dBséribed hhoWd. . Patent Nos.
P ChE e SAB CAI rh EE

For the 18 pleoBoSE O PIROEREIORE ol by BB EHRATRAR hbPpRe vt

Pod str i buP e oy B (o P ey o i ¢

di fferent dishfdintiye present ircventiopounds may be enployed in the preparation
of the copolyner. Alternatively, a copolyner of 20 a dihydroxy aronatic

conmpund wi th glycol, such as opyl ene glycol,, or w.th hydr oxy. or  acid
terninated pol yi%%seﬁl?o (YF’}WV‘fﬁﬁlr%“%‘P’Bafgirga%%Pd%"%réewp&ecﬁi’lobffagmaﬁ%d in

the redistrihytio [ . ds of aromatic pol ycarbonate
honopol yneF“@‘Lﬁlﬂ‘@%%@?ﬁ%&‘“ﬁ‘@g-@@g@%@géd copolymers nmay be enpl oyed as
~the.initial organic polycarbonate conposition in the process of this

i nvengi on.  Car byya} elifdzeC Bf Shranichéd Chrgaalt polyeabbadtewcompdsitioni fy droxy

aromati c conmpound for production of the |inear_ aromatic polycarbonates are
acceptable starting material for the redistribution process of this invention.
Suitable organic polycarbonates include aromatic and aliphatic
polycarbonates. Preferably, the initial - polycarbonate composition is an

aromatic polycarbonate.

15 Typically, the weight average molecular weight of the polycarbonate

starting composition may range from values as low as 500 to values as high as

200,000, as measuréd by gel permeation chromatography using polycarbonate

| standard reference materials. Preferably, the weight average molecular

weight of the polycarbonate starting.composition ranges from about 5,000 to

20  about 100,000, more preferably from about 25,000 to about 65,000, and most
- preferably from about 15,000 to about 30,000.

Linear aromatic polycarbonates can be obtained commercially, for
example, from General Electric Company under the trademark “LEXAN"
polycarbonate pellet grades 0OQ1020, 1030, 100, 105, 125, 135 and 145.

25  Powdered polycarbonate is also commercially available. Alternatively, linear
aromatic polycarbonates can be prepared by any of the usual procedures for

making these materials, for example, by interfacial phosgenation of a

9




wel I known and described for exanple in U S. Pat. Nos. 4,469,861 and 10 WO

01/ 77206 11 January 2005 CT/ USQOL/ 05392 4, 431, 793. usky g4 04 ?Wpl es
of such kS inclu carbonyl halides, diaryl Carbon £ % Qe)%s and
hal of or mat es. e carbonyl halides can be carbonyl chloride; v

- brom de and m xtures thereof. Typical of the diaryl carbonate esters
“whi ch.can be enpl oyed are di phenyl carbonate; 5 di (hal ophenyl) carbonates,

such as di ( enyl ) _.¢ Qnat e | (bronmpphenyl ) carbaqnat e, .

di (trichl orgp en’%?‘? s %t?ncg{‘ft’e)r,"l’%ﬂdt‘ﬁgbf ?‘k@}qpa&?? MW‘*%%P’(‘&W@%@WI )
car bonat es, oSuGitroasatid (t&l r}lxggrbﬂgﬁte Al ' re

‘di (napht hyl ) car bonate, di( al%napht hyl) Aar E%ﬁg{%é@%ﬁ%ﬁ% éﬂ‘iﬂ*ﬁ’ﬁéﬂw '

car bonat es Bw@giechborofiermabtes,ol yand Aobondishytadophemihateal onggjycgyﬂ,o "
carbonat es such as chl orophenyl chl oronapht hyl carbonate, andthe Iike; and

m xtures of° FS-t he foregoing. The hal of ormates suitable for preparing
| inear aromatic pol ycarbonates include nono- and bi schl or of or mat es of

di hydrgc phenol s rof ormate of bisphenol, A and the

bi schl or of or mat eT%?R%QS?( oq&il%oﬁfe);aﬂg’z&évz\’é(&l Q{gn%%%cﬁmé’lp oftiable tor the |
gl ycol s, 15preparasenofdi afaf&hgﬁ@ﬁw @sb oyl
gl ycol, orqjsgl yet hyl en]enegl ycol . I 1"e otﬁ%?ﬁggl}%ﬂg?%k%@&?%gﬁﬁgﬁﬁ be
recogni zed thg proeess eokithisdnientidre aret desanibahyih ¢hE.omMage Nal ayRBWn as
phos_gen_e, If?' neral ly pref e:fiaie‘g I(:Eéﬁti l.izing the interfacial

pol yneri zat PEXe%%&‘PBUBQ% P0Gt derein oingRisien bispheobl s bermaelsas t he
di hydroxy a§ ' Isndl ssqlyved jo . an al kal i tal salft. '
A L O ok R

wat ertd mmi 3 NeNdiphenoimagare! hyl ene ohi; . \l0r oe or
chl or obenzene, i}épaddgg.lpAftgr intar oduci ng the Iggggt%(rygtlghéﬁlécurso T or
exanpl e phsdbgdroxynaphsbatenenper atesominolhe polapdar bonaPid5 5-Aickldredd.at es

are then isolated directly from.the organic phase by distilling -
R %y roxypgenfl pro%/)ane. B‘ihycfroxygaroman% compo?x/nds of the bisghenol A

type, and especially bisphenol A, are preferred for their particular suitability :
in preparing linear aromatic polycarbonate compositions useful for the

15 process of this invention.

| In the event that an aromatic polycarbonéte éopolymer rathef than a
._homo_polymelr is desired to be redistributed according to the process .o.f this |

 invention, two or more different dihydroxy aromatic cdmpbuhds may be

- employed in the preparation of the copdlymer. Alternatively, a copélymér of

20 a dihydroxy aromatic compound with a glycol, such as propylene glycol, or,

‘with a h)idroxy or acid termihat_ed polyester, or with a dibasic acid ‘nl'lay be

prepared and used in the redistribution process. Further, blends of aromatic

polycarbonate homopolymer with any of the above-described -copolymers

may be employed as the initial organic polycarbonate cbmpositidn in the

25 process of this invention.

Carbonate precursors which can be reacted with the dihydroxy
aromatic compound for production of_the linear aromatic polycarbonates are

well known and described for example in US. Pat. Nos. 4,469,861 and

10
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off the solvent, precipitation in a nonsolvent, or steam precipitation. The
¢hain length of the pol rbonat e product substrat and H ys thﬁoogesi.red
nol ecul ar wei ght, can b€ adj usted and regul at ed by <Qddi ng g&%@ 105392
“terninati MPUGEA or chain. stopper to the reaction mxture SuitaB & chain
11 11 January 2005 WO 01/77206 PCT/ US01/ 05392 stoppers include

nonof uncti onal phenols, such as, unsubstituted phenol, m and

- hyl ph | d p-et hyl ph |, d p- | |
D eops ony! SAaaP. dMEsBASKAEKERPIS o A AessBr<ors HABHE s Rtnl s -
cunyl phenol 4 AgdabhiRn efferd Hindy %@%Bﬁt%t@ & YeatBOSy IPHaBled O Be

. }a-gpﬁ ) ‘
addition 5 o e carbonate precursor, but can be made ‘at any tine up to

~the point ofarboegttdhidridéesbdnyhbroegdeaned mighyteerthemof oMypRal adcthes t hat
of a high polyner. The quantity of chain term nating agent which can be
added to prdisayk carhenatenesiersamthvieh i canp beyempleyest ase | diphenghwarkonatéect i ve

" ange B ef cHRBAPPATEIN abTPoBSR0 BEbouts 100 6OBXORAPD Ao AT, var y

as a funct i8Rbﬂ§m6?ﬁgnf12'c%r!?@ﬁ&?,“ﬂi(?zfid% '

AR drfy] -Eﬁas%hai‘é{m enpl oyed.
In the reactron. rget nolecul ar wel ghtlﬁ’sﬂoul d genera Igglr)lg(ehir%her :

than the deselleg difallgiphatyl)eirdohatds, stich asdi@olyipedrbdnaesiAlso Shithbieear
pol ycar bonat e conposi tions, which are errﬁl O){ed as starting materials for
B

t he” pr ocessargf difhrphthylisathanate, dichypapphdmil) cabwpatesd pbenyk alkydphenyil units
of the Torml 8 {dts 20ch a 1p_hg1}|$l_ Ofcfi)% {drbonate; halophenyl halonaphthyl
10 carbotiates such as chlorophenyl chloronaphthyl carbonate, and ﬁe like; and
mixtures of any of the foregoing. The haloformates suitable for preparing

linear aromatic polycarbonates include mono- and bischloroformates of

dihydric phenols, such as the monochloroformate of bisphenol A and the
bischloroformate of hydroquinone; as well as the bishaloformates of glycols,
15. for example, bishaloformates of ethylene glycol, neopentyl glycol, or
polyethylene glycol. While other carbonate precursors will be recognized by
~ those skilled in the art, carbonyl chloride, also known as phosgene, is

generally preferred.

In utilizing the interfacial polymerization process to prepare linear

20 - aromatic pocharbonates, the dihydroxy aromatic compound is dissolved in.
an alkali metal salt solution, for example, aqueous sodium hydroxide, and
thereafter a water-immiscible solvent, such as methylene chioride,
dichloroethane or chlorobeniene, is added. After introducing the carbonate
precursor, for example phosgene, at room temperature, the polycarbonate

25 intermediates are then isolated directly ﬁom the organic. phase by distilling

off the solvent, precipitation in a nonsolvent, or steam precipitation.

The chain length of the polycarbonate product substrates and thus, the
desired molecular weight, can be adjusted and regulated by adding a chain

terminating agent or chain stopper to the reaction mixture. Suitable chain
11 )




wherein at | east about 60 percent of the total nunber of R groups are
aromatic organic radi calgmand the bal ance thereof argal iﬂrgpati C,
alicyclic, or aromatic r®icals. Preferably, Ris anraro ?'3”%)’691%0
radi cal arlQ 0nBT286 preferably a radical .of the fornula: 25 -pCPAUSo1/0s3g2- A2
12 11 January 2005 WD 01/77206 PCT/USQO /05392 wherein each Al- and A2
is a nmonocyclic divalent aryl radical and Y is a bridging radical in which
one or two carbon atons separate Al and A2. Such radicals frequently are
derived froffPRP§IS Hichidr manafenetional phsmols euchoasiuinaubigituied Ybhefd!, -Gt
such as tho ent L.oned herei nbefore r 5 exanple, Al and A2 generally
repr esent u%gcllj sﬁe{@{lggeﬁﬁgﬁm %"ﬁé PaRdvIRhenal; mu ! gaprapyipherol; rerand .~ The
bri dgi ng ragii&®ro¥vi t dr.p )y rticularly, a
saturated of oup Shu anRt bl aRoPheldl o RaNIPRLAE 1R B B ARy A

nmost pr ef ereugdyiphtesol. ahieiddieiohast they a@fimgsﬁ@ Gﬁd@k{x@%@?ﬁ@hﬂd'tﬂ}ﬁl
resi nssi S def-sﬁi{i bed in U S. Patent Application Serial . 09/ 281, 4b and
09/ 2817 498. I TRIRCHBANR{EaPIESHIPES bt 588 henmiaglecatf ay dimewp heshs poetihof

wher ei n at Lhydroxy conpound, an inert. organic solvent (e.g.,
met hyl ene cﬂﬁﬁgt?élbgfyﬁer% tetﬂ',a %lﬁfg'f {@DPBEVQ’.‘?HW ,apfrgaaﬁnwathaﬁ iadélahe. g.,

phosgene) 'apmyﬁleg_at al yst are added to a vessel while naintaining the pH of
15 the m xt'ure between about 4 and about 12. Sinultaneously, during the
interval while between 0 and about 90% of the total carbonyl halide is

added to the vé&mediuar_aityeﬁchiabntayﬁhﬂimfg aat whadtechr! Be RHAHGS repare
nonof unct i (%Bal . aromatic chloroformates. These chl oroformates are
i nt r oduced it iNeae aFemssic poliysargonates aisorasermpune deffentsrev ab. prgparenet hod

is nogt ad 298 : cau it mninjzes the amunt of diarylcarbonate
dnpuriti es\égrg%)ducggﬁvﬁgﬁlgngﬂ ﬁga‘l’?ﬁa&efrﬁaeﬁff?y‘ﬁte e 14 LAE Jarge prefesablyi al |y,

t he nonof ufedrhabakit V00 BELELE 10000H OTHR! vahy 884 LA%Adent -
The nonofuncti onal u€ 106000 TR ot witt 204 ARRRAGANE
: mole percent of aromatic dihydroxy compound employed in-the reaction.
The target molecular weight should generally be higher than the desired

‘molecular weight of the redistributed resin.

15 Linear polycarbonate compositions, which are employed as starting
materials for the process of this invention, are preferably composed of
structural units of the formula (I): : '

0
S | (D
20 ~-0O-R-0-C- :

- wherein at least about 60 percent of ti1e total number of R groups are aromatic
| organic radicals and the balance thereof are aliphatic, alicyclic, or arométic
-radicals. Preferably, R is an aromatic organic radical and more preferably a
 radical of the formula:

25 . ....Al_..Y._AZ.. . (H)

12




aromati c chiorof ormat es ygtay be made conti nuously by' reacting, in a tubular

feactor, an aqueous CaL.I c solution, a carbonyl c ri deyg rr]mno,%blégy‘itlonal

25 hydrox%gﬂﬁ%&& conpound and at | east one inert Organi hi s
met hod is referred because it can produce a source resin having | ess

than 200 ppm and nore preferably | ess than 100 ppm di aryl carbonat e
impurities. These inpurities are undesirable because they can lead to error

~causi ng residues in_r.epeti ti.ve j phection nol r.at.i . January
5008 W 01/ 77200 PEIEEYY 6058t RRECA s ol BRaRRR AN At aia i T

present i ”‘tﬁiﬁ%iﬂ 13d$dal iR aMEclRBndok tHvovirbbRatbrhbabpahtd Ae dndl Aot S@Mer age
MFI -for the rediStributed resin. However, it is preferred to use a source

.r esi n havi ngdialdVEtequeritivn ar@ Sérfedt fimmaardt dilgrdroke cadpsundsbuife the

resin. Also, the target MFl for..the 5 redistributed resin nu];et be
suf fi ci ent fgraua dACA T ImfienPHpsueh asndhesgymentioned; ferginbefpre, ¢ For

-redi stribution wll,pc .AbNn_a prafer i t | ntion, the
tar getg neaﬁxﬁlﬂpw?’orA” h%ﬁﬁf e‘élbsg?ﬁl%ﬁlﬁ &dr%@g?%%ggégtg? écll eﬁﬁnylﬁfeaen? and
nore pref eabbytnAbd| astativese tisdrabtaTRe disiginigORadiehl S fisofMdsheofterean M
of the source resin. The minimumdifferential between the target 10 nean
~MF1 and -t by dsocarbenngamupVind \partichlerlye pesatarated rgrobp sycdt asrtiethylene,
performance. Various redistributjon catalysts for polycarbonate are

descri bed FKelo! %ylla%ll?%ﬁflmppsf}‘g@ﬁ-soz; 5, 650, 470; 5,521, 275; 5,414, 057;
5,652,312; 5,459,226 and 5,880,073. 15 As nentioned previously herein,

anched arorat € Sl GRIRIRY R R30S S B,
the g@Mer ¢hsthd Yis a@ictiBH eind TAS.C Patknar APPplitatior? Gerixdr NonQ0¢e8s 197 hadused,
such ‘as those disclosed in U S. Pat. Nos. 3,541,049; 3,799, 953; 4,185, 009;
4,469, 861; 09N28149B1, Thi: appliCatiomr dessribps agmi indetfacial syobhesis ohethaxdbonat es
are pr epar qu'leirgin at least one dihydroxy ;:ompound, an inert organic solvent (e.g.,
methylene chloride), water, caustic (e.g., NaOH), a carbonyl halide (e.g.,
| phosgene) and a catalyst are added to a vessel while maintaining the pH of
15 the mixture between about 4 and about 12. Simultaneously, during the
' interval while between 0 and about 90% of the total carbonyl halide is added
to the vessel, a reaction system is activated to produce monofunctional
aromatic chloroformates. These chloroformates are introduced into the vessel
_ | during the éforementioned interval. This method is most advantageous
20 - because it minimizes the amount of diarylcarbonate impurities produced
| ‘during the interfacial synthesis process. Essentially, the monofunctional
aromatic chloroformates act as an end-éapping agent. The monofunctionalr
- aromatic chloroformates may be made continuously by reactihg, in a tubular
_ “ reactor, an aqueous caustic solution, a carbonyl chlbride, a monofunctional
25  hydroxyaromatic compound and at least one inert organic 'solvent. 'I'ius
method is most preferred because it can produce a source resin having less
than 200 ppm, and more preferably less than 100 ppm diarylcarbonate

impurities. These impurities are undesirable because they can lead to error

causing residues in repetitive injection molding operations. -
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interfacial polynerization processes wherein a branching agent, such as a

pol yhydri c phenol having re than two hydroxy group I
reacted with an aromatlc.hydroxy conmpound and a ca’)naﬁgs%'ﬁué%l ?gté)f

the preseN@OHT7286 chain term nating or nol ecul ar wei ght conPCBdUISOM@ﬁsgzgent
Sui t abl e pol yhydric phenols are disclosed in the references cited above,
and include, for exanple, 1,1, 1-tris-(4-hydroxyphenyl)et hane ( THPE) ,
1,3,5-tris-(4-

hydr oxyphenyl ) behRe rfivurce; polyraabongte diebipgresad in phe rpresegtt hiydvpivkon eﬂﬁstand

he ik | b | ude hi d
biecl oacy DRV o YR Rl Bt b s e s feetiveraeo oty the ogisGiowted. No.
3,541, 049; fasaNC paslyEidy 9 isc?fé@&'?@éi &gécg Bartd 088, s gogﬁﬁﬁ/;g{ n ggg Pat .

No. 4,469, 861; 3, 3-bi s(4-hydroxyarvl)oXi ndoles discl 0Se

4,185, 009: 5% airtrhmtargepﬁbryﬁw pafistritaited Gre6APPOsHM {H2 e&ﬁ%cnﬁg fz?g ﬂﬁ\é acyl
haI i d and/or aci ds, such as those disclosed in U S. 93.

The aronat itedifthbutesk yesinmustnos sulfiwiershadiffercnt dlrcunrthe MEH of Haé source

t I nat l,egul t | | ted |
hor 6 nabov e B, St Bt Yol PaliaR Pl Ao IR dapr e eﬁ%%éﬁé es.
r | t t
are al so shidmbhe Y EEPAAH mﬁ%ﬂ%gg@@n%&@& Jeinl Duilf B 2024

In accordance with t e ocess 0 I"on, any

i dentified thxﬁeycawdommtee préfevabhyg ateadti fivelstad 4 dMEAEH TR Horh q:f\ewe' ght
typically in the range from about 5;000 to about 100,000 may be reforned

into a fi Hagam lah@rmlecems|ThM1nmungdaffejemtﬁairMWeenlthé thdet

wei g Inclu tures of dif ent near or. branched
pol yggr bonHEH dﬁﬁ@a dr:}li‘? gPuEceomean, MET il b% aifpsadepblopc tharspstemss’ The | %
process i spds@iManpeth for virgin polycarbonates and recycl ed -
pol ycar bonat es, mhether | inear or branched, including polyners formulated
into such products as optical disks

Various redistribution catalysts for polycarbonate are described in US.

Patent Nos. 5,567,802; 5,650,470; 5,521,275; 5,414,057; 5,652,312 5,459,226 and
5,880,073.

15 As mentioned previously herein, branched aromatic polycarbonates
may also used as the starting composition to be redistributed in the process of
this invention. Any of the commercially available branched aromatic

~ polycarbonates may be used, such as those disclosed in U.S. Pat. Nos.
3,541,049; 3,799,953; 4,185,009; 4,469,861; and 4,431,793.

20  Commercially available branched polycarbonates ‘are prepared in’

interfacial polymenzat:on processes wherein a branching agent such as a
| polyhydnc phenol havmg more than two hydroxy groups in the molecule,

reacted with an aromatic dihydroxy compound and a carbonate precursor in
- the presence of a chain terminating or molecular weight confrolling egent
25 .Sultable polyhydric phenols are disclosed in the references cited above, and
include, for example 11 1-tns-(4—hydroxyphenyl)ethane (THPE), 1 ,3,5-tris-(4-
| hydroxyphenyl)benzene,r 1,4—b15(4',4“-dlhydroxytnphenylmethyl)benzene and

the like. Other suitable branching agents include cyanuric chloride disclosed
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(usual ly l'inear) and bl nol ded bottles (usually branched). The

fedistribution process §golves nmelt equilibrating e stgyl 380
conposi ti Qg bi}r2h Presence of a carbonate redistribution cp%’%%@émsg, | t

equi libration 1 nvolves heating the polynmer at a tenperature sufficient to
- produce a nelt for a tinme sufficient to achieve redistribution equilibrium
Typically, when the starting material is a single honopol ynmer or copol yner,

redi st ri but;i,qn 59%\g_er_s3}%&0@;8&5}1&%@3&%#@%&5) fﬁkﬁ & thedé aidddydhed 25

pol ycar bonat e havi ng a wei ght ‘aver age nol‘ecul ar wei ght which is lower than

the startirg WS, ghit Noweysd S6iBedibidie-Istdrokyayl)osimbdes distlosedainblefid of
honmopol yners or coﬁgglé%mers of different no]lecular weights, it Is possible

“for 15 11 J’é}iu&{?f 0@?2)@?{ meﬁpcfnlxmﬁpws?ndr@qp@éi svltléh branshed
component At gnkF TBNER' E6e LafRlsd Fosth Stk Mbeesl iRt Fat R notea

‘that tdhe rqg,j:ﬁtyg'jgut I on process of this invention is not intended to
incorporate’info the starting materials branching agents. 5 Exanples of
such branching agents are trinellitic anhydride acid chloride, cyanuric
chl ori de and phéfiod acometipdilmytirosyctorapotnds, earbostd-praguhsory @nelnghdiat hane.
Branchi ng- agents of this type will be recognized by those skilled in the
art of pol yemriz@inge %ryﬁpﬁésvkﬁraﬁr‘@%hé eradEeliipg d ANty gecitgsht prgydously

5,021,521 and .5 7 Such branchi n r ilibrate
FRCRRES Rt g R e B S e S e
pol ycar bongjd SAMEME kéd HRParatitd SObRANCAED ARGHhatiE palyrhibdtean catal ysts
include a wde variety of " bases and Lewis acids. I'llustrative exanpl es
“include, amnes, particularly 1,3- dinethylam nopropane, im dazole,

benzilfi dazol e, dndadvendaicei withl the psogusk|of18iasnverttem, caagawf dhe adwwe- f or
exanpl e tetraal kyl a nium hydgoxj des, ,s_u,cp as . tetranet hg{ezciuarni u

hydr oxi de, I4RRtiHI4d) PRYSBReOTIARS BRYMIEatR initial weight average m weight
~ typically in the range from about 5,000 to about 100,000 may be reformed into

a final polycarbonate composition having a different molecular weight.
Included are mixtures of different linear or branched polycarbonates and

15 mixtures of linear and branched polycarbonates. The process is useful both for
~ virgin polycarbonafes and recycled polycarbonates, whether linear or
branched, including polymers fbrmulated fntp such products as opﬁéal disks

. (usually linear) and blow-molded bottles (usually branched).

The redistribution process involves melt equilibrating the starting

- 20 composition in the preéence of a carbonate redistribution catalyst. Melt
equilibration -involves heating the polymer at a temperature sufficient to

produce a melt 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

25  polycarbonate having a weight average molecular weight which is lower than
 the starting weight. However, when the starting composition is a blend of

homopolymers or copolymers of different molecular weights, it is possible for
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di et hyl di'rret hyl ammoni um hydr oxi de, and tetraet hyl anr oni um hydr oxi de;

t et r aal kyl ammoni um phenoxdadles, such as tetranet hyl amyi u henox'%zf5
usual |l y .as the nonohydr at t et raal kyl amoni um acet m, Etg]aqnuaagy%

t et r anet hwauorweneem acet ate; tetraal kyl ammoni um t et r apheny| peratRsnssosuch
as tetranet hyl amoni um tetraphenyl borate; as well as lithiumstearate, the
lithiumsalt of bisphenol A the tetraethylammoniumsalt of bisphenol A,
sodi um phenoxi de, and the like. Qher suitable organic bases include

phosphi nes thﬁmede»tahpt@:l campptitiop! tphiesEha atoledulut deiyie highér Ghart at least:
organonetal lics are suitable catal ysts, including organotin conpounds, such -
as di (n-butS18 %tFFP%&FB@POHWﬁD%&WI; than ahdieats ongi C(themtayﬂn)lgmmjndmho.m de,
di (n- butyl)tin dioctoate, dibutyltin, tetrabutyltin, tri butyltl n

fl de, b I, but h '
L) foromcet ot o it Rl Wl By RLBLGRRGY' dccbl ok (it Sgﬁég Such

as titani-uintndd® od/ i% Patbl u R /
2&@0 athl i@ UgHey s@%ﬁ by @Q% 9‘:}%%%3“ A

t et ra}sbsopropom de), titaniumtetra(5-mnmethyl fept oxi
t et r aCbut oix@@ples ofvwidh h@ndzurrg: agents axt tréfhielithy anhydded, acd Lﬂﬂldjkqa”é

(a pheny! ) repbufls. PRERsoneRg! ) Pbaco lcangpeoéaﬁéénkéﬁgemﬁaﬁié. e
hydr de.  SFEEoRypRad Aldle WARCATR audhs ot Ok, Wil Feroved ?z'yﬁi". de,
*tetranst hyLameon s bor oyt Pﬁ?d”f@#?gﬁmdg rifiecis AL B AL, oy .

- Li t hi um t r Pat -INas.02)021 820 memding, BQﬂDOSteSuahdbﬂ;mhﬁ Iaﬁgehegleareaﬁnw,lnl t8s

si np 10 inorgani cs uch as |ithium hydroxide, SOdI um sil.icate, sodium
borab@ si fuilibrate; t‘f‘ﬁ% \

zi nc oxi deprIABEA Sl tion catal.ysts include
tetraor ganor{)ocs% S rﬁlsﬁ.%h%%&%ar%“ate toripSsitions.

Suitable carbonate redistribution catalysts include a w1de vanef:y of
bases and Lewis acids. Illustrative examples include, amines, partlcularly 1,3-
' dlmethylarmnopropane imidazole, benzimidazole, and benzotriazole, as well
15  as other organic bases, for exam_ple tetraalkylammonium hydroxides, such as
tetramethylémmonium hydroxide, wusually as the pentahlydrate,
dlethyldunethylammomum hydroxide, and tetraethylammomum hydroxide;
tetraalkylarmnomum phenoxides, such as tetramethylammonium phenoxide,
usually as the monohydrate, tetraalkylammonium acetates, such as
20 - tetramethylammonium acetate; tetraalkylammonium tetraphenylborates,
such as tetramethylammonium tetraphenylborate; as well as lithium stearate,
the lithium salt of bisphenol A, the tettaethylammonium salt of bisphenol A,
sodium phenoxide, and the like. Other suitable organic bases include
phosphmes, for example, triphenylphosphine. A wide vanety of
25 . organometallics are suitable catalysts, including organotin compounds, such
as di(n-butyl)tin oxide,.di{n-octyl)tin oxide, di(n-butyl}tin dibutoxide, di(n-
butyl)tin dioctoate, dibutyltin, tetrabutyltin, tributyltin trifluoroacetate,
tributyltin chlorophenoxide, bis[(dibutyl)(phenoxy)tin] oxide, and tributyltin
hydride; as well as organotitanium compounds, such as titanium
16
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hydr oxi des, tetraorganophosi um carboxyl ates, tetraal kyl ammoni um

hydr oxi des, tetraal kyl ni urn acetates phosphite or ga |, 4 5
~conpounds, and conbi nati ons thereof. The nost preferred rggpﬁ%r%%@%n
catal ysts WP&17186e which in greater amounts, produce a | onBFEESYER? of
free nonomer in the final product. Tetraorganophosphoni um hydroxi des are
exanpl es of such preferred catalysts. The nost preferred redistribution

catalysts are tetra-(C s, al kyl hosphoni um hydr,oxi des, ., and i.n particul ar,
20 te%/r abut W“ﬂ%ﬁ%ﬁﬁlﬂﬁﬁhyéﬁ%&ﬁ% Fteﬁﬁf’%n)‘?a{‘?‘ Pé%aﬁl' ofN¢pphfaiumy

houl d- f ffj.ci t ) 4 | f o 200
oo TEPH 1| SCEp Rl 7 R 8, PEACHRRLE b praBilER. b, %),

- 120 ppm  gREUeELIdeR! | AudnumSOrigpRendade), t ni@sutibe adsmaty)t 1@ld TRRHEteWM | |
be adjusted to fall 1n a less preferred range depending on the drift in the

- 25 mean M (diphenpBnsgouce (tetsapheniyl)léad, arsh (wesiphabyBsilane. Alse tsuitable t he
+present. invention, not to choose a edistributio at.al ysi, which_is too
reactive foRTS%f& jYar&ty é’brmf‘g’l‘g?fy ’ﬂqg-“gflgea ngﬁ‘ﬁ’é{ﬂﬁs f'LH’é%cPY‘ﬂJ'ééerbel OoW.
Speci fi cal | LX ] . : ] I hVi L ,
rgt .o of | eéll’su Inéln 5& cﬁrg)cfé«'é?:)ﬁ %{trl EQf\%\ﬁ ‘gﬁ?e’u%lﬁ%agh%g%n%ngﬁnggg'ggthuﬁ%nuary
2005 PCT/ USQAi9o3R2 npfdrade, Catldhitirh Whissioh§difR, ackbdidmd I HorShydride,

determ ned over a rang€ of catalyst addition ratios sufficient to produce
a per cent agetranhethylamnweiigt botelypdride,betreénrbidy leonrpbmiurnpbiarobydrsdey t hi n

t hi .. Wi | ' hyd ide i.§ t ' o ef d

erbodt mont AR PSR TG IR b de e iEtshy silhBeces el ab Brapeecul ar
i gh it YA .al-vsit . . i i sy-bhet

1 and 50, TRBESERR Ry STARIAH b AR B M B o BB O e

process of [ifhiigmi MyStk IRhiEY Bforady, 1aRRMHAaybirdte | ahdeiiheokidee i n promoting
the redistribution process. Usually the effective anount will depend upon

t he

Preferred redistribution catalysts include .tetraorganophosphonium

 hydroxides, tetraorganophosium  carboxylates, tetraalkylammoniuﬁ
hydroxides, tetraalkylammonium acetates phosphites, = organometallic

~15 ! compounds, and combinations thereof. The most preferred redistribution
catalysts are those which in greater amounts, produce a low;ared level of free
monomer in the final product. Tetraorganophosphonium hydroxides are
examples of such preferred catalysts. The ﬁlOSf preferred redistribution
catalysts are tetra-(Ci¢ alkyl) phosphonium hydroxides, and in particular,

'~ 20 - tetrabutyl phosphonium hydroxide (“TBPH"”). The amount of TBPH added
‘. '.should preferably be sufficient to produce a mixture having from 5 to 200
ppm TBPH. In a more preferred ernbodime.nt, the amount of TBPH should be
40 - 120 ppm, and optimally 40 - 80 ppm. Some times the amount of TBPH
will be adjusted to fall in a less preferred range depehding on the drift in the

25 mean MFI for the source resin.

It is also desirable, in practicing the present invention, not to choose a
- redistribution catalyst which is too reactive for efficient control by the
feedback mechanisms described below. Specifically, it is preferred to use a

catalyst which has an activity"ratio-of less than 25 molecular weight units per
17




10 particul ar catal yst enployed, the reaction rate desired, the particul ar
nol ecul ar wei ght desired @ the redistributed corrposi.)nﬂﬁma odpa €sser
extent on L{?ﬁ i cal natUre of the particular starting po %(ﬁ@t%glpéag{]
conposi tion. so, the effective anount nmay vary based upon | ar.
- equi pnmrent used. The operator will have to try different settings to find
15 optimal settings for each piece of equipnment. Optionally, a

- diaryl carbopghe 0 t] : a Qnposition to
~ be redistribut ec?fgpd'léﬁg?g?ary e%‘a%%%%ﬁ?gﬂ?u%{c}% 6%?‘# 0 cgﬁt %)g?rc ﬁDnPaé]ﬁﬂ 2

wei ght and ssalyss adslidon efatfidb@b@ﬂici@ﬂd@agﬁidwzeaﬂ%Eeent%@wdle@lﬂﬁp%gﬁﬁ

- which are syitable include di phenyl carbonate and 20 substituted di phenyl
~car bonat es PH &gt aem Ot'We2£%ub BRHdefails i withire thiswange, wédleemhnionitthe

NSRRIk o e S B s i, s
di I b ' ' J t Unf |y, addi
ety S 100G s PR 2

di aryl car bonat

avoi di ng pltheenoletulas veight deop is(Bet@reenili®E159n nol ding). If the
polycarbonate is to be used for injection nolding, the amount of

di aryl carbonate nust be kept sufficiently |ow such that the plate out
phenonenon (i . e. Thej@smeurt of egarbenatet wedistriibution ecatalyist octriployed! dih nghe

oper ationsb §s%\é§| ed, JoQit he extent necess%%. 18 01/ 77206 11 January
2005 PCT/ 5647 STHY *RHETAT2Y% € AT $NOLRE BYHsh ds eHprtiNR i PromBENG: ocess
of this I aNEREiOR;HRY i ' L red nol ecul ar
weight in thgéﬂfggiﬂgﬁ(?lggge g%o yca b%drglae?fe&ggrgr\péom i%‘%ﬁl %gégﬁlﬁ?yfoflﬁg‘eanount .
of diléryl pestitwiant eatalystoemplayedt, thanreaktivh rafe WRistel, PRHC GHrtiaRRd UpPON
the anmount 5 of startjin (PO! ycarbonate, nore preferably, no greater than
about 1.0 mlsﬁqlar F}gﬂg@gt lesired in the redistributed composition, and to a lesser

extent. on the chemical nature of the particular starting polycarbonate

composition. Also, the effective amount may vary based upon the particular
equipment used. The operator will have to try different settings to find
15 optimal settings for each piece of equipment.

| Optionally, a diarylcarbonate inay be added to the starﬁng
polycarbonate composition to be 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

20 substituted diphenyl carbonates provided that the substituent is inert with
respect to the redistribution process, Typical inert substituents include alkyl,

halo, cyano, alkoxy, carboxy, aryl and nitro moieties. Preferably, the
diarylcarbonate is unsubstituted diphehyl carbonate. Unfortunately, adding

- diarylcarbonates is undesirable for 'Polycar.bonate applications where

25  avoiding plate out is important (e.g., injection molding). If the polycarboﬁéte
is to be used for injection molding, the amount of diarylcarbonate must.be

kept sufficiently low such that the plate out phenomenon (i-e., deposits left on

the mold after injection molding operations) is avoided to the extent

necessary. N
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The redistribution process of this invention can be effected by dry m xing

the starting organic p car bonate, the carbonate | strj ' al yst,
and optionally, the diaryl carbonate, and nelt equi ibratji‘ﬁ%'{"%gy%@@é

resul ti ngWOAVUREs at a tenmperature rangi ng from about 180 ECHBSUASE 320
L.~ Preferably, the tenperature ranges from about 250 C to about 300 C
Typical nelt processing techniques include nelt condensation in a Helicon
reactor for approximately 5 to 30 m nutes, or continuous extrusion through
a single screw dhet aimpwdrefivdisayl usirbanatey engloy@nk iskiliel pgoresst be this wi | |
15 recognize that if extrusion is enployed, .the.screw speed and feed rate
may vary. DHEHGTHEWY }E‘%fmli’ la“wtb‘g'ﬁffg'cﬁ’é%vé ¢ s ‘\%ﬁ‘ﬁeﬁg‘é'é’g%c ¥ W& }ur i ng

decorosit | aufl A ERIAPDaL Rl IRIAH E&Aﬂ%%g@gg%g%tme ARG ddeyt | ves

may al so be | ncorporate e source te and/ or the

redi stri but egbpahicogrbas thes abbled.sheeRihn pe2@nt ppsehlipyn thBanssight | ves
.may be introduced into the extruder feed throat together with the source
pol ycabbonatkstarndng pelyesdbenatebuare preferablys no greates thapebpublld weighto use
additives which chemcally interact with the redistribution catalyst, but
sone int er aB€¥BRtmay be tolerated if it is planned for and does not have
unaccept abl e consequences. Additionally, it is possible 25 to incorporate

addi tives whi ch THE GHribhiibnt cés%dbﬁttﬁisbwegﬂaﬁaéaa% V&t effdctad iy girlhe

- quencher to the extruder at a point upstreamo ere said additive’is

i ntroduced. mifingl tHanstarting? Ggaiio @blycaibon#ET/the0tiboaa Qedistfibtitiennost
I nportant additives is a nold rel ease agent. The release aI%ent ensur es

that the. r eitalyss, band PRFNAlay sbaadiaryh cprhongte.yand Jrelt equilibsating ¢hgol d

AFTprll) o s g 8 h [FuBRR R P dipe: Gt 2helt BPoTReT B8 onlt o e
perfor ”aneaégg@. e BR/, é’P"; RIfpérathieSratigks B aBRNCRISE & Sbdif#dD °C.

Suf ficient I's prefera | ,
- Typical melt processing techniques include melt condensation in a Helicone

reactor for approximately 5 to 30 minutes, or continuous extrusion through a
single screw or twin screw extrusion device. One skilled in the art will
15 recognize that if extrusion is employed, the screw speed and feed rate may
vary. During heating; it may be neceésary to vent gases formed during

decomposition of the carbonate redistribution catalyst.

Numerous additives may also be incorporated into the source
. polycarbonate and/or the redistributed polycarbonétes described herein. -
20 - Typically, the additives may be introduced into the ektrude_r feed throat
together with the source polycarbonate and the redistribution catalyst. It is
desirable not to use additives which chemically interact with the
redistribution catalyst, but some interaction méy be -tolefatéd' if it is planned
for and does not have unacceptable consequences. Additionally, it is possible
| 25 to incorporate additives which interact with the redistribution catalyst by
adding the quencher to the extruder at a point upstream of where said

additive is introduced.
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added into the extruder feed throat to produce a redistributed resin
conprising GVB in an am)’ of 50 - 600 ppm nore pr rat[)i an 005300 -
ppm and OR;” mal l‘é about O ppm Fatty acid esters olher an G5 nay
al so yield é’c‘lf@'ﬁ% bl e performance. Anot her inportant additi VRCE/ESHI8392
stabilizer. Many pol ycarbonate stabilizers, such as acidic,
phosphor ous- based conpounds and hi ndered phenols, are well known in the
art. However, phos haée are the nost preferred class of stabilizers. One
sui tabl e, but g)é'@ 14 1‘5‘? rRastoHBERHRNE adgitives is a mold release agent. The

tris(2,4-di; - I L) pent aerythrito i phqsphi te... The, npst '
preferred rs({l%%lélé%ﬁe or ust?égﬁ %‘erree&i%lsst{-‘hlbetd 8%"1’861 D31 Bl easily separate 4-

di cunyl pher&bbrpg{etﬁ@[(yhgbhtiﬂkcgbﬁhﬂgm e. Sufficient anounts of this

di phosphite are preferably added into the extruder feed throat to produce a
redi stributed resin conprising from50 - 400 ppm nore preferably 100 - 300
20 ppm and opt i Manyyrelemsepagarus, sieh ds (High phbteeuladddietgianalipladi s$t4Rs

whi ch 4may added i nt .gcﬂe f eed throat (gf t he __extruder include dyes,

pl ast iti zer'§:8 PP gHRAEE IR delTAsteatats} Yield gesepsablp iperfoamancrlovirthe anost |
conpati bl e i lsyc t | {~k Ry POSSIDl.e t d. brapchi ng
agents, suﬂ?e g%r%i)llglgiyre ?@4@%%3@%&%&@& ?Sé'rﬁ@c’f% i ﬁe%F%dHce a
branched r edidedr iihtd etther egirvder | feelds thBSdt BS heIhiRE HO r%&%gﬁ'@%’égh}»%
agents after adding the quenching agent. 20 11 January 20 1 06
PCT/ US01/ 0599wpriziag (hivifyirage msounty obH 80 ad6lH ppearmbie peefepilily,eTah of3gbhe

extruder to ensure deac 1 vgt i og Bf the redistribution catalyst and/or
neut r al i zaFIPS 3R QREmaibgabept kP ptBol acigh gsterg other ¢han BiMBanayt he

pol yrggr Wi Lof iBRK ' r..chain | engths having ends which are not""f;-
"end-.capped.s'pbfrlher%‘?&%PE%HI?PE@%%E% desirable to add a quenching agent to
ensure the ends which are not end-capped do not participate in any further
cheni cal reacti ensoth@ythpatthiit additivacis eReistabiliztr C MelypbBRafforiencher s

used. Steam and quenchi ng agent
stabilizers, such as acidic, phosphorous-based compounds and hindered

10

phenols, are well known in the art. However, phosphites are the most

.plreferred class of stabilizers. One suitable, but less pref'erred phosphite is
15 tris(24-di-tert-butylphenyl)pentaerythritol diphosphite. The most preferred

stabilizer for use in redistributed polycarbonate is bis(2,4-

dicumylphenyl)pentaerythritol diphosphite. Sufficient amounts of this

- diphosphite are preferably added into the extruder feed throat to produce a
redistributed resin comprising from 50 - 400 ppm, more preferably 100 ~ 330

20 . ppm,and dptimally 200 ppm of the diphosphite. |

Additional additives which may be added into the feed throat of the

' éj;truder include dyes, plasticizers, pigments, and anti-static agents which are

known to be compatible with polycarbonates.' Also, it 1s possible to add

branching agents, such as 1,1,1-tris(4"-hydroxyphenyl)ethane (THPE) to

25 produce a branqhed 'redistribut‘ed resin. It is most preferred to add branching
agents after adding the quenching agent.

20




deconposi tion products e typically renoved further downstream by

~devol atilization throug&a vent in the extruder. 1’xarrple)ﬁ of s .
sui tabl e quenchi.ng agents include phosphorous acid, phos ;?T;g;%?@{

t ol uene s&Y‘PBH?’&"gCi d and pol yhydroxyl al i phatic conpounds & .S, ! er ol

monost earate, pentaerythritol or ethylene glycol). The nost preferred
quenching agent is H3P03. The skilled artisan may determ ne an opti nal

f i whi ch i i cal |v,added in 15, i nol o
or sl ght exces 2 endtfRegiRlingl beilelthet (BE S b Lo PRI 48 ot
of the invﬁ%ﬁ%eémmt}@freﬂ%?ﬁﬁuﬁéﬁ'&ﬁfﬂlfﬁagﬂﬁgﬁr?é%%iziaﬁon fhici ent

to produce a redistributed resin conprising I' - 30 ppm nore preferably 3
- 7 ppm anedispribusted pols npgrm During redigtrdigetion, (thalpoiy miee dvilisbreak aipointd he
quenching agent renmmins chemcally inert upon addition, which it .20 does
not). Duri ﬁgoﬂéarrhm Isngthshaving eneisywhichi arediot “wndrcappedik’ (Fherafosesihor t er
-chai ng havin nds._whigh are.not "end-ca " Therefore, it .may be

oot r 9bl o PUIAE oAb P Aquar PR ARRR o e M Ehans eifs fPiZR BP0t ena-
capped, doeAQlca ?EH'd‘d Rat Padtitipd¥ ith Hﬁ? Fﬁfthb'f‘@iﬁ‘éhfc%bi-@acﬁﬂﬁﬁ‘ ‘T?Eiecraﬁggéﬁons- .

St andard extrud designs that” are we known in the art can:

utilized i aquésugpreshatsoluti@niof auerichendsliusedn $team teddquénddang dgeat

ext ruder y optionally have at, |east one vacuu ort through which gases
f or med dzaﬁ?fgnaaélﬁ{% R OGHCtsh @Te etHiRIcalb FEMRY tfﬁr%r Qsméreaem@d. The

ext ruder ﬁé‘ﬁolggil&ﬁﬁﬁ?hlaﬁéhg?'}f%gfﬁlrt%'egﬁs‘{d%-” screw extruder. The extruder

and screw e rom on-resistant materials or have
corrosion-resi stant 21 WD 01/ 77206 11 January 2005 PCT/US01 /05392 surface

coat 19gs. One skkhirfed bft i8ndrduitibld iRGeBINgZ Bgbhit indhedé cpslﬁy;ygw?&és and
feed rate may vary. Various screw designs are well known by those skilled
in the artacidprphosphtait escid,udelvenet helfemiceacidu stndhepalyhfdgexydaliphaticich a
way that a nelt sgal .
- compounds (e.g., glycerol monostearate, pentaerythritol or ethylene glycol).
The most preferred quenching agent is HsPOs. The skilled artisan may
determine an optimal amount of quenching agent which is typically added in
15 equimolar amount, or slight excess, with respect to the catalyst. In a preferred
| embodiment of the invention, the amount of H3POs quenching agent added is
sufficient to produce a redistributed resin comprising 1-30 ppm, more
preferably 3 - 7 ppm, and optirhally 5 ppm quenching agent (calculated as
though the quenching agent remains chemically inert upon addition, which it
20 - - does not). During redistribution, the polymer itself will break up into shorter .
~ chains having ends which are not “end-capped.” Therefore, it may be
desirable to add a quenching agent to ensure the ends, which are not end-

‘capped, do not participate in any further undesirable chemical reactions.

Standard extruder designs that are well known in the art can be

25 utilized in the present invention. In addition to a feed throat, the extruder
~may optionally have atleast one vacuum port through which gases formed
during quenching of the redistribution catalyst can be vented. The extruder

can be either a single screw or twin screw extruder. The extruder and screw

may be made from corrosion-resistant materials or have corrosion-resistant
| 21




extru

5 develops inside the extruder. A nelt seal exists when the free vol une.
wi.tthin the extruder is ficiently filled with nol re,F 5@5 :
prevent the passage of es between the section of e ex cl ose
proxi mtyW®0¥Ha0s6 f eed throat and the section of the extrudECTdusouﬁsssae
proximty to the vacuum port nearest to the feed throat. This nelt seal
must be | ocated between the 10 feed throat of the extruder and the vacuum
port that is closest  to the feed throat. The nelt seal operates to pr event
the pul | i n§uUBRCaicPaiRBBU NG Peilledxiry thecartbyilt neccigmize thut thieescyeww ugpsedAny
screw desi gﬁdf‘ﬁ@&g m? I“I,%| e or double screw, that results in the proper
pl acement 0 t""8ea™ i thin the extruder can be used to practice the
nmet hod of the present invention. An 15 appropriate screw design is easily
det ermi nabl e by \drane sdbdvl @did Rewdll I I t eaI S
may be present. FIG 1 depict sgé}%ypl cakng%tﬁeﬁogg\ég?gﬁﬁugpgﬁe{% Peedback
| oop cont vehteseertinudens &mcanmimgu'stobd tenfieednin suekeniva@thatlnselopRar at us
conpréses der .,-a Werner & Pfleiderer twin screw

ted extr
| er) gﬁvégpgéﬁ?%ﬁﬁt eFéHHd?hr damnehteghgxisioowhenttbe ece volugddvithies f eed
chani t 20 A f eed h
20 ai so- 1 etits S8R B SEEGHRT B M haman e iRy So P40 Agenpahe S0
feeds i nt opadsagh of asé&bmﬁeeﬁ%ewén@%bfW@Exﬂ:@d@?% E#&slf E;&SQ{W%[E@%
ure. o e

terrperature probe 0 to neasure the 25 tenperat

within the eedtthmmr and tha’lsecttmmeﬂ&t exteugenire chileiproRDAItRitb WRE WazaRRect ed

to a control stem 70 s(l;fc gas a Texas Instrunents D3 distributive control
R

system Thi® ’3 gatertrtoathe
th t T trol 11 J 01/7 7 20
pCT/ TR0 58"%%‘3?‘2‘3@ §F v OF a8 BB A5, vEGHEROP TSR i clopesiitol i "

dhzeat. | Fhisgnglteseal h%@#el?%h@@ed\ﬁbewalemutl}wt s to

“catalyst ptePat50 Thehisdlt seaap@béleasesceéagrxe%ne‘ m@ﬁulﬁﬁg%fyar HhOEgRS Ay ce 65

A die 110 is fastened to th
extruder by the force of 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
15 appropriate screw design is easily determinable b}f those skilled in the art.

Multiple vents and melt seals may be present.

FIG. 1 depicts a typical extruder ‘apparatus with a feedback loop
~control mechanism according to the present invention. This apparatus
- . comprises a vented extruder (e.g., a Werner & Pfleiderer twin screw extruder)
20 10 having a feed throat 20 and two vents 25. An additives feed mechanism 30
feeds into the feed throat 20. A source resin feed mechanism 40 also feeds
 into the feed throat 20. Additionally, a catalyst pump 50 feeds into the feed
throat 20.

The extruder 10 has an integrated temperature probe 60 to measure the

25 temperature of the molten resin within the extruder 10. The temperature
probe 60 is operatively connected to a control system 70 such as a Texas
Instruments D3 distributive control system. The extruder also has an

integrated rheometer 80 which outputs to the control system 70. The control
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out put end of the extruder 10. Stands of pol ycarbonate typically exit the
die 110, enter a vvaterath 120 and then are pell ﬂzed _Efl n%ﬁg(g etizer
~130. In operation, the resin feed nechani sm 40 and e addl? d
nechani sm‘@@“b’ﬁ'@t“éte at constant rates calibrated to achi evBCTHSOHEST eq
‘additives level in the redistributed resin. The screw or screws within the

extruder 10 al so operate at a constant speed. The desired M-Il set poi nt for

t he redlstr|b esin tered. int the r ol stem 70. he ntroI
10 syes e VVRCTA RS PPt BRFSRTOHE e shiar it ERAY HOPHIP

the pre-caljhnadechhRePRRhS: éQ?l gﬂge%gféaaﬁkée@ 'ﬁdﬁé’ﬁ?’{(‘}‘%ga)ét&{eﬁo Shed

by a first roportional integra fferentiation contro oop
90, which isutgarttendbf theeextonderol 0. s $tineis) of olfbmrbbhatettypRlally dapthed@ie
outputs a signal proportional to the MFI differential to a second (PID)

| oop 100. THE), setasraiweten hash 320 snddhes are pelletizedpising apellsdzepbitht based on
this output signal. The second PID |oop 100 al so accepts an |nput signal

fromthe tenperatur e §0. The Q p.then adjysts e .speed
of T hed cat o et Bhiap s Bt 5t et rbnr 307 pd e sbiivesL 8800
- tenperat ur emapkhdism BOHSLratdlbe oAkt fAtes LALIBRAIR B Blievd fRe acfé@%%@F“S
constantly adjusts processing conditions to 20 achieve the desire

The resin 9Giditipesdével insttextedisteibuted cesim. a Theescid® or sirews witkdh ethebat h

120, and is pelletjzed using a pelletizer 130. _The extruder apparatus is
oper at ed by® agorﬁﬂeé?teafﬁ a gAns@Ant gpe é‘e&fﬁé’\ﬁd@ 'ﬁﬁ‘g pointefpras i s

confi gured c t seal ar e

appar at us a}lg eﬁf %’“Iﬁ‘%‘%ﬁ%ﬂ&“"?ﬂ%ﬁ‘fé’h“’ H% ﬁg]ﬂ&glmsg 2@ %ﬁﬁl “%qlter
75. Hip exty ?yﬂeﬁ 7o>eeh§ehhg cosn a&. ﬁqe Q¥sife PMET ik m@wﬁﬁéaswe@bgttﬁé 85.
FIG 2 depiCts a propheti a nore conplicated apparatu

accor di ng tpre{dahbmtedehtaomnb&rrﬂﬂl dﬁus Mmcapmypiaaﬁymcmpabhed bl a first
controlling 11 Janu 2005 WD 01/ 77206 PCT/USOL/ 05392 numerous result

ef fective ;PJPH%%IFQ integral andh difderentiatinn (D) spnirRbl oqp 0. swhidhisepart esi n

by numer oug,¢IRE N8R o1 JMFeAPRR e first (PRS) 8 b YSPUELa signal proportional
~to the MFI differential to a second (PID) loop 100. The second PID loop |

15 adjusts the temperature set point based on this output signal. The second PID

loop 100 also accepts an input signal from the temperature probe 60. The

second PID loop then adjusts the speed of the catalyst pump 50 based on the

differential between the measured temperature and the temperature set pomt

In this manner, the apparatus constantly adjusts processing conditions to
2 achieve the desired MFL The resin 95 typically is extruded through a die 110

| “into a water bath 120, and is pelletized using a pelletizer 130.

The extruder apparatus is operated by means of a motor 35, which
drives a screw 45. The screw 45 is configured to create melt sea.lr'areas up
stream of the vents 25. The apparatus' also has a 'q'uencher injection

25 mechanism 55, and a melt filter 75. The extruder typically is heated by a
| plurahty of heating plates 85.

FIG. 2 depicts a prophetic example of a more complicated apparatus

according to the present invention. This apparatus is capable of controlling
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extruder 210 having a feed throat 220. An additives feed nmechani sm 230
feeds intothe feed thro 220. A source resin feed ghajlf am 240 (?4580 :

f eeds in%&%@ feed thr 220. Additionally, a cat st L 3 E%% eds
catal yst MO "t%e catal yst source.255 into the feed throat PEBYSOHia2
extruder 210 has an integrated tenperature probe 260, and an integrated
rheoneter 280 to neasure the tenperature, and the viscosity, respectively,

of the nol esin wthin.the extruder 210., The tenperature 10 probe 260
i s operati &gﬁérgblﬁné%st"gg %}Becgvgoﬁff%tpeg&‘énitﬁﬁ‘ agjust ethe MFL gﬁ‘ dbeened

to the out pediseishiel b/ Wﬁﬁi‘l@éug ﬁQeth§&§.ag§t§ ﬁ%%ﬁ%é%%%&%é Yze]'%f:c% ed

typically exit the die 310, enter a. water

“using a pektratier @103Bavinghe fahtieebaeX220udein 38Qitates0fdedS mibcARhisn3480 f O

I nj ecting ?e%ge_nchi ng, 15 agent. Additionally, the vented extruder 210 has
an opt i onafeeagdntq (ke frad: thzeat 230  Angauee mesiaderd meashanksne R40@ldodfeeds er f er e

~wWth ghe redi i el cki,qn. The vented extru 1Q al sp has.a vent
360 51 dedtPant irekiitgn 570 “heftionilla? se e Db s04gert oot hem
quencher ajlfe @alysesRh-E D55 4REARRSed pdaPssiucts. A mel t seal (not shown)
shoul d exi st witf¥i§n the 20 extruder 210 ge?'%\%en the feed throat 220 and the
vent 360. Screw 370 designs for creating nelt seals are well known in the
art. In FIG 2, Therexiugers2i) iasian istegattednterhperatinet pedbes P50LHhA 74h i S
connected to a vaciei %tpy of aﬁgar atus for controlling result effective
par anet er sTeBRAfE TNEOMetem RBR doy maeagire the wistrerahses ando thei tistoaity,
appar at us f trqlling.all. pf these ra ers, this Figure is
neant to b:‘ée@? %‘getl aPf glg@n}oﬁlqﬂ ééu},w tﬁ’él @%F’f%ﬁﬁg&gém%fﬁye%k!@ ve a
i gned f 1 opiobel BAPEL opePiively BYpbedSRPa dlRrs0 teg &L0xjsalso
‘operativeloﬁ associ at e witr‘liq)%4 11 Januar? 2005 V\%ﬁ%%gg%6 %]C%%%bd&z}sg%gz a
quencher déaqenaéﬁovmmjutppyem of ahé reatducdr 200 Se@éndy Qﬁcﬁtﬁti,rcziﬂb@ﬂhﬂa 21@uencher
source 395 int?l t he eﬁtruder at different places. The control system

- typically exit the die 310, enter a water bath 320, and are pelletized using a

pelletizer 330.

The vented extruder 210 also has a port 340 for injecting a quenching

15 agent. Additfionally, the vented extruder 210 has an optional additive port
350 for iﬁjecting additives which could interfere with the redistribution
reaction. The vented extruder 210 also has a vent 360 for devolatilization of

water used as a carrying agent for the quencher and any catalyst

- decomposition products. A melt seal (not shown) should exist within the

20 extruder 210 between the feed throat 220 and the vent 360. Screw 370 designs

for creating melt seals are well known in the art.

In FIG. 2, for purposes of illustration, the control system 270 is
~ connected to a variety of apparatus for controlling reéult ef_fectiv.e parameters.
While it is unlikely that one would choose to build an ép.para't'us éapable of

25 controlling all of these parameters, this Figure is meant to be illustrative. _

In FIG. 2, the control system 270 may receive a signal from a remote

com:rol system 380. The control system 270 is also operatively associated with
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- 400. Further, tHe epsation the amparabusushpwinjin

270 may al so control the_ operation of the catalyst punp 250, the notor 400,
. the source resin feed n’uani sm 240, the additives @med n?{:‘ly nn.a (this
coul d be Lw&qm.jzgﬁ exanple, if the additive' quenched the c]af]a%ig%@}fzand
sets of heating bands 410. In operation, the apparatus shown in FIG 2

would function simlarly to the apparatus of FIG 1 with several
conplications. First, the apparatus of FIG 2 nmay input data fromeither

t he tenper , . r r pele] L nputting
data from 2& éhggpégf%ﬁg%ﬁ%@%ﬁ%%&%‘%@wﬁﬁ?ﬁ%g%ar e F%ir}goraa?a W th
a set poi ntqzueamae@gbﬁwe 305CiaRd El exgt@da at digfeedrtli plates. 'Hiet@fﬂt?dlisz@ie‘fm the
controller 270 accepting data fromboth the rheoneter 280 and the '

t enper at ur €7proby @60 cootroll theieperation®f the cafalvsh pumi 8brethermotarsti0e nent

differential to adjust the tenperatu set int, or.it 15 could. use the
erpar ot ur ShASaUTG: HER fohd FerBRR 240 tat I s Srd cherrafn 250 (s i

“cont 111 er o BB B SempRef InRaR MR RER B R B RET

anmount of q-iégﬂﬁg@md'ghﬂo_ controller could also sinply adjust the catal yst

punp speed as in FIG 1. 20 Alternatively, the controller 270 could change

the speed of screw 370 rotation by adjusting power applied to the notor
3?165 Rewepbd fundtiarhsimilaglyn f eed

mechani sm 240, or _t he additives feed nechani sm 230. Ihe ¢ontroller 270
Could al 5o SN ePPARASIE G ad (P ER S YHTRRCOMRISRAR T4, dEF S AP ORI OF he
power appl i ' ' 4714 L cal TR et
boi nt for bt ATl APAPdEa frinlditer the R RhaD FrR PR e ek el o
“have 1an i nB80 ar betivelBoti enmattingndatat fronhe dirgleeinstrunteriiethd @bifrolldy be
determ ned by operating the extruder wthout using the feedback | oop
appar at us wiuld cempare rigis ldat25vitlD @ 157 7p0i6t 1and sty 2088itrol signal

PCT/ USO;/ Oggc%%dingly. Alternatively, the controller 270 accepting data from both the

rheometer 280 and the temperature probe 260 could, as in FIG. 1, use the
rheometer measurement differential to adjust the temperature set point, or it -
15 could use the temperature measurement differential to adjust the rheometer

set point, but the former is preferred.

Based on signals received from the probes, the controller 270 couid
adjust the quencher pump to deliver a differing amount of quencher. The
~controller could also simply adjust the catalyst pump speed as in FIG. 1.
20 7- Alternatively, the controller 270 could change the speed of screw 370 rotation
by adjusting power applied to the motor 400. Further, the controller 270
could adjust the speed of the resin feed mechanism 240 or the additives feed
- - mechanism 230. The controller 270 could also adjust the temperature within
the extruder by adjusting the power applied to heating coils 410.

25 One typically has an initial set point for melt flow dictated I_ by
commercial requirements, but one may not have an initial temperatufe set
point. The temperature set point may be determined by operating the

extruder without using the feedback loop apparatus while measuring the
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.resin t‘errpérature. The neasured tenperature may be used as the initial set
point. After the apparat (such as that shown in Fl 1) .1 S..0per for
sonme tine, the tenperat set point may change. V\h!théJI g?(’%‘%%géﬁs
restart edMOP¥72% advant ageous to again use the changed setPGHUS0I/5392
mnimze tinme necessary to achieve stable operation. The present invention
may be further understood by reference to the follow ng exanples, but it
shoul d be understood that these exaqrEI es are supplied for illustrative

pur poses orfE§iN RAPeIREUES. af s messutell Fronperatiianinagcbe byed hethe indtinpbets.
EXAMPLES 1Q_EX I - _Narrow | Distributi of, Pol ycar honat e Sour ce
Resin A forPr%ngF‘é%fi’éF(%BR?W%“%Q%‘éyraﬁégﬁf mw’ﬁé?%GWL)dlsé’iPeﬁatﬁﬁiéﬁﬂﬁ@mn |

- scal e usi ngjrhBetHe RE8SSraftre e pdghtt LPUEWheR | gl €
extruded on a 92 m*nvgr ner &eP:PIBei e?g%ﬁ&‘%‘ mew }égtgrﬁtﬁggrwgqﬂlswwm

| oss in weiight ddedtagedus telaigait dsbethrddhing®sb sell P td UdBiin{idd thakween
3000 15 and 6000 I bs./hr at _ approxi mately 600F. An apparatus was construed

and oper at dgceFaEy sAchigvesteble opeanationext r uder was a 92 nm Werner. &
Pfleiderer twin screw extruder equipped wth loss in weight feeders to

del i v he addi-i T ' d t - ef € d
e erract a1 orodHe Biesell i tof b pifier BERALE Y G BeC ko hat i ¢
chl or of or Mediaswitie exddfsted Wling SHSIE HO @Qﬁf&to%ﬁ%hﬁt"t‘l'@%%aelxmgféa% nyl

hal i de addition. "The source resin had an M-l as descri be

bel ow, andsappBed donilluktzative pargiseavely,eirl tiaf claffs shbalt ndPBe PRMited OW
di aryl cargongte pol ycarbonate resin can be formed, for exanple, by adding
y

a di hydr ox9Y BessRNAINPIEC z, H20, NaOH, phosgene and an interfacial

pol ycar bonate synthesis catalyst to a vessel while nmaintaining the pH ; “;
bet ween- abgyt 12, and subsequently, within an .26 11 January 2005 WO
01/ 77206 P%&%&BQZ _

10 .- Example 1 - Narrowing MFI Distribution of Polycarbonate Source Resin

A formulation screening experiment was performed on a production
scale using the process according to the invention. The materials were
" extruded on a 92 mm Werner & Pfleiderer twin screw extruder equipped with
loss in weight feeders to deliver the additives. The extruder ran between 3000
15 and 6000 lbs: / hr at approximately 600F.

An apparatus was construed and operated as shown in FIG. 1. The

‘extruder was a 92 mm Werner & Pfleiderer twin screw extruder équippéd )

with loss in weight feeders to'deliver the additives. The source resin was |

prepared by the preferred interfacial process described herein, wherein
20 monofunctional aromatic chloroformates are addeci- during the 0 tb about 90%
| internal of carbonyl halide addition. The source resin had an MFI as.
described in Table I, below, and a residual diaryl carbonate level of less than
200 ppm. Low dia:ﬂ carbonate polycarbonate resin can be formed, for
example, by adding a dihydroxy compound, MeCiz, H:0, NaOH, phosgene
25 ~and an interfacial ﬁolyéafbonate synthesis cat_élyst to a vessel. lw-hile_

maimaining the pH between about 4 and 12, and sﬁbsequently, within an |
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I nterval of between 0 and 90% of the total phosgene addition, activating a

- dystem whi ch produces functional aromatic chi or,or ma Mﬁ&% nd .
i ntroduci ng about | to nole o of one MAC to the esselﬁ?ﬁ?'ﬁ n ?loeﬁa

i nterval W@ 071286 about 90% of the total phosgene addition. PERUSHYS3the
runs |isted bel ow was preceded by a start-up period to achieve steady
- state extrusion conditions. As described above, the tenperature set point

was conti nual | dj.ust ed ri proce The MFI int.s are shown
oS ronte 1 Burbal e ierRen 1 hoR S0 LR BRA pRoskse ackElioRoabiTaius aang
6000 | bs./ VARIFhOP S TR Rzl 8ic lchRasEdtmatés TBPH
(pphy PBPCE Fia PRRNBAITRE thogbufifitrial araRiafc hRSidimalth AGPEh) T
‘Initial Resinfroddeingebbet 1 8420 micde Febdf OMMIAC thfthe vBsgel iaFRttnn?cRa int3al 4Run
5Control 100100. 100100100100 0..80.80.80. 80. 80.8 0.0050. 0050. 0050. 0050. 005
0. 00050. 000¥d BodBBHEEES of tegstal phrggene addiiory

5 Each of the runs listed below was preceded by a start-up period to

achieve steady state extrusion conditions.

As described above, the temperature set point was continually adjusted
during the process. The MFI set points are shown in Table I below. For each

run, thé extruder produced between 3000 and 6000 Ibs./hr. at approximately

10 600 °F.
Table [
. Run 1 Run 2 Run 3 Run4 } Run5 | Control

Resin 100 - 100 . 100 100 100 100

" Water (pph) 0.8 0.8 0.8 0.8 0.8 0.8
TBPH (pph) 0.005 0.005 0.005 0.005 0.005 ‘
H,PO, (pph) - | 0.0005 | 0.0005 [ 0.0005 | 0.0005 | 0.0005

.Rel 1 {pph} 0.27 .05 0.05 : 0.27
Stab 1 (pph) 0.045 0.03 0.03 0.45
Rel 2 (pph) ' 0.02 | 002"

- Stab 2 {pph) 0.02 0.02

initial Resin 11 11 11 11 11 1.5
MFI :
Pellet MFi 14 14 14 14 14 11.5
target . : ' ‘
Actual MFt" 14 13.7 14.4 14.4 13.8 11.5

Rel 1 - Pentaerythritol tetrastearate, CAS [115-83-3]
Rel 2 - Glycerot monostearate, CAS [97593-29-8}
Stab 1 —tris(2,4-di-tert-butyl phenyl) phosphite, CAS [31570-04-4] _
Stab 2 ~ bis(2,4-dicumylphenyl) pentaerythritol diphosphite CAS [154862-43-8]
+ - measured using bench-top rheometer
FIG. 3 shows a comparison of the dispersion of MFI for the Control
Experiment versus Run 1. This data was collected by simultaneously feeding

- - 15 a source resin into two different lines. The MFI of the source resin was
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0. 0450. 030. 030. 45 0.020.02 0.020.02 111111111111.5 141414141411.5

1413.714. 414. 413.811.5 R - Pentaerythritol tetragear®f gandaf\>2005
[ 115- 83- 3570%73 - dyc | nonostearate, CAS [97593%29-8]_Stab | -
tris(2, 4-d 2P utyl “phenyl) phosphite, CAS [31570-04-4] RtHES0/05392

bi s(2, 4-di cunyl phenyl ) pentaerythritol diphosphite CAS [154862-43-8] + -
measur ed usi ng bench-top rheoneter FIG 3 shows a conparison of the

di spersion gf b e riment versus, Run 1, Thi s data was
col | ected by eg%%d{ lg%lggtr}s OS/;%?' %é%%ln%%quéﬂ%ﬁgepggfhll? ﬂ?%l\{%f 3‘1"‘? ferent
lines. The Mdisteibult@ reat W hesduteWasing or-HnddREame P On¥ O Ue/Ha06
PCT/ US01/ 05392 neasured using a com"rer(I:ri?g;(I) blench topnﬁﬂstlrlurrelg%é,e%\é% e the

Ml of the thisdata thiabthedntesliaxpaasnentaxhilsits ainiud widdriVE] dvpersiény. One
can see from this data that the control experinent exhibits a much w der

MFI  di sper sion. le 2 - i ng VEI Distribution of Polycarbonate
Sour ce ResM@E}@?%%ﬂ@%%ﬁﬁ%ﬁ%n@QﬁgP{é’cPr%?t% arFfedssin t o narr ow
the M-Il distribution by converting a source resin to a redistributed

resin.5 The sour Cphd Eﬁﬁ&al?@éjd@é&rﬁ\éﬁriﬁ%(a?fn@eqf wéga%ain\’l\ﬂ.siaa t§ n\sﬁ%rgnpvg?[%ed t he

“deviation of 0.45. A conparative exper nt™ was performne

control | er M§I distsibotibarbecconvesing arbuddaesin @f a rddfbiribiad kégn Sour ce resin,
‘which was. 10 sufficient to increase the resin's MAFl to 13. However, the

standard deviatign of M- renmained the same, at 0.45. Next, an experinent
was performed WHEEUCE Fsin bad sacvaragp M ©f §2t3, wittva sppevdatrd devidfios

feedback | o9 54%3 % Eg{nparaﬁve experiment was performed wherein the controller
| simply metered a constant amount of TBPH into the source resin, which wa§
10 sufficient to increase the resin’s MFI to 13. However, the standard deviation
of MFI remained the same, at 0.45. Next, an experiment was performed |
wherein the feedback loop was put into operation. The feedback loop control
- mechanism produced an average MFI of 13, but it also substantially narrowed
the standard deviation of MFI to 0.14. | |

15 B For comparison purposes, the sam’e.experi-ment with operating
feedback control was performed using diethyl dimethyl ammonium
* hydroxide as the catalyst. This catalyst is more active, and produced an
. average MFI of 12.1. However, this process also was less controliable, and
produced a standard deviation of MFI of 0.24. The results of these

20  experiments are summarized in Table I1, below.
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mechani sm produced an average Ml of 13, but it also substantially narrowed
the standard devi ation MFI to 0.14. 15 For co son f§ he sane
experiment with operatiT f eedback control was gp,ornedwgfﬁgo 00;5 yl

di met hyl We9bA728 hydroxi de as the catalyst. This catal ystJ I's nore actlve
and produced an average MFl of 12.1. However, this process also was |esSs
controll able, and produced a standard deviation of M-I of 0.24. The
results of these 20 experinents are summarized in Table Il, below 28 WO
01/ 77206 Table 11 11 January 2005 PCT/US01/05392 WMateri al Average

MFI St andard Devi ation of MFI Resin Feedl2.30.45 Open | oop Control 130. 45

- Feedback control | ed130. 14 Feedback cpgwiedf! ed with 12.10.24 anmoni um
.Catalyst (HF resin) The feedback | oop control nechani sm experinents for
both catalysts were then repeated several times for different catalyst

| oadi ng Ifevel's. TheMatezmildual bi sphenarage Mioh&tandard Beviatienof MF]
.determnéd by liquid chromatography. The results are shown in Tablelilll,

bel ow. Tef@ggm F&ddq Catal yst Loadi ng | ppm1®i duaj BPA (ppM.43BPH (5% ad) 1030
2026 402" 15 : ' -

Open loop Control 13 : 0.45
Feedback controlled 13 0.14
Feedback controlled with 12.1 0.24

ammonium Catalyst (HF resin)

The feedback loop control mechanism experiments for both catalysts
5 were then repeated several times for. different catalyst loading levels. The
residual bisphenol-A monomer levels were then determined by liquid

chromatography. The results are shown in Table 11, below.

Table III'

- | Catalyst Loading (ppm) Residual BPA (ppm)

TBPH (5% aq) 10 30
120 126

40 25

| 80 ' 15
DEDMAH (6% aq) 10 15

20 _ 20

40 125

80 ' 50

TBPH = tetrabutyl phosphonium hydroxide
10 DEDMAH = diethyl dimethyl ammonium hydroxide

Table I shows that increasing levels of the phosphonium catalyst
lower the residual levels_- of BPA, which is desirable. Irn contrast, increasing

levels of fhe ammonium catalyst raise the residual levels of BPA.
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DEDVAH (5% aq) 1015 2020 4025 8050 TBPH = tetrabutyl phosphoniun1hydroxide
.10 DEDMAH = di et hyl di yl ammoni um hydr oxi de Tab %dqg
[ he reS| al lTevels

i ncreasin of the osphoni urn catal yst | owe

of BPA, \Aﬁw@ﬁy’ﬁzﬁﬁlesi rable. In contrast, increasing |evelsP6F/UKEIBAIDNI um
catal yst raise the residual levels of BPA. 29 9 11 January 2005 WO

01/ 77206 PCTI USO /05392 Exanple 3 Injection Ml ding Conpact Di sks Using

"Redi stri buted Pol rbonat esi n_A study was erfornedto determne if
nore consi sﬁ@?ﬂg&nﬁ% P E@W@t@ eibeteda signifi cant

advant age |pbg. conpact di sks. Because the I nventors did not
have an appropriate non-redi stributed resin for control purposes,
t hey prepared three dlfferent redi stributed resins having nean MFl val ues
of 12.2, 12.8 and std¢ wasmafaeidd/al aeteirﬂﬁn@tferﬂe%t:dr%téﬁtrm%ﬁm esins

wer e |ntended to simulate shift in Ml which is typically experienced by a
cust omer wRysarbomatresin wotildprovider siguificant bdvantage in faldidating wi t hin a

br oad specificatio experi ments conpared results obtai ned by running
t he 53d| stPPRAS é(ﬁﬂf‘léss hﬁFcﬁ‘d g 1BveRieRs E}F‘ﬁ‘nﬁ’éhﬁ&e Gl aPPT‘BP*tlhﬁeééeB rate

tinmes, Ver, nt M-I
resi ns one Mré?ﬁglzs&g%hggétuggop% r[tﬁ&%]&%ro tggse tﬁ?f%ﬂ%&%é% aé?’?‘ﬂ'g a single
MFL and theedﬁtﬁbﬁte@lfretsh{sﬂﬁvh@ghﬂa‘énhﬂw%aﬂﬁ%rbf'\ﬂib ob 8k P13 %ut the single
ME redistributed resin had an” Ml standard devi ati on of 67, whereas,

t he set of respestivelid e bleRded redigtnibutedviesirisomerefinferdied ﬂdksxmmfe shift

birefrin enc k,injectign pressure and cycle tine
g E/IFIpW%JCh 1sJ ty p}caﬁy e)epersienced by a cu%tomer when the mean MFI of a

10 non-redistributed resin drifts within a broad specification. ' { ,

- The experixhents compared .results obtained by running the
redistributed resin having a mean MFI value of 12.8 three separate times,
versus data collected by running the each'of three different MFI resins one

time. As expected, both the redistributed resin having a single MFI and the
15  setof three resins had a mean MFI of 12.8, but the single MFI redistributed
- resin had an MFI standard deviation of 0.067, whereas, the set of three had an
MFI standard deviation of 0.24.

- Maximum birefringence, peak injection pressure and cycle time

~ variability were compared to determine the effect of mean MFI drift on a

R

20 '_customer’s processes. Numerical results corresponding to FIG. 4 and peak
injection pressure and cycle time experiments are summarized in Table IV,
below. FIG. 4 shows a histogram comparing maximum birefringehce results
obtained when measuring an optical disk blank 57 mm from its center using' -
the set of three MFI resins in comparison wfth the single resin. FIG. 4 shdws

25  that variability for maximum buefrlngence is significantly reduced. This is
important because high birefringence can lead to defective compact discs.

| Peak injection pressure and cycle time were also mieasured by sophisticated

injection-molding machines while molding optical discs (i.e., CD's).
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variability were conpared to determ ne the effect of mean MFI drift on a 20
¢ustoner's processes. rical results correspondi to H %nu%%§eak

i njection pressure and cycle tine experinents are nmari zed 1 n Table IV,
bel ow. Fl G¥O#18HWOhs a hi st ogram conpari ng maxi num bi r ef r i ngentESYASE o

obt ained when neasuring an optical disk blank 57 mmfromits center using
the set of three MFI resins in conparison with the single resin. FIG 4
shows that variability for maxi numbirefringence is significantly reduced.
This ii.s  inportant because high biTaé?l'?mgence can lead to defective conpact
discs.. Peak jpnjection pressure_and cycle t] r’re_\L\%rJ[;e_aJ;n_nestured by

sophi sticated| injection nol difig.- 4ach| nesPadk | e frol di-eleoptilcal di scs
«(i.e.", CDOs)} 30 11 JandarMa(fibefWO ONhjEe6fi Tabl eTie PCT/{US01/ 05392 FI G
4PeakCycl e Mak. biref.Injqcti qah)re nnPrmesdire Spt of 3 MFI 28. 938353. 92

Fosins.d. 2 SERA TG 1 0 L0 (] ot a B db gt biref . =
srosou

bi ref ri ngence = maxi | VEhe nat™: critical
par anet er s of Hred-pum--bi-Hefringence—peak—ini-ect-on—pressufe and cycl e

ey

time, the red SngioMEd rdsin2986cor di ng ©86t he | nvedtd%n yilel ds more
consi stent (| oResinst andard dedi=d3on)[ pedi<¥nances.d=0.11

s.d.= standard deviation
biref. = birefringence
‘max. = maximum

Table IV shows that for the critical parameters of maximum
birefringence, peak injection pressure and cycle time, the redistributed resin

according to the invention yields more consistent (lower standard deviation)

performance.

10 | Analysis of this data indicates that the MFI distribution of the
polycarbonate resin has a signjfi_cant impact on important properties of
optical discs and the pfocess of making optical discs. Specifically,
redistributed resin prepared by the process described herein narrows the

. distribution of birefringence in optical discs, and narrows the peak injetﬁon
15 pressure and cycle time variability of the optical discs manufacturing process.
These propei‘ties are very important for resin customers because each of them
is subject to tight specifications. Outliers produce defects, and concurrent loss
" of time and money in a repetitive injection molding operation. This
'exiaeriment proves that reducing variability in the resin by the method
20 - described herein will save the customer (e. g., the optical disc manufacturer)

- money due to reduced defects and down time.
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10 Analysis of this data indicates that the MFl distribution of the

pol ycar bonate resin has i.gnificant inpact on inpo nt14prémpa i of .
optical discs and the prnss of making optical di sc!lSpec‘lj |cg){?(§)§

redi stri bWWed@17B8¢n prepared by the process described herei warasstoessst he -
distribution of birefringence in optical discs, and narrows the peak

i njection 15 pressure and cycle tine variability of the optical discs

manuf act uri | rocess These properties are very inportant for resin

cust oner s b;gg%ﬁggggéc]ﬁxtﬁf‘d?%&ﬂﬂ@ Bigfprsed Foomuilaginn speci fications. Qutliers
produce defects, and concurrent loss of tine and noney in a repetitive '
I njrection noldin H% Lon. This i { proves that reducin .
variability in tEg reéigélﬁqﬁg f%%%ﬁ@Zﬁsg)es 75 EEPARE et ‘xﬁqlgg‘événthe
custoner (eEgampldPangtdetiobreli &5a U TRE LHER Was AR d
defects and dowl‘:; time. 31 0 11 January 25051 V\Dasf)ll 7%%%%?8&%%&35&
Exanpl e 4 -a brtlehdpperand sonPemtrater eaper hentormeniaty happer alag chfgedt

(-300, Q00 lbs;t?n repared as described in Exanple | and delivered to a
silo. “The r¥¥M t h?PTBr aviYesrel of momestsaratet o ang bL2000ppoper bis(2)4-

concentr at ey; trate.h er.was_gh d.,5 wijih 2000 ppm
gl ycerol - nﬁlggmé g?@gﬂ%ﬂ%ﬁ%bﬁa b???’%?ﬂf“tﬁi éﬂﬁyﬁ%’ﬂglﬁgr ) \p,)ugh? aé\‘ﬂ‘t G ol
di phosphi t echeentehentederidin®abirk Si2HR | t@Rfd ropped to
a 92mm di anet er. Werner & Pfl ei dergﬁagtt\(f)\n%r)lgscr evﬁéﬁ%d‘g& |rn§ag{lglg%8&1
ratio, respudnisvedwy exthelefBii¢ 426-91D@pin)respedtitle)at ThesTBEHEGOVI0Bppm)
peristaltic to the feed throat. The TBPH pu 10. speed was controlled
using the i @cTEralfg Biyep totihe 1¢ oahalline epumpr uder
&Eab'g%%’ﬁa\aﬁieﬂ ia taltig totthe feedt dir thedFBRH

! ; morh PREETE P.ooTHe ! : Premp ¢
o ) PSSl LR R B R L TP, g% e
vacuum secthialfiofofhet Hareddr wes @qﬁgﬁp&fe%ﬂhs 1t &n;é&%:?yragfe at ﬁutﬁ]}géﬁgh .

- Fol | ow ng the vacuum section, the 'nolten plastic was
10um nel t MastastdqshBrpandf phesphuric atid quenehiripagentTHenmediitdy sirehe

acid injection, a vacuum section of the extruder removed the water and other

=
i
e

yolaﬁles. Following the vacuum section, the molten plastic was forced

15  througha 10um melt filter pack and die into the water bath. The strands were
pulled through the water bath, pelletized, and packaged using normal
‘procedures. The resulting resin exhibited a melt flow standard deviation of

- 0.13, which was significantly reduced from a standard deviation of 0.39,

which was typically achieved without using a rédistribution catélysf.
20 -  Example 5 ~ Full Production Data

~ Data were collected from three months of plant production data over
multiple extrusion lines using a redistribution method versus lines not using a
redistribution method. The results, which are presented in FIG. 5, show that
the MFI distribution is substanﬁéﬂy narrowed for redistributed resins.

25 While the invention has been described with reference to certain
preferred embodiments, it is understood by those skilled in this field that

various changes may be made and equivalents may be substituted without
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pul l ed through the water bath, pelletized, and packaged using nor nal
procedures. The resulti resin exhibited a nelt f st apd rﬁ:aﬂ?{d tion of
0.13, which W%i signifiCantly reduced froma standard devi "’}%ﬁ@sd?os%z?’g’

whi ch \A/asW% 45 y achi eved wi thout using a redistribution catalyst.
Exanple 5 - Full Production Data Data were collected fromthree nonths of
pl ant production data over nultiple extrusion lines using a redistribution

met hod ver i i: j i:but.ion. et r gesUht whi ch
are pr _es'enf%l géaf%&é?r&m&g%lggvag ﬁlas{cgg % %ggwwéfggoﬁbﬂutg%%ﬁqueséﬁ%ﬁ% c|l ally
narrowed f gftida@tivdiuld Redlesdt thas difereRb stdbiliRrs tteg.ir,rgmsphm stidilizegeand
described with reference to certain preferred enbodi nents, it is

.under st oodninldtrelesee egehisawuld behisedf iAdbal thh zesinved ipipsthereximuier eaylde made
and equi vagentﬁ may be sybstituted without 32 11 anuarﬁ. geOOS WO 01/ 77206
PCT/ US01/ 088elledhaf (RAYGASH B VR BERIAPE BnmolEBpitnt (RIteTPRt el As
.exanpkes, L d.r rs
(o 5 phobARATS tydfand valiohs il EGRLFRPIENRden RS mElSAbIEAET S,

the resin {@gméd antheesakt fel@ivec oatigblebemag! beebmploys@ WiBhereforey g ider haps
in nolten form Different catalysts 5 could be used and various different

control | obypended ithat dhe dnyentieanatebe diited Hendhe partieay lembsidiments, e
vari abl-es y he eppl gyed. Therefore, it is..i.ntended. th he invention
not e & nieatbed PR tbapitt e o bisatioentall el B Fihbe Gients ARG ot
the inventjon w ire al Fa%d t d lalji falling within
t he scope .%?g?%%ﬁafgpl)leﬁ%ggﬁgg%hﬁg C %%aifgﬂgf Enuggry 5 CLAIMS 1. A
met hod for producing a redistributed polycarbonate having a narrowed M-I
distribution, characterized in that a source polycarbonate res_i n
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is fed into an extruder together with a redistribution catalyst for said
pol ycarbonate resin, while using a feedback |oop control nmechanismfor the
extruder to adjust a result effective paraneter, thereby!hrBeHRY A8°%ai d
redistributed resin which has a melt flow distribution narrower than that
of said source resin, wherein said feedback | oop control mechani sm
conpri ses aCLAadMQr to neasure the tenperature of the resin wthin the
extruder. 2. The nmethod of claim 1, characterized in that the result
effective paraneter is selected fromthe group consisting of the feeding
rate of the redjstriQuhb®edadt @kd(ﬁicm% hecHREPAIRY l}h"o%rda}bdﬂ%‘e ﬁé&ﬁlgdaﬁr the
~ operation speed of _the extruder, the feedi ng rate of a co-reactant, the
feedi ng rattarswed NIdrdisiriwtiongeharagisrized an that i spprea pplycarbanate resin
redi stri butis OpdCah@ ¥t exfuddfo r%ahé}%ﬂi &'&umtﬂlb&'im? ca%:h?gta%le@a&?d In
that the result _effective para S feeding rate o
redistri butpﬁwafb@@atw@smwmiﬁelm ﬁo‘@edlmkr Wiopgcamiral | raeehanisn do the
characteri | t a al t S e t he
ZE8udBr fast Fa RALR Eff@&lﬁ]%ér)] I’b&?nérh@%c?}‘ Otth%p%bff pfshethd "safd

group consistin rganop
t et r aor gancpiis ed wesin avhichyhast zesnelt ooy alaﬂmbuammam@mdnﬂmxh@teef

tetraal kyl 0 and
conbi natioﬁsm%e#g%?&? @%ﬁ%el&%ﬁﬁgéq léllgﬁlérggﬁgggh%, C aI(rEla‘%:E eirm >8d in that
the redi stsenfort iton mcsatey she ptaoprresira pedihet mesint edithiesithe hextrwder! ower ed
| evel s of free nononer. 6. The nethod according to clains | to 5,
characterized in that the redistribution catalyst has an activity ratio of

| ess than 25 nol2ecul él?hanmieﬂmdpﬁclaimdy chamkiesized ihahai the trbsulaeffestitey rati o
Is determ ned qver .a r st 34 11 Ja 5 WO 01 206
e Uso1/ oBSeReat it issiverat fout 3he efie sonfBipE oot Exdbe St Bl ecul ar
wei ght dr opemﬁmﬂmmmnalgsm thetdapetatufd of e SatudeC tiedbpgation speddnsf 1 to 6,
characteri %ﬁ &ué ah} P
e extruder, the feeding rate of a co-reactant, the feeding rate of a quenching
agent and the feeding ratio of the redistribution catalyst.

3. The method of claim 1 or 2, characterized in that the resuilt
effective parameter is the feeding rate of the redistribution catalyst.

4. The method according to claims 1 to 3, characterized in that the
redistribution catalyst is selected from the group consisting of
tetraorganophosphonium hydroxides, tetraorganophosphonium carboxylates,
tetraalkylammonium hydroxides, tetraalkylammonium acetates, phosphites,
organometallic compounds, and combinations thereof.

5. The method to claims 1 to 4, characterized in that the
redistribution catalyst produces a redistributed resin having lowered levels of
free monomer.

6. The method according to claims 1 to 5, characterized in that the
redistribution catalyst has an activity ratio of less than 25 molecular units per
ppm catalyst, wherein the activity ratio is determined over a range of catalyst
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redistribution catalyst is a tetra- (Cl-6 al kyl) phosphoni um hydr oxi de. 8.

- The nmet hod according clains 1 to 7, charactergied in ditive
is also fed into the extTuder. 9. The nethod accorgg toﬁc a| mﬂgm&d

char act erWeeat/17206 hat the additive is- selected fromthe JIORSEERIR st ng
of dyes, pignents, stabilizers, plasticizers, nold rel ease agents,
anti-static agents and conbi nati ons thereof. 10 10. The net hod accordi ng to
clainms 1 to 8, characterized in that the extru has a feed throat; and
the addi addision téigssifleienbimprodussiaperserfagh o P%‘H?EMI%M B et al yst are
added to, the fe d ég roat. 11. The nethod according to clainms 8 to 10,

char act ebetyeen tht 4’ a quencher is added to the extruder at a point-
.upstream of where the additive is 15 added to the extruder. 12. The net hod

according to g' ai M3 thethb akBRIRG! ©F dZRSs 1 Ro 6 aharbbterildi inl ttat itse a
stabilizer. The nethod accordifig to claim 12, characterized in that the

. st abi | i zpidiétgithithirPeatalyistisnyteptae (§/1-) alfs:g@t;aimqpmmum|hyﬂrpnmbqohl te. 20 14.

The net hod according to clains 8 to 10, characterlzed in. that the

additive is a nold _rel ease agent, 15. The. netho ord| cIa|m14 ,

chaBacteri zed8in tﬂ‘bﬁmﬁ@oﬁi{ﬁceo?@ﬂgégél%@ﬁt '}] g‘ cﬁﬁh&‘é’f@ﬁr ate. 35

11 Januar 005 Iaf hod ord| ng to clains 8 to 10, characterized
So/eanlfy

in that ‘1‘ vedy sé‘gmo %" (2, 4-di cunyl phenyl ) pentaerythritol
di phosphite and glycerol nonostearate. 17. The nethod according to clains

1 to 16, which furtrher metREPrdcesadiagddid ¢ldnt 8 netaesctbrived him teati e i bution
catalyst into the extruder at a position downstream of the point where the

redi st ridditive ieajebdcysd ficen ahdgdoup&orwisange@ﬁdﬂeaa@mmﬁg stabiligetsm 17,

-characterized in that the quencher_is an acid.
pIastzc:lzers, mold release agents, anti-static agents and combinations thereof.

10 | 10.  The method according to claims 1 to 8, characterized in that the
" extruder has a feed throat; and the additive, the polycarbonate resin, and the

 redistribution catalyst are added to the feed-throat.

11.  The method according to claims 8 to 10, characterized in that a -
quéncher is added to the extruder at a point upstream of where the additive is

15 added to the extruder.
12.  The method according to claims 8 to 10, characterized in that the
additive is a stabilizer.

13.  The method according to claim 12, characterized in that the
stabilizer is bis(2-4-dicumylphenyl) pentaerythritol diphosphite. -

20 ~14.  The method according to claims 8 to 10, characterized in that the

additive is a mold release agent.

" 15.  The method according to claim 14, characterized in that the

" 'mold release agent is glycerol monostearate.
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19. The method according to clainms 17 or 18, characterized in that the
quencher i-s H3PO3. 20. The nethod according to clains 1 to 19,
characterized in that the polycarbonate resin has |ess t%dﬁ"%ﬁzB?ﬁts per
mllion diaryl carbonate inpurities. 21. The nmethod according to clains 1
to 20, characterized in that the feedback |oop control mechani sm conprises
_zla_hsensoL Ejo meas%jﬁ.e tTlmn‘lieﬂmlSa_ 'dlc&&rdiﬁ%téhhiri]ﬂhesitﬁ I\G,thi(ljm_ctelﬂﬁeémltlhui@]ie 22.

e net ho ccording to clai to ., Characteriz n,.that _the
odi St 11 bt SHI GORRBRSE (2 HeRas ohab T AerGentinal [GRPGINE a | ess
than 0.30 ghegolmradsedrapyer a period of eight hours collecting at |east
15 data points at equally spaced tine in intervals. 23. The nethod
according to clainms 1 to 22, characterized in that the redistributed
pol ycarbonate regjin hag améthdadaceorday alol Aifls NFlo0f16l eapidihafrthEr 15 when
measured over a periqQd of eight hours cqllecting at |east 15 data points

at equal l'y ‘M&?S@ﬂﬁ@% ffhQ‘rl‘?ﬂcé'ﬁ{/@TsmegsdlﬁﬁimﬁwlimstQme md%ﬂ od for
broduci ng 2 hashian doWHi@eh O YERAPORPAlierd iRl BdisARRAIGH (alber isbAUEE | 1o 23,

whi ch net hod” further conprise asuring the viscosity o

redi stributed resin; conparing said viscosity with a set point viscosity to
determ ne a vVvisgosit i hal g dj HSi . l: ive

par amet er based 1‘0%3 t%ﬁ%%@é‘?%&béﬁéiﬁ?§g§eﬁ??gl f.7’2%a&¥ﬁgﬁ%§c{-lﬁ%ﬁ%{)?%

produci ng ajueadhertis apacsld pol ycarbonate resin according to any of clains 1
to 23, which nethod further conprises: neasuring the tenperature of the
resin wwthin the extruder; conparing the resin tenperature wth a set point
to determine a lSenpélhet methodi ddcerdngital glaiamdl7 or 18, characterized in that

the quencher is H;POs.

20.  The method according to claims 1 to 19, characterized in that the
polycarbonate resin has less than 200 parts per million diaryl carbonate

impurities.

21.  The method according to claims 1 to 20, characterized in that the
feedback loop control mechanism comprises a sensor to measure the viscosity
of the resin within the extruder.

22.  The method according to claims 1 to 21, characterized in that the
redistributed polycarbonate resin has a standard deviation of MFI of less than
0.30 when measured over a period of eight hours collecting at least 15 data
points at equally spaced time in intervals.

23.  The method according to claims 1 to 22, characterized in that the
redistributed polycarbonate resin has a standard deviation of MFT of less than
0.15 when measured over a period of eight hours collecting at least 15 data
points at equally spaced time in intervals.
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adjusting a result effective paraneter based on the tenperature

differential. 26. The nethod for producing a redistribut nat e
resin according to any of clainms 1 to 23, which method 1(‘alﬂr"‘tg‘3l g%&%%rl ses

nmeasuring the viscosity of the redistributed resin; conparing said

viscosity with a set Int viscosity to determine a viscosity
differential; nmedsur |'E]@,€ whethed nfoe mroducingia medistribatesk polysarbonatenpesin ng t he

t enper at ureac%%}dlﬁglt@bla\im&h tb% Riﬁﬁél&'frf‘e%écﬁres S?%Hﬁ@fse .determ ne a

‘tenperature differentjal; and gtl ng .a ect’i ve paraneter based

on a rreasurerrentm%tfi‘%“é‘(glt@evé%’lo%ff@ the, S sty iié@ﬁinsconm sting of the

tenperature diffemepiritd sald@iscbsiepsiitly a def pointisabsity2ld ddiernsiagbd nation

of both the Egm@r‘:ﬁh%{e%tgiff%rent ial and the viscosity differential. 37
adjusting the result effective parameter based on the viscosity

differential.

25.  The method for producing a redistributed polycarbonate resin
according to any of claims 1 to 23, which method further comprises:

measuring the temperature of the resin within the extruder;

comparing the resin temperature with a set point to determine a
temperature differential; and

adjusting a result effective parameter based on the temperature
differential.

26.  The method for producing a redistributed polycarbonate resin
according to any of claims 1 to 23, which method further comprises:

measuring the viscosity of the redistributed resin;

comparing said viscosity with a set point viscosity to determine a
viscosity differéntial;

measuring the temperature within the extruder; comparing the
temperature set point with the measured temperature to determine a
temperature differential; and

adjusting a result effective parameter based on a measurement variable

selected from the group consisting of the temperature differential, the viscosity

differential, and the combination of both the temperature differential and the
viscosity differential.
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