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obviou$ e BbnceHENS&Snd it is a disadvantage to operate a process which requires using
large amounts of an organic solvent because expensive precautions must be taken to guard
against any adverse environmental impact. Third, the interfacial method requires a relatively
large amount of equipment and capital investment. Fourth, the polycarbonate produced by the
interfacial process is prone to having inconsistent color, higher levels of particulates, and higher
chloride content, which can cause corrosion.

The melt method, although obviating the need for phosgene or a solvent such as
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catalyst such as TBPA introduced in the extrusion step. Fries rearrangement products. were not
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catal yst such as TBPA introduced in the extrusion
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the feed port to the polycarbonate exit port, and

(i) extruding the reaction components at one or more temperatures in a range betwgen
100 °C and 400 °C, wherein during the extrusion of the reaction components, activated

carbonate residue is removed through the first back vent port,

thereby preparing a polycarbonate.

The present invention is an improvement over the prior art. It has been found that the
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m ni m zing residence tinme and the nunber of barrels
required in typical extrusion nmethods. Further it has
been found that a back vent port on an extruder nay be
oper at ed under conditions to renove activated
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Fig. 1: GhHe$ 1 SfparaluePtr pavaking afe ifeptioronal | y" neans that the
subsequently descri bed event or circunstance nay or

may not occur, and that the description includes

1 @ﬁ%@gﬁ%§owm§me@5mﬁ]event occurs and instances wher e
IDameh does not. As used herein, the terns "pol ycarbona
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therein/ G0fe aadctfmmsomd therndding wowolgmmfm@nwlw@mmm grumber of
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gﬁona %@Pﬁmnﬁﬁyﬁqnéaﬂg fhabife AUsSRBRIY desfied eaend onaic@mbtnce
ction o ydroxy conpound with a 4
may or may not occur, and that the descnptlon includes instances where the event occurs and

instances where it does not.

As used herein, the terms “polycarbonate oligomer” and “oli gomeric polycarbonate” are
synonymous and refer to a polycarbonate oligomer having a number average molecular weight of
Jess than 7000 Daltons and includes oligomeric polycarbonates comprising polycarbonate repeat
units derived from one or fnore dihydroxy aromatic compounds.

o As used herein, when describing an oligomeric polycarbonate, the expression
“polycarbonate repeat units derived from at least one dihydroxy compound” means a repeat unit

incorporated into an oligomeric polycarbonate by reaction of a dihydroxy compound with a
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term "hi gh nol ecul ar wei ght pol ycarbonate" neans
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“m““ﬁ?@ ﬁ%%‘géﬁﬁug§m§P%§ @hé§%%§Q§Y%b YT ut ed di hydroxy
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The terms “Fries product” and * Fnes group” are used mterchangeab]y herein.

The terms “Fries reaction” and “Fries rearrangement” are used mterchangeably herein.

The terms “double screw extruder” and “twin screw extruder” are used interchangeably

herein.

As used herein the term “monofunctional phenol” means a phenol comprising a single

reactive hydroxy group.
The terms “vent port” and “vent” are used interchangeably herein.
“Polycarbonate” refers to polycarbonates incorporating repeat units derived from at least

one dihydroxy aromatic compound and includes copolyestercarbonates, for example a
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one di hydroxy aromati c conpound and i ncl udes
copol yest ercarbonates, for exanple a 5 WO 2006/ 036545
WEON6I08A0D5/ 032655 pol ycar bonat e conpri si ng r BEEEB2005/032655
units derived fromresorcinol, bisphenol A and
dodecandioic acid. Nothing in the description and
clains of this application should be taken as |imting
the polycarbonate to only one di hydroxy residue
unl ess the context is expressly limting. Thus, the
appl i cati on enconpasses copol ycarbonates with residues
of 2, 3, 4, or nore types of dihydroxy conpounds
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: i cat.i on re ect
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techni que used in the present application to deternine
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ure 3. However,
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a knead ment t hat Iace
which diR FpBHibe S T DY Bedr bt e puR P gl PSR
technidBGsEPH8hd REsechOPHB8E & défenﬁﬂn@\bhd)ifahlehe r eact i on
conponents to the back vent [ %23 or elimna

W paentrepplinaeen L0638980P @&‘?eNPp‘eH; ¥ %%@%93};1909}3?]?&(1 by
referencg shg\%s QS’:EC% VBniePS&RalAH ﬁ%ulte@atﬂd%v&ugb 2063/624%38] G5RbHes the

required to prevent the entrai nment of the
use of @xh acgmaelreirpnﬂ, (s kiendinheleiantk that itplaceh b@éWﬁthtée backrgrfeand the

L | h
e B RRE B R R OB s

vent tofré@ﬂ:e RPERmintke tit@nbasikemeribli mmdr/polymet mstbe bdohvewr Iidgebérein
to the resistance to flow of the re%ct on conggtents

been fqung Hhat AR SYBSEYSSTAePLISFFETTSR I RFEWPHTA SHE YT

ohgom-gp ol%&h@ PheWact &t T‘Mﬁnﬁ]b extnrkf &Qh&pﬂ@%hmt/é]ﬁ‘lon has a back vent
conversion of the oligoneric polycarbonate

whereip rtl@damtarp@u«yﬁaw gbhar e@cwolﬁgwﬂwh@m#ﬁ fémoa‘rw\%? R yent port
is less ﬁﬁn of & 3 ft%rﬁet $Q?r% Pgw 30y %H:t]oxi goﬁér{té’fr@rﬁ et %cgt to the

I'on o 1 goneric poly bonate fromt
pdya@mﬂdaemtpmtycarbonate Addltlonally, t he net hod
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to a pr&idcgﬁm?craf%nﬂ@ hyead Reahlecalar veighe dn@&sdpyrﬁmmmfubct slaat
1n1t1ally prescnt in the solution of the oligomeric polycarbonate from the product polycarbonate.
Additionally, the method provides for the removal of other volatile materials which may be
present in the initial solution of oligomeric polycarbonate, or formed as by-products as the

oligomeric polycarbonate is transformed in the extruder to the product polycarbonate. One

embodiment of the present invention provides a method for preparing polycarbonate comprising

the steps of:



ol i gonmeric pol ycarbonate is transforned in the
extruder to the product polycarbonate. One enbodi nent
WwWo@bRooklosssps esent i nvention provides a net hod f oPCT/US2005/032655
preparing polycarbonate conprising the steps of: 6 WO
2006/ 036545 PCT/ US2005/ 032655 (i) introducing to an
extruder through a feed port a plurality of reaction
conmponent s conprising a polycarbonate oligoner, an
activated carbonate residue, and a transesterification
catal yst, wherein the extruder conprises the feed
port, a first back vent port, and a pol ycarbonate
&Xi intrpduding twhe erirulet heougk e teed port aipurklyy af wactiva campenents

the first back vent port.a [ :
comprigkle o P RTORRS B14PER T FRLPR Sag e Rl AR Ehfhgeitlfeaton
catalyst, 63 ldiPthe CRIFRR Esthiristy BETdet @oift eefitspick vém pofiend hippltarbonate
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exit poftowhereify thg Teedaort isdedaicd eRsrp R SRt otk Vi PEHRRAL yrgaonate
exit pobtQarkd\$nd?Oh YIEALQARRE & Fo b tAEFdacti H\bnigohentENkdih #iifd fdito the

reaction conponents at one or nore teqperatuyes in a
first backamgre pbe isvessriharl@Gq@! srile HEGtagse nkomesiiheigagtiog ceryronents from

xtrusion of 1he r .on ;,conmponents, activated

theﬁf%ﬁ@ﬁ‘hﬁfgogggﬁogg |§%%%ﬁ%3ed through the first back

vent port. 7 WD 2006/ 036545. PCT/ US2005/ 032655 The

Activated Diaiyl Carbonate: The carbonate is. b
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carbonate. A preferred activated carbonate of the
carbongge essishye is reppuert theigh de dinst hack xpat #t-di ar yl car bonat e

such asbi snet hyl sal i cyl carbonate (BMSC). However, as

used herein the term"activated carbonate" is defined

as a diarylcarbonate which is nore reactive than

di phenyl carbonate toward transesterification

reactions. Such activated carbonates are of the

general formula: Ar,"OCOAc wherein Ar is a

substituted aromatic radical having 6 to 30 carbon

atons. The preferred activated carbonates have the

nore specific general formula: O



RAOOA R (Qn (Q)n" wherein Qand Q are each
i ndependently activating groups. A and A' are each
WO n@epsadsdent |y aromatic rings which can be t heCHERBO®032655
di fferent depending on the nunber and | ocation of
their substituent groups, and n or Ware whol e nunbers
of zero up to a maxi mum equivalent to the nunber of
repl aceabl e hydrogen groups substituted on the
aromatic rings A and A, wherein n + n' is greater
than or equal to 1. R and Ware each i ndependently
substituent groups such as al kyl, substituted al kyl,
The Actiysédplaky |Carladriezxy aryl aIkyIaryI cyano, nitro,
\%%lsgg ﬂ;mtf%lg I%reg?{aqug é}[ram aB ai:tlvawatﬁ%arb%ﬁ]atgogﬁ Rsre 015 arift

mum equi val ent
activatddabitRal meznpheﬂﬁ CEr®PhAE efabiee:nfw detbged cagbongpsofdhe pl’ﬂmt
: aromatic rin A m nus the nu The %g
inventign sigp Sotivpicd b‘F@bWFﬁbsé?h %?r%mteé}w]s&gc “gi?"f‘% M:%EE ﬁﬁﬁ?ve‘
? &R @rdnMOwhich is more
”‘““@%%@ygﬁgﬂﬁkgge% US%%g@%%ég%g%@@hiﬁrogén roups on the
reactivathanrdiphenyldaripsata tavi andisans¢reerifig ptbasrreaetionsT Raich agiyated carbonates
f%%g 2ﬁgplpcat|on of the R and R substituents on
are 0 PSP ring are not limited unless they
deactivate the carbonate and |lead to a carbonate
which is |l ess reactive than di phenyl carbonat e.
Non-1imting exanplgs of activating groups Q and Q
are: al koxycar bohyA*®¥rdups, hal ogens, nitro groups,
am de groups, sulfone groups, sulfoxide groups or

imne groups with structures indicated bel §“§%
wherein- AT Habgteiad aoniy 1adyQal haxmg § t@fg carggn ajorgs. pge e

'actlvatér cgrdgnates have the more specific general formula:

@Qn @

wherein Q and Q' are each independently activating groups. A and A' are each iqdependent]y
aromatic rings which can be the same or different depending on the number and location of their
suBstituent groups, and n or n' are whole numbers of zero up to a maximum equivalent to the
number of replaceable hydrogen groups substituted on the aromatic rings A and A’, wherein n +
n’ is greéter than or equal to 1. R and R’ are each independently substituent groups such as alkyl,
substituted alkyl, cycloalkyl, alkoxy, aryl, alkylaryl, cyano, nitro, halogen, and carboalkoxy. The
number of R groups is a whole number and can be O up to a maximum equivalent to the number
of replaceable hydrogen groups on the aromatic rings A minus the number n. The number of R’

groups is a whole number and can be 0 up to a maximum equivalent to the number of replaceable



M= NDalkyl, Akyl, Aryl, Aryloxy, Alkoxy R 1 =
Al kyl or Aryl Specific and non-limting exanpl es of
w@cetncwatsesl car bonates include bi PCT/US2005/032655

s(o- nmet hoxycar bonyl phenyl ) carbon ate,

bi s(o-chl or ophenyl ) car bonat e,

bi s(o-ni trophenyl ) carbonat e,

bi s(o- acetyl phenyl ) car bonat e,

bi s( o- phenyl ket onephenyl ) car bonat e,

bi s(o-fornyl phenyl ) carbonate. Unsymmetrica

conbi nations of these structures, where the .
hydrog%Hgﬁhia; &4 1h© BroR1ATTD Eih B ehifiug pie mumbér rdn @hAnumaba, type, and location

different, are also possible to enFIQ% N Lhe current
of the Riso@ Rt pubstitugyits off F afomatic 5p% e P BRGNS BRY 1RAST el

r | -i8 Whstehdivt aen dippéeniasionasat e

carborf@aRBTIA o 4 e OS,GSPE:SWI

RGH- 5200 54 0G165 acthePRe oo and Q' (are ) koxyeob eyl BapRs: n

R is independent | e lvith
halogepe 1A R OGP GyT SLIRE ErOL BRI R St 1 Rl b
structudds@R@datedl Heltit:cal ; R2 is independently at each

occurrence a hal ogen atom cyano group, nitro group,

C, -C20 al kyl radical, C4-C20 cycloal kyl radical, C C20

aromati c radical, -C20 al koxy radi-eat Q C4-C20

cycl oal koxy radincal, C4-C20 aryl oxy radical, Cl-C20

al kyl thio radicdl, C4- C20 . cycl oal &yHdidedngr NCadi cal

C4- C20 ar yRfFhi o %~adi cal , C2-C20 al kyl sul finyl radical

4 C20 cycl oal kyl sml finyl radical, C4-C2D

aryl sul finyl radical, Cl-C20 al kyl sul fonyl radical

C4-C20 cycl oal kyl sul fonyl radical, C4-C20

aryl sul fonyl radical, Cl-C20 al koxycarbonyl radical,

C4-C20 cycl oal koxycarbonyl radical, C4 C20

aryl oxycar bonyl yadical, C2-C60 al kyl anmi no radical, C6

C60 cycloakkyLa&Lpo radi cal, C5-C60 aryl am no

radical, Cl -C40 at¥kyl am nocarbonyl radical, C4-C40

cycloalkyl§gtgp§ﬁgbonyl radi cal, C4-C40

aryl am nocaebenyl radical, or C1-C, 0 acyl ami no

radi cal ; Mﬁ@*@*ﬂ@%ﬂﬁ@éﬂ@ﬂ@éﬁWVy at each occurrence an

i nteger 0- & =AY 1¥4st one of the substituents CO R

is preferably attached in an ortho position relative

to the carbonate group

Specific and non—l‘imiting examples of activated carbonates include
bis(o-methoxycarbonylphenyl)carbonate, bis(o-chlorophenyl)carbonate,
bis(o-nitrophenyl)carbonate, bis(o-acetylphenyl)carbonate, bis(o-phenylketonephenyl)carbonate,
biAs(o—f'ormylphenyl)carbonate. Unsymmetrical combinations of thesé structures, where the
substitution number and type on A and A’ are different, are also possible to employ in the current

invention. A preferred structure for an activated carbonate is an ester-substituted diarylcarbonate

having the structure:



Exanpl es of preferred ester-substituted

di aryl carbonates include but are not limted to
whragnedishy| sal i cyl ) carbonat e (CAS Regi stry No. PCT/US2005/032655

82091-12-1), bis(ethyl salicyl)carbonate, bis(propyl

salicyl) carbonate, bis(butylsalicyl) carbonate,

bi s(benzyl salicyl)carbonate, bis(nethyl

4-chl orosal i cyl)carbonate and the |ike. Typically BMSC

is preferred for use in nelt polycarbonate synthesis

due to its |lower nol ecul ar wei ght and hi gher vapor

pressure. One nethod for determ ning whether a certain

di aryl car bonapg'i s activated or iis not activated is

to carry out|a nodel transest@i¥ication reaction

bet ween t he est aih_dj I bonate w th a pheno

such as p- (i, 1,3, 3- tEt r anfet Hyl}) but yl phenol . Thi s

phenol is prefegred Hecau [ possesses only one

reactive sitps possesses a walatility and

possesses a simlar reactivity &

® 10 WO 2006/ 036545
PCT/ US2005/ @2655 bi sphenol - A. The nodel
transesterification reaction was carried out at
tenperatures above the nelting points of the certain
di aryl carbonate and p-(1,1, 3, 3-tetranet hyl ) butyl pheno
- and in the presence of a transesterification

whereinaR 'a$ independdnitly lat ¢ash osuakhop adh-Ggalled uadiend| (utG-opychfalkyl radical,

: odi um. hydroxj.de or sodj,u enoxi r
or C“'é@ ACBRET 5%6? Cgﬁ? (]:)sfm?‘?g" T g g}ee s‘%}]eorclsg?lireg'g? f E%I'Séegxt agl(FnS/’scly TRrgoP
nitro g@(ﬂ@;@@ i-(IWaH(é/%ahﬁ?le a,-Qy), cytiealkyd mﬁgﬁa‘al,@L—G;pérema@d ratliieal, C,-C,, alkoxy
i enol or diarylcarhonate, And. a er . reactij.o
radical, rbarcFGH BN ASE, Rk TR el el i R o
cycloaf@liRiboYadica AAEN Iu?ﬁi‘ii'b ofuieaT o, aipdduisdyechadepend,ng on.
"~ the.reactivity of the reactants and nelting points of

cycloathiybulfiaalcadiansCi-6x aploifingbradiclofvenisbitsulient radsa!. CatCe
4cycloaﬂi/gsuﬁ§ﬂg¥ raldlcgl 2l op I%Lﬁ{géﬁq&?i&a@,rb t—@qo QB}%IC bgn}'/l*?‘adimtc4-czo

nper at uf e s bel ow t'h€’ degradat i on
cycloatkerpertetyiredicd], €8, pyboycritamy! Sdiadl £0,-€ 4y biylagamp fadical, Ci-Ce,

sed.if th eaction tenper res.cause the reactants
* exctoalg R, B-G Randitrig R O bact ST e aford fRRLAL B C
cycloalkyBnifdceibbhy aidian QIC,} iglageischrbbiyl thdical oe EpCratylaminofradical;
reactants is acconplished through reactiaon sanplin .
and b ig indepgpdeHly 4 eirhSEcBrened i 1PEEE COrbmr LRt P %%*@&P@ GFOR

; r : ; , %1 A @ N@é k.b-&ﬁﬁlt@ et ect i on
ISpﬁﬁﬁgﬁﬁg ﬁf%*?ﬁggﬂ%g ?%ﬁgg ﬁn thé aft suc%ﬁgg HPLC ( hi gh

piesplasof pietruicd et whstitaigd diphycarbopeies inglyiabut @z wot Haglgs to
: 0.b aken so.-t . [ d - [
oy Bl EOTE A LR HEAE OO, B ST
bis(propgbsaiibyl) chiiomatie SbisowgRidyB kedolnye, bsGehzylgaltbgiwearbdrate, bis(methyl

reof Bl e B SR D SERL M AR P SRR
po]yca?{;m%ltﬁt@);ﬂ?ﬁég%élﬁ@i&i%ﬂbw&%ﬁ&]@dﬁlar hiei ghBn el sier hep sl pedssad| e

One method for determining whether a certain diarylcarbonate is activated or is not
activated is to carry out a model transesterification reaction between the certain diarylczirbonate
with a phenol such as p-(1,1,3,3-tetramethyl)butylphenol. This phenol is preferred because it

possesses only one reactive site, possesses a low volatility and possesses a similar reactivity to

10



a reaction quenching acid directly into the reaction
sanple in addition to cooling the reaction mxture. A
w@e@b®sdsetl concentration for the acetic acid i PCT/N82005/032655
wat er phase of the HPLC solvent systemis 0.05 %
(v/v). The equilibriumconstant was determ ned from
the concentration of the reactants and product when
equilibriumis reached. Equilibriumis assuned to have
been reached when the concentration of conponents in
the reaction m xture reach a point, of little or no
change on sanpling of the reaction m xture. The
bispheedjth | The inode] camsttamficatemreleiod etae r:zmmb@ht fatrtemmrht@res above the

concentration react
meling Uity B HAREE) SHEVREHEERar PR b poriiDbiy Bhend s in the
presenbd\6F B dnsesfercar ch@tabetOWHTcﬁlsV\J%hzﬂb 2P a§SREsSedutdn lof katium e
equi | i brium constant (Kle51/KDPC) _of greater than a})ﬁ{
hydroxide ayeAdivaarherPXids- Eﬁé%rwscowﬁﬁ%t@ﬂf a\i8¢ HHIS%St IEPWIQWF are
0.001 xtngfén%; Al RRE M nubEBELRFHNE of ?rﬂ:q)hbﬁo] %Pd]@ﬁtc'ar\b%z%j And a preferred
car bonat e, ereas a diaryl carbonate wh possesses
reactloamerﬂpmathltebsf 240 @ dhs theerphoice ff donditionseand catgly@t@nmea@atm cap be

sejos R st S ey e EBes WL RONTe Bl of O raTehRy

providé Bdot@nieAieidies ﬁiﬂe rTKHe ohI;I 1hitasiot tosatceidn tdnipefasurgssnbatalid y

preferred to enp actlvateg carbonatg&n% Yy

1€mpelﬁiu§q1mf‘%é}’étb?]\9}"’tt§5 %f@f?&é‘f%e%efﬂw HrITeasr g Gn aede 8‘?‘? can be
used ifGRNRYG dnEnpdr& BRS &bk fdabidits AW RAEE hiNFfectRh@fe@Ethf Gnolar

are activat ed carbonates with an equilibriumconstant -
balanceyr Blat @atermination eft the equilibring qoneaniratiqeRfl Tepctants is accomplished
oo AV GRIRERI SO s 20 S4B 28 b
mixture RESE b well-knewatiéteatioh mettve te thiokrovhéted imthe ap suahoas IFPLGofhigh
pressuxg%w}cp C%é%}ﬁ%?%?ﬂk&eséj 1C gﬁ’%g t «%‘e\égéo %1%::[}38 q‘%&él& ca th(I;] dzJﬁsdnot
.continitOffrel tHIskhplg hexaepteatoved e nhaeidivatedel. Talshonebaplishee by

bi s( o- met hyl phenyl %aél-?r bonat e
coolmg,fl@y(rpm@ @wp]@ HeH\iF9 te@mp’loymg a reaction quenching acid such as
acetic %d]cisx%ﬂhc( wattr g‘ha’s?’e &QEJ BPEE By ok We¥dnP hl@mé% )i]@@’ﬁ@@é@ﬁfﬁlﬂe &eiroduce

o- cyanophenyl) carbonate. ~ Unsymmetri cal

a reactmo rqbcmtng@n@ dirtcthhiniodhasteration saregle iy asdditios do eoghas thedeacgon
mlxtural %rpy(i:fglllen cgoﬁcg n‘?r%ttl fg? tglg ﬁlce%@ 88 q?‘fhg%&’atepgﬁ%éggg {i:'ltE I!Egjgllc sglvem
systemdf0d.08 9 (var )y The 8qu1 littaat ¢consthedv s dedaniaed fromtigecconcankrdtion of the

al so be useful in this in tion.if the acti i ng:
reactargy BUPTTHTERS LB HN S oH G DO S e e Becn reached

when tﬁ@@&ltcéﬁfﬁtlglh aicoftipph@iyih e RABA hitxurkieact ArpdRIA 81 B BYno change
al so be derived from di carboxylic acids, dicarboxylic

on sampbnglofthe reagtiongpixture. The equilibrium constant can be determined from the

concentration of the reactants and products at equilibrium by methods well known to those

skilled in the art. A diarylcarbonate which possesses a relative equilibrium constant (Kies' Kppe)

of greater than 1 is considered to possess a more favorable equilibrium than diphenylcarbonate

and is an activated carbonate, whereas a diarylcarbonate which possesses an equilibrium constant

of 1 or less is considered to possess the same or a less favorable equilibrium than
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di carboxylic acid halides. Such constituent repeating

units are typically polyester-pol ycarbonate units.
wolovslodasits | Ng exanpl es of di carboxylic acids ipPC/ue®05/032655

terephthalic acid, isophthalic acid, sebacic acid,

decanedi oi ¢ aci d, dodecanedi oic acid, etc.

Non-limting exanples of dicarboxylic acid esters

i ncl ude di phenyl sebacate, diphenyl terephthalate,

di phenyl isophthal ate, di phenyl decanedi oate,

di phenyl dodecanedi oate, etc. Non-limting exanpl es of

di carboxylic acid halides include terephthalo

diphemyfigaghangts, anfl sontifrasdaipt toch st vass! Tsie Bereey p&ﬁw@)ﬁi tggmploy an
- édiyg%ﬁ%ﬁl%gg%tg Yin GBY glghqgacti g%ﬁ%ﬁ@%@@ i @¥h en‘}ﬂ%r‘%ﬁeﬁi@wh&t donducting

yest er- ycar uni ts may e pr esent In
transepeificatibn crastiaf. Purfered as@ciplas cdgbopatest veithadnl eguilibtivmmyprstant

than 30 e % .in_copol ri zed polycarbonates in -
gmawég@BF§5ﬂ£E&RP?%mﬁﬁg%HgggéﬁﬁxPﬁ%Ention. The theoretica
SE6h6 RbR IRt cRimplBormeaatiaingblotpsviifle waeplesdat Atan@ftho

_vessel requires a mnmolar ratio of dihydroxy conpound
positigrorelafizg ifthe enrbRIARIZEC B OVRIEd ot R isxprcteql.1q resylbipeasyated Garbonates

are al%%%chﬁk??)ét:?ﬁo B NMonle bR 81 JoRQiniBhBéxakics gf jédgu:~a:1lv_:tjvated

e~ equi rati on vessel is typically between
carbortates 3relbis(maneathyiphehdcathbyatd, bix(19surhdphieny)@8oanid. nor e

. referably 1:0.98 t0,.1:1 02, . 06/
bis(p-elr] e BB il apd B R R AP B
UnsyrS:iQ&H64] Rembmatieis of thedetsedcttnes aeaisatek gecekid iy tswdxip non-activated

conpounds. However, such di hydroxy aromati c conpounds
carbongies. frequent |y preferred for use in these types of

aPReynEALH QN GianyidardofatCONELER bAS 891 &B@ is hbreratdia @ BW%I is
conpound conprises aliphatic diols and/or acids. The
unactifaied @vderpgtivaiedaweiddhalpq b yseiugin thisinwentigié Hie@piysng geoup renders
. i i 1 : . .
e af BIBR e Mt et S SRR TR Lot
TFheooacionate oay @lsd berderhad dlom( di€DRdvylic acids, dicarboxylic acid esters, or
dicarb#;@ﬁi;c gh@&%ﬁ?‘% %%gg%ﬁ#é%ﬁ%&%%%%&etypically polyester-polycarbonate
units. o fnifing LEhIpAIRE BiheyolieAtidameulie réphalic #6i& ebphthalic acid,
i soners, cis/trans-1, 4-Cycl oghexanedi net hanol (%}mma, i
of dicarboxylic

sebacig pedl.idegangdipic aci; ARSI Reidngit-NQrclimpiag sanples

i dibhé i BRhiANRlephihalate, diphenyl isophthalate, diphenyl
e Y Rexancl mal hahol (LB et doten
decanetlj opteBiiphénydi deseganedingie,etoy Bootiaxtingexagipies of dicarboxylic acid halides

includ% }eﬁép%ﬁ%io%@%%%%@%@%l}lé@cgrgk%c)?glnc&]oﬁde, decanedioyl chloride,
dodecanegiod], ch]oridy clto Sectaprd@siarpdigraddonate units may be present in proportions of
up to S0'mole %, bkl ardre than 30 Sale %, S SpoISmeRzed pofyarborhies it
accordance with the present invention.

The theoretical stoichiometry of the reaction within the equilibration vessel requires a
moiar ratio of dihydroxy compound to diaryl carbonate composition of 1:1. However, in

practicing the present invention the molar ratio in the equilibration vessel is typically between

0.25:1 to 3:1, more preferably 1:0.95 to 1:1.05 and more preferably 1:0.98 to 1:1.02.
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4, 4' - di hydr oxybi cycl ohexyl, and Pol y(ethyl ene glycol).
Acids: 1, 10-Dodecanedi oic acid (DDDA), Adipic acid,
wleosanseidi ¢ acid, Isoplithalic acid, PCT/US2005/032655

1, 3- Benzenedi car boxyl i c acid, Teraphthalic acid,

1, 4- Benzenedi car boxyl i ¢ aci d,

2, 6- Napht hal enedi car boxyli c acid, 3-hydroxybenzoic

acid (mHBA), and 4-hydroxybenzoic acid (pHBA). It is

further contenplated that the di hydroxy conposition

conprises a di hydroxy aromatic conpound. A preferred

di hydroxy aromatic conposition of the present

invention is bisphenol A (BPA). However, other

di hydroxy aromatic conpounds of the present i nvention
TWeD%hﬁaﬁe used and are selected fromthe group

k3G cBipOirRRHER Blnstel %/dr&ﬁat&t&WEM&Qom Surdé) However,

2006/ 36545 PCT/ US2005/ 032655 RS R R4 "Iz 0 He

such dibydromheroeiaic REnpouRdrefrequePtipelpERhicr ysedn Hiper bBwer
I |

sopticgs i [ ARERIRR: Wy A R o R Glbabe ot gnalor
acids. ThERDo@igy iy b nomtimdtalg;lisWufi ssc}ecom;nuhdsan oxygen atom a

sul fur atom a SO2 group, a Cl1 - C 0 aliphatic

radical, a C6 - C20 aromatic radical, a C - C20
~Ahmmﬁy§hggllphat|c radi cal, or the group wherein R' and

R12 are independently a hydrogen atom

0 al kyl
Isosorhidas} 4:316; dl@bydr@@mbe%”ll‘e%xcwwaﬁeéﬁﬂt%anoldFCBPl\@Z ’
, - €20
s3I oRt B, SRS casi onvpLEs
2,2,4,4btetremethgicyqignugan€; 1,3-dig), Onmdkgdmerms/ir agp 04é}yylohe>@53€dlmethan01

(CI-ID@S,(1 t?'firg? l %ﬁl?@gé:g&me%ﬁ)ﬁgégh&% clo%E:)P li'QtS len%ﬁm?ethanol

POXY behzenes’
trans-184 CYI6HEK ghebliingethanbl(tCHDM), trine SLBHS(R&&ok)anethdepénIMamd y

at each occurrence_a hydro hal oge tom
cis- 14]»@)[0}056)@@5@}51& ar&cg} éﬁ"&-ﬂ&l}% 9 %%m?h)ég]@(yg}ewgcyfcé AU 4
cis-1,2-cychfe£SMEhiRRNEN, T, ﬂdﬂx(@?&l@h&fl) VY dlopaleabhéxyIﬁﬂi'Lcﬁ@l , d

'S an
4 4'-dihydroxybicyclohexyl, and Poly(ethylene glycol).

Acids:
1,1,0-Dodecanedioic acid (DDDA), Adipic acid, Hexanedioic acid, Isophthalic
acid,1,3-Benzenedicarboxylic acid, Teraphthalic acid, 1,4-Benzenedicarboxylic acid,
2,6-Naphthalenedicarboxylic acid, 3-hydroxybenzoic acid (mHBA), and 4-hydroxybenzoic acid
(PHBA).

It is further contemplated that the dihydroxy composition comprises a dihydroxy aromatic
compound. A preferred dihydroxy aromatic composition of the present invention is bisphenol A
(BPA). However, other dif\ydroxy aromatic compounds of the present invention can be used and

are selected from the group consisting of bisphenols having structure,
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14 WD 2006/ 036545 PCT/ US2005/ 032655 integer fromO to
4; and di hydroxy napht hal enes havi ng structures, oft
wQ Rive/036sher ei n R16, R', R18 and R 9 are i ndepePdEnB1095/032655

at each occurrence a hydrogen atom hal ogen atom

nitro group, cyano group, C, - C20 alkyl radical; C4 -

C20 cycl oal kyl radical, or &4 - C20 aryl radical; e

and f are integers fromO to 3, g is an integer fromO

to 4, and his an integer fromO to 2. Suitable

bi sphenols are illustrated by

2, 2- bi s(4- hydr oxyphenyl ) pr opane (bi sphenol A);

2, 2-bi s(3-chl or o- 4- hydr,oxyphenyl ) pr opane;

2, 2- bi s( 3- br ono- 4- hydr gxypheny| ) pr opane;

2, 2- bi s(4- hydr oxy- $>~gethylhenyp ) o opane;

2, 2- bi s(4- hydr oxy- 3-i yl ) pr opane;

2, 2-bi s(3-t - butyl - 4-NydrFOxy phrepg ™ fr opane;

2, 2- bi s(3- phenyl - 4- hydrioxyptenyl ) pr opane;

2, 2-bi s(3, 5-di chl or o- 4*hydr oxyphenyl ) - pr opane;

2, 2-bi s(3, 5-di brono- 4- hydr oxyphenyl ) propane; 2,2-b

s(3, 5-di net hyl - 4- hydr oxyphenyl ) propane; 2,2-b

s(3-chl or o- 4- hydr oxy- 5- net hyl phenyl ) pr opane;’

2, 2- bi s( 3- brono- 4- hydr oxy- 5- net hyl phenyl ) pr opane; 2,

2-bis (3 -c h | oro-4-h ydrox y- 5 -i s oprop yl ph en
whereiy [R® ) Bf°eypaindependendly pihydrp gentatamialpgenyalproxniifo rqup, cyano group, C,
-Cy al%?lp 5%?%;(@?-2@)(%!: cgo%iy frgarﬁig%l aﬁreég—%o gga&] }a'dmdf;xﬂl TR &Jﬁh, an oxygen
atom, S{ubfub#itonDa 504 gloup,\ul G, 4-(yadipbaticphdiew| a GprOpanmatid rdwd, a C; -

2006/ 036545 PCT/ US2005/ 032655 2, 2-bi s(3-ch
Cop cycpabipeatis RisAb-2A HRRdP By pheny! ) pr opane; 2, 2- bi

S(3- br ono- 5- phenyl - 4- hydr oxyphenyl ) pr opane;

2,2-bis(3,5-di sopropyl -4-hydroxyphenyl) propane;

2,2-bi s(3,5-di-t-butyl=4-hydroxyphenyl ) propane;

2, 2- bi s(3, 5-di phenyl - 4™aydr oxypheny! ) propane; 2, 2-b

s(4-hydrox y-2,3,5,6-tetrach | orophenyl) propane;

wherein R'! and R'? are independently a hydrogen atom, C, - C,, alkyl radical, C, - Cy
cycloalkyl radical, or C, - Cy, aryl radical; or R"! and R* together form a C, - Cy, cycloaliphatic
ring which is optionally substituted by one or more C, - Cy, alkyl, C; - Cyy aryl, C, - Cyy, aralkyl,

C, - C,, cycloalkyl groups, or a combination thereof; dihydroxy benzenes having structure

EIe

ﬁ:\;ﬂm“ IR

O

wherein R is independently at each occurrence a hydrogen atom, halogen atom, nitro group,

cyano group, C, - C,, alkyl radical, C, - Cy cycloalkyl radical, or C, - Cy, aryl radical, d is an
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2, 2- bi s(4-hydroxy-2, 3,5, 6-tetrabronophenyl ) propane;
2,2-bis(4-hydrox y-2, 3,5, 6-tetranet hyl phenyl ) propane;
WQ@2®6i08658% 2, 6- di chl or o- 3, 5- di net hyl - 4- hydr ox PCT/US2005/032655

yphenyl ) propane; 2, 2-bis(2,6-d

br ono- 3, 5-di net hyl - 4-h ydrox yphenyl ) propane;

1, 1- bi s(4- hydroxyphenyl ) cycl ohexane;

1, 1- bi s(3-chl oro- 4- hydr oxyphenyl ) cycl ohexane;

1, 1- bi s(3- brono- 4- hydr oxyphenyl ) cycl ohexane;

1, 1- bi s(4- hydr oxy- 3- net hyl phenyl ) cycl ohexane;

1, 1- bi s(4- hydr oxy- 3-i sopropyl phenyl ) cycl ohexane;
integerfrom B it@,é;@nti dibydroxy mphialenssyisiea §ruceyes ohexane;

1, 1- bi s(3- phenyl - 4- hydr oxyphenyl ) cycl ohexane;

1, 1- bi s(3, 5-di chl oro- 4- hydr oxyphenyl ) cycl ohexane;

1, 1-bis(3,5-di brono-4; ox¥yphenyl ) cycl ohexane;

1, 1- bi s(3, 5-di net hyl d'ﬁlxppenyl)cyclohexane;

1, 1- bi s( 3- chl or o- 4- hydioxy- 3- met hyl phenyl ) cycl ohexane;

1,1-bis(3-bronn-4-hde2X,; - met hyl phenyl ) cycl ohexane;
1-bis(3-ch|oro-4-hydr6X9-5-isopropylphenyl)cyclohexa

1
n 1
1, 1- bi s(3- brono- 4- hydr oxy- 5-i sopropyl phenyl ) cycl ohexan
e o
1,1-bis(3-t-butyl - A{4-hydroxyphenyl)cyclohexane
""’*'i:[qls_!h
, 1- bi s(3-brono- 5- U{h-hydroxyphenyl)cyclohexane;

1, 1-bi

1, 1- bi s(3-chl or o- 5- pheyl <#- hydr oxyphenyl ) cycl ohexane;
1, 1- bi s(3-brono-5- phenyl - 4- hydr oxyphenyl ) cycl ohexane;
1, 1- bi s(3, 5-di sopropyl - 4- hydr oxyphenyl ) cycl ohexane;

1, 1-bis(3,5-di-t-butyl-4-hydroxyphenyl)cycl ohexane;

1, 1- bi s(3, 5-di phenyl - 4- hydr oxyphenyl ) cycl ohexane; 1,1

- Bis S4B =2
o S U ey St s e
atom, nRESTgroG2, 0P QRBRAHSE, - @, alkybindital s Gy-dT,psye]oalkyBradical, or C, - Cy, aryl
SPMHCN 1 AT - ——
2. e,

1, 1-bi s(2, 6-di chl oro-

. f 3 5-dinethyl-4-hydroxypheny|%cyc|
Shisabihlisphenols are illustrated by 2,2-bis(4-hydroxyphényl)propane (bisp

enol A);
2,2-bis(3-chloro-4-hydroxyphenyl)propane; 2,2-bis(3-bromo-4-hydroxyphenyl)propane;
2,2-bis(4-hydroxy-3-methylphenyl)propane; 2,2-bis(4-hydroxy-3-isopropylphenyl)propane;

" 2,2-bis(3-t-butyl-4-hydroxyphenyl)propane; 2,2-bis(3-phenyl-4-hydroxyphenyl)propane;

2,2-bis(3,5-dichloro-4-hydroxyphenyl)-propane; 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane;
2,2-bis(3,5-dimethyl-4-hydrox yphenyl)propane; |
2,2‘-bis(3-ch]or6-4—hydroxy-5~methy]pheny])propane;
2,2-bis(3-bromo-4-hydroxy-5-methylphenyl)propane;
2,2-bis(3-chloro-4-hydroxy-5-isopropylphenyl)propane;
2,2-bis(3-bromo-4-hydroxy-5-isopropylphenyl)propane;
2,2-bis(3-t-butyl-5-chloro-4-hydroxyphenyl)propane;
2,2-bis(3—bromo-S—l—buiyl—4—hydroxyphenyl)propane;
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1, 1- bi s(2, 6-di br ono- 3, 5- di net hyl - 4- hydr oxyphenyl ) cycl o
hexane;

wa 2deloBasgsl- hydr oxyphenyl ) - 3, 3, 5-tri net hyl cycl oP€RERBD5/032655
1, 1- bi s(3-chl oro- 4- hydr oxyphenyl )-3, 3, 5-tri met hyl cycl o

hexane;

1, 1- bi s(3-brono-4- hydr oxyphenyl ) -3, 3,5-tri net hyl cyc]
ohexane;

1, 1- bi s(4- hydr oxy- 3- net hyl phenyl )-3, 3, 5-tri met hyl cycl o
hexane;

1, 1- bi s(4- hydroxy- 3-i sopi -opyl phenyl )-3,3,5-trinmethylc
2,2-bis(dLldhexapkenyl-4-hydroxyphenyl)propane;

22iga bRk B Py RleigiopRiieny! ) - 3. 3, 5-tri methyl eycl
22—b1s13 Sﬂbdogl(o@ylphﬁyﬁﬂbxyﬁh&myﬂpmp@mhenyI )-3,3,5-trinmethyl cyclo

22555 1 heh e pheRirepin: iy s gl Ao pitnshpropanc
z,z-blé%i ??%}iofly Dy Sraox ¥ RAGRYIhEny3)pRopand; | met hyl cycl ohexane;

2,2-big4-Bydoxh- BB Hifylerabrompenhexy phenays:) - 3, 3, 5-tri met hyl cycl ohe
22lﬂ%%gywﬁT%%é53§%ﬂﬂnd§§w§n%§¥ﬁVTphenyl) 3,3,5-trinethylcy

2 2-bigk}, 6higchpone 3,5-dimdthili-4-hydroxyphenyl)propane; .
2,2—b1q(%§ éjﬁg%gg_g%_y X}gtrhgf)f—(y—hydrg)?};pﬂé/nyggi%g le) 3,3,5-trimethyl cyc
1 1-bis%4 h d}b@(pﬁerpynbyw&mﬁaﬂayﬂmz@y}-aﬂmoapmyamlypmmydy):}oaeﬁn& tr

| oh
i wsbtrleiges
1,1- blsgy ﬁ%cﬂgyyfﬁﬁ%{}roi)y’h%ﬂenm)élcfo:ﬁexaﬁae butyl -5-c hl oro-4- h

trinethyl cyc] ohex ane; 1,
1 1-b1$?(-3bwb41=by<ﬁexypb¢m§bbyc&ohhmokw@hé’hwe)lyl'&* Bydsoxyphwi)hquéﬁyxane,

0 henyl 4- hydr ox
1.1 bl%ﬁgh‘%(]f o h§dr§’(§p%m%ic g ce?/% Ohexane;
1,1-bisl3, Srdbjr@ﬁ&lbiyd)nmylﬁxemhkmabheﬁarmjdr oxyphenyl)-3, 3, 5-tri net
| cycl oh 5 -di sopropyl

114”“%5ﬁWH?E&féﬁgﬁVV$“§%§“©@§%?PﬁEthyIcyclohexane
11-b;s%3 éhl&lo%%ad@onds mbthPiphatlyhéydrdk ey phenyl ) - 3, 3, 5-trinmeth

yl eye] ohexane;
1,1-bis(3 MOMOS‘( BY@OW%ﬁ@ﬁylph@lWWW@ﬁ?ﬁﬁenyl )-3,3,5-trimeth
6-t

1,1—bl% %ﬁ@ﬁ%@%@é ga]?rg)?)ﬁ%}%&gl fl%ﬁeiaﬁe5 etrachl

1,1-bis(3- ﬂzfoh’ncsé( nydnwmsyp@pﬁpl’fﬁn&)@ebha@marmphenyI )-3,3,5-trim

h
11"“?3( b%t gfh]o g?%dxéfp%eng])@lc Oh%aélrer’et hyl phenyl )-3, 3, 5-tri

1,1-bisteblmo- Ry BltylohByRMNSphéif WOl cHeRMme0 36545
_PCT/ US2005/ 032655
1,1-bis{3-ghlpjosy phegylet-byro1yahepyBeXsidbEY W61 - 4- hydr oxyphenyl ) - 3, 3

1,1-bis(R ookl BBV LA G RESHRAS ) cyclohexane;
1,1-bis(3,5-disopropyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(3,5-di-t-butyl-4-hydrox yphenyl)cyclohexane;
1,1-bis(3 ,5-diphenyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(4-hydroxy-2,3,5,6-tetrachlorophen yl)cyciohex ane;
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1, 1-bis(2,6-di
br ono- 3, 5-di net hyl - 4- hydr oxyphenyl )-3, 3, 5-tri nmet hyl cyc
wo olvenadses 4, 4' di hydr oxy-1, 1- bi phenyl ; PCT/US2005/032655

4, 4' - di hydroxy- 3, 3' -di net hyl - 1, 1- bi phenyl ;

4, 4' -di hydroxy-3, 3" -di octyl -1, 1- bi phenyl ;

4, 4" -di hydr oxydi phenyl et her;

4, 4" - di hydr oxydi phenyl t hi oet her;

1, 3- bi s(2- (4- hydroxyphenyl ) - 2- propyl ) benzene;

1, 3- bi s(2- (4- hydroxy- 3- net hyl phenyl ) - 2- propyl ) benzene;

1, 4-bi s(2-(4-hydroxyphenyl ) -2-propyl ) benzene, and
1,1-bis(4-Hydydsy-2; 3(545~t¢y@lnmnypf@nm¢ly}h%myl ) - 2- propyl

S h [ d
Lo R ke e G SRE TOPD B G nome,

1 1-b1§@l!6 )didnxﬁwgﬂmmﬁm@},-4 nymmwphwr)mwhame

g nylresorC|noI 8% gwesor0|nol Sui t abl e
11 Ry e 6 RO B S D EATE Dy
11bls?4 Q%t bi%@léy%)\@ @%&ﬁh@y@ohexa%& di hydr oxy- 3- met hyl

hal ene;” and 2, 6-di hydr oxy- 3- phenyl napht hal ene.
1 1-b18§1ph1mf‘éhwﬁfhw1‘lwi) %@mmﬁhﬁ%@@h@f@ed | lustrated by

t dr oxy- 2- et hyl
lmeéaﬁﬁ?h ﬂgﬁéx%ﬂ%8§£ﬂ§droxah%_p enyl "hapht hal ene and
1 1-b1514-8ydib>twmmW1pha@pm B],alftememyﬁjrréohesarat i ve anmounts of
t her conong ted based on the
BB Ak R I S Y S
11bls@ﬂgﬂ?’l@h§dr@i}%hé{@®ch3S-Iﬁﬂ')ﬂetﬁy?lﬂychﬂneﬁdi@ed as part of the

sanme feed, in a separate feed, or both. The Activated

1meﬁh?%@ﬁbeY@@§ﬂﬁ@U@ﬁﬁ3@%m@@hﬂ%ﬁﬂqﬁémFeact|on conponent s
1 l-blsgiK 5 liih:ﬁlo% gstﬁﬁltoxiéﬂ?: ,%ﬂ)tj 9B RRPRY 30X PR} ycar bonat e

i vated carbonate resi due, and a
1,1-bist3, admn@ﬂr}fydmaypmmhéﬁ értym@thymmomﬁmw ated carbonat e

, |du | r 0 as a solvent.
1.1 blsﬁﬁé h}Jnﬁ%?(y% 5ntln thé'f g‘a & nécfar bonat e
1,1-b1s(£smskue4 H)ydr@(ym mbmyl@hﬁﬁlt)#m-&dnﬁﬂylbﬁcmteﬂne&& dues and
ot her solvents e so resent in the
1,1-bisgybromoghh Hrm{yh%m@%g@gﬁg’ Vs %g E&I“%t }’18&51‘3}38 Monpri ses
1,1-bis{3- Qﬂbr% PR LSR5 RYproIERhyIY-9 3%9tnnﬁﬁfy¢<§lﬁlbhé3<¥mél\6| ght,

preferably from 1 percent by wei ght to 70 percent by

1,1-bis{iebigo-bhydrery-SPRrepdphenylEg 3, Ssmwﬂvyécyﬁlowaa% iion of
Li-bisE TR0 by S B R TR gy amey ved 17
1 1-b1s%ﬂohﬁ%@ﬁﬁt@@ﬁﬁﬁoxypheny]) -3,3,5-trimethylcyclohexane;
bis(3-chloro-5-phenyl-4-hydroxyphenyl)-3,3,5-trimethylcyclohexane;
1,1-bis(3-bromo-5-phenyl-4-hydroxyphenyl)-3,3,5-trimethylcyclohexane;

1 ,1-bis(3,5—di§opropy] -4-hydroxyphenyl)-3,3,5-trimethylcyclohexane;
1,1-bis(3,5-di-t-butyl-4-hydroxyphenyl)-3,3,5-trimethylcyclohexane;
1,1-bis(3,5-dipheﬁyl—4—hydfoxyphenyl)—3,3,5-trimethylcyc]ohexane;
1,1-bis(4-hydroxy-2,3,5,6-tetrachlorophenyl)-3,3,5-trimethylcyclohexane;
1,1—bis(4—hydroxy—2,3,5,6-tetrabromopheny1)—3,3,5-trimethylcyclohexane;
1,1-bis(4-hydroxy-2,3,5,6-tetramethylphenyl)-3,3,5-trimethylcyclohexane;
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40 percent by weight of the oligomeric polycarbonate
and 60 percent by weight nethyl salicylate.
Ww@\kaoe0dEls vel y the solution nay conprise nore POBDSIN®032655
solvent, for exanple a solution of oligoneric
bi sphenol A po]ycarbonate dissolved in a m xture of
ort ho-di chl orobenzene (ODCB) and nethyl salicylate,
the solution being 40 percent by weight of oligoneric
pol ycarbonate, 30 percent by weight ODCB, and 30
percent by wei ght nmethyl salicylate. In one enbodi nent
present invention the _solvent enp
LLbisgh S SO DO LTS A ST DG PHEAG (i
1,1- bls%fts'dmsﬁg 3%@@@@} @h&cﬁ@i)%l-!&)yl) S%@nétﬁﬁcy%?dh%b” e, R
al kyl group, ¢ - 20
4 4'd1hc!9®ma11klyphegvlo@ﬁ -dibydr@4/-3.3 @Boatlaﬂ;ﬂl 1- glnpkmnl is

4,4'- dl@‘%ﬂ% e t l roll)jeﬁen% Q%C%EHEO}W )ﬂ%en ] O}Segen %t40m Cg%ano
4.4 dll@)}dﬁfd)@aipkyﬂyltgfoeﬂher,, 1%18(7-@29ycﬁ1d3)§§)|ph@1yl)£ﬂgpr0@l)benz@ﬁ@ al koxy

0. cycl oal koxy group - C20 aryl oxy
13-bisgh-Guydresy-5 m@%alpawpr% PR eDe s 20

1,4-bisPX (- Patrdyphdd r@M@)ber%ne' ak?0 arylthio group, C -
al kyl sul group - C20 cycl oal kyl sul fi nyl

14-b1sgz~61ulpvdrm -3- me@a%fvh¢rvl)sa:pmpﬁ3blen7gn@up c, - CO
| group,

SRS BIRKL it O D et el b B DR, 0,
methylgydyoquindoé, butﬂﬁ)@irm}pﬁionalpkmmdrdqoimyhe, glfphargf,lre@ﬁcmol@ﬁd)

aryl oxycar bonyl group, 'C2 - C60 ackylam no group, C6
4qnahﬂ%ég Ii‘gcloalkylam'no group, C5- C60 aryl ami no group,

GuitablEABydrdk KidphtHaRAGs DDA at@lrt@ltﬂ?ﬁ d@dm%pmhalene

cloalkylan1nocarbonyl r.ou

2,6- dlha%/ PR YRR PRRIRAICNe Ing dlbycgm- 3Py ra?@mhalﬁ%o gr oup;
%ﬁﬂath i) &mxy ﬂliapcgﬁfen& e ﬂlﬁgeeliealbgrg zPEm?&i» er a%Ht‘ﬂ%l‘ehé ut ed

henol s | tivated carbonate res ues I ncl ude
1,4—d1hm@phy[2 m@]@ll mghtlﬂeel,e let-Hinydrony-2- ot eaphghalspy knd 1,3-dihydroxy
nahthaslallcylate butyl salicylate, 4-chloro nethyl
P s&flcylate benzyl salicylate and m xtures thereof. -

Twpiretal vieyimoniat bf/BP & ahd eibratbommohsm@t afeaeleedd bdsed bk dedred

overed and reused. For e
Composég%?ﬁé‘?;%‘é&"%ﬂﬁ é{j"t HSABPROTRGR fe JeedBiehin R ﬁ%sé’?‘é of the
Smneﬁﬁ&ManeﬁﬁﬁQﬁﬁaQQbomurIfIed and reacted MAth phosgene
to make ester-substituted diary] 19 WD 2006/ 036545.

PCT/ US2005/ 032655 carbonates which in turn can be
TheAchk?a‘?é?iéé’rb I&PRLS de‘%Jﬁd%ﬁB[z&C pol ycarbonates. Typically,

puril flca Ion o e recovered ester-substituted pheno
IThe efattiani contpbyentsanf theguiespuit intentidn sérmprisatipolycarbonate oligomer, an

activated carbonate residue, and a transesterification catalyst. The activated carbonate residue
will also herein be referred to as a solvent. The solvent may be a single activated carbonate
residue or a mixture activated carbonate residues and other solvents.” Typically the solvent -
present in the solution of the oligomeric polycarbonate comprises from 1 percent by weight to 99
percent by weight, preferably from 1 percent by weight to 70 percent by weight of the solution.

For example a solution of oligomeric bisphenol A polycarbonate dissolved in methyl salicylate is
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The sol vent used according to the nethod of the
present invention optionally conprises a hal ogenated
wa@biopladsk® sol vent, a hal ogenat ed aronati c sol RENUS2085/032655
non- hal ogenated aromati ¢ sol vent, a non-hal ogenat ed
al i phatic solvent, or a mxture thereof. Hal ogenated
aromatic, solvents are illustrated by
ort ho-di chl orobenzene (ODCB), chl orobenzene and the
i ke. Non-hal ogenated aromatic solvents are
illustrated by toluene, xylene, anisole, phenol;
2, 6-di net hyl phenol ; and the |ike. Hal ogenated
40 peréﬁnt Bhwaticht o @{eV@rgbﬁexar polydatbasite atdsad geycemetyhwdi gn enethyl salicylate.
chloride; chloroform 1, 2-dichloroethane

Altemngijl, hAEFURRIBY EREPBRE THPF LTS SRy e (Ghngfig s sofifon of
.ohgonlelil: Pﬁ&ﬁe"ﬂ)ﬁg Q]X/Cﬁﬁ&ﬁfé%ssoﬁg@ﬁi%r}ﬁmmﬁé fdrthaGahfdrébenzene (ODCB)
V exanone, and the I|i . I'n one enbodi nrent of the

and mq:lhﬁsdmylatmt}em@lﬂm@n lvdm@ @b{bev@nt byenpehs péeligosiepE pelyearbonate, 30

nt and an
Perceng‘@f ‘gf’lg@ Cgéﬂgt ? %Q i Cg}]o h?ﬁg{)?gfsaﬁgj %f@m xture of
ah lbheedbsdrhettobaii Zp&fseat(jﬁaﬁiﬁjn thmsblvmt ényploged|comptises et least one
The Transesterifjcation Catal g% A catal yst system
ester-syRsgtgd Pheppd (%Fﬂwateﬂfargﬁ‘@‘epﬁegg payipg, ﬁtstlr%c ""&onpri ses
a base, and preferably conprises at |east one source
of alkaline earth ions or alkali nmetal ions, and/or at
| east one quaternary &f#bni um conpound, a quaternary
phosphoni um conpound Q¥ ture thereof. The source
of al kaline earth ion or'alkali nmetal ions being used
in an anount such tha e amount of al kaline earth
or alkali netal ions preséht in the reaction mxture
IS in a range between 10"5 and 10"8 nol es al kal i ne
earth or alkali netal ion per nole of dihydroxy

anere S TR P S 1, LB 30 ATECIL UL R0

?w& &%Mir&&eﬁ%ﬁl@ driHi6n, oYéno &Qp nltfo gl&u‘pNCR- e:20 AkyMBoup,
50067 036545 PCT/ US2005/ 032655 wher @i n ar e

Cab. ma@&mb@m@n F1aCgaryl gopp, Gi-Ioyd alkardi s, ccﬁoe lekoxy group,
a n
Cy- CZ? )?f% %ﬂad é' %ﬁ!ylthB & nlpCCé‘é C Cgﬁ]‘ﬁakmélﬁléa'e r1|._1% (%P]?ry%%uo

mdepe

Irnor
group, heCp raHSBnlfmyerre!ma O@nC@ ayconl Wisuilfmyé gloeptad C&Jamy’rstﬂﬁreyl group,

C,- ng gl]?ﬁ?ulf%g{)lsgirosutpi, E?— (922 cycloa kyi(suﬂ” fyl ro]%lulpdé CC ary R nyf grbup, C, -
Cyp alkoxycarbonyl group, C, - C,, cycloalkoxycarbonyl group, C, - C,, aryloxycarbonyl group,
‘Cz - C, alkylamino group, C4- Cg, cycloalkylamino group, Cs- Cq, arylamino group, C, - Cy
a]kylaminocarbonyl group, C,- C,, cycloalkylaminocarbonyl group, C, - Cf“’ arylaminocarbonyl
group, or C, - C,, acylamino group; and b is an integer 0-4.

Examples of ester-substituted phenols (i.e. activated carbonate residues) include methyl
salicylate, ethyl salicylate, propyl salicylate, butyl salicylate, 4-chloro methy] salicylate, benzyl
salicylate and mixtures thereof. Typically, methyl salicylate is preferred. Further the solvent
may be recovered and reused. For example, ester-substituted phenols such as methyl salicylate

may be recovered, purified, and reacted with phosgene to make ester-substituted diary]
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sul fonate, sulfate, formate, carbonate, and
bi carbonate. Non-limting exanples of suitable organic
WQ@b®B845as Yy anmoni um conpounds are tetranet hyPCT/US2005/032655

amoni um hydr oxi de, tetrabutyl amoni um hydroxi de,

tetranmet hyl ammonium acetate, tetranethyl ammonium

formate and tetrabutyl ammoni um acetate. Tetranet hyl

amoni um hydroxide is often preferred. The quaternary

phosphoni um conpound is selected fromthe group of

organi ¢ phosphoni um conpounds having structure, 2r

wherein R24 - R27 are independently a C - C20 al kyl
carbone@glivbiah jn € can@ROsahio prpkieyligemicpalycarbenages CA ypicalo
s e G R i

I The@6lvertiuedll £edraidf eslthe mmﬁhcﬁlwt}@ fpeddgnt mﬁﬁucmtdplngnajfy compnses a

hydr oxi de, hal i de, cargox yl ate, sul f onat sul f

halogepasech ik aticesqVEBina i 02RARd BIoEsPh Pk 2 ne S?Jaﬁqnétes ra@%*?ﬁﬂs
sol veng Y %Br? h&l %e)‘)ate@ bRSRRO SR GR IRAMIAShRE®. HhlopsTatcata8shdiy.

tetranet phosphoni um hydr oxi de, tetranet hyl
so]venplaasﬂhﬂbmedmadbodtcblomb@m@aﬁ@]%}m phi@@bﬁ@ﬁmmdﬂb?w@t e,

Non'h%%éﬁ b% Eﬁﬂ%’l}f ranp ace ? W %%gﬁerd%é%% | M?Ht eéﬁ“i %?eg P }éérﬁlro S,

2,6-dinieylsheX0]; arkl the piod. yAbgenbtedaliphaticswblenta ared Hudtated tbg neethylene

sulfate it der st ood .t h ositive.an
chlon e P ch PG BET A 087 Py ARG AT e solvents ar
illustraRIA% RIMARG WP @hE, WayVER St EfeloHek #R¢, lid Baliraiced. For

exanpl e, where R20 - R23 are each nmet hyl groups and X"

ils onsaTBRndineeat of the prgseny iyentiandlsrof veat en)pioxe (SPBEEYRE & mixipre of |
a halo%(en C?cf %&mat Lﬁ'of\fgg £nd3f lé%t@re&gg’(ftut@él E bifor %ﬂrﬁﬁe b 3iRture of

e al kaline eart roxi des such magnesi um
oﬂho-di\glﬂbrd)ﬂn%ea@DCcBalanﬂmnﬂhh}y&ahqﬁat@e. Sui tabI e sour ces of
al kali netal ions include the 21 WD 2006/ 036545
PCT/ US2005/ 032655 al kali netal hydroxides illustrated
The Tr&%eizéﬁﬁthﬂm djzytdrygxxi de, sodi um hydroxi de and pot assi um
ydr oxi de. Ot her sources of al kaline earth and al kal i
At a0

rﬁs'faaalyslf Bem Bred yyhe @ghod ofthe PIEsEY IYERRONLOPYPL ses

preferaﬁﬁ’l@bfﬂﬁﬁc%@ &t 18458 o Wufle ok YREINERBrtiPfon &b Wik BN Betal ions, and/or at least
di'am net etraacetic acid (EDTA) such as

one qUEBDTAY @RS cAmBnang, a canq@n@momgn@m Q@mPaIRGbeN A fRixture
thereofs %Jge sou§%q3|f ‘Aﬁ?aﬂ}’ dé'agﬁl (Sjr?s o'r ﬁlkgl }ngﬁl ioh{ @eﬁ %s@&j in zﬁa%ﬁ&lﬁf such that

ydr oxi I'soften contal ned w
the am6uea of alnﬂnne emrhxmaﬂms mdesal doms present in the reaction mixture is in a range

between 107 and 10 moles alkaline earth or alkali metal ion per mole of dihydroxy compound
employed. .
The quatemary ammonium compound is selected from the group of organic ammonium

compounds having structure,

R x®

RPN
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impurity and is contained in such an amount to

catal yze the reaction wthout the addition of
wadaesennl catal ysts. In order to achi eve thePCT/US2005/032655

formati on of pol ycarbonate using the nethod of the

present invention an effective anmount of catalyst

must be enpl oyed. The anount of catal yst enployed is

typi cally based upon the total nunber of noles of

di hydr oxy conpounds enployed in the polynerization

reaction. When referring to the ratio of catalyst, for

exarrpl e phosphoniumsalt, to all dihydroxy conmpounds
heremrib? oRBdrd lndetph@dt?p@‘j’ y Rer C2 alloadied 46t Gncyclopliyykradical, or a C, -

enient.to. re
Co e PUS i s e gL A0 5ol
inventivh anital?e $s wfeceb ﬁsﬁhbm gmnjp &ﬁ:ki&nmg ofihgldrdxidy, Halide, sarborofate,
t he nol es of ea [ ndl(# di hydroxy conmpound
sulfongfe.sulpie. fopmatp&an 8%36‘? ABhOI ‘i”lﬁ‘?ee The amount of organic

aﬁ&Wﬁhﬂ!ﬂg%&arBB]‘%&*k@ﬂéﬂ%rg&ﬁé &L&te@z@i{ AyRenhitiRiogRbhts whel |
be in a ran etween 1 x 10 and x 10"5, preferably

tetrambtérlvmnomum %yclre@dgrﬁ%trahutxl amnmwnlhé@%é% tefppmethyl ampgnium
acetate, kegr?i}ngﬁl fjarﬁ‘rg{}xgp]g fi oegz{n )ée}frélgt?c ﬂéﬁ%?&?@rﬁ ?&c?gﬁh e’f‘elrﬁ}f}ﬁ%’e
ammomsmdaykimxa:‘re mnﬁmmrprefemct espondl ng to bet vveen 1 x 10 4

d1l x 10- referabl % X
o ks e oRu T SRR e gfoub i bullBishg
phosplﬂinhhﬁ%&?i uB A ROHIAGuEERD ned In a third catal yst
systen1accord|ng to the nmethod of the present
invention, solely a alkali netal hydroxide nay be
enpl oyed. As discussed appve, alkali netal hydroxides
are illustrated by sodi ymmydr oxide, lithium
hydr oxi de, and pot ass# ‘iwﬂrOX|de Due to its
relatively low cost, sogtum hydroxide is often
preferred. The Process: Typically, the oligoneric
polycarbonate i ntroduced to the back vented extruder
prepared by heating a di hydroxy conmpound wi th an
whereua@2 R% atsdndependentyd GF yi% elkylyadieal «C i1t esloalkyl spdjcal, ora C, -
Q6 5 /
Caarf PARER IREE 3y RN O Hi0 B g PhRE BBl of e presen
mventxtoy pmoalX] i a0 @ndoh nelectédfram V}egaalp donsigting roahyctyoméft \hebcftﬁ

carvorylgleo T G PR ST E PR a1 PoT A noHAT LS BEF g emary

phospHhivel EbrEioRXds ¢ DIEe 15QBERAbILY] pfmgh@ﬁmﬂ Rydrofide, tetramethyl
transesterification catalyst enployed is hetween 1.

phosphenitn @eaﬁ:@lteyawetw"péﬂosqypwfl@rfamye 5 lrphfswﬁoaal%h@f%%? and
tetrabu?yl %h&%pﬂr&num acetate (TBPA). TBPA is often preferred.

Where X is a polyvalent anion such as carbonate or sulfate it is understood that the

positive and negative charges in the quaternary ammonium and phosphonium structures are
properly balanced. For example, where R% - R® are each methyl groups and X" is carbonate, it is
undefstood that X represents ¥2 (CO;?).

Suitable sources of alkaline earth ions include alkaline earth hydroxides such as

magnesium hydroxide and calcium hydroxide. Suitable sources of alkali metal ions include the
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nol es of transesterification catalyst per nole of
di hydroxy aromati c conpound enpl oyed. Upon heating
WO b@omBostiir e at one or nore tenperatures in a PENyL2005/032655
from100 Cto 400 C, preferably from 100 C to 300 C
and still nore preferably from150 C to 250 C
reaction occurs to produce a solution conprising an
equi libriumm xture of oligonmeric polycarbonate,
by- product ester-substituted phenol (solvent),
transesterification catalyst, and Iow |l evels of the

_starting naterials,_dih¥groxy conpound and )
alkali ngesal by droyisiss ilperaied Ryilighym hydepgnsp g umRoxids apd pipssp

hydrox%glg.u Iél%l?eg SGHs ok Bf{ﬁﬂe R AdaSNaE kAN incloR s8Rl I ¥abBBlic acids,

ritumstrongly favors the formation of product

such asgbdigmreetat apd Hyroat b wé tibylamaidifyyinp tasidagstic acid (EDTA) such as

ester-substit phenol and onl r S the .
DT ERaFEl R T st i BRpR st B Pl ta b 26D Blrdnife et
preferrddll QalEtBér satideinHyerdxfileidEftenicBiithined@Rhinith i@actioh ackponents @slan
~ _devolatilizing extruder to effect renoval of thg,_ u
impurity gudhis GATIEMeR Y PN Y1 AR (oA DBR BREFCEY) YRRt Hiiapdition of
additio@PMERLs ng the ol igoneric polycarbonate into a higher

mol ecul ar wei ght product pol ycarbonate. Because, the

i erderets tae?pi:\fei tbﬁaﬁO’l‘fOﬁ{O@@f H®1y<$ﬁrbqn§tewlﬁg gl W%ﬁhmfﬂmfes_ent
. .cons | o r r .
e GEREAT e SO AALL ORpRLEE OB TP LRI EhDlovea's
typicallg @eketl npovarthe calahyder of uidlesgf dibtydrosy compoulssmeploned in the

AN ST ST T T WA (7

to all difiPdrBRy Eh Rl &tenfdyelT e pblyROidEah RAf@Ineit 2@ ddnidtnictBfer to
in the oligoneric polycarbonate) will close

moles of ppespheramealt e mgloeiribe GhyEaropPeuRKBgmpitgfhe number of
moles oﬁgﬁgéph@ﬁ%'sswdi%;d@@%thsm &8 82Ghd1dk JFRAGIn& AUk RydRRY

roxy aromatic conpound. In sone instances it
compound prdsentde tieredotien mixturenBhecansoupbeft drpamicodmmergum or phosphonium

ester-substituted phenol —fo 20uring.th
salts BB PRIATH G o5 B Ghrise X LA LR et ey 1 »
102 andal D abthhoke peandle af thefirst sidegecoridalhy@xayebepodidatemignéd€lhe
i m xture of nononers and the transesterification,
imorgamiE Rl ST SRS HERICALY il BF E3HRITY o FBFHTS CefiFsponding to between
1 x 10*3haPSPer §sretadlyd: 0164 FRIBNRF'8S6]ePoT Inlil %?Jh’okiidQ gerGhdle 8F the
. portion of the” ester-substituted phenol. This may be
first and sgeerivedih ys@orRompstRed copbidekont i nuous concentrat i on
fht £tird Jt%m%}@éﬁ? tla&:bra?n b %Etﬂ%ow Sent AOAHHRA! %‘e%;ja alkali
0 renove-sofvent pri to its introduction to the,
metal hixaokidy sy bdereplbyadd evs.disdessed steve salipditrndtal thedropidenaot illustrated

distilled fromthe m xtyre undergoing the 23 :
by sodi BB 440 PO D50 SO "ET T HoR ol aively ow
cost, sobli@AGHyaRRideihendi)reerdar wei ght of the oligoneric

pol ycarbonate will tend to increase. If sufficient

ester-substituted phenol by-product is renoved, the
The Prdl¥fiber aver age

Typically, the oligomeric polycarbonate introduced to the back vented extruder is

prepared by heating a dihydroxy compound with an ester-substituted diaryl carbonate in the
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nol ecul ar wei ght (M) of the pol ycarbonate product nmay
be in excess of 5000 Daltons and in sone instances in
wez@ed365ef 8000 Dal tons. Thus, in one aspect 0PCT/N82005/032655

present invention a mxture conprising at |least a

di hydroxy conmpound is reacted with at |east one

ester-substituted diary] carbonate in the presence of

a transesterification catalyst at a tenperature

between 100 C and 300 C and a portion of the

by- product ester-substituted phenol is renoved by

distillation either in batch operation, continuous
presenasye dtansRsieriGieation caiplstn Ahe toACtats e fypicaliy eoralined i BrYaTSPIGA 2
raio b4 8805 FY s BPISE Al BoGRTRE DSk 0 Holes ofpiersptgttted
diaryl @kbo@@ﬂ&@éﬁmo&mﬂ dihgdtoxgaramatindeerpoands r'Bigemvphtexf tlassesterification

i.n _excess_of 5000 fon ati 4
catalyshATBRIGL 5 PEVEHERO F 40 T8 = B RSt Lh ok O 1 S * 10
moles @?Fﬁk@%fﬂé@ﬁfn%t@lyﬁﬂ]ﬁr ROle)E aIhPeaY Erotntic EdMPoRAd @ﬂplbjibd Upon

still higher nol ecul ar wei ght product pql ycarbonate,

heatingsthé amgu@da@ ene PORgFe EipeTiNes In hamgﬁ §om WK tp 49 [ C greferably
from lﬁtg ve?oog&d’]% afld Ltﬂ%!}r@%ﬁéfer%ly Fibiesorad 'Q% PC %an@? bfe#és to

‘ resi dua vent: |I'n one enbodi nent o
‘producpn esletivn ¢axweistrigan equlitpomt ingriure of oligonesic eplysarbraiet bit-prgduct

e s RGP TRy B 5 AL b gt e
matena@sﬁﬁi-lﬂﬂro@f/ @@nd and@ékdedutisQrupsdaiardiecatboasb.UThio ik referred to as
nmprising a ycar bgnat e_havi ng a nunber _aver

1

equlhl(p:f& »E L}P%ﬁea%%‘?t@ hpfypi‘cﬁnéwe Equligjfurg ngaffii’%ﬁ the fGrmation of product
oli gom@ﬁé ﬁ&l}/&%ﬁt‘etahﬁ SApRERR Qéter?sﬁgstmm?;m &hd 0B/ thEésQﬁ' tHeSstarting

to a devolatilizing extruder wherein the
materighodry obseberatlbe eguidibraled? produgigniaturgis dupndutrqseraddatolsdagl eented

devolatﬂlzll%eg(tl%dal t? hﬁ? ct Mo%gl%lf ﬂ‘[grb@r%t s?é’?-sg% Etg%g;g'{enof 681vent while

ar bona avi ng con ent
convertifithe a]ﬂgmuﬂm@p}yczn‘goda&\nmb adfighat mbeasltr 98%ht pasvidct @darbonate.

: than 1 er ent b wei ght sol v
Becaust 16 HISBRET AU PHEHS T C A BBhE P e fap! Prgion step mor
removeaqﬂb} tob:&ﬁhm@m ther @B &fpically h@ficcd t6 HADAIditRWEN AGEsT@irig ek @iision.
: i n excess of 5000 Daltons, it will have a M'

Where p@ p&c@tl ol grtalush iperdpiesh wééﬁlosm oAl el iyring pppsion step
(expres% BQ EH'I%]EQ lcétgﬂ Ex' IE?IQ % SR e fTRNIHE G PBYIi éb?nenc

y a var nmethods in addition t
polycaxbhxmt@ qull Ic]ob¢1atappm¢wumene hl@ohnwgmf datadlysawrgd ithibe mh@dthnsﬁtep
exa Ie ol i goneric

rti r
exmemg?gkﬁ?%§g$g¥& ?égdg th%mo UCRPBE% or epar ed by
. [easid ifslaeks D ARy O desirale tcbﬂeﬁmhem pbm owiof the pirasgbstiuted phenol
om0 oL TS 50 oni onerie & e Sl bl aride
step, fo Q)@a%;}?c? hEdtnb IR mix RACSEHoNORARS anldh kG fi caRiatal RS der

an 24 WO 2006/ 036545 PCT/ US2005/ 032655
vacuum, typxcally from 0.01 atmospheres to 0.9 atmospheres; and distilling off a portion of the

ester-substituted phenol. This may be further accomplished by a continuous concentration step,
for example, a flash tank may be incorporated to remove solvent prior to its introduction to the_

back vented extruder. As ester-substituted phenol is distilled from the mixture undergoing the
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ester-substituted phenol, for exanple nethyl
salicylate, to afford an oligoneric pol ycarbonate
W@ eop/BE&SHhg ester-substituted term nal phenoxyPQr/o8m®s/032655

in methyl ene chloride solution. The product

ol i goneric pol ycarbonate in solution may then be

subjected to the nethod of the present invention.

Catal ysts enpl oyed during the interfacial reaction are

typically renmoved fromthe solution of the oligoneric

pol ycarbonate in a series of washing steps in which

the nethylene chloride solution of the oligoneric
.equlllbmbiy cacthon dteencpls:ui@awhedt of dipeciizenteyic pRlydarhaaste will nd to

mcreasg dgoilﬁlgﬁsg? cs&egts s'&} u? ed rPaen lyn %g)dagtﬁéé%mgk%& @Eg@&ea; drgéed

moleculiid rweJ(th (Mt)J ofi e p@lylcm‘boﬂaﬁa }irbcﬂlcemhy bisSin@Rces$ efh000 ﬂDath and in
I.men

some ll’&mé@ 1{1 GX%S% |§99$ %lf&} lil(g}%t iﬁt?sa{ﬂ Ilg g?r%lf;tl (%% hlﬁl r}%g 3?%3. mixture

compn&ﬁgptr lbacs't Rdin9&bgy Co?h’;k?ﬁhd W R RREND XeYst loRE Bété}%hb@ih@dﬂtﬁ aryl
goneéric pol ycarbonate being prepared using

carbonathel tbq melsmﬁﬁ af4 mwses@@ﬁwatw@a@b@w i [pperfdire bpfweqih F)0C and
300 CS q%ot g’f t{lé Q?Bmﬁé‘c? ggsuiﬁgecg‘g‘fe%ﬁé oved y chsu]]atlon either

1 Za to a uct po ycar onat e
in batclh ﬁlﬁ‘eﬁitﬁﬁ[ @initingpus bperrmcrmabr qcﬁmm’mmayoxg piohnos Brerdquidgibiratippproduct

: sai d chainsto Sui t na enol ..
may bech R ET GUPBF LIS PR L E I BRI o PR RTONe ol
and ha8nig & Hﬂﬁﬁer%S&ﬂgeﬁﬁ&@cﬁﬂ’dr R@ighinteResEBt $000 Dafitohd) ETHY @@RibEation
i nvention is back venti ng devolat|I|2|n%Vextruder

‘productyif ghenifed toj aberls vepfedederolgidfiemesapds A hemin e palyerrrangte 1s
converted pd%tﬁ‘]%%&?elr H)%f%%HlQlt Peifit fpr&ﬂl:t";%@carfbﬁﬁ’a{ﬁ @alﬁgl-dg}ta: plj%ﬁéh%&ﬁﬂte

ture e use-of back venting. Th _
havmguhghéémt ef enduapipingos baslgveh pf Frsasvtodunfeamlomle‘feé p%ugwgiuaé

353 S BHERSL o S B S5 B RN v

formedmuiiﬂgl é@llﬁlﬁaﬁd’mas &i&ﬁlﬂddleﬁﬁn thAmwaHundﬁgdmg eqlhhbliﬁtlmemtl adfke
the extruder of the esent i nyent i $ ﬁiloc ted such
bENS

amoun gt QD s 1986 SXPEPRG 1 WIHOB SPBPR TS Pelicaioph Daving & fmber

averag&ﬂ%%%égﬁtﬁ@mcﬁﬂ%f EeRIDARAS, chir-SubsrithRe bhatRDindODEBI This
l'ess than or equal to the resistance to flow of the

solution isthani fom tcodmyolashizing eitadeHerdiv iy PobEwrberaty ifgonverted to a
productgbl V}’c%%% Qﬂ!&\ﬁn Zl(fu% S dieculal {vglgﬁte serd | }oldH&?B@E%?ﬂte having a

‘ rzin er and feed sy ten1 ur't ab
Fries catént atwaied i (dgppng ah Iamdcapmmgﬂewbl of attlbmt % swrtless thae ritpmnnt by

. In one_enb dlnent of th reaction.c ongn

weight S LG GG DG U B A SP g LR AT Bl don

reactiof hddYaCHuehb¥r HRIHRe wdtkcantiwe glﬁtrlﬁl BsRsd @000 Dakomnit wilkhale ¥,
.are combined in _a reaction vessel 10 and heated at a

value in erapas btwee 000 Ralanigad heRiRdaions 00c and 300G,
E’ég 185 %o%gf\é g?ﬁ% telrﬁggar@ﬁ‘lq% gé?x efare@by QVQ{&ﬁ@fLHﬂ?er methods in

t re and 1 nospher es, preferabl %
add1t10ﬂD&1meequ11ﬁbrarmh rﬁetmc}ms@ﬁ?ed esd the megrodvs o partisalatly jimitedf For
examp]e, 011 gomeric bischloroformates of bisphenols may be prepared by reaction of one or more
bisphenols with phosgene under interfacial conditions in a methylene chloride water mixture at

low pH. Such bischloroformates may then be further reacted under interfacial conditions with an
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25 WD 2006/ 036545 PCT/ US2005/ 032655 ol igomeric
pol ycarbonate in an ester-substituted phenol. The
waoeloddesns i s transferred by neans of a gear pPOPUSRI05/032655

via piping 14 which is directly plunbed into a

fourteen barrel, vented, twin screw extruder 20, said

extruder possessing screw design 30. The extruder is

operated at a tenperature between 100 C and 400 C

preferably between 200 C and 350 C, at a screw speed

between '50 and 1200 rpm The solution is introduced

into the upstream edge of barrel five 22. The
ester-subRgMEdtphticd,fer alamply mdiey] edicylageto affodi apatligompric polycarbonate

transitlgns om .0 e extruder barr

g,

comprigR FYEiey SR b s B elkttloREe Bigflay, TRE®

produch& (f%ﬂ'ieﬁg @Bl?@hﬂ%ﬂlaﬁehﬁsd]ﬂﬁnﬁﬁ@rﬂléﬂ Bﬂ:%u@%ctecbt@rtliﬁh&hw@f tRedrpresent
barrel "four 26. The extruder screw desig

inventiomrGHglyss gFPplershAsyin G he dupiEakial ErelifBrTetypic hfsf??la‘ff‘é*cff%%/the
oo} S g LT NS, I ELIEB0,4 1 2 i
chlorid2 Selut2ah, ofalnﬁcbh@@mancepcﬁwwnvtammsh&dem)@tedwtfaweter to remove

sodiumgchFo&%Ct @gg%r?s%lc cg%t?%%tgxlhcgf 4§%¥1ona}1f§ qﬁg ma%l%]éirre uir da 78y be
added di¥mploPRisGirfor COmE altngdnwiephi n t he ol|goner|c feed and
those fornmed as the oligomeri

c rb te is
bPRAIROdimeRt. G w&ue%orﬁbwfve%ﬁeaﬂ%f?émstaﬁ?% ipggolution of an
ohgomgﬁ@% S oona20 byEsingaRRF-SulRitied PhitRk Ve?xlnﬁlfal ér@ups said oligomeric
roducts are condensed in a sh elr

polycarbometrelpsteg preppraghisiply theseqailibzatine techique d%mheé éerém Ade g@lution is

4 e
oen s B LA L BN o
terminal Phenegy gdumd derisedcfodrd stid ajmirstopper. sSuitaldel nwnq)furlploﬁﬂ.phenol

Vacuym.vent s 4 are. connected via cold trap 60
Chmnﬁwaw§1v§eEU%?ﬁﬁﬁéwe§fmig ﬁ@ﬁﬂloned t he extruder

GREBL i8St @ bicofting tB %e&ﬁ&ﬁécpd’f&hél\ﬁhﬁht ipv@viofle 41k venting

i ntense m xing of the contents of the extruder, These

devolafizéngextndeat BBRih tinen ey adenrdier SPaRting HEsATYAl Agounts of
so]ventsfﬁ% 1 g ol xg‘s%ﬁjeﬁtdm&glre Mitﬁ %S 8EhdcR Q@ntmga@'ﬁé @)gruéér {Harefore

esign are believed to provi for enhanced
must pqsaetse 8t lefst ol ayxd araﬁmiay e g@hiar rumbpr olwdnts aslppied {os selyend ravegval

located élgg‘]éeraxanffﬁo&n Ehe f%eﬁl éJO g?mefr r;lr Qﬁlrre: é&ﬁ%gﬁ’%‘\‘}%ﬁ ?Xcg mentloned a
back veny i th@Atadeag niad ;edsemahva'mnen mrlomdeuo*.}euﬁmeh@tesnsmscel tn flaw of the

range between 100 C and 400 and at. on nmore SCcrew
reactionSRECTT T s T lé%bt@dheﬁ%?ﬁ gent 2grt i e e Speivey o e

res1stan@§¥o"ﬁﬁ&nof596 fe@é’t%lébh]g&%:n&fﬁonmh'é & ﬂoﬁﬁ@ihe%@fcarﬁ&% & Port.
preferably between m and 500 rpm Extruders

Figure biljustadi¢ser degplaiil szenmr@d@* ang faed sysian pitahlsdomtse perording to the
method Of ﬁ%%%seﬁt@ﬁ%gh Jm(.) "n ogg Lzrﬂgc?dlment of the invention reaction components

comprising an ester-substituted diaryl carbonate, a dihydroxy compound and a transesterification
catalyst are combined in a reaction vessel 10 and heated at a temperature in a range between
100°C and 300°C, preferably between 150°C and 250 °C, at a pressure between 1 atmosphere

and 10 atmospheres, preferably between 1 and 2 etmospheres, to provide a solution of an
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co-rotating internmeshing double screw extruders,
counter-rotating non-interneshing double screw
wWe@2a0608rS, Single screw reciprocating extrudePST/US2005/032655
singl e screw non-reciprocating extruders, 26 WO
2006/ 036545 PCT/ US2005/ 032655 and a nmultiple screw
extruder. It is a general principle of extruder
operation that as the feed rate is increased a
correspondi ng increase in the screw speed nust be made
in order to accomopdate the additional nmaterial being
fed. Moreover, the screw speed determ nes the
oligome®Spdlpiag@niite itBarcdstet- h(ﬂ)smteelrphaiol The lsmigtm‘nesi trar(sfetdltd by means of a
ext ruder, here t%t]1 of .t he_ ol | gb ted,
gear pugE) 12047 Bipingt14 ¥ JS?‘F F‘fri“&%f‘%“&ﬁ &F&H y%’l"' Pigscrew

extruddr h@ S EWuER96eRNY sf:r@@dieélgﬁ 80. A ektiidbiGabpetated at a temperature
I 'nter dependent 1t use to characterize th

‘between dD@F T and HI0° B erafieselly betwaer 208" Gind 380 1 vt 3 seey Sa%edéetween
50 andtlZ(Sd og% Tﬁr% l {n}/ is ngtﬁ%ucee)atlﬁtﬂq up',st?‘ea é%é@gm%yﬁﬂ: 3N3fhe

arti rmterl intro to the-
segmerﬂ‘ﬁtiolhuﬁleﬂg 1hB extpm!dnﬂﬂlcpxe thehtcansitidms ftdmeow&udes bewmal to the next.

The ex o ?%Seaglgpl %IHF {ynVO}:t?alBllan%’ltﬁbégj gn 2? %%fz% ups?rﬁ%m s:d% of
barrels 0S¢ 2Parfl batB1Edur 2t eTKeQ:xﬁﬁﬂ&\ébxéW eieﬂgmtecroasmth of clveihPstrew
conprising an oligoneric p %carbonate and
C

elementsriBestraise by B2 prbimi e eetoansy@e itaclyslean gnifigmpyiggsedion s and
four zoé%oi 8881%9 d3xiRe 36 h‘%{#shiﬁ bo A8 46%k" H(Bgﬁtr vaptﬁinpgen‘?so ehdhed

mis e ‘'maXi mum and m ni num f eed rates
connectzd tb emlammie A2 er@wwb@”@dtcr-aubetﬂd@ﬂ@hm% endvelpy andgpiergyolatile

NN R L R N T i X

polycarBBnekd 16 BdBBeled ifftopradtz lﬁcﬂﬁﬂlrb’oahte Sv1thlnl’th@ﬁ&ruéﬁb CBadi \mﬁmapofs and
t he gresent |nvent|0n

other vl BUPGHEE ° CamemiEedbh oBH o S aBaeo fta Beg et to o

source 691095&%&% 36. THe RRENRAfsFrthe? 0quihpe@RvithTRRA L AGuR@htstses2,
tenperature of said superheated solution is greater

and 54.t Waqwumhienbh s Pergegiod vie aePlditree 5669 & BPRURPUEIDIBaSfecuum vents
52 and gi %r%%ﬁrgn%ftea_ ¥1B'c81%' t#é ’r6|0tct:g'§ %c?ggﬁ{) ;5{22 A\%T eltnn ned, hg e&lterlé%er
comprises beﬁli’rdwﬁ@é):cﬁhnsg«ﬂech plhaxkie fdreéntbok niixige pbuhntoménm bicthe extruder.

e OGRS B bR S BHRE 5 Ve g ons

labeled b i0@BBEES dBRdyGabaRNEL ® Prévide oy pefaheatratek’ ofolfearbonate chain
respect to at |east one of the solvent conponents.

growth yhaive (q pfBerdomains 3ithist the §¥yisier i ¢ pol ycar bonat e
g“ Q%ﬁxluﬁecr Lﬁfcgé}'cgﬂdﬁ%% tl@%’é!ﬁ‘(;(ﬁof%e hedeh: iRl aRoRNGypieMy operated

I'ng solvents may be a vantageous to sup erheat
at one dr herswenpénores df a mnggb@twp¢rclq90‘1@@dr4@@n§taedw Qre qremes,qrew

spéeds itn% s%}elw speed range, said range being between 50 revolutions per minute (rpm) and
1200 rpm, preferably between 50 rpm and 500 rpm.

* Extruders suitable for use according to the method of the present invention include
co-rotating intermeshing double screw extruders, counter—rotating non-intermeshing double

screw extruders, single screw reciprocating extruders, single screw non-reciprocating extruders,
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solvents present (i.e. above the boiling point at
at nospheric pressure of the highest boiling.
waels@sdss Super heating of the solution of thePCT/US2005/032655

ol i goneri c pol ycarbonate nmay be achi eved by heating

the m xture under pressure, typically at a pressure

| ess than 10 at nospheres. Superheated solutions of

ol i goneric pol ycarbonates are conveniently prepared in

pressuri zed heated feed 27 WD 2006/ 036545

PCT/ US2005/ 032655 tanks, pressurized heat exchangers,

ﬁtruders %fsur|zed reacti on vessels and the |ike.
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ext ruder, to both extruder
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ically oper d at. one or e fen
solventh BRI <189 Era NG #EGOE S ARG BRTI-EET IS Of QR SHaEH i
solvent). Superheating of the solution of the oligomeric polycarbonate may be achieved by

heating the mixture under pressure, typically at a pressure less than 10 atmospheres. Superheated

solutions of oligomeric polycarbonates are conveniently prepared in pressurized heated feed

27



extruder is operated at a tenperature between 100 C
and 400 C' refers to the heated zones of the
wezaoskesns it bei ng understood that the extrudPCT/IE3005/032655
conprise both heated and unheated zones. In an
enbodi nent as depicted in Figure 1, the superheated
sol ution of oligoneric polycarbonate passes through
the pressure control valve 72 into the feed zone of
the extruder which due to the presence of the
af orenenti oned vents is at sub-atnospheric pressure

The solvent present in the superheated squH5%
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which [iR€ingy BE Pickduge co@&blrmdﬁrlsattaahﬁﬂi ts Ithﬁ:g;icE fsmeeam a posmon between the
non-reC| rocat(lh]t‘ge ext ererS tances
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the extruder, it being understood that the extruder may comprise both heated and unheated zones.

Figure 1

In an embodiment as depicted in Figure 1, the superheated solution of oligomeric
polycarbonate passes through the pressure control valve 72 into the feed zone of the extruder
which due to the presence of the aforementioned vents is at sub-atmospheric pressure. The

solvent present in the superheated solution of oligomeric polycarbonate undergoes sudden and
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wei ght and a reduced | evel of residual solvent. Thus,

i n one enbodi nent of the present invention, a
waedoddesns of an ol i goneri c pol ycarbonate and aPGDUSENS/032655

IS subjected to devolatilization extrusion at a

tenperature between 100 C and 400 C on an extruder

equi pped with at | east one vent adapted for sol vent

renoval |ocated upstream from and adj acent to the feed

port to provide an initial product polycarbonate. The

initial product polycarbonate is then introduced into

second extruder, said second extr
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reln the nononers and catal yst are continuously
are Vacpul VERS- and the sol ution of ol i gomeric pol ycar bonat e
B tru€H kiifauRYSH We fredmbodindnesaritia pgesahi invsmtisn wheareinarsuperheated
Thus a m xture of BMSC, BPA _apd/or . other j hydrgxy_ .
oligome R PRI 1GIIoR 1 SE6 SEdry RS carr Birgsfiog URgE frsew
extrudgr§ QOﬁrﬁexq{i?auﬁ%gorpi‘nte@mEéﬂh)% do8RE b@Ew ch@@lefsihfle Screw reciprocating
t enperature between 160 C and 250 C. A sol ution of an
extrudaps, iagd siBEIE SCIpBIngE-AchBPraties exideges at' t he opposite end
f . the.
1 some &ngtﬁﬁc%s HP}%Q}L l)%tr frowhhﬁhg ﬁ? V\%CQ gﬁlggaﬁlgﬁég g‘(ﬁﬁ%ﬁ%wrdmg to
the membtb diiht preeény uza/eiummat ef ingufifigiett neiotle weghwdbtni@ﬂ tooghuch of the

so]vemrﬁﬂgy%h§ %%geé}t i t §O]Bt|106\}$ %&Hﬁﬂgﬁgﬁ %cﬂﬁ,? ona F hIn dsuch mstances

simply %@ﬂ&ﬁmg &% frb@ucspRshate (d 9 scbadnxngsion sieme kimdeiond differest
onprising at | east one di hydroxy cogggund

devola R TR R RS (PR RL MOt FAHSBEEF Pt Bffossed molecular
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extruagn atXaC:t%]r]}?era %}eq)e%l/elegqai? b at?dh(ﬁ)c ‘td 81’?5]‘?8(’[&1@51%%9%&)&1 with at least one

vent adapted for solvent removal located upstream from and adjacent to the feed port to provide
an initial product polycarbonate. The initial product polycarbonate is then introduced into a
second extruder, said second extruder being equipped with at least one vacuum vent. The second‘
extruder is operated at a temperature in a range between 100 °C and 400 °C, and at a screw

speed in a range between 50 and 1200 rpm.
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resi due, and a transesterification catalyst, (iii)
renovi ng activated carbonate residue fromthe reaction
Wwa@eopos@rt S prior to introduction to an extr uBeT/USIN0SD32655
heati ng the reaction conponents to a tenperature
greater than the boiling point of the activated
carbonate residue, the boiling point being the boiling
poi nt of the activated carbonate residue at a flash
pressure, the heating being carried out at a feed
pressure, the feed pressure being greater than the
flash pressure to provide superheated reaction
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resent In € nononer

resxduesdnmlLHtchnb@tehnélsmmhamMO ppm preferably Iess than 1
: ppm and still nore preferably | ess than 100 parts per
billion (ppb). The anmount of halide ion
- (iii) removing activated carbonate residue from the reaction components prior to

introduction to an extruder,

(iv) heating the reaction components to a temperature greater than the boiling point of the
activated carbonate residue, the boiling point being the boiling point of the activated carbonate
residue at a flash pressure, the heating being carried out at a feed pressure, the feed pressure

being greater than the flash pressure to provide superheated reaction components,



present in the polycarbonate, for exanple fluoride,

chl oride and brom de ions, should be mnimzed in
woe@en3dsas i nhi bit the absorption of water by tP€T/US2005/032655

product polycarbonate as well as to avoid the

corrosive effects of halide ion on equi pnment used in

the preparation of the polycarbonate. Certain

applications, for exanple optical disks, may require

very low |l evels of halide ion contam nants.

Preferably, the level of halide ion present in each
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anal ysis. The Fries product analysis is, carried out
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optical @ﬁﬁé Yezg ngg dﬁl(éj RolededofitaRfiRE i GresBM in fﬂelpglycgﬁﬁnate ca]p affect

henol o ycar bonate produced by the "nmethod
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polycar pl&cggf’t %gﬁct el GRREr a9, SRR ly low levels o
halide ion contammants Preferably, the level of halide ion present in each monomer employed
should be less than 1 ppm. The presence of acidic impurities, for example organic sulfonic acids
which may be present in bisphenols such as BPA, should be minimized since only minute

amounts of basic catalysts are employed in the oligomerization and subsequent polymerization
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pol ycarbonates will be from97 to 99 percent
endcapped. Free hydroxyl groups at the pol ycarbonate
waeb@en3@ntls typically conprise | ess than 100 ppaT/ob2005r@32655
total polynmer weight. Two types of free hydroxyl
chain ends are typically observed for pol ycarbonates
prepared according to the nethod of the present
i nvention from BPA and BMSC. hydroxyl groups attached
to a BPA residue ("BPA OH'), and hydroxyl gr oups
attached to a salicyl ester residue ("salicyl OH").
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the meJHS@Bf th§ bRkt in&fton 58] BPAGhEBME @Ayl &OhSY ditdehed to 2 BPA
antistatic agents, slip agents, antibl ocki n

residue (“BPA OH”) and hydroxyl groups attached to a salicyl ester residue (“salicyl OH™).

Typically, the concentration of “BPA OH” endgroups is less than 100 ppm based on the total
weight of the product polymer. Likewise, the concentration of “salicyl OH” is typically less than

100 ppm. Endgroups bearing “salicyl OH” groups have the structure indicated by structure,
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agents, lubricants, anticlouding agents, coloring
agents, natural oils, synthetic oils, waxes, organic
wo 200b@BaES45 i norganic fillers, and m xtures therroOf/1S2005/032655

Typically, it is preferable to forma blend of the
pol ycar bonate and additives which aid in processing
the blend to formthe desired nolded article, such as
an optical article. The blend may optionally conprise
fromO.0001 to 10% by weight of the desired
additives, nore preferably from0.0001 to 1.0% by
wei ght of the desired additives. Exanples of W
absorbers include, but ape not limted to, salicylic
acid UV absorbers, 33 {AD 2006/ 036545
PCT/ US2005/ 032655 benzwephetithe UV absor bers,
benzotri azol e UV absonbers, cyanoacryl ate UV absorbers
and mixtures thereof. anpl es of the aforenentioned
heat -resi stant stabilizers, include, but are not
limted to, phenol stabilizers, organic thioether
stabilizers, organic phosphite stablllzers hi nder ed

and areaqnaneﬁedsmamclema@etxcqumn@tsmtﬂomer ENMRY Jrishauid esnoted that

r h [
the cor{c ‘g a? 8?8 of-l[*ygroxglaﬁtnd%g§ a?\ggérceéitt @I%( a#%ﬁ?ééde@a%ﬁe? %g&%%’rgrs td
productpdldkaiigine@sad agrai oligometicipetycalhwhatar Addmlbndlllymntlmﬂant:@ in which
natural and synthetic ffins t hyl ene waxes,
the profias P BEPUGHATE B RS DH e GO BB P E LG er
substltﬁg@&tal%h] cb&td With &fel fl mIRyBh RNt Lehitle REIpBundsislafidrli@kolution
hi gher fatty acids, hydroxyfatty acids, and other

comprifiag exy obgdnepricpolydarpeatscand sufseqiiently @{bgﬁwg:sa&&soépt@mt%@msm
on o oL ARERL AR L B A Bl SR S i
the produmit @elynambcd}areshﬁasfkca@e ntosar rano@é leglbr—salbﬁﬁmﬂ di ar}t’c earwnate to total

dihydr%:y%g%hlgzl}tlg: ng‘lgf)% §I JBY cg]i)P g’éﬁ r}a} 1o s%og - Q Sm ’g ﬁ% e ?%%en 6.95 and 1.1.
- Typicaly, Giabdwzt pllchricnbie pepae@entis ,mdﬂwd}df tist present ieyention will
pent aerythrit ol tetrastearate wgd ot her . | ower

containgng sy STaal} @peungyofresidug %%T"&sdl PRLRFRIRREE W&W&ﬂ (generally
less tha%%bgwgﬁl) Qhd é@érlsﬁbsﬁﬁitgﬁdlarploéﬂtﬂ)hé’tg @éen@r%ﬂ? leBs t‘Bﬁn 5@t $pi).

and other fatty acid ester rel ease agents,
gibk prognes polycarheritasorpared by Ff@mhqﬁﬂfdher RPEaLiaveniige may,
optiona?lggg ﬂeﬁ&éﬁr\s% %—Iy c%ﬂye}gﬁgnaﬁ F t?\feg E%ﬂEﬂgﬁggﬁ%sugggpphcatlons, such
as prephlﬁt(grrg@lﬁectarodbfo rThege atgewbsmalude Wrsyanﬂuzcrsc mtwidagts,dgem S
..my b sed se t el [
sabilizf B e PR Cp BT 6T B cisan b B gETHS P aebipe
agents,an‘i:E&ﬁs,@ﬁﬁ&@ﬂﬁng d’g\éﬁt@tdolbﬁngag/ents‘?nitaxﬁﬂ&m synthetic oils, waxes,

organic fillers, inorganic fillers, and mixtures thereof. Typically, it is preferable to form a blend

of the polycarbonate and additives which aid in processing the blend to form the desired molded
article, such as an optical article. The blend may optionally comprise from 0.0001 to 10% by
weight of the desired additives, more preferably from 0.0001 to 1.0% by weight of the desired

additives.

Examples of UV absorbers include, but are not limited to, salicylic acid UV absorbers,
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copol ynmers, bl ock copolyners, branched or |inear. Wen
t he product polycarbonate is branched a suitable
whe@aokisny agent, such as THPE, 9-car boxyoct adeCEnS2005/a32655
acid, or 1,3,5-trihydroxybenzne is enployed. For
exanpl e, the inclusion of 0.02 noles of THPE per nole
of BPA in the equilibration reaction of 1 nole of BPA
with 1.03 noles of BMSC to forma solution conprising
an oligoneric polycarbonate in nethyl salicylate, and
subsequent extrusion of the solution on a
devol atilizing extruder according to the nethod of tge
benzoplEnesedY absarbers.ibenzopiiazple Uy ehspiers £ymrosry eV Kiabiprroinda
) | ycar bonate. Ml ded articles, such as a nol ded
H“XHHEEBF%@gl article, conprising the polycarbonates o
Bxepassast thdafotehentieit beht-ofsistanestahilgssninciude.dut ironot liveied to,
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phenol SebiNew OUBPS BB PErTeEbdpE Gsentit SEaflcHs el pmine
i1izd® ol AR 478 Instk fghs tiRAGE. COHEHeRSBSiQant ttibilizergmay be added in
smbﬂlz%&??%ﬁ%l Iy nolded articles may be prepared froma

the fornbbfenslidfor li@idpr oduct pol ycar bonate with one or nore
ddi t,i0 | 456 nd: YiRlieatd danRhienakghetic
a}r?%ese(g? }l?eulg?@n%%g{e%%%’? ﬁﬂlﬁ&f Elg rm? de]d 1usi ngal il _
paraffin€, oy tiylennalax¢sefihorbcuiems, ahd pibet liydrocambal metf-feleagdpgeriy seearc

referred nmet hod of . forum ng.the .nol artj :
T
mold-reldd§e LeRS M aric A A @NetpefbRScaradiatind gt fatiprcgemidess

such ‘as_hi gh inpact strength, hi glg clari té/, | ow i/\qt e

alkylen@kﬁfaﬁyrﬂqckﬂqxpd@s@@di otbefré@g@g%@m@qry Agfepsg pecnts; stearyl alcohol,
cetyl al%h&eﬁﬁd &Qé%glgidc he¥hQanoRRy RRRRHASGRUEL YoM pdljelRerolstnd

roduce opti articles.” End-use applications for
other altdheliopbldaleaseragenth:dutyl stedrae.nevteeryiheip! tgiaptaerate, Fdrothgr lower

not limted, to gl tal [ [ Wabtlers of fatt
alcohol G8iers 8% fgfté 3% PO Iygﬁdno paglohgles't%g%%%gé ?@ﬁ’,p%g)%z:)%npag o ot ary
acids, afitl Gther fatty acABRr deold rcasngentheilichheesil aptdtealsilicenrspeld release

such as caont ac{jthl e{wes, .l enses for gl asses, |enses for

agents, gl rRiXEEERY 2% AR AORENUYISE cal fibers; magneto
B d bt ng Bt Sriayba feARdIBLgnRAts lof 8@ d Indgig afiRtokuiring agents and
I nformatii on transferring nedia; disks for video
organic celpEn@ageninRPefused sspIrpiply OR HerCHDMHAN {Thide frvRRLon.
her g . . Sves@HhA random
(e P A R S P
copolyn@did, ibirlcke sopbyrpers, iranghadhe ligeasp¥/he the(rapdyst pYEgartegatg is branched

B
1,3,5-trihydroxybenzne is employed. For example, the inclusion of 0.02 moles of THPE per
mole of BPA in the equilibration reaction of 1 mole of BPA with 1.03 moles of BMSC to form a
solution comprising an oligomeric polycarbonate in methyl salicylate, and subsequent extrusion
of the solution on a devolatilizing extruder according to the method of the present invention will
provide a branched bisphenol A polycarbonate.

Molded articles, such as a molded optical article, comprising the polycarbonates prepared

by the method of the present invention, may be obtained by conventional molding techniques, for
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conmponents conprising a polycarbonate oligoner, an
activated carbonate residue, and a
wo c@adasteri ficati on catal yst, wherein the extPom®es2005/032655

conprises the feed port, a first back vent port, and

a polycarbonate exit port, wherein the feed port is

| ocated between the first back vent port and the

pol ycarbonate exit port, and wherein the resistance to

flow of the reaction conponents fromthe feed port to

the first back vent port is |less than or equal to the

resistance to flow of the reaction conponents from
examperfBiergagmplding. lew maldipg EpE eamRsersios mekdiee: p%ﬁictltlonaHﬂme ey
e o B PR 20 Sy By B kv adiiona
polymexk eSwshrplands, |tyrgcaﬂlly| @repsaed ugngextwhion msthoda enay da molded using

converi%ﬁl?% Segcﬁgliqﬁés S%(r? %lgfé}%ng\%gﬁltg%] ae% ?re grrsgclé d uE} é\&f fo%%g%lge molded
article.2006/ 036545 PCT/U82005/032655 (b) form ng a nol ded
article fromthe pol ycarbonate. The pol ycarbonates

preEpF 8 wcerhgnqtﬁétprﬁparespy theangshadal e RERGRHEYGHORRgSSCSS
advantﬁo‘éﬂ&st PropbrAS shifas EAR: sPEn gl hRn %Iaﬁﬁf‘gﬁv whteleabs&lﬁﬁon good

_ ta may be fixed onto or into the car bonat e.
procesq@bihyxcmdﬂ@w &irefringgnca | they chube @dvaniaga@uqlh etllwdsq Praﬂ@ce@ml@l

arnc]es\l\'l'}].jhghusgl ;%i'ltczﬁz ?15 g t%% ?@Q IaHfBe osf tl%pg énﬁgn mlcfl% @H?Em ngtqr}%ted

i'on 0 Punctlons nay
to, a digital ghdio dizk) cdigitah serbanile disls banperal mkmnrytdink qnodwp}mr dignat e

asMOyrnd e ik e ehes: WP leisee HE APy R0 s for
telesco@é%gﬁ&ns opfi€al ks Oh g toRpaER AR Es; A fBrrsdtion fch:bfdhgt Bedia;

rovi hose of ordinary skill in the art with a
mfonma@p drangerrigs gdiapdipkfonfidépramerse. ke Fydyll cpapraeendibs ke

Therefcﬂ‘é ﬁlCS)Yé%M%\%qth Qhé'}rc% ?ngs %@eﬂ%ﬂjﬁgg %{1 Li!n{&l{odtol? thakin

e I nventors rega e|r I nvent | oR.
mokhdmmdeﬁmnmdmoaﬂedﬁm$h@rmnse parts are by weight,

erature | Mol ecul ar wei ghts are reported as
&3%@ g a?d tfﬁ@%b%r wei ght average (Mw) nol ecul ar

MEIght and were determ ned by gel perneatlon

chr omat ogr aph GPC) . apal si usj n ycar bonat e

ol Col ToB D AR I e dHe ATy S acien ©
comporh@ Qgﬁpﬁsxﬁaé b&gé%.%dﬁﬂte &Y g&ﬁera;gﬁdca Sdted Vb SnBicRG) WIFBANd a

nol ecul ar wei ghts were determ ned. The tenperature of

transestgicagjen C%@Vﬁé’&hqf@ﬁ theegstrugpn somprises e deed BTt Hirstibackerent port,
and a p&?@a‘rl&o%at@ Nag 801‘(‘%6%1111 Bl 2L, %}1 is located between the first back vent port

and the polycarbonate exit port, and wherein the resistance to flow of the reaction components
from the feed port to the first back vent port is less than or equal to the resistance to flow of the

reaction components from the feed port to the polycarbonate exit port, and

(ii) extruding the reaction components at one or more temperatures in a range
between 100 °C and 400 °C, wherein during the extrusion of the reaction components, activated

carbonate residue is removed through the first back vent port, and
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Fries content is neasured by the KOH net hanol ysis of
resin and is reported as parts per mllion (ppm. The
worioem3esant ent i s determ ned as foll ows. FirstpPCDUSD05/032655
grans of polycarbonate is dissolved in 4.0 M of THE

(contai ning p-terphenyl as internal standard). Next,
3.0 mL of 18% KOH in nethanol is added to this
solution. The resulting mxture is stirred for two
hours at roomtenperature. Next, 1.0 nL of acetic
acid is added, and the m xture is stirred for 5

m nutes. Potassium acetate by-product is allowed to

c b seralihg zmolgeartitle fiway the Phlycaslsinag- i s filtered of f and

lt fﬂg%@?cgalﬁt%pé%a% %ééa%dﬂ{ﬁ?%_ﬁf@?g lo?’ t%g gregéﬁt {}l'vglﬂhoﬂ%e{yq{l%@ﬁ gs the
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‘sal i cyl - OH groups were neasured b

polycar@mgier iy %%Fraﬁlyn gt & PEbSiaF @nio; whigh (et %}%ﬁasfleagﬁ? i yapplied.

Furthef; s%HeQBﬁbﬁmﬁ”on%f@b@ﬁﬁ%ﬁPﬁ@%ﬁé‘&ng(l@éé% & Bhgle d@ﬁcé"& for instance
2006/ 036545 PCT/ US2005/ 0326

when tBelpatyrashenatsfis thprgtaderittctrashingda pid din @@émg A dhtétswlge medium which .

prepared by equilibrating a mxture
is applé%tgﬂe(@ﬁ%&%al icyl) carbonate (BMSC), bisphenol A
(BPA) and transesterification catalyst,

t rabutyl phosphoni um acetate (TBPA), at a tenperature
EXAN%&‘%? range between about 160 C and about 220 Cin a

et CN SNk X BdsQke 0L 18 pRivideIBRB oPSrARSPNRIIEIN tHd ¥t with a

reaction mxture was stirred and heated until

detailed ggscriphen efroweBe methedredained Heringrs entiuAies, adaehrey intepded to
limit tl‘?ebsgtf}% e §hallin %@ﬁ‘tggtor %pd)yst thé@ﬁiv&tﬁl)ﬂd Unfts@Raiehted cherwme parts

es at a At equilibrium the solution.
are by okight, itegapesatire isgpol*¢car bonat e pr epar ed fromm xtures of

e R
ool e o E ol R ot s e e o,
molecuM@i viight apdWvyre alédaﬁmaéchpgdl @amn@ndarabmugraﬁﬁz (GPCabaliysis, using
55 percent by wejght nethyl salicylate. Table 1. .
@ polycaBioi TA<BkY LPEGREAIT (PhYE BT g Fyftion curve against

t 18 m LEHRmELIR
o EUAE O Il b o GRSt e

columrpowa)s@hws@ﬁ afanghe mobjlepiasg v&s ghlpgoforpp 10 1385 2
%rl%s Yoreht isaredsirBd gf’t?)é KOH methanolysis of resin and is reported as parts per

million (ppm). The Fries content is determined as follows. First, 0.50 grams of polycarbonate is
dissolved in 4.0 ml of THF (containing p-terphenyl as internal standard). Next, 3.0 mL of 18%
KOH in methanol is added to this solution. The resulting mixture is stirred for two hours at
room temperature. Next, 1.0 mL of acetic acid is added, and the mixture is stirred for 5 minutes.
Potassium acetate by-product is allowed to crystallize over 1 hour. The solid is filtered off and
the resulting filtrate is analyzed by high performance liquid chromatography (HPLC) using

p-terphenyl as the internal standard.
Concentrations of “BPA-OH” and "salicyl-OH" endgroups were measured by *'P-NMR.
Terminal hydroxy groups were first derivatized with 2-chloro-1,3,2-dioxaphospholane (Aldrich).
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31.03 2.5 x 10" 195 30 1670 4 1.03 2.5 x 10" 180 52
1849 5 1.03 25 x 10" 160 90 2090 Exanples 1-5 in
waadem3es43 | | ustrate both the characteristics oPCT/H82005/032655
equi l i brated solution at different tenperatures and
docunent the truly oligonmeric nature of the materia
being fed to the back vented extruder. The col umm
headi ng "[ BMSC] /[ BPA]" indicates the nolar ratio of
BMSC and BPA enployed in the equilibration reaction.
The heading "M" indicates the nunber average
nmol ecul ar wei ght as determ ned by gel perneation
chr omat ogr aphy measured usi ng a pol ycar bonat e
Ekamgglﬁcglar wei ght standard. Values of My are given in
Ttons. The data in Table 1 illustrate the speed at
WS bluki ogjefi dliigbnéxrid pmiycmfoomdmnrmm adlicglag arerdygrepaedd Wvegdilibrating

a mxgxéq.]aqr}pé}laste(géthlyhggl)é Soa%t? EI%IM%& g%p %%Eé%#gégn%r{raggesteﬁﬁcaﬁon
cata]ygo{eﬁﬁmtﬁgmbﬁomﬂ aceh i AMBPRAY &t htdnwdt@@lrp@taﬁ&a/&twéea about 160

sgllcylate solvent in as little as ten m nutes.
°C anéseb@un :%0 € én i baselvmelf feagtar ynder 4yutregen atparsphese- e Thveaction mixture

wes s AP bkt RO oG Pl R PRl B B AIERR i 0

minutésxea HM!ESéﬁ\,ﬁC @hd nabbw ) mitites xvbew 20 PC.osespiildfium, the solution

t t
of oligSRTE v b Bt o TRRr ey e S TENRE LR 04 Soier RyiScuper mote
BPA),BABAETBRA (2.8% 10101 ?e;naéle BPW) talas hdvat 4 Dpdreum Ebgwel ght
protocols. Solutions of oligonmeric bispheno

polycqﬁfaﬂr%éahlse%rt aadiaboyiat (yAboURITREjACAL Y Whight ﬂ&.tfbybgahéﬂatss in
Exanpl es 1-5 at an eqU|I|brat|on t enperature of
bet ween 160 C and 220 C u3|ng as a catalyst either
E@ﬁ—lgﬂ%mﬁ o of a conbination of
punt of catal yst
Ex LS ¥ 8. (30 18 : TBPA per nol e BPA
; dﬁ g resen abd@t 2 x1£p 6 | ol es sodi um
3 h%ﬂrOXI @n@ no g BPAm FoIIqm%ng t he equilibration
4+ reactiorjxiChe solsuti orrewas tiwansfierred by neans of
R > 2 psil) to a gear punp
whi ch punped the solution via an insulated pipe
connected directly (hard plunbed) to the upstream edge
of barrels four or five of a 25 mllinmeter dianeter,
Ik abplds als inCRbleAt iBhduAg Hofl B Bmium}gu&svwfrﬂhes&;ﬁﬂm&ated solution at

extruder having a |length to dianeter ratio of The
differeghdpmpgeiatires 6%?‘?%@6“‘6}“’&/‘@1%’§IIW3“C\YGWF%%1°&P%H‘3°&Falt‘?‘??,ﬂg fed to the

back veHI&d é’x%%ﬁére 49€ 8o18fn RaddiR) “[EMSC(])ZﬁPA}"QHHU:HéSQBe molar ratio of BMSC
at nospheric vent), barrels four or five (V2 vacuum

and BPA employed in the equlhbratlon reaction. The heading “M," indicates the number average

molecular weight as determined by gel permeation chromatography measured using a
polycarbonate molecular weight standard. Values of M, are given in Daltons. The data in Table
1 illustrate the speed at which equilibration of the reactants can be achieved. Example 1
indicates that solid reactants can be converted into a solution of an oligomeric polycarbonate and
transesterification catalyst in methyl salicylate solvent in as little as ten minutes. Because

residence times in the extruder are short (from about 1 to about 4 minutes on the equipment
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or atnospheric vent), barrel seven (V3, atnospheric or
vacuum vent), barrel nine (V4, vacuum vent), barre
web@smsss¢d/5, vacuum vent) and barrel thirteen P&BUS2005/032655
vacuum vent). Vacuumvents V1, V2, V3 and V4 if open
were connected to the house vacuum and operated at
10-28 in Hg of vacuum Vacuumvents V5 and V6 were
connected to a vacuum punp and operated at noderate
to high vacuum (>28 in Hg of vacuun). Wen operated at
slight to noderate vacuum (10-28 in Hg), vacuum was
supplied to vents V1-V4 with "house" vacuum 1In a
being nsertie thedixampies atiirddollow) aibel avaralbprioceds Ofnonvr’atmgrmrﬁmgnomers
into px'\égl&c%tl(f%@%gr%na\@é ctag Vgich\ﬁ\%ev% gnpn% Se mmﬁ{eder hi gh (i.
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| vent recovery mani f d condenser

th
bispheegr';%%&cegowwner@é pRliEY! Ptsévegecﬂrr% 3§in GEamplen -5 phpn
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(as in Byrampdeseld Sher a'qubrnatlva@fdliﬁﬁf\/vefrte squim dydrexide:i Bheantoohidof catalyst
t V. n \Y
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wanst RO by T ¢ g oek e et S038 e o as8hig Viigh pumped the
solutid®¥id atiaiiilatdd Pige cohned b @fecBy @Hakl 1;51@:%&19% thé 85difehif bHMEf barrels
smal | est cross _section) and "C' are the | east

four Orﬁfe@tqf e inilinqtey dinmacter c gl ere;-rqtarw)g intpgEnesking Bvin yerevgxtruder
havmgghaeﬁ/é@x PR5LA35245 0 le_l%T /’.[H§%919§{ep§(g%ed Ko0ks ¢4 O%qodaféd at the

sonme | nstances an emal ned open 1n others. The sc
upstre@esdggm otbnmpr orsae(él’ 1, vonwe yi rigrosgiherie mers), barddy fotther ffveé‘dz vacuum
The Scr.ew des

h
oratnfBhic @36 st TP PRed ¥ o BT ent i vy vaouum

vent), lﬁaﬁ@hﬁSveﬁ:QWﬁIvaeumg vat) @i batrélmeifttén (V60 Vacdinmgehtit EﬁtSJGm vents
The data_in Tabl

cated between vents.
Vi, V%’ér?egg’ HENBYETT aftnae%tfr?etoéreffeefesvaarumewa?r&é%eq%10 28 i Hg of
vacuurh. E¥EduuB VeR RN didONSwaR chitRctld RPEVAch&s pohp ta};@o;rzzre&%&noderate
pol ycarbonate. Further the data,, provided in Tab

to highpracuups Cé b Hgtof acumh alVhpropreeaiedds shighs temaddyate pmmdéerzs in
Hg), vécGurﬂ R a§ élgﬂgﬂgg fo vefifd mlaVE 'wq]tg “ﬂo&@’cgacggrgt Invglr%f %H&mﬁ?

I st an to flow of the reaction cohponen
vacuunﬁ eeeni V6pm vecuim M$W5/teg¢thﬂr&/1ﬂhéé@wbﬂe&pemred agda Ihlghozl &. Fdull™)
to fl ow (g{%t he reacti onents from

vacuu g ieg?g t g n S SyT| nTgo u nts ted
ot HEROTEEd” H8r ¥ PEVRE“pDYSFRUP B o LRSI TUYBIENS BRZAHPES
througtfsol vt AcSRrygiabnifold drdodhddnBarls Pa&hOlo, thdiBieedti viaduts of vacuum.
about 175 C was used_to prepare and feed
In instances in which either V6 alone or V5 and V6 were operated at “full” vacuum, the vent or
vents being operated at “full” vacuum were connected via a cold trap to a vacuum pump. Vents
V1-V4 were equipped with type "C" vent port inserts. Vent port inserts are available from the
Werner & Pfleiderer Company. Vent port inserts differ in the cross sectional area available for
the solvent vapors to escape the extruder: Type “A” inserts are the most restrictive (smallest

cross section) and Type “C” are the least restrictive (largest cross section). As noted, V2 was

38



the equilibrated m xture of oligoners to the feed port

of the extruder using a positive-displacenent, Zenith
w@e@o/0pisap. The feed contai ned an ol i goneri c MPTI/USBOND32655

BPA, BMSC, and catal yst (25 ,ueq TMAH and 2 , ueq

sodi um hydroxi de) partially reacted and

pre-equilibrated in the reactor to about 55 percent by

wei ght of nmethyl salicylate. The BMSCBPA nolar ratio

was equal to 1.025. The extruder was a 25nm di anet er

extruder, 14-barrel (L/D = 56) and a 2-hole die plate.
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port tQJRik yenpis legjghan pg quai & &ng%?ﬁtg 130 of e ToAS iFva QorRgPRents from

the fedd PRIt the3 I WPhSRUAES 5 PCT/ US2005/ 032655 TABLE 2
Vacuum @ Vents (in. .) Examle Solution Mass Melt

Screw p V3 V4 Vs M V6 FI ow Rate Torque Tenperature
e Pressure # VI (Bl) (BB4 4) (B7) (B,) (Bn)

E
mmp?BlS) % (psi) (Ib/hr) (O (rpm 6 29 29" 29 29 29
b & gallonBas 08 r@0Rr AMeingd 2AbRE 179 °C8wads@DarprdfrEthd feed

ol o b s 12 o
posxtlvﬂgllsﬂmeémﬁﬁ Zeitd 4hr pBdp 6The £dd &htadd28 of ord&icIRRrEOf HPA,
BMSC and cata?yst (125 u%% T'IZV?AI% %ng_ g ug_qs so?a?um )?dr;mﬂfc?e) %amiﬁ; rezgtgd Snod
pre-equilibrated in the reactor to about 55 percent by weight of methyl salicylate. The
BMSC/BPA molar ratio was equal to 1.025.

The extruder was a 25mm diameter extruder, 14-barrel (I/D = 56) and a 2-hole die plate.
Six vent ports were used of which two were located upstream of the feed port. Conveying
elements were located under feed and all vents and kneading blocks in the reaction zones
between vents. The feed port was located on the upstream edge of barrel 5 for liquid injection.
The veﬁts were located upstream of barrels 1,4, 7,9, 11, and 13. Vents 1, 2, 3, and 4 were
connected to the house vacuum manifold which is maintained at about 28-29 in Hg of vacuum,
while vents 5 and 6 were connected to two vacuum pumps connected to a manifold drawing at

about 29 in Hg of vacuum. Vent inserts of type “C” were inserted into vents V1, V2, V3, and

V4. Vents V5 and V6 had no insert.
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13 29 29 29 28 29 Open 40 54 342 550 59 14 29 29 29
28 29 Open 40 49 320 350 66 15 Closed 29 29 28 29
wW@p@r/03d3439 319 350 83 16 29 29 29 28 29 C osrAI/482049032655

319 350 9

6

TABLES T feed in T feed Pcontrol |l ed Ml ecul ar

Exanpl e Actua

PDI (ppm)

Barr el

Tenper at ures React or
val ve Wight MV Mh M5 # (C) (C P Val ve (psi

vIa1200.L2€20Q0l- 200,909/ Q0

29

o)

I\\JJ.LU\J‘;acLJ

SR tanglsss

IZoZ

[aVaVal al

laYaYaR:l

.0.60-1

OO\ -1

bef
/

(*) Vb did not have a pressure gauge

Resi d
ore

ual

% op) 1
6 290x4/ 291/ 280/ 286/ 281/ 270 176 201 2018
26646 /11288 12.361 639 7

270 176 198 23/9 27560 /

TABLE21 »
= A

15+
1/v11
788

Exampg O
#29

1.

T J LY
27958/ ]
x &7.286) 2

[e]
2924
8% 4

LIUA
) b
0/ 970

37 Zool
ot

1860 1

[ZO0 I/ 4
GTorqu)
08™2

P8O0 28
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1/ 1@ 2

7128
Serew
speed

/ 207

1270
Die Pressure|

/ %ho
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07

19, 1
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[ 289/
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3/385
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Gpen’
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P 84X

2/@ 1

76

7141

490

ok /
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)26

ZapsaU
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Tskil
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D/ 9
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2409 hs 4
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clbto
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0603

b D#Ab
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%) V, did ot .

5/ 032655

I

16 are sunmarized in Tables 2 and 3.
t he pol ycarbonate energi ng fromthe extruder was

€ Tesults of exanples 6 throug

I n these exanpl es

observed to be clear and glossy with no fouling of V2
observed. Follow ng pelletization the |evel of

residual nethyl salicylate present in the product

pol ycar bonat e was determ ned by gas chronmat ography.
The data provided in exanples 6 through 16 illustrate
t hat pol ycarbonate at high rates and | ow | evel s of

s’ €Sidual  nethyl salicylate may be prepared using the
al
pThod of the present [ Ryentadn.. . g resistancel (..
Example Actual Barrel Temperatures Reactor before valve Molecular Weight Mw / Mn MS
# © © P-z’é)lve (psi/ % op) /PDI (ppm)
6 290x4/291/280/286/281/270 176 201 20/8 26646 /11288 / 2.361 639
7 290x3/289/290/280/283/282/278 176 198 23/9 27560712015 /2.294 510
8 290x3/288/289/280/287/282/270 176 260 21/11 27555/12229/2.253 846
9 290x3/288x2/280/282x2/270 176 198 21711 27207 /12097 7 2.249 1165

290x3/288/289/280/283/285/271

176

198

21/13

27283712141/ 2.247

1060

11

290/291/291/289/290/280/284/286/270

176

198

22/12

27681/12150/2.278

896

12

290/291/292/293/294/281/284x2/270

176

199

17/11

28766 /12662 /2.272

227

13

290/291/291/292/293/280/280/279/276

174

199

21/

28712712588/ 2.281

507

14

290x2/289/292/290/279/276/274/269

173

199

20/10

28033/ 12188/ 2.300

903

15

289x3/290/289/280/276/275/270

172

199

20/12

27830712420/ 2.241

932

16

290/289x2/290/289/280/277x2/269

171

198

20/9

27557112209/ 2.257

1069
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flow of the reaction conponents fromthe feed port to
V2 was |l ess than or equal to the resistance to flow
w@booblssseeact i on conponents fromthe feed portPCDUSIN65/032655
pol ycarbonate exit port. Exanples 17 - 18 A 30-gall on
titaniumreactor, maintained at about 170 C, was used
to prepare and feed the equilibrated m xture of
oligoners to the feed port of the extruder using a
positive-di spl acenent, Zenith gear punp. The feed
contai ned an oligoneric mxture of BPA, Resorcinol,
Hy g RauistPRLnaNs: ANRLEHDH SRR ISmadd i€ ThAkyBind(H On e
TMAH and 3, ueq sodium hydroxide) partially reacted )
examplescthp pelyesghfinkicismarse from theexirades vy oservedhioe cimr and glossy with
| « .
no ouBFESF g oBer ! @ffiouhe pOTElPilon HE 1ot bYelfaud e sty presen
in the product@atycabotate watesdrminad by pal choommterphat Tondaod prabided in

5 rce wei gh f thyl salicylate. .Th .
examplgnstFreuph ey il no et s P B Geer e
methyBEACH BEAReE PdpardB hgihg fhatnhethod Wl the@iisant ikv@nfork OTheFB@stance to

Re/ ( BPA+Re+ nolar ratio was equal to 0.20. The

flow ofyerepAeReFRINeRIB 1AM thafepdPohs Eowe lessdhay. a3 gquatfrethe resistance
to ﬂovg &5‘@? A8EH AP b orer Trdth m&i&f epo?e% Eﬂéq)%fgﬁarﬂyéﬂa@éﬁ%gt(e LAD

and a 2-hole die plate. Six‘'vent ports
used of which two were | ocated upstream of the feed
or nveying elenments were | ocated under feed and
lﬁumékﬁ)7Vé§?s and kneadi ng bl ocks in the reaction zones

baBogaNnoneBhism rddveorf Asidtamed &t abast 170Cal @ds @ad tdygrepare and feed

upstream edge. of barrel for ljiquid injection. The
the eq’\‘}ghfta%ed\%f"é‘rq %&ﬁg@aﬂa piF g‘éPnPBIF 0%%‘? perulenusinga 7 - g 171,

positiveMispleBemMR itk gead pusp. FREIFRd WeHiSBne CAVREEMESE fnfkthB@f BPA,
house vacuum mani fol d which is maintai ned at about 29
Resordippl Hlydspauinpae and BM§S: menomens, andscagahst ©0wea d MaAHmae Begq sodium
_ ; ol . _
ol SRS SNBSS Sl RBoCN RS B o
methylt spbheylat€C’ AfkarequilibsEpt, adme mtethyV it @ate/' as ¥2novad trovi3he eictor to

. 006/ 036545 PCT/ US2005/ 03265 Vi Va4 9, d V6
obtain g% LR O PR ZVER QAR gl T

BMSOHBPARIRE+ND) Mdla¥fatidowds ehudVeo 5018t TH B AVBEP ARReHHD) Madlér ratio
Screw Die Pressor # V., (Bl) A (B) (BY5) 5811) B, 3)
was equplgQ,0R8t dhe B/ (BieiRe Q) moleeyatiopwe aayahid §.20. The

HQ/(BPA+Re+HQ) molar ratio was equal to 0.30.

The extruder was a 25mm diameter extruder, 14-barrel (L/D = 56) and a 2-hole die plate.
Six vent ports were used of which two were located upstream of the feed port. Conveying
elements were located under feed and all vents and kneading blocks in the reaction zones
between vents. The feed port was located on the upstream edge of barrel 5 for liquid injection.
The vents were located upstream of barrels 1,4, 7,9, 11, and 13. Vents 1, 2, 3, and 4 were
connected to the house vacuum manifold which is maintained at about 29 in Hg of vacuum,
while vents 5 and 6 were connected to two vacuum pumps connected to a manifold drawing also

at about 29 in Hg of vacuum. Vent inserts of type “C” were inserted into vents V1, V2, and V3.
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17 29 29 29 29 29 (Open 15 48 302 200 56 18 29 29 29
29 29 (Open 20 52 320 353 71 C*) V6 did not have a
w@e@s®snses gauge TABLE 5 T feed in T feed P-conpeDUB®A5/032655
Exanpl e Actual Barrel Tenperatures before # (O
React or P-Val ve val ve Mol ecul ar Wei ght Mwv / vn / PDI
(O (O (psi/ %op) 17
292/ 291/ 290/ 291/ 281/ 278/ 281/ 279/ 269 172 174 Fivel 26
30732/ 13406/ 2.292 18
290/ 289/ 290/ 289/ 279128028W279/ 271 170 175 Fivel 26
30689 / 13327 / 2.303 The results of exanples 17 and
Vents Y8, ¥2.¢nd (Mfnhadingdeseitn Table 4 - 5. In these exanpl es
the polycarbonate enmerging fromthe extruder was
observed to be clear and glossy with no fouling of V2
tasLes ODE er ved vaihevegigd i provijded in exanples 17 and 18

i Justlrate that pQl ycarbenaiesimay be repaksd _usi ng
E"”;’"fhaxmt(ﬁpj(g’gf i‘hezbr g()s,é"n ﬂd;vmwenjifﬁuélhaaﬁg&@ PG Gt lan
‘ one nononer s _incarporlat®® ilnto 1he feed “BAd nor

v t hiar® gn®_yeht| Bop 2 jj vk acat’ed lupét fea®t f r omd™ He Feed
18 pof 22 | Phe 2 @siost angceordr g f 120w |of52t he PRacii®n| 7
mv.ddrgtomposeres fromthe feed port to V2 was | ess than or
equal to the resistance to flow of the reaction
conponents fromthe feed port to the pol ycarbonate
exit port. Exanples 19 - 20 A 30-gallon titanium

reactor, nmmintained at about 180 C, was used to
TABLE 5 repare and feed _the eguilibrated mxture of

. Dl | QOB S ol f eqdwpof £ Bf| rmewext ruder using a
e POSi ti ve- dospl acenmer|t e Zpnvat) g% lounp o fREse e/ !

ont ai-hed—an—o-gomaric—-tdre—ofBRA (5542 WO
v 9nnﬁ%ﬂ@%§1ﬁ‘&mﬂﬁ?@kor Q&7 0R2¥5 “ﬁﬁfﬁ_%_aw_g;g,_
18 | BRI I ode P 30 Fiolle FoA® And BVESESHERGAEr s
and catalyst (25 ,ueq TMAH and 2 , ueq sodi um

hydr oxi de) partially reacted and pre-equilibrated in

the reactor to about 55 percent by weight of nethyl
' Jat reyitaefexamples BN/ 18tart sumniririgpdanible 4 ndb| Iarthesatxamples the

polycar\é’gnsatee%éarlgintg ?ro;h' tgg’ gxr:ruder was observed to be clear and glossy with no fouling of

V2 observed. The data provided in examples 17 and 18 illustrate that polycarbonate may be
prepared using the method of the present invention wherein more than one monomer is
incorporated into the feed and more than one vent port is located upstream from the feed port.
The resistance to flow of the reaction components from the feed port to V2 was less than or equal

to the resistance to flow of the reaction components from the feed port to the polycarbonate exit

port.

Examples 19 - 20

A 30-gallon titanium reactor, maintained at about 180 °C, was used to prepare and feed
the equilibrated mixture of oligomers to the feed port of the extruder using a

positive-displacement, Zenith gear pump. The feed contained an oligomeric mixture of BPA (55
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The extruder was a 25mm di aneter extruder, 14-barrel
(UD = 56) and a 2-hole die plate. Six vent ports were
wais@d/oafs4mhi ch two were | ocat ed upstream of t heCT/@smo5/032655

port. Conveying elenents were |ocated under feed and
all vents and kneadi ng bl ocks in the reaction zones
bet ween vents. The feed port was | ocated on the
upstream edge of barrel 5 for liquid injection. The
vents were | ocated upstream of barrels 1, 4, 7, 9, 11,
and 13. Vents 1, 2, 3, and 4 were connected to the

e PERBE RIS RIS BBl 6 0 4 B0l A, 23

~ catalyst (25t oy N ATUmdRyreg Sodiom rhe«hbmde)tgartaﬂ]mctfed ket pheathgrated in

al so .at n
the realgp p abpit SepBeop Y Pl o eV CaRRen TSGRty Rbhencn
molar MEB s Ydual V], ogemd V6 had no insert. TABLE 6 Vacuum @
Vents(ln Hg.) nple VZ V3 V4 Vs *) V6 Sol ution
' NES X radeg yeas WBW"‘S@?@W@P‘@“@F&S@F@] (LD w56} mrh 2 3-pefy die plate.
. u
e <380 R 80 SIS B i a5
elemen@Ower? Ladeted 20d@ FecdRn@ 91 2@1t§_é91d®0m1r%131@ﬁ<s dOe B@BLioNLZDWES

betweeg\%%t?s]/f }Fg:lr 1%8@ 8%@%’?%@8%’25 gsurszre%g H9& 01%@?1';? érfo;r 1f1qu1c§j injection.
The vem@meermwécetipsﬁeixﬁeﬂbmmsheﬂo7r e, Nbbﬁﬁ:w avendl,ghs, awmweﬁa
C) Reactor (C) Valve 5 valve My | PDI WII (O
connected to G 9pes “2’96‘7‘%9@7"%%‘ iBh IBPRIDRINGE ai@@ui%mﬁ&/‘g vequyim,
while V%gé 88l 6138 dorfnede 86w H %&uu%%u%@&&‘fn%&@é M%ﬁ%&%&ﬁl g also
Four / 13 22926/ 11060/ 2. 073 345 The results* of
at abOUéS%%rprg of vaguwmd Ve inseds siiipriG Zeade injerRgntoyents ¥ldV2, and V3.
Vents VA \W%&?VS’BQ&"R €S the polycarbonate enmerging fromthe
exXtruader was observed to be clear and gl ossy with no
mapes 43 WO 20064 036645 PCT[|US2005/ 032655 fouling of V2

opbse ve(bl.v Hol ljow (Ig pllseldgat i on the lleyel |of
a
O,

¢
Exa;:pler eﬂﬁ:)dg@l ag'Et(b’yh;i)S (d.:a) | Favt Rete pf‘g‘;k“eqénp:ﬁ I e DIEl(:';sure

(Ib/hr) (rpr)

19 29 29 29 29 29 pen 20 24 . 296 205 TLTM
20 29 29 29 29 29 Open 20 26 297 205 TLTM
(*) Vs did not have a pressure gange
TABLE 7
Tfeed .
Example Actual Barrel Temperatures Tfeedin |before M P-ct::;rolled Molecular Weight Mw/ R‘;g" al
# © Reactor (C)]  Valve Aokl Mn/PDI
© (psi/ % op) (ppm)
19 294/300/296/300/280x2/281x2/266 180 178 Five /13 22588 /10931 / 2.066 415
20 300x2/296/300/280%5 178 178 Four/13 22926711060/ 2.073 345

The results’of examples 19 and 20 are summarized in Tables 6 and 7. In these examples

the polycarbonate emerging from the extruder was observed to be clear and glossy with no
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t he product pol ycarbonate was determ ned by gas
chromat ography. The resistance to flow of the

WO e@etd@ms conponents fromthe feed port to V2 mMeBUB®S5032655
than or equal to the resistance to flow of the
reaction conponents fromthe feed port to the
pol ycarbonate exit port. Exanples 21 - 24 A 30-gallon
titaniumreactor, maintained at about 175 C, was used
to prepare and feed the equilibrated m xture of
oligoners to the feed port of the extruder using a

edls cenment ear. punp. The fee .
fouhng Sﬁ{/g ﬁ%ed'v an@8 ?@S%Fl}etlz X]ttt}ﬁerlgvggf)f %ﬂﬁ\,@al n‘gp)étsa%cﬂate present in
the préd@OpERYcrboand maﬁabryrsﬁed(b&fgas Mﬁ@nﬂfb@r&b}@n dh2 restsamcés«odioumf the

hydr oxi de) gartlally react ed pre-equilibrate

react P ROMPORET IO oA RS Vaewaéé?% tfﬁy Ofeqighto to feﬁé‘@?ﬁ‘?lto flow of
the rea%ﬁl)xll & T}ﬁéﬂ%ﬂts ok hBMBEHEPR DA caftiRhh® eXfesorequal to

e extruder was a 25nmm di anet er extruder,
14 barrel (1./D = 56) and a 2-hole die plate. SIX
Examples 7 [elﬂrts were used of which two were | ocated
ups am of the feed port. Conveying elenents were
I ﬂ@ﬂtgﬁﬂomﬁldﬂnmﬁeaﬂbram&inaiﬂed weddbst 175¢ K vaaakicd @ prepedkand feed
t he reaction zones ween %nts The .feed port
theeq%g %t

rafed K REF rPlERECTS R P gﬁﬂf’%‘@la & FXIEMer BYings £ or

posmdetdiéﬁmiememez&margear plih? T8 tesd w@{tﬁné@&%@dmmﬁm@%pﬁm
barrels 1, 4, and 13. Vents 1, 2, 3

BMSGepromess (hé éftt@mstt@ﬁ resI M AHsad aca spdinm rlilwr@mlemyur@cted
t I

o r R0 AL B0 B8 R T i ot BEM O

BMSCIthmnaaﬂadatthwaaqaaiitcbbDa dr awi ng at about 29 in Hg of

cuy glﬁ ?e\é'/%%%_ 3 Q%E%r leeter{%gu(geﬁg g rSIGE gréc% N5 ol Gt plate.

Six veﬂ_t/‘bBl:tESeMaﬁbldmﬂ va@iMeriswdre lbcatb@ uﬂstIE%rﬂl’éDﬂ]e faéd pda. V‘Jon%é@urM
V6 Sol uti on Mass Tor lee Pressure #V,

elemer{tzgwyre(l(g‘é ed (uBehr f?eggyd elg%nts( @dd(Teqql thg 53act1 on zones
betwechQRRE! @hélfeBd b& whs RRAEFod BSlpstrédm gi%,s&ql)a%& 23r l?r%gg fhiection.
Open 20 54 309 199 TLTM 22 C osed 29 29 29 29 30

The vegty vapslogget qustrpam ofbagelsded, 28, P9 and1RoVanseh 248, 58 4385
connec?r%?fmﬂ'e%s%éc@n? ﬁa%gltfég W%?ch%? mgl%ta%%rﬁt go%u? §8 %}7@ ig 91% of vacuum,

ave a pressure
while vents 5 and 6 were connected to two vacuum pumps connected to a manifold drawing at

about 29 in Hg of vacuum. Vent insert of type “C” was inserted into vent V3. Vents V1, V2,

V4, V5, and V6 had no insert.

TABLE 8 Vacuum @ Vents (in. Hg.)
Exa;;xple v, By (;z) (Zj) (]‘3,:) (;’;) (*()B ';/6 SO;;’;‘:’;EN::SS T(();que Melt Ss:;: Die Pressure|
a4 1 13 b/ 2)  |Temperature (C) (xpm) (psi)
21 Closed 29 29 29 28 Open 20 54 309 199 TLTM
22 Closed 29 29 29 29 Open 30 59 325 305 TLTM
23 Closed 29 29 29 29 Open 40 55 335 402 TLTM
24 Closed 29 29 29 29 Open 50 53 345 500 TLTM

(%) V did not have a pressure gauge
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WO 2006/ 036545 PCT/ US2005/ 032655 TABLES T feed

Exanpl e Actual Barrel Tenperatures T feed In before
wodoeosdsas Wi ght Mv / Residual MS # (C) ReacpOr/U§10p5/032655

Valve /PD (ppm (O 21

290/ 2971294/ 2941297/ 291/ 2851283/ 281 175 184

31721/ 13597/ 2.333 178 22

2901301/ 299/ 299/ 303/ 290/ 283/ 282/ 280 175 184 31753 /

13585 /2.337 246 23

290/ 300/ 298/ 298/ 300/ 290/ 282/ 282/ 280 175 184 31693 /

13570 / 2.336 411 24

TABLE® 0013001 2971297/ 2908/ 201/ 283/ 283/ 290 175 195 33132 /

pard|3446 42,330 rA86rTNE  1]emub S0 vexaMokas /2l kdiaugh 24
# are sunmari2ed in Tahfesy ?é’fd 9. It hesp @eanpl es
ETI 32 2 N S MO M ) R0 N F 2
O D7 R T RN IR I sﬁssk}ﬁss'ze%‘f i T
I R L e MG T B T TR MR -
RN T DT NS Y N T W T i

The data provided in exanples 21 through 24 illustrate
t hat pol ycarbonate nay be prepared using the nmethod of
the present invention and that t he back vented
extruder may be operated at 'a range of throughput

r Ahexesults of ptagmes Lshioughc?4 arp aimrewailmgahleésssaﬂ r?aﬁn these
exm@%ﬁ?ig&y&rﬂ%ﬁﬁt@ Ehkr Sgbré #kh Qllai'ex %\ &ﬁgﬂvgy {oBe&leat M glossy with

the resi ncetof oW O e reaction
no fo@ogpbﬁ% nbssrved ofolidvang péhttlmlon thedevwRolivasidud] ewthyt sedinylae present
in the grgﬁ% Hglﬁ/{:arg?na[ ?WS%ISS e?r%%aé %6‘%@[8 ‘[ln\%)rx{aﬁgépa%hg le‘?g ;cllr%%%rg}nded in
exampdesi 21 thongh Zﬂﬂaﬁfﬂtﬁ:ﬁa@ﬁﬂ)ﬁirbé‘nawﬂgalbd frepdréd @mgum method of the
react or, tfgal ned at about 175 C, was, used t

presen T EH{o8 25 12t WE 440l Yoaleg GURISFPAY RPRFIRA & Feee Of troughput

rates t& bbtHAFRrSdukbOthhth@ntaRi8 tesP Bat a®fut b N PeRUA YIRS h‘t'?deﬂ'@l glicylate
posi tive-di spl acement, Zenith gear punp 1%1

(MS). dtwther; the desistanes tog&maf the Fppstion rceme@neewir%tble fwélp@ﬂ%) V2 was

less thm%rq% Eg r{ag{@és@st{aﬁgéﬁocfl@;\% ﬂXQFeQ&I%:?QI%@g %}_t'f@:l]% ﬁedﬂ%ﬂ to the

polycasmante exihpatt.oxi de) partially reacted and
pre-equilibrated in the reactor to about 55 percent
by wei ght of nethyl salicylate. The BMSC/ (t ot al

Examphdssggtpgmol ) nolar ratio was equal to 1.017.

A 30-gallon titanium reactor, maintained at about 175 °C, was used to prepare and feed
the equilibrated mixture of oligomers to the feed port of the extruder using a
positive-displacement, Zenith gear pump. The feed contained an oligomeric mixture of BPA (50
mole %), resorcinol (20 mole %), hydroquinone (30 mole %) and BMSC monomers, and catalyst
(25 neq TMAH and 2 ueq sodium hydroxide) partially reacted and pre-equilibrated in the reactor
to about 55 percent by weight of methyl salicylate. The BMSC/(total bisphenol) molar ratio was
equal to 1.017.

The extruder was a 25mm diameter extruder, 14-barrel (L/D = 56) and a 2-hole die plate.
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The extruder was a 25nm di aneter extruder, 14-barrel
(UD = 56) and a 2-hole die plate. 45 WO 2006/ 036545
WEON68AD5/ 032655 Six vent ports were used OPCTMIBZING/032655
two were | ocated upstream of the feed port. Conveying
el ements were | ocated under feed and all vents and
kneadi ng bl ocks in the reaction zones between vents.
The feed port was | ocated on the upstream edge of
barrel 5 for liquid injection. The vents were | ocated
upstream of barrels 1, 4, 7, 9, 11, and 13. Vents 1,
s v i 0 i SOOIy B AR Ry
elemepfs weae logatpd uivlei feed mmllsveﬁtsandi kieadigg blockmin elmtleai:tibm z6nes

‘ m S conneg to,.a mani fold draw at. about.
becwegg ST, FHETPER SRR R docBledom kRl e P rifpiay @ Hetion.
The véﬁt§€'éieﬂﬁbateﬂﬁ1@stieéﬁiihtdf b¥gelands, V30, 1Yemi93. Véats Y42, 3V§1d éﬁWQ'e

V6 had no insert. TABLE 10 Vacuum @ Vents |n
conneelgfl i thg HO%g%CUS@r@WIfE;paWF]éIS\ﬁmWH atgBoytR2%/¢p of vacuum,
while [V?Atg 5 %@6 @Eﬁ%@hﬂe@ted#o Mo \(a@\%L) Q%ﬂ%s c(oﬁxze)cte(i% ) rr(aﬁl%]dﬁ%éﬁg at
Rate (% Tenperature éS‘ rp ~ (psi) 25 29 28
about 28 HQEg cheasuws. ¥ant30Nrt oty T w6 ing@te@gnt@ yer8 V2andy8n Vents
7 29 28 29 28 29 (Open 16 42 307 179
Vi, Vi%é S’R@ %‘g%%%ﬁ% have a pressure gauge TABLE 11 T
neb €ed P -wantvedll@gd Resijdual Exanple Actual Barrel
Tgnperatures T feed 1n eiarg VoI ecul ar el gt MV #
Bt Oy, aeatt of, [(8) | Val v, (PmameveTgw . PRea [PCEM 25
¥ 2dox4 %%03“52/ 2%% x(}zl'a?>8d”176‘”‘1>79 Lve |1 ‘534'597 /(952648
35 | {23628 258 | 26 2904k 280x5 1764 179 B ve| /20013 M
26 35783| 36544/ 18012922 Peen A7 290X4/4280x534 75| 169 |Fi ve || 13
21 34952) 14830/ 2:235P B88= The 1¢ egul4 s| of vexapphey 26 X
MV ddbolpvougired® are sunmari zed in Tables 10 and 11. In

t hese
TABLE 11
Tieed | b controlied Resi
Example | Actual Barrel Temperatures | Tfeed in |before P -conlm Molecular Weight Mw / Mn| Mdsual
© Reactor (C)]  Valve vave /PDI
(psi/ % op) (ppm)
(C)
25 290x4/280x2/281x2/280 176 179 Five/13 34597/ 14648 7 2.362 258
26 290x4/280x5 176 179 Five /13 35763 /15544 / 2.301 229
27 290x4/280x5 175 179 Five /13 34952714830/ 2.357 389

The results of examples 25 through 27 are summarized in Tables 10 and 11. In these
examples the polycarbonate emerging from the extruder was observed to be clear and glossy with
no fouling of V2 observed. Following pelletization the level of residual methyl salicylate present
in the product polycarbonate was determined by gas chromatography. The data provided in
examples 25 through 27 illustrate the present invention in that co-polycarbonates of higher M,

may be prepared by using a (BMSC/total bisphenol) ratio closer to 1.0 and that the resistance to
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exanpl es the pol ycarbonate enmerging fromthe extruder

was observed to be clear and glossy with no fouling
wo@boovAlehser ved. Fol | owi ng pel l eti zati on the |rOBPUSDNG/032655

residual nethyl salicylate present in the product

pol ycar bonat e was determ ned by gas chromat ography.

The data provided in exanples 25 through 27 illustrate

the present invention in that co-pol ycarbonates of

hi gher Mv nay be prepared by using a (BWVMSC/ t ot al

bi sphenol) ratio cI oser to 1.0 and that the resi stance

WO 2006/ 03 32655 _ f| ow

flow o S ERA CORBBRRCL TPt P Paza Bar g ysdtedlo hegiance
to flow bARe @ac@EHdImpbAentd feorh €l fsddaioeao tHeQ)ofybﬂberfe etxheport.

reacti on conponents fromthe feed port to the

pol ycarbonate exit port. Exanples 28 - 36 A 30-gallon
Examﬁlbstz%mj&m reactor, maintained at about 185 C, was used

to prepare and feed the equilibrated m xture of

oAi3gegaiiomstittniumheact@adaipiined af abobicl 88 X € wekesed i mgpage and feed
the eqlg gﬁ ged mléﬁlllrescg%l C(%g%gﬁd thg?e%hkgrrt gre%F %E}EEI’ usi I%eaBrvg(e:d |
pos1t1vm¢mémentaﬁdntb gta Ipyﬁlp. ((BSfeet echtaihdiHnaitigorderiduaiy tige df BPA and

dr oxi de artl r ed, and il rate in
BMSC( 81%%1%@ sl ufeq %Eraeéﬁtuew&&m Sﬂ p reacted
and pré dlﬁh{ﬂaéﬁi?n thd R@ctoBVREHRPA Egﬁlaﬁrbyrvﬂ:‘igh@om&hﬁ%ﬂﬁdylz&@ The

) The extruder was a mm di anet er extruder
BMSCiBP@@rqlaﬂrat(q_wqgequzQ@gIgﬁd a 2-hole die plate. Six vent

t f r e
PR Rl Sl PRl L BBl A B0 L 290, i
Six vefitepods svatt waéd ofweritistwanekerk eateld npptibdm ok e ifged tphe. Ceamylrxgn
ocat ed

The feed t
clemenfiy BEi% bacplPl WA Tl 30 S ugPEraTE sy tioch B tnf Fekin s
betwechR@enty eThSfed®pdt Wariat Al Mﬂﬁé ﬁ@a{muﬁfedéb&if bedrd 5¥or Hquidinj&tion.
and 13, Vents 1, 2 were __connected to

The Ve{"% &rerplgssed Hpstierm ot el 1d4v% PcH P b YROS héd-8nd 4p65iR

connectedl t8 thel H3udddsaBfuny RGMETE whihliid Raeited aPatRlth R20\EI Ty of vacuum,
connected to two vacuum punps connected to a nmanifold

while wgnig\ii ang 6aere etpoestedg twe kumfpume aenpectydiora mardiold digwing at

svou 14850 ViR, RERLAC R CaPE B R i Ve W2
V4, VS—igncbVEhatmilesert,s (Bl') V, V3V, Vs MV6 Sol uFl owtion .
Mass—TForgue—Melt—speed Screw Die Pressure # (B4)

mmen ey (S e pra) Lo ey (04 Terperpture— S (r pn)
Example( gls(jily V: Vs Va Vs | (%) Vg S‘:,;’;i:miss Torque Melt m‘: Die Pre.ssure
# {By {B) By | By (B;3) (/) (%) Temperature (C) (rpm) (psi)
28 29 29 28 29 29 Open 20 56 356 600 3
29 29 29 28 29 29 Open 30 58 359 600 16
30 29 29 28 29 29 Open 40 54 358 600 39
31 29 29 28 29 29 Open 30 51 354 600 56
32 29 29 28 29 29 Open 60 50 350 600 77
33 29 29 28 29 29 Open 70 45 346 600 103
34 29 29 28 29 29 Open 80 45 360 700 108
35 29 29 28 29 29 Open 40 49 333 400 114
36 29 29 28 29 29 Open 30 52 322 300 122

(*) V4 did not have a pressure gauge
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28 29 29 28 29 29 Open 20 56 356 600 3 29 29 29 28 29

29 Open 30 58 359 600 16 30 29 29 28 29 29 Open 40 54
wW@2@6883489 31 29 29 28 29 29 Open 50 51 354 BODUSBI05/032655

32 29 29 28 29 29 Open 60 50 350 600 77 33 29 29 28

29 29 Open 70 45 346 600 103 34 29 29 28 29 29 Open

80 45 360 700 108 35 29 29 28 29 29 Open 40 49 333

400 114 36 29 29 28 29 29 ON. 30 52 322 300 122 (*)

V6 did not have a pressure gauge 47 WO 2006/ 036545

PCT/ US2005/ 032655 TABLE 13 Tfeed P -controlled

Resi dual Exanple Actual Barrel Tenperatures T feed in
mapethef ore 11 Mplecular Weight My / # (C) Reactor (C)

Examplyal ve X@Llyaﬁel Mera{uresPDl \/Sfcedx( %Tmf:ef Fg"’c ontﬂgll LMOIQQ)WEM Resn%
#"280x3/ 27912842801294/ PEFLPL V164 A2 mTNO pnred 327 et oV

CC..O nanLhr G- 20449 9—48
28 4343 zﬁogﬁb@ﬂsg&jdﬁg 73 nﬁf js‘hﬁf " | et ﬁﬁ?ﬁhﬁﬁ%‘ Ts3OT
oo et Beqoho ok Taq Levd PUUT IR,y (O
719 7180"3@78’W2§6ﬁ’§@|8 nq hoM 4t BL 4 YSM§703M/A4712/2‘¥ B0 24143
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the extruder was observed to be clear and gl ossy
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The results of examples 28 through 36 are summarized in Tables 12 and 13. In these
examples the polycarbonate emerging from the extruder was observed to be clear and glossy
with no fouling of V2 observed. Following pelletization the level of residual methyl salicylate
present in the product polycarbonate was determined by gas chromatography. The data provided
in these examples provide further conditions that the process may be operated at relatively high
rates of up to 80 Ib/hr with a good balance of molecular weight and residual methy! salicylate in
the final product polycarbonate while the resistance to flow of the reaction components from the
feed port to V2 was less than or equal to the resistance to flow of the reaction components from

the feed port to the polycarbonate exit port.
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with no fouling of V2 observed. Foll ow ng
pelletization the | evel of residual nethyl salicylate
w@e@s®oss4i n t he product pol ycarbonate was det ep@i/nsmof§32655
gas chromatography. The data provided in these
exanpl es provide further conditions that the process
may be operated at relatively high rates of up to 80
| b/hr with a good bal ance of nol ecul ar wei ght and
residual nethyl salicylate in the final product
pol ycarbonate while the resistance to flow of the
reacti on conponents fromthe feed port to V2 was |ess
Claimg:han or equal to the resistance to flow of the
reacti on conponents from the feed port to the
pol ycarbonate exit port. 48 WO 2006/ 036545
1. A RERoISE PEPAIR2GEHFarbCGhat whereith theAnethedwanpiiss the sigrsof.ng
pol ycar bonat e wherein the nmethod conprises the steps
of, (i) introducing to an extruder through a feed port
a@iphtFoabitiny toodn dx@addr it@6ughATRQIRATaluraYr feattite cdmponents
pol ycar bonat e oligoner, an activated carbonate

comprisi TRRAYCAENEAS O PO SR VS CAPEAE regighig @ ¢ ragggprication
catalystt r\?he%‘xh 'iﬁéde@\'imﬁé}@@ﬁ)b§§§ the r?c?edf B8 RO Back Fert pbd Lank %“p%lycarbonate
ent port, and a pol ycarbonate exit port, wherein-t
exit pq‘re athersir the fesdipot it lechtdveetwsen thetiestfacls venbpaskangdehe qumatbon ate
carhonat e
exi oL rd PR HERFPRREST o REF e o PRBHAEL A e pegpo e
first befcﬁ@éntﬁﬁ»ﬁtxs teds mh:eor dqui#1sé the assistamedito fpor ¢f thsreh@a componeats from
. qual to tp %e3|stance to flow of the reaction
the feeé@ﬁﬁé?]gﬁt@ YebaRats 5 PPBeWport to the pol ycar bonat e
exit port, and (ii) extruding the reaction conponents

at one or nore tenperatures in a range between 100 C
i eAmedivg themRACEPTHCOIPONSTS &t RBS RMNPTE SITBRPTASRICE i range between

100 °C §RCA00OE: %Q&Egﬁﬁ%ﬁgttﬁ%?@s‘{%gg%e SRR E&Bﬁoxfeﬁé!r %Eiat&?

renoved throu k- vent port
carbonpte egriduengreaoped theaugh tredirs badk veiihpartret hod of claim 1,
wherein no elenent is |ocated between the feed port
and the first back vent port that restricts the flow

therebPprepdimglagadichdbng@mponent s from the feed port to the
first back vent port. 3. The nethod of claim1,
wherein no active elenment is | ocated between the feed

2. Theq%tﬁo@&(hélm whEfeftnodRGkeny 8 McaRabbiwebR he Fa&RiPoktGh tefTRst back
l'ow of the reaction conponents fromthe feed port to

vent pqrh@at If:$t)fl@.§ thedtowv efdbg reg;mop components from the feed port to the first back

vent port.

3. The method of claim 1, wherein no active element is located between the feed port and the

first back vent port that restricts the flow of the reaction components from the feed port to the

first back vent port.

4. The method of claim 1, wherein the extruder further comprises a front vent port located

between the feed port and the polycarbonate exit port, wherein during the extrusion of the
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4. The method of claim1l, wherein the extruder further
conprises a front vent port |ocated between the feed
W@eookh/03G3ds t he pol ycarbonate exit port, wherei nPALUBIG5/032655
the extrusion of the 49 WO 2006/ 036545
PCT/ US2005/ 032655 reacti on conponents, activated
carbonate residue is renoved through the front vent
port. 5. The nethod of claim1l, wherein the
pol ycar bonat e conpri ses pol ycarbonate repeat units
derived fromnore than one di hydroxy aronatic
npound. 6. The nethod of claim1, wherein_t
roacti R PUBAERIS L LR oS e & e e dgorghghe fl.fo%"t%t PPY- 9%
by wei ght of the total weight of the reaction
conmponents introduced to the extruder. 7. The met hod
5. Thefmetodiofrelpim hWghasein therp@lyambmmc@mp@aasmbaméomaesregm units
| t le Qne_est. tituted pheno
cerive 3R SR B s A SR R R TS B e 20
al kyl group, C4 C20 cycl oal kyl group, or G4 - C20

aryl. group, I S . indepen |y at each occurrence
6. The 5%87@8 8 é?*&hfz RS G g tegﬁﬁrﬁwt@%@ﬁe CEprisesisem ér?kgﬂ 70 %
by wefbhPbithe ot weidheF 1Y feh@h ki inp&eay E’ntrcﬁﬂce'd &1 Afrhller.

group, C, - C 0 al koxy group, C4 - C20 cycl oal koxy

group, <4 - CVO aryl oxy group, C, - C20 alkylthio
7. Th%{ngi‘!‘xgﬁ fnémlalmr P vgxe?%? e %ék%leﬁ %rﬂ? #Bdu 5 rpéjggs at &?st_one ester-
stﬁm@ﬁphyuﬂbahMyﬂamhﬁ¢hyl group, 4 - C20 arylsulflnyl

group, C, - C20 al kyl sul fonyl group, C4 - C20

cycl oal kyl sul fonyl group, C4 C20 aryl sul fonyl group,

C, - C 0 al koxycarbonyl gromp, ¢4 - C20

cycl oal koxycar bonyl g ou C4 C20 aryl oxycar bonyl

group, C2 - C60 a Who group, C6 - ©BO

cycl oal kyl am no grpup, | C6- C60 aryl am no group, C, -

C40 al kyl ami nocar bea¥l group, C4- C40

cycl oal kyl anmi nocar bonyi* group, C4- C40

aryl am nocar bonyl group, or C, - C20 acyl am no group;

and b is an integer 0-4. 50 WO 2006/ 036545

PCT/ US2005/ 032655 8. The nethod of claim7, wherein

t ' o 2
s 68 LAG) B SR RROL C EERARIZCAIRL €205, TEN g
mdewn@ady atmacltmwpamtashafogm Hem, Qompgriosm narcsgxbupa 163, - C,, alkyl group,

C.- o BT et Cor b B B et P el P CoPPRT g wow

C,- Cyaryloxy group, C, - C,, alkylthio group, C, - C,, cycloalkylthio group, C, - Cy arylthio

group, C, - Cy, alkylsulfinyl group, C, - C,, cycloalkylsulfinyl group, C, - C,, arylsulfinyl group,
C, - Cy alkylsulfonyl group, C, - C,, cycloalkylsulfonyl group, C, - C,, arylsulfonyl group, C, -
C, alkoxycarbonyl group, C, - C,, cycloalkoxycarbonyl group, C, - C,, aryloxycarbony! group,
C,- C4 alkylamino group, Cs- Cq, cycloalkylamino group, Cs- Cg, arylamino group, C, - C,,
alkylaminocarbonyl group, C, - C,, cycloalkylaminocarbony! group, C,- C,, arylaminocarbonyl

group, or C, - C,; acylamino group; and b is an integer 0-4.
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non- hal ogenated aromatic solvent, and a

non- hal ogenat ed al i phatic solvent. 10. The net hod of
w@b@sms@4s wherei n the solvent is ortho-di chl or BOBPOISBN®032655

11. The nmethod of claim 1, wherein the reaction

conponents further conprise a nonofunctiona] pheno

chai nstopper. 12. The nethod of claim 11, wherein the

chai nstopper is p-cunyl phenol. 13. The nethod of claim

1, wherein the extruder has a screw speed, the

reaction conponents bei ng i ntroduced into the

8. Th%ﬁ%@ag E)g%ll%t 3 vr'he m {he act{vi%igg 8@{{;?%%6?31«%%&: cHgan%:é %ﬁ%&say\éy]am

such t hat the ratlo of feed rate in pounds per hour to

' t he scr M/sp e expressed in revol utions per mnute
9. The ﬁlpflhgd\ﬂf @e FRacygn sgorsntsfarthen gomprise appjxent selected
Y&l r
from t’ﬁ%ﬁ@%ﬁt&%@“&%’%ﬁe Bl AP AUIRER Al sBvent <
non-halégenath@ ateptatioghl e, @ndaa nethalagendted aliphitis sekventuder i s
sel ected fromthe group consisting of a co-rotating
- internmeshing double screw extruder, a counter-rotating
10. TheGhethed efdimsiy, wherdmuld @ivescis emh@dithlomdenzese. Si ngl e
screw reci procating extruder, a single screw,
non-reci procating extruder, and a nultiple screw
11. THHhSNGEST.clal@ 1, Wh&elmﬁehx@%n@fl c&‘hﬁdn%t& furth@ﬁé’o%ﬁ?lsé Qﬁloﬁ’(ﬁﬁrﬂ%t]ona]
vent port port is operated at or bel ow at nospheric
phenolighgigatoprer- 51 WO 2006/ 036545 PCT/ US2005/ 032655 17. The
nmet hod of claim 1, further conprising the steps, (i)
heati ng the reaction conponents to a tenperature
12. Thgmeglicelrof thaam 11 hehdpon therbaipwopper i -cuglpheet.i vat ed
carbonate residue, the boiling point being the boiling
poi nt of the activated carbonate residue at a flash

13. ThehRBRdIoE clairh e, Wigséih 6@ drehdeg haal dchedOspeet, titreatibe@snponents
he feed pressure being greater than the

being lttrogélﬁ%tl@sé%?’%@e % Srr ae, fthfe?%@gﬁaea theesqret spRed having a ratio,
the ext&@é%éﬂ%ﬂ{p&ate@ REch(thatkhd 1288 Bf BEH fafGn PHRRE PHRRE 5 BEA G o tRA& WP Epeed

onents to the extruder at the pressure
expressef rrot@mtufaqns Ipesginutsrfellpwishis a range ohfrern 0. Qlatb ¥@0. 18. The
met hod of claim 17, wherein the extruder is selected
fromthe group consisting of a co-rotating
14. The nteémdeﬁd:ihingl&j oubletn the seww epeed isde i rame bemwatieso il 1g200ng

non nterneshlng doubl e
revolutions per minute.

15. The method of claim 1, wherein the extruder is selected from the group consisting of a
co-rotating intermeshing double screw extruder, a counter-rotating non-intermeshing double
screw extruder; a single screw reciprocating extruder, a single screw non-reciprocating extruder,

and a multiple screw extruder.

16. The method of claim 1, wherein the back vent port port is operated at or below atmospheric

pressure.
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screw extruder, a single screw reciprocating extruder,
a single screw non-reciprocating extruder, and a
woriobiopdses screw extruder. 19. The met hod of cl BETULH005/032655
wherein the first back vent port is operated at the
flash pressure which is |ower than that of the feed
pressure. 20. The nethod of claim 19, wherein the
ratio of (feed pressure / the pressure of the first
back vent port) is in a range of greater than 0.01
and less than 1. 21. The nethod of claim 20, wherein
the ratio of (feed pressure / the pressure of the
17. The methophgtHaim b higrthepeamprisingithe $epsange of greater than
0.1 and less than 1. 22. The nethod of claim1,
further conprising the step of renoving a product
p6) yeaing dheatatioh canpdnksts x4 eugentureatditkantiaé batin®point of the

s B U 0 TS RO BELEG vcor
residu&Td fi4R PR RS AT atideinidfried biat 8 §6&APesOit, THOREd pressure

. conprising _a vent port, and the second extruder being
being gisaierthanthg flagh pressyg o Brovide sinerhgated Frgetidreompenentspandc
‘and 400 C, wherein during the extrusion of the product
pol ycar bonate, activated carbonate residue is renoved
t tp dlaglhing the superteated reacti @icomplogemseto Hiodexofidarlanihenflad pressure
throu m;lregsitnnet hrgssgre%olrlltdo %x]tvr uder is selected fromthe group
B SHEFL PRSI QMY V¥ at i ng i nt er meshi ng doubl e screw
extruder, a counter-rotating non-interneshing double
- ..screw extruder, a single screw reciprocating extruder
1. The fethoddat i IQC‘V‘&WIHHW-GP‘EE%F%&&F% omgh¢ grgpRFonsPENg of a
co-rotatin@ ini& iR PdoubledtAWs3 rudh & &uftel- RRathE %Qﬂ-ant&?ﬂeﬁlﬂg% Houble
has a screw speed, the polycarbonate “being introduced
screw gxifuger; aingle sapd resurrpaatiog oxruder, f sipgleserew nonesifreeating extender,
peed having a ratio, the second
andar@g??%ggségéﬁ%ﬁoperat ed such that the ratio of feed
rate in pounds per hour to the screw speed expressed

9. TG T3 MR R St e AR oD

which B¢svesrtisepad opfhe fdea psegnd extruder is in a range
between 50 and 1, 200 revol utions per m nute. 27. The

met hod of claim 1, wherein the nethod further

20. ThE Yl e Slath 80, SRS ME 'ratigic)f (o0 Pe0dre? tﬁeﬁ;ﬁgﬁgbﬁr&f MRk
conprising at | east one di hydroXxy conpound, an
vent pogig t5i 19 afrange of greater than 0.01 and less than 1.

21. The method of claim 20, wherein the ratio of (feed pressure / the pressure of the first back

vent port) is in a range of greater than 0.1 and less than 1.

22. The method of claim 1, further comprising the step of removing a product polycarbonate

from the extruder.

23. The method of claim 22, wherein the product polycarbonate is introduced into a second
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carbonate, and a transesterification catalyst, and

(ii) heating the reaction mxture at a tenperature in
wa@2o00an08@4Het ween 100 C and 300 C to provi de aPCT/US2005/032655

plurality of reaction conponents conprising a

pol ycar bonate ol igoner, an activated carbonate

residue; and a transesterification catalyst. 28. The

nmet hod of claim 27, wherein the nmethod further

conprises the step of renoving activated carbonate

residue fromthe reaction conponents prior to

introduction to the extruder. 53 WO 2006/036 45
extrudprsthe seoUd sk BaiEs sYMPTEgE arYeat PRLh Atihe pecepdXiuoy beipgopepigd at a

tempefaife §f £Rn g bt SFIRMOOICAAE UYRE @y AP A8 SEUEYS of thOPRoduct
: the Treaction conponents prior to introduction to the
polycaglyanatgdaati vatsd eerhamaisitesidreds tpnoverbtheasigh gk vantfiogish  t ank.
30. The nethod of claim 28, wherein the step of
renovi ng activated carbonate residue fromthe
24. Theanethbdof damP3Nehdrsin iid setorid@xirader ddaletted froinahd Fréup consisting
extruder is acc Fished gﬁ heatin% t he, oligoner )
of 2 cosrofalinE GHErHITE I RY AP BIeSPIeN T HE LT VAU E Y Bi08 2P R T Ejcgfiips double
screw ERBIGRT, b @Msle3drew FBEpBBAAL ExBlidet laAd Mihgle W18 @bMrdchRocating
reaction conponents are introduced to the extruder by
extrudethe use of a side feeder, wherein the side feeder
conprises a vent wherein activated carbonate residue
is renoved fromthe reacti on conponents by the vent.
25. Thz2netAdkofrridith @4, wiferaih diersedondwhiguder hastahsere@xspeadigéie polycarbonate

. _further.conprises a secon ack vent port . | ocated .
being ipifpq4iEH i b <P ERPTHAST LAt E. nitre Pl hSERyinged having
a ratioMBO§echR dxtivb&beind optiated eguhNbht BaCktid 6 tked 1RA posds per hour to

operated at or bel ow atnospheric pressure. 33. The
the screj PRSE CBreSpinie voMutiofh BeraniRute fdls Ma Wi 3 wpeco fem P04 e 100.
fromthe feed port to the second back vent port is
greater than the restriction of flowfromthe feed
26. Thoamrethadef claan gdIwhemib e streweread of ghersecong4xtrydlenistimadenigor
berwedl 8R4 1380 ROLNMSALEPALApherein the method compri ses
he “st eps” of, ?@; ormng a reaction mxture
conprising at | east one di hydroxy conpound, an

activated .carbonate, an transesterification

27. Tog Spepe ol iy irect g et b e P ORI S
tenperature in a range between 100 C and 300 C to
provide the reacti on conponents conprising a '
§6 | fPERing & FRRf RO nixg B Pree TP 208 {G28tpne dihydiopbeerpround, an activated

carbonate, and a transesterification catalyst, and

(ii) heating the reaction mixture at a temperature in a range between 100 °C and 300 °C
to provide a plurality of reaction components comprising a polycarbonate oligomer, an activated

carbonate residue, and a transesterification catalyst.

28. The method of claim 27, wherein the method further comprises the step of removing

activated carbonate residue from the reaction components prior to introduction to the extruder.
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residue, and a transesterification catalyst, 54 WO
2006/ 036545 PCT/ US2005/ 032655 (iii) renoving

w@cetncwatsesl car bonate residue fromthe reacti onPCT/US2005/032655
conponents prior to introduction to an extruder, (ivV)
heati ng the reaction conponents to a tenperature
greater than the boiling point of the activated
carbonate residue, the boiling point being the boiling
poi nt of the activated carbonate residue at a flash
pressure, the heating being carried out at a feed

2. T G558 el SRESPIGT B S plh DR B R Ghn Bet8 from e

reacti CHOFRPOBEHSpride V() mfrb@fchbm@ thé'@(tﬁld&@ﬁ heahplibht@BE the @Be of a flash

: conponents to the extruder at the flash pressure

tank. t hr ough at | east one pressure control valve feed port,

wherein the extruder conprises the feed port, a first
back vent port, and a polycarbonate exit port, wherein

30. Thermeethedof qhomt28| whérein sheesiep diatmgang dcheatéd qasiionbfacmidnerﬁtom the

renctif Spmg Bt IR RSB ANBLE Riubo ROl o A M AP,

oligontehsolfig@thnd@ydpotading halvbteﬂShbbmé(reMEmchﬂeﬂmmJ s less than
"or equal to the resistance to flow of the reaction

conponents fromthe feed port to the pol ycarbonate

31. THXhdthod&H laimANGhér¥in)theéhdiidf cBEpdrahs hRAFTIRPe LB rmé)%ﬂhér by
at one or nore tenperatures in a range between 100 C

the useepi@ sipdeeder. vitheteis) the side feader chrapises p yesit ofhersin ackigated carbonate
residug i§ %‘H)é) I%WQ%QQLO% ?ﬁ]&;b%eﬂé qjgr th&@ernf onate r teﬁ |e (rj (l; gy i's

rennve hroug k- vent port,
preparing a polycarbonate 35. The net hod of cIa|n134

wherein .t uder further. conprises a front
s2. TSGR T WATE i e F Lul P R e Dack St poe
1ocatemhu&awap nameh@feed pdﬁﬁfhﬁm tHolRst@hdk bt hdrOwhei€in el debiSidMack vent
of the reaction conponents acti vated carbonate

port is pRes3ted @ oF BelPR RERRANETIRBEASHCt he front vent port. 36.
The met hod of claim 34, wherein the pol ycarbonate

conprises pol ycarbonate repeat units derived from
33. Theroreghodied plaiwm &2, oiiblesedty B yestrictimaof dove Mmdhm@ed E@t A0he second

back v%)gggéﬁé?gﬁfé tl’l:> eT §%99t?c{n g%l%élg}'éoré the fee:&esxqg 2 Cpo %ar%orff‘ate exit

6 activated carbona
port. from1l %to 70

34. A method for preparing polycarbonate wherein the method comprises the steps of,

(i) forming a reaction mixture comprising at least one dihydroxy compound, an activated

carbonate, and a transesterification catalyst,

(ii) heating the reaction mixture at a temperature in a range between 100 °C and 300 °C
to provide the reaction components comprising a polycarbonate oligomer, an activated carbonate

residue, and a transesterification catalyst,
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by wei ght of the total weight of the reaction

conponents introduced to the extruder. 38. The nethod
wobkoosloaisns 34, wherein the activated carbonat e PEFUS265/032655

conprises at |east one ester-substituted pheno

havi ng structure I, | <co.,"" eta wherein R is a C

- C20 al kyl group, C4 - C20 cycl oal kyl group, or C4 -

C20 aryl group; R2 is independently at each

occurrence a hal ogen atom cyano group, nitro group,

C, - C20 al kyl group, <4 - C20 cycloal kyl group, ¢4 -

O.aryl gro . 0 al k roup,, 4 - C2 )

o3oh Jebils B Ptef cerbesierefas oy Mg FeRonthmpoges priosgo
introdikckot tohnexgiidedp, C4 - C20 cycl oal kylthio group, &4 -

C20 arylthio group, C, - C20 al kyl sul finyl group, C4-

C, 0 cycl oal kyl sul fi nyl group, C4- C20 aryl sul finyl

g inerthe f . )

LB Bt e rofeton R AR RN mg P el thn{A0 boiling point of the
activag®d carbonéfe adsidysytbapdlomgpoingbeing the®piling, point of the activated carbonate

residué?ég% g?ghﬁ)oée?(stélgr%%tgg g%/a%&gé%il g%m%cefd;)o ?toac%é %%Xr%,a{hg?e%lpressure
being @ytated eak yeeftash Pregrueetp prévide-sufpdheatidytbRbM Corgcdbfis, C, -

C40 al kyl am nocar bonyl group, C4 - C40
cycl oal kyl am nocar bonyl group, C4 - C40

a(! Bd¥hMQ &R fapAMdateddER4Ba c@fipdrents tdthDeARMEAR Ak gfé@éure
and b is an integer 0-4. 39." The nethod of claim 33,

throughté featipne REEsHES ¢oaplPleh edpasiareas whereigiteh extmderpompases the feed
LCY. e 0 : ' .

poﬁ,gﬁeﬂ%%%V?ﬁgbﬁé%g%ﬁgﬁé%g%%%ﬁgﬁﬁégfﬂ??%ggkggﬁggﬁgékg&ai

betweerothe €t backelesicoettanfl tienpdl yrerbgnastigxicpms kisd whgeiafthearesistance to

| ogenat ed aro ic solvent, a hal ogenated al.iphatic
Tlow o8 e g5 B B e TR P50 0%] B! Dk pRert 15 o8 tharor equal
to the RBRtahed togRMAdIREE BAMIBA LoiBpsiehi Edin thaRld Port to the polycarbonate exit
n- hal ogenated aliphatic solvent. 41. The nethod of

n
P°“*%$ain140, wherein the solvent is
ort ho-di chl orobenzene. 42. The nethod of cl ai m 34,

wherein the reaction conponents further conprise a.
iy ofxtimding dvaeagine Aehpaieats Asens o erore WBiperfitueesiie b e bétween

o ' . el N i . - | phenol
o0 -CH %, RSB COLRLPRERLE BB
carbongerresivhiepertovediaraugh diei fost badyEanpsit,s

thereby preparing a polycarbonate.

35. The method of claim 34, wherein the extruder further comprises a front vent port located
between the feed port and the polycarbonate exit port, wherein during the extrusion of the

reaction components, activated carbonate residue is removed through the front vent port.

36. The method of claim 34, wherein the polycarbonate comprises polycarbonate repeat units

derived from more than one dihydroxy aromatic compound.
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being introduced into the extruder at a feed rate, the
feed rate and the screw speed having a ratio, the
wez2a0608esns bei ng operated such that the rati o oPCT/@8ZN05/032655
rate in pounds per hour to the screw speed expressed
in revolutions per mnute falls within a range of from
0.01 to 100. 45. The nethod of claim44, wherein the
screw speed is in a range between 50 and 1, 200
revol utions per mnute. 46. The nethod of claim 34,
wherein the extruder is selected fromthe group
S [ Shl C
37. Tﬁé) {}1 Ehgl‘l opglgﬁ?{: %{f} r\ﬁhéx%]_nrtg% Qrtttwgtgd !r:]%{r)]oqan trgsru:rl};e gﬁ%ﬁﬂpea ?roﬁ} { %% 70
% by welrgewfebﬂ totall @eigheofsheghotios componests iffodeat itd the exdriidecler ,
a single screw non-reciprocating extruder, and a
multiple screw extruder. 47. The nethod of claim 34,
38. THORE@bLA of asan{ 34, Sheletke ¥eRhte@Odrborlal roR@IeRbRGri s apreast one
bel om1atnDsF eric pressure. 48. The nmethod of claim
ester-sghstityjaeé plang IFEWélafSFTP@FTeBaCk vent port is operated at a
pressure |ower than that of the feed pressure. 57 WO
2006/ 036545 PCT/ US2005/ 032655 49. The net hod of cl aim
48, wherein the ratlo of (féed pressure / the pressure
of the first back ht,§or is in a range of greater
than 0.01 and | ess 50. The nethod of claim 49,
wherein the ratio pf eed pressure / the pressure of
the first back vent#port) is in a range of greater
than 0.1 and |l ess than ®. 51. The nethod of clai m 54,
further conprising the step of renoving a product
pol ycarbonate fromthe extruder. 52. The net hod of
clai m 51, wherein the product polycarbonate is
wherein ™ i 94l 0¢-ed,) kI Ozréups €500 cy@odify 8RKp, drlte- 8£GAN %roup, R%is
extruder conprisin vent port, and the Secon
indepepdangly gegackh QPWQTCQFG@%&\OGW %t@macyatlfeaq@ép AT EOUP Ca Earrge/] group,

Ca- CZ%%%M% %]%d%% e a?ﬁ %r onat é" élﬁ?%%@g . 2?’8% ](§a%§dx9%roup’

C,- C26 arglodyl ETOUB G.e %\ﬁé‘dflthiwrgmglhct @y, vidalipyithio. gr&ifp, CJh@,, arylthio
ere ond Q§tr der

| a
R T Y et R T

C, - G, aik@sutieahi grourd OubCH cildativylsakbiiy @edup, @, czgyﬂ’ylemfdrgt abpl@, -
non-i nt ermeshing double screw extruder, a sing

Cao lkGEYRROP L PO C GG IR BT Y0, G rih BviByeponyl group,
C, - CARIERRbRFQHAE] MY, cycloalkylamino group, Cs- Cgo arylamino group, C, - C,,

alkylaminocarbonyl group, C, - C,, cycloalkylaminocarbonyl group, C,- C,, arylaminocarbonyl

group, or C, - C,, acylamino group; and b is an integer 0-4.

39. The method of claim 38, wherein the activated carbonate residue comprises methyl

salicylate.

40. The method of claim 38, wherein the reaction components further comprise a solvent

selected from the group consisting of a halogenated aromatic solvent, a halogenated aliphatic
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extruder. 54. The nethod of claim52, wherein the
second extruder has a screw speed, the pol ycarbonate
wheioa®3dsmt r oduced i nto the second extruder at BCT/@8T05/032655

rate, the feed rate and the screw speed having a
rati o, the second extruder being operated such that
the ratio of feed rate in pounds per hour to the
screw speed expressed in revolutions per mnute falls
within a range of fromO0.01 to 100. 55. The nethod of
cl ai m 54, wherein the screw speed of the second
extruder is in a range between 50 and 1,200

solvent, @nohdajogpratedarompitis splaentsmd amea-helogersted glivhatigsphva,
wherein the step of renoving activated carbonate
residue fromthe 58 WO 2006/ 036545 PCT/ US2005/ 032655

41. Theaaethodof danpidNenirein el sotvehtas bnho-didblotobenzeted t he
extruder is acconplished by the use of a flash tank.
57. The nethod of claim 34, wherein the step of

42, THeSRRMOAEF Rbitni vl Blleif @IchORAbE coHBSdnME fifrtherddnt}Rise a
reacti on conponents prior to introduction to the

monofgsgtiong@hendd chginstappst shed by heating the ol i goner
sol uti on and evaporating activated carbonate residue
therefrom 58. The nethod of claim 34, wherein the

43, Thegwathodoof champgdnerersn theehainstppto cgacunmylpherolext r uder by
the use of a side feeder, wherein the side feeder
conprises a vent wherein activated carbonate residue

44, THeSndteomorethih BOMWVHdien Heagtridy heOReNesked, e rbREoN esthponents
59. The nethod of claim 34, wherein the extruder

being ipgpdused ingQylip PiEuder a4 adesdape: Bataed nndihg forev ghesd Beying a ratio,
the extfldbt NEkg OBYed sh@MhiNEe f286dr Ref tatd RAAARSef hdiS to @@Q&ew speed

vent port wherein the second back vent "port is
expressggdn evelytions nsy mpwkedallavivbis phiangedf poadklr e 10860, A
nol ded article conprising polycarbonate formed by the
steps of, (a) preparing a polycarbonate by, (i)
45. The nfettedid iclagn #4 vdrredxthe sctew spéedouphn randecbetivapn 56 aad 1,200
uralit reacti on conponents conprising a
revolut 3?99&?@%ﬁate ol i goner, an activated carbonate
reS|due and a transesterification catalyst, wherein
extruder conprises the feed port, a first back

46. Thg m%fhos&f flaimy 3y whersd) the 5%%&8@616@9@ fromdhe groyheanaising ¢
co-rotaf1ﬁ§fi’1té?1%5§h1d eSloliRIE 348 RSl Qarbotxﬂ‘t@r—fdtd'tﬁg ngﬁﬁ-lfeﬁ’necﬂ-hré P&dble

he polycarbonate exi't port, and wherein )
screw qoca;rgdgt asiege saey fegipreshtingextiuderc smgle@@nw@n@mosprbcra@ng titender,

and a ngu?tlepqe Ec%»{? eit%dgrh €

47. The method of claim 34, wherein the first back vent port is operated at or below atmospheric

pressure.

48. The method of claim 34, wherein the first back vent port is operated at a pressure lower than

that of the feed pressure.
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first back vent port is less than or equal to the
resistance to flow of the reaction conponents from

w0 b@efosesds port to the pol ycarbonate exit port, Pendsio0$/)32655
extrudi ng the reacti on conponents at one or nore
tenperatures in a range between 59 WD 2006/ 036545
PCT/ US2005/ 032655 100 C and 400 C, wherein during the
extrusion of the reaction conponents, activated
carbonate residue is renoved through the first back
vent port, thereby formng a polycarbonate and (b)

forn1ng a nolded article fromthe carbonate 61. A
49. Theemeibed ploflareds: Whersinin gle oéﬁf%qd@reéa% the repyughel the first back

vent p(ga?)' e%gr?% ?afﬂ@e?&%r&ﬁé?%ﬁ%l%dﬁ&?ﬂﬂﬁﬁhOd conprising the

preparing a polycarbonate by, (i)
introducing to an extruder through a feed port a

s0. B} BB S EPRLAROEROEER BT bR e e
vent péreSb thi€rangd6f gheater &g @St Mdiléss @ahilon  catal yst, wherein
the extruder conprises the feed port, a first back
vent port, and a polycarbonate exit port, wherein the

51. Tlfqughcﬂpéftcldxé sh%ﬁh@rc&oﬁl%wsgmets& of fehﬁ)ﬂzmgﬁ%d(ﬁf‘%olwﬂonate

he polycarbonate exi por and ereint
from theesitwieince to fl ow of the reactlon conponents fromthe
feed port to the first back vent port is less than or
equal to the resistance to flow of the reaction
52. Theanghetsofickimh 50 whdrdie t}feqsotlmopdlydaﬂaohheispmirgdmaed)mm €cond

exi t extrudln reactj on onent
extrudefy ths SO EXHEIET CBIREA P I EPoT A O S T gggeated at
tempelﬁﬂlﬂe #QQafze PARRELILID B EAIYDO S vt &in@B tifextri@on of the product

reacti on conponents, activated carbonate residue IS

polycarbensy agi Velse GrBPnAcEsifue is fermeyed thyeieh thiovept Pather eby
form ng a polycarbonate, and (b) form ng a nol ded

article fromthe pol ycarbonate. 60
53. The method of claim 52, wherein the second extruder is selected from the group consisting

of a co-rotating intermeshing double screw extruder, a counter-rotating non-intermeshing double

screw extruder, a single screw reciprocating extruder, and a single screw non-reciprocating

extruder.

54. The method of claim 52, wherein the second extruder has a screw speed, the polycarbonate
being introduced into the second extruder at a feed rate, the feed rate and the screw speed having
a ratio, the second extruder being operated such that the ratio of feed rate in pounds per hour to

the screw speed expressed in revolutions per minute falls within a range of from 0.01 to 100.

55. The method of claim 54, wherein the screw speed of the second extruder is in a range

between 50 and 1,200 revolutions per minute.

56. The method of claim 34, wherein the step of removing activated carbonate residue from the
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reaction components prior to introduction to the extruder is accomplished by the use of a flash

tank.

57. The method of claim 34, wherein the step of removing activated carbonate residue from the
Teaction components prior to introduction to the extruder is accomplished by heating the

oligomer solution and evaporating activated carbonate residue therefrom.

58. The method of claim 34, wherein the reaction components are introduced to the extruder by
the use of a side feeder, wherein the side feeder comprises a vent wherein activated carbonate

residue is removed from the reaction components by the vent.

59. The method of claim 34, wherein the extruder further comprises a second back vent port

located further away from the feed port than the first back vent port wherein the second back vent

port is operated at or below atmospheric pressure.

60. A molded article comprising polycarbonate formed by the steps of,

(a) preparing a polycarbonate by,

(1) introducing to an extruder through a feed port a plurality of reaction components
comprising a polycarbonate oligomer, an activated carbonate residue, and a transesterification
catalyst, wherein the extruder comprises the feed port, a first back vent port, and a polycarbonate
exit port, wherein the feed port is located between the first back vent port and the polycarbonate
exit port, and wherein the resistance to flow of the reaction components from the feed port to the

first back vent port is less than or equal to the resistance to flow of the reaction components from

the feed port to the polycarbonate exit port, and

(i1) extruding the reaction components at one or more temperatures in a range between
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100 °C and 400 °C, wherein during the extrusion of the reaction components, activated

carbonate residue is removed through the first back vent port, thereby forming a polycarbonate,

and
(b) forming a molded article from the polycarbonate.

61. A method for making a molded article formed from polycarbonate produced by the method

comprising the steps of:
(é) preparing a polycarbonate by,

(i) introducing to an extruder through a feed port a plurality of reaction components
‘comprising a polycarbonate oligomer, an activated carbonate residue, and a transesterification
catalyst, wherein the extruder comprises the feed port, a first back vent port, and a polycarbonate
exit port, wherein the feed port is located between the first back vent port and the polycarbonate
exit port, and wherein the resistance to flow of the reaction components from the feed port to the
first back vent port is less than or equal to the resistance to flow of the reaction components from

the feed port to the polycarbonate exit port, and

(ii) extruding the reaction components at one or more temperatures in a range between
100 °C and 400 °C, wherein during the extrusion of the reaction components, activated

carbonate residue is removed through the first back vent port, thereby forming a polycarbonate,

and

(b) forming a molded article from the polycarbonate.
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