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some common uses of pol ycarbonates include transparent w ndow gl azi ng and
optical media applications (e.g., the 5 CD, DVD, CD-RWand other formats).

- The present inventi omtmgmm@mmhﬁtgmqmggnm es, efficient
processes for manufacturing and distributing pol ycarbonates, articles nmade

from pol ycar bonat es, and nmet hods for maki ng pol ycarbonate articl es.
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processes for manufacturing and distributing polycarbonates, 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 applications including window glazing, opﬁéal media, automotive parts,

building méterials, 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
n-n ~ 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.
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manuf acturers have typi ly run alternating manuf ri Q?J; Shs” -of
pol ycarbonate resins. SMifically, manufacturers ty$¥i cally prodice a -
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. to produce.| antities of polycarbonate having both a. consistent
aver age Wfésgé%qgegngpﬁgwn%?@t?igﬁ §%n of MFI. In conventional manufacturi ng

operations, large quantities of polycarbonate nay be bl ended to obtain a
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~ 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 the

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
) ,




cunber sone, expensive and nmay still result in a product having a wwde . 2
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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




with a redistribution catalyst for said resin, and a feedback | oop control
mechani sm may be used to adjust a result effective 3 11 ffﬂu%%%ﬁggﬁf
paranmeter (i.e., a paraneter that will effect the M-I of @n i but ed
resin). Typical result effective paraneters may include the feeding rate
of a redistribution catalyst, the tenperature of the extruder, the
?pegation qmﬁﬂ?e&f(L&h@p@wmkndamathﬁﬂﬁfﬁ?dﬂggwEiKﬁWhéra?ﬂﬁﬁuaﬁbgﬁhﬁ,_Lhe
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tenperature differential, and adjusting a result effective paraneter in
response to the tenperature differential. It may further be possible to

instead nmeasure Afghy Séﬁﬁéﬁi}henfo'iﬂ)&é{ e]?ﬁol%ﬁiev | $Cafdthod Widrh FrodftingPQ Nt
viscosity to determne a viscosity differential, and_adjust the result

ef fective pedigituied jtherneeplasiice rednswihichyicoptyisey @edmgr antesan . and amay al so
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set point tenperature or the set point viscosity based on the viscosity
differential or the tenperature differential, respectively. Yet another
enbodi ment may provide a redistributed pol ycarbonate resin produced 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 described
herei n. Anot her enbodi nent may provide optical nedia, such as CD's, DVD s,
CD-RWs and future commercial formats which conprise a redistributed-
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pol ycarbonate resin produced by the process described herein. Yet another
enbodi nent may provide a nethod for producing a redistri gted r566g1 havi ng
a narrowed M-l distribution, which method conprises ext

pol ycarbonate source resin together with a redistribution cat aI yst for
said resin while using a feedback | oop control nechanismto adjust
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di stributi a contro resin versus the MFl distribution of a
redistributed resin. The data for both distribution plots was collected
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maxi mum birefringence of conpact discs™injection no

of three desm@mducedémrhemmedexc&ﬂmddwmam ng mean MFl val ues of

- 12.2,12.8 and 13.4 conpared with a single redistributed resin having a
mean MFI value of 12.8. FIG 5 is a conparative plot show ng the IFI

di stribution of SiilcambtlEr endbeidimertr susy tprevidel adi smprdwed anethbdafor
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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




di stribution plots was collected over a three-nonth period. DETAILED

DESCRI PTI ON OF THE | NVENTI ON Before a detail ed descripti gn IS pr%{éﬁed of
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invention is defined only by the clains appended hereto, and it is not
limted to the specific particular enbodinents described in this section,
whi ch may Hecativi. et hie tro@isakbutloed facikity, Sthe . mAster Jgkad@nnay Ye2 8RPuNd '
01/ 77206 PCT/ USOL/ 05392 .In.this specification and in the clainms, which

fol l ow, refl@BEHEEW Iqregégmml?fga Shunber of terms which shall be defined
to have the following neaning. The singular forns "a", "an" and "the"
include plural referen nl e C e clearly dictates otherw se.
The term™" &R{E%P&ﬂ@&@%@mﬁ%ﬁﬁ&ﬁ\?@ﬁﬁ ncl udes all copol ycarbonat es,
honopol ycar bonat es and (co) pol vest ercarbonates. The term "redi stri buted

pol ycar bonat e” defjnes a pol ycarbonate which has been@fxposed to a

catal yst to proridfe lalsr&diagrammaticagpraseniaieniaie predersed grhodynenicof
mol ecul es. B VL ; f ticul
ecul es aﬁfﬁfpgtaf‘atﬁ% deﬁJr%ﬁ&Bﬁ%Sreélﬁuiﬁiﬁeﬁ{fﬁbﬁycﬁib%\ﬁatél%%. or a particular

pol ymer sa cept ere ot herw se dircated, the Ml of sanples
referred to in this specification was determ ned by online rheonetry using

a rheoneter calg t | r i i

& andara Di2sg L 784 GRE0EARAM, RGP FH rtiRal R IR

250 C and Pprodegng avredigiruted wesion whish apparstusvds ecaphblet efi dontrollitigng a

coll ection Ilf e%ﬁ“é%ﬁlte %%gﬁ%ﬁ)%‘ asur enents as shown, for exanple, in
'S

FIG 3. TheTerm narrO\r/fve Fibution" refers to a pol ycarbonate
which vyields a snaller standard deviation when its M-l distribution is

anal yzed by 20 t rocedure describhed ahove, syred over

Suft]cent ¢ me Pl Bk CopfipBRE plotcthoPaty Sue M AR L Shofoloned ve

di stri buti gesihinversus the MFI distribution of a redistributed resin. The data for both
distribution plots 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.




'corrpari son with the source polycarbonate resin. For pur poses of this
application, the MFl distgibutions were nmeasured und co +é
sufficient to capture | termvariation in the pr ypI ca?

MFl i's. nmags4igtoes Over equal tine space intervals duri ng a %rm%”ag 9
greater than 2 hours, preferably greater than 4 hours, nore prefera %Fy

greater than 8 hours, and nost preferably greater than 2 days. WO 01/ 77206
11 January 2005 PCT/ USOl / 05392 The "standard deviation of NFI was

cal cul ated from krhthibspecificsticrgaadsnd@ecehifg WhRR UMW Trekdtenfe will be
‘mat hemati cal nmethods. Sufficient data should be collected. such that the

standard deviegeitena cmbenof derrms whicht sl baldighrpﬁbp@rhavﬁyﬁtecﬁﬂlmu@ or

.. nmore sanples should be collected. The term "source pol ycarbonate resin”
refers to fTAf¥&d pol ycarbonate resin which has not yet been exposed to a
redi stribution catalyst in an extruder. This polycarbonate resin may be in

e ST, bt S TR RIS o a8 1ANGAD P eces ek,

"redistributed cataly s to a catal yst whic oot

of polSycar thaabetexd ckanheatictatdbotherwiseact i vity ratio” refers to a
measurenent of catalyst activity defined as nolecular weight unit shift
per part per mllion (ppm  catalyst. The term"feedback | oop control
mechani sni ref erlh& o tﬁﬁnappﬁ‘?[é(ttﬂ@onm ch aict ippdysarhenatgs’es imchatesai all

B ot rus: shoaErtertel B e Fotaprete S Cofily S dRpetonainr t tuiive

par aneter or parameters based on said neasurenent(s). The term "quencher"

refers. to a chalecRimMedRuiBytelep ag@a%otrat@' ASFirtds ?o@fcar t6 S9hignaNd

the redistribution catalyst which di scourages or 20 pfevent e reactlon -
pr onot ed bjnas Heeene ékposdadoto i omatdyst! (s tprohygiecal deyictiyn whithi eRhi¥s ahberl ng

t he rcadl stribution cat allyst) A quencher may al so be used
po ycarbonate molecules.

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

._sample. Except where othervtrise indicated, 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 cellection of on-line

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

The term “narrowed MFI distribution” refers to a polycarhonate whtch

yields a smaller standard deviation when its MFI distribution is analyzed by

20 the procedure described above. When measured over 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 greater than 2 days '




to, neutralize active species fornmed by the redistribution reaction. For
“&xanpl e, cleaved pol yc?onate nol ecul e "ends" for,ﬂ duriI Yanuary 2005 :
redi stribution n(%y t henbel ves be active species whiCh can fﬁ:h lfoé‘gdzzed by
a 25 queWH¥f772%1 january 2005 WO 01/ 77206 PCT/ USO1/ 05392 The term
:feeding ... together"” in the context of adding a source resin and a

redi stribution catalyst into an extruder refers to any feedi ng nechani sm
where the cataly and_ t o] Si ’ i xed withningt X For
exanpl e, systens fer é""t"’t‘%garéeslqe%?aat{nog‘ céa}t yg%%gec%%%%%%d&%gﬁd&{se;s ens
wher e the 1 esdiBoAlifls CREGHNE! aBbPe adiRdkheia mhthetxdtidallenethlodd] fSufieieht
feeding points”are both intended to be described by this |anguage. ' _
.Thr oughout dats shopdd cle icoHectelleswclpdhanthe atandagtlederigdivn cakulatiogelissur es
of these patents are hereby incaqrporated by reference into.this

appl i cat i onstatistizaldy rogerd sanraib 1ﬁé’i‘é1‘ﬂr%saﬁ@?1ﬁ§)ﬁh‘?®rd %Wlﬁﬁft%di stri but ed
. pol ycarbonate resin by introducing a source polycarbonate resin and a
redi st gi bution c I P ' 0. : f . j VY] a
Feedbadk | 00p contEol e churrdly REYcRa iR koliek (0 MElotRa bR arrate

the source paliNCAHMINE hREBIYRt Bedh! abpesedeth  redistibmticat@itylybs in an
preferred 15 additives, quenChers and the feedback |oop control nmechani sm
Al so descr ekrdder| Thisgralveasbippate igsinamnap dleyin dhe frran of peliy s, welpewder nedi a
incorporating sgid resin d nmethods for nore efficiently manufacturing
and di st ri BEPFHES I 2% resins. Source pol ycarbonate resins may be
manuf actured according to several 20 nethods which are well known in the
art. Polycarbonatrgs japde-RankulRt Badlae réfdtd abhecdialystiothiek promdies
resins in the présent invention. At present, there aré two industrially
usef uhpnet heavige ofpllyegrivpaycaiddenidéss: the interfacial method and the
melt process. In the interfacial nethod, _

 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.




pol ycarbonate is typically prepared by m xi ng toget her water an organi c 25
sol vent such as net hyl en hl ori de, a dihydric pheno Bﬁﬁm -A),

‘a carbonate precursor (eTg., phosgene), and ot her |ngred| en?s

catal yst sSWOHG7#ustic to adjust the pH This process is deBEFUSHN5390r
exanple, in US. Patent Nos. 3,161,615; 3,220,973; 3,312,659; 3,312, 660;
3,313,777, 3,666,614 and 11 January 2005 WD 01177206 PCT/ US01/ 05392

'3,393,672. In th I dvi.c .aronmt i 0 und i s reacted
together with a glhg? %/{mgaffg‘gcgﬁgt & |0% pﬁé dpe@&?%&d‘g Di a@ﬁ%ﬁfsﬁ‘“ﬁ%éﬁ%l t

‘pol yner i zat amd aceditittibaten cAbilst1nes 88 exbedds %@freié)ﬁﬂaﬁ)? fééﬁi?gg g@%ﬁ”t NOS.
3,153, 008; 4,310, 656; 4, 383,092; 5,026, 817, 142, 018;

5,412, 061. Where the sptdygionsl the sotwe xp:eiryam higed esithindthdyxPRAGES BES
whi ch have pot t been | dusti_llally applied (e.g., the solid state
synt hesi s © GEicH b &vhege dhg) Tesin aRg %?rfélé’éhtaf‘? rﬂFémlk@ﬂ» and systemhs 0

ver [ 1 | at f_.copol on and_ bl ends
i ncgr \;I)u(;r at r‘ﬁgﬁggbof}%cg% or?g%i e%&%y%ﬁléyg(ﬁﬁx%‘ga?to &' eé‘daato‘ﬁ’g%ﬁ‘i?’%t feeding

" pol ycar bongr@ntanedsithiintenidedan RCECREBBE D Sthﬂltahg‘&a terial for the -
redi stribution process of this invention. U|tabl gani ¢ pol ycar bonat es

I ncl ude aromati ¢_and aliphatic polycarbonates. Preferably, the initial
pol ycar bonat e cohyesighiosy this appplicatien, ovherey qeatbmtsatare tefeforiedp! the t he

wei ght aver C r weight, of t | ycarbonate starting conposition
may range fd;:}%‘r?n %eg ogl Qbes? &ﬂq%%tSS@@ Grexﬁ)?é(l meerparatgdy byazefepawecnty this
measur ed bypragilcafg§ameat i on chronmat ography using poI ycarbonate standard

reference materi-als. Preferably, the weight average nol ecul ar wei ght of
t he pol ycarbonate starting conmposition ranges from about 5,000 to 20 about

100, 380, nore pr’l&feeealnd ydéscoiredb duireizb, H0thdtho@bdot  BRLER, ,r@&’igtri’ﬂ?ftkd
preferably f bout 15,000 to about 30,000. Linear aro

pol ycar bon&P ag Pnafe esinj bednirashiving o souyce fpniycza'banptee,resmeHhaBeﬂeral
El ectri ¢ Cosmamybutisie cattalﬂyst rfgzd esrerx?cri kre31lhE)§§to an extruder equipped with a

feedback loop control mechanism. Described below are methods for making

| the source polycarbonate resin, suitable redistribution catalysts, preferred
15 - additives, quenchers and the feedback loop control mechanism.  Also
- described below are redistributed pblycarbonate 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 |

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 polycarbohateS'

- the interfacial method and the melt process. In the 1nterfac1al method,
polycarbonate is typicaily prepared by mixing together water, an organic

25 - solvent such as methylene chloride, a dihydric phenol (e.g., bisphenol-A), a
carbonate 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
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pol ycarbonate pellet grades 0QL020, 1030, 100, 105, 125, 135 and 145. 25
Powder ed pol ycar bonat e al so commercially avail a? Al TI rnatl d5

l'i near arorratlc pol ycal'bonat es can be prepared by any of ,%%?
procedur &%0 PYF7206mk| ng these materials, for exanple, by intertacia
phosgenation of a 11 January 2005 WO 01/77206 PCT/ US01/ 05392 di hydr oxy
aromati ¢ conpound or by interfacial polynerization of a mxture of

tic ol , h i schl or of t
ronoch &8&%%2?@2 I oo PR SR 0y S PSP Fn BB o Co Ep A 5 T3 T omer s,
5 Typi cal EstﬁB &"cn?é{ 1026 b8H B ﬁté?ﬂé‘%ﬁdsofsﬂlda@ﬂ &t hiRded Ii‘t‘i‘elt

prepar at I on I | near aro I ¢ pol ycarbonates useful as starting materials
.for ‘the prpetgseriehtivhi coriditiens.i ofhiar pratescis otedcnibed)is. UF&tPatem Nos.

s i A AP0 S0
. 4 10
ko P L R i B 5

hydr oxyphe He@X¥.c2r HEbdIEd GeROEed ridttoll) sehifdobe A
type, and g‘s%%?ﬁ%@?%?’?p%%nol )T,%\gaare pref erret?léjf oret hei r ga)rt i cul are

sui t abi | i tyisefudd i tke presegt invesdionar omat i ¢ pol ycar bonat e conposi ti ons usef ul
for the 15 process of. this invention. In the event that an aromatic

pol ycarbonat e copol yner rat than a IS SI r 0 b
redi st ri but ed aé@@rﬂ?ﬂ@eﬂbv’f ‘b?‘éf@é?smg]l‘ ‘r’?ﬁ}%tb{t‘? diYP WBI%‘?“%%? e

different di o) Go5 y be enployed in the preparation
of the cop8pgﬁfn&%r?ge a |v ﬁéwgé@ggo{@ner -of 20 a di hydroxy aromatic
~conpound with a glycol, such as propylene glycol, or with a hydroxy or acid
termypat ed pol yesdserlindir Mttbkaﬁcldecbaéﬂg@nﬁcIpﬂ)ly’fmtbbﬁateptenq:roemomncib uged in
the redistribution process. Further, blends of aromatic poI ycar bonat e
honopol yneacmplttblargtarﬁng matanet/éordémcradge@ﬁwm pregess 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 higlt as

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

| standard reference materials. Preferably, the weight average molecular

welght of the polycarbonate startmg 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 phosgenanon of a




may be enployed as the initial organic polycarbonate conposition in'the
process of this inventio Car bonat e precursors whi c?an1p§a,{lﬁj¢}9§ W th
h :

the di hydaer omatic c ound for production of t l'ine r | C
pol ycar bonat eg-’g‘{‘se wel | known and described for exanple i ngﬁ’gsg@%’x Nos.
4,469,861 and 10 WD 01/77206 11 January 2005 PCT/USO01/ 05392 4, 431, 793.

“Illustrative exanpl es of such precursors include carbonyl halides, diaryl

carbonate e mat es. ., The carbopyl .halides can be carbonyl
chl ori de, cg}r']ﬁ{)cﬁy? y gar%%‘%gecoéor{ﬁpﬂ?%ﬁre f%@?%?a.l PRlpTeHragenQf @ mixtrg|
car bonat e esf ersgsonaed. Ca npl d e i nat.e.

‘di (hal ophenyl ) car bonat es?gds?ﬁ%ﬁ' asS%g?( c%lgor gipsgg%g%or%t %na%rgqm%ydmxy '

di ( br onophempnpcblorodortatesdi (and ot or biskhpdkdxycarhanated apelydasbdridie; as
wel | as di (all.k | phenyl ) carbonates, such as di(tolyl) carbonate. Al so
suitable a8 Fapht hyl ) carbonat e, di (hal onapht hyl) carbonates, phenyl

al kyl phenyl- carbonates such as phenyl tolyl carbonate; hal ophenyl

hal hthyl 10 - . chl ht hy! bopat e,
and The | Ke; ant PR tar Bt Sk R R B ORER hitatis dr dhe
sui tabl e fcprepam@mw1iﬂehﬂaﬁdmaﬁ@@sawdam@hm@m@%h@%ﬁﬂgﬂ%&%ft%@%g;fg?gf |

bi schl orof ormates of di hydric phenol’s, such as the nono
bi sphenol Ahgngretess bf st dnvémtiomtareotebyribatinndh®; Fas. Md. 47271133,

bi shal of or es, of glycols, 15 fqr exapple, bishal oformates of ethyl ene
gl ycol , ne%&?xﬁl S%BPP“B@S %6&9%%%}{1&%“9415?5&9. bispheaobtAe ps carelomsit e

A4l ' ; t .Skilled in t t, b I '
Chtor do. A IREASEIE e | 1PBTKLY oy phen e iichering, | Pisteng the
gﬂheﬁﬂrﬁﬁéﬁﬁnbp pr epaf,aﬂ-dihvgﬁ(; Yb%%i@ﬁé)afmt iCc 6-
ro oﬁss Y] |n.a2r1alkall

i nt erfQaci alhyphbxﬁﬁhéﬁaﬁl)ﬂ

pol ycar bonat es, the Il-gi/x xy aromatic conmpound is

metal sal t dbydragmaphdhaleranpl e, reaquimols sodiand hydr DRilde(3, 58/ hioro-4-
hydroxyphenyl)propane. Dihydroxy aromatic compounds of the bisphendl 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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thereafter a water-inm scible solvent, such as nethyl ene chlori de,

di chl or oet hane or chl or nzene, is added. After i oduc the onat e
precursor, for exanple pnosgene, at room tenperatur t he Eg? %ggate 25
i ntermedi MWK ¢ hen isolated directly fromthe orgam c phase By
distilling off the solvent, precipitation in a norisolvent, or steam
precipitation. The chain | engt h of the pol ycarbonate product substrates and

b hg . chdAdL7Bd THSEFHYE SYORPIos o bt prE e Aot Farrna e
m xture. Sujyl taqg aQ“B Bre ddreld a}'@:ﬂeno%ffo%%%qugé/ AfBERyIPHLHED 1(‘52\5%%2

st oppers include nmono unctlona such unsubstitut ed phenol
-and p- et hyéqrivengl chieridsdcarbeh Mbpdmm@é andh nerehrps rheyeol ) pﬁzpﬁiat df‘rth%nd
p-i sopropyl phenol, m bronophenol, p-but Iphenol -t - but enol and p-

cunyl phenol diaryb cagbematenesserst Whickygam besempleyad) aseddl nzeslr carbartade;

.addi b
The popnt  GRUCFBREERSN e BbRERe. CRIFfo B potRERPAEREN Msoromales ¢ hat
of a high ggg%m&FﬁIHfL QABbhArY,  Al( n‘i&tﬂbﬁy@%@%@%ﬂ%ﬁ&%ﬁd Whe Qlkeca be

added to pre near aromat'i c po ates 1s an amount éffective

to prepare dellsdshdi(alkiyéshdieN) tgrbenumisgbiictave di@elyhptabahate. Wds@Bhitablet he
range preferably from about 5,000 to about 100,000. This amount will vary

as a functiame dt(napbthy&knévqs@t%edﬂ(haiﬂnapb%tl) saxpoRatsso phepphaiky rlleh emdl oyed.

in the reacti

han s he” adarplatetorut 3 el i hErBane & PalopBRTL ohatbraghil oo,
Phe’ poces ?S?Sﬂﬁg%%tﬁftﬁﬁ??%%@bﬁg P IPEA A panbbalie Bid FRUSE B3 [,
of the formabautds of 28y 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 chlorobenzene, 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 )




0 11 -ORO-C (1) wherein at |east about 60 percent of the total nunber

of R groups are aromatic rganic radicals and the b nce, thereo e .
aliphatic, alicyclic, or ,omat ic radicals. Preferab™, %1 H@"‘éﬁﬁy%?%t iC

organi c r MO0HT7286d. nore preferably a .radical of the formBGustos392A -
Y -_ A2 .... 12 11 January 2005 WD 01/77206 PCT/USQ /05392 wherein each Al
and A2 is a nonocyclic divalent aryl radical and Y is a bridging radical
in which one or two carbon atons separate A and A2. Such radicals
frequent |y HPBPEEY inflirle manofupetiond]yrheanoys, cowhoam dmsubstiteed fpttemol, an-

HO - Al- Y- - A2- h,as { hose nti.oned herei nbefore. Fqr_ 5 exanple, Al
and A2 gen:%i‘? %hre 3‘%‘?‘85‘8&?‘5 s ‘gﬁ’l"?ﬁ‘tyiﬁh ni RI’RFO}%‘&BE?WIUMHd
deri vat i vesplifigsraek ] byi-deld RTox=1 I t oft hydr.ocar bon
group and part EecPar el B OphehuIe R b RnERS 1 i DhendF RS-

cycl ohexy! i demglphenol skipr afditiodesfethisagaratis psaRY heslid priok t8th@hdaRidpd f or
maki ng%sourc pol ygarbonate 10 resins is described in U S. Patent

Appl i ct i orPiSie) carbrpateppregpasorpbut san 4y wedesgisaniTitinge ajplto ¢hé ipoint of
descri bes Laterfaci al ng hesi s method .wherein at | east one di hydroxy
conpound, ;}lr%alhpnéelr?twg‘?ré%r\itgzs ‘Tgfﬁ?lto(BF’Efn,‘enﬁ%tE%Iaé’rPéoﬁm%r that) of \Rahéh '
caustic (e.@hlymigOH), a carbonyl halide (e.g., phosgene) and a catal yst
are added to a vessel while maintaining the pH of 15 the m xture between
about 4 and about 12. Sinultaneously, during the interval while between 0

and about 90% ofThenguantitsiof chabroteymihating ageat adddtcart Be hA8e4 98 zﬁépar%
reaction syst efn is activated to produce nonofunctional aromati
chl or of or néf®s NEHe HOBRITST PréyGRaPeBates eisi Ay cupoudlt i effectivee toepsepare

10 substrates having a weight average molecular weight in the range preférably
| from about 5,000 to about 100,000. This amount will vary as a function of the

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 the total number of R groups are aromatic
- organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic
-radicals. Preferably, R is an aromatic organic radical and more preferably a
 radical of the formula:

2% ~AlY - AZ.. B
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during the aforenention interval. This nmethod is nost advant ageous 20

because it mnimzes t anount of diaryl carbonat e,rpuri ll S pro d .
during th&é%&@ci al synthesis process. EssentialTy, th 'mggﬁonal
aromatic of ormates act as an end-cappi ng agent. The nonofuncti onal

aromati c chiorof ormates may be made continuously by reacting, in a tubular

reactor, an aqueous caustic solution, a carbonyl chloride, a nonofunctional

25 hyd , ' d N ] L C1-SQl . Thi
mothod 18 most v BeERREAtE QiR A e ERncRIR AR BB LET KA heg | B

than 200 pmpd FRE@] B FIREIRBhY o 888 dafBon hiinpeepataed W GaidARASEch
I mpurities. These inpurities are undesirabl e because they can lead to error

.causi ng r eghditads ifrequegmtlvi re eddrivjedcfioom antldilihy dopry atdropeunds df1thanuary
2005 WO 01/ 77206 PCII USO1/ 05392 The source (ﬁ% ycarbponate resjns used in the
present i nfermibh Al hiva2aPHesuch as thepen mengio RECIRRGIGER. BQ®r age

MRl f t he redi;stripu esi i [t e source
N P EPRLIARUERS ASCRERerlifEReserd oo BIRERLS ShORIRE P
resin. Al sQubbfigitbar detiviMivest Bherbbe Thé ellligfingbwh@idal €518 Host d¥een a
sufficiently different fromthe MFI of the Source resin such that

redi st ri buthydrowdrbonogemp. and marficelzeyr edsatnbded groupofuchhas methplenepn, t he
target mean NF| -t he redi strig‘gted resin will be at least three, and

for
more pref eFHﬁ‘P?.e%SY{I‘Ii%%FsPrﬁC\PéOEY ¥+ d deviation units fromthe nean M
of the source resin. The mnimumdifferential between the target 10 nean

ML and Che SO ShoMTAEL bl ARIRATH! b e S!S s
Jesoed i SAmINES 100 TSRE Ml Ul Kot At i, o
branched af8,287,49% 0! Jhiéx applicaton . describes oamlsiederafeciaﬁéy@ﬂmsts mgethod.
conpos| t ! Ogvﬁegei%ea{ Gl\gaitsitorllebggh%fddrhgyté%% cgl?r({g,sasmoi];—tert 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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thi's invention. Any of the commercially avail able branched aromatic

pol ycar bonates nmay be usgga such as those disclosed g U. %)OQS ‘
3,541, 049; 3,799, 953; 4, , 009; 4,469, 861; and 4,43 " 93%1 i%ﬁ%%mrci ally

avai | abl e WP 8HER® pol ycarbonates are prepared in interfaci RCT/US01/05392

pol ymeri zati on processes wherein a branching agent, such as a polyhydric
phenol having nore than two hydroxy groups in the nolecule, is reacted
with an aromatic_di hydroxy conpound and a carbonate precursor in the
presence of a chahf doarre peiycagbenatauiesing| asedvin ghe resentahivenifor grGSt

Suitable p [ enol s ar isclosed in the references cited. above,
and incl u?(llaw%/ % l\g‘?g Ve al"fri&i{gtoii é"-e(ta!w@ﬁ‘@{%%gﬁeh f)%éttﬁﬂﬁéd{swmﬁ)‘eﬁ '
1,3,5-tri s-dedm. H o e vac . -

hydr oxyphenyT ) benzene: & 4¢ 15 BTEAPTTS9 19 T SOUFes Losin having, o MER sithingng

the |ike. QXerofstliet slrget Exﬁraﬁtdﬂi'étﬁstaﬂﬁﬂééAﬂeﬁﬁ{.udﬂs@,}’%ufairgetcm[foge&ﬁ
disclgsed 14 0 5 11 January 2005 WO 01/ 77206 PCT/USO /05392 in U 'S. Pat.

No. 3,541, 0&9istributrdh sesinimyst be spifisirntly, diffetentdrarhdbe MFEof dsegouice U. S.
Pat. No. 4,469, 861: .,3,.3-hi.5(.4- hydr oxyar vl ) oxi ndol es di sclosed in U S. Pat.
o, 4 555, GEST SRk IR GRRYRT I Aeee Dh . Brpet wrabpdmentinftheal Kyl
cyl “hal i dgnase ' i in U.S _Pat, No

A 431 7on. TPERNGH, B Serpef Wichi METAAS oM SCURRMNID, fesp wifl bt leasty

chain ter thresf iangl mom?&(feﬂaﬁly weiledlt e talddrdddagenbs uifild hoth the
previ ously hereinabove for use in the preparation of |inear aromaticC

pol ycar bon&#ean M obtheosasure agrin. fIdve minimauant differeftialretoiken the eamsetc

pol yg@r bonat es.—=10. 1 n cordance with the p_{ ocess of this invention, any of

t he” above- HfEhtY @&dg 'S EArBGnEes MK wyllahe idanendentvongthe aysteaye = )

mol ecul ar g@iﬁ'ﬂhanﬁ:&pi cally in the range from about 5,000 to about 100,000 ~

may be refornmed 1nto a final polycarbonate conposition having a different

mol ecul ar wei ght . ' :
- Various redistribution catalysts for polycarbonate are described in U.S.

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 lthe 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 polymerization 'processes wherein a branching agent, such as a
| pOthydffc phenol ha\ring more than two hydroxy groups in the :"molecﬁle, is
reacted with an aromatic dihydroxy comp'ourid and a carbonate pfecurs'or in
- the presence of a chain terminating or molecular weight confr&lling égent.
25 Suitable polyhydric ‘phclenolrs are disclosed in the references cited above, and
.in_clude, for exampié, 1,1,1-fris-(4—hydroxyphényl)_etf1ahe (THPE), 1,3,5-tris-(4-
| hydroxyphenyl)benzene,r 1,4—bis(4',4“-dihydroicyti'iphenylméthyl)benzene and

the like. Other suitable branching agents include cyanuric chloride disclosed

14




I ncl uded are m xtures ofdifferent |inear or branched pol ycarbonates and 15
i xtures of |inear and nched pol ycar bonat es. Thérocefﬁs‘] suahs8hag both
for i rglﬁ;bgf)l,%g@r bonates and recycl ed pol ycar bonat es vvhepggm 169360 Or
branched, 1nc I ng polymers formulated into such products as optical disks
- fusuall'y linear) and bl ow nol ded bottles (usually branched). The

redi stribution process involves nelt equilibrating the starting 20

conposi ti onyi g tPRBSS BGE089; @aﬁ@fwfag@ﬁiﬁéghéﬁdlg bistchol dbeldysioselfe! t

equi-libration 1 nvolves eatl ng the at”a tenperature sufficient to
produce a nal .9, dPata No.469861; G Mus(nmyahbxmi)mmckﬂea l:imcl(mademullsbrl um
Typically, when the starting material is a single honopolyner or copol yner,

“redi st ri butBasn N rk&83.80% rmnds peamptig H%ywbewﬁate@drweé 1 bfarncbaded 25

Phe starti MUCHoRGKL PalisREoRy) of KEIRY TR 87 ke MBhlbied Hr0a Be b of

*honopg] ymergsy ﬁrgyggppol ynmers of different nolecular weights, it is possible
for 15 11 January 2005 WD 01/ 77206 PCT/ US01/ 05392 t he redi st ri but ed
conposition to have a nol ecul ar wei ght higher than at |east one starting
conponent and | ¢fiee atdraatiadihpdoxyomenpousds, staabonaty precpsoentand ¢hdia not ed
that the redistribution process of this invention is not iptended to

i ncor por at deTRingting dﬂ?]eﬁglaﬁaﬁ\éﬁflght sccli‘r%!}ﬁgn@b%@ntrgate% PSEYigNe® of

such branc D el 1 nuric
chloride a?’ﬁ %Rgﬁ%}’é 20 g%i}‘ #Paes éLPcaﬁg fxﬂ 'ﬂeg?ra %%ngwoggé%%ﬂg%yl &t hane.
Branchi ng agenhitle o Sreb¥Raiod o bx%%ch@&%&héﬁé‘ pbwca}me§kl Il'ed in the
art of polycarbenate s nt esis and are described in Pat Nos.
5,021,521 and 5,097, 008. Such branching agents are knomn to 10 equilibrate
wi t h #0i near ar ordat 3aropdﬂrgaeawﬁthnéteepcmqsesift trensnventiar, mnybofrtbhexbavesnat i ¢
pol ycarbonate co t| ons. Sujtable car boPat e f;edl stri butf on cat al ysts
i nci ude a ey agponates having an initial weight average molecular weight
typxcally 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 polycarbonates and recycled polycarbonates, whether linear or
branched, including polymers formulated into such products as opﬁcal 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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bases and Lewis acids. Illustrative exanpl es include, am' nes particul arl y
1, 3- di net hyl ani nopropane.l m dazol e, benzi m dazol e, zot ri 2@%

wel | 15 .as other organic ses, for exanple tetraal k %?Hal% OXi des
such as tvwed a2yl ammor aum hydr oxi de, usually as the pent q:@q_ﬁ@mﬁgz

di et hyl di met hyl anmoni um hydr oxi de, and tetraethyl anr oni um hydr oxi de;

t et raal kyl anmoni um phenoxi des, such as tetranet hyl amoni um phenoxi de,

usual ly as the nmonohydrate; tetraal kyl an€moni um acetates, such as 20

t et r anet hy| themedistribatet canepositionatal lopteammsibeulat Neﬁg]ﬁ)thl‘ﬁ leP@ha @8 leasPUCh
as tetrarretr}yl amoniumtetra henYI borate; as well as lithiumstearate, the-
i t hi um sal 0T PG ReRGenant 2 lowey Wlammsasmrmgbosmmm A,

sodi um phenoxi de, and the |ike. O her suitable organic bases include
phosphi nes, for gx phe h A w de.v r.ie of, 25

organonet al | i cs Igrigngé%?agﬁdet cae{%*ims;?réguel?ﬁlﬁd’cﬁﬁs (S’rfg'%ﬁ% PReR@omdanaet such
as di (n- butipterided ol dficorpdirte- Qfitd/| tHel Nt mgiérfh‘l?“f)ﬁbr)c?-nﬂg d%}gé{{ gxi de,

di (n- butyl Eti n dioctoate, dibutyltin, tetrabutyltin
trifldoroa rles afrsusin WmChl@hgenphwmmldethbJ ahhjﬂdﬂdbydcl&m&qag) tin)

oxide, and tri butyl t| n ydrlg as well as organotitariium conpounds, such
as titani uWBUH ot JRAgBPYC 200sPEaRiUSGUch05392 1,1,1-tris(4-

tetra(isop 5 met.hyl xi de).., ,and titani um
tet r a( but &?&%"ﬁﬁ*ﬂ% e BB AT ot (PR, DYoo B0 085 Fecommract by
tri(ethoxi eegse hillad K ehb 9k YK t at.e e e,
. (di phenyl) rrersgur; (tet rapﬁegel ) | eazg%g?]d )ﬁgﬁgspﬁlg‘ﬁy d?éc‘f' %ddf“ Qaé
sui tabl e. at eNas.v 80231521 oandyBOPTAE68. Snch UbiarGhaggli dpEnty diredRnown! rgbum

hydr |1§ u num h%/fti\ g boron trihydride, tantal um and niobium hydri de 3
lithitm a GehyYitid irleay { RrQmAABIST dw}mﬁrb@nat@od:immpmhohgdm dégrm

Lot amet hy ARERBk 4 R dBonb e G2 BoHb L amoni um) bor onydr i de;

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 P
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




lithiumtri(t-butoxv) alum num hydride, and di phenyl sil ane; as wel |l as

i nple 10 inorganics, as |ithium hydroxide, s um sid ;S8 oGRdi um
“borate, silica, lithiumfluoride, lithiumchlori d!l i thiumcarbonate, and
PCT/US01/05392

zinc oxi dYOPIET28Pred redistribution catal ysts include

{ et raor ganophosphoni um hydr oxi des, tetraorganophosi um carboxyl at es,

t et raal kyl anmoni um hydr oxi des, tetraal kyl ammoni urn acet ates phosphites,

organonetal lic 15 conpou(geqs, and, conbi natjons_thereof. The st preferred
ar

redi st ri but MHFROQRIAPPXIdE)ar StEREER WO TRely apteXidfbunld pHEmRR a2
| onered | ev .o I .t he: i pr; > g h honi um
hydr oxi des gér%g(%g}((éﬁgle s %’f r@%%hrég‘re g?é@%h%attgﬁq%}fogrgﬁ hgﬂﬁn&staﬂ %?‘é’?é ed
-redi stribut hQ(éth@ﬁH%?,ysélﬁnﬂﬁ&nt aﬁ(ﬁhé@ﬁdaj, k yhrciafios pberatd) midaddr Let4les, and
in particular, 20 tetrabutyl phosphoni um hydroxide ("TBPH'). The anount of

_ ]'chPH gd ?edZg%iMBhgl)?ﬁen?dtmmWﬁ:f, mdd(mntfpﬁfn}zﬁfi@riﬂ YAlso esuit?ble:cquBPH
+from o} ppm ] . .In a nore preferred enbo |'5re , .Lhe anpunt, o

shoul dobe  &tF 4 MAFIPnP! M%@%-@CF ing so@ymp sl lttﬂwé% hyrideount

of TBPH Wi Lty DR AYIHiRhefk bR ting drifle) @RRIBRELEL HhLAAGHARRAAY, O
the drift if the g'-rrean’ TR 67 gf' € source resin. S gflso ’3‘(‘3 ngbl e,
in practici Agriip@nRr ©Sefiridd)V enithtin NOborobyefRiese Sodiefli SWorbHfdi9de,

catal yst which is too reactive for efficient control by the feedback
n'etch?ni frrsmt!bm s hétlh@'&hmmc?ﬁm_rtsbeml:}:rdﬂdi?yll;etia(nj&bs}]ltplagimpnlim‘ni lcbombyckicriﬁ, .
catal ys ’:9%“ as_an activity ra |oc&éﬁ?ess Wg\g 1ol ecu wei g units
per 17 WO dtvymoEyt Pt%‘ﬁ@év%u@my 356 dirds 8y 5ilape, an welkps Fyaple
wher eiq the ERVIRAY t O e 13 f.ange . of: s{:;addition
ract oldsur rirBreh Sush it SuiChPUR0E ST st BB GREC | ol
0 to 25% TIRRHuhalhSrite  Iithfurhléh$ori@s) AR hivtichEb@m@Nindwinbyslidexi de is t oo
active. In a nore preferred enbodi nent of the invention, the 5 activity

ratio is less than 10 nol ecul ar weight units per ppm of catal yst and
: Preferred redistribution catalysts include tetraorganophosphonium

~ hydroxides,  tetraorganophosium  carboxylates, tetraalkylammonium
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




- Al'so, the

t he nol ecul ar wei ght drop is between 1 and 15% The anpunt of carbonate

redi stribution catal yst e, oyed in the process of t& 1| }f&ﬂ}é BodRyY be
any amuntw@élﬁgz'és effecttve in promoting the redistribu |P§Fg§ﬁ§§
Usually the eftective amount will depend upon the 10 particu g g’st
enpl oyed, the reaction rate desired, the particular nolecular weight
desired in the redistributed conposition, and to a | esser extent on the

chenmi cal ng??ﬁﬁ a®fcatdIgsP R drEit Ble %Eggfst'gn&tﬂ)mié’ Q%rté}g'g&?}te?caﬁg ?Og"’iéiﬁiﬁoﬁxrent

ective anmount nay vary d upon the ‘
~used. The opeabysbaddition haties sefficishtciol pricitle &Pekédisgd ndlear Ipeighti M
settings fohéreach pi ece of equi pnent. tionally, a diaryl carbonate”may be
“added to t H&TAR 8f beRyeend fpcdrhonBRHclals ogithiro this cabee,r eiiilet arnmdrédm The
di aryl car te.function to control | equl gr wei ght and serves as an
ef ficient 3??8%&6‘6?%6 t&&eﬂ?ﬁ."e- %?amfecl%lﬁeg%ﬁ% TR iEeTs Of the invemtion; tae ude
di phenyl cagclg%@,t ' ' : bonat es ovi ded that the
substituent is i nlzart?p\%i %ﬁs ﬁ'}%ﬁ%ﬂé%{ﬁ%@a@k@ﬂ%@é&gﬁﬁ%ﬁ g BR%B@E%‘&@.’S(EW@W

i nert substtheunolesularcleight didgyls betivabA.l £6019%. al koxy, carboxy, aryl and
nitro noieties. Preferably, the diarylcarbonate is unsubst ituted diphenyl

carbonate. Unfortunately, addi ng di aryl carbonates is undesirable for
pol ycar bonat e apite @ment ofhearbonateavediginipuiiont eatolyst i amplyyedt amt tHee. . ,
i njection nolding)..tf.the .polycarbonate is tao be used for injection
nol di ng, t%‘goa‘#ﬁﬁgﬁtmﬁ iR Péﬁ?ﬁ%’ﬁﬁrﬁ’ Wnﬁé”o}“ﬁgﬁ egfﬁﬁ‘f%ifbﬁml}?@h@g such
t hat the‘pltﬁége&g&-m?%& ( LSl N ld after
i nj ection nol ding (I)perat ons?s i(%m(;e?\i/1 itglgg%hs%c%§teﬁ§fléeg<t enfﬂ HEE%%&EEPF.&% WO

01/ 77806 1padtacuiar ycAaDfst SAPlGIR]/ Ors d2attenaratentdeafredi amhd V%ﬁﬁt%ﬁlﬁt e

enpl oyed in the process of this invention may be any anount I ch provideé*’
t he desi r efNIgrdan weighsidgsired 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 diphenyl 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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in the redistributed pol icar bonate conposition. Usually, the anount of

diaryl carbonate is n reater than about 1.5 wei per pon
the amount 5 of starting pol ycarbonate, nore preferably, ﬁg%r}%ﬁg@#han

about 1. 0W@pPHmR06 percent. . The redistribution process of RH/ESAE5IRt i on
can be effected by dry mxing the starting organic polycarbonate, the
carbonate redistribution catalyst, and optionally, the diaryl carbonate,
and nelt equilibrating the 10 resulting mxture at a tenperature ranging
from about 180 CTheoamiuudt of3zidargl crbéwatebempletrst tivniher Praesssr ahdbss from

about 250 C to about 300 C. Typical |t pr.ocessing.techniques include
mel t conden¥HEN&eT My g%?ﬁ‘%&ﬁxcp%a‘@ - P’Effwgi?p%xﬁi‘%ﬁe |§1;\ogec1:t anyeightut es,
.or continuo ruS ' i 4sjon
devi co. CnotEis el dbOERnat RinpoSieRSLalY! the SRS dtd

enpl oyed, t&gbsastNsIREgbatiIdhEiRGBoLALS W@%ht\pamént Busddwg?bﬁahé Agnourit May
.be necessary to vent gases forned during econposition of the carbonate
redi st i but obstacimglppdycarkpmatecwragaiefearebly, naygrantes than ahout pdl weighti nt o

t he source H%%I gcar bonate and/ or the redistributed pol ycarbonates descri bed

herein. 20 FBhI 1y, the additives may be introduced into the extruder
feed throat together wth the source polycarbonate and the redistribution

catalyst. It is THESHMMBuGh rdceEtodris! IntRRtVA &h %Eeéf'fé@éélybg} ract.
~wWith the redistribution catalyst, but sonme interaction may be tolerated if

it is planngdkihgr thedstdeisg naigahiny polpanbenatabl the c omdbeqasnaedistribution
Additionally, it is possible 25 to incorporate additives which_ interact

wi th the. r esitalyss, bard grptanedlyy dhe pgiagalcagpanate. qirsharelt equilibgating rthaer at
-a poi upstream of where_sai .additive is intrad : anyary 2005
W0 011720 et RasIN b0t & emptiaiie FanBirk hPRL ABEHNIRD, G, U6 At )
el ease a0 oCTNGrefbbRATRe AHFPLrafliRafigel i hbSu¢ 20 € id MAB00 °C.

pol ycarbonate w |1 easily ‘separ | ,
- 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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from the rol d upon injection nolding. Many rel ease agents, such as high

nmol ecul ar wei ght aliphatig@esters 5 (e.g., pentaery It rate)
yi el d accept abl e perfornafiCe, but the nost preferred Ts- g?iéé@k{rﬁ%&a
nonost ear a é"t‘ . Sufficient G5 is preferably added intdoP@rBEsSEOsINAder

feed throat to produce a redistributed resin conprising GVS in an anount
of 50 - 600 ppm nore-preferably, 100 - 300 ppm and optinally about 200

ppm Fatty acid sterf ther than GVB rra(f/ 10 al so yield acceptable
per f or mance. Ano rﬁ%%rrflﬁﬁt irgpareny @dditivereis g apold zeleaseviaggnt. The

pol ycar bon rous b sed. conpourids and
hi ndered p enoI QIFSE%%F tﬁ é\bﬁ ﬁiastctﬁgugqqghﬁﬁ Date ¥ %Mé@aé'ﬁ@the
nmost  pref eﬂrbﬂ*dtlfeh@@‘ﬁdg ofiliflttibA $hsId u%e suitable, but less preferred
phosphite is 15 tris(2,4-di-tert-butvl phenyl)pentaerythritol diphosphite.
The nost preferred stabilizer for use in redistributed polycarbonate is

bi s(2, 4- di cuny| Mesytreleaset agants hsudlobs diighasphicubar Sefdhitcalgphatangytais of

this |pho(sph|te are gﬂeferabl y added to the extruder feed throat to
produce a  \Fedti RETHAGIEBH I detraAstearir) Xie%aﬂf%’ﬁ@é Perfggmansey bufthe most

preferably 00 .of t d| hos hlte

Addi ti onal ;ng%“cggg éﬁ’ may %bSP 5’1% @?{53 I’?g@g]%gﬁt d’ffe Fably _
extruder i nridede ifgestheplergtuidet Z&5esl tRIEHE RS Sprcﬁﬁﬁeaﬁt 'reafsﬁ%&teﬁg‘f»g%,ﬁ whi ch
are known to be conpatible with polycarbonates. Al'so, i1t.Is possi

add  br ancfPrprigjegteMSsircan asnaynt of £0i-s600 pp;zdrmz;eppmwamybmne @]janE) to
25 produce a branggpggpglgyj yr bghgd resrC]J?ﬁ i S nmost preferred to add
br anchi ng ) Hl;}t % cifetntersapthen tham GV meps WO

01/ 74906 PGY; s/gﬁgdg&%ﬁ, tgents may be added near -t he out put end ,
of the extrugr to sure eac Ivation of the redistribution catalyst

and/or neutralization of the redistributed polymer. During redistribution,
the pol'ymer wi | |AduthekimipottahPadditive is the stabilizer. Many polycarbonate

stabilizers, such as acidic, phosphorous-based compounds and hindered

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

preferred class of stabilizers. One suitable, but less preferred phosp}ute 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 optimally 200 ppm of the diphosphite.

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

' é*n-uder 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 A-tris(4"-hydroxyphenyl)ethane (THPE) to

25 produce a branched redxstnbuted resin. It is most preferred to add branching
agents after addmg the quend'ung agent

20




shorter chain | engths hgying ends which are not "end-capped."” Therefore, it
-5 may be desirable to a quenchi ng agent to ensyss theﬁe ds V\hﬂ; L are
/

not end-ca(sﬁle/%&ﬁ%enot participate in any further chem cal az

Typi cal i y,W ous acidic solution of quencher is used. %%@g

guenchi ng agent deconposition products are typically renoved further
downstream by devolatilization through a vent in the extruder. 10 Exanpl es

of sone suitabl uenching agents.include ph hor.ous cid, phosphoric
acid, toluene s?&%%‘iq?ngc?% n%ﬁaa%gff@%go&e% gﬁéf)‘ﬁﬁéﬁ%cen c%gr@&ﬁ%&g“%éq@ ,
gl ycerol nReste@baltfratReNbPdlelistiiBhitiOh cBialydt el /DriecalizafibR JFARE
preferred quenching agent is H3P03. The skilled artisan may determ ne an

‘opt i mal anmpedhistribu tepdepolivimey. dderihg whdistribwstidry, ghe gldlymesddeitl break up o nol ar
amount, or slight excess, with respect to the catalyst. In a preferred
embodi ment sbertehehainlengtimhating endsumhichrarpgmy 3 endeseppedy dherefozeldéd i s
‘suffigient to produce edistributed resin .conprisi 1.-_30 pp nor e

pr ef eﬁabl y Y. B% ﬁs%ab%n{? 3 iar’fh‘felnfﬁglﬁ)ﬁ%?]ﬁut nehiNg tfi‘g@ﬂfls (@EF@&%P@& as
though t hecRYRABREAUAABNbartRIBHBIn GRPTIARE! Yhd Rl rdRBBnAJH b ich it
. 20 does ngt). B?ri ng red?ast r Fil’;dut I on, ?t he pol yner ai %‘sel f wl ?b{)dra[elgkmup into
shorter  chquesushavidig sehdsomiof cfueachendd ubedid-Stappednd Jhendhing egent nay
be desi raal e to add a qguenchi ng afgent io ensure the _ends, which are not

end- cappeHECUBPAEEIG. RICSUEH @T¢ nfyRIGALUEmaYesh duEtheap Aevwaniieran by
reactlons.g%@ggﬁ&gﬁgé%ﬁdﬂ%}h@gg{llﬁ%st%@&u?gg well known in the art ;:ﬁg be

25 utilize g pres on. "I'n""addition to a feed throat,
extruder may optionally have at, |east one vacuum port through which gases

formed during BMeRPIN®fOforhdesuiRMlS qudadhirgn agahitl #idud@pRBpreRsEs- The
extruder can-be either a single screw or twin Screw extruder. The extruder
and screw add, bphospdwria arid,otelesnensulésnist anid reatcer pallyhydrotydakphatic
corrosion-resi st agt 21 01/ 77206 11 January 2005  PCT/ USO1/ 05392
~ compounds (e.g., glycerol monostearate, peritaerythritol 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




cart.

surface coatings. One skilled in the art wll recogni ze that the screw

speed and feed rate may ry. Various screw designs e I no y
those skilled in the art \@or vented extruders, theQrewWﬂ%%[{g%gﬁo§

configureoM/Fdh a way that a nelt seal 5 devel ops insidePCR@Senes3ser. A -

melt seal exists when the free volune. within the extruder is sufficiently
filled wth nolten resin so as to prevent the passage of gases between the
section of the extruder in close proximty to the feed throat and the
section of SER@@£PAHRSF i(Pne plgtledpinothienantywil redvgnize: thah theoscrewespeedt t 0
the feed t gafEedI%ties m‘szlvt seal nust be | ocated between the 10 feed throat
of the extruder and the" VA&um port that is closest to the feed throat.
The nelt seal operates to prevent the pulling of air through the extruder
by the force of WdtbAsdtvn d& | 1. 51 e or_ _ dqubl e
screw, that results in the prc%%%ﬂggq@r%f%ﬁ%gﬁgﬁl%gg th\(/%ﬁ%rﬁ'i g%lrhe
extruder caantsd edeadens, freacréwaentistcbawdrifighiret] inhxchresaptthhny el §gy] An 15
approgri atg ) rew_deai rg{g is easily-determnable by those skilled in the
wul t PRY®OPE HpEds ihe griraderaismeltisepbepistsswien the Ereelvalapiecwithin

‘typical ex S a L t.h f gedback |00 control nechani sm

accor di ng %%&gﬁéuggggén%‘ﬁﬁﬁ%ﬂ% @HggTer Eb‘b‘g‘? tIGEIN EQ A 1Q rexenk thed
extruder (paspage df VBEEELhetévdah 1B ' ). . ing a
feed throa aZSggnd\é?v\o veent%hZ%?%%ﬁﬁg%gﬁ%Egﬁggggﬁné%%glﬁrgéw t&z%%ls into
the feed tieedahrodt and sheisedtiaresf the eesuder aolsapOxahi) thaBdvackhghp t he

feed throat 20. Additiqgnally, a catalyst punp 50 feeds into the feed
throat 20.PoRIEHEFPtnericed dhreat | Rhisgngiteseal enperbe incated bbové tee

h I ' , € hi. he . d 10. The *
et ur et oReReRE H Bifuer o, R kRbuiBop el e clebpsCi et such

has an i ntograt ad r heomerar B0 ur oh Tacvent & PURRETE pROHERLEHCH 0. “The
control  2Z&xtruder by the force of the vacuum. Ahy 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

22
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11 January 2005 WD 01/ 77206 PCT/ USO /05392 system 70 i s capabl e of
tontrolling the speed o he catal yst punp 50, whi ‘ supp{ies ca% st
~froma catalyst .feed source 65. A die 110 is fastened to fanuagy, end
of the extWO8Y77286. Stands of pol ycarbonate typically exit PHEUSPEOSEY
enter a water bath 120 and then are pelletized using a pelletizer 130. In
operation, the resin feed nechanism 40 and the additives feed nechanism 30

operate at const .rates,calibrated tq achieve. the desired additjves
v ot a2 i el Phesnroliing the Satesh S Gatiupt Rime G whidh uder
10 al so ope ; $lah L ped 3 :Ppj for. athe
redistri but%@@éﬁ%ﬁﬁggnt errgdé?%?gt{%gesc%ﬁt% g? gg/sﬁk%%ﬁ%bs?pdfﬁ%mgg{%% 10
system 70 cam?tﬁrﬁddloﬁdiﬁ)@rtﬁsdém.dSﬁainrdedaflﬁlyWrbhnﬁd&&y[dﬁiallﬁmﬁﬂﬂ&ddﬁy the
pre-calibrated rheoneter 80. This function is typically acconplished by a
first propbtl estena vatesgrash 120 andither pempelietized ysingp pelistieer 13Gbop 90,
which is part of the control system 70. The first (PID) |oop 90 outputs a

' I ' I . di f i.al . :
The setond pi b | BoPEEidice e (B Beshenbh 30 i el sl Bt

- output si gNAechdli6S 8008k rRlDat |BPBtaH Oraddss CaRHGRR] o ALHIARY khe | GHafedl  OM
the tenperature probe 60. The second PID |oop then adjusts the speed of

t he cat al ysadditinps 3evdlametheoredisteibuded fresient iThe dvedwean streevsmedthin ethe
tenperature and the tenperature set point. In this nmanner, the apparatus

const ant | y exdjudarsl(plsecanarate aton donsiant speed.2dhgdasiied MEL seb pointaforF .

Th ' tvpi-cakly i truded thr dig 110 ..  ipt ter .bath
190, and i S RITTRted dpfl i PR 987 S sOhEat Hlssem, aB) °Thp et s

oper aj(ed ‘b%y@&%@?ﬂ%ﬁn@taﬁﬁy(%n?p%rem&@esifyd NS vAitR SRENF neddiGed (Bkﬁme% s
configured fo create nelt”sealareas up streamof the vents 25. The

appar at us gireaahbsatedgheosietsr 80n)Hus fonctioreshapicatty Socompiishedrblyta fitdtt er
75. The extruder typically is_heated by %D&I urality of heating plates 85.
FIG 2 depiREPROHIpRAIpREETe] andspitereptiaiopddDy sapirpt lncs Y8 pwhich isspart
accor ding tg \beoREBP§Nern Y5 Fleohirst THIS) RRRAAS NPk a SRR L0 8 rtiomar

~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 point.

In this maﬁner, the apparatus constantly adjusts proéessing conditions to

20 - 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 :quenchér injection

2 mechanism 55, and a melt filter 75. The extruder typically is heatéd 'by. a
 plurality of heaﬁng 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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11 January 2005 WO 01/ 77206 PCT/ USO01/ 05392 nunerous result effective

paraneters--- it can adj the MFI of the redistri ed sin b ner.ous
met hods. e0 %ggogr atus c rises a vented extruder B h:lﬂ{/ﬁ agy%%@
throat 228C% ditives feed mechani sm 230 feeds into thel$EEEU57Bat

220. A source resin feed nmechanism 240 also feeds into the feed throat
220. Additionally, a catalyst punp 250 feeds catalyst from the catal yst

source 255 _intq the fe throat 220. The extruder 210 has an .integrated
t enper at ur 8hp %88526%S;qun%fpe§ﬁvei REEYPSIRES 7 hBofdRepdsd the MESuek thae

t enper at ur ggdia: ' ' ive 2 resin Wthin
t he extruder Zﬁﬁt‘?ﬁefétb e ePg%uerr Sﬁgg‘p‘ﬁﬁggé %8 a%%a%%glsgte He Silesc?o‘ﬁﬂgﬁ ed to
~a control eystider 220. havingi ® f&4D throat 1229t epad atlditiie etiptiechBfisal 2the
extruder 210., Strands _of pol ycarbonate 215 typically exit the die 310,
enter a. gt Hhesfred Hreatad?). pA) saswrre sesindeer mechpoisne 249 edsc3freds The

- vent ed ext 0y al.soQ qQrt 0 for ,inecti gyenchjn 15
agent.g Add{#ggh%? eﬁ ﬂ}rﬁ’gt %‘ﬁt‘gga?}}&r@@eﬁ C?E%Y#ééu%ﬂr}%gffﬁﬁﬁi%@téb’é?fm por t
350 for injlecddtagsasstiick v8s il b féf&'klﬁohf‘ﬁ%.f ere 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 catal yst
deconposi ti on pTbheunttsudex 2H) thasemt iGtegratetomwmipahauedpeabhs 060§ hhd N he 20
extruder 210 between the feed throat 220 and the vent 560. Screw 370
designs fiGHesa irglﬁoﬁﬁf?f S8R te measyes the emparaturge amd: the visiosity2, for
pur poses of,_i. Ly at i t contral.syst.em 270, S onpected to a variety
of appar at{%b %éoéi;eclz ’n@tr gil[?ef Tt ?%gt?ﬁug ‘%’ftﬁé‘chﬁlgx%gfiﬁ'h@?@r gfhe V#mperaturg s
unl i k@ly thyajbeoza) Y iy ré}h@pys 4l GRPA" &S C bl. f . '
~controlling all of these par aer%)thg‘regﬁéﬁtﬁ?f gn%l gure%%s rregﬁ? t% (glg 310 is

i 11 ustrat ifastened tBliBe diitptihend af thelexgyslee 21Q.7 Statds [ qsilyearbohh @25 f rom a
renote cont rob11 system 380, The control system 270 is al so .operatively
associ at edYRiGHy2xit 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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11 January 2005 WD 01/ 77205 PCT/ USO /05392 a quencher punp 390 which may be
. tontrolled to feed quen r froma quencher sourc¢@e95 i?{?ﬁ f@ﬁg uder
at differ oPhAges. The control system 270 may alSo contr /43B& ation
of the catalyst punp 250, the notor 400, the source resin feed nmechani sm
240, the additives feed nechanism 230 (this could be used, for exanple, if
the additive' quenched the catalyst), and sets of heating bands 410. In

£ion, i.n E td L. | to th
oot on of \rEERE TP By 18 SO0 QOB (2,
FIG 2 may quipicheflabarde 399 igitd bef edthed dreamdirfetaiiteplpceab eTROEbntidleys e et er

10 380 or both. Upon inputting data froma single instrunent, thé
~control | er 27onky asesentotl the ogetasion ohthe edalysbprmp 200 thetpotoraddihnt r ol

signal accordingly. Alterpatiyely, e controller. 270 agcepti data from
both the G SRBFRS Fest Fephmenbaniiih thf BIAREYSS (o0 Researa I At G | 5
‘use t r I a T er =1 ' ure set
pornt S or iEPRRELE waEn R SERIble e hE BRI obhlthe GREyLEIRE Sp

adj ust t he Hehga ds 8@t point, but the forner is preferred. Based on

signals received fromthe probes, the controller 270 could adjust the
quencher- punp to deliver a differing anount of quencher. The controller

~could al so si nplin erfratien: the apparpyst siawm i3Jded 2awonkd Augtion sipglarly

Al 't tively, th trol 27, | d, ch th d,of 37

rotation By epRBeFRES AR, 13pPh S8VSrE! FHEPGR T Bt ABParafFROL |
troll 0 I Hust - ' ' 40

Che addi &1 4as FAB R TR S 6 B B e Tt *t he

“t enpagat ur 88@vdrhbath. t MEpax irfputehghyatadirot andngleeinstrueierapphd egndroll&eat i ng

coils 410. 25 One typically has an initial set point for nelt flow dictated
by comrer &vauldr eeppacerethiss dabutwishea ragey peinthand omtpiuti 2 i cintradngignak ur e

set point. The.tenperature. set point g%deter i ned by. operating the
oxt r ubler  vPETBHINEIE neres ERt et Tespt/gh SicEE g, G R, Po e
' 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

25




25 WO 01/ 77206 11 January 2005 PCT/ US01/ 05392 resin tenperature. The

measur ed tenperature may -used as the initial set I n After :
appar at us»{ such as that wn in FIG 1) is operated™or i%ﬁ%nuatr){%@?t he
~tenperatu K172%0i nt may change. When the extruder is restBFTVE§01/05392 j 5

advant ageous to again use the changed set point to mnimze tinme necessary
to achi eve stable operation. The present invention may be further
understood by reference to the follow ng exanples, but it should be

under st ood TEHY terpReratase rhhe negsureds taspperadufeomayv] bagsedins vhe fnitipbsets.
houl d not  be, | xanpl es.. EXAMPLES 10

only, and the clai jte by .t e. e

Exanpl e 1 -P%ﬂgrg&fé%éﬁﬁ/ﬂ’?ﬁ%ﬁ (Shshias B?Mé’éﬁ@n&‘é opsurted fresemen
fornul ati onirier g EaRGlel e : | cal e using
t he process according to tﬁeﬁi@%&entlgﬁgt%ﬂggﬁm%??gvggggrﬂgag{:fetsfﬁ!gﬁtfﬁon a
92 mm Veér nét iR defvaritalgecars tovagakcnew het ¢ e @i poAtk W thRinihAss timevei ght
feeders to deliver the additives. The extruder ran between 3000 15 and

6000 IPbs. / RECaIsagy b ashieke staplesoperation. appar at us was construed and oper at ed
as showmn in FIG 1. The extruder was a 92 mm Werner. & Pfleiderer twn

screw extruder | with |oss | I ght feeders del.iver the
additives. The ?g%r @geesggg%vmn ngq?fl\{vg‘bgﬁﬁr HR eff‘lt%‘?‘%%yefffﬁﬁ‘é? fachg)
process degsildRat: Reb/iPles, g & Shaafld"Ba ﬂmjg' a rm@FEi f or mat es
are added duri ng% he OF?SS about 90% intg{na Eﬂg Izj[cgr onyl ~hali el%gﬁfgtion.
The sour cesupplied far ilstMEveapurpiaes bnbg drich tHablainé sh&gldHot BEdindité@si dual
di aryl cargi),nﬁte | evel _of |less than 200 ppm Low diaryl carbonate

pol ycar bon8Y dhesesexamplespe formed, for exanpl e, by adding a di hydroxy
conmpound, MC z, H2O, NaCH, phosgene and an interfacial polycarbonate

synt hesi s EﬁtAal\'APitI:‘Sto a vessel while

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 |

2%




~mai ntaining the pH between-about 4 and 12, and subsequently, within an .26
11 January 2005 WD 01/ 7.)6 PCT/ USO/05392 I nt er val@f be Qy?(%js 90% of
the total phosgene addition, activating a system ch pro uces

nonof unct iRAL@0mati ¢ chl orof ormates (MAC), and i ntroducPRYURBEEBYT to

20 mole o of one MACto the vessel within the interval of 0 to about 90%
- of the total phosgene addition. Each of the runs | i sted bel ow was preceded

by a start-.u e 0 d xtru5| ondi tji.ons. As _
orsor by AbEREl R bdrBresditl ol S0Bh B et et R A LR R a8 e Baur i ng
the pr ocesss st WhichS$iodRebd i rienSiyd) a&BmEﬁ@lcﬁldroPﬁ'kﬁé’i’es F%ﬂa .r un,
t he extrude produced bet ween 3000 and 6000 | bs./hr. at appr

600 F. Tabliatlodrefigabdt Bto Zppivle %TBPbNh¢ MAL tbl&Bé:@'eéqeblm)Itlﬁalthé u(memn St ab
1 (pph) Rel 2 (pph) _Stab 2 (Eph) Initial Resin M Pellet MFl target
Actual ~ MFI'ofidlie atrant B af druartal phesgenaedditionn0100. 100100100100

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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0.270. 050. 050. 27 0. 0450. g 030. 45 0. 020.02 0.020.02 1144 Jddkbbi 2605
.413.811.5 Re[ 1 - Pentae hrit ol

141414141 413. 714.

tetrastea%‘%g,ﬁ"’%ﬂé [115-83-3] Rel 2 - dycerol nonost ear at BCT/ExE/05392
[97593-29-8] Stab | - tris(2,4-di-tert-butyl phenyl) phosphite, CAS :

[ 31570-04-4] Stab 2 - bis(2,4-dicunyl phenyl) pentaerythritol diphosphite
CAS [ 154862:43= = ST | ench-top rheonst er shows a
conpari son 0 ?ﬁﬂgddgfélg E@on gﬁikﬁgﬁgﬁopﬂgﬂsi&ﬁt&p&wﬂ%gﬁﬂﬁrqf%\v,eer'sus Run
1. This dateedigtsiboebd eedie dvdaymehdirbl RS NincS88bRR IS Gnee in into
two different |lines. The MFI of the soﬁ%:le rglsei n vvasré’g 1111 J%ﬁ%r%ggb% WO

01/ 77206 PChiudas thesdze mydselrexpenisneny exhitsitavennichl wiknVFI dispenséd unent ,
while the MFI of the redistributed resin was nmeasured using on-line

rheonetry. e _can, see from .S data that _the caontrol experinment exhibits
a much w dﬁwﬁg‘% §§\Z?r§%’m8 @ﬁﬁ%ﬁ&r@umwﬁ %Bléﬁcﬁﬂ’%lte BputceiRgsin on of

Pol ycar bonate Source Resin The apparatus described in Exanple | was again
used t narrow twe aprhrathSdsd Pl ' Ll DG r resin to a ‘
“redistributed resi n?ﬁhrea source rgg?r%g?g\ge‘gééeﬁgag@ "%E# téﬁ"af?%, Sith a
standar d deMFhdistributibn®vAnvArtingaaoatde/RsRXRAL FRSAS] P& 0" med wherein
the controller ’ :

The source resin had an average MFI of 12.3, witha standérd deviation
of 0.45. A comparative 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 : 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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sinply metered a constant anount of TBPH into the source resin, which was
10 sufficient to incre the resin's MFI to 13. ver, E@mrd :
deviation of M- renmaited the same, at 0.45. Nex'lt_,';m exLE%f,ﬁg&tj LS
per f or tedVOWNET28Fn t he feedback | oop was put into operation. ¥ dback
l oop control nechani sm produced an average MFl of 13, but it also '
substantially narrowed the standard deviation of MFl to 0.14. 15 For
conpari son purposes, the same experinment with operating feedback control
was performed using diethyl dinmethyl ammonium hydroxi de as the catal yst.
This catalyst is nore active, and produced an average M-l of 12.1. _

- However, this process also was | ess ggmbnpl | able, and produced a standard
.deviation of MFI of 0.24. The results of these 20 experinments are
summarized in Table I1. below. 28 WO 01/77206 Table 11 11 _1WL$ZZQ£,5
PCT/ US01/{05392 Mat eviasdridier age M| StaredageMBdvj &tandardrDeppticnof MF]

. Feedl12. 30. 45 Open | oop Control 130. 45 Feedback controll ed130. 14 Feedbdck
control | ¢, Peacd- 10. 24 ammoni um Cat alyps3 (HF resin) Thé4beedback | qop
control nechani sm experinents for poth catalysgs were then repeated -
several {1 o8 ent catalyst loaging levels. Theg4pesi dual

bi sphenol Cgﬁ%%inoo%r?egb g\?’il s were then de?grm' ned by |liquid .chromatography.
The results—gre—stowrmTabte—tHt—betrgw—Tabre. 1T1 ysStLoadi ng
(ppm Resi }&Sab%c‘i’b%ﬂlped 13 o '

Feedback controlled with 121 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 the ammonium catalyst raise the residual levels of BPA.
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TBPH (5% a.q) 1030 2026 4025 8015 DEDVAH (5% aq) 1015 2020 4025 8050 TBPH =
tetrabutyl phosphoni umh oxi de .10 DEDVAH = di et hygl n'ﬁ{ﬁyrhjaﬂfm um
hydr oxi de wz%l sho hat increasing levels of t phosp })USI ulr)sn

cat al yst J‘S "Me residual levels of BPA, which is desiraBF&/USpH05392

contrast, increasing |evels of the amoni um catal yst rai se the residual

| evel s of BPA. 29 9 11 January 2005 WO 01/ 77206 PCTI US|O/05g92 Exagpl e A
“I'njection | di ng act. D sks . Using Redistributed_ Polycarbonate Resin
stJudy was perdiBR %fé-:gt jechgn ompard Lhgks UsingnRedigtabuteg)

pol ycar bon l.gd,provide a significant advantage in fabri cating 5
(F:)orr%act dis (2 E%?gg}?\s%e)ﬁf e inventors did not have an appropriate bl ended,

non-redi stributed resin for control purposes, they prepared three different

redistributed reaistadpavisgerfmanedid d¥RkH8Se B mbie @onsisteSt @& MEL
respectively. The bl ended redistributed resins were intended to sinulate

shift in NElyeibemataresipwounld previders aégnﬁitahzadvmuﬁgeringfabﬁte!ﬁi]{lghet mean
10 -redistributed . resin drifts within a broad specification.
The e Robd SRS AL b gbemae et o
i n havi :) ; . : rate Lines, ..yersys data
P ! e RSN Vol o lorkfol S5 AP Ao TR RN 22,
expect ed, bedistiibetedetisiisaviiethea@IVFI RakicdDfa 23, 198ad13.4nd t he

respectively. The blended redistributed resins were intended to simulate shift

in MFI which is typically experienced by a customer when the mean MFI of a

10 non-redistributed resin drifts within a broad specification. ’ F

- 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 ; set of 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 rheasur'mg 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 birefringence 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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15 set of three resins had a nmean MFI of 12.8, but the single ME
Ffedistributed resin h n MFlI standard devi ation 0. 0p/ 4 , the
set of three had an M-I"standard deviation of 0.2 Maxi rmm | refringence,
peak i nj ed¥PONTHO6ssure and cycle tine variability were c 45892
determne the effect of nmean MFI drift on a 20 custoner's processes.
Nurmerical results corresponding to FIG 4 and peak injection pressure and
cycle tinme experinments are summarized in Table 1V, below. FIG 4 shows a
hi st ogr am conpari ng maxi num bi r ef rT%@ﬁ‘ée results obtained when neasuring
an optical disk blank 57 fromits center usin the set_qof three MFI
resins in conparison with [theFdGngl e fesi Healrl G [4 shyale that variability
~for maxi mum bj refringence [i Max.thitdfi cantlhjectieduced. Thne is| inportant
because high pirefri ngence cannhgad tp qq%ggargve conpact di gcs. Peak

I njection pre &r&? e tsr'%were arsg rfeaSJrea Sophi sti cat ed
.injection nol |ne< whi e% |ng %pééc dIS [?2(18 ", CDs). 30
11 January 20 011772C ﬁibT CTPOK 4PeakQ/cI e Max.
biref.Injecti ‘gnli_nﬁg—nnﬂr-e-ém"n Set nf ’2 M=l28 ﬂ9,353. 92

Resi nss. d. =3. P9iagie Mids d]=0. 2936 nglle MFB26. 368p6. 3 36U

Resi ns. d. =2. 55Resin=27s. d. ¥ 0s.8=353. § staddwd’d devisal.+&ll bilref. =

birefringence__max. = maxilnum5 _
s.d.= standard deviation

biref. = birefringence
‘Tnax. = 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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Tabl e IV shows that for the critical paraneters of maximum birefri ngence,'

peak injection pressure cycle tine, the redistri ed | rdi.ng
to-the invention yields S.Fe consi stent (lower stand dgggi?@ghg

perf or mand0 8L2pmal ysis of this data indicates that the Mipcdissorpénoti on
of the polycarbonate resin has a significant inpact on inportant
properties of - optical discs and the process of making optical discs.

Specifically, redistributed resin prepared by the process described herein
narr ows the}é—x@w&—éﬁ xtsAded Ryry ef Prafepsed Eormubgtiarcal di scs, and narrows

the peak injection 15 pressure and cycle tinme variability of the optical
di scs manuf act ur{ . e pertyes _are very.inportant for resin
custoners becausgag,acgﬁggﬁghléeﬁws sggjfogc?b‘ct)lo W?%Hfregﬁé‘%‘i{fg%a‘il?% edQif|jers
produce defEgimplahdnditiver&nio 4 986, TOE rbiifBvad ' id bye

n i Yen fhs tﬁatﬂ‘r%é‘glﬁ’%?%gﬁ" to

i nj ection nol di ng operation. This experinment prove _
vari abi | i t ya bulkt heppes andispntémiratet oppet) Tescoridenttatdhhopper Waslchafyi t he
d ,

custoner (e.q,, t optical disc manufacturer) noney due to reduce
def ectr% andwgbm ih%ﬁe ppmo  glycrzaliar rorosteapgieo 1/Anv2062090ppus0 1 bizgze?

Exarrple-4.- : r.eferred Forpuyl ati on, Pol ygar bapat esin '
(300, 000 | bds‘.g?ﬁ‘ﬁggﬁ%@ﬁ?@ egitifol dinhogphite E&‘gnBEé‘dPE‘and e pylk anct o 4
silo. The reesicenttate beerslr Sinn® i :
concentrate hopper. The convggﬁtc?g?g@%ot%ﬁ? was %ﬁ?ﬁ%éwgfwgfﬁ‘oggﬁﬁgg%’m

gl ycer ol néwistsexgwtextantbr A080ppa Il sét?o,&espléatmw}lr.p%@yTBBHﬂ@ZGeId{)}aghBt ol

di phosphite ?agd bl ended. . The bul k and concentrate material was dropped to
a 92nm di afBialystwen&ddgdprip meastaliic pump tedhefeesk thrgasr TherBBR purepl

e 20, SRR oL S 6. S b o e
LT A e P 48 S B Ll i
- was added 5ppm of phosphoric acid quenching agent. Immediately after the
acid injection, a vacuum section of the extruder removed the water and other
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 substantially 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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was added 5ppm of phosphoric acid quenching agent. Inmmediately after the
acid injection, a vacu section of the extruder r ved {h Mg 00%nd
other volati Ig? . Fol |l oW ng the vacuum section, th | t en w98doifosivas
forced 15Wﬂ1‘¥16’u§1‘? a 10umnelt 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 nelt flow standard

devi ation qf ' i;0ni.fi . ed t andat
dovi atf on GFPErylE frof iR pyiRbhs PRI I ideCThl ERPIGS SRRl
redi stri bubtncwoalld $ealiztOthak difféenb stabHidlers .00 pickphitPatabiliire) ami e

collected fromthree nonths of plant production data over nultiple
.extrusi on moldgelesisagganisaudd behsed o lsmtthedesiniedinta thesxtordenspnld a

redi stribution thod. The results, ich are presented.i,n FIG 5, show

Lot T he beipellet. § v asr PE Svboperiora) numolbro i1 GRS 7 Rlisteg
.resing. 25 i 4 j | ‘ rgjbceogl1 j . ertain
pr ef efgred (é‘ér@g(}lgen%%ﬁ%ﬂg? glhgggrﬁfqé@?rse?gg%\%@s%ﬁ se g%#?ggﬁ%,gﬁ%%l ser%l?% d that

~various chgigasesBndbresiBderfanil-ee qutixbles thay "Ry eeploybd! | Théetory) thant 32

11 January 2005 WO 01/ 77206 PCT/ US01/ 05392 departing fromthe spirit and
scope of -t ntendex dhiat dhe iAvertiompiatshe imeiteditp| g partiquan emhg Bt i ze
that different_stapilizers (e.9., phosphite.stabjljzers n mol d rel ease
hent s coufigBbedsbareta bgt thantic BNErRGR Pill Aol Sl B inadii an

pel l ets, Bgm it I ' ot QoeRef 184 catal ysts 5
coul d be 3‘sre . a‘%&f 1&\%‘zlalrl't:i} %S@t}gﬁftpg?éﬂ%@%ﬁf rag#eﬁg(%p gcon%gl guérelg%sl' ons, '
measurenent schenes and result effective variables may be enpl oyed.
Therefore, it is intended that the invention not be [imted to the
particul ar enbodi nents described herein, but that the invention wll

i nclude all enbodinents and variations falling wthin the scope of the
appended general clainms. 33 : ‘ :
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11 January 2005 CLAIMS 1. A method for producing a redistributed

pol ycarbonate having a narrowed M-l distribution, characterized in that a
source pol ycarbonate resin is fed into an ext r uder togetﬁé?“%ﬁ?ﬁ

redi stribution catalyst for said polycarbonate resin, while using a

f eedback | oop control nechanismfor the extruder to adjust a result
effective pgLA™Sr, thereby producing said redistributed resin which has
a melt flow distribution narrower than that of said source resin, wherein
sai d feedback | oop control nechani smconprises a sensor to neasure the

tenperature of the resiretoliop ptéifuctitd hudaistrifhuted poIyERkB O hathg!an 1
errtec

- characterized in that the resul Ive paraneter is selected from t he
group consitrawpbMildistiwgiong chaaetegred i @fé’dﬁ;@’{fﬁ‘l‘v pobjicarbanatearspit | t he

tenperatur gg Ofedt gt %h! B hdert QS%&H?(; P %ﬁ%@rl?ﬁtloﬁ hatq étr Y9€ said he

feeding rate of a co-reactant, ed |ng rate of a quenc Ing agent and
the feedi ngootuearbomgste rpsny sdiletusing i isadeankaloppt corgrol Thechasism dobfhe| ai m |

or 2, char 355&1‘%13%12% lafjspah fé&glltréﬁls'étgve ﬁ]frﬁ% eﬁ &R&feﬁg‘shﬁ]du'c@g Q‘ﬁuf eedi ng

rate of the relstrlb I on cat acc ainse | to
3, char act geilisributed regin whieh haéda auelt Blow olistohutoy sariosves ghagtthat 6f om t he

group consi t [

Petr aor gandalbamnresif X RRSHP R JERMIRR 10 BUAR T hitEhaniom comprises.a
tetraalkylannmnlua1aMR$uﬁeshephﬂspmanms ofoﬂganemntaﬁﬂﬁn ¢bmp@ﬂndk¢ and
conbi nations thereof. 5. The nmethod to clains 1 to 4, characterized in that
the redistribution catalyst produces a redistributed resin having | owered

| evel s of free 2nonoridre nﬁﬂm‘ﬂhﬁ' cieirthdd chaimotetized ih ahatl the nesult tffe&tive
characterized | t hat distribution cat.aly has an acti vi rati o of
o5t han T8rBREk i sl SR IHE ghtin 30nfolRe S st Tor e e o e, % b 6
i s det er m nedistiteition ¢aailget, @lie aiiryate 3f tHelexkand@! the26iftration speed of

the 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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WO 01/ 77206 PCT/ USO /95392 addition ratios sufficient to produce a

per cent age nol ecul ar t drop of between O to 0 7.44 ek
according to clainms 1 t0"6, characterized in that e re‘(|j1| 'Eﬁdég%t I.on
catal yst WO M/86r a- (C1-6 al kyl) phosphoni um hydroxi de. 8.FPCT/H$d/08%3%R hod
according to clains 1 to 7, characterized in that an additive is also fed
into the extruder. 9. The nethod according to claim8, characterized in

that the additive is- selected fromthe grou%éonsli stin O‘iﬁ%’e ,
pi gment sadditiisi natmrssszlapnbgzpmdzeﬁ@ Perertage ehlgpurpignt %t atic

agents and conb : #‘@ns thereof. 10 10. The nethod according to clains 1 to
char aPetYss hat the extruder has a feed throat; and the additive,
-the pol ycarbonate resin, and the redistribution catalyst are added to the

feed-throat. 1. T'T?le EORA ACBRIRNENS dISired 2itd, BriraciRizeahiardet eié zed in
that a quencher is a ed to the extruder at a point upstream of where the

.addi t i verddstifinatidechthlyst isen xtar (Ges alkyD). pivsphopitrodiatrosidii.ng to clains 8
to 10, characterized in that the additive is a stablllzer 13 The et hod

according to claim_12, characterjzed ip that 3 '

bi s% 2- 4- di cung! phe@?ﬂ%@ﬁﬁ&'ﬁﬁ?‘f@iﬂgt"gl‘? Wﬁo@gﬂcbefac “ﬁ’ﬂ‘é ABt hod
according,t.o. claéjrs()]‘B %ﬁechar cterized in. that the additive is a nold
rel ease %‘é‘i‘ﬁ’t"?li Isofgd in Srdl ng to claim14, characterized in that
the nol'd rel ease agent is glycerol nonostearate. 35 11 January 2005 16. The

‘method ‘accor dyng t Ihel Aietlod dokfingCRAIREREE, Z8fridtetibad inhehatads ti ve
conprises bis (2,4-dicunyl phenyl) pent aerythritol diphosphite and gl ycerol

nonost easddigiveliz seldreedritom tha@rouicopsisting] of dyes) pigmests, witihzenss t her

plasticizers, 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 -
quencher 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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conprises adding a quencher for the redistribution catalyst into the
extruder at a position downstream of the point where the redistribution
catalyst is added. 18. The method according to claim 17, 1dHaPWRY &P ed in
that the quencher is an acid. 19. The nmethod according to clains 17 or 18,
characterized in that the quencher is H3PG3. 20. The nethod according to
claims 1 to 19, Ifar dtliemedrd dototdiag té bRimp @ twcld, bhnatrrizediin thashd ess

than 200 par{s.per mllion.diaryl. carbagnat i mpuriti.es..21. The net hod
hccor di ng (IEHTR SempTISES 08 (QALiSEROITENT) ReRRERHO! digRomE by
control necdlgpéraMhAoPich®s a sensor to neasure the viscosity of the resin

within the extruder. 22. The nmethod according to clains 1 to 21,
characterized in that the redistributed polycarbonate resin has a standard

deviation of MI1Df I'B&S hb@ddd AcSSkdifienomREsHsed avern 6a Rfidoduptheri ght
hours collecting at | east 15 data &gl nts at equally spaced tine in

i nterval s. 9P afdingoy querderiorthegedistitmiion qatalyst inththeapttardes atl i n
that the raeﬁésgﬁ% E%ﬁ@tr@ﬁhb?ﬂkgﬁ&ﬂ %Heﬁ‘étﬂé_ﬂé&ﬁuﬁnﬁfo%%ﬁ]lgstd@‘éug% .on of Ml

of |l ess than en neasured over a period of eight urs c ecting at
| east 15 data points at equally spaced tine in intervals. 36 11 January

2005 24. The metyxod f %ﬂé&fi . LStk aat [ n
according to cl allmor'r_s ﬁ%% , mai%g?lﬁ#gﬁgdél%@%g?d%gﬁgﬁ%%g%ntglg{s??él ng the
vi scosity ofuenpkerriedn@cid.but ed resin; conparing said viscosity with a set
poi nt viscosity to determne a viscosity differential; and adjusting the
result effective paraneter based on the viscosity differential. 25. The
met hod for produdl ng Ther meitewd advordigol glaianbbdnatr el & eharacterized 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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according to any of clains 1 to 23, which nmethod further conprises:
measuring the tenperature of the resin within the extrudqq;dagaéw%bgg t he
resin tenperature with a set point to determne a tenperature
differential; and adjusting a result effective paraneter based on the
tenperature differential. 26. The nethod for producing a redistributed
pol ycarbonat e re34-n Heeanethad foo ninduaing ¢l a¢distributasl palycathanatenetsimd

further congidofdify tBRHHE 19 ZBD%vIﬁ@:l?ﬁR:%ﬂéd’ﬁﬁﬁle%SnfﬁﬂEét ributed resin;

conparing said viscosjty with a set point viscQsity to deternmne a
viscosity differBRESUAINE the yascosity of the ke }?HélP‘éFPglf@lW thin the extruder;
conparing the teompardigiseids #iscpsitntwith tah skh@olfagiseesity eanditaining 4 0
det erm ne aviséo?i;i eigtteluélg- gl fferential; and adjusting a result effective
par anet er base n WA r%nt vari able selected fromthe group

consi sting of t haljesimgertheuresudii fdfectivei plaraméter vbasedsidny thedi Miseosing i al |

and the cor@m%ﬂtﬁm_ of both the tenperature differential and the viscosity
differential. 37

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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