WO 03/ 106149 PCT/ US03/ 16354 METHOD FOR MAKI NG AN AROVATI C POLYCARBONATE
RELATED APPLI CATI ON This application is a continuation-in-part of copending
U.S. ApplWeAMMWI*No. 10/ 167,901 filed June 12, 2002 whi cRCTHS3AesMpor at ed
herein by reference. BACKGROUND OF THE | NVENTI ON This invention relates to

a method of pmMeBFHOWFP® VA THONENeA ROD ATIEAPOLYTARBONBAE net hod rel ates
to a nethod whereby a solution conprising a solvent and an oligoneric
pol ycarbonate is introduced into a devolatilizing extruder wherein the

ol i goneREEAJSIL) ARPbErat € Ns converted into high nol ecul ar wei ght

pol ycarbonate while sinultaneously renoving the solvent. Mire
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condi tions o}’f) pol ycarbonat es having extrenely low |evels of Fries

r ear r ant¥henP0 pfikduons 12,2002 ghidhaly aicogforgpdberpimi vgeiiicBow | evel s of

resi dual solvent. Pol ycarbonates, such as bi sphenol A polycarbonate, are

typi cal { { facial or nelt polynerization nethods.
The rea%%%cg%@%@iﬁ@%?ﬁs%ﬁgﬁgﬂ@?l%ﬂbi bi sphenol A (BPA) with phosgene in the

presence of water, a solvent such as nethylene chloride , an acid acceptor
such asTsedhumtioydelatsde aanegdhad phaspartngardferbonett Mystpastinmbarksthe
1 f the interf(z)alci,al nmet hodol og The reaction of

triethyla e i.s typical )
bi sphe%’é’lemﬂ M‘ilﬁe%lytgoﬁlr‘é‘é&BT] WaFERh A &OMHHPT CORPIRES adlé’loéwg’rtlyzfndcﬁ?‘ bonat e at

hi gh t@f@ﬁﬁ@rw ?Slyicél-bbﬁtﬁe R§ 6SENGBePintd £ AbAI¥Hizisy cRirdfer SOGHreim faydr oxi de is
typical o currently enployed nelt polynerization nethods. Each nethod is

practi celdgamera phhrgdosdalie wonsrtadcingd IWelaneoleadsr pewdeposycaibgattti cant

dr awbacks., The . nterfaci al .met.ho 0] Ki . sever al

i nher ent'PHF SHAVAATESUE Femeyipg Ehei S?)]\lregf‘ a%lé gg’\—t/igﬁ{%lgg{h? gﬂsgisorgrlg?%ugﬁ process
whi ch r gukd ©She eSREdR uaseranildantinnhs offpdyémbalawshusing aketyclgdmeer ns.
Second it is a disadvantage to_operate a process which {nggg{yres usi ng

| ar ge alpelitef Tfes appisrgamen rpfurtne e lnyekolsseaning ang, EB&s nust be

t aken t&sgﬂﬁg{g]ﬁg‘gi nst any adverse environnental inpact. Third, the
interfacial nethod requires a relatively |arge anount of equi pnent and

capital investment. Fourth, the polycarbonate produced by the interfacial
pr ocessPolycpbomaes, guch as bisphenol A polycarbonate, are typically prepared either by

interfacial or melt polymerization methods. The reaction of a bisphenol such as
bisphenol A (BPA) with phosgene in the presence of water, a solvent such as
methylene chloride , an acid acceptor such as sodium hydroxide and a phase transfer
catalyst such as triethylamine is typical of the interfacial methodology. The reaction
of bisphenol A with a source of carbonate units such as diphenyl carbonate at high
temperature in the presence of a catalyst such as sodium hydroxide is typical of
currently employed melt polymerization methods. Each method is practiced on a

large scale commercially and each presents significant drawbacks.

The interfacial method for making polycarbonate has several inherent disadvantages.
First it is a disadvantage to operate a process which requires phosgene as a reactant
due to obvious safety concerns. Second it is a disadvantage to operate a process
which requires using large amounts of an orgamic 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
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| WD 03/106149 PCT/ US03/ 16354 having inconsistent color, higher |evels of
parti cul at es and hi gher chloride content, which can cause corrosion. The
mel t met RO WRough obvi ating the need for phosgene or BEEGINANSsuch as
nmet hyl ene chI oride requires high tenperatures and relatively |long reaction
times. As a result, by-products may be forned at high tenperature, such as
t he prdleum’gsnmnsstang coby, IEghedevaant andenieies, ofd highgrorhderedesintedit.al ong t he
gr ow n%{)ol %/F chains. Fries rearrangenent gives rise to undesired and
uncont rEPFEEPPFEISHERTS%8nchi ng whi ch may negatively i npact the pol ymer's
flow properties and performance. The melt method further requires the use

of conphRXmBK AEEES,NAHRAH: PERAtnE ARahbal Gir lﬂflﬁgéﬁel ana ab}vlamgtuchtasrrper ature
and | ow pressure, and capabl e of efficient agi |on of. the hi % hly vi scous
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4, 323, po ycar DRat e cou ormed under relativel
condi t itgN&id3yrefie@agkmegt of mlb@hmﬁMnssajohg e BPAING p(biym@hehmsargﬂlescar bonat e

formed by reaction phosgene wt th ate
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st ear atn%g?tﬂ/e f it R AaRheYenbivaiiop@tiecal@eriRingiide. Phey@ak hestindde. Hi gh

cat al yst are "~ particularly undesirable in nelt polycarbonate
react i d‘nsthes“nn@teretsh]ee et flopaiplaxapaseising aquipmenirapakle of pRATERY 3 @%ﬁ’t

fol I ow ‘§Ig8 166 (:;?elg OB]'seﬁ%'ﬂ%e 1EIec garf)(fe ofgffﬁ #eﬁﬂlﬁgﬁto? Hefﬂlglﬂﬁzc ogAatalyst in

t he pol use span o es nade

t her ef W RicRMBri: t}ien@d’iﬁa.%%d o earaca@sommm rauirgblty mehieveldghadat i on at
hi gh tenperatures and di scoloration. In copending US Applications serial
nunber smolgfdar weight- 9 and 10/ 167903 , now i ssued as U.S. Patent No.s
6420512 and 6506871 respectively, extrusion of a m xture of an

est er - syhst fyéa%t Q'v@z{sﬂep&?eﬁt?ﬁw q?ate'?l't'm ﬁ%2@6§8 15213 berceﬁdeﬂatbydouﬁﬁr bonate, a

di hydroxy aro ¢ compound, such as bisp henol A, and
t r ans esteeforrhied atdameletvedy }&Etd copdisionady reasting b lpisphpid §b‘Hb’¢ﬁ BPA 248t at e

g:-lr;g)ré\i/ o Bg Iﬂ/&g}tl g%ﬂﬂ‘} B% H”owz cfcﬁbyglﬁgét] o\é\{e}gh%géen \75’@[}% %}%{hgp%ﬁltcﬁate-rh%e%étﬁw er
used relatively high levels of transesterification catalysts such as lithium stearate in
order to achieve high molecular weight polycarbonate. High catalyst loadings are
particularly undesirable in melt polycarbonate reactions since the catalyst remains it
the product polycarbonate following the reaction. The presence of a
transesterification catalyst in the polycarbonate may shorten the useful life span of
articles made therefrom by promoting increased water absorption, polymer

degradation at high temperatures and discoloration.

In copending US Applications serial numbers 09/911439 and 10/167903 , now issued
as U.S. Patent No.s 6420512 and 6506871 respectively, extrusion of a mixture of an
ester-substituted diaryl carbonate, such as bis-methyl salicyl carbonate, a dihydroxy
aromatic compound, such as bisphenol A, and a transesterification catalyst, such as
tetrabutylphosphonium  acetate (TBPA), afforded high molecular weight
polycarbonate. The extruder employed was equipped with one or more vacuum vents
to remove by-product ester-substituted phenol. Similarly, a precursor polycarbonate

having ester-substituted phenoxy endgroups, for example methyl salicyl endgroups,



to renmove by-product ester-substituted phenol. Simlarly, a precursor

pol ycarbonate having ester-substituted phenoxy endgroups, for exanple

net hyl saY?&1%&%dgroups, 2 WD 03/ 106149 PCT/ US03/ 16354 PGHEN340Hect ed to
extrusion afforded a pol ycarbonate having a significantly increased

ol ecul“q{?}a ghe]rgagd E&é)ﬁflis\[(ﬁl éf?orﬁ&?a g(?]?&%&ﬁfe RekCAL BRI Rly ihhiease@act i on to

forma nol ecul ar wel ght pol ycarbonate ma e catal yzed by residual
t r ansestdedutdroatipbinraatal jostheppresestr fokycathenpieectives srachen yeBbAat e, or by

a conbi nation of any residual .catal yst an addit L onak. .c t such as
TBPA i Mi§§HudRYSTHaY h&'e! terg?'C@}Poggtgp.mﬁfi 3’5% rgéaurﬂ&%érjld;elr%ntal Ie%?%{) ucts were

not obsgpyslrifRatidiecddi9d YedsentialiiCaehsRpeBcakbhdtougtbythembitdiods descri bed
in copen(}| ng US Applications serial nunbers 09/911439 qaé{;‘g?cé)%/ E"67903 (now

i ssued disnyr&idwatceimlysiend a470BIDRalaeripl B GBEY £S5 THELh dilt ¥pr esent
signi ficant. enhancenents in ti Y&ar RoaRt srods@l ative to
ol der r?é&ﬂ%%,Steé’dd&g‘f%gngeﬁlrﬁl%&%\l}gﬁ%@éga{;‘lgﬁng{gdg%e For exarrgrloe, it would
be hi gryo)ycgl@%ata@l e to increase the throughput rate of starting materials
through the extruder in order to achieve greater efficiency. In addition,

it would be highly desirable to avoid. hayinhg to isol ate rsor

pol ycarW8wagh %ﬁvﬁnﬁ@o%t‘?rs‘-’%l?f’gsﬂ CoREED ﬁén%‘s!*yﬂg%"éﬁs 0 eﬁigﬁﬁl‘falrn%r%}ét oits

ext rusi@m @@L gr ' nRLECW ars. gk tNo. pelysapbenbt $68BR EF SUMVARY
OF THE @méﬁﬁ?g{l@%ﬁg%g?gggﬁwilnventi on provides a nethod for the

pr epar atipectiely)paipycenbsigaifieantsahancemeith dal theoprgParaiiony ObRYHHRMWG'S n t he
presence of a transesterifi.cati . - i gperatures in
B empariattr b PR DernacEa I EbRS el b e PP E ) BN,

CONpr i SicNgellySRkNEaE tanfcraaseahé gaomshpat pod wE smbiiganeterisiaitiroagh thedi ng bei ng
carried ou? on an_extruder equipped wth a%nl&gst one ve]ﬁt aga ed for

sol ventextirdyroiralordes dpdaBi PGoRERPT CHEISE4r bdha tl%%n‘ﬁr‘ivg‘il. % 1g{§| arbonat e
repeat Yol fi3e ﬂ)ecri\!'o\{ ﬂavi&é%ﬂs@f&tg £8LuRN S N AL hadin@retel-sutsaipalind, said
ol i gonmeri ¢ polycarbona conpri sing ester substituted phenoxy term nal
groups Paubng eadgroapureior ® its extrusion to afford a higher molecular weight

polycarbonate.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a method for the preparation of polycarbonate, said
method comprising extruding in the presence of a transesterification catalyst at one or
more temperatures in a temperature range between about 100°C and about 400°C a
solution comprising a solvent and an oligomeric polycarbonate, said extruding being
carried out on an extruder equipped with at least one vent adapted for solvent
removal, said oligomeric polycarbonate comprising polycarbonate repeat units derived
from at least one dihydroxy aromatic compound, said oligomeric polycarbonate

comprising ester substituted phenoxy terminal groups having structure I



WO 03/ 106149 PCT/ US03/ 16354 CO2R1 (R2)b wherein R is a C, - C20 al kyl
group, C4-C20 cxgloalkyl group, or C4-C20 aryl group; R2 is independently
at each otQU¥1%Hhte a hal ogen atom cyano group, nitro gr JfF/Ue31635¢20 al kyl
group, C4-C20 cycl oal kyl group, C4-C20 aryl group, C - C20 al koxy group,
C4- C20 cycl oal koxy group, C4-C20 aryloxy group, C, - C20 al kylthio group,
C4-C20 cycloal kylthio group, C4-C20 arylthio group, C, - C20 al kyl sul finyl
group, C4-C20 cycl oal kyl su E&£§h group, C4-C20 arylsulfinyl group, C, -
C20 al I cyl sul fonyl group, 0 cycl oal kyl sul fonyl group, C4-C20
aryl sul fonyl group, C - C20..al koxy¢gaubanyt group, C4-C20

cycl oal koxycar bonyl group aryl oxycar bonyl group, C2 - C60

al kyl am no group, C6-C60 gycl oal kyl am no group, C5-C60 arylam no group, C,
- 40 allcylam nocarbony|| group] C4-C40 cycl oal kyl am nocar bonyl group,
C4-C40 aryl am nocar bonyl or C, - C20 arylam no group; and b is an
integer 0-4. The present inventign further relates to a nethod for
preparing sol utions conprising adFé%Eer substituted phenol solvent and an
ol i goneri c pol ycarbonate, and the conversion of said oligoneric

pol ycarbonate into high nol ecul ar wei ght polycarbonate with sinultaneous
renoval said solvent, said nethod conprising: Step (lI) heating a m xture
conprising at |east one dihydroxy aromatic conpound, an ester substituted
di ary] wirrdaoRatea & d- d,4 dRylsesiedfdgaytloakebgaby.sir GtCa areérppaut ure in a
range between about 100C and about 300C to provide a solution.of an

ol i gom’é{rii%in@ﬁl@ﬂ“ﬁ@&bb@r?&?}é??CH”%‘P'FB@S}? LG YT Pt 4 BB ggoélpvgh?; and St ep
(L) extr H%wg,ﬁgg{)@wggg U AllyPlarcilp) BORB afy) RO A\ DODRIBIc duys] est er

substitdt e one o tenperdtures in a range between about
100C alit-GrbaytlodlBoxy graupd CatCroneyloxy powe, Screl:s pluliiso jgow, bet ween

a
about 50 .a bout 120 . WO 03/ 1061 P 4 id extrudin
bei ng Eﬁ?nggﬂaB%tngP’aﬁ“‘g?%tn%”@fﬁglf’ 'SP #gi_n;&%%ta%ésggﬁ }%kga@érﬁﬁ%aapt ed for )
sol Ve”Eﬁé]@émyléﬂllﬁn&lng@gﬁt@ﬁ@za%?ﬁ@tﬂﬁnﬁl@oﬁ}ﬁ,@leﬂbgd aAigntlfonn] pebpt@s to a

pol ycar bonat e Prepare accordi ng
Cao cycloalkylsulfonyl group, Cq-Cy arylsulfonyl group, C; — Cy alkoxycarbonyl

group, Cs-Csg cycloalkoxycarbonyl group, Cs-Cyo aryloxycarbonyl group, C; — Ceo
alkylamino group, Cs-Ceo cycloalkylamino group, Cs-Ceo arylamino group, C; — Cao
alkylaminocarbonyl  group, Cs4-Csp cycloalkylaminocarbonyl — group, C4-Cao

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

The present invention further relates to a method for preparing solutions comprising
an ester substituted phenol solvent and an oligomeric polycarbonate, and the
conversion of said oligomeric polycarbonate into high molecular weight

polycarbonate with simultaneous removal said solvent, said method comprising:

Step (1) heating a mixture comprising at least one dihydroxy aromatic compound, an
ester substituted diary! carbonate and a transesterification catalyst at a temperature in a
range between about 100°C and about 300°C to provide a solution of an oligomeric

polycarbonate in an ester substituted phenol solvent; and

Step (1) extruding said solution of oligomeric polycarbonate in said ester substituted
phenol at one or more temperatures in a range between about 100°C and about 400°C,

and at one or more screw speeds in a range between about 50 and about 1200 rpm,
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to the nethod of the invention, said polycarbonate having a very high |evel
of endcz%gtgi ng a very low level of Fries product, and a very |ow | evel of
resi dual YEPYEL4 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi guR@I/ES(3I53Mt rat es a
devol atilizing extruder and feed system suitable for use according to the

met hod Cfé te%gﬁdigrgﬁ)%gﬁgcea 1’13?\6:@}9091”2111 gﬂtﬂﬂéxec&ﬁnéxjiéiﬂr?ﬁtr RigSndRei ddapteat i ve

configﬁar &/ I'11TzIng extruder and feed systemsuitable for
use ac¢@rsdivagt reiyvihe net hod of the present invention. Figure 3 illustrates
yet another devolatilizing extruder and feed system suitable for use
according to the nethod of .the .present. inventjon., DETAI | PTI ON OF
ThE. | NVERtbst 2phes heBsnint i AOHEE Srin S SRRRES PG SR BB | by

ref er eppend ondihig Pl thowhRBtioRletal | RilRBARPAvaT: af vey afigh red] exfbodi ment s
of the itnvention and the exanples included therein. In the follow ng

speci f endthppingandery hew bival ofsF g ipEedueb pndayeryley dewshebrenidiil 98 cade to a
nunber of terns which shall be defined to have the follow ng neanings: The

si ngul %rmfé?%%ﬁwé?ﬁrblg %%Dmswm@gl ude plural referents unless the

cont ex ates otherwse. "Optional™ or "optionally" neans that
the subsequently described event or circunstance may or may not occur, and
that t Fgugeskrillpitians hnddvotiedizings taincies andefesd systenevaitablectureseand

i nst it d . As used herein, the. t i
ol y caRtORIPEs i sdRPlahs areir Bumien. HerbarbbSills AL MEIERSS, aver age
mol eculagn MRLSH foRfa de08RITAAR 2O ARl FRASyRBA suitdlslk Yskessealcbgdimgr i C

pol ycar bonat es conprising polycarbonate repeat units derived  fromone or

mor e didhihdriostrodiob it resepbimyetiiess . FBunG BK1oe: 1) apothey deyled %m e o
" ng'yg g}f\@@fﬁegt%%f e:glggslp&glﬁ?{hitg fegﬁ)grq{é%: Qac@&‘lﬂ%fc;aﬁrobﬁ’lg%&ho& ¢ & Pr&ar! ON

s derived fromat’ I'east one di hydroxy aromatic
conpoungientigans a repeat unit incorporated into an oligoneric

pol ycarbonate by reaction of a dihydroxy aromatic conpound with a source
of carbanV it besdrbrNe R FubktfvenTion

The present invention may be understood more readily by reference to the following
detailed description of preferred embodiments of the invention and the examples
included therein. In the following specification and the claims which follow,
reference will be made to a number of terms which shall be defined to have the

following meanings:

The singular forms “a”, “an” and “the” include plural referents unless the context

clearly dictates otherwise.

“Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where

the event occurs and instances where it does not.

As used herein, the term “oligomeric polycarbonate™ refers to a polycarbonate
oligomer having a number average molecular weight of less than 5000 daltons and
includes oligomeric polycarbonates comprising polycarbonate repeat units derived

from one or more dihydroxy aromatic compounds.



reaction of bisphenol A wth bis(methyl salicyl) carbonate. As used herein,
the term_ high nplecular weight polycarbonate" neans pol ycarbonate having
a nunber Ggglhoﬁggnol ecul ar weight, M,, of 8000 daltons OfCHb /16384 ysed
herein, the term"solvent"” can refer to a single solvent or a m xture of

sol vent,s. As. ysed herein ne. Le L O I 8 ‘ept and an
oli gonééﬁ'si (]:Isedpg]lei/e&]}ir %lﬁlﬁat%Gs&gbe]?%rémocl)lﬁghlllél}]%uéb éﬁ%g%f? i@é {Eﬁa%ﬁ%g%ﬁ?gomri C

pol ycarp@padrbonat@icdedtivgits derie@intpo it hastatnel dimghodapeatenempyungei ght

sol vent. As used herein, the term "rrﬁlt %olg(gar b_onatte" r_efters to a

pol ycamssRa PRl AN n¢dRoratef AR9ea BFEPPEL: PAHCBPORIGPAFFCINEPbAnate with a
di hydr ,ﬁﬂg}o - viPA sd Iaf LpRg s Rhsplemel A or

2, 2- bi g?%dﬁé/ rox%%ﬁg%%gg%%‘g%ﬁ‘ﬁ%%??ﬁ’é‘{bé)?ﬁﬁ 't”ﬁ?jt erm"Fries product” is
def i nedea@sion ofbispienal Alwithmbis(nefthyil keliqgybodtmnatepol ycar bonat e whi ch upon

hydrol ysis of the product polycarbonate affords a carboxy- substituted

di hydroxy aronmatic conpound bearing a .carbox ol j one or
both of %¥&d ﬁff’&i“@%ﬁ G ulslggﬂ)lfoef%%f?%q%%%% fﬁ g]ﬁ) g‘lt;tlgt ﬁ]teg]gi ‘g“?ﬁ%ﬂ%% aromati c
conpoundyink@mueiRPefageifolbéugahesight, B, pdispoatsanatee nprepar ed by a mel t
reaction nmethod in which Fries reaction occurs, the Fries product includes

those structural features of the polycarbonate ich affo}r}? ‘Z-é_ar boxy

bi sphers ugedypeiaine iplesine sohirar ofaFs IdeE0 AHENglE SAIERT BoRVERTHEM Yt e. The
terns sgf\)eﬁlé_ product” and "Fries group” are used interchangeably herein.
The terns ries reaction" and "Fries rearrangenent” are used

i nterchangeably herein. The terns "double screw extruder” and "twi n screw
ext rudeks' wmed hsed, thattemnt hsnheiabl gomprighs. a eolwend 3081 40l I8S03/ 16354

As used herein the term"nonofuncti.on ! onprising a
o not o PORGARERYE TS 659 'GRBLI T D) nBOSls poIs e e B B RO TP B S
i nt er chapgerioar hastaioperctieby weight @flv@spheric vent" as used herein is nmeant
to indicate a vent which is operated at or near atnospheric pressure.
Thus, an atnospheric vent heing operated ]

As used herein, the term “melt polycarbonate” refers to a polycarbonate made by the

transesterification of a diaryl carbonate with a dihydroxy aromatic compound.
“BPA” is herein defined as bisphenol A or 2,2-bis(4-hydroxyphenyl)propane.

As used herein the term “Fries product” is defined as a structural unit of the product
polycarbonate which upon hydrolysis of the product polycarbonate affords a carboxy-
substituted dihydroxy aromatic compound bearing a carboxy group adjacent to one or
both of the hydroxy groups of said carboxy-substituted dihydroxy aromatic
compound. For example, in bisphenol A polycarbonate prepared by a melt reaction
method in which Fries reaction occurs, the Fries product includes those structural
features of the polycarbonate which afford 2-carboxy bisphenol A upon complete

hydrolysis of the product polycarbonate.
The terms “Fries product” and “Fries group” are used interchangeably herein,
The terms “Fries reaction” and “Fries rearrangement” are used interchangeably herein.

The terms “double screw extruder” and “iwin screw extruder” are used

interchangeably herein.



under a slight vacuum such as that commonly desi gnated "house vacuum' IS
meant ﬁ%‘gﬁ-&‘ \lMthl n the anbit of the term"atnospheric vent". As ed
herein t HiL42 al i phatic radical" refers to a radical W&T’Hﬂ"’&@ﬁél ence of
at least one conprising a linear or branched array of atons which is not

cyclic.aTheq h@%‘iz@ﬁﬁe%}‘n “1ﬂglh&91%tﬁﬁﬁlﬁflﬁ%iem§eaﬁé1§ P& Bbhp9a8Ra shglef ur and

oxygen or conposed excl usively of carbon and hydrogen. Exanpl es of
al i phatlezmtwaéiydzakﬁgmupl ude nethyl, methylene, ethyl, ethylene, hexyl,
hexanet hyl ene and the |ike. As used her ei n the term"aromatic radical”

refers t,o.a radical »val ence of. a one conprising at |east
one ar ;Pﬁttieén rVSBtpPO'Efg g‘é‘? %IfeuﬁF‘gH%?mhan ea %I i nclude phenyl, pyridyl,
furanyl, thi enyI napht hyl , phenyl ene, and b| phenyl The term incl udes
gr oups mﬁnkﬁhﬁiaﬂﬁo@ﬁhﬁc aféﬁ)lt’fvdsi sedngkraih iiphadaie tcﬁmdnmfﬁeat\&znt fadrictelsanpl e a
benzy] group. Aromatic radicals are further illustrate g radi cal s which
conpr i SWerast ¥ %r@ﬁh@‘i‘@salﬁﬁilcdiféfrsﬁ% i Bl AR ALRGSHER I YAt Bﬁ‘?éé’rl?élﬁ‘ﬁ"sd For

exanpl g.,4bNe off @'ﬁj F!&JL B-subly &4 %@?&ﬂuﬁmﬁl@y&s1'g§até@r“!l§cﬁ@e Deduehd®, 3§ nRAn@r omati c

r at her han a phatic radi cal used herein the term
" cycl oabifghedthm thadmbalo‘ftlreetém §atmslaher1adcmél havi ng a val ence of at | east
one conprising an array of atonms which is cyclic but which is not aromatic.

rTrg;e/ gre%%ts%%ﬁ%é%ﬁéﬁd N @P@% Mich e @“#a&?%?ie}%vlﬁ%f\}d{eﬂ@%g gxygen or

cycl oaljebahk Q:oﬁu?ﬂlsﬁ‘a | &S 1indad G g BYE haRy @pmomscwmlcbps nby byclmyc’l‘icnhexyl
t et rahydr of ur any the like. The present | nventi on provi des a net hod of

pr epar iaugy ey cReINER CEEoHMBE SH§h S BIFIOREN oT b A9 FTNEED o B’IanlEf‘rrerl c

pol ycar ! RAL8IsGATRAd Si ng ester
substi t@g@%&@%ﬁ%@@@%ﬁ o%oﬁlga%ﬁglw n&glg??%%:rﬁ eQQﬂé{&?é&gext r Sded t hrough an
extr udeﬁetayﬂameédrldne cfthyﬂp&rthylsoé \hexyl, hekamethptdnodndfhetiike. i nvention effects
both the conversion of the oligoneric poI ycarbonate to a product 7 WO

03/ 106149 PCT/ US03/ 16354, car.bopat i ght, and
a separ%& P%Fﬁ-r lfl.ﬁlelilﬁé L0y & m?% ltad%‘ffl[;;'e% es%nef%lca g%ﬁ sol %ig%)%%% t he

ol i gomgEdse dpel ediRRRahElchitOfet Renftio udip. mhmpas henad@atiAdediicalonal |y, the
nmet hod provides for the renpval of other volati mat eri.a whi ch nmay be

pr esentinglide neenvhipyridyl, Sopmtli Bisnys 1@’1’1ﬂ@6ﬂﬂ}€%‘°’ﬁ%la§}‘é Swberdt J%eé?rm
includes groups containing both aromatic and aliphatic components, for example a
benzyl group. Aromatic radicals are further illustrated by radicals which comprise
both aromatic and cycloaliphatic structural components. For example, the radical 4-

cyclohexylphenyl is ranked herein as an aromatic rather than a eycloaliphatic radical.

As used herein the term “cycloaliphatic radical” refers to a radical having a valence of
at least one comprising an array of atoms which is cyclic but which is not aromatic.
The array may include heteroatoms such as nitrogen, sulfur and oxygen or may be
composed exclusively of carbon and hydrogen. Examples of cycloaliphatic radicals

include cyclopropyl, cyclopentyl, cyclohexyl, tetrahydrofuranyl and the like.

The present invention provides a method of preparing polycarbonates whereby a
solution comprising an oligomeric polycarbonate in a solvent, said oligomeric
polycarbonate comprising ester substituted phenoxy endgroups having structure I, is
extruded through an extruder adapted to remove solvent. The method of the invention

effects both the conversion of the oligomeric polycarbonate to a product
7



formed as by-products as the oligonmeric polycarbonate is transfornmed in the
ext ruder roduct pol ycarbonate. The ol igoneric polycarbonate

conpri seg‘;(g%%lg)gé‘&bonate repeat units and term nal pheno f%‘rﬁ@{ﬂ@ﬂbs havi ng
structure I. Term nal phenoxy endgroups having structure i ncl ude ester
substituted phenoxy endgroups generally Est er substfétu ed 8 qg} y

engr oupelgagboarie hpling i eb?’Oi@ﬁé aQWfétQ%)@%érsﬁi&Wl AR SPIgS e

Pr OPOXy | Rhen O é- G R hexysar aery! pBepRwMegr oup, and
the 4- c?/‘éaeﬁgn% Rh%h%tgg{ bdofﬁ{;]l phen oxy !gcr é’ggk Anong the vari gus ester

subst i tpﬁlﬁdxbophtenoé@datxemaﬁynﬂie gediopprovitkes R et mmthplﬁ@ﬂw whletilsxy group I
is frequentl pr.efer neric car bonat e conpri ses
r epeat ]Eiﬁ‘ie’c%lgd% hBay ?Bfﬁs?ﬂ %Eswlflflé&‘u?lhgﬁ?%%“% Ciaﬁbognt (glund

Di hydr %ﬁm@é R bl‘bdﬁ@c%@‘é’fb@%@%ﬁ%ﬁb poHghibahad iPitansdbiidrin Xy @@naanes for
exanpl e hydroqui none (HQ, 2-methyl hydroqui none, resorcinol,

5- met hylortesprodugigblyamitondie | i ke; di hydroxy napht hal enes, for exanple 1, 4-
dihydroxynathalene 2, 6-di hydroxynapht hal ene, and the Iike and

o S pe ek op ks BETER SR DA Ca T S Bt S8, oty e

pol ycargmaﬁyeeﬁd@m@b hevihg stroetievie denoml plhedoegsndgm@stilagpigesmttumsa. d
pol ycar onat e repeat um({_g havi ;ggstructure 11 ROR6 R 10

o0-~ R 3l peplude jestey AisE e RRIGREY £SO BRI t I@Stﬁf #@’aﬁlt&&gﬁ]ﬁl% hal ogen
at om ”é&lgf L& Qr %Ha Er>¥ ifidd oup, {ut- C%Qﬂ%xwahb&mpmm% @Bugychoal kyl

group, 0 aryl group; is a
plopoxycalbonylphenoxy group, 4-chloro-2- methoxyca1bony1phenoxy group, and the

4-cyano-2-methoxycarbonylphenoxy group. Among the various ester substituted
phenoxy terminal groups, the 2-methoxycarbonylphenoxy group 11 is frequently

preferred.

COzMe
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The oligomeric polycarbonate comprises repeat units derived from at least one
dihydroxy aromatic compound. Dihydroxy aromatic compounds are illustrated by
dihydroxy benzenes, for example hydroguinone (HQ), 2-methylhydroquinone,
resorcinol, 5-methylresorcinol and the like; dihydroxy naphthalenes, for example 1,4-
dihydroxynathalene, 2, 6-dihydroxynaphthalene, and the like; and bisphenols, for

example bisphenol A and 4, 4’-sulfonyldiphenol. The oligomeric polycarbonate



an oxygen atom a sulfur atom a SO2 group, a Cl-C20 aliphatic radical, a
C6- C20 radical, a C5-C20 cycloaliphatic radical, or the roup R12
R11 %"mﬁé?ﬂ R11 and RLV are independently a hydroge‘erTé?%?ﬁﬁl

aIkyI group, C4-C20 cycloal kyl group, or C4-C20 aryl group; or Rl1l and R12
t oget hetypxtajrymoata@ﬂs _ﬁéﬂ@cazl&yﬁtmbéqﬁ haits derivied gronh kcleadt ne pispbaal,lsgidsubst i t ut ed

by one or re Cl- 5 C6- 20 —aryl, C5_C21 aral kyl, C5-C20

cycl oaIH@}HCn’%PB%FEé"peBWIEtS %ﬁﬂﬁgﬁgf‘f’tﬁ?? Wher eof . Repeat units having structure
1l are illustrated by repeat units present in bisphenol A polycarbonate,
bi sphenol M pol ycar bonate, bi sphenol C polycarbonate, and the like. In one
enbodi nent of the present invention the oligoneric polycarbonate conprises
repeat units having structure 1V 9 WO 03/106149 PCT/ US03/ 16354 H3C CH3 \ |
\ 000- LIV said repeatgénits IV beinga%erived from bi sphenol A In an
al ternate enbodi nent_of the present invephtion the oligoneric polycarbonate
conpri ses repeat i i ¥02 0LO0 Vsad
repeat units V be j , i ne sol ution of
the oligoneric po pf the present

i nvention conpris be a single
solvent or a mx : ; N esent in the
solution of the Q-—

I

wherein R*-R'? are independently a hydrogen atom, halogen atom, nitro group, cyano
group, C;.Cyo alkyl group, Cs.Caq cycloalkyl group, or Cs.Cyo aryl group; W is a bond,
an oxygen atom, a sulfur atom, a SO; group, a C,-Cyp aliphatic radical, a C¢-Cao

aromatic radical, a C¢-Cyp cycloaliphatic radical, or the group

R2 R
\ /

wherein R'" and R'? are independently a hydrogen atom, C,.Cy alkyl group, C4.Cyo
cycloatkyl group, or C4.Cyy aryl group; or R'" and R' together form a Cy.Cao
cycloaliphatic ring which is optionally substituted by one or more C;.Cyp alkyl, Cs.Cao

aryl, Cs5.Ca aralkyl, Cs.Cap cycloalkyl groups, or a combination thereof.

Repeat units having structure II1 are illustrated by repeat units present in bisphenol A

polycarbonate, bisphenol M polycarbonate, bisphenol C polycarbonate, and the like.

In one embodiment of the present invention the oligomeric polycarbonate comprises

repeat units having structure IV



ol i goneri c pol ycarbonate conprises fromabout 10 percent by weight to about
99 percent b¥ wei ght, preferably fromabout 10 percent by wei ght to about
70 per ceMYOBY106kE; ght of the solution. For exanpl e a sol BGTWSSM6BHI goneri c
bi sphenol A 10 WD 03/106149 PCT/ US03/ 16354 pol ycarbonate conpri sing
phenoxy endgroups Il dissolved in nethyl salicylate, said solution being
about 40 percent by weight of said oligoneric polycarbonate and about 60
percent by weight nethyl salicylate. Alternatively the solution may
conpri se nore +han one solvent, for exanple a solution of oligomeric

bi sphenol A po| ycarborfgt@ cOHp{i sing phenoxy endgfoups Il dissolved in a
m xture of ortho-dichloro (ODCB) and nethyl salicylate, said

sol ution being bywei ght of said joligoneric

pol ycar bonat e, 30 percent by weight

met hyl salicyl pt pf the presen{ invention the sol vent
| he preglent invention conprises at
™ ctuge VI 0281 OH (R2)b WV

enpl oyed accor di
( (18 (10
b are defined as irnGtructd:flrf Exanpl es of

| east one este
wherein R, Fé ,
ester-substituifed phenols having structure VI include nmethyl salicylate,
ethyl salicyla butyl salicylate, 4-chloro nethyl salicylate; and

m xtures thereof. Solvent Vjymay be recovered an reused. For exanpl e,
ester substituted phenols such as VI may be recovered, purified, and
reacted with phosgene to nake ester substituted diaryl carbonates which in

turn can be used to prepare oligoneric EOl ycar bonat es conpri si r}g term nal
phenox gaidgepwpsntaly gingtdetived freny bisphepplcat 119, anpiliericanbsimett dihe

d_est bstituted phenol s effici | pliput b
oot e mae benhEeel R Pl ch AR RN FURL prtsen

i nvention optionally conprises a hal ogenated aliphatic solvent, a
hal ogerat@dreaivrmtinvt sol vent, a non-

Oy
S
j\
@] O—
v .

said repeat units V being derived from 4,4’ -sulfonyldiphenol.

The solution of the oligomeric polycarbonate used according to the method of the
present invention comprises at least one solvent. The solvent may be a single solvent
or a mixture of solvents. Typically the solvent present in the solution of the
oligomeric polycarbonate comprises from about 10 percent by weight to about 99
percent by weight, preferably from about 10 percent by weight to about 70 percent by

weight of the solution. For example a solution of oligomeric bisphenol A

10



hal ogenat ed aromati c sol vent, a non-hal ogenated aliphatic solvent, or a
m xture 11 WD 03/106149 PCT/ US03/ 16354 thereof. Hal ogenated aromatic
sol vent s Vi 8/106[49st rat ed by ort ho-di chl or obenzene ( ODCB)PCTEHI08ieSenzene
and the |ike. Non-hal ogenat ed ar omatic solvents are illustrated by

t ol k

el ogeRdbEtarT AT E uE PUBREY “aeup; BRIy R TRay BRECIHL (P

chl or ofQu#dn Beid aBbtﬁWOQfeﬁﬁhh@ﬂ@mg&ﬂdf daheoligokeeric I}dﬁrycmabmgeami glebudl i phati c
solvents are i I%ust rated et hanol , acetone, ethyl acetate,

cycl ohER aprsaet, b)’a‘rvi@lb]tltﬁéeﬂhb’lkséhcbﬂﬁteor?éteé}?ﬁﬁﬁiy RO SRR P Rvent i on t he
| f hy | t d

2 oot DRSOt iR G afRie% QLIKIP Bf PeoeNThABRAR 2F pilhemBbhAc SOl vent an

ort ho- dombﬂ;mng%aﬂ@@eeﬂm} Ihldﬁssﬂlﬁrbthyrh asmlxtmyldt@thﬂd’iehimoéﬁ%@@@ erification

cataly ccor 0 the ese ent al yst

ef f ect i(éQCSBS ?rf’ak‘}r t}?n Hg%%?’#é oel?@%ar g%}?]ate during
the ex'g)h?k%grh pIﬂ@aﬂaBﬁ‘ﬁ@ est QeickhCBy 'v%‘glﬁa@BbBSta%dfabbuﬂlse eeeat 8yng to the
met hod of the "present invention nay conprise oniumcatalysts such as a

quat er maight awtiphsalivyladéonpound, a quat ernary phosphoni.um conpound, or a

m xture thereof Quat ernary ammoni um conpounds suitable for use as

transe ter sent

nvent i ﬁm 1%%881?&:1]?%% he/ gl:eﬁent"%fi%?{tﬂh NHe E&v&:ﬁ%&éﬁ%}%@%ﬁg&ﬁﬁﬁ)ﬁ?e V1 Rig
X~ tOnﬁllﬁJﬂ dtkhe pRi@lt 1Meh3tzWﬂ8®1ﬁpﬂseR‘a81&asRﬁbﬁe aster jubsigpied gdomndl ylaamgx C20 al kyl
group, CA-C20Q cycloal kyl group, or a C4.C20 aryl group; and X- is an

or gani ErBFuienty gani ¢ ani on. Quat ernary ammoni um conpounds VI | are
illustrated by tetanethyl ammoni um hydroxi de, tetrabutyl ammoni um acet at e,

t et r abut yl ammoni um hydr oxi de, and tCh% IF\i’+<e. 12

2

I~

N

Vi

OH

(R%)y

wherein R/, Rz, and b are defined as in structure I. Examples of ester-substituted
phenols having structure VI include methyl salicylate, ethyl salicylate, butyl salicylate,
4-chloro methyl salicylate, and mixtures thereof. Solvent VI may be recovered and
reused. For example, ester substituted phenols such as VI may be recovered, purified,
and reacted with phosgene to make ester substituted diaryl carbonates which in turn
can be used to prepare oligomeric polycarbonates comprising terminal phenoxy
groups having structure 1. Typically, purification of the recovered ester substituted

phenol is efficiently carried out by distillation.

The solvent used according to the method of the present invention optionally
comprises a halogenated aliphatic solvent, a halogenated aromatic solvent, a non-

halogenated aromatic solvent, a non-halogenated aliphatic solvent, or a mixture

11



WO 03/106149 PCT/ US03/ 16354 (Quaternary phosphoni um conpounds suitable for
use as transesterifcation catalysts according to the nethod of the present
i nvent i oW R¥IG#E quat ernary phosphoni um conpounds havi REBYSAMEEHe VI | |
R18 XO (O R17 P-R19 j20 WVIII wherein R17 -R20 are independently a Cl1

- C20 alykyl,@r %‘Boge%fe@zgoﬁﬁﬁé QBlEMs SEOHRstrREd %y SAn&-@RnREMengiRUP; and X-

i's an organic or Tnorganic anion. Quaternary phosphoni um conmpounds VIII are
illust r(@MB)byclﬂ@baﬂ%mylapboﬁ:phbm urrNoh;halQ@%n@ted remptab sePMEpEoghoni um

t at t et h h t VI |
and. w1 sl RGO PRy psalc e G el Sebert g e U
consi StHﬂQg&BteB%@b%!c%iveh@'dl@ﬁlusﬁ@té@@wlx@ﬁ}%nemﬁmm diglorofoiind; At e,

sul fate, carbonate and bi car bonat e th respect to tr nsest ri fcation
cat al ysilcsiﬂcbmvihﬂgi,ﬁnlduﬂﬂ@dﬁ@s Non-halagenated) ailplmh%ﬁ@lv%ﬂtsl%e AY58RGG DYent  ani on

h d h h [ d
negat | 8 enargae A il Pt d RSP He . "D oper Ty "bal anced. For

exanpl e, in tetrabutyl phosphoni um car bonat e where R17 -R20 in structure

VI ang oneamFDo@mieﬁt oﬁﬂh@pmexﬂmdue)(ﬂom dprsebent anglopal dvonaises anixdnie it is
understood that X- represents ' ment .. the

CcoO 2) ., .
transester imlioé%l“talt"@naré’g’taﬁf )?glt"e]uts@‘tfI g‘% eﬁ®%%%?‘ﬂ§$$§h§]g’? %r eé?ﬂ?}é? rdary
ammoni ym,GooBeuA d%h%@&eﬁﬁ&ﬁﬁ@ﬂ@lﬁ%ﬁ%ﬁtﬂ@sﬁmgnd or a mixture

thereof, wth at |east one alkali retal hydroxide, alkaline earth netal
hydr oxi de or a mxture thereof. For exanple, a m xture of
tetrab d’ﬂy:l phosphahtation aeelyst sseshepcorskieg tﬂﬁlmlé}ﬁwlﬁ deventian WBYos 46149

PCT/ USO03/ 5 o her i t sed
accor dlcr?&:hfsg ?fﬁ(‘éflvr?elpk})éé] %?1?% Eléa% Jdv&tﬂ dffe %ﬂé@ﬁ)&% ﬁol&%ﬁozﬁ?&y din g
the extrusion. The transesterification catalysts for use according to the method of the
present invention may comprise onium catalysts such as a quaternary ammonium

compound, a quaternary phosphonium compound, or a mixture thereof.

Quaternary ammonium compounds suitable for use as transesterifcation catalysts
according to the method of the present invention include quaternary ammonium

compounds having structure VII

R 14 L
R13___,|\;__CT_)_R15

ilqm

VI

wherein R'* —R'% are independently a C,.Cy alkyl group, C4.Cyg cycloalkyl group, or a

C4.Cygaryl group; and X is an organic or inorganic anion.

Quaternary ammonium compounds VII are illustrated by tetamethylammonium

hydroxide, tetrabutylammonium acetate, tetrabutylammonium hydroxide, and the like.

12



present invention include one or nore alkali metal salts of carboxylic
acids, one or nore alkaline earth salts of a carboxylic acid, and m xtures
t her eof . YU8H19{¥Pansest erifcation catal ysts are illustratPEI/BP38p3Fpl e salts
of carboxylic acids such as sodium acetate, calciumstearate and the |iKke.
Addi ti Qgﬁltér}fary?%élﬂonﬂfﬁ 2bnPBEn@| KalabRefor @3¢ b wABlcalerifatibs cefalyersgani ¢

pol yacids may serve as efficient transesterification catalysts according

t o t he anwirting tof the eethed o€ tite presenit ingention) kelufe guetgnaghphePRkAMMMe earth
metal salts o 1or an;t‘c @ng i ds, such as ethyl ene diam ne

t et r acEPBBRYE @Ygﬁ%)“" & ﬁ%l oyed. Salts of organic polyacids are
illustrated by di sodi um magnesi um et hyl enedi am ne tetracarboxyl ate (Na2My
EDTA). In one enbodi nent of the present invention the transesterification
catal yst conprises at |east one salt of é non-vol atile acid. By
"non-volatile” it is neant that 8 aci % rom which the catalyst is nade
has no appreci abl e vapor pressur der“nelt polynerization conditions.
Exanpl es of non-vol atil e aci i nlc:%ﬁde,l@hosphorous acid, phosphoric acid,
sul furic acid, and nmetal "&ko—atifds*—Bucth as the oxo acids of gernmani um
anti nony, niobiumand the |ike. Sial ts of non-volatile acids useful as nelt
pol yneri zation catal ysts accordi ryg?-Q o the nethod of the present invention
include alkali netal salts of phosphites; alkaline earth netal salts of
phosphites; alkali nmetal salts QfﬂPhosphat es; alkaline earth netal salts
of phosphates, alkali netal salts of sulfates, alkaline earth netal salts
of sulfates, alkali nmetal salts of netal oxo acids, and alkaline earth
netal salts of nmetal oxo acids. Specific exanples of salts of non- volatile
aci ds iwigdreid ® 'NaRZPRE8indNadi2POly a NaZhiPOhyl BP0 CoCsieriby] s@yp101P041
NaKHPOX4, NaCsHPO4, KCsHPO4, Na2SO4,. NaHSO4, . NaSb(O3, Li SbG3, KSbO03,

My ( Sbo Y20 R EETR; & BED AFPE PR IONIIESCE™ My2Ged4, and mi xt ur es
thereof. Typically the transesterification catalyst is enployed in an

amount Ge#&8sR0NsNGEN Bepveenl Thoute Hlubtated BY Sctamehsiphotphbniand 0- 3,
preferably befween about 1.0 x 10.6 and about 2.5 x 10- S, of

) ( 0-4 rmlg
t r ansestdradide aetiabntyloaphipsiup acetats) EtabutyphoPhppYmEroEfesrd i ¢ s
deri veq.kferom aromati ¢ di hydroxy conpound present in the oligoneric
pol ycar bShate. 14 WD 03/ 106149 PCT/ US03/ 16354

In structures VII and VIII, the anion X~ is typically an anion selected from the group
consisting of hydroxide, halide, carboxylate, phenoxide, sulfonate, sulfate, carbonate,
and bicarbonate. With respect to transesterifcation catalysts having structures VII and
VIIL, where X~ is a polyvalent anion such as carbonate or sulfate it is understood that
the positive and negative charges in structures VIl and VIII are properly balanced. For
example, in tetrabutylphosphonium carbonate where R —R™ in structure VIIl are
“each butyl groups and X~ represents a carbonate anion, it is understood that X~

represents ¥ (COz ).

In one embodiment, the transesterification catalyst used is a combination of a
quaternary ammonium compound, a quaternary phosphonium compound, or a mixture
thereof, with at least one alkali metal hydroxide, alkaline earth metal hydroxide, or a
mixture thereof, For example, a mixture of tetrabutylphosphonium acetate and

sodium hydroxide.
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Typically, the oligoneric polycarbonate enployed is prepared in a step

i nvol vin heating a di hydroxy aromati c conpound with an ester substituted
di ary] cg\‘(b&ﬂb{lﬁé*‘)i n the presence of a transesterificati diTEE0aM1438¢. Thus,
the reactants are conbined in a vessel in a ratio between about 0.95 and
1.3 nol t ester
substi tﬁ?ﬂégp d%&g&@@@ﬂ@gﬂ&g{ﬁ@%@ﬁavh éb% @Sgg ac«g&‘éﬂh %rtggé]?(?ggéggﬁr#gound The
anount qﬁe&enamsfelstucermk:im:latanemlaadnalaylsxﬂ1 @l &@lecbf @rimetylie @enidabagtorl. 0 x 10- 8

and about | ef erably betmeen about 0 x, 10- and about 2.5 x 10
2 ol edngte A saBh S HITSaBT T SEHORI opr o PR T oy ot ¢
CoONMPOUNGyanSdidrFYRGn RO tNA_L1HdratddeL dmﬁﬂpw& BlofQRARHORY1iERERs b@MPRr atures in
a range from about 100C to about 40 referably from about 100C to
about 300dunapttate.icelcivmupicerapy afdetha tiky. fArcidmoablcbwmllmoaettabambdmhr@SOC
reactio o rod C risi m xture of
pr oduct %oﬁﬁglgln%} |S§}t§;o? 6'%‘3%1 n%‘%slg%c%y%%ﬁr%gﬁectﬁ %@Htsﬁ%ﬁ%m{ep & gmﬁ)lhenol

( sol ventehialystsnsestirgy fofthe atetla efahabiesént llﬂr&dtlbIQWNH@}'ﬁlhlstal ohd slkslin®t arti ng
mat eri al s, di hydroxy_ aromatic conpound and ester substituted diaryl

car bonatééith Trrfﬁt%l splts %@1@?%@0%6% sughyes $thygeag diaging tsacaabevlait £2YTypi cal | y
the equi.l b S Y ric
polycarg%ng?%}g%% 5 RQ%Fé)%ﬂM9@§¥%§8%E ?F%%@g%% helQﬁMﬁﬁdH%%?§&§races of
t he st arcthiyignedmtend @irgcabaeylavh S WadEDTAR "equi |l i brat ed” product m xture
may then be introduced into a devolatilizing extruder to effect renoval of
t he by-product ter.s stltut heno sol v vertln t he

ol goner &8 sinypR3inin 3t B b g I RORET s s Becl By fe A0 Bl

pol ycar berateoncBeE 308 QontvbRiild ARG €BY Bidnfv@ation icataltysdt theadigpomal |y

nei ther consuned in the eqU|I|brat|on step nor renoved prior to _extrusion,
there i sVhighi b8l F3talyslo ihetd %ohseﬁddwaéapr@%lﬁal VeRAraPYRssUIguENYRy &3¢l usi on.

Wier e ng)x'?)?]u r z'af?&?!:mfd?t}@sysfitxah %qqgﬁj—vofam?e a%ﬂﬁq Lu@d }éﬁ&ﬁ:ﬁ!}%% adjf esent

during sion ste express es C er nol e of

pol ycar pbogiheric epedt suifiiricsadia, amb mmlta] g‘@:mar amdsﬁodn;chaatd)dmb&c) acwslcbf cl osely
approxi mate t.he amount of (:ata&/ti]81 g hee Il brati steﬂ

expr ess e PHIWG TUAY AP Potmhard (5 AL T ‘r‘r%??lés oojryoloulalen Typi cally

the est giolyasdishiidieadlvdisasotbraedy honRt ﬁembhlofhavqa@ehumuéhﬁoﬂ Xoclide WO

03/106149 PCT/ US03/ 16354
alkali metal salts of phosphites; alkaline earth metal salts of phosphites; alkali metal
salts of phosphates; alkaline earth metal salts of phosphates, alkali metal salts of
sulfates, alkaline earth metal salts of sulfates, alkali metal salts of metal oxo acids, and
alkaline earth metal salts of metal oxo acids. Specific examples of salts of non-
volatile acids include NaH:PO3, NaH,P04, NayHPO4, KHyPO,, CsH;PO4, CsoHPO,,
NaKHPO4, NaCsHPO4, KCsHPOy4, NapSQ4, NaHSO4; NaSbO;, LiShOs;, KSbOs,

Mg(SbO3)z, NayGeOs, K,GeOs, LinGeOs, Mg GeO;, MgaGeOy, and mixtures thereof.

Typically the transesterification catalyst is employed in an amount corresponding to
between about 1.0 x 10 and about 1 x 107, preferably between about 1.0 x 10 and
about 2.5 x 10™* moles of transesterification catalyst per mole of polycarbonate repeat
units derived from aromatic dihydroxy compound present in the ojigomeric

polycarbonate.
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CO2R1 CI)ZRI O0YO0OO(R)b (R2)b Ix wherein R, R2, and b are defined as in
structure In addition, the di hydroxy aromatic conpound is typically,

t hough nSYO %/ WAI% at |east one bi sphenol having struct NCA/G80RE3RG R4 \ W
Ra 6HORR|00—I R3 R7 X wherein R3-R10 and Ware defined as in

struct ug 1431@& e (?I?g%ﬁ%egﬁ}gﬁ&ﬂ?%ratet Qx%pf(??@d‘?s? g&%afeﬁ%npe[ “s‘t%? NhvbRgnt i on

conpri s m Xt ure | east one di hydroxy
ar omat i leaioqp @ufydroxam omsiiecorspisti witlt ed esiclaWthw‘@dbbm"ak garmteain
transesterification catal

1000 arihe BOHC ST BOren £ AL TOHE-re ST gBReP e Shaf ear bonat e
In an egkes 11§h”?at°£fo' Bl 8 éﬂbﬁf‘QbS%ﬂH\deﬁﬁm]e@ﬁﬂeﬁrﬁmy bethreesiouudionghdsai d

solution of oligonmeric polycarbonate in said ester substituted phenol at
one or abonel.0Bmpdesatfiestes subistititeddigey! baborssnpeipvele of doedey agmealic 400C, and

at one or rew s e, t 1200 rpm
16 w0 03Bkt BeifoBB S 1R LT ARAD AR pad ANEAERY o 7an 7

ext rudef 16ORRE iaBhRgl RAL10Pe eferable bee\méenarﬂaam 20 f 00° and wemntt QrfenoM)aI In sone
instances it nmay be desirable to renove a (ﬁrtlon of the ester ubstltuted

phenol Mekesredf HunsesigritisntiongeatalyYr Bet 19lor! t HaYHERO FEYRALCTRPED

effect eeqnployed. Upon heating the mixture at one or more temperatures in a range from
about 100°C to about 400°C , preferably from about 100°C to about 300°C, and still
more preferably from about 100°C to about 250°C, reaction occurs to produce a
solution comprising an equilibrium mixture of product oligomeric polycarbonate, by-
product ester substituted phenol (solvent), transesterification catalyst, and low levels
of the starting materials, dihydroxy aromatic compound and ester substituted diaryl
carbonate. This is referred to as “equilibrating” the reactants. Typically the
equilibrium strongly favors the formation of product oligomeric polycarbenate and
by-product ester substituted phenol and only traces of the starting materials are
observed. The “equilibrated” product mixture may then be introduced into a
devolatilizing extruder to effect removal of the by-product ester substituted phenol
solvent while converting the oligomeric polycarbonate into a higher molecular weight
product polycarbonate. Because, the transesterification catalyst is typically neither
consumed in the equilibration step nor removed prior to extrusion, there is typically
no need to add additional catalyst during extrusion. Where no additional catalyst is
added, the amount of catalyst present during extrusion step (expressed in terms of
moles catalyst per mole of polycarbonate repeat units in the oligomeric polycarbonate)
will closely approximate the amount of catalyst used in the equilibration step,

expressed in moles catalyst per mole dilydroxy aromatic compound.

Typically the ester substituted diary] carbonate will have structure IX
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conveniently by heating the m xture of nononers and the transesterification
catal yst under vacuum typically fromabout 0.01 atnospheres to about 0.9
at mospheMER 03K distilling off a portion of the ester sHBEUSIBIEEd phenol .
As ester substituted phenol is distilled fromthe m xture undergoing the
equilibration reaction, the nolecular weight of the oligoneric

pol ycarbonate wi || ted]ézés increase. If sufficient ester substituted

phenol by-product is ed, the nunber aver'agﬁag%hecul ar weight (M) of

t he polycarbonate prijoduct may be in excess of daltons and in sone

i nstances in excess |of 8000(galton33 Thus,\;ﬂ'one aspect of the present

i nvention a m xture~|c in e ih oXy aromatic conpound is
reacted with at | egst onejester ubstit*ted dipry] carbonate in the

presence of a trangesteriflication catalyjjt at a| tenperature between about
100C and about 300 nd porti ofd of the uct ester substituted
phenol is renoved by tillation. The equirtfb {Fg product may be a
m xture conprising an ester substituted phenol sotve and a pol ycarbonate

conprising term nal noxy groupgg having structure | and having a nunber
average nol ecul ar bt in excess of 5000 daltons, This equilibration
product is then fed to a devolatilizing extruder wherein the pol ycarbonate
is converted to still higher nolecular weight product polycarbonate, said

product pol ycay honat avi ng.a high evel of .en i evel of
Fries ﬁﬂﬁﬁﬂ%ﬁ%’gﬁg*EﬁlgﬁﬁTé@nggﬁgﬂ%§hﬂﬂﬁw _Oﬂﬁe%%ﬁ@&tﬁﬂgﬁgléﬂ di nent of
the presgnitd BYRPLLRNIs SpRany,i @bud ndthawasd,eft 1sah ok thifednghenalg f or med
during equilibration is 'distilled fromthe m xture undergoi ng equilibration
and a dukierea¥ount of ODCB is added to provide a solution conprising a

pol ycarbonate having a nunber average nol ecul ar weight in excess of 5000
dal tons, ester substituted phenol and ODCB, This solution is then fed to a
devol atili zi ng extruder mh¢q@in t he polyéé?bonate is converted to a
product pol ycarbonate having a higher nol ecul ar weight, said product

pol ycar bonat e havinga% Frieg conteny of under 101Qﬁn] an endcappi ng | evel
of at least 97% an 3 en pght' solvent. Typically, in
bnate formed i the equilibration reaction
has a aver age nol ecul ar wei ght in

17 WO 03/106149 PCT/ US03
excess of 5000 dal tons,

wherein R>-R 'Y and W are defined as in structure II1.
In one embodiment, the method of the present invention comprises:

Step (1) heating a mixture comprising at least one dihydroxy aromatic compound, an
ester substituted diaryl carbonate and a transesterification catalyst at a temperature in a
range between about 100°C and about 300°C to provide a solution of an oligomeric

polycarbonate in an ester substituted phenol solvent; and

Step (II) extruding said solution of oligomeric polycarbonate in said ester substituted
phenol at one or more temperatures in a range between about 100°C and about 400°C,

and at one or more screw speeds in a range between about 50 and about 1200 rpm,
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value in a range between 5000 dal tons and about 15000 daltons. digoneric
pol ycarbonates conprising ester substituted term nal phenoxy groups | my
be prepar®@ 08064 ari ety of other nethods in addition to REEUSGIHISHbrati on
met hod described. For exanple, oligoineric bischloroformtes of bisphenols
may be prepared by reaction of one or nore .bisphenols w gene under
i nt erfa?é’idaqxué‘g%i 1?%%%*‘?{1?1 qut %%ﬁ%‘}f&’* SHRBHY He a\E\Eeta%trOI M)?bﬂarcgip %ta | ow pH.
Such biggchianefonsmies may then be further reacted under interfacial
conditions wth an ester substituted phenol, for exanple nethyl
salicylate, to afford an oligoneric polycarbonate conprising,ester

subst i tlntsethet iwptaners| it prramb Jedieblgp'e TeHOYEth)PERB Qfﬁp%te?tﬂ%s‘g’gtlnﬂﬁdon. The

product ; ol,i i ¢_pal i | Lt y e siicegted to the
met hod p(g’melhlg)?Hngi edfsiuelﬁg t?é%\alg ﬂﬁﬁ}g&nﬁncg&i gﬁygltolls]&gﬁ%? o;qel% Sgﬁ)ﬁgéftpdﬁe i nterfacial
react i aRnedRertlytyCidativig thenued dfrmondnnes aod did omsedterifivstion Fajalyer i c

pol ycarbonate in a series of washin steps |n. whi t he net hyl ene chl ori de
sol ut | GHdeft VacHBMe (PSR TEN 65?‘§(pa¢1b%m%?§_8hq?§s tc\/\@é’ﬁteﬁgraé%gg’phgﬁf’ym ith water
to re”%{ﬁilﬁﬁggg@ag@i% of@e ddndlahvstiuabd Ghéflmusanes Substidded phaobls cat al yst

may be Tequi may be added during or just prior to the extrusion
step. |distidled famidei mbntre vadengniog Wi tquonkiptigihtsaetions M meleeipeveigl! added to a

sol Ut T ok B ARkt JOTELbSPEIERLAONANE SRTPITSHAGASUEr s SRl Ut o

phenoxy’'t ric pol ycarbonate belng prepared

usi ng then@ob-biddhat isofniceeinihguamsies civegd mblec@anweibhe (8lQ) uf tten is then
subj ected to extrusion devolatilization to gfford a product 1ﬁ%?1 ycar bonat e

i ncor parcdicarhgneierpipaedt Pphe Rty cgrest9s 48P idreany PiRhits 390T8° UREPREY Bhper .
Sui t abl g 0RNG ¥ct Longls. PAEAC!inCUR! ASLOPBPTR: bRELUdRvEeN IbkaRol and

cardano extruder used’according to the nmethod of the present
i nvent i @mprsingf attlhast dilepdodat arbinziin goepoundd sr repgipd withhaftledss on¢ estpis an

extruder  adapted for separati substanti al amounts..of I froma

pol yrrers-ugﬁltWSHt‘%ﬁiyit%?l@na‘Fh@ B%‘t PLrggee © ﬁe{‘%l?SSSrgltf‘ﬁfgfm p%gayelsgs%a | east one
and pr etahaitite Be@<RAtBbu HITRE anafabsentso-adaat @?oﬁoﬁrof&m yeptoduenoval .
Figure 1, "Figure 2 and Figure 3 illustrate devolatil.i zi n% extruders and

feed systeemsbsitite@bhencl oy reqweed by distilladon o ThhedurbHben Bro P‘Ffén%’rlé‘“s_ent
Ir g}lgp ;:,]ag gmt\chlrl]e %g)%ape%xrgpnogd'age DierObutshid M PRBEAI0801ddt! MRt Taah&cdiBo e th
comprising terminal phenoxy groups having structure I and having a number average
molecular weight in excess of 5000 daltons. This equilibration product is then fed to
a devolatilizing extruder wherein the polycarbonate is converted to still higher
molecular weight product polycarbonate, said product polycarbonate having a high
level of endcapping, a low level of Fries product, and a low level of residual solvent.
In one embodiment of the present invention, a portion of the ester substituted phenol
formed during equilibration is distilled from the mixture undergoing equilibration and
a like amount of ODCB is added to provide a solution comprising a polycarbonate
having a number average molecular weight in excess of 5000 daltons, ester substituted
phenol and ODCB. This solution is then fed to a devolatilizing extruder wherein the
polycarbonate is converted to a product polycarbonate having a higher molecular
weight, said product polycarbonate having a Fries content of under 10 ppm, an
endcapping level of at least 97%, and less than 1 percent by weight solvent.

Typically, in instances in which the polycarbonate formed in the equilibration reaction
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WO 03/ 106149 PCT/ US03/ 16354 Figure 1) reactants, ester substituted diary]
carbonate, di hydroxy aromati ¢ conpound and a transesterification catalyst
are conbMWRH1MIY reaction vessel 10 and heated at a temSSYEUMSBSHIn a
range between about 100C and about 300C, preferably between about 150C and

about %é@&nu%eﬁa@;@%ﬁ%%c@l@ﬁ went ﬂ;b@détessl ofadomosialiense itamidl lalve wt M3.0
at nospheres, prefera bet ween about and about 2 at nospheres, to provide

a sol waluen @faﬂﬁnb@tW@@rﬁ@W631@@5?%?1&5’%@@(%4?“&}%3 ester substituted phenol .
The solution is transferred by nmeans of a gear punp 14 via piping 17 which

Is dir 1g8§1[eﬂcg%‘?§ i dihRs aconltpﬂ‘sﬁlgee%g;eté%srtﬁuted vaMiBsl pHolb Ry guwIext ruder

20, sal pPOSSessi ng - scr sign 30. The extrudér 1s operated at a
t enper atayre pepareeby abatitty bY0Beameilabo it adddixd, to tpq: eciuelrﬂabﬂlqn weth@den about

200C and about 350C, at cre ed .bet t .50 t 1200 rpm
The soNar DAt Eor Bt R D RO PR i LR Way PEPBRRH 53700, 6P
Seg”enﬁa?%é%ﬂﬁn Areng oP Hﬁn@%l’fs sl W]ﬂﬂigﬁﬁ};ﬁletd?ﬂei fadsiclal enRlitfionem ane ext r uder

barrel to the next. Barrel Wo S The remai ni n? barrels 3-14
are notmethyibred dﬂoz)ldél' matexnixtdent by ol dSeilgbisguowsnsiRes én%‘ft’%rlﬂ?eyl ng screw

el enent_s | | ust r at b n C nitial
m Xxi ng ﬂé‘élbeltll ’ﬁlﬁ ctag lﬁﬁ T 1¥t8ﬁ2°]§0?10é1 “%)I gwﬁgn&é]egﬁ%%‘ds‘ag%éd]ﬂhg%zxﬁ} uldelr : s
equi pp%séamgrehnéﬂhyr saidagherdfford \aarmsgoﬁ&ms;mlybamm dopipmigingoesteect ed to a

mani fold 42 for renopval of ester substltutefi hen ,soI ent Ognc{ ot her
vol at i Isebssijutpd dergeinal plsmgen g&§113§ H@ Bthyishe £ ]émg‘él%? Phon 8onvert ed

i nto pro E%%En@ g{ﬁfé RAGRLE Wi ‘Pffhc%x%é @Qﬁ%ete@% \{l@emine‘ﬂﬁﬂ%istlﬁnd ot her

vol ati I%€ s are con ense In a she]] and tube condenser 44 which
is att @)@éseﬁit 11iv@n1@oxsmﬂe¢a§ym chplesed \iadog rthel Giterfivdal axaqtiod exce itypi¢albyt her

equi pped w two _vacyum vents 50. Vacu 0 d via a
cold tﬁ%lﬁoyf@maﬂ\?aiquwﬁnpBﬁg‘eﬁlgonﬁgcrﬁo @ élétsel hegléi’argE 0?3)0 &ﬁ{n npri ses
Four B9n SEkich QRe MbthABndEVidte sdigtion BE QIIT@ @hgdimeﬁcngolgiéaﬂbd]ﬁtecmnt ents of
t he extr der. These are 1ndicated in_the screw design 30 as the m xing

sect i oneshabepedteds. wikh weisy tosisproy e sedingdlailea dndsr %‘WE CHEYIBHAREST gn
corres c s e nes are
- %g&?lgnglpceﬁal ge 128213% uitd r?’;l]{b s 0%5&% 51111@‘361‘1 i USEBRE RN %0

bel i ev Fov? ance pol ycarbonat e chain growth
rel ati wgulisiogthegr domains wthin the extruder. In an alternate enbodi ment
of the invention (illustrated here with reference to Figure

In one embodiment, a monofunctional phenol chainstopper is added to a solution of an
oligomeric polycarbonate comprising ester substituted phenoxy terminal groups, said
oligomeric polycarbonate being prepared using the equilibration technigue described
herein. The solution is then subjected to extrusion devolatilization to afford a product
polycarbonate incorporating terminal phenoxy groups derived from said chainstopper.

Suitable monofunctional phenol chainstoppers include p-cumylphenol and cardanol.

The extruder used according to the method of the present invention is of the
devolatilizing extruder type. That is, it is an extruder adapted for separating
substantial amounts of solvent from a polymer-solvent mixture. The extruder,
therefore must possess at least one and preferably a greater number of vents adapted
for solvent removal. Figure 1, Figure 2 and Figure 3 illustrate devolatilizing
extruders and feed systems suitable for use according to the method of the present

invention. In one embodiment of the invention (illustrated here with reference to
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2) reactants, ester substituted diary] carbonate, dihydroxy aromatic
conpound and a transesterification catalyst are conbined in a reaction
vessel 10VAAHMEHted at a 19 WO 03/ 106149 PCT/ US03/ 1635 CHEMWBEFE ure in a
range between about 100C and about 300C, preferably between about 150C and

about 250Ge BlredtdMis S5F QbbGlREN 28D 0atbofhi€ Millydand, aboutic t@npatwipspher es,
preferably between about 0.001 and about 2 at,rmspheres,gj{l%ta&rdovi de a

sol ut i omda tramesie frsHen celalyyl yje SPBBAAE & PricagHoRaresel KLy & ®phenol . The
reactign., vessel, 10:ahge @Qg@&? dudifi" 1 RPETRY MHBuPBOGL! BRYeraMb ARGl , anbi ent
or el evar8d pressure,® and Is equipped with a mxer 11. The reaction vessel
10 is conetited ad abeut2e0Ent a preenoy betweamnbdw |l catr@sphereand shoinder 44. The

solution is transferred by neans of, a ar. pu 14 t hr ough a,heat
exchan@éﬂ*oi@’%epﬁfﬁ'ablﬁeb%w%F‘ ti%@ﬂ%’i’\”ﬂ%% gtgl.(’s‘%@é‘?s’ ?%%é%gﬂgé‘r 15 is
|1 nked JoyRhSR M B oGRS Hiydsdborgielifl aphiseh sitstitidamhol. Ahyebiadon it o a

fourteen barrel, ," tWwn screw extruder 20, said extruder possessing
screw desistpnre80y nTdaes eka gead enmpd 4ope il AwhightiedprstapirebedditReen about

100C and about 400C . .preferably, betwsen. 0C, at a
screw SPBEEFY R %%ewﬁﬁgug% ut Saigggt%dﬁﬁgggﬁgﬂgoﬁ@%% %er?%%s

i nt r odugedrhdé:ridBeisupsitdan edgperafurdbstivetn ot 102C ddebseg®NCat i ons

al ong the extruder indicate the transitions from ong ext ruder arrel to

t he nexurefembly betwean abat LABE B9 aut 5RE, Mehifnl SepeBderaied 2894 % e not

| abel ed, r I mSC I hat EanC Mpee ABePEReEW €l ement's
illust raé{dea;[flagg/ﬁz?? 1?%13 %&X{Oﬁ\goggg%@gbndggﬁ?{gﬁ'tl}%nlﬁjlsﬁdaé an"initi gl m Xi ng

sect i omBA4Thneegniamtiono aleag ofie exttwles enditaxd thy BsitiPhefremt enedextruder equi pped

wi th four atnospheric_ vents .4 id v S bei.n qnnec to mani f ol d
42 for l?aé‘f?g\y%lthegfle’@st%?“'agdﬁ’_gt‘? S‘i}}}{ei% gﬂ)hi%? r‘%‘m“%}%ﬁt _aﬁrﬁg %ﬁ%e‘arle v latile
by- prodyglisq § anRd eaguddiescidvi GRIBII G0 PEdkGRS RENGINGeyihS sCaRV etdngthts nt 0
product polycarbonate within the extruder. Solvent vapors. and ot her

vol at i | dultyated byl 32 taed anisingowetemmseshich iecladrern ndtind Mivig seditdets 8¢ 44 whi ch

equ pped PR v St i Mt 1B CRGHAT 1 bnuitpe S RIS Y 4 &

col d t ramtdR, tsdidavenaitiliy ungst@iito a Manifeldtd20bethmavhkeofester sastitwehpr i ses

four m xing sections which provide for_inten thg c?ntents of
3 @fi‘leg‘ty ona

S 1 Xi ng_of
the extPisagH SOl 3BT AIET TR E QVatoqets framed Ao fieqlighgR TaBolgatbotte
is converted into product polycarbonate within the extruder. Solvent vapors and other
volatile by-products are condensed in a shell and tube condenser 44 which is attached
to a source of house vacuum 46. The extruder is further equipped with two vacuum
vents 50, Vacuum vents 50 are connected via a cold trap 52 to a vacuum pump 54.
As mentioned, the extruder comprises four mixing sections which provide for intense
mixing of the contents of the extruder. These are indicated in the screw design 30 as
the mixing sections labeled 36. Mixing sections labeled 36 in the screw design
correspond to reaction zones 26 of the extruder. Said reaction zones are believed to

provide for enhanced rates of polycarbonate chain growth relative to other domains

within the extruder.

In an alternate embodiment of the invention (illustrated here with reference to Figure
2) reactants, ester substituted diaryl carbonate, dihydroxy aromatic compound and a

transesterification catalyst are combined in a reaction vessel 10 and heated at a
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the m xing sections | abeled 36. M xing sections |abeled 36 in the screw
design correspond to reaction zones 26 of the extruder. Said reaction
zones ar &¥QBY1%I48d to provide for enhanced rates of pol YR/ BWRA634 chain
growh relative to other domains wthin the extruder. 20 WD 03/106149

PCT/ USQ3/ 16354 . In e i t4p@od Fokd fwdedstrat ed

her e V\A??Weﬂ%%ueerlgn%é%gg %ﬁg%ﬁe{ﬂ%{:ﬁ%{mﬁg%‘gﬁ%ﬁ ;a Qiustt?@? %’[]%gti t%?gg di aryl

car bonabgut EI0OC cindysboak 258t matd eresampdeatwken aboet 66081 riad dbeuk l0essel 1 and

heated at a t ture i t b 100C and. . 300C,
o1 of or ARSFPBETRIBHCRBDLESISTT A LG SB0R 2 EPPOVEHES PIOHGT Fen i Xt ur e

of mo n??iﬁfién e Lcufr; %h?ﬂ&{}ﬁp(@ggﬂ%ﬁ&ﬁté of WREder! AbQithide phyisdl e Mheheactivyist em by

means of gear p Vessel | is optimally equipped with a neans

for stivessehip tsreelapeti thenoperationras citfprowbamebient, 2mbiest PUElsVatet PEeT-at e
meterin

f th |t ' f i Mt ti f
he. sy S0Lm el b aTRRFT | Mot arRRataryel | T o bt SRl ten” ©

M Xt ur ¢ QfeHONMTRIS 1alio PQidhtiensdr @4. dTHESdbFon Bitenviease by meiihef @l t en
m xture of nonomers optionally conprising a transesterihfi C th?% cat al yst
is int geduswep V4 thrawglt 3 beatiexeanger h wherel the sURUeRBSURE Re{ed- m t hence

| Nto T aglial VeRSRlced O pRBAGEIBAYCRAR 10 AnfATPULSAR @lbedbioane Stirrer

I
11 and &8 gp or ester substituted phenol solvent forned as
the nos@teehdagalivbited,atvin soew extruder £0) said ovrudonposiessing sarewolasigdner i ¢

pol ycarbonate, said oligqneric polycarbonate c oS t el sSubsti tut ed

phenoxy Ve rid§restipder 1E§P@'PL%8§6Bé‘i‘]ll?%?tﬁ&alﬁli‘@ﬁ%’l Eﬁ’%ﬁ@]@ aﬂag%ﬁagﬁto@'gf vi a sol vent

reﬂvvalprélfex%iéﬁle@wé% Malehodes alﬂtzﬂoﬁﬁm"@,oat%%ﬂﬂnﬁﬁéd Bétweenlabodtrd@p 52 and
ap

vacuum punp 54. Reaction vessel 10 is further adapted for introduction of
addi t i andlabowni@fBrsn. Cleaiojuiongs infrsidvesst igtoathe ypETEm odasrAd rehRents 17 and

terer alur B reegaROatotibhs St Puh R R R MR ARG Sy g PETNED, ° ©
pol ycanfgept® tHeSndxe B nab a5 Neetlod 24.g€8le pumnitg bairelspi-¢4 suw gocont r ol
valve 16 which is directly pl unbeggl nto the.feed inlet zon?ee of .a fourteen

barrel lakedattledhet @FHACE CCERY Weg| at i ‘Fqnﬁ‘isﬁgo’%%f’}lmé‘?g S6°°%s SRS r uder
ng\?\:;ﬁll%gﬁéﬁr%@:ﬁg% g{]’é‘g‘gﬁf&%‘é c\fﬁi&l{ HRRIdei B iRRI ﬂ:ﬁﬂg%&ctﬁm’fm ature
four zones of intense mixing 36. The extruder is equipped with four atmospheric
vents 40, said vents being connected to a manifold 42 for removal of ester substituted
phenol solvent and other volatile by-products formed as the oligomeric polycarbonate
is converted into produect polycarbonate within the extruder. Solvent vapors and other
volatile by-products are condensed in a shell and tube condenser 44 which is attached
to a source of house vacuum 46. The extruder is further equipped with two vacuum
vents 50. Vacuum vents 50 are connected via a cold trap 52 to a vacuum pump 54.
As mentioned, the extruder comprises four mixing sections which provide for intense
mixing of the contents of the extruder. These are indicated in the screw design 30 as
the mixing sections labeled 36. Mixing sections labeled 36 in the screw design

correspond to reaction zones 26 of the extruder. Said reaction zones are believed to

provide for enhanced rates of polycarbonate chain growth relative to other domains

within the extruder.
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preferably between about 200C and about 350C, at a screw speed between
about 50 and about 1200 rpm The solution is introduced into the upstream
edge of MY PE1068Y The segmentations al ong the extruder (RedVERBE63Bhe
transitions fromone extruder barrel to the next. Barrel tw is |abeled

24. ( Ttﬂgééteﬂ%h% @rglbgé’ﬂﬂeﬁ 3t éle]]év&lilgll r{ﬁfu[sﬁ@r@@ hed: \Mth 178 efost th UGRlre SCr ew

desi consists o crew elenents illustrated by 32 and
M xi ng 3% ednioQess; Mﬂeckuhsnmhaaﬁmaam canbonatal angii dihyjoxie ronstic 3amapend our zones

f t d 40
o onneepECoT B AT poveEskd P hip o orTRaEs Ty fetes TS TRARNE | Sol vent
and ot HSP@&}@&H&:?%O%Z&eyé%tﬁ%é{%éf}%b&ﬂlsb@gﬁ&aﬁﬁézs@m ue;mvaapor s and

ot her at | products are condensed in a shell and tube ondenser 44
whi ch mayoben aaxmiaod’leﬂ mapomesouvkiehos trrosSeed dernard drtoohe rsytied W

t h At t t | t
R e e A A e T R L F A

di rect |nYeaH§‘ﬂﬁ‘rstlﬂ[r%&%lﬁﬁ)}te@Qﬂiﬂhﬂﬂ Maw\ieectd6) panidlet Iﬁ:ﬁ'aad:umsplttﬁmr@ ofent. This
interposition of the kneading block between the, fee and the

nl et zon
at rmsplﬁ@r moligs reixgue wEsmerpTRTE VAL e AP s Segions It!“%@y%ﬂP thr ough the
at msph % Le% ??Btjc;?'xy ca?zﬁisqi?ﬁdq Sﬁd\ég% MRS miEreDfthdidaler?ft gottf Ur t her

equi ppe our vac Here again, a kneading block 34 is
inter pGS@Cthteet y\ﬁﬁmvedsel f.eBk inoltet mamuee efhreoncamers ppiiemly CORPEFIEBR t o prevent

the entrai nnent of l'ids, scapi viapQrs. Vacuum
vent's é‘raéseSF%E"éEf‘t&H} YS%H@@QF‘FF At gﬁ%ﬂﬁh}x Z'fl {%'6 ﬁ‘lear%]:%}ﬁ%\@gé?ﬁg a(?rrlgvement of
pol ynerfrdn‘i"tl%nt:@ﬁﬂo Ye%@ﬁ&a L Qeis@l ViesactifR GeEden }Oeéthﬁpl’fs@s atf leasgonaetited Vi a

sol vent manifolds 42, condensers 44, and cold tr to va uum punps

54. As liemd me@hptttcih éresemoyalepf calonmsphsiibsed @M?ﬂ% ‘é‘éﬁ ofts Uifhi ch
Prng:“cgslé%{) I}xhél%] %Cﬁlnléeat@té ey go]@ﬂﬁl &o%qﬁ]?s% arCd ohﬁ?ic%wgé&ggﬁate khgse are

Pew desi XI n sectio abel’'ed 36. M xi ng
sect i onsi bﬁa@ﬁb%l;&&boﬂat’&h&m&ﬁfsﬁig elﬁmgnhstﬁutedeﬁmuxiy eodgrewwst i Bﬁtel-zones 26 of
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optional water injection i1nlets 60 which provide for enhanced renoval of
voI at i lfertb@mulopted f iftradnctibe of addltlonal monome1s catalyst or solvents at one or

more of points 17 and 18. Typically the solution of oligomeric polycarbonate 1

heated to a temperature between about 150°C and 300°C. The solution of oligomeric

polycarbonate is then transferred via gear pump 14 via pressure control valve 16

which is directly plumbed into the feed inlet zone of a fourteen barrel, vented, twin

screw, devolatilizing extruder 20, said extruder possessing screw design 30. The

extruder is operated at a temperature between about 100°C and about 400°C,

preferably between about 200°C and about 356°C, at a screw speed between about 50

and about 1200 rpm. The solution is introduced into the upstrean edge of barrel 3.

The segmentations along the extruder indicate the transitions from one extruder barrel

to the next. Barrel two is labeled 24. (The remaining barrels 3-14 are not labeled.)

The extruder screw design 30 consists of conveying screw elements illustrated by 32

and mixing sections which include an initial mixing section 34 and four zones of

intense mixing 36. The extruder is equipped with an atmospheric vent 40 connected

to manifold 42 for removal of ester substituted phenol solvent and other volatiles.
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pol ycar bonat e being prepared. Finally, the extruder is equipped with one or
nore sensors 70 which may be used to nonitor nelt tenperature, die
pressur e W@ BVHGEYor ot her system paranmeters which in turBCTe$p3He35dsed as
when operating the system according to a closed |oop control strategy. For

exanpl e, because nelt tenperature, die pressure and torque are strongly
depend&ptvenipBaporth andrsttles Ly ArtG ST o dpats @F?eco%]reﬁ%?gcltn ﬁ&ﬁ@@&nﬂg}ﬁ% e, Sensors
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nononer or catalys e added upstream (e.g. at inlet 17) in order
to redumeosphericnuremase Athespidracuenas0 isgiogiionest so thet gy lesgiene lsrdiBar bonat e

energin romthe extruder di.e face., The truder,. -l to the
ot hod DGk (es pRewead PRivERt Honechcheanay obeols PRl wREERREAEY 1D 1D e
scr ew %}t{-d{%rvelz%) LRl thbsoRekale8d Pis GRGpOIitiGDELthe 2R HBI0ED6149

PCT/ USO3/ 16354 tenperatures in a range between about 100C and about 400C

and at bemeen therfordinied gpanashBedempsphars ¥né fR¥peedTs Eib U AP Pdnge bei ng

bet ween .about .50 reyol utions . ' : | ab J20Q. bpm
pref er é%lll %‘if’%‘é‘%’ tlﬁﬁﬁfmg@%}rig%rgnmdp %Eagjﬁlg &2‘6%“ ?%\%15"&1{1’% 8der sr suitable for
use acegonRihRgedippdievie tbadvaeinhhentr s eHerel aguian bilorading bk 3808 rot ating
i ntermeshi ng doubl e screw extruders, counter-rotati ag on- i nttetgmeshi ng

t

doubl e ieespdektreeieike fesdniglet zonpdlie Magupt SEMF iR ER FUBEYEY BKd singl e
Screw Qgﬂéip{n]ﬁﬁti b Q&g&gi 1?52 tﬁ‘é“i—zgiti'&il?_réscaﬂiﬁg kSlvéht0apeFsal VRbhasi whe &t extruder

oper ation at as t ed rate"is i'ncreased a corresponding increase in
t he scieutesipeed conslyingeslomdesi3d torideinize tacwmonsrpelEtd ergifiEf Yeonal

mat eri al bejng fed. reover he, screw e 1.n resi dence
tine of"elﬂtﬁethﬁ’gﬁeé?“fsal EIRieh fv,gﬂ%st gotzﬁ% X %ﬁ%ﬂfv 91 %@5} gﬁ f ﬁ@“@gﬁﬁti@%n of the

ol i gOMBRi Gens @O Y CAHBQIRkQPABY, forAREES peafpk iseatAsomentiinellytie exhds the screw
speed and feed rate are typically interdependent. It_.is useful to

char actcemprieestihpsmiepat 3egHIM ’ﬁhi?étﬂ)\'%‘éﬁj\e Fo dipfenssg Ixing, of @Srcéwegﬁe(gd as a
rati o JJyRLEaldy Hilke G ltlelied S IPLALEUSHANS Balnd Axigticoids starting

materi a ntrodu e extru I'n pounds per hour tTo the screw speed
expr essalddnid. piikalg sctibthiabelad r@ngehokctwolesigbowresp@t tooeationt 100,
prefer %gxl]gs 2f6r c?f%qe extruder. The reaction zones 26 are believed to provide for enhanced
rates of polycarbonate chain growth relative to other domains within the extruder.
Additionally, the system illustrated in Figure 3 comprises optional water injection
inlets 60 which provide for enhanced removal of volatile components from the
polycarbonate being prepared. Finally, the extruder is equipped with one or more
sensors 70 which may be used to monitor melt temperature, die pressure, torque or
other system parameters which in turn may be used as when operating the system
according to a closed loop control strategy. For example, because melt temperature,
die pressure and torque are strongly dependent upon the molecular weight of the
product polycarbonate, sensors monitoring melt temperature and torque might
indicate that additional monomer or catalyst should be added upstream (e.g. at inlet
17) in order to reduce or increase the molecular weight of the product polycarbonate

emerging from the extruder die face.

The extruder used according to the method of the present invention, which may be a

single screw or multiple screw extruder is typically operated at one or more
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about 0.05 to about 5. For exanple, the ratio of feed rate to screw speed
where the solution of conprising an oligoneric polycarbonate and
transest & P¥t%{4%n catal yst are being introduced at 100 TH6WAASSher hour
into an extruder being operated at 400 rpm is 2.5. The maxi num and m ni num
feed rates and extruder screw speeds are determ ned by, anong ot her

f act or Spmpéretusiszie sofanghdeiascen abert, 1 00%e apd abeut| 4000F ek RingPet WO Lar ger t he
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about i'gher than the boiTing point of the solvent at atnospheric
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t he sollggibg,@atg{g Slihvgereri ¢ pol ycarbonate contains significant anounts of

both high and low boiling solvents, it may be advantageous to superheat

t he solution of oligoneric polycarbonate with re%pﬁ?c_t to.all solvents
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hi ghest kdd 4 | §Qktd RBoholidte ! | goneric
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t ypi cal ddditmhalamptesiak beiag | fed s Mdraoveabbetscb® sppedokiimsings thutesgeeest er t han

one at npsphere. Superheat ed sol ytions, of. ol i.goneri. tes are
conveni té‘ﬁ%) |°§ the 8&3‘5@& blelrll’gpggstg JH? SEPY5EP R tﬁ%ggl u%lélﬁ l?g%é/(éﬁ%cg@%% zed heat
exc hanq%ﬁaar't%&ﬁﬁtre%ﬁ iSnsddicRgRM dZQehlyeaThhOhe\ketsetedntd fdae rite ke The
superheated solution is then introduced into a devolatilizing extruder

t hr ougHypicaljy wésdenendentt Has vseiyhve chararserizedlis tplationshin Batwees 6l |B%vi ng a
cracki ng .pres i.gher. t spheri.c: o h St Rackpy gssure
gener atag’(ﬁl Sﬁilevfg‘gee%g%gls%pg‘ c]g% ¢ o#’ ri]H\%a vgldl?lplrse(5 e?@ésldf glclcajpor ation of the

sol vent stptih@ind@ial nitratived igo tikeesmidat inopounds pet heureiotthedarew spdahi cal |y,

;23 Pr egx?ayersgedcigrll]talaoflallsy \%lit 1{?1 a{ 1%11gaet (t)faﬁc'oqggbétpcldﬁjdﬁbt%dgbog% {&)?%J‘%erngy %rgr% ext r uder
about 0.05 to about 5. For example, the ratio of feed rate to screw speed where the
solution of comprising an oligomeric polycarbonate and transesterification catalyst are
being introduced at 1000 pounds per hour into an extruder being operated at 400 rpm
is 2.5. The maximum and minimum feed rates and extruder screw speeds are

determined by, among other factors, the size of the extruder, the general rule being the

larger the extruder the higher the maximum and minimum feed rates.

As noted, in one embodiment of the present invention, a mixture of an oligomeric
polycarbonate comprising endgroups having structure I and a solvent is heated under
pressure to produce a “superheated” solution, meaning that the temperature of said
superheated solution is greater than the boiling point of the solvent at atmospheric
pressure. Typically, the temperature of the superheated oligomeric polycarbonate will
be between about 2°C and about 200°C higher than the boiling point of the solvent at

atmospheric pressure. In instances where there are multiple solvents present, the
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serves as the principal feed inlet of the extruder. In one enbodi nent of
the present invention in which the oligoneric polycarbonate conprising
est er - su%® P/t phenoxy endgroups is introduced into PCRUSBASIMI zi ng
extruder as a superheated solution, the extruder is equipped with at |east
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t hr ougmmabwaﬂhe boﬁu@pmemteeanmphgnquswrg@u" yheahigheshPailing splyerldduced may

be att to th i d eed e rnessur e
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vent | ocated on the side feeder. In, yet another aI{er nat%BEgenbodl nment

the supéppudesd Bolaragthar ops ﬁtjwh?lé pAIPsSAIEE SATEORRGT BREI R Dduced

t hr oug Vias JYheRed atdcachamkst o the side
f eeder, rbo %HHO?EH %B%Sf%ggﬁiéﬁﬁcp?@%% 1%3 S_?):Z'trud}eer, or to bots’h ext ruder
and si decdsargterheal behhpgtredxzodes pmésswli@demqmaeﬂeSS&}S@ndtt%h]@al TXe oper at ed
at one or re.tepperatures betwee out 10 and The
express‘iuB?ng% FEHHOPhE g?flrﬂgga\ecleg @‘Eetaafi%vé) 12111 g%p%egre}a#g&gglbeat ween about
100C a%e@@&“@mﬂl%@@alv’éefh%rp?eésﬁret&&ﬂtrb?ﬁﬁleé hé@;ﬂg% @ﬁclinﬁ@pemmimﬁfghﬁr it being
under sttood that the extruder y conprise both heated and unheat ed zones.

The suﬁhalhetm@ﬂh@m RICHSOEE. oTlmchng%gm 3jeh P B EsSPRLO8E0k YW ¥ugh t he
pressure ntvra?)o ¥%n % tﬂensto?vehpﬁ (gletgqntlfl Rl BSugest sl e‘ﬁﬂh&é} due to the
presencpé oeflst?"l d eri

or enent’r one cvents Is at atnospheric
pr essurgypiddle, $e Ipv@@ﬁrembﬁselmaluens aﬂtzhxhe& Qpemha@tdet@c&‘ptqthﬁ oxtrusker ahd goneri c
pol ycar bonat e under goes c}en and ra eva rati,on ecting at
ql';fn 9@

eb ef
| east partesas hepararilosedineid B £5Y &7 OB ﬂmeﬁéf)g hg de%"}é sol vent .
The sol yenkiohar Wlﬁcheﬂﬁ@ roQEorhE&‘i Yo hishait d@ﬁﬁﬂfﬂﬁfg‘ Bter¥eittisuedifl@nakyrospheri c

vents are attached to a sol vent vapor mani fol d and condenser,
endgroups is introduced into a devolatilizing extruder as a superheated solution, the

extruder is equipped with at least one side feeder.

In one embodiment, the extruder in combination with the side feeder is equipped with
one or more atmospheric vents in close proximity to the principal feed inlet
comprising the pressure control valve. The side feeder is typically positioned in close
proximity to the pressure control valve through which the superheated oligomeric
polycarbonate is introduced into the extruder. The side feeder comprises at least one
atmospheric vent. Alternatively, the pressure control valve through which the
superheated oligomeric polycarbonate is introduced may be attached to the side feeder
itself in which instance the pressure control valve is attached to the side feeder at a
position between the point of attachment of the side feeder to the extruder and the
atmospheric vent located on the side feeder. In yet another alternative embodiment,
the superheated solution of oligomeric polycarbonate may be introduced through

multiple pressure control valves which may be attached to the side feeder, the
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in order to recover solvent and prevent its adventitious rel ease.
Additionally, the extruder is equipped wth at |east one vent operated at
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nol eculcghiryelgh 186 th@tféédn@netcﬁoth@wﬁcﬂu@él Whh sdleventhe @régheeadd shepr esent in
the solution of the oligoneric polycarbonate. In_such instances, sinply

subj ectalfmgmteh@or}?dmm&phpm yeriy BoHA{iBomberC PESRERd TB FPIYSHIECSA Phe same or
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PCT/ US duct po avi ng arm I ncreased ecul ar

wei ght c&ﬁ;ﬁblﬁtlcsreduh@ﬁﬂyl eﬁfé&ungf atr eaastdqaalrtuﬂolsvlmnnonTMfs the nom‘mmwbodl ment of
the present invention, gl ion of an oli E?ﬁ’% ﬁ nat e
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pol ycarb

st uce t econd
extr ud@?‘gﬂg g e%‘&fﬁl’?fﬁ‘gﬁh\%f ][eﬁs(%gp © gp@:&g{? ra%ﬁﬁ\%%w%ﬁ@gﬂ?‘ﬁfcﬁ@@g@é@nd ext r uder
i s opersgieg tdtenfove@BPRABHM Tendedahfoanlehe hmbysiencabnut VaGGparatbdabout 400C,
and at a screw sPeed in a range between about 50 and aboyt 1200 rpm
at subatmospheric pressure are referred to herem as “vacuum vents” and are
maintained at from about 1 to about 30, preferably from about 10 to about 29 inches
of mercury as measured by a vacuum gauge measuring vacuum (as opposed to a
pressure gauge measuring pressure). Typically, at least two vacuum vents are

preferred.

Extruders suitable for use in embodiments of the present invention wherein a
superheated oligomeric polycarbonate solution is being fed include co-rotating
intermeshing double screw extruders, counter-rotating non-intermeshing double screw
extruders, single screw reciprocating extruders, and single screw non-reciprocating

extruders.

In some instances, it may be found that the product polycarbonate prepared according
to the method of the present invention is of insufficient molecular weight or retains
too much of the solvent originally present in the solution of the oligomeric
polycarbonate. In such instances, simply subjecting the product polycarbonate to a

second extrusion on the same or a different devolatilizing extruder typically results in
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The met hod of the present invention may be carried out in a batch or
continuous node. |In one enbodinent, the nethod of the present invention is
carri ed SYROHYOHY patch process wherein nonomers and traf$dgepile3Eat i on
catalyst are equilibrated in a batch reactor to forma solution of the
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af f ect tﬁe properties of the ﬁor oduct pol ycarbonate. Thus, it is frequently
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i m te(g a"?uf;'ttﬁ 9@ contam nants such as netal ions, halide ions, acidic
cont am R&H i d ?Fpé]l}' organi c species. This may be especially true in
applications such as optical disks, (e.g. conpact disks) where

cont animantsthpd efehé praeithevaoiopcmep deateerichoutainf & batchlios keopepfads mance.

Typically the 26 WO 03/106149 PCT/ USD3/ 16354 concentr at | nmetal ions,

for exadmplee ore erpbedigent, %@F@}gsog&gﬁmesgﬁdmb%g%é%F%rrlﬁ%& %gtr ggscaant in the
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and sti
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absor p T’%ﬁo Bfé)%w& 20 ?{H(gd%r%%{élg ﬁg%&;}gﬁfgmona?e as V\EE}'T as to avoid the
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t he pol ycarbonate. Certain applications, for exanple o&)ti (qu
carried out as a continuous process wherein the monomers and cafalyst are
continuously fed to, and the solution of oligomeric polycarbonate is continuously
removed from a continuous reactor. Thus a mixture of BMSC, BPA and
transesterification catalyst may be fed to one end of a tube reactor heated to a
temperature between about 160°C and about 250°C. A solution of an oligomeric
polycarbonate comprising phenoxy endgroups II emerges at the opposite end of the
tube reactor and is fed to a devolatilizing extruder from which emerges the product

polycarbonate.

It is understood, especially for melt reactions of the type presented in the instant
invention, that purity of the monomers employed may strongly affect the properties of
the product polycarbonate. Thus, it is frequently desirable that the monomers
employed be free of, or contain only very limited amounts of, contaminants such as
metal ions, halide ions, acidic contaminants and other organic species. This may be
especially true in applications such as optical disks, (e.g. compact disks) where

contaminants present in the polycarbonate can affect disk performance. Typically the
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di sks, may require very low |l evels of halide ion contam nants. Preferably,
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HPLC. ﬁérsglgclesg é‘gol&l%ﬂ%‘gﬁ%hﬁ%ogﬁ%ﬁgro uced by the nethod o¥ t he present
i nvent ippgsent inebikghenabls efichFad BEApslald be ingnimives HiaccelPy ¥BRE aMENSar t s

2- car bo hi sphenol A per m |l ion..par f ' : A

ol yearborE S agnens] Bobea BEmkTalen pif sRRaa} pRhERASNRY

pol ycarhanatgsn aRhRmamefnt!sf Agadibie ifputindneyf hivee rgesefict bnitenticon this
value is ' frequently zero or very close to it.

_ Nt | very . 227 VIO 03/.106149

PCT/ Us@g/oligaBurizativa apd oalysrcrizalig/t Hhtsol MaydesraizgrePseRIH AR o t he met hod
of the present. | QR L@l td evghdo atfiigquent |y 97
per centtg% asﬁt;. %aﬁéélp %é%g#pl@r%g'c%gﬁi}ﬁgg%ﬁrﬁg?%gﬁd;%%bodguct tpoI%earabo.ng:tl?es wll be
f r om ahespe@iire, fonbomtplO8urper mehting, eviticeppeditufrless dfymplesylir Yeighpbs at t he

pol yearbangle chain ends, a1 LRI Call ¥ GONBLL S L&RfnhAAR: 2podls 100 ppm of
within the polycarbonate, In general, the level of pwity of a product polycarbonate

prepared using a melt reaction method such as the instant invention will closely mirror

the level of purity of the starting monomers.

Product polycarbonates prepared by the method of the present invention frequently
contain only very low levels of Fries products. In many cases no Fries product is
detectable when the polycarbonate is subjected to a Fries product analysis. The Fries
product analysis is camied out by completely hydrolyzing the polycarbonate and
analyzing the hydrolysis product by HPLC. For bisphenol A polycarbonate produced
by the method of the present invention, the level of Fries product is a value expressed
as parts 2-carboxy bisphenol A per million parts of the product bisphenol A
polycarbonate which was subjected to hydrolysis. For bisphenol A polycarbonates

prepared using the method of the present invention this value is frequently zero or

very close to it.
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hydr oxyl chain ends are typically observed for pol ycarbonates prepared
accor di n% t he method of the present invention from BPA and BMSC:

hydr oxyl BUPs14dt t ached to a BPA residue ("BPA C]—f) arP€THR3/856§4 gr oups
attached to a salicyl ester residue ("sal [ cyI Typically,. the
concentration of "BPA OH' end S..lS based on
the t ot B PIREVG BEIYEFOP %65&18%%5 ‘ifp Ot% nOef tﬁtjt)ﬁ%éen%g%glgﬁﬂr ation of

"salicyl 3 tShdwPictRhigh leo8s, & fénﬂia@mpeil&ﬁt pphigh&ndgreadpspinpear i ng
"sali cy}? OoH" gr(])t}’ps 69)f';‘v]e@ﬁt he strﬁ%ture indicated by structure XI H 0 0 Xl

and ar"éymtmh't Ipfqdeet pylyaubbeates mefindei Eomedbne e BpaRAY oSt IBIFENVR) . I t

shoul d_be t entr Yyl £ndgroypgand percent
endcap }dﬁ cheﬁgﬁy dr )E’}'gv%gu g'tf stﬁett 885@&%1%%@/%% anr o%gttgbll f not the
ol i gonﬁfrhﬁld@(ﬂeééctﬂﬁlb%@ttel 00 psialicfithe adthlypolymen WSﬂgth@WOi Wp@ﬂ’lfl)fcfieﬁt he product

pol ycar bonat e has been prepared by ir S{y e_gui librati g(? n% yre of an
est er kyberil cheisgngs alreytb’})@élrlb%sﬁ‘ée oF RORY VB o EPAET ASFAF GRS “Ar omat i ¢

compoupds 1 tﬂoc%%t%g é%e]%tq 1%1 AP S LAOBRE O Hyd IFST gx%up@b?tlta)éﬁﬁ bonat e and

subsequen sal so ution to extrusion on devol atili zing
extr ud&)ra Bpmemm(ém)na@ﬂa);andmycﬁnyodyb@wpsewdqﬁdup@ salrwi gepcissidue endcappi ng

th d t |1 reflect |
N L he R odhet ROl yearfonate Wil bukeh! Selag hoymolata LAl § 0k @8t er
Typi calia ﬂoh' Shm %aﬁédoofém@éﬂtaaib W%'ﬂt af pngadoet p@lgmeabdu!tevmmmhand about

1.1. Typi cal t he product 03/ 106149 PCT/ US03/ 16 pol ycar bonat e
prepare«ducblytra‘t%)e %t‘ﬁgwloﬁﬂ”h@ ppesditlessnipantabert WY |ppe})nt35§%ﬁrogﬁ§y very

el | aIpntsual 68 Loal 15t A6k Mgl tanr L psamacompound (general |y

ter substituted diaryl carbonate (generally
| ess than about 350 ppm. The product polycarbonates prepared by' the
nmet hod of the present invention nma optionally be blended with any
conventional additives used in nopl astics applications, such as
preparing nol ded articles. Theﬁgpaddebves i ncl ude W

C—-——-Of\.n.m

X1

and are quantified by nuclear magnetic resonance spectroscopy (NMR). It should be
noted that the concentrations of hydroxy! endgroups and percent endeapping described
above refers to product polycarbonate and not the oligomeric polycarbonate.
Additionally, in instances in which the product polycarbonate has been prepared by
first equilibrating a mixture of an ester substituted diaryl carbonate with one or more
dihydroxy aromatic compounds to afford a solution comprising an oligomeric
polycarbonate and subsequently subjecting said solution to extrusion on a
devolatilizing extruder, the concentrations of hydroxyl endgroups and percent
endeapping in the product polycarbonate will reflect the molar ratio of ester
substituted diaryl carbonate to total dihydroxy aromatic compound. Typically, this

ratio should be in a range between about 1.01 and about 1.1. Typically, the product
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stabilizers, antioxidants, heat stabilizers, nold rel ease agents, coloring
agents, antistatic agents, slip agents, antiblocking agents, |ubricants,
anticl oudYQ8 /84t s, coloring agents, natural oils, syntHEVH3EHISE, waxes,
organic fillers, inorganic fillers, and m xtures thereof. Typically, it is
prefer ?Q a@aﬁa@nﬁ@Pf@p@xe@ltﬁﬂﬂe ‘ﬁfetﬁd&i%ﬂlﬁé yeadanahton aflil castdintaniyeserwhi ch aid in
proces gt to formthe desired nol ded agl cle, ch as an

opt i calsmaH tamsiuts Glfhésiéllwéﬁ@rwibﬁiw&h@im%“ééﬁﬂp%l teeBrrly ﬁth% 10% by

ce it 0% b
ﬁ: Sm ‘Pl]tt%tbepplﬁ %‘i“f&%t@‘ %Jé)ts *¥‘§6Z“sd*g%x?ﬁ“n‘%F’@%@é?é?'ﬁ”iﬁé’é?r%%???‘ﬁgfﬁde but are

not |imwkgd to, salicylic acid UV absorbers, benzophenone UV absorbers,
benzotri azol e UV absorbers, cyanoacryl ate UV absorbers and m xtures

t hereof Exampl es of the af orerre fe ged hﬁa rfeﬁlstant stab(% Zets, i ncl ude,
but ar &bgorrofighiRobgariopate REFETCIsPahe B §ATEN H}VGE tabilizers,

or gani ¢ B&?ﬁ@hg b}%}@&i | gy c&iv@ﬂ%ﬁﬁﬂ AR Stsabi i FRiHo Eﬂﬁ%y
stabi | i vers m xtures thereof. The heat-resistant stabl may be
Ve

added iapplitatiohr suchf ag w@;barmgomdldﬁdulaﬂlcleExar?{heé% aglitiviee 1ﬁfallué@ ase agents

i ncl ude ut are not m.te nat ur a y ti .l
pol yet rﬂﬂbg}?& %@(’é@x}dﬁpﬁor}}?égr%%ﬁ%mr ghlgt Ecg?as% ?ié‘%%ér éﬁ% Z?Iﬂgel ease
agent s;an§8a¢ lageidS,i Slip Bg@ift@xe}iﬁﬂaﬂﬁkidg aght, iahfmbaotshentldﬂogheg agattﬂ,y aci ds,

hydroxyfatty acids, and other fatty acid nol d- rehﬁase a mstearl c acid
ami de, cobiring agqelsi SafEa oA %é‘fhe&‘ﬁdl‘”ét Wa¥ess QTgapicy ‘Efs’a’rﬁo “" s,

al Kyl el 1@(?}1%%11 ofl %&!ﬁfy 180D o b ¥ pRGh b A ﬁﬁ%réﬁ%cﬂmfeel ease

agents; , and ot her i ¢ al cohol s,
pol yhychﬁzdmdaitﬂze@wlﬁch pndl 1y1qhymatlsg tipoblyyd Y &rrol gaeaiedu@i n@ﬂdeél%”@%l ic nold

rel ease agents; e ent aer ritol [ d ot her

| ower Spoh W@SPH‘@‘ES?&E? Cﬁ%@ %%5’3? %a{l@ocf?g}pusétgpg oﬁﬁft@ﬁ% ci ds,

pol yhyClbagl]gtaéf%@eésn%ata%aﬁw@i @b bYefagb o o0yl ty aal% estwesightef tHeat ty aci ds,
and other-fatty acid ester nold rel ease agents; silicone oil and ot her

si | i contesired allditdlesase agents, and mi xtures of any of the aforenentioned.
The coloring agent may be either pignents or dyes. Inorganic coloring
agents

1Y . %bgoq{aé)ﬂé LG RIGRSe MRYindRd4s 8d1iSRRACA! BNYabebrbess,
conbi nat’i 8}][3 i'n e rnvention.
benzophenone UV absorbers, benzotriazole UV absorbers, cyanoacrylate UV

absorbers and mixtures thereof.

Examples of the aforementioned heat-resistant stabilizers, include, but are not limited
to, phenol stabilizers, organic thioether stabilizers, organic phosphite stabilizers,
hindered amine stabilizers, epoxy stabilizers and mixtures thereof. The heat-resistant

stabilizer may be added in the form of a solid or liquid.

Examples of the mold-release agents include, but are not limited to natural and
synthetic paraffins, polyethylenc waxes, fluorocarbons, and other hydrocarbon mold-
release agents; stearic acid, hydroxystearic acid, and other higher fafty acids,
hydroxyfatty acids, and other fatty acid mold-release agents; stearic acid amide,
ethylenebisstearamide, and other fatty acid amides, alkylenebisfatty acid amides, and
other fatty acid amide mold-release agents; stearyl alcohol, cetyl alcohol, and other
aliphatic alcohols, polyhydric alcohols, polyglycols, polyglycerols and other alcoholic

mold release agents; butyl stearate, pentaerythritol tetrastearate, and other lower
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The pol ycarbonates prepared by the nethod of the present invention may be
random cqgolyners, bl ock copol yners, branched or |inear Wien the product
pol ycar bHALEIHY branched a suitabl e branching agent, sWRE/BHTHISE,

9- car boxyoct adecandioic acid, or 1, 3, 5-trihydroxybenzne is enployed. For

exanpl e, the inclusion.of about .0.0 | es f. . THE e BPA in the
equi l i Bka]ﬁqqc?ﬁte’fs ﬁ%ﬂ“gﬁ“ pry?%'ﬁléc 81Fc2’]§rl%swst?ﬁf%gggsﬁ§)§@§%¥1 BVEC to form an
a sol Utk @i CORNRY bt B¢hed Tat®) hOAMRIH tndI@h¥e@khppatesiliconen! byd othat i cyl at e,
and subsequent extrusion of the solution on a devolatilizing extruder
accor distigoteonoldaclhaterrgentafand meixprressepny ohtherforemeniqnedpr ovi de a branched

bi sphenol A pol ycarbonate. Ml ded articles, such as a nol ded opti cal

articl CONMML L S| - : eRaLeshib¥olbRge KBt Hodnef the

pr esenﬁ”hFr‘,’\c}féﬁpﬁ3%?‘%&%5%85%%%?‘2}512%9%)9}%53%%6%1gng| Om)l_%ira{gg1 t echni ques, for
exanpl erdanjceoldrag ageitslinag bansecappressoon combifiatign in thddiveirteeral | y nol ded
articles may be prepared froma blend of the product polycarbonate with

one or _nore additional po S. such ends, .t.ypi I usin

ot r US{10R PRECHGER g BEd HoitEo ety EORTaH T SRarOr Bedaas™ | nj'act fon
mol di NQohstyh88, BIBEEc o8 @aiBREN8liRdar FWHER Mg prdtRicTPdidethoanteiic] e. Because
t he polycarbonates prepared by the method of the present. i nvepti on possess

advant aeolsst psuiebletlirenchingcieeat stolgts TRPRA-cabpuRgrAccaniigh 1hrfty, | ow
wat er .absorption,. good. pr abj Li [ LhgeNeEmol-bey can be
advant éggd‘géﬁvdmﬁ? ?ﬁq’izgéeilcf etnﬁﬁgf%d?@é e%%?@g%bé g}r@%@gﬂgjg.ab%%d- use10 applications
for thefaptPircdr mslticgIBP 0fn tHeeequilivaivhi remctionalfudeplebeft BR4 evithot.03 i nit ed t o,
a digital audio disk, a di gitél .versati.le di Slﬁ’ an %ﬁii c%l menory di sk, a
conpactn@¢sskl BESASME e dn e SARBOR RRTPTIRES BpTHECHIoF dnFéd ™ Stich as cont act
| enses’lnértrlgﬁ'sﬁﬁc{/lg{e %h@sﬁﬁf%eckdeﬁf‘f%ﬁﬁ'ugi&ﬁ JrehRSeNR@sH oang @vbRAEzingPt i cal
fibers; gnet o’ optical disks; information recording nedia; information

t r ansf extridey acomding; todths ksethat of itltepresentenestionivélprpvide ¢t prppchedmer as and
the like. 30,WD 03/106149 PCT/ US03/ 16354 The pol ycar bonates prepared by

t he met Berﬁ’llAthycﬁf]]& t invention may function as the mediumfor data
storage, i.e. the data may be fixed onto or into the polycarbonate. The
pol ycanhenad ertiohes, abao ab unaididnl aptidaherttldstangirsigntle phiycibaattat a st or age

prepared by the method of the present invention, may be obtained by conventional
molding techniques, for example injection molding and compression molding.
Additionally molded articles may be prepared from a blend of the product
polycarbonate with one or more additional polymers. Such blends, typically prepared
using extrusion methods, may be molded using conventional techniques. Injection

molding is the more preferred method of forming the molded article.

Because the polycarbonates prepared by the method of the present invention possess
advantageous properties such as high impact strength, high clarity, Jow water
absorption, good processability and Jow birefringence, they can be advantageously
utilized to produce optical articles. End-use applications for the optical article of the
invention include, but are not limited to, a digital audio disk, a digital versatile disk,
an optical memory disk, a compact disk, an ASMO device and the like; optical lenses,
such as contact lenses, lenses for glasses, lenses for telescopes, and prisms; optical
fibers; magneto optical disks; information recording media; information transferring

media; disks for video cameras, disks for stili cameras and the like.
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mediumis applied. Further, sone conbination of both functions may be
enpl oyed in a single deV|ce as for instance when the pol ycarbonate is

i nprint edQ¥HAacking to aid in reading a data storagePGRUTNHFIMI ch i s
applied to the polycarbonate. EXAMPLES The foll ow ng exanples are set

forth t ose talled

descri p}t%ieé’ﬁ’ ycﬁ:ﬁmé\/ ﬁbep?@fﬁetdq{a'gﬁ a?o?édcf tL ?&Séﬁnglr] \geﬁltg\?}g‘nhah ﬁgaggln% are not

i nt endege fediubimior dahestGiagne.cothe Whlahna'yhm fixedemtosiniedapolyasbohede.r

invention. Unless indicated otherw ;Barts ar e\)’aﬁ wei ght 1:terrper ature is
in C Tl elyasbonats grysalse é‘“ﬂcélﬁBr?tSe%ea%‘ HiATH Nt vdndh 8 %%fob?g wei ght

aver agg, MW ;o 5@4&%@5%&1&%&9& ccﬂﬂﬂnmﬁo%ﬂ?fdﬁbﬂ% Yy Bebmpey et i on

chrorrat ograph anal'ysi's, using a polycarbonate nol ecul ar wei ght
st andaradsihgle clovist,rascfor anstemoa dvhes tlznptayarzakichs anprnted orithetregdizn®t  whi ch

pol ymer ol ecul ar wei ghts wer.e det.er ure of the gel

per meati bR EH 1A 2RO aHUE lﬁ@d’e‘ﬂﬁblstaﬁgp%tg}{]eep&ﬁ(ggs?g& \tt/vas chl orof orm
Fries content was neasured by the KOH net hanol ysis of resin and is reported
as partisxAngLEy I lion (ppm). The Fries content was determ ned as follows.
First, 0.50 grans of poI ycar bonat e was dissolved in 4.0 mM of THE

(cont ai ni p-terp hen as internal ndar d 18% KOH i n
met hanofh e\/ﬁg]slo"dﬂ’éééalﬁ’@ r@ir"sseé&ﬁli‘ttP@?’PW OSergé{ﬂ}W‘WgSE{}H Wﬁ?‘ glf\x‘/’é@‘ &t i(;red f or

two hoyrs .k cfe‘s"&?t ?\{,%@ melt clalmOd MeteiPhre SGldi&d, AGH dryvast added, and
the m xture was itred for 5 mnutes. Potassium acetate by- product was

al | oweduteodar ystimit iheescopepf Whitothe invEntors otdart antheir invertsg. ofrlegnd t he
resulting filtrate was anal zed erforr$nce | i qui d chronmat ogr aphy
a

b
(HPLC) ™ %tﬁéﬁﬂ’teb‘?’ﬁﬁd%‘\‘jfis X‘H@g]ﬂ%fe@rpgﬁ‘lt‘%t‘%ﬁd d. Concentrations of
"BPA- OH' and "sali cyI OH' endgroups were neasured by 31P- NVMR Term nal

hydr ox kd StpiRhi Mahimd et D @r feiht dv N0
03/ 106){%8{6%%%3U80%?S1§354 P di oxaaphl(;s hoal ar?ge f{kﬁgrl ch?l.Jg]Theeligoencent ration of

resi duaholnex:ltmyhve@ama@w Wt dregminsakyged peynestion hrererogyPye(Chet neat i on
chr omat O%fyg Sh¥181 lchmbon?ite molecular weight standard to construct a broad

standard calibration curve against which polymer molecular weights were determined.
The temperature of the gel permeation columns was about 25°C and the mobile phase

was chloroform.

Fries content was measured by the KOH methanolysis of resin and is reported as parts
per million (ppm). The Fries content was determined as follows. First, 0.50 grams of
polycarbonate was dissolved in 4.0 ml of THF (containing p-terphenyl as internal
standard). Next, 3.0 mL of 18% KOH in methano] was added to this solution. The
resulting mixture was stirred for two hours at room temperature. Next, 1.0 mL of
acetic acid was added, and the mixture was stirred for 5 minutes. Potassium acetate
by-product was allowed to crystallize over 1 hour. The solid was filtered off and the
resulting filtrate was 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-chlore-1, 3, 2-
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Sol utions of oligoneric polycarbonate in nethyl salicylate were prepared by
equilibrating a mxture of bis(nethyl salicyl) carbonate (BMSC), bi sphenol
A (BPA) VEA®1%64¥sesterification catal yst, tetrabutyl phosiob$tdtitiddet at e
(TBPA), at a tenperature in a range between about 160C and about 220C in a

batch nelt reactor under a _nitrogen atnosphere. Th% Leeict' N JIXture was
stirr edicxaphasehelare (Aldrich). e Jiie| SWEPRIFANRACH BAGHE M B LIS UM% as reached

in abo%%eagl%(%?u?eﬁw Pﬁs@?%&p%%@ﬁg?@aqhhﬁ;w .10 m nutes at about 220C.

At equili he so I goneri ¢ polycarbonate prepared from

m xtures of BMSC (1.03 noles BMSC per nole BPA), BPA and TBPA (2.5 x 10-4
nol es BHAMBLESBPA) was about 45 percent by wei ght pol ycarbonate oligoner
and about 54 to about 55 percent by weight nethyl salicylate. TABLE |

[ BVEG FORSATS V1 S SRR EQU TR o' TR o DY e c P e el ot per

Termer%am@raﬁqgial b rer B yeaybeinaye calohee BBRIIE), tisghe@dl 8.(BXA)- 4 220C 10
m nut es 1385 1. 03 2.5x10'4 210C ég m nutes 1474 3 %ng 2.?§x10' 9 195C 30
mi nut egnd 6 enseatenifiogion, Safadysh feiRbubArhaspieiun] grgtes (1BH2),, &y fo 9 160C 90
m nut e 9 : etvel hgodc hhd Hsdk abeedpt dbdibienehasaedrer i stics of
t he eqa‘frﬁglfgtzg%%n&s)loal%g%%8‘%6%12?&%?#?&ent tenperatures and docunent the truly
ol i goneniler natitiogenofinidspharat eflicateactimi myjxfueel was tthisd edodr iestad, vitHe col um

headi ng "[ BMSC] /[ BPA] " indicates the mplar ., .rati enpl oyed
ot o SaBlPIRB 4Bt GHePC GO Nisaar - Tribolr 8 riics 3 AubR OO
aver agq g3qt ag4liarapMet 90t mastedettetysunedodty ool eqelkivrad,i tha soBRioW®f03/ 106149

PCT/ US03/ 16354 chr omat ogr aphy neasured using a_pol ycarbo nol ecul ar
vei ght cdigamdsde gholyvaibanate prepmeddramgnizapes A a&s%gpﬁws&%ﬁgﬁ R°Tabl e |

M ust rrr%lg ISIIJqu), %@’%egn(f‘ &Bmi (‘i% x 10" moles per mole BPA) was about 45 percent
by weight polycarbonate oligomer and about 54 to about 55 percent by weight methyl

salicylate.

TABLE 1 SOLUTIONS OF OLIGOMERIC POLYCARBONATE IN METHYL

SALYCILATE
Example | [BMSC)/[BPA] | Mole TBPA | Equilibration Time to Oligomeric

Catalyst per | Temperature | Equilibrium | Polycarbonate
Mole BPA Mn

i 1.03 2.5x10™ 220°C 10 minutes 1385

2 1.03 2.5x10" 210°C 18 minutes 1474

3 1.03 2.5%10" 195°C 30 minutes 1670

4 1.03 2.5x10™ 180°C 52 minutes 1849

5 1.03 2.5x10 160°C 90 minutes 2090

Examples 1-5 in Table 1 illustrate both the characteristics of the equilibrated solution
at different temperatures and document the truly oligomeric nature of the material
being fed to the extruder. The column heading “[BMSC]/[BPA]” indicates the molar
ratio of BMSC and BPA employed in the equilibration reaction. The heading “Mn”

indicates the number average molecular weight as determined by gel permeation
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equilibration of the reactants can be achi eved. Exanple 1 indicates that
solid reactants can be converted into a solution of an ol |1gomeri C
pol ycar bdHAPEIUKY transesterification catalyst in nethyl PGRVSEYFHe

solvent in as little as ten mnutes. Because residence tines in the

extruder are short (from about t Rg QUi pment
bei ng t¥eY2{G#? Eé?é ‘5? ¥ MGH y?abwalg%lgge @algvgghfﬁa%d%g%ess ‘ot

conver L ig, stak weﬂgmﬂaﬂmrsm@td@taprmm‘ume p@llwsmatebt)ma,tp@edah weiclchi eved in
under 15 'mi nufes. EXAMPLES 6- 101 So| utj ons of oI| r| c bhﬁBE nol A

pol ycaetwohbtagion ofnthehydacigntsi eapl he echigr el prigamy 1 aﬁes 1-5 at an
eqwllbratl nte aho 0 i aladr¥Slate @nhliher TBPA
al one [HEYPR ELMSI %&R’%ﬁ% %to Q ébtl n{];)%ng{ :égn&g%&%é%Aﬁw&tﬁ sodi um hydr oxi de.
The anpdpdes@fifieaicnl yablysnipl ﬁmfhjfl \Aalscyzitcs swlvilt v asmbilthes asrmnAnp@r‘teﬁml e BPA

and (when present) 2 x 10-6 nol es sodj um r e Fol | owi n
the eqiierase aeSi¢mce EaISe IBHC ffxﬁrélggroqrﬁtg*l%(%g aﬁ?‘gdoe? g? ?‘bogl? bzy @eﬁéﬁs of °

ni trog [ fi whi shkradupipeekstdfe sol uti on
Ui & an o Bt IRy SAREHEER, S PhhI, e nard pl unbed) Lo |1 g% upstream

edge otobartied stmmmgmfxorwnﬁ%s inid pnodn@tp@iycamban@@ 6811 C’:L@hﬁﬁé’reiﬂélll un otating
intermeshing twin screw extruder having a length to di arreter dati o of 56.
The ex®POWEF conprised 6 vents VI-V6 |located at the upstream edges of
barrel four (VI, vacuum or atnospheric vent), barrel five (V2, optionally

cl osed gyt vt HSi grggl oper at ed as at nospheric or vacuumvent), barrel seven
(V3, vacuumvent), barrel nine (V4, vacuumvent), barrel eleven (V5, vacuum
vent) and barre|l thirtee

t d at
2t mob pifeitisnp e shmBeriohahebek Adppratyinabrei L B SRERRATE T 1
as Mmeasyl 1’?%}@%&%{.%@ gﬂ"éﬂ &ﬁ‘rﬂ%ﬁﬁom t\éﬁff)‘éf&é[ﬁf& enhiSouyY3 6&1®us%ﬂg ¥es eatalyer at ed at

noder at € 'vacuu Vacuum vents V5 and V6 were é)ﬁerat ed at
noder ategthtio TBPghalon2Jas m Bg?mpla@duﬁ\ or yrembsREpPaEd BRA sW’iﬂbﬁ‘P ¥ noderate

b bngf AR G S G ol M AL s
t oget hagp Avah{ (G/ﬁeﬁ’@%@ex@}@ﬁdﬂédn@laﬂﬁfdim ghdipkide pef mole' BPAadollaw{n®29 in. Hg,
2 maasﬂl:g nglblgra%or\{ ?galéﬁgh,gtﬁé’ gc%%:txm;rev%s \t/r%gs gr?édvlg"yn}n%m\{éeofe nz&gge%elgr%s%gwt hrough 33
(about 80 psi) to a gear pump which pumped the solution via an insulated pipe
comnected directly (hard plumbed) to the upstream edge of barrel one of a 25
millimeter diameter, 14 barrel, co-rotating intermeshing twin screw extruder having a
length to diameter datio of 56. The extruder comprised 6 vents V1-V6 located at the
upstream edges of barrel four (V1, vacuum or atmospheric vent), barrel five (V2,
optionally closed but at times operated as atmospheric or vacuum vent), barrel seven
(V3, vacuum vent), barrel nine (V4, vacuum vent), barrel efeven (V5, vacuum vent)
and barrel thirteen (V6, vacuum vent). Vent V1 was operated at atmospheric pressure
or alternatively under a slight vacuum (5-10 in. Hg, as measured by a vacoum gauge).
Vacuum vents V3 and V4 were operated at moderate vacuum (10-28 in. Hg).
Vacuum vents V5 and V6 were operated at moderate to high (>29 in Hg)} vacuum.
When operated at slight to moderate vacuum (5-28 in Hg), vacuum was supplied to
vents V2-V6 with “house” vacuum. In a number of instances, vacuum vent V6 or

vacuum vents V5 together with V6 were operated under high (i.e.“full”) vacuum (~29

in. Hg, as measured by a vacuam gauge). The vacuum vents were connected through
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WO 03/106149 PCT/ US03/ 16354 sol vent recovery mani fold and condenser
systens to their respective sources of vacuum In instances in which
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restri d@pye ama&‘ﬂ@‘éﬁ’t‘mﬁf é"§t5 kﬁ’?%ﬁg%éﬁ %{:qugaapeéﬁpﬁﬁgp% { enk P%sted in some
| nst a”%‘%‘s%n@“@/eh nﬂ“tsoaf?g BydiAbRIAGH She Wign & BRkidest Gﬂmﬁ@i@p rvard

s u

conveying el erre er the feed inlet and all vents e screw design

f ur t herporidosgisidet ik niesactosigsebiiaak sreh nvaitabic for SecOlNHL YRRRES!e PFFPfes

conpris s _providing. i nt en ) C hetween vents.

The fod#le 8%%‘5[?0&”?8 m%/%ﬁ%ear‘? Searey ﬁggen[%;}m@& ]{)1% S%Eﬁ& Yean V3 and V4,

bet weerpyMd «@rdy ¥ome 38t 1&&ﬁdﬁﬁ@rﬁa\/@esﬁ@%s&/&ettﬁﬁl@ecAs weleyl, VEheadat i n Tabl es

2-5 bel ow denonstrate the effects of .changes |n reacti.on conditions on the

pr oper tdlased di seihe instapdescand 15B1aNEEraReR &t ethetsapllie Iy fipfigh SANBESCE0 UTI ONOF
aLl R YLATE, Cat al yst
GOME L%)&%‘@R@% uuchIXE aﬁ@"—dlpv&ﬁg THRMRE BRRsizn Fulldet alys

= TBPA Y at Mass Flow Torque Mel't Screw Die Vent

(I n. Hg:)anﬁaiséd (I&Qaacﬂiﬁgﬂiﬂba‘tsune fsmeé‘dea@ugsszmeS” oy opmpySINgG S¢ewm) /(O
(rpm (psi) (Iblhr).6 atm.10 2 40 [ 17. 629 7 Atm 18
b6 o5 Sty providinbinieny migies faty ter whb T8¢ Tt JRch8T s8R ) 1,65 4
329 9 L, gnoéa'%ed?ﬁet%ém?ﬁfzS&Mdsz 050/cBR2/ 2004 341 bebllooht Vi ah V6 6l 25 55 /
24.2 51 248 342 11 Atm 15 26 25 25 55/ 24.2 50 306 248 316 34

between V5 and V6 respectively. The data in Tables 2~ 5 below demonstrate the

effects of changes in reaction conditions on the properties of the product

polycarbonate.

TABLE 2 EXTRUSION OF SOLUTIONOF OLIGOMERIC POLYCARBONATE IN
METHYL SALICYLATE, BMSC/BPA = 1.017, Catalyst = TBPA + NaOH

Example| Vacuum level at Mass Flow [Torque Mett Serew Die
Vent (in. Hg) Rate (%) |Temperature| speed Press‘ure

vi [va[valvslvel (P © ) tpm) | (ps)

6 atm 10122122722 40/17.6 29 288 104 163

7 Atm. [18[26(25[25; 40/17.6 35 290 104 242

8 Atm. (1512612525 46/20.2 42 293 144 329

9 Atm. |15]26)25125] 50/22.0 50 302 200 347

10 Atm. | 15126{25]|25] 55/24.2 51 308 248 342

i Atm. |15{26(25|25] 55/24.2 50 306 248 316
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WO 03/ 106149 PCT/ U803/ 16354 TABLE 2 Continued Exanpl e Actual Barrel

Tenper atures Ml ecul ar Weight Mwv Residual (C / M/ PDT M5 (pPm) 6
256/ 277/ 2¥9 P¥8BAP80/ 280/ 281/ 281/ 280 22779 / 10042 | 2. 268PTHYN3/1$354
254/ 278/ 277/ 280/ 280/ 280/ 281/ 280/ 280 25295 / 11167 / 2.265 6115 8
245/ 2793318 28RhABHA280/ 281/ 280/ 280 26930 / 11938 / 2.256 4419 9
241/ 279/ 279/ 280/ 280/ 280/ 284/ 281/ 280 27063 / 11921 / 2. 270 4544 10
238/ 279/.278/.280/ 280/ 280/ 283/ 281}280—26683—+—+1629—12-295 498911

236/ 28DERTIRB0/ 230M2BDAREN @aBH AYRs2 647@491@0191?62\‘!615“2“2* 8 ‘Mg’@‘ IIn Exanpl es
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prepar e present

Lnvent i on .and

tthat—t-he—pr oduct so
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ORI OIT TOOLHFI T CT17 UOUOI J.UO:)LI'

3-EXTRUSION"OF SCCUTI ONOF

OLlI GOVERI C POLYCARBONATE I N METHYL SALI CYLATE, BWMSC/ BPA = 1.02, Catal yst =

TBPA + NaCH Exanpl e Vacuum | evel at Vent Mass Fl ow Tor

que Melt Screw Die

(in. Hgy H%a&@ze(s%l Termes 2t e eatipetBEMVRCeeSER & emyloy8 ivhevguitdrgtiqun) © ()

(rpm (psi) ~(1b/

reaction was 101)7 The catalyst employed for the equilibration reaction was a

mixture of tetrabutylphosphonium acetate and sodium hydroxide.

The oligomeric

polycarbonate in methyl salicylate (MS) solution was found to have a weight average

molecular weight, Mw, of 6865 daltons and a number average molecular weight, Mn,

of 2980 daltons. In Examples 6-11 the polycarbonate emerging from the extruder was

observed to be clear and free of color. Following pelletization the level of residual

methyl salicylate present in the product polycarbonate was determined by gas

chromatography. The data provided in Examples 6-11 illustrate that polycarbonate

may be prepared using the method of the present invention and that the product so

obtained contains less than about 1 percent by weight methyl salicylate (MS).
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12 Atm 26 27 25 29 40 / 17.6 62 307 154 520 13 5 27 27 25 29 40 / 17.6 74
312 182 558 14 15 28 28 28 29 40/17.6 74 313 182 576 15 12 28 28 28 29 40
| 17.6 5/V99Y1%1¥ 562 TABLE 3 CONTI NUED Exanpl e Actual BREWESOITEHper at ures
Mol ecul ar Wi ght ppm % Residual (C Mwv/ WMh / PDI OH Endcap M5 total
(1 822} 8@241{214@3 22%)8?‘9/31}%{/3%623?%52%1/ L@?WR&GIQBRYWEMGMYCAR}B@NATEMZS 115 95.2
. 281/ 280/ 282/ 28Q/ 280 06,/ 14788 | 2.239 103
95.5 7QQEIHYLﬁ5&%%%&&&5%%%@&6%5@07b@bﬁéﬁgyﬁsdyééé*g%ﬁ?é / 15568 / 2.253 98
95.5 643.9 15 250/273/273/279/279/280/276/279/280 31437 /| 14026 | 2.241
186 92 1403 dH I.ut the d C
o B R R W o
BPA. The nol at_ra g )ZI' 1 0 Egg)oyed in the
B

PA and so jﬁ%@ilg

equi libration stiepveayv4d w8 )dr e The data in
Table 3| illustrate that juse of evel s of vacu um pr avi des |hi gher

nol ecul gr g pakycaribgnade takn| ngostli | | wer i | lis s520f |residual
et hy| Qr’-)ll;ﬁgy gtn‘llﬂ ?q,’: (l’?%i %J&emv%%hl es 63|0?1 Jeeﬂ\ﬁ% 0341661149

PCT/ USOB/ 1186354 5TABLE 22 [BEXTIRIS @N/mﬁ.éss_@m QNOF 302 | GONVERZC IPAI¥CARBONATE | N

BA

METHYL BAEHEY-ATE T BNSCHBPA Q2 A PA OF e Vacuum
level af Vént | Miss 2§| cﬁllﬂ?r q%?e ﬁélﬁlféc e&/4 ] (3I .i%) e%ﬁpf
(I

Tenper af urg SJegd a@esgurg VB /Y4.6Vb A (rpr’r)29b / brg) (QGZ(HO”) (psi)

> AS mu sa v v _rJ\J 1TU2Z20 20 29 4 ‘-|-U I

293 106ﬂ%BEE3£§Ni6H§éE@8 29 20 46 / 20.2 60 302 133 592 19 5 28 28 29 29
46/20.2 60 302 150 599 Table 4 Conti nued

Example Actual Barrel Temperatures Molecular Weight {ppm| % [Residual
O Mw / Mn/ PDI OH {Endcap] MS
total (ppm)

12 1249/303/282/280/281/280/280/282/281 {31545/ 14191 /2.2231 115 | 952 | 1046.8
13 |249/316/282/281/281/280/282/280/280 {33106 / 14788 /2.239| 103 | 955 | 752.1
14 |249/283/276/280/280/280/281/280/280 | 35070 / 15568 /2.253| 98 | 955 | 643.9
15 1250/273/273/279/279/280/276/279/280 131437 / 14026 / 2.241 | 186 | 92.3 | 1403.2

In Examples 12-15 the solution of the oligomeric polycarbonate in methyl salicylate
was prepared from a mixture of BMSC and BPA. The molar ratio of BMSC to BPA
was 1.02. The catalyst employed in the equilibration step was a mixture of TBPA
and sodium hydroxide. The data in Table 3 illustrate that use of higher levels of
vacuum provides higher molecular weight polycarbonate containing still lower levels

of residual methyl salicylate than is observed in Examples 6-11.
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Exarrpl e Actual Barrel Tenperatures Ml ecul ar Weight Residual (C Mwv/ M/
PDI &ﬁg 16 252/ 278/ 278/ 280/ 280/ 280/ 282/ 281/ 270 30670 / 13858 / 2.213
922. 8 17YOBYI088W 292/ 281/ 281/ 280/ 280/ 280/ 265 31436 /| 14XCH/YS03/19354 770. 2
18 248/ 289/ 290/ 280/ 280/ 280/ 281/ 280/ 265 32470 / 14647 | 2.217 654.3 1

2248/ 290/ 290/ 280/ 280/ 280/ 280/ 280/ 265 31944/ 1436 Exanpl es

16- 19 MASIdot BN IGHIBION % %@LEEH%NQE EB&?Q@@%&%T%S icylate

vvas pr f f I I\ tio of BVSC to BPA
%ﬁgkesrpggttg{l g{/Bedg/Sﬁ % qaﬁ)i’ i rl;[(rBaP?Sipon agt}gp was a m xture of

TBPA and sodi um hydrOX| de During the extrusion step vents VS and V6 were
connected Lol vANAPHWT.PYER |V ivsareR! tTéigapl Vamis V|SdéwyeDie cgnnected to
t he "hpuse vacuum(m Yigg 2 SOl veRhter ecoveny Menipkaitareasgbed gndanser . Vent V2

was enpl oyed rarg—was-—Eonnetigah) I gb/he same| sol@nt | apayer pshyst em and
house Vacuum| ¥4 | Wér & Sfft|o Glﬁ V3 ang V4. [The vacuuim | evél at which V2 was

oper at ed _was |nofl deterlni ned /.. however | 37 WO 03/106149-PcF-US83416354
TABLE &5 BXT RUSB(]EIE%(ESSSCJQUDQ(]\ICE/C}UlGGC]VEFEISC bOL AOARBONATE | N4SHVETHYL

SAL| CYEATE—BNMSEHBRA—S Catalysti=_IBPA ¥ OH EX e cdum | evel at
Vent Mass”FI oW T3P & I\?@I tz‘5 c‘r@QLN ' (i(ﬁ. Hg) ‘Rate 'e_?rdégr at lhl{g‘é speed
Pressure ¢V \9@ g&\é@ Vo (o) 4/ b/ ir)eo( O (rym) ([)313)3 20583 28 28 29 29

D

40 / 176 37 4250 1.23-13-28 28129 20 40—+—3F6-37+285-114 235 22 12
28 28 29 29 409 62856293102:9 2306 L 23 M0 b8 28229 201%0]/ 519. 4 56 313 351
152 2 gf‘é 28 @fh g 297401176758 325 4647123 Table 5 Continued Exanple
Act ual Barre enperatures Ml ecular W. ppm % Resi dual
Exampie Actual Barrel Temperatures Molecular Weight | Residual
) Mw/Mn/PDI MS
(ppm)

16 252/278/278/280/280/280/282/281/270 | 30670/ 13858 /2.213 | 922.8

17 251/291/292/281/281/280/280/280/265 | 31436/ 14215/2.211 | 770.2

18 248/289/290/280/280/280/281/280/265 | 32470/ 14647/2.217 | 6543

19 248/290/290/280/280/280/280/280/265 | 31944 /14369 /2.223 | 704.4

In Examples 16-19 the solution of the oligomeric polycarbonate in methyl salicylate
was prepared from a mixture of BMSC and BPA. The molar ratio of BMSC to BPA
was 1.025. The catalyst employed in the equilibration step was a mixture of TBPA
and sodium hydroxide. During the extrusion step vents V5 and V6 were connected to
a vacuum pump via a cold trap. Vents V1-V4 were comnected to the “house vacuum”
via a solvent recovery manifold and condenser. Vent V2 was employed and was
connected to the same solvent recovery system and house vacuum as were vents V1,

V3 and V4. The vacuum level at which V2 was operated was not determined,

however.
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(O Mv/ WMn / PDT OH Eudcap Ms total (ppm 20

246/ 281/ 280/ 280/ 280/ 280/ 281/ 279/ 270 24456/ 11218/ 45 98.5 720.8 2.180 21
252/ 281/ 2809/09&8480/ 280/ 279/ 280/ 270 24237/ 11095/ 68 97. 8 ROUESH/1835484 22
253/ 280/ 280/ 280/ 281/ 280/ 284/ 281/ 271 25247 | 11527 | 48 98.4 559.4 2.190 23

231) 201 BV BRI I8 360 SRS TONDE IS MHBheBOP T RaONATENY 5 305™

Exanpl eg28¢4 SALIQ%AaFBB Bﬁ\@@(:m Lqaty, @ataWstLFr%m:LMd)}pf the present

invention to a solution of an ol |gorrer|c pol ycar bonat e prepared froma

m xture_of BMSC and BPA having an initfial Lar. ratio of 1 03 | es BMSC
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p0| ycarbgnate: fn) \In* 2024 vwere bl aar land. froan '\'F col-er—
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n
i nspectied 20i st} | 98 TiBwQ%()llihm 4ﬁééﬂﬁng "Bpm|OH t28tal " rldfef 5269 tlhe
concentfation 3 $LI06 70SQ37 11635 BPA- angd. "sal i cyl - OH'
present| i Lt ha?%'%g & %gl%& Jaééﬁéﬁ Zterm’ ??é% by I%TP-NEES_LGI | owi ng

derivat|f zapi ohia th| 23 ¢hd oot 1403173 d 0>§aphospf30h ane| 7Bhe| @&l unn headi ng
" % Endcgp—+eiers—t-o—the—per ..Cln.a.#c of rt+-he—protduct—porycarbonate— chain
t

ends whj cR3do| Hdt 28 eP#i AAY &% | n 4/ thér ! BPA-QH' o3 "sal iyl | 02 grjoups. The
data inf Tahle D @ ncg ,that ryl hi [ evel,.0f | endeapping is
achi eved 3?mi 120 %g rbrgt %g( oA %ﬁ(—il?)r%pq =n;5§i \/pn'r%?gn aqd%?h ri?%p

concent Fable SriC@tintet ni nal C]—I groups in the product polycarbonate is very
| ow. TABLE 6 EXTRUSI ON OF SOLUTI ONOF OLI GOVERI C POLYCARBONATE I N

I

Example Actual Barrel Temperatures Molecular Wt. [ppm{ % |Residual
(C) Mw /Mn/PDI| OH |Endcap| MS
total (ppm)
20 246/281/280/280/280/280/281/279/270|24456 / 11218/} 45 | 98.5 | 720.8
2.180
21 252/281/280/280/280/280/279/280/270| 24237 /11095 /| 68 | 97.8 | 1003.9
2.184
22 253/280/280/280/281/280/284/281/271 | 25247/ 11527/ 48 | 984 | 5594
2.190
23 252/280/280/280/281/280/285/280/27026102/ 1891 /{ 23 | 99.2 | 307.1
2.195
24 251/281/281/281/281/280/283/281/270126863 /12030 /| 18 | 994 1834
2.233

Examples 20-24 illustrate the application of the method of the present invention to a
solution of an oligomeric polycarbonate prepared from a mixture of BMSC and BPA
having an initial molar ratio of 1.03 moles BMSC to BPA. The catalyst employed in
the equilibration reaction was a mixture of tetrabutylphosphonium acetate and sedium
hydroxide. Vacuum vent V2 was employed as in Examples 16-19 but the precise
pressure at which it was operated was not determined. As in previous Examples, the
product polycarbonates of Examples 20-24 were clear and free of color when

mspected visually. The column heading “ppm OH total” refers to the concentration of
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METHYL SALI CYLATE, BMSC/ BPA = 1.03, Catal yst = TBPA ONLY Exanpl e Vacuum

| evel at Vent Mass Fl ow Torque Melt Screw D|e (in. Hg) Rateé)
Tenper at (Y@ 'YHEEY Pressur VI V3 V4 VS VG (rpm) / (C) (r' Pyt /%lf}’sf‘f‘)
(I'b/hr) 25 14 28 28 29 29 40 / 17.6 35 282 113 286 26 14 28 28 29 29 40 /

26 29 SREAPY id donisToaf 4EREur o ody polfaliohly & fetfdilnsily 27 5% s6a
i\é‘?uaf’“’gi*??%‘? e o o oL Co el XA
(ppm }@@mz??hezémgg%/lﬁgbﬂ PRIHY8 P é}?fBP%‘é@% %ﬂ‘%@oﬁ“gffbfmﬁ’%at%o 1134. 4

26 258/ 280/ 2 6 B of 101> 8.5 27
257/ 286]2 %67‘%%@%%6@8%%%%%%@2%%?2%%1761% f‘l?%a%*aﬁ %ngzdl%%zgg 28
R e e e 3

251/ 27881 thomelwdniiBp PESE) IR §1IE8 aﬁgg]‘f% "63 i‘%ﬁ%’? %“Oﬁ O%g%mz]@% %H 39 WO

03/ 106?;4{}%;}?? hg?@gt{u%ﬁg g,ca,@gﬁmgagly%WSO illustrate the application of the

met hod vention"to a solution of an oligoneric polycarbonate
repared using only tetrabut hosphoni u

Eyd?oxﬁd&LR—légr’Ee‘('% SI’ONIQII%{%@ﬁggE Nﬁ%&Lm@?Q%%Y%ﬂBW%ﬁ bonate is
obt ai ned 40N SXE IS RPEOKMSIIBPRIUL DOMLagRUUIBYRTNG vas erpl oyed as in

Exanpl e ptecise pressure at "which it was operated was not

determined. As in previous Exanples the product polycarbonates—of Exanpl es
25- 30 Wa e S cufdede] SEVAIH |SRkOToWN aBrdue peCtM!dt vi siusdrky.| THe data in
Table b é)o (in. Hg) Rate (%) | Temperature | speed PI‘ESS!!I‘
vi|v3|valvs!ve ((‘l'gflz)" © (rpm) | e (ps)
25 14 128128129129 40/17.6 35 282 113 286
26 14 1281282929 40/17.6 35 283 113 280
27 12 128128129129 | 40/17.6 46 298 229 238
28 1412812812929 40/17.6 54 313 355 183
29 141281282929 40/17.6 56 325 464 149
30 14 {2828 29129 70/30.7 48 323 464 209
Table 6 Continued
Example Actual Barrel Temperatures Molecular Weight Mw /| Residual
) Mn / PDI MS
(ppm)
25 257/280/280/280/280/280/278/280/265 | 24549/11261/2.180 1134.4
26 258/280/280/280/280/280/279/280/265 | 24795/11367/2.18] 959.5
27 257/280/280/280/280/280/283/280/265 | 25767/ 11797/2.184 402.2
28 256/280/280/280/281/280/284/281/265 | 26544 /11656 /2.277 216.8
29 255/280/281/281/281/280/283/281/265 | 26967 /12255 /2.200 148.9
30 251/276/277/278/278/280/280/280/265 | 26070/ 11877/2.195 4359
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reveal a high correlation between product polycarbonate nol ecul ar wei ght,
feed ratcaw and extruder screw speed. Thus, for data taken from Exanpl es
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copol ycacoibmhtivgaasarghion; 1§ SysTie -a@lll}éﬁgf?yﬁggtﬂiﬁdeé@}‘?ﬂo%‘%ﬁ‘gf %@%’ %@03/ 16354

TABLE 7 H1£INGE VR G PRV CARBONAIEDL Y e shieRHYL
SAL| CYLcﬁﬁéﬁgﬁg@}Q%}ﬁ%gg ElQ) =p%!0617, Catal yst = TBPA+Na%]—| Exanpl e Vacuum

| evel afpedknh ckbdknflimpar JordpimnNepbsesiadew Die (in. Hg) Rate (' Yo)
Tenperature speed Pressure VI V3 V4 V5 V6 (rpm) / (O (rpm (psi) (Ib/hr)

31 Atm 2 \%ip1%s 3237 pREPAR ATON B GOPOLYMERS

In Examples 31-37 copolymers were obtained by first equilibrating a mixture of
bis(methyl salicyl) carbonate (BMSC), bisphenol A (BPA), and hydroquinone (HQ).
The ratio of bis(methyl salicyl) carbonate to the total number of moles of the
dihydroxy aromatic compounds bisphenol A and hydroquinone was 1.017. The
equilibration was carried out as in Examples 1-5 and the resultant solution in methyl
salicylate was extruded on an extruder configured as in Examples 6-11. The catalyst
was a mixture of TBPA and sodium hydroxide. The temperature of the solution of the
oligomeric copolycarbonate fed to the extruder was about 160°C and was introduced
into the extruder using a positive displacement pump. Examples 31-35 employed 20
mole percent hydroquinone (based on the total number of moles of BPA and HQ) in
the equilibration step. Examples 36 and 37 employed 40 mole percent hydroquinone
(based on the total number of moles of BPA and HQ) in the equilibration step. Data

for the preparation of the copolycarbonates are provided in Table 7.
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32 Atm 21 21 21 25 - 12 58 306 138 637 33 Atm21 21 21 23 30 16 301 138
251 34 Atgazlﬁzl [22 24 20 31 288 138 250 35 Atm 21 21 25 36 14 285 138
181 36 AYMIYOY 55 _15 43 315 140 275 37 AE E 21 24 1PCEUSGHE63P418 31
Tabl e 7 Continued Exanple Actual Barrel Tenperatures Ml ecul ar_Wight (O
Mv / MTABIEDY EXTRSISIN O/ SV IONGD DIFS6MERIGBOLY ARBEDYY 113000/ 2. 4 32

T e i R e e

235/ 271/ 267/ 289/ 289/ 290/ 288/ 288/ 270 22400/ 9700/ 2.3 35

233/ 265/ 2621 PEIT 2 VA Qy LPAQR4 180N eR- 2 | RPew| Di
237/ 27 i%ng":ZS’i‘f‘é ‘i?egr%g%? ?@% %gq‘/fﬂ%v 2186} Q/ @g,ﬁolwge/ag,rg S;%pgg‘; Pressure
239/ 278/ 267/ 813,311/ 311/ 331/ 3%33; 18900/ 8808(3)2. 1 Rypap| egsi$lq37
illustrate t h¥lyds (oM {tWe Yﬁesgg;h,.j nyentidn for thel preparation of
copol ycarbonates. Exanples 38-50 were runiin order to deppnstrate the
c;)_nS| st engy Qf\m{ Qthmt had of | t he12 présent [i nvemnsi on| 188spl 647 on of an
ol i gonpr-ec—polyrearbonat-e—wasprepared—as—Hinr—Exanpte T flar ratio of
BVSC L) BRA walsn| 21Q3L T%:W%Sr ansedter i fi°€ati on 30%Ejat a y§§ vvagﬁm
t et rab{TyJ ,piosproni eftaie (HRPA, [2.49 X 10 nol ps;3gBPAsper jnole 41 WO

40 eI 0L Thaed | A 13 Py [

@16

03/ 106 A) he extru s-copfi-gufed—as+i n Exanpl es
16-19. Ihga gaA@n santad| 2| Tasl e 8 i3l ust r 8% considst eneShol{ecul ar

wei ght bui-ternAgthe—conversiron—of —the—gtTgomer it porycarp te into the
product pdl ycAimmdddid. | ABEE| 8 ELTRUSI ON OF E%@ |0\|c§é%o_ %ERI C
POLYCA TEALN ?\%NLFQEFN}?. SAC| CYLATE, |BMBC/ | BPA)s= 1|03 Cababydt = TBPA
ONLY Vacuum n(r)l Vents

37 Atm] 21| 2121 | 24 15 17 308 118 31
Table 7 Continued

Example Actual Barrel Temperatures Molecular Weight
(C) Mw / Mn / PDI

31 245/271/271/301/321/320/332/331/270 | 30600/13000/2.4
32 239/271/270/300/311/310/311/311/270 | 34700/14800/2.3
33 233/261/261/296/308/310/308/309/270 | 22500/9800/2.3
34 235/271/267/289/289/200/288/288/270 | 22400/9700/2.3
35 233/266/262/287/289/289/289/289/270 | 19400/8900/2.2
36 237/272/267/291/311/310/331/330/270 | 29400/13400/2.2
37 239/273/267/313/311/311/331/330/271 | 18900/8800/2.1

Examples 31-37 illustrate the use of the present invention for the preparation of

copolycarbonates.

Examples 38-50 were run in order to demonstrate the consistency of the method of the
present invention. A solution of an oligomeric polycarbonate was prepared as in
Example 5. The molar ratio of BMSC to BPA was 1.03. T he transesterification
catalyst was tetrabutylphosphonium acetate (TBPA, 2.5 x 10" moles TBPA per mole
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(in. Hg.) Exanple VI V3 V4 V5 V6 Mass Flow Torque Melt Screw Die Rate ('%
Tenper at speed Pressure (rpm)/(lb/hr) (C (rpm (psi) 38 12 28 28 29 29
40/ 17.6“&@05@@”fb1 155 39 12 28 28 29 29 40/ 17.6 38 28BCHE§0341§354 40 12
28 28 29 29 40 / 17.6 39 289 201 166 41 12 28 28 29 29 40 / 17.6 39 289
201 173ppA? 1he281rd8erla? Sorfthuledlds & BRngdA& 20191 7Mhe deda biesditeddn 29 29 40 /
17.6 40 290 201 183 44 12 25 28 29 29 40 / 17,6 39 291 201 192 45 12 25
28 29 28able $ illnstmiggongisiepin maigmlarqageiht Agildgip gho gongersion7ob tha 292 201
188 47 14 28.28,29.29 40 / .17.6 .4 09 48 14 28 28 29 29 40/17.6
42 292 %H%mfiﬁfmkﬁgﬁﬂgﬁﬁ“ﬁ%ﬂ%§”§@“%8gﬁéfﬁg “%2 293 201 214 50 14 28 28 29
29 40 / 17.6 42 293 201 200 42 WD 03/ 106149 PCT/US03/ 16354 Table 8

Cont i nuUEA BEEEKERAISION OBSOIAI TTUNDE CAIGOMERMS ROLYSARBOYHTERS| dual M
(C) Mv/ Nh./. PO "') 38 258/ 281/ 281/ 280/ 281/ 280/ 282/.281/ 265 23194 |
10642 /N%ﬂ§§%L§A#Jé9' f%%%ﬁ%ﬁ%?ﬁﬁ%r%é%%é@@bﬁéoﬂ%ﬁ?&é§§1265 23551 / 10693 /
2.202 648 40 257/ 280/ 280/ 280/ 280/ 280/ 281/ 280/ 265 23978 / 10978 / 2. 184

594.1 [@41T 257 U/ 20 807/ 2807/ 2807 2807 28071265 23926f/ 11117 /] 2{ 152 614.9
42 257/[280/ 28p/ 2™ ﬁ5§6/280/280/235 23961 / 10709 / 2|228 72p 43
257/ 2801280/ 280/ 2887 280/ 280/ 280/ 26523961/ 10915 /1 2.195 500.6| 44
257/ 280E2BApRE0| 330/ \230/5786| RBGY PG PES48¢ (1110112, 17Xre6y s
257/ 280/ 280/ 280/|280/ 280/ 280/ 28BAR66 PACLAR |TempSIVuIk| ShetB P BEAIQ
(epm)/(Ib/hr) () (rpm) ; (psi)

38 (12|28 |28 129/29| 40/17.6 38 289 201 155

39 |12] 28|28 {29]29] 40/17.6 38 289 201 | 159

40 12128 | 28 129129 46/ 17.6 39 289 201 166

41 112]28 | 28 129(29] 40/17.6 39 289 201 | 173

42 12128 |28 129129 40/17.6 39 290 201 177

43 |12 28 |28 |29(29] 40/17.6 40 290 201 183

44 112(25 |28 (29(29| 40/176 39 291 201 192

45 |12]25 |28 |29(29| 40/17.6 39 292 201 181

46 |14]|28 |28 |29]20| 40/17.6 41 292 201 188

47 |14 28 | 28 [29]29| 40/17.6 41 292 201 | 209

48 |14 28 |28 [29]29| 40/17.6 42 292 200 | 214

49 14| 28 | 28 1291291 40/17.6 42 293 201 214

50 |14 28128 [29|29] 40/17.6 42 203 201 | 200
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46 257/ 280/ 280/ 280/ 280/ 280/ 280/ 280/ 265 24348 / 11007 / 2.212 613.4 47
257/ 280/ 280/ 280/ 280/ 280/ 280/ 280/ 265 24717 / 11317 / 2.184 644.5 48
257/ 280/ 2¥BFFE8I¥30/ 280/ 280/ 280/ 265 24826 / 11317 /| 2. 194PGUYS03/1635¢
257/ 280/ 280/ 280/ 280/ 280/ 280/ 280/ 265 24987 / 11412 / 2.190 662.6 50

257/ 2801La%§
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698

consistency achieved.

the product polycarbonate emerged from the extruder.

of solution per hour used in Examples 51-71.

sampled at six-minute intervals over the course of two hours,

In Examples 38-50 a single batch of oligomeric polycarbonate in methyl salicylate

solution was extruded and the polycarbonate which emerged from the extruder was

In Examples 51-74 a solution of an oligomeric polycarbonate prepared as in Example
5 was extruded on the same devolatilizing extruder used in Examples 38-50. The
ratio of BMSC to BPA was 1.02. Examples 51-71 demonstrate the level of
As in Examples 38-50, a single solution of oligomeric
polycarbonate was fed to the extruder for a period of about 2 hours. Examples 51-74
represent samples of the product polycarbonate collected about every six minutes as
The molecular weight and
level of residual methyl salicylate were determined for each sample. Examples 72-74
demonstrate that the process may be operated at higher feed rates than the 17.6 pounds
Examples 72 and 73 demonstrate that
feed rates as high as 35.1 and 41.6 pounds of solution per hour may be used without

sacrificing the molecular weight of the product polycarbonate. Moreover, low levels

of residual methyl salicylate may be maintained. Example 74 highlights the effect of



Rate (% Tenperat speed Pressure (rpm)/(Ib/hr) ure (C (rpm (psi) 51 15
28 28 2 229 40 /| 17.6 65 302 200 477 52 15 28 28 r29 29 40/17.6 65 304 199
486 53 MO 1WA4H9 40/ 17.6 66 304 199 506 54 15 28 28 2RCULFPBAHEI67 304
199 488 55 15 28 28 29 40/17.6 67 305 199 496 56 15 28 28 29 40 / 17.6 66
305 199 504 57 15 2

_ 8 28 29 29 40/ 17.6 67 305 199, 507 28 20 29 40
| 17. 6 BEveRceo8n P3qducs golisaibgnaie nadecyar ;uFIpht g, 633%%?5%?@3@3‘1 60 15 28
28 29 21%@1.‘11121/@aﬁcga@7coﬁ%§]eh9§t}§ odel éllgcai-)@oﬁ&.zg 29 40 / 17.6 67 307 199 523
62 15 28°28 5058 40/ 17 6 67 307 199 550 63 15 28 28 29 29 40 / 17.6 67

308 199 500 64 15 28 28 29 29 40 / 17.6 67 308 199 524 65
40/ 17. 6TSBLECBEXIRURION 68 S FEONOBOLIGOMER %gg‘i’cfé@(?%lf é? rz'glég

2 20 Spdiribsiid S IRl g oy ¢ ¢ e 10, i

199 562 71 28 28 29 29 40 / 17.6 67 309 199 596 72 15 28 28 29 29 80/35.1

62 372|655 73| 10,4fnt@ ¥hi£9! 95 / 41.6 53 368 655 |74 1% 28 2§ 29 29
g()/ 17|. E §?+ 3?9 ES(“)(“in_lﬂf ;;X\IO 0:'3. 106\];?_9 !DCI'{_\USQ?:/ 1.63n5,4 i Ta.bl e 9 Cgnt i nued
AP xample] VI [V3 [ V4| V5 V6| Mass Flow | Torque| Ml | Screw | - Die
Rate (%) | Temperat' speed |Pressure
(rpm)/(Ib/hr) ure (C) |(rpm)| (psi)
51 15128 128129]29| 40/17.6 65 302 200 477
52 151282829129 40/17.6 65 304 199 486
53 15128282929 40/17.6 66 304 199 506
54 15(28:28:29129] 40/17.6 67 304 199 438
55 15128 (28129129 40/17.0 67 305 199 496
56 152812829129 40/17.6 66 305 199 504
57 1528128129129 40/17.6 67 305 199 507
58 1528|2829 (29| 40/176 67 306 199 521
59 1528 128129{291 40/17.6 67 306 199 512
60 1528281291291 40/17.6 67 306 199 519
61 1528 (2812929 40/17.6 67 307 199 523
62 1528128129129 | 40/17.6 67 307 199 550
63 15128 128129(29] 40/17.6 67 308 199 500
64 15282829129 | 40/17.6 67 308 199 524
65 152812812929 40/17.6 67 308 199 496
66 15]28]28129(29! 40/17.6 67 308 199 550
67 15 (281282929 | 40/17.6 67 308 199 535
68 15|28 (28129129 | 40/17.6 67 308 199 523
69 15128 128{29(29| 40/17.6 67 . 309 199 548
70 152828129129 | 40/17.6 67 308 199 562
71 15282829129 | 40/17.6 67 309 199 596
72 15728 128(29]29! 80/35.1 62 372 655
73 15128 28129(29} 95/41.6 53 368 655
74 1528 282929 40/17.6 69 369 650
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Tenper at ur es

13923 /

Mv / Wnh / PDI

M5 Endcap "M5S" OH (O (PPM 51
257/ 280x5/ 282/ 280/ 265 31417 |/ 14266 / 2.202 428.3

52 256/ 280x7/ 265 31470 /
WO BY18E9555/ 2807/ 265 31597 / 13989 / 2.259 481.PCT 8316354

255/ 280x7! 265 31678 / 14010 / 2.261 476.3 55 255/280x7/265 31766 / 14063 /

géé?%e%&%ﬁ%%@%%@é%ﬁfgggxgéggg ?222§5g }4%?236 i?%?g 523'256?;80x7/265 32109
| 14409 | 2.228 434.5 59 256/280x7/265 32631 / 14369 / 2.271 569.6 60
E?SQEBéééﬁﬁﬁe 325 265 B%%%T 7Qv9 %51n§§ iﬁ%ﬁi E§E£%$g4 | 14225 |
RO e e
|—2.274-509. Ox 7426 14394 {2 974 51381 66

256/ 280X 731265 ZTEI0xI2SLRG63 | BT 1406 (2.2087 38} 280x7/ 265 33647/ 14571
08 1S, SR S ey 00T S, £ S o
97.9 49/ 18 71 25862805/776365 ﬁz@%//lfﬂ_@.&m/%%ﬁ 248b% 529.6 |72 256/ 280x7/ 265
soos LI SR gy e S s,
19/0 In Tabl e 9 t%é/%@ﬁ/ﬁﬁﬁ hectéllﬁ@/‘mﬁﬁ?aflzm “®67 OH' prlovi des the tot al
corcent o o S e st ek e L e ok,
groups| (3MB" 2M8%2@BH%8§}66’265W 33804 51438t/ 30 |i d7-Pdenoni nator) . The data
demonstraie Very 3s6ns0x7/265 32100/ 14409 /2.228 | 434.5

59 256/280%7/265 32631 /14369 /2.271 | 569.6

60 256/280x7/265 32569 / 14352 /2.269 | 470.9

61 256/280x7/265 32314/ 14225 /2272 | 4992

62 257/280x7/265 32064 / 14524 /2270 { 477.5

63 256/280x6/281/266 | 32417/ 14293 /2.268 | 604.4

64 256/280x6/281/265 | 32884/ 14464 /2.274 | 509.5

65 256/280x7/265 32725/ 14394 /2.274 | 5138

66 256/280%7/265 32030/ 14499 /2.271 | 493.2

67 256/280x7/265 33647/ 14571 /2.309 | 493.1

68 256/280x71265 33752/ 16821/ 2.007 | 535.8

69 256/280%7/265 32809 / 14406 /2.277 | 527.2

70 256/280X7/265 32794/ 14363 /2.283 | 5059 | 979 | 49/16

71 256/280%7/265 33202/ 14488 /2.292 | 529.6

72 256/280X7/265 33604 / 14619/2.299 | 309.9 | 985 | 36/10

73 256/280%7/265 33143 /15448 /2.145 | 4169 | 97.7 | 51/13

74 256/280x7/265 35339 /14654 /2412 | 626 | 992 | 19/

In Table 9 the column heading “Total OH/ “MS” OH”

concentration of OH endgroups (expressed in ppm) present in the product

provides the total

polycarbonate (numerator) and the measured concentration of “salicyl-OH” groups

(“MS” OH) expressed in parts per million (denominator). The data demonstrate very

high levels of product polycarbonate endcapping. The product polycarbonate of
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hi gh | evel s of product polycarbonate endcappi ng. The product pol ycarbonate
of 45 WD 03/106149 PCT/ US03/ 16354 exanple 70 was anal yzed for the
presence Of "W&¥#ual nonomer. Less than 350 ppm resi dual PENVESS3 184 | ess
than 20 ppmresi dual BPA were found in the product polycarbonate. Exanples
75 80 i, rrgt ' MiaPRionBmehi Céss ahahBOnpishopper ,  p-
Iphléér% EV’\@S@? nﬁﬁ}g% @ﬁll?hg&ﬂ%&dﬂrﬁ ation ste Thus BI\/BOC]JPKSBPA and p-
curryl p hesithial (BMBG, remﬂdeqseﬂuamﬂOeanm)esmeacleBBé}uwre:ebﬁamédna@%momnm e5to
provi de olution of an oligoneric polycarbonate in nmethyl salicylate. -
The rmlpﬁlryc?gf”iw&eof BVMSC to BPA was 1.03. As.in Exanples 38-50, a single
solution of the oligoneric polycarbonate was fed to the extruder
conf i glErxﬁﬁjl RS 7SS (EXRRRheShe rellDd dPxAspivestion br ﬁﬁlch@pmlmestppmmm es of the
product polycarbonate which were coll ected at #&% B}t erv& over a
peri od CWYE%@IR} was ipduded inTHE epvldualoly st gﬁll‘g GvE oMY dEi dual
met hyl sa f ExhniEX lo@Rle75- 80 are
gat heréjgmgdp%gﬁﬁtgﬁ g%& %@gglﬁo}é&%ffﬁ;ﬁg eaﬂie lscﬁ%dc%?? ful lI,IJSG g@a chal n stopper
t o contar liutfonl @[Cmi atigomeigptlyearbdiiate ichmethyhtdicylast. The melaseie 9fhvent i on.

TABLE 10 EXTRUSI ON OF CP; I NST YCARBONATE
N WETHMSGA IRBA APE | BopM BVERIDI S G0 NO REBE Eﬁ}ﬂ?ﬁ%gg\@%ﬁgg}sm) =
1.03, ﬁh%%fme Jﬁ%d%ﬂ@ﬁé M@ﬁi&@ﬁh(@ﬁéﬂf&dsas {oi Pxanijdes ldExamﬁmm\ﬁﬂsVS V4 V5 V6
Mass FI'ow Rate Torque Melt Screw Die | b/ hr) {c) rrper ture speed

Pr essur7é- 8()(1@))16§¢Ipr$)impt¢§|0f t@f@@lczsolzsargwai@wgwhlwq? cellasrdaiscany 65 76 22
28 27 29 29.40 [/ 17.. 7.7 A9 A0 of redifufl 35 296 299
40 Fg231585gVsh2 per i35 g3t 4 3ol Tinoigadlt ElighhdledPol ehitull 5 299 27
503 32 methyl salicylate determined for each sample. Data for Examples 75-80 are gathered

in Table 10 and demonstrate the successful use of a chain stopper to control molecular

weight within the context of the present invention.

TABLE 10 EXTRUSION OF SOLUTIONOF PCP-CHAINSTOPPED
OLIGOMERIC POLYCARBONATE IN METHYL SALICYLATE, PCP LEVEL =
0.03 MOLE PER MOLE BPA, BMSC/(BPA) = 1.03, Catalyst = TBPA ONLY

Vacuum @ Vents
(in. Hg.)
Example|V1|V3IV4iV5;V6|Mass Flow Rate Tc{az'/?)ue Teml;,i?:ture il(;z:g 1>r:)si; "

(rpm)/(1b/hr) ©) (rpm) (psi)
75 1512512512929 40/17.6 20 282 125 65
76 221281272929 40/17.6 30 288 200 60
77 2202812812929 40/17.6 35 296 299 40
78 221281282929 40/17.6 39 304 402 35
79 22|28 (28{29(29 40/17.6 41 311 503 32
80 252828129129 30/13.2 34 288 201 65
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28 28 29 29 30 / 13.2 34 288 201 65 46 WO 03/106149 PCT/ US03/ 16354 Table
10 Conti %gyﬁgﬁpl e Actual Barrel Tenperatures Mol ecul ar Wi ght Mwv /

Resi dual Mh / PDl (ppm) 75 264/ 278/ 280x5/ 282/ 265 PAI5GD31635847 |
2.212 1442.8 76 260/ 280x2/281x2/ 280/ 281x2/ 265 20298 / 9185 / 2.210 1158.7
77 257H28Q/ 128343280/ 283/ 282/ 265 20546 / 9315 / 2.206 934.5 78

254/ 280/ 281x3/ 280/ 284/ 281/ 265 20922 |/ 9486 / 2.206 723.7 79
253/ 280/ 281x2/ 282/ 280/ 285/ 282/ 265..21007 /9516122885955 0

OO OITC O =90 L= ~—

257/ 28[Mxa#@xd/ 2 ASHd8BA2TNRIEl Rarks 21 THIgletulggBBight Bvol) RegignaldMEx anpl es 81- 86
illustfate the use of tk€) method of the i NMeAPPbn to|obt@PW a

AL WAL 2Ta T A AT L T LA ol

equi | i brateed |ag6i/peoxER8ImI280/381x0/286 OVi de2% /Sogutinn of dns®Ti gomeric

ol ycaybonate ety ' 1 i rar.i oof to BPA was
1035, | AT 1 | ERaRap a3 53%??82%25@ 45T o8l 2 e o Cgonedi c

pol ycaf borsat 6 was/ 8@k ke 801Esdest izaslel QovRli/gusd. 28 iin EX&dpl es 16- 19.
Exanpl gs—81=86-Tepresern Tt - { ygarb € which were
col | ect ed®at ?gtﬁ%f éﬁﬁ*#@?ﬁ@ig’%ﬁ 65 g«lx 72%@2% utl 1 Hour yn The

mol ecu| argoneijgit2gomTdxd/EREIR00T4/2 EBI 6 al2 1 TSt /19939 /107 cy| at €l9%fer e |det er m ned
for eath—sanpte——Data for— Exanpies 81-86 are gathered 1n Table 11 and
denonstrate that still lower levels of residual methyl salicylate can be
achi eved by increasing the nelt tenperature and screw speed. The product
pol ycarthanple SasS6vahytat ehe wedof chomhabed tdir haghweertionh obieperd nent

i Vi to the Exanples. in Table 11 47 03/ 10 3/ 16354
T ABLE PP ERbE: G SR SR AR TSP UFERBERARCRE Ol O
POL YCARB{INAT & a ke GF 50| CONERBIOIS (P@LY GARBGNAT EquilbikteBHXLInSAL I CYLATE,

BMSC/ (BPA) = 1.035, Catal yst . _ . .
Example 5 to provide a solution of an oligomeric polycarbonate in methyl salicylate.

The molar ratio of BMSC to BPA was 1.035. As in Examples 38-50, a single solution

174

of the oligomeric polycarbonate was fed to the extruder configured as in Examples 16-
19. Examples 81-86 represent samples of the product polycarbonate which were
collected at regular intervals over a period of about 1.5 hours. The molecular weight
and level of residual methyl salicylate were determined for each sample. Data for
Examples 81-86 are gathered in Table 11 and demonstrate that still lower levels of
residual methyl salicylate can be achieved by increasing the melt temperature and
screw speed. The product polycarbonate was very clear and colorless throughout the

experiment giving rise to the Examples in Table 11.
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= TBPA ONLY Vacuum @Vents (in. Hg.) Exanple VI V3 V4 V5 V6 Mass Fl ow
Torqu Melt Sere Die Rate e(% Tenperatur w Pressure (rpn}zlgl b/hr e (O
speed (pstP % MPYR) 81 15 28 28 29 29 40/17.6 35 294 251 3RCTAB}3IHG 28 29
29 40/17.6 26 281 125 56 83 15 28 28 29 29 40 / 17.6 42 304 378 17 84 15
28 28 29 29 40 / 17.6 43 315 500 12 85 25 28 28 29 29 40 / 17.6 47 324 630
8 86 15°A8 28l REFFECIY OF ALREW7 SPEEDS INB6MELIbITEMRERAATIRTL N Exanpl e
Act ual r e r l.ecul ar ' i du Vh / PDI
(ppm 8?@%?9%@&% } 285/ ggg%%’é?@?ll 3%@%%?% 208.9 82
2571 280081 Y/ GXRIDRA POUNAVEAZY) BAYICYBATH, EASO/(APR) 23058 %atalyt3

255/ 281/ 275/ 281x4/ 283/ 281 22417 [ 10012 / 2.239 165.4 84

254/ 281X REINDY 280/ 285/ 284/ 281 22589 / 9487 / 2.381 102.5 85

252/ 282/ 283x3/ 280/ 288/ 283/ 281 22874 |/ 10196 / 2.243 66.2 86

248/ 27312741 276127912801 2861 28371281 21689969212 238409 Exanpl es
87-90 flurt her |i IMAEEHT ¢Rife luse of the mefhod of tjhe inhvention to obtain a
pol ycar|ponat e lconpFPs8d methyl salicyl endgroups and aivery llow | evel of
resi dualExampleyent venva | ¥50¥6e Mk Fusi DToghep Mt hel si9at exie of a still
higher jinitiali mylar rati o off BiMaC t 0e BRATRBfatand vBPfrragks:|equi | i brat ed
as in Bxanple[5 o proyide a| so @)}m of an e(d)gonepdea) p@lsiycar bonate in
met hyl isalicyllate. Thejnollar (R 3¥| BMBC to BPA was)l. 0375, As in

Exanpl es_38:50, a.singlle sol yti on of the blj goneriic polycarbgonate was fed
to the fextdtudenscodi egueed2as uo/ Exanpl 85 16- 294 48251 31

82 15728 128129129 406/17.6 26 281 125 56
83 1528 |28 (29129 | 40/176 42 304 378 17
84 1502812812929 | 40/17.6 43 315 500 12
35 25128 128 (2929 | 40/17.6 47 324 630 8
86 151282812929 99/434 37 324 630 66

Table 11 Continued

Example Actual Barrel Temperatures Molecular Weight | Residual MS

(C) Mw / Mn / PDI (ppm)

81 255/279/272/280/281/280/285/282/280| 2171179728 /2.232 2989 -

82 257/280/272/279/279/280/277/278/279 | 2181579760/ 2.235 583.7

83 255/281/275/281x4/283/281 22417710012/ 2.239 165.4

84 254/281/2779/282x2/280/285/284/281 | 22589 /9487 / 2.381 102.5

&5 252/282/283x3/280/288/283/281 22874/ 10196 /2.243 66.2

86 248/273/274/276/279/280/286/283/281 | 21689 /9692 /2.238 40.9

Examples 87-90 further illustrate the use of the method of the invention to obtain a
polycarbonate comprising methyl salicyl endgroups and a very low level of residual
solvent in a single extrusion step in the context of a still higher initial molar ratio of
BMSC to BPA. BMSC and BPA were equilibrated as in Example 5 to provide a
solution of an oligomeric polycarbonate in methyl salicylate. The molar ratio of
BMSC to BPA was 1.0375. As in Examples 38-50, a single solution of the

oligomeric polycarbonate was fed to the extruder configured as in Examples 16-19.
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WO 03/106149 PCT/ US03/ 16354 Exanples 87-90 represent sanples of the
product polycarbonate which were collected at regular intervals over a
period of "QBYM¥ 5 hours. The nol ecul ar wei ght and | evel PCHESIBEEIual

met hyl salicylate determ ned for each sanple. Data for Exanples 87-90 are

gathered in Table 12 and denonstrate that very | ow I_el%/rgl s of residual

met hy| Exaapice §7-80 ecrpasenbesnzden ehibe Prustiabeadiongteriichwere ©UA3Et at ure and
screw speed. The .| ower mnlac | 0 Jusdi oiRQN Gaebonat e
reflect le?ﬁl r vl OV“aelvae]I%q%)? éﬁﬁ%@‘gﬁg Jﬁé?hET cgg%?odué% pojl car bonat e was
very cheadsicatmedlyDedlRyBitd fetanghalifor catle sewper iDasaforgixamyesr§%520 t o t he

Exanpl es in Table 12. TABLE 12 EFFECT OF S SPEED, AN LT, TEMPERATURE
ON PR@EU@FW@MRB@\MEPE é%weﬁraémﬂa% V&XC%% O%&%@%EBH&EE | N METHYL
SALI CYLAT =11 - = A BRANONewVaREUTI@ Vent s (i n.
Hg.) E%éa}}%}agﬁ%%&@?v\%b égﬁés%sn I O?Vhéirgfeghpgral\/e' t nScri;aw %ﬁe Rate (/4)

Tenper adweremseesiar Rrebsls urfethe (prpayat (nobycarbpngie) reflegimythg pagher devel 8128 28° 29 29
20 28 BMISG gl Ty Doty DabaRRet ety oG 68 ApahlnBsS i, 1 32

297 507, TdxPMimBEntBivilg Tiss 80hb Bwainglesmasatle12.Tabl e 12 Continued Exanpl e
Actual Barrel Tenperatures Ml ecular Weight Mv/ Residual Ms (C Wh / PDI

(0
87 259/ 269/ 266/ 279/ 280x2/ 282/ 280/ 4 . 588 88
e Tt JBoRsraeT (Hs o0 Re oEes: 4203 Nagr TeMPERATURE Bl

250/ 28 28 7008 | p¥3RUIOR: 368F93. GLIGIMERIC
249/ 28%?%?@#28%%@%%‘%%%@7149 1577737 2. 206 59. 1
POLYCARBONATE IN METHYL SALICYLATE, BMSC/(BPA) = 1.0375, Catalyst

=TBPA ONLY
Vacuum @ Vents
(in. Hg.)

Example!V1|V3|V4|V5|V6| Mass Flow Torque Melt Scerew | Die
Rate (%) |Temperature| speed Pressure

(rpm)/(ib/hr) ©  |pm) i (psi)
87 15(28128129129| 40/17.6 15 276 125 |TLTM *
38 1712828129129 40/17.6 25 282 250 | TLTM

80 120:28|28(29(29| 40/17.6 30 290 374 | TLTM
90 [21]28(28(29(29| 40/17.6 33 297 501 | TLTM

= TL,TM = too low to measure.

Table 12 Continued

Example!  Actual Barrel Temperatures  |Molecular Weight Mw /] Residual MS
© Mn / PDI (ppm)
87  |259/269/266/279/280x2/282/280/266| 16233 /7385/2.198 588
88 253/281/277/280x5/265 16500/ 7706/ 2.141 262
89 250/280/281x3/280/282/281/265 17008/ 7182/ 2.368 93.1
90 249/280/281x3/280/283/281/265 17149 /7773 1 2.206 59.1
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49 WD 03/106149 PCT/ US03/ 16354 Exanples 91-94 illustrate the preparation
of copol 3@@@ ioonat(es using the nethod of the present invention. The
copol ycarbBf4{®&*ar e characterized as having a high | evel PGHUSIEEFY|
salicyl endgroups, very low Fries group concentrations, and a | ow | evel of

r eSI du%xaﬁ‘lgjle\é 3\@}94 N6 RO edét%‘éré?gon%lfic ai‘lﬁ)nﬁf%@%ﬁﬂg @Heb@a‘%& offiel oyed in

prepar A m xture of hydroqui none (0.2
m)l es Iﬁ@spﬂrm@mﬁlonmﬂm Bmﬁ)ycaﬁléﬁatamde BMB@CKGM@I]ZN@‘@@ Bligs Jeesl . 8 nol e of

BPA) t ed i | TBPA 0.8
nol e \Ig%% hﬁ&glmﬂg@g&yp@?@r@d«gg% gt’%“ppF%QFcHéaZtﬁmgo?mf?g}%‘ggF \?an fgl i ggrenrerl c
copol ycf@sﬁcﬁfé.!‘@&@eﬁtn 'I‘Hétsfb!/dtmn&ﬁi dlig¥madi© copditaidnate dnifloyedah HilBldaso BPA + HQ

was 1.02. The sol ution of goreri c pol ycarbonate used_in Exanpl e 94 was
pr epar d-9Bswappreparsd 8Afﬁil§lW€1ré\ mxtunﬁydplaamqwme B-2380ksH L PRI %‘ér 0. 65
nol e BPA B 2.5 x 10-4
nol es 1%%3\ @E& 0}g g% I\@ﬁpegkggg)e %]Pbis lﬁ(gslg%%g\ggtéh a kgtogft%ﬁgfﬁ{//gfsde a

sol ut i @Auibibraddl & ingomBtplE 5 cmb&y@a‘rbwém}leﬁmmﬂ 0§am1e)HPdt)e>vas The ol ar
ratio of BMSC to BPA + HQ was 015.. The two sol utions wer.e %ﬂ
sequentused P%ﬁhﬁﬁ’élwsé;& Pll?éﬁé]te acﬁ?ﬁ‘ft}oé}&félﬁ OMSHIEC Ry L O_E’étel@ ME I es 91- 94

represent. 3800 A% QloidtNGBr GUBLISCC RPBpYACar h@%%@ VY. cTreebaiteal dfect ed at

regul ar |nterva?es over a period of about 1 hours. The nol ecul ar wei ght
and | evéigomEric psliydmhbnatmsddym Fs(.amptaﬁfhwes wspaed e Erllovsed maxtueaeh sanple.

o ot oIR8 il G s 10 Rl M) 0N nd BMARE S IRARRLRLE LS

The productxsapely Canbenates] veneles TBRA fut) ffasor BBA) @Eﬁdlsy:dyieﬂieow col or.
50 WD 03/ 106149 PCT/ US03/16354 TABLE 13 OOPOLYCARBONATES og PA & HQ
BVSC/ ( BRaksigo providsoa selptignvel Bsobgomgyc copatycerbgpate i EXN&ELE atecat aI yst =

TBPA ONL Y, %ﬁg%ﬁo@o}/%§c ! @PA'T!QH)Q R4, V*l"hé/%wé(‘lso}‘@o}{@\%?é?ed:' ow Tor que

Melt Screw
sequentially to an extruder configured as in Examples 16-19. Examples 91-94

represent samples of the product copolycarbonate which were collected at regular
intervals over a period of about 1.5 hours. The molecular weight and level of residual
methy] salicylate were determined for each sample. Data for Examples 91-94 are
gathered in Table 13 and demonstrate the formation of copolycarbonates using the
method of the present invention. The product copolycarbonates were clear but had a

slightly yellow color.
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Rate ('% Tenperature speed Pressure
28 28 29 4
250 356 ‘é‘g"i’g’d’z‘é’

Mbl ecul

229/ 2822 BLED

Bar rel

(rpm/(I'b/hr) (C (rpm (psi) 91 15
17.6 52 296 127 447 92 15 28 28 29 29 50 / ]
28 29 29 50 / 22.0 51 329 375 254 94 FLBYS0546354 29 40 /
17.6 57 316 298 325 Table 13 Cont i nued Exanpl e Act ual

22.0 53 315

Tenper at ur es

ar Wi ght Resi dual Mv / Wn / PD_ (pp

B/ Q@B@@é’@@%@ﬁ

244) 200050 AT Sk ST 9B 1 A MR Pabpisy 2 TR ORLGy

250/ 280/ 276/ 280x3/ 281/ 278/ 279 30156 / 13012 / 2.318 761.1 Exa

illustr

preparation of

ate theyNs@&uPf ¥&i& method of | the present inyention for;the
co(gplﬂg)ar bgnat es cont ai ni ng about 3D noljle percgent

pOl ycar porate—Hep H-ts—are—deri-ved—frombi pllc 1ol (BP =
4, 4" - di| Ryeppi /‘61 ﬁfﬁa\‘f%’ﬁ ¥hdMapdlew 7i00oraw e p¥lelent | %reY dePivved from
bi spherjol A (BPA). | The soljutiB#teof pl{* iﬂ“éeraé‘ﬂﬁoﬁw%t e¥ute enpl oyed in
Exanpl gs 95- 9f vias| priepar egya/(balh ovs. A mi X€ure pFPmhi fREho| (0.3 nol es
BP per [6—7F—rvole BPA% BPA-afd-BMVMEE (1015 rnotes—BMSE 071 nol e of BPA)
was equil Pbr at BY 28528 |39 Béanpild 186 TBPAZ (4.5 %940- 4 nlﬁ{fes 18PA| per 0.7 mole
BPA) was ysed| g2k hesicat a ysgo/tvgopr Ovkgle |a sahsition 2@ @nsgd i goneric
copol ygarbonratei-nrmathyl—satrcytate—Fhe notar—ratig to the total
nunber |of 93 mol BY 28i 2BPAI % HOME 1. p18! The Séfutior/has: E%‘H 0 a
devol atji | i94i n;p;e;gg 'ggjgp ggconzf(j/gu,rsed as7i N Exa,rml es| beg 19. 3Exanpl es 95-97
repres .lIlt S = the—product——copotycarbonmate-which were—tol | ected at
regul ar ?l?‘}?g?\ﬁﬁg %?ﬂer a period of about 1.5 hours. The nol ecul ar wei ght
and | evel of residual nethyl salicylate were determ ned 51 WO 03/ 106149
PCT/ USC ﬁ(\%ﬁﬁl’é4 QARG [P AR FaculL 2 T Ok1oRXRAPMESen? o7 Résidle @Rl hered in
Tabl e 14 and @re consiste with the torgrtimn ebicopol ygasbonat es
conpri ging hoth BRP and..BPA residues. The

91 229/2R2/272/280/279/280/278/278/280 | 30355/ 13295/ 2.283 1241.5

92 234/280/272/280x3/281/282/281 30242 /13320/2.270 1076

93 244/280/273/281x3/283x2/281 30429 / 13338/ 2.281 1048.6

54 250/280/276/280x3/281/278/279 30156 /13012 /2.318 761.1

Examples 95-97 illustrate the use of the method of the present invention for the
preparation of copolycarbonates containing about 30 mole percent polycarbonate
repeat units are derived from biphenol (BP = 4,4’-dihydroxybiphenyl) and about 70
mole percent are derived from bisphenol A (BPA). The solution of oligomeric
copolycarbonate employed in Examples 95-97 was prepared as follows. A mixture of
biphenol (0.3 moles BP per 0.7 mole BPA), BPA and BMSC (1.015 moles BMSC per
0.7 mole of BPA) was equilibrated as in Example 5. TBPA (2.5 x 10™* moles TBPA
per. 0.7 mole BPA) was used as the catalyst to provide a solution of an oligomeric
copolycarbonate in methyl salicylate. The molar ratio of BMSC to the total number of
moles of BPA + HQ was 1.015. The solution was fed to a devolatilizing extruder
configured as in Examples 16-19. Examples 95-97 represent samples of the product
copolycarbonate which were collected at regular intervals over a period of about 1.5

hours. The molecular weight and level of residual methyl salicylate were determined
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product copol ycarbonate sanples were clear and had no visible yel | owness.
The ol ecul ar wei ghts observed for the copol ycarbonate s | es were | ower
t han antw(?:f;ﬁ%ﬁ(éﬁ pronpting a post extrusion exaninati orP USOdé33%¢act i on
vessel in which the initial equilibration of nonomers was conducted. It was
obser vést dablataragioe Data fohExaibpleh8hol aregatieiet invisibie 4wl @@P@Sbﬁtwydr oxy

aromati ¢ _conpound, did not djssolve durin n action.
This effBcihe veImatigaal caPHysa Ol}aéelsl%m(?flsﬁﬁ’%@ﬁf Eﬁtaﬁglﬂ S?t{ﬁdgg gﬁﬁber of
mol es g @ @&ﬂolﬁpa‘?bdm{ecﬁn WaSs Blefhgleat ARNhdd GA&;S\ammeyemmlnessul dhewei ght s

observ product pol ycarbonates are nore consi st ?nt with a nolar
rati o ofolBVBE m@mabmmd dbodhe 10093170a1bf8@é€ samplex awpice 0W¥e'@8t a provi ded

in Table.12 for the repartlo . pWhi ch the
ol ar ARESBRCGPRRBARE 6 IRsA I 8%’?@’9%%%&@3 Vi %%E%E%%iggwok&ms 70% BPA
& 30% RAH Hﬁmpeqlﬂlﬁﬁ’batloﬁwﬁﬁoﬁﬁﬂ&k% conducfell5s, It @ast«aﬂsyﬁfkad thaTBfme Ny Vacuum @
Vent s in. nple VI V3 V4 VS V6. Mass a ;{' que E/elé Screw Di e
Rat e (%pirﬁeﬂipélr@lﬂw%y 5@@@@6@@@&%}/@10@?%9%9%‘}1 rgid pey Azl UrNgi ) 95 24 28
28 29 4 o2 29%t290ABNVISA 71061184 302 350
94 97%%6 Sﬁgb%‘ogdﬁgﬁ%ﬁo ﬁ*ﬁ%é@%v@goéﬁ 40% rﬁ%m '?'aat.%)l gﬂ14 Cont i nued Exanpl e
Act ual cBﬁnroma ﬂ_lﬁﬁml’@ft nmoks MbBEcarldaBPMewy i¢h mhmhen thapd-OMwy /Then / PDI MB
(ppm 95 256/ 305/ 82/ 281/.280/ / 81/ 1969 5 1835 96
261/ 3021960 8‘@?&3 tﬁ@ 3% %szgbg“epf 3’% ‘Paf 2'“91%’8 ez‘%égétegﬁ”ﬂ%
ég% ag 3@%%@5%%@‘1\2@@ i BBPBPA 3486ut/1.B371Q5eclRb exangde, R O34 pAGIS

in Table 12 for the preparation of bispheno! A polycarbonate in which the mojar ratio

of BMSC to BPA was 1.0375.)

TABLE 14 COPOLYCARBONATES: 70% BPA & 30% BIPHENOL (BP)
BMSC/(BPA+BP) = 1.015, Catalyst = TBPA ONLY

Vacuum @ Vents
(in. Hg.)
Example|V1|V3|V4|V5!V6] Mass Flow |Torque Melt Screw | Die
Rate (%) |Temperature| speed |Pressure

(rpm)/{1b/hx) (€ (rpm) | (psi)

95 241282812929 40/17.6 45 302 350 106
96 24128128129(29| 40/17.6 44 302 350 94
97 2628128129291 40/17.6 42 300 401 40

Table 14 Continued

Example Actual Barrel Temperatures Molecular Weight | Residual
(&) Mw /Mn/ PDI MS
(ppm)
95 256/305/284/282/281/280/283/281/265 | 19691 /9264 /2.125 1835
96 261/302/290/280x3/281/280/265 . | 19415/9031/2.150 2004
97 263/300/290/280x5/265 17867 / 8486/ 2.105 1942
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Exanples 98-101 illustrate the use of the nethod of the present invention
for the \Qre@ar ation of copol ycarbonates containing polycarbonate repeat
units der9&YW%Em 4, 4' - sul fonyl di phenol (BPS) and bi sph®FgPSW&/168pA) . The
solution of oligonmeric copolycarbonate enployed in Exanples 98-99 was
prepar %@a@é}e&@@-mﬁinu@,«trm@ﬁwm@e of thedndthosiubfl thiyprdigphanehti¢Of® thel es BPS per
0.8 nol e BPA), BPA and BMSC (1.02 . nmoles BMSC per 0.8 mpl e of. BPA) was

equi | i repedonofiGopelyssrpprates, confaining pokycgrbepaty rrpRak SR Wﬁarﬁ%%ls nol e BPA)
was usgd.é : Vi ROV a {\i O f | JREBklE

copol ygglr %glnfgt edlﬁﬁ&?ét(%?lss g"éﬁﬁ)ibgsﬁlglﬁj eiz.A?ﬁﬁgA Hol ot Qrsgltuiﬁgngdff RS BPA + BPS
was 1. @@polfhebentengnyaf indxagphes 989 pehyapirehat &lioved A miNE®H| es

100- 101 ared . as fol A ni PS.(.0, 4 S 0. 60
ole  ArRRIORh BIBE PolirS Bl SRl BbATo BRI BRI G el
equi | i by ALLAMRASpdi' D BxDbEBPA) WBPAGhiBDRIH dOmEmipes s TBBRADELS R. 60 nol e

BPA) Was4used as'the catalyst to provide a solution of an oligagneric
copol ydar movias EBPA preOrly/moleaBl Ay Wes wsed aFites eatdl gt to arovisleg soBNiSE ®fo BPA + BPS

1.022... The t | uti . . ial by
cont i odnatizherh LedfipHbbos M §leRp) SipIREo o Rl bl BEEMSCHIRE o e
pr Od:JCEBP@QHOBFS&SaBQF[&E.g'[‘ﬁ:?isglht(i)dmabﬁoﬁgid_}_ﬁﬁi ﬁcﬁilyeetrbcfmgama_d irrlliEmmgiﬁial-s f)ver f a
total tine period of about 3. ours. cul ar wve; nd level o
r esi dudpoﬁé’t? s mseRared psatolower & r&é&t‘é"ﬁrﬁfﬁﬁo& @Q%’ﬁ Eﬁ%ﬂ%ﬁ“@:éﬁtﬁflﬁ f or
Exanp! 4p A ppIOdPERILIE| NETRHol0 BIABEGel D ARYIALERRNGKS EQIRbcE the

formation copol ycar bonat es, conpri g both BPA and BPS derived repeat
uni ts usimixample STEEBRA (D xt € poles EBPA per &fil wale BB Fas@ed as the

COPOLYCARBONATES: . 20% and 40% 4, 4' - SULFONYL DI PHE , BPA+BPS
T 05 Ealhst umRaideo vt R s CatoDate i gt saltYBe ( BPATERS)
V4 V5 G Nasm FhinoTenase Wepla Sceewvvwisel.0R3at hé Wvo Telmpienatwerefedpeed

Pressure (rpm/(lIb/hr) (C (rpm (psi)_98 15 28 28 29 29 4Q_/ 17.6 80 324
200 744cq@ntially t@2n2extnglengonfiguyeds aygn Frangdes §6g°. Examples 910t

represent samples of the product copolycarbonate which were collected at regular
intervals over a total time period of about 3.0 hours. The molecular weight and level
of residual methyl salicylate were determined for each sample. Data for Examples 98-
101 are gathered in Table 15 and are consistent with the formation of
copolycarbonates comprising both BPA and BPS derived repeat units using the

method of the present invention.

TABLE 15 COPOLYCARBONATES: 20% and 40% 4,4'-SULFONYLDIPHENOL
(BPS) BMSC/(BPA+BPS) = 1.02-1.022, Catalyst = TBPA ONLY

Vacnum @ Venis
(in. Hg.)
Example|V1|V3|V4|V5iV6| Mass Ilow |Torque Melt Screw | Die
Rate (%) |Temperature| speed |Pressure

(rpm)/(Ib/hr) (C) (rpm) | (psi)

98 15{28128(29|29| 40/17.6 80 324 200 744
99 1512828129129, 40/17.6 79 323 200 690
100 [16(28(28(29]29: 35/1i54 76 334 225 615
101 117]28128(29(29] 35/154 80 330 201 694
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100 16 29 29 35/ 15.4 76 334 225 615 101 17 29 29 35/ 15.4 80 330 201
694 53 WD 03/106149 PCT/ US03/ 16354 Table 15 Conti nued Exanpl e Act ual
Barrel TehP&VtFes Mol ecul ar Weight Mv / Residual (C) METUHBIRE ( PPV
98 246/ 280/ 279/ 280x3/ 273/ 280x2 37069/ 15446/ 2. 40 556 99

251/ 280x5/ 281/ 280/ 280 37031 / 15227 /| 2.43 522 100

249/ 281PPBIP18MEIPSB0/ 286/ 281/ 281 39014/ 13708/ 2. 85 578 101 252/ 280x8 38194
/ 13843 /| 2.76 563 Exanple 102 A solution of oligonerie polycarbonate is
prepargd as im at dbout 160C in a
f eed tgﬁﬂmﬁ Kder EX%”Pitsaua VL) ena%umﬁerﬁq?%foju“%g?’tepgmw )ulﬁ&l\lfgl;ﬂ L dgen is used to

? t'nos
provi de enough pressure 'to feed the punp head o a ge ar( piy! MR in
communication with the feed-t-ank by means—of—heated—i+ ster| i nes.

LAY SR A | | Ol.llol C1

Addi t i pnaisl Y, t PHs/ 350127 2 80x3 817 H@bx2ni t&?®9ff’d|5‘t4ﬁé?4@orrpr|5§ s tlhe comerci al
st abi | pzers—

RGAFCS—-168—(about —0-12—pet h i gh
of thel gcneri85]d%‘109‘@é$1lﬁ%39§t8@) and Mﬂbggézmﬁégnabozig (r)]tpe(rac\tla\ﬁ!tgb;
i ght ' el b Th | uti
e o e ke g | S S RgagsaToongie) | The <ol utor

rate of ggput] 30 pounds,efpxgol ution |peridagursdo2asheat smzchgnger

mai nt a ned atl..about 265C. The solution.energes fr.om Ilthe heatl exchanger at
a tenperature of about 240C and is then fed through a pressure control

val ve plunbed into the upstream edge of barrel 3 of a 10-barrel, 25 mm

di arretgarn'x, cgf ating, interneshing tw n-screw extruder having a length to
di anet TPt (L/D) of about 56. The cracking pressure of the pressure
rel ease valve is electronically controlled such that a steady stream of

t he supegsieadedfs sdantdrierpobfcatborateat ppparerias ipBkangde Eendtshdated ot oduced
into the extruder, the heated are_maint ai (0

t enper AETPFALIT Ok abaph g&l f%é%le‘gﬁ‘%tun%lo%:ng‘r‘?émhﬁtgﬁﬁwg 8(&9& gO%SIga

N,). Nitrogen is used to provide enough pressure to feed the pump head of a gear

pump in communication with the feed tank by means of heated transfer lines.
Additionally, the polymer-solvent mixture further comprises the commercial
stabilizers IRGAFOS 168 (about 0.12 percent by weight based on the weight of the
oligomeric polycarbonate) and IRGANOX 1010 (about 0.10 percent by weight based
on the weight of the oligomeric polycarbonate). The solution is transferred from the
heated feed tank by means of the gear pump at a rate of about 30 pounds of solution
per hour to a heat exchanger maintained at about 265°C. The solution emerges from
the heat exchanger at a temperature of about 240°C and is then fed through a pressure
control valve plumbed into the upstream edge of barrel 3 of a 10-barrel, 25 mm
diameter, co-rotating, intermeshing twin-screw extruder having a length to diameter
ratio (L/D) of about 56. The cracking pressure of the pressure release valve is
electronically controlled such that a steady stream of the superheated solution of the
oligomeric polycarbonate is introduced into the extruder, the heated zones of which
are maintained at a temperatures in a range between about 260°C and about 290°C.
The feed rate to the extruder is about 30 pounds per hour. The transfer lines between
the heat exchanger and the pressure control valve are heated such that the temperature
of the solution as it is introduced into the extruder through the pressure control valve

is about 20°C higher than the boiling point of methyl salicylate (boiling point 221°C).
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The feed rate to the extruder is about 30 pounds per hour. The transfer

l i nes betvveen the heat exchanger and the pressure control valve are heated
such thatVPR& %% perature of the solution as it is introtEREWHAE t he
extruder through the pressure control valve is about 20C higher than the
boi | 1 n Rul 28akkEW Feea bPRdut D80 BRhNITHRZXEhder i54urther 03/ 106149
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posi tioned. orthogo t he .barr.e e feeder is
not he&tEgfler hé%’e Pﬁga}lﬁ‘fﬁge&Sf‘S B%tollﬁa{ef llasa%f‘@f Of%%ggt \%\%d 18 lzé\?g%gonm sting of

forwar %1@@5‘%@15@15@& I TR S cONeYingAerbidis @ﬂsﬂ Mshe eindsmasﬁdlﬁtam:rﬂdme ext ruder
barrel, the sid fgee der is equipped with a single at herlzgxfnt (V).

The coﬂmegmn@eleb@f@,nfﬂlg sisfe fepder 4t PUABPSS WiTh@ siiede apeRsd ‘? Gyt igured to
conve toward.th Iy The
oxt r uégpe CSHY?}’H%glF%)éMS Udelhe g%vﬁvﬁyﬂlg dfe@(fer%g%oxflﬁgﬁﬁl@d t/ 8flvey

equi ppe th't t1onal atnbspheric vent s at
barrel tdwdr¥2he angudiar @l avlay( ¥3)n amdsﬂw&ademvmﬁnt%?he{ %m@l dpdughesd at

subat nospheri c_pressure) at bar V The three
at nos pﬁ@WPBeC{/‘é(Hﬁéwo ?%U%‘i*ﬂl @H%OSQ ?ll‘%}fﬁ% s %ﬁf?a“ gﬁnd]e% atnﬁeb agp ]t(f' ﬁ%@e g are
each conaeet 6thd eﬁts%?ﬂ G atf SPRYRIspIRIE PrEGREP iy bareich (V4] asd bRl s| ng

sol vent ~vapor renova |nes a condenser and liquid solvent receiving
vessel 8 (W5g. The tluee a‘mmxplseia:r\e?n& td an (the exdaideicands Qﬁe Jolby &K Bebvery.

Recovered ester |tut henol ion or
ot her ?%cja‘i?ﬂn?cgec‘itq ad° VS““SW@}%F%M@E%C \%1 lﬁﬁdnflf glngﬁé :S[%llkjt@igd di aryl
car bonghgor iR vEKLiAdddeconghyy ﬁideﬁ@ﬂﬂ%ommtes&wmg ‘l&meﬂ C"Eiwvmpumg el enent s

and kneading el enents. Al of the conveyin e nts thlth ext ruder
and t hoesisdec sigalady agpried Sonet ePnf FGOgHETEd Re ﬂ‘{ﬁ‘é?‘{m §‘ Ki¥adi ng

el ement Nay @ ﬁﬂ:% b@%gtﬁ bion | OPBM‘@f Hleiug %H@&yc?éa% éﬁ%fa\”@édihtﬁddagmt@d kneadi ng

el ement & unc |1 on. arrel s he extruder,
kneadi rsgb@itme&ﬁimrmrkmmmg Tife dxtruder sd:revanhtnwetstqoalslsif of eptih seMYENEEdi ng

| t t | t |
Cons! STt TRHGRTHG TToR Ma Tapoor T ag R P ARR a Sl 5o ©
el ementgg tiﬁ@?ﬂéefe%déeﬁle Sopl&d | eRke toateyday cRhenks, Kﬁndacﬂng Thenenscuum vent s

are | ocated downstream of the nelt seals on barrel 6 and barvg 8 and are
oper at duclade nedredimrwad dlighted al@tbtﬂ@t“’%’é flighted knerdingeslEmEYs dSPSAYMum gauge
i ndicati ful l

on Bnetbn. MPEHEEY and 3 of the extruder, kneading blocks consisting of forward
and neutral flighted kneading elements are employed. The extruder screws are
equipped with melt seals consisting of kneading blocks made up of rearward flighted
kneading elements. The melt seals are located at barrels 5, and 7. The vacuum venis
are located downstream of the melt seals on barrel 6 and barrel 8 and are operated at
vacuum levels of about 28 inches of mercury (a vacuum gauge indicating full vacuum,
or zero absolute pressure, would read about 30 inches of mercury). The product
polycarbonate which emerges from the die face (meit temperature about 325°C) of the
extruder is stranded and pelletized. The pelletized product polycarbonate is found to
have a weight average molecular weight, My, in excess of about 20000 daltons (GPC
analysis) and to contain less than about 1 percent by weight residual ester substituted

phenol. The product polycarbonate has a high level of endcapping and contains less

than about 100 ppm Fries product.
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or zero absolute pressure, would read about 30 inches of nercury). The

pr oduct | ycar bonate which energes fromthe die face (nelt tenperature
about 32 ‘%ﬂ%‘ﬁge extruder is stranded and pelletized. AGRUPBIEE zed
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by a g]fl? E?S?Hng'f Ofﬁtilgtrfshugg%g ?élﬁ{é&él?g%tﬂ?eoga?rggﬁ élb&%%u\%iwgﬁ pg(%)‘}fu(ﬁegi %gaci rcul at ed
i nsi de shbgm drepbiing dilakdedd &f abdie T1eactwliich Theldrimacikailated isiicbehepr essur i zed
to about 80 psi of absolute pressure with nitrogen gas. The reactor was

al so adwptimgijacket opbe apacser. uhte reactacaguld bg presusiged (0 ehod SCRE Y where a
portion,of. the nethyl, salli t Y= t i : ilibration
reacti cf‘Rs%gse prleesg%yé%/flﬂ} lﬁlglr?g%ﬁéa%'so }%tlf%ﬁlé}%&lso%dg tg?&idr?t@?arg ﬁg??%n into the
devol atyabingh NEr exé indesse cadee wige i pntive st éle mahyk eningleteclly-prdact

shel | -and-tube condenser attached to a recgisfyer nd v?cuum 0 tl.%at. Met hyl
sal i cylpipucediinthy eawlipragen irartioBap ey SQEE B {88 SRIFPRAFGE P At he

" ecel Ve dhRok BRE et TRUHLRONTR REARKNR] $68kbomidak wani tored and
measur ed the ampunt o |net]hy salicylate renoved fromthe reactor in

t hose ishsif-andedewbederser itppohahtovascpeef mdmeguum Rulplg Mpbiesaliggpteat or i nsi de

ronomert it R ars dricBena Ry rub o eae & dhClbEs AU v i

addi t i GAGIntEPBR EEHsANG Lalcadhys mollitbied thridh@espeasdathe camaint tolfengthyicess.
Efficient mxing was found to be advantageous in experi rren%)s in which an
i nor garsbcylate reroveddiem thsrepeire iR HOpS BABBGCS YK SEIRE WASPY Erped-

i ncor POg %ﬁdp(j)v[ﬂér%gﬁtgt%r %s%@ﬁﬁa reactor was used to homogenize the initial reactive

mixture of monomers and catalyst. The agitator could also be used to mix in
additional monomers and catalyst during the operation of the process. Efficient
mixing was found to be advantageous in experiments in which an inorganic filler,
such as fumed silica or nano-clays was to be incorporated into the product
polycarbonate. The agitator provided a uniform dispersion of the inorganic filler in
the solution of the oligomeric polycarbonate in methyl salicylate prior to its
introduction into the extruder and conversion to high molecular weight polycarbonate
comprising the inorganic filler. A positive displacement, gear-type, pump, connected
to the bottom of the reactor was used to transfer the solution of oligomeric
polycarbonate in methyl salicylate from the reactor to the extruder at the desired rate.
In some instances a 10-foot long, double-tube heat exchanger was inserted between
the pump and the extruder in order to control the temperature of the solution of
oligomeric polycarbonate, Typically, the temperature of the solution introduced into

the extruder was between about 170°C and 250°C. A pressure-conirol valve
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pol ycarbonate. The agitator provided a uniformdispersion of the inorganic
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control the rate of methyl salicylate flash evaﬁgzgﬁtl on as the, solution of

ol i gonenieempbing: Byiboweve cxinibuhrEgd 4 baeels aad & _t?o‘ill‘ém_ﬁtfﬂ' {4 ext r uder.
The ext @Zﬁgﬁgf v%%g@SgSKH%S%IUd%o?%@E?J& t s with %@R’%(ﬁ@”%?vqwmﬁﬁ&‘ew extruder

havi ng arr and a | engt er ratio of about 56. The
ext r udejouliBe egerapded difftiens ievelsestt vaoouisin orerV® sehiovh the subséniel oper at ed

at different |levels of vacuumin order to renmpve the. subst i.al. anmounts
of the FERUNA Ogaﬂl‘? é\}‘?téﬂesailﬁi’ﬁ@@n?dﬁ?l SARYenf A2 eeélgﬁ Sé’gﬁﬁpi Ogg&l& iGoneri ¢
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adj ust o bal ance devol atilization efficiency with the possibility of

f oani ngbabdnce devaaiilivation effigéency with the possibility of foaming of the solution due

to the sudden vaporization of the solvent. Vent ports V1 and V2 were operated under
slight vacuum whereas vent ports V3-V6 were operated under full vacuum. Vent
ports V1-V6 were located along the length of the extruder at barrel 4 (V1), barrel 5
(V2), barrel 7 (V3), barrel 9 (V4), barrel 11 (V5), and barrel 13 (V6) respectively.

The screw configuration used is shown in Figure 2,

In Examples 103-105 the catalyst, tetrabutylphosphonium acetate (TBPA) was used in
an amount corresponding to about 2.5 x 10" moles of catalyst per mole of bisphenol
A employed. A mixture of BMSC (1.02 mole per mole BPA), BPA and catalyst was
charged to the reactor and heated to a temperature of about 180°C for a period of
about 1 hour to achieve a homogeneous solution in methyl salicylate of an oligomeric
BPA polycarbonate comprising methyl salicy! endgroups corresponding to structure II.
The solution was about 55 percent by weight methyl salicylate. The solution was

transferred using a gear pump through a heat exchanger and pressure control valve
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into the inlet zone of the devol ati lizing extruder. The sol ution which

ﬁ?SLS?quéﬁﬂi@fe %‘eat o ok oo paL S HIRBHATHSE iEVRERPr® Eer ader vent

port pr, |ntroduct|on of the solution into the extruder
(See " Iom1 b/ hr)" Table 16) and other operating conditions are
gi ven in Table 16. The vent _port pressure for vent (V2)_.{not, shown ) was

identical to|whalu@f@ Vedts| The colium heading "Dije P (psi)" indicates the
pressure measuregdnaBghhe extruder| die face.| TABLE 16| Bl SPHENOL A

HOVOPOR YCARBONATES, BV =1 . I Y @ Vent
(in. HfEwoRle e \Vf‘i(gv\(h 7 Eﬁ “0[% ¥8re e('gﬁl%?r g\éf/‘? &j;mP T fegez T
feed Rate (% (C) speed é‘f of & SB?%) p? sl{pactglegp‘ta@‘;e P-Val ve (O

rpm
(9 v O | CO)
103 | 13128(28129 |29 25 36 304 | 194 | 283 179 188
104 |13]28128129(29 25 54 301 ] 179 | 298 | 179 188
105 |16)28|28(29(29 20 58 300 | 150 | 285 | 176 192

Table 16 Continued

Example Actual Barrel Mw/Mn |Residual| BPA |Salicyl
Temperatures MS 1 OH 1 oH 1 Yo
(°C) (ppm)’ | (ppm)  |(ppm) | Endcap
103 251/281/280x6/281 29669 /13122 | 1133 88 | 21 96

104 254/280x5/278/279/280 | 29896 /132391 1176 1035 30 95

105 |258/281x2/280x3/279x2/280 | 31597 /13912 | 851 82 27 96
" Determined by *' P-NMR

The data for Examples 103-105 indicate that the high molecular weight polycarbonate
was achieved under the extruder conditions selected. Moreover, residual methyl
salicylate (MS) solvent levels (See “Residual MS (ppm)” in Table 16) in the product
polycarbonate samples are low. The product polycarbonate is highly (95 to 96 %)
endcapped (See “% Endcap” in Table 16). Free hydroxyl groups present'in the

product polycarbonate were shown by IIp_NMR to be attached to terminal bisphenol
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103 13 28 28 29 29 25 56 304 194 283 179 188 104 13 28 28 29 29 25 54 301
179 298 ﬁzé?}ﬁ%“’l% 16 28 28 29 29 20 58 300 150 285 176_192 Table 16
Cont i nue AMPNE Actual Barrel Mv/ Mh Residual BPA Sal i RGT/USSBESRYr at ur es
MS OHOH (C (PPm)' (PPm' (PPm)' Endcap 103 251/281/280x6/281 29669/ 13122
1133 88 200up6 (Se04BPH 018 (XBAY 7812tPon8D S3bFd GFAPs J6°18°P8P1 68788 95 105
258/ 281x2/ 280%3/2792{. /. 1 82 27 96 Determ ned by 31P-NWVR
The dagtéucf‘bllgqgig%%al ?éflﬁﬁg)-lié%%ﬁ%?%%%el%?hat t he hi gh nol ecul ar wei ght

pol ycarbonate was achi eved under the extruder conditions sel ected.

Mor eov BkampRsi1d6al09mesbychrried alut ey iraEraniiMs) 16Dl 0@ miith] @VGK@pGIQééhat Resi dual M5

(ppm" in Table 16) in the product | ycar banat a -l ow. The

pr oductheFaialysh PmeHYee Was aﬁPJ&F’IP’g@“@@%fﬁg XQ@) %ﬁe%ﬂgtgg%%gth?l?@@é&mbﬁ Endcap" in
Tabl e e o 1Y SENdodidin 1 DO eec inddelof Bl Aonat e were
shown &garg}i@%l\m\t%gﬁb@datl%%ezmtgg‘f@‘t er nc% ;lall} %?lg%hengl 58 \7@ 03/ 106149
PCT/ USB@ibk6884 Datagfoouhs cftSader cBRitions epyphgved g madvt aly@aPe§1  groups

(i.e. groups having . structure | See " i i ahl e 16).

Exanpl g?pfgbeﬁllﬁﬁl\'ﬁgr@ i‘g’ﬁ‘? :lzéf%c?&%() gﬁée ﬁ%taéggﬂr?%%y %13&%? E:wflhta thﬂ_l{%ﬁe exception

that thgeGairal¥ght 8PPl pyIchvaateacaapitimaiety ohlid] Seonidd- growwsl Bs of

t et ranet hyl ammonium hydroxi de ( TMAH). .and nol es , of .sodifum
ti

. x 10.6
hydr oximde perachisved smdgpiie efpidsy san I%I?Sasél%‘fteqlﬁ‘éméx? “OBGmaEgR it i ons
enpl o r - " i i iven in Table 17 bel ow.
The N R P R D B el BB, Y vl ht - BPA

pol ycarbonate conprising nethyl salicyl term nal %ﬁups |1 mag be achi eved
under ABIEXt UGIRPHENGY i HriSONKIROL EGARBONAZESo VRSB OM B 1-VFMAH and

sodi um r oxigde t nsesterification catalyst. TABLE 17 BI SPHENCOL A
HOVODO_%C—]\'&‘F@%? a%;@éﬁEEA = 1. 02,

Vacuum @ Vents
(n. Hg.)
Solutien T feed | T feed
prampe Ve |V .| Ve V8 Tt o e
(Ib/hr) tpm) T eoy) | eo
106 16 {28 |28 29 {29 20 69 [ 303 130 | 564 180 182
107 | 16|28 {2829 |29 20 73 | 309 | 130 | 702 182 182
108 17 128 1281 29 129 20 74 1310 | 130 | 781 175 | 181
109 | 17|28 |28 29129 20 77 1311 130 § 770 172 179
Table 17 Continued
Example ?:xgl:ii‘t};;:]s Mw /Mn/PDI Res(;i[:l;})}ws
(8
106 255/280x8 31481 /13033/2.415 980
107 257/280x8 33766/ 14490/ 2.330 922
108 258/280x8 34787/ 15086/ 2.306 1066
109 259/281/280x7 34875/ 14052/ 2.482 1063
'Determined by GPC
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Catal yst = TMAH and NaCOH Vacuumn Vents (in. 11g.) Solution Screw T feed T
feed Ex lo?/ 0\5 W3 V4 Vs V6 Mass Torque Melt speed Die P in before Flow

Rate (% 1O TBY) Reactor P-valve (Ib/hr) (j pm (O (OPCHBE3AESIg 28 29
29 20 69 303 130 564 180 182 107 16 28 28 29 29 20 73 309 130 702 182 182
108 17ER£n@8s 200292 20erd darditd ohBOn A8 lexh8erl@nfigti0d a3 in Bgamglesd039 20 77 311

130 770 172 179 Tabl 17 i , i
Tomper deured thwannte we STobroetedsstifls SBsPSsTERAE HBRBIT' S 4o
980 1%%;@235:\3/13%%%%%531?11736§a1/tin%4ﬂ&%1ﬁer§'- 388, %g%ro/qlliﬂgn@gﬁQ%WfiBm7 / 15086 /

2.306 9/ 2811 280x7 34875 | 140 2.482 1063 Deternined by
GPC 59w 0ShifR6146 RFITT/ t9808¢ 16@Sther Exvithpl the  transestenfigadios &&Pﬁxséd out on an

extruder configured. as in EX s.10 b ol | r f th
net hodteaﬁg?tﬁg’lhgw@%mn !aﬁ?r}%tﬁt (iafﬁ‘f’o ! 'g)jr gpg(?e n%goﬁ%} 3}%@% b%ﬁr’ét %@Hﬁg gt art iGng
MONONBESHLBEA). Nyl aguiuRones (ERd 200 dtiBMPGndwes aitaipan geadospberetfer r eact or

together with the transesterification catalyst _tetrabutyl phosphoni um
acet at ebquf BP#gurlatGibruil 04 Cniol mrogege @rﬁqﬂétlgpﬂf&ﬁd)”g@m@%rPB?g’ﬁgrgo’} € The i xture

was heat ed, and_stirred under i troge f QF: hour at
about $9BRYLS B&)@ﬂﬁ%‘écq 2B ?{)(2 SEH*J& 1r'fl?cl)1 ?tgg’rgﬁrr@:}ﬁ%tﬁﬁlo ;1/18 1?‘%@%‘2&“ ® conpri si ng
BPA st pughME@lctu@ITE SThdIRoRE Fatiotdftatiragnione t@tuthl bisphyrol gables PP Aehdgr oups

HQ combined) was about 0.4 and the ratio of moles BMSC to the moles of BPA and

HQ combined was about 1.015. The polycarbonate emerging from the die face was

pelletized and characterized. Molecular weights were determined by gel permeation

chromatography.

TABLE 18 BISPHENOL A-HYDROQUINONE COPOLYCARBONATES:
BMSC/(BPA+HQ) = 1.015, Catalyst = TBPA ONLY, HQ/(HQ+BPA) = 0.40

Vacuum @ Vents

(in. Hg.)
Solution T feed | T feed
B el v, Lve (v, v v Mass [Torque/Melt Scre\‘;r DieP| in before
Xampiel Vi Vs | Yai Vs | V6 pow Rate| (%) | (°C) (sl!)e;l) (psi) [Reactor| P-Valve
(Ib/hr) P CC) | (°C)
110 |20 | 28 ;2829 |29 20 40 1303 | 201 | 89 195 | -203
111 |20} 28 ([28]29 29 20 32 (298| 201 | 140 | 195 203
112 |20 |28 (28|29 |29 20 22 | 292| 202 | 89 194 203
Table 18 Continued
Actual Barrel Residual] BPA | HQ [Salicyl o
Example]  Temperatures Mw / Mn MS OH | OH , OH En d‘;ap
© (ppm)' |(ppm)’ |(ppm)’|(ppm)’

110 | 266/280x5/283/280x2 (25978 / 11411} 1624.8 | 364 | 268 | 137 73
111 |264/280x5/279/279/280; 22091 /9666 | 1987.5 | 499 | 353 | 258 68

112 262/280x8 19071/ 8033 | 1590.8 | 673 | 441 384 65
Determined by GPC “Determined by YP-NMR '
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having structure 11. The nolar ratio of hydroqui none to total bisphenol

(nol es BPA + HQconbl ned) was about 0.4 and the ratio of nbles BMSC to the
nol es of EPE/URE® HQ conbi ned was about 1.015. The pol y c i B8pHBdsBier gi ng
fromthe die face was pelletized and characterized. Ml ecul ar wei ghts were

o HYDRBOUTRERE b el el AR A8 RS - raea

ONLY, HEY (dn@+BRA)raie thedlse Vacihelma@wérﬁfs t}(el preséig. )nv&;ﬂzcwt itorprSerew T feed T
feed Mass Torque Melt speed Die P | 5 V4 Fl ow

Rat e (%pOé)@ﬂrhoneﬁﬁé|Cy>mRééiéEéFlu¢iUvéllws F”BYEH%[ ?O‘%’F’Hf&?t?)‘/d‘("éj’moﬁ‘ién 0 28 28 29
29 20 6%30@33@%@3 11%(%1%3%933 Bﬁ@%&ﬁ%@ﬁha 113 PMEAOB2nd M0 wekd0 195 203

112 20 12927202 89 194 203 Table 18 Conti nued Act ual
Barr el clResédduab BPA HRaSak i cipkether Ewdttpl dhaertposentuifosting /cafy¥s oH s OH

?ff?dﬁe%‘rgautg%e%o %%m% (s (TRPB. Jhioloybras 8o B A I6 T s 107 5

499 353 ﬁe?‘ i %ﬁéé@&/gﬁ(ﬁezﬂf&pzé'{@%%n 15989 BrHBAH 44kt 384°GandDet er mi ned
by GPC3 ned b VR 60 WD 03/ 106149 PCT/ US03/ 16354 Exanpl es

113 115tim&t endarx laedngaumtlmphﬂedbt r albert lcmﬁlltguﬁ@@\\m&sﬁ FeluEnRbPBs 103 105
and illustrate t

ft
copol yehswpeit Qggﬁ?fﬁﬁ%tés) ﬂlﬁpgﬁlp%thtptfg ﬁguﬁtﬁ at? u%(ig?f]i@l\r‘}eg ?1 ¥GBLLPInkg Prepare
met hyl Q]Ydjrﬁﬁﬁly’l‘o@ﬁh@mdenc%‘?éhps'rhﬁvﬁlfgarsltﬂufi@:rdmnorrEI‘ISlw BR#ar rrmhhyldfydr oqui none

(MeHQ, and
methylhydroqumone to total bisphenol (BPA -+ MeHQ) was about 0.9 and the ratio of
moles BMSC to the moles of BPA and MeHQ combined was about 1.02. The
transparent, slightly darkened polycarbonate emerging from the die face was
pelletized and characterized. Molecular weights were determined by gel permeation

chromatography.

TABLE 19 BPA-METHYLHYDROQUINONE COPOLYCARBONATES:
BMSC/(BPA+MeHQ) = 1.02, Catalyst = TBPA, MeHQ/(BPA+ MeHQ) = 0.9

Vacuum @ Vents
(in. Hg.)
Solution T feed | T feed
Scerew! |

Mass (Torque|Melt in before
Example| Vi | Vs | Va) Vs | Velpow Ratel (%) (°C) al?e::; Reactor| P-Valve
(b/hr) P ey | (oC)

113 | 25|28 28|29 |29 20 36 1294 201 188 179
114 | 25|28 |28]29:29 20 36 | 295 201 184 194
115 |28 128 (28|29 |29 20 40 | 300 | 251 173 190
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charged to the reactor together with the transesterification catalyst

t et rabut I8hos(@hlqni um acetate (TBPA, 1.0 x 10"4 nole per nole BPA and MeHQ
conbi ned YHE Wi xt ure was heated to between about 175 Rd/E¥8(635490C and
s]Ei rred :Jnder a nitrogen atnosphere for about 1 hour to produce a sol ution
of an [ ri.c | ycar bonate conprising BPA structural units, M

struct Lﬁagpegﬁdr:ﬁfmfnuegnd nmet hyl sal i cyl endgroups havi ng structure 11ﬁQThe
nolar ratio of nethyl hydroqui none to total bisphenol (BPA + MeHQ was
about 0.9 anfd the ratio of nples BMSC to the noles pf BPAiand MeHQ

conbi ned was: abQitual BR4-el ThiSperhdupgdspatent . sl i 9ht ly }SS)’Q Aed pol ycar bonat e
ener gi r@‘afnﬂﬁm the die fagg was pelleti 2% a7 ERAr ac zed. Mol ecul ar

wei ght$ were! determ ned by gel perneation chromatog TABLE 19

BPA- VETHYEHYDROQUHNONE O YCARBONATE \ PAFIVE ¥ 1.02, Catalyst
= TBPA, NEHQ (BPA#%@@%&@}%L‘%?S X2 \iacuu 15%81%291‘%;’/0??%?’ 49.&255 lution 1 feed T
feed Scrlfyv Exanmpd g M V370Wkovs V6 Masgoad o fise / Meki | spred|in before Fl ow
Rat e (49—(E)-Reactor—P--Valve—biHhri—(rpm6—ST—2828 29 29 20 36
-F29742011388 L39280x238PB8QQ/28 1:0/280 2822185291879 /26536 Y98 201 184 194 115
28 28 Aq)&aé]ﬁéeddyyépcd()() 25T I73 190 61 WO 037106149 PCI7TUS03/ 16354 Tabl e

19 Conti nue esi‘dual Exanple Actual Barrel Tenperatures Mv/ Mr / PDI M
(C) (PPM,

Examples 116-117 were carried out on an extruder configured as in Examples 103-

105 and illustrate the use of the method of the present invention to prepare
copolycarbonates comprising structural units derived from methylhydroquinone and
BPA. The starting monomers; BPA, methylliydroquinone (MeHQ), and BMSC were
charged to the reactor together with the transesterification catalyst
tetramethylammonium hydroxide (TMAH, 2.5 x 10* mole per mole BPA and MeHQ
combined ) and sodium hydroxide (NaOH, 1 x 107 moles NaOH per mole BPA and
MeHQ combined). The mixture was heated to about 185°C and stirred under a
nitrogen atmosphere for about 1 hour to produce a solution of an oligomeric
polycarbonate comprising BPA structural units, MeHQ structural units, and methyl
salicyl endgroups having structure II. The molar ratio of methylhydroquinone to total
bisphenol (moles BPA + MeHQ) was about 0.8 and the ratio of moles BMSC to the
moles of BPA and MeHQ combined was about 1.015. The transparent, slightly
pinkish polycarbonate emerging from the die face was pelletized and characterized.

Molecular weights were determined by gel permeation chromatography.
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113 252/ 280x5/ 284/ 280x2 24818 / 10530 / 2.357 1525 114 251/280x5/279/280x2
5 [ 2.367 1466 115 250/ 280x2/281/280x2/281x2/ 280 29145 / 11871

26949 / J‘%sgm 2
| 2.455 1 “&t%r mi ned by GPC Exanpl es 116-117 were carf§BHSG(636n an
extruder configured as in Exanples 103- 105 and illustrate the use of the

nmet hod I I , es risin

ot uot ur A LEmd BE e PRIV ATE S AR TERR 108 L i g

NONONErSatalBRA; TRELEMN O ENONBPa - MeHQ) = (ed BMSC were charged to the

reactor together with the transesterification catalyst tetranethylamonium

hydroxide (TMAH 2.5 x- 10"4 nple per mple BRA apd—MHO—ecorbi-rgd) and

sodi umjhydr oxi decugida@yenks ¥ 10" 6 nol es |NaOH per | nol 2= BPA and NeHQ

conbi ned) . The mi(kt tg) was |heat ed |t o about |185C| and |stirred under a

ni t rogen atmpsphiere Tpr abc)%0 Itﬁgrﬁgur t0 produce|a scITuite{“WTq]%jdan ol i goneric
s

pol ycarlbonat ¢ conpri sj ng| BH ,tur al I\}I’erl'ti Barew iIe—lcp styucty units, and
e..1
{ H s:l

met hyl [Bsalpleyh | a9d¥; OUpSYHE S ‘F; & speed Ak {, § lof

met hyl hydr oqui none {t ol t ot al ﬁé’g;‘g}fe /g) Kr@l apnB rﬁ/%j%?# lﬁ&gﬂ%bout 0.8 and
the ratiio of |nolles |[BMSC to it Wil es of BHEA and MEHIQ condi nl{ was about

1. 015. {Thest t amsparnent 29 stda|ghtldoy |pisnki|se3pol4scardronati@s enmetqji ng from t he
di e fage—was g‘ei Hetmzed—and—charaqterized, | Volecut ar T Jh[gs re

det er minéd” by 2he P8 pé? At #%dn cAr omatdgr aidfyl. 162 \AE?CS/I\%G.M%) 4Pg('le'/ US03/ 16354
TABLE 20,0RP70 Wehiufe@POL YCARBONATES: BMSC/ (BPA*MeHQ) = 1.015, Catalyst =
TVMAH- NaCH, MeHQ (BPA+ MeHQ = 0.8 Vacuum @ Vents (in. Hg.) Solution T feed

-

T feed —Mass Torgue Melt Screw-Di-e-P-i-n—before——BExarmpteV+—3—M4 Vb V4 "
speed f|l ow Rate (/o%3 (CP (psi) Reactor P-Valve (I b/hrR) _Opn'l‘)[ (IO (O
Bxample Actual Barrel Temperatures Mw / Mn /PDI es:duali S
P (©) (ppm)
116 | 246/280/281x2/280x2/286/281x2 | 45341/19373/2.340 571
117 243/280x5/279/280x2 33964 /15199/2.235 1203.8

"Determined by GPC

Examples 118-120 were carried out on an extruder configured as in Examples 103-
105 and illustrate the use of the method of the present invention to prepare
copolycarbonates comprising structural units derived from hydroquinone and BPA.
The starting monomers, BPA, hydroquinone (HQ), and BMSC were charged to the
reactor together with the transesterification catalyst tetramethylammonium hydroxide
(TMAH, 2.5 x 10 mole per mole BPA and HQ combined ) and sodium hydroxide
(NaOH, 2 x 10 moles NaOH per mole BPA and HQ combined). The mixture was
heated to about 175°C and stirred under a nitrogen atmosphere for about 1. hour to
produce a solution of an oligomeric polycarbonate comprising BPA structural units,
HQ structural units, and methyl salicyl endgroups having structure I The molar ratio
of hydroquinone to BPA was about 2 to 8 and the ratio of moles BMSC to the moles
of BPA and HQ combined was about 1.024. The transparent, water-white
polycarbonate emerging from the die face was pelletized and characterized.
Molecular weights were determined by gel permeation chromatography. In Table 21

the abbreviation “TLTM” means “too low to measure’.
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116 20 28 28 29 29 20 57 303 145 66 186 187 117 21 28 28 29 29 25 44 303
177 122 ég@ %38] 49Tabl e 20 Conti nued Exanpl e Actual Barrel gp@eratures Mv /
Mh / PDT BI¥NVS (O (ppm) 116 246/ 280/ 281x2/ 280x2/ 2469 HIN93345341 |
19373 / 2.340 571 117 243/ 280x5/ 279/ 280x2 33964 / 15199 / 2.235 1203.8

Det erm y C ) 1 gl e

confi guf’ggl‘gs :lgr? %ﬁp% S‘Q‘%@g ustrgtog"é}t \gﬁAugg gl?h" e rret hod of

t he pr eBEBC/([BRWeRIQ)oN] D04 pCapgste TMMJ}N&(‘)H BHQEBRA+dERpF DLi ng struct ur al

units derived from hydroqui none and BPA. The starting nonomers, BPA,

hydr oqyi-rone{(HQ—and-BMSC—were—charged—to—the—react-or—toget Iﬂer with the

transesgterif c‘éatcnmn@afteatsyﬁt t et ranet hyl amoni um hydroxide (TMAH, 2.5 x

10' 4 nmol e per nol(e. BRA and |HQ conbi ned|) and sodi umijhydroxi de |[(NaOH, 2 x

10"6 nol'es NaGH pef npl el B 'g‘ol%'?gn HQ copbi ngd) . [The r%éﬂ{')%‘f@& heated to
a

about 175C and stifred under,a Qi fo%%?‘wﬁit”ﬁ@p“%igl’f or Oyblord | NOUr to

pr oducel:amsls| Ut | B | W‘alﬁi% td

r|bredy ORRclos POGIRIPA struct ural
units, | HQ structural| units ¥§’§| {rpyd @rs]fé {Lgﬁs hayi ng structure
1. The nolaf ratio of yrirg'\qw npnet-0—BPRA-was abc' 2—+tp—-8—-and the ratio
of ol ¢s 1BVECIY 028 has sl 29| oR0OBPA d@hd| BQD qolii [Tk $74bput741.1024. The
t ransparent; Twatrerywirt el poiycart rin erd flace was
pel | eti zéd ant chb At i¥e )‘6‘8 gul a I’ﬁgil t;‘hm Lot rfn71§I rd by gel
per meatji q#y ch;g)@g )gg Voo Inga'abl e721| tiheg abbrew tl1¢4’l 'Ti7EM| neans "too
| ow t 0 Uypasuyle-~ O-03/106449--PECH-YUS63++6354—TABH-E—24+BHSPHENCL

A- HYDR&%Q\@\EO@@@YCARB TES: BMSC/ (BPA+HQ) = 1.024, Catalyst =
TMAH NaCH, HQ ( BPA+ HQ 0.2 Vacuum @Vents (in. Hg.) Solution T feed T
feed

Actual Barrel Residual| BPA | HQ |Salicyl %
Example; Temperatures Mw / Mn MS ] OH : OH 1 OH |Endcap
(°0) (ppm)  |(ppm) {(ppm) i (ppm)
118 244/280x8 35511, 15888 423 48 13 13 97

119 244/280x7/281 37028, 16257 454 55 17 13 96

120 244/280x7/281 37684, 16480 451 73 20 24 94
T Determined by * ' P-NMR

The product copolycarbonate of Example 118 was further characterized by proton and

Be.NMR and shown thereby to comprise about 0.8 mole percent

v ()

O
I

C—-*-"—'—O'\I\IU

X1l

(relative to BPA derived repeat units) repeat units having structure XII wherein methyl

salicylate has been fully incorporated into the backbone of the polycarbonate chain. In
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Screw Mass Torque Melt Die P in before Exanple V, V3 V4 V5 V6 Fl ow Rate

("% (O .speed giﬁsi) Reactor P-Valve (lIb/hr) OPm) (O (S:l} 118 19 28 t2629
29 20 74 MHBIOTLTM 174 174 119 19 28 29 20 74 311 17FCHHIBAGS4174 120
19 28 29 20 73 311 177 TLTM 174 174 Table 21 Conti nued Actual Barrel

Resi dugidiBRA #HexsSaiNIRydtudles vanipl ehd prgsenct of emetinl carvbnaiss toRi@H OH (O
(PPmM 1 (PPmM 1 (PPm), (PPm 1) ndcap 118 244/280x8 35511, 15888 423 48 13 13
97 118'0waA3dB0x7/ 281 37028, 16257 454 55 17 13 96 120 244/ 280x7/ 281

37684, 16480 451 73 20 24 94 1 Determ ned by 31P-NWVR The product

copoly bangf e-.pfExayphe, 118 was further characterized by proton and
13C Nl\/gﬁgﬁd shomgjq)hereby to conprise about 0.8 nole percent O6 Il 0c O

XI'l (relative to BPA derived repeat units) repeat units having structure
X1 wherein neBllyl salicylate has been fully incorporated into the
backbone of the pol ycarbonate chain. In 64 WO 03/106149 PCT/ US03/ 16354

addi ti t ' 1106 M ssshaconbsvatimyglo ebsizonat e
term ngptlleﬁgﬁﬁéw%l?&%?‘%@%ﬁﬁ X Ill i 1n .tlhec;prséﬂ(ﬁc{mcopol ycar bonat e
of ExampiiembkSpérpcranehatiou i BESr debpdnapaat unigs biso @93 Do ihdrustsdr cent

relati \éﬁitt}?ﬂ pPe'lA 1882}'1(‘)’139 otr ]gpgadteriblend }ef)eagt'uhﬁs). %igﬁlm&e Rﬁ\/@ Gt Wnal
the product copolycarbonate of Example 118 revealed presence of methyl ether
terminal groups having structure XIV in an amount corresponding to about 0.39 moles

per 100 moles

HsG  CHs

XV

of bisphenol A derived repeat units (i.e. 0.39 mole percent relative to all BPA derived

repeat units present in the product copolycarbonate)

Examples 119-121 were carried out on an extruder configured as in Examples 103~
105 and illustrate the use of the method of the present invention to prepare
polycarbonate terpolymers comprising structural units derived from hydroquinone,
methylhydroquinone and BPA. The starting monomers; BPA, hydroquinone (HQ),
methylhydroquinone (MeHQ), and BMSC were charged to the reactor together with
the transesterification catalyst tetramethylammonium hydroxide (TMAH, 2.5 x 10
mole per mole BPA, HQ and MeHQ combined ) and sodium hydroxide (NaOH, 1 x
10" moles NaOH per mole BPA, HQ and MeHQ combined). The mixture was heated
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unit X1l per 100 nol es of BPA derived repeat units). Finally, these NWR
studies on_the product copol ycarbonate of Exanple 118 reveal ed presence of
net hyl et‘H@t‘W“{éé]P”m nal groups having structure XV in an BGAsUSB/16354
corresponding to about 0.39 noles per 100 noles H3C CH3 O H3Q ,LO/vw O
O X'V 9budirIR8enahd Srid&l iR hARHBA atiddpBert! fofabdit Bgomodoqn@darceant relative
to all BPA derived repeat units present in the product copolycarbonate)
Exanpl eslutid®- 42 hnweligometta ipelycabonasa mllﬁ)@mr&)ﬂA oﬁﬁﬁﬁ“@%ré‘é!tsas}lﬁn Exanpl es

103- 10 se. of ention to
pr epar ég'“ B%b‘ﬁ‘%%%ﬁ sf’@&ﬁ@m%ﬁ”@n I{r?tsslggc 181Edrg]tﬁ$1ﬁ'as% E?itj(gpl erived from
hydr oquj.ngRg mixfies By bﬂ¥smaﬁmm;ﬂapeda¢uiallﬁ%d abbet 40t mold paycamd BRPer; BPA,

hydr oqui none ( hyl hydrogqui none charged to the

r eact ormelogercheirtiand 20tmfée P?lé eldey fﬁ’@éﬁtﬂ%‘?f ’E%lte%lgﬁ% foetil? ey | amroni um

hydr oxi 1 r I ghi ned ) and
sodi um(ﬁeBc# )Wan %Q C%H§<m 0 ﬁn)g)tlteg%lgﬁgé?lg%ﬁg@jé AM@H%Pand MeHQ

conbi neﬁldles He-+rhales MeH@s= hdd td Thé SrakPatedit, 104 SoRCH MEPBEUBBE4  to about
195C and stirred under .a nitrogen here. f h Q produce a

sol ut i gAesgngfrog Flljdjr%%ifa}CE“ﬁBP%g% @ﬁ%ﬁf‘ﬂ)g}? %%Hegl r@g i@ Weﬂ%ql%c% &vr%a units, HQ
struct yf ?érmﬁ’l@dtbél %eli‘/ﬁéi@leﬁﬁéﬂj%&hﬁﬂogwﬁhils and methyl salicyl endgroups

havi ng struct he m xture of " bi sphenol s enpl oyed conpri sed about 40
nol e percent BPA, 40 nole percent nml e cent I\/gHg The ratio
of ol BABNBGX BOLNE ARBNATE TERRO 1hRs %M@fﬁé P ek #R4 dBBur 1. 015

transpgéngwwzésﬁgfggg(fs%@y QFL@OQ%% ZD llgfrlg?/glh%_ M(l)%n]%@ %%)é) IM(Ijl-rgef ace was

pel l etized and characterized. Ml ecul ar wei ghts wer deternmi ned by gel

per meat/i on c1rpmqlgg@a@gys
(in. Hg.)
Solution T feed | T feed
Screw| ... .
Mass [Torque| Melt Die | in before
Example) Vi | V3 |Va) Vs | Ve lpyow Rate] (%) | (°C) ff_’";‘; (psi) [Reactor|[P-Valve
‘ (Ib/hr) p ©C) | €0
{19 | 22128 28] 2929 20 27 | 290 | 181 | 22 195 198
120 | 18| 25|27 29 |29 20 18 | 288 | 270 | 13 i95 194
121 | 25128 |28 29 (29 18 16 | 285 | 213 | {0 192 198
Table 22 Continued
. . Residual
Bxample Actual Baxr ecl) Temperatures Mw /Mn / PDI MS |
O (ppm)
119 249/279/280x4/292/280x2 21054 /867512427 996
120 248/280x3/279/280/279x2/280 17495 /7187 /2.434 804
121 252/280x5/279/280x2 15809 / 6405 / 2.468 77
"Determined by GPC

Examples 122-124 were carried out on an extruder configured as in Examples 103-
105 and illustrate the use of the method of the present invention to prepare
polycarbonate terpolymers comprising structural units derived from biphenol,

methylhydroquinone and BPA. The starting monomers; biphenol (BP),
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TABLE 22 POLYCARBONATE TERPOLYMERS COVPRI SI NG 40% BPA, 40% HQ AND 20%

MeHQ BMSC/ ( BPA+HO+ MeHQ = 1.015, Cat. = TMAH NaOH Vacuum @ Vents (i n.
Hg.) Sol lYY(?é‘H]OéH)eW T feed T feed Examle V V, Va V5 V6 Wg{’%?ﬁ&e Mel t

sp eed Die Pin before p Flow Rate (%9 (C (psi) Reactor P-Valve (Ilb/hr)

2 9 18 25 27 29
(25"2’0 PP gyt el HlugtylR Bh R Ss viRPglil 0610 0 56
Tabl e 2%5%?2%%%%ﬂa§/ﬂ12egbw;es;fg‘gﬁp?m cd&e]gfmbtlﬁatthﬁgmg?émpgwé avdiosle( ) (PPm)°
119 249 X X .
248] 28(63?@#@?9%819/1@%99@2}@2% polgBP/ Ng%fg apd %31’4% @gﬂ‘edl)zi“d sodium
2521 2805216 RROHE APAIFGANS! RaOBBel Folo BPOLRED ARKBDX GRBIEET es

122-124"were ¢ Ut on an extruder configured as in Exanples 103- 105
and i | Mustimiiee s heardab abbet 1CGaad otirehengar eseifrpgématersplte o pr epar e

| bonat e t | truct ts d
D phenPbout. oy Fhpides Prongioand SpATEa ch s i Rofomel e BPnenol
(BP), @ﬁct\/\@l Qﬁ/é%o% %CM%%&%%PA LB ERe BN eRenyiMatR),  bi sphenol

A (BPA) were“charged to the reactor together with the
transe&hégnoﬁps:hﬁmmg\simwtab%tTh@t)hmmftlwywié)’ﬁ&ﬂ?ﬂﬂ@ﬁ@ R r BRicFEUAgTNARH, 2.5 X

2.0 X 52BSGEPES Keek oot P e b hbe A B CaRa nedh PR Lre s
heat ed dnghi@RAUordptREd @B@htsl?sl fbROpdiashe [BPa abbiitrgenlcatemEnp bk f ord

about 33 mole percent BPA. The ratio of moles BMSC to the moles of BP, MeHQ

and BPA combined was about 1.028 (i.e. moles BMSC/(inoles BP+ moles MeHQ +

moles BPA) = 1,028). The solution introduced into the extruder was about 59 percent

by weight methyl salicylate. The transparent, lightly colored polycarbonate emerging

from the die face was pelletized and characterized. Molecular weights were

determined by gel permeation chromatography.

TABLE 23 POLYCARBONATE TERPOLYMERS COMPRISING 33% BP, 33%
MeHQ, AND 33% BPA; BMSC/(BP+MeHQ+ BPA) = 1.028; Cat. = TMAH-NaOH

Vacuum @ Vents

(in. Hg.)
Solution . T feed | T feed
st v, | Vo Vi Vs Ve 08, Jlrau Ml e B
(b/hr) (rpm) °C) | €C)
122 | 1728 125|209 120l 20 | 57 | 300 | 145 {TLTM| 173 | 174
123 |22 |28 |25|29 [29] 20 61 | 301 | 145 {TLTM| 172 | 174
124 | 22|28 (2529 [20 20 54 | 301 | 145 [TLTM] 172 | 174
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about | hour to produce a solution of an oligoneric polycarbonate

conpri sin BP( structural units, MeHQ structural units, BPA structural
units, antCH¥M4® salicyl endgroups having structure |1 .PCHBSOS{1p3bmeri c
pol ycarbonate fed to the extruder was characterized by GPC (Mv = 5584, and
M= 2115 The m xture of bisphenols enployed conprised about 33 nole

per cent!28ls 2%6eRfiued nol e percent MeHQ and about 33 nol e percent BPA. The
ratio of noles BMSC to the noles of BP, MeHQ and BPA conbi ned was about
1.028 (i-=. res BMSC/ (ol es BP+ nolef MEHQ + nol es BP/) = 1./028). The
sol uti on introduged. ifto. e ext iy pvas about 59 percem ﬂb\Bl ght net hyl
sal i cylEatepleThe gr aﬁls%ar% ij p?é“[] ? col or &tw p¥inytBPbonat e nging from
the di ¢ facel was peI | eti and charac1 eri zed Mol ecul ar | W&I®htls wer e

det er ped—by ""I Pef reatton—chrorat ogiap || FABLE—23-PA-YCARBONATE

TERPOLYMERS [COVRSY/£301G23 8063309/ 2835940 Ne HQ, 29ANU 13384 B2 BVBEA(IBR+MeHQ BPA)

= 1.028 . Vent | S T feed

f eed MaééfTorgue %@éz%a%b'(g‘p?m? %ngilﬁm'liz‘%?)ﬁﬁ% "V %EY c/r eR\;vte (oe/(;a T

5(39 33896@24 psi) " Resacion78a36abiego (1 b/ hi) e 166G / 1D 17 728 25 29 29 20
145 28 129) M172 174 124

22 28 25 “’Q&S’a?ﬁawf’%? "f‘f_&rﬁﬁ"’lﬁi’é" @?ﬂeas%"?u’\/\gi‘ifgll“?f GE / US03/ 16354

Tabl e 23 Continued Actual Barrel Tenperatures Residual Exanple Mv/ WMh

I PDI M3ixatfples( PBM27 W22 cib2d 88 v i 2800t zaﬁﬁgl&eal 29 RPeAOFed 103381 / 2.182

605.1 123 251/280/273/280x5/290 29555 / 13410 / 204
105 and illustrate the use of the method of the present ZlnvcgmogSto prepare

polycarbonate terpolymers comprising structural units derived from resorcinol,
hydroquinone and BPA. The starting monomers, resorcinol (RS), hydroquinone
(HQ), bisphenol A (BPA), and BMSC were charged to the reactor together with the
transesterification catalyst tetramethylammonium hydroxide (TMAH, 2.5 x 10" mole
per mole RS, HQ and BPA combined ) and sodium hydroxide (NaOH, 2.0 x 10°°
moles NaOH per mole RS, HQ and BPA combined). The mixture was heated to
about 165°C and stirred under a nitrogen atmosphere for about 1 hour to produce a
solution of an oligomeric polycarbonate comprising RS structural units, HQ structural
units, BPA structural units, and methyl salicyl endgroups having structure II. The
oligomeric polycarbonate was characterized by GPC (M,, = 1778, and M, 645). The
mixture of bisphenols employed comprised about 33 mole percent RS, about 33 mole
percent HQ, and about 33 mole percent BPA. The ratio of moles BMSC to the moles
of RS, HQ and BPA combined was about 1.02 (i.e. moles BMSC/(moles RS+ moles
HQ + BPA) = 1.02). The solution introduced into the extruder was about 61 percent
by weight methyl salicylate. The transparent, slightly orange copolycarbonate
emerging from the dic face was pelletized and characterized. Molecular weights were

determined by gel permeation chromatography.
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124 250/ 280/ 272/ 280x5/ 290 30183 / 13445 | 2.245 726 "TLTM' i ndi cates die
pressure 33/ éfoo |l ow to neasure", 2 Determ ned by GPC rrgl es 125-127
were carri 8 *n an extruder configured as in Exanpl esPAHES3i6354and
illustrate the use of the nmethod of the present invention to prepare

Posor e HopCE 3 BB ARRONSI B IMAKS EA KBS I8 KGRI N0 (rs)
hydr oquiQoARD {39BP AbiBMBENRK-+AQHBRAN) =and; BMSG TetAH Mwdiged to the reactor

together with the transesterification cat al yst tetranet hyl amoni um
hydr OXI de (T MH 2. 5. x 10- ol e_,__per rml e DQ Q ahd d BRA c.onhi ned ) and

CUTTOT

sodi um hydroxi\ﬁteu(xﬁi@%n&.( x 10.6 nolies O—| per mole RS, HQiand BPA
conbi ned). The mi(ot Mg} was (heated|to about] 165C and stirfed under a

ni t rogen atmpspher ¢ fjor Rbout jt_;gr]mur To prqducela sqluij @;}ed an

ol i gomeri c pol ycar bonat e| c¢ :ﬁ RS ﬁ/}elit S¢mwaﬂ,lel];n| £S5, (Sleruct ural

uni ts, BRApRI VUCVUTdl! UN| ¥ s . sl g structure
I1. The oligoneric¢ pol ycarllgé aée ¢ r@‘ﬁaomeﬂ egq%eg# W = 1778, and
M= 64%). The mxfturie of hi l«'5-)nr| S prrpl oyed chnpr.is Ya 3 nol e

percent RS abputd 33 My 29 pe;20ent B, | 298 [abBuTLI¥| nbb& pe1r7dent BPA. The

rati o ¢of Tt ESBVBC 101 mol.es Tof RS, d conphine s about 1.02
(i.e. rmII%é) BRECE V?T%ﬁ 4 miPes A + %EZ)?@ ) ! he §g7l3ut| on
|n][_rod|ucqgi7| 1§p Q@(,ggaxjg Wr \g;@_s Elblqgt ehopercent, TMY 1881 ght7smet hyl f

sal i cyllate—Fhre t+ansparent—sH-ghty—orange—copot-ycarbonate merging from
the die aa’gfi:%‘l @Bﬂ%tmp‘)léijl etized and characterized. Ml ecul ar weights were
determ ned by gel perneation chromatography. 68 WO 03/106149 PCT/ US03/ 16354
TABLE 74 POLYCARBONATE TERPOLYMERS COWPRI SI NG 33% RS, 33% HQ |AND 33% BPA;
BVBC/ ( RS+HQ+ BPAActuaﬂBzggel Mperﬂu;@ylﬁd-l- NaCH Vacuum @ Vent gResidigll Hg. )

Sol ut i gxadpleew T feed o%za Exanpl e V V3 Nu /¥ (PRhss TorYfle IMelt seed
Die P in befpre 1 a FI ow Rate (‘%) (C¢) speed Reactor P-|\EPW&

&

125 246/277/267/280x3/284/281/280 30160/ 13521 /2.23} 417
126 241/280/268/280x6 27410/ 12202/2.246 319
127 241/280/268/280x5/279 29787 /13423 /2.219 1164

' “TLTM” indicates die pressure was “too low to measure”, ? Determined by GPC

Examples 128-130 were carried out on an extruder configured as in Examples 103-
105 and illustrate the use of the method of the present invention to prepare branched
copolycarbonates comprising structural units derived from biphenol, and BPA. The
starting monomers, bisphenol (BP), bisphenol A (BPA), BMSC and branching agent
1, 1, 1,-tris(4-hydroxyphenol)ethane (THPE) were charged to the reactor together with
the transesterification catalyst tetramethylammonium hydroxide (TMAH, 2.5 x 10
mole per mole BP and BPA combined) and sodium hydroxide (NaOH, 2.0 x 10°
moles NaOH per mole BP and BPA combined). The mixture was heated to about
180°C and stirred under a nitrogen atmosphere for about 1 hour fo produce a solution
of a branched oligomeric polycarbonate comprising BP structural units, BPA
structural units, THPE structural units, and methyl salicyl endgroups having structure
II. The mixture of bisphenols employed comprised about 40 mole percent BP, and

about 60 mole percent BPA. The ratio of THPE to total bisphenols was about 0.0025
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(Ib/hr) ) (O (O 125 21 29 29 29 29 20 39 298 175 TLTM 168 171 126 22 29
29 29 29 20 44 298 175 TLTM 168 173 127 22 29 29 29 29 20 40 299 175 TLTM
163 175 WABYWSMP continued Actual Barrel Tenperatures ReRGHUSH/16Btanpl e My
/ Nh/ PDl MBS (C (PPM2 125 246/ 277/ 267/ 280x3/ 284/ 281/ 280

30160/ Xx3& 21412 TRFE/Gddles BP6mMBkE/FPB0)/26.80280 X6 2714 Of olbg AMST tothe46 319 127

241/ 280/ 268/ 280x5/ 279 29787 [ 13423 | 19 116 JLTM i pdicates die
pr essureolginet BY gad éé\ﬁ) ?%’%%éﬁ?se‘“ ,Ouﬁl‘ééileer f‘ﬁ%‘éﬁaw lesEggJﬁﬁolieeg 128- 130
were cagfgled P.U%P. 0@)Lﬁ‘ﬂlget’h@rék%@fim%ﬁﬂ‘fﬂeﬁ}!él’fe@%@%nitﬂ_e Beaitdng $ide03F (1205 and

illustrat€ the e of the nethod of t present invention to prepare
br anchexesseepohirohydonaee sbawmdr pssi Ahe sensperant.alighiy celowss pragehedr om

bi phenol , and, BPA. The . starti n r bj l,...GBR)... enol A
(R CehRBeShG 4 seneing Syandre PR Sip ARUERE il laaRepBIZ 0
(THPE) Wisleeulah@sigRd e lhierntiaedbprelpegedaiien ciMontutodriighyt r ansest eri fication
cat al yst tetranethyl amoni um hydroxide (TMAH, 2.5 x 10"4 nole per nole BP

and BPA comnbi ned) and_ sodi_um hydr oxi d , ; NaCH per

ol e B ARHE EPA AR BITRHENCH dv BRehL. Lo Galad A BEe and
stirre @?@ i-008% Ekiosk H-8h0aP ey, BPaQun o eppr oduce a sol ution
of a b?%rﬂghe P%’I%g%ne?’?c’ pol ycar onateacorrprigi ng BP structural units, BPA
structural units, THPE structural units, and wmethyl salicyl endgroups

havi ng st ruct UWfuull @ Viaé M xt ure:of bisphanol s| enplioyed conprijsed about 40
nol e percent) BP, @ndigpboutt 60 nolie pefcent] BPA] The rati o of THPE to total
bi sphenoets—was—abogt—0- 0025 65 WO037/ 106149 PCI uau:@{.;@d% i.le. nole
THPE/ (ol es BP+fol és BPA :=Sg\]26"(§’825 . T{]&e‘r!\tas&l(aw o ld"e etféreo the noles
of BP and BRAvCORDI| pedynes, |abotf 1. DI i ¢ |spabie % myl s, BP+ nol es
BPA) =|1. (r)ng) VBJrirlg t he eﬁx%‘gr}iﬁf?‘ﬁt(% ¢ (frldagune }Eﬁcﬁ?}'}sfgé’%m si de of
t he

128 | 1928 28|29 29 20 49 1 304 | 200 TLTM; 180 185

1

129 | 1928 |28} 29 |29 20 47 | 301 | 176 |TLTM| 179 186
© 130 | 20|28 ;28|29 (29 20 47 | 302 { 176 [TLTM| 176 186

Table 25 Continued
Actual Barrel Residual BP/MS| BPA |Salicyl %
Example Temperatures Mw / Mn MS OH | OH | OH
i 2 2 +|Endcap
(°C) (ppm)’ |(ppm)°|(ppm)”; (ppmn)

128 253/280x6/281/290 (23636/10760| 562 70 15 3 99
129 |251/280x5/279/280/290123551 / 10674| 646 83 19 3099

130 251/280x7/290 23588 /105331 693 92 21 3 99
Determined by GPC * Determined by * P-NMR

The polycarbonate samples of Examples 128-130 were characterized by P .NMR
following derivatization with 2-chloro-1, 3, 2-dioxaphospholane. The column
headings “BP / MS OH (ppm)” refers to the combined amount in parts per million of
OH groups attributable to residual methyl salicylate solvent together with OH groups
attributable to biphenol OH polymer endgroups. The concentration of hydroxy groups
present in the product copolycarbonate is expressed in parts “OH” group per million

parts of copolycarbonate. Because the Mp signal for 1, 3, 2-dioxaphospholane-
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pressure control valve was about 20 psi. The transparent, slightly col ored
branched copol }/car bonate energing fromthe die face was pelletized and . 1
char act e @ &dI06148p| ecul ar wei ghts were deternined by gel HSAY{#9&i¢36Hh

chr omat ogr aphy. TABLE 25 BRANCHED BI SPHENOL A- Bl PHENOL COPOLYCARBONATES:
BVBC/ ( BRAEBEYd fed .HdhyiGaliaylyst (MS)ToMaNeedHyitBGhessirAl forghest BR, Yacuum @

Vents (in. .), Solutiaon Screw T feed T feed FEx ooV, V

Tor que d%fl?hé%@ﬂleﬁi@vlﬁn??ﬁsg’@ﬁﬁ}ol en‘(ffgr SUPRAE :cofl‘f%])tr%?%% %JE E)/é 9 1\%{1 Lt g r V?’- \I\//glS \S/ e
(1b/ hréaél(cggfg di® 4§ “biﬂf ol LndSodp ORO28 2iRed%s3d 200 JLTM 480 185 129
19 28 47 301 176 TLTM 179 186 130 20 28 28 20 47 302 176 TLTM 176

186 Tahicen2&ioBsnt Theewnseatatipn BarnehyRedicylata isphvs eeposehi® d9f 0 Exanpl e

255/ 260%8P RIS BARYar 10740 b e 1S B bl eF 8PS S5or 200
23551 /Silﬁ@ﬁﬁgﬂmhﬁﬁn 9B R9Sall30 26 (ppaB0xiTd 2BPATHS §BAI58Er 98 92 21 3 99

' Det erm ned GPC Determ ned by P-NMR The pol ycarbonate s | es of

EX?LTpIZ @Qﬂclm‘@atl?oﬂﬂ/\ﬁﬂegf@léﬁ? HETYGLIE el PHNRIPS (56 BW%‘%@)@O@H zat i on

W Eh 2l Q0% attdtned ! OXARAGE RN ThepS@HMR pheadorgsouBP / M5 OH
(ppm” O?rgf%?'gpst _% %ﬁg ctgngﬁéﬁgg\ga%%ﬁtag&?ﬂpspg?%s |Ser1 mpl i onﬂggmugﬁ groups

at tri byf@hluta woeighesil dusdr nmilidnyparts atadagd apelysaboesie. t oget her with OH groups
attributable to bi phenol OH pol yner endgroups. The concentration of hydroxy

o B s e 2y AL 9Bk B Bt D, 0
3, 2-dijgxaphosraalcang use of the method of the present invention to prepare bisphenol ,

A polycarbonate comprising an inorganic filler, fumed silica. The starting monomers,

bisphenol A (BPA) and BMSC, and treated fumed silica were charged to the reactor

together with the transesterification catalyst, tetrabutyl-phosphonium acetate (TBPA,

1.5 x 10" mole per mole BPA ) and sodium hydroxide (NaOH, 2.0 x 10° moles

NaOH per mole BPA). The fumed silica was added in an amount calculated to

produce a product polycarbonate comprising 5 percent by weight fumed silica. The

mixture was heated to about 190-195°C and stirred under a nitrogen atmosphere for

about 1 hour to produce a solution of a oligomeric BPA polycarbonate comprising

BPA structural units and methyl salicyl endgroups having structure II, in which was

suspended the fumed silica. The ratio of moles BMSC to the moles of BPA was about

1.019. During the experiment comprising Examples 131-135 the pressurc on the

upstream side of the pressure control valve was about 20 to 50 psi. The opague white

polycarbonate emerging from the die face was pelletized and characterized.

Molecular weights were determined by gel permeation chromatography.
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70 WO 03/106149 PCT/ US03/ 16354 derivatized free nethyl salicylate (M)
overlapped with the signal for the 1, 3, 2- dioxaphosphol ane derivati zed
bi phenol YEABYHSIYs the concentration of "free nethyl sal3CHVHBA6BY and
"bi phenol endgroup OH' is given as the sumof the two concentrations. The
CO”CE”EF&@ ffipon) 1 BEA hydoset i REOM £TiS SeIdMPRISREPOSRIMED tBICAoNCcentrati on
of nmet sal1cylate OH groups, was determ ned i ndependently by GPC.

Siml aBMSC/(HSﬂéA):BIILﬁﬁQ BelalyitrgEBP Sand NOIEH% EE}WED&QHICPSPA OH (ppr’r) " refer
to the concentratlon of OH groups attributable to salicyl OH groups (See
st r uct pre—Xp—and—CH—groups attaghed—tobrsphenot A endgroups expressed in
parts {"OH groﬁ{pcuum@)?%w}?a wei ght] = 17) per ml|lion| parts product

copol ylcar bonat e. (ilx88pl es 131-135 were carfiedlout bn an{extruHer
configured gs iin Exanpl §s 0Q30h05 and il Jstrate t e 1déd @ Mofeed Ne et hod of
t he priesent (i nvent| orn tcyprqgggse lpj,,sﬁgq\mglt Sepe Phyear hpnatefogopri si ng an
i nor gafkanflé| I VigrVs Fardd iﬁﬂm{atlh?’/@ta(btt] e qgﬁpmactoﬁP&pMmI A (BPA)
and BMSC, and tjreated fdmeg (ﬁ,yﬂg ca werle c a{i‘@@j r‘(ec)rea@tm t oget her

w t h thetransestefrificdtipn \.,ou Hystrtetfabutiyl—= |U>9pllull gmacet at e
(TBPA,| 1B15 |x2510284] 280128 |g@ e |BPIR )| 30%d| 289 fﬁHIﬁ dxildd?¥ NaOH, 2.0 x
)

r
10-6 i q I PA).  The,fu $ilsp da 5 afdded by an anount
14 19@
cal cul at@’é tlﬁ pgg reEB % oﬁ%?rt | ! ”?{ﬂsmmﬂg conpf-i-si-ng—5—pefcent by
wei ght| fuaed il isckg | Bod oM xtur e was heet edsoa about 1929(Q- 198C| and stirred
under p—ri-troger—aprasphere—For—aboutT I —hour—t roguce a_@gl uti on of a
ni

ol i gonerid BPA p%ﬂ V28429034t e Fonpr i ¥} ng?’O‘BP@S@tr@gt hr 54 o and net hyl
salicy agroup Ving ruct urie | h s| syispended the funed
silical ]%ﬁ %t r%g ¢§§ BNVRC t hcnl‘3 :@ng \ég was-—about— 1. 019.
Dur i ngTahIeQé@mmnnedn conpri sing Exanples 131-135 t he pressure on the
upstream SI de of the pressure control valve was about 20 to 50 psi. The

opaque potycarbonatie—energimgyfrom the dije fage was| pel l eti zed and
characteri Z Achbil BarteRr iwei ght s wefResilatierBRMedalisyl geJ, per meati on
chr onapagng hy.Teﬂ]i)el\AGu@B/ Jo6140/ MET/ US0S3 1636H TQB_ZEEE%SLEPA POLYCARBONATES
COVPRI 51 NG HUMED $bdy CA: (ppm)"* [(ppm)’|(ppm)
264/280/281/280/281 2| 30 | 130 | 85

131 1280/281%3 25340/ 11005 | 1309 3

132 261/279/280x7 25967 /11013 | 1503° 352 171 83

133 261/280x8 25678 /10749 | 3169' | e | - | -

134 260/280x8 24402 /9806 | 1409° | 438 | 252 | 80

135 261/280x8 24256 /10107 | 1914" | e | oo | oen

Determined by GPC T Determined by * P-NMR

The product polycarbonates of Examples 131, 132 and 134 were further characterized
by *'P-NMR following derivatization with 2-chloro-1, 3, 2-dioxaphospholane.
Typically, analysis using IP.NMR provides a lower value of residual methyl
salicylate, “Residual MS (ppm)” than does analysis by GPC. The *P-NMR value is
typically considered to be more accurate than the value obtained using GPC. The
product polycarbonates of Examples 131, 132 and 134 were further analyzed by
proton and *C-NMR. The product polycarbonate of Example 132 was shown thereby

to comprise about 1.5 mole percent (relative to BPA derived repeat units) repeat units
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BMSC/ (BPA) = 1.019, Catalyst = TBPA and NaOH, 5% FUVED SI LI CA Vacuum @
Vents (i n(.) ) Solution Screw T feed T feed Mass Torque Melt seed Die P
in beford OB wr V3 V4 Vs Ve Flow Rate (% (O P (pHOT/HMEa68# P- val ve
(Ib/hr) (rpm (C (C 131 25 28 28 29 29 22 43 305 250 TLTM 192 198 132
23 28 28 29 29 22 41 306 250 14 193 198 133 23 28 28 29 29 22 41 305 250
21 192ha@8g stB4uURSXPBwAGeROmMRGyD 221390 hapbeemRillygucorpgad inf9 thy 28 28 29

29 22 37.304 250 31.193 189 .Table 26 Conti i dual BPA
Sal | oy badibots ahierotttar etV Fod Sio il Bl E & e BfR 13 1)
( PPm) z 16PPM® 1 43 ke 042 §QA0EY 220¢ 2R 2D3AEY LlEaNDriS a2 B221bdBMe85
/ 280/ 281x3 132 261/ 279/ 280x7 25967/ 11013 15032 352 17(% g{ggé%ss 261/ 280x8
B

25678 ftermirrd grams KIIL in amounts. correspontiyg et wetikayopudd f99/§2 438 252
80 135.26 6.4/ e T j by GPC
ﬁ%ﬁ%‘%ﬁﬂég m%‘{“ﬁ%g é%%tall]g%}fsy(cl'g'r o about 0.80 To JuEDE5N8LIcbY

Det er ni” onates of Exanples 131, 132 and
134 webe sfrustie ungthdihetiet 6z eslesbyf BBAPd¢IMRAfopdabwintg. déiniNsatthesat i on with

2-chloro-1, 3, 2-di.oxaphosphol . Typi.cal | lLysi [ P- NVR
pr ovi RO stilie 0% isone pasranaraethoramal 1 0iatend T RARE 15 (ppm
than dogs Ip%@]'léés b nli’%th)clp thethE?'mM - DV AbkiRy | SrucfuyedXI@l by agagisdered to be

nore accurate than the val ue obtained using C. The product -
pol ycarchoesoedingfto Bvangioss0.38 10 aiap Oa{imeBa segterefXIVineed OB mRlssAdd by

F Lgﬁ gg@%@ﬂe&o‘?% g‘é\fﬁiedygg?eap it sLtEE:. e{%%{;%’ &.%5%%1816%%1‘0%%@3&9@ 341 ¥pR shown

derived repeat units present in the product polycarbonate. Additional polymerizations
were carried out in a manner identical to that employed in Examples 131-135 with the
exception that less (2 percent fumed silica in the product polycarbonate) or more (10
percent fumed silica in the product polycarbonate) fumed silica was employed. The

results were substantially the same as those observed for Examples 131-135.

Examples 136-143 were carried out on an extruder configured as in Examples 103-
105 and illustrate the effect of feed temperature and prolonged heating on the quality
of the product polycarbonate prepared using the method of the present invention. The
starting monomers; bisphenol A (BPA) and BMSC were charged to the reactor
together with the transesterification catalyst, tetrabutylphosphonium acetate (TBPA,
2.5 x 10 mole per mole BPA ) and sodium hydroxide (NaOH, 1.0 x 10 moles
NaOH per mole BPA). The mixture was heated in a range between about 180-220°C
over the course of the experiment comprised by Examples 136-143. It should be
noted that the solution of oligomeric polycarbonate being transformed into the product
polycarbonates of Examples 136-143 was heated for progressively longer periods of
time at progressively higher temperatures over the course of the experiment. Thus,
the product polycarbonate of Example 136 was exposed to much milder conditions
(lower temperature and shorter heating time) than those conditions to which the
product polycarbonate of Example 143 (higher temperature and longer heating time)
was subjected. The solution of the oligomeric BPA polycarbonate comprising BPA

structural units and methyl salicyl endgroups having structure II was stirred under a
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to conprise about 1.5 nole percent (relative to BPA derived repeat units)
repeat unj 72 WD 03/106149 PCT/ US03/ 16354 having structure Xl I wherein

S
met hyl se‘iﬁ)(‘:’?/i“g’tl?‘e‘) has been fully incorporated into the b3 eKB¥RESHH t he
pol ycar bonat e chain. The product pol ycarbonates of Exanples 131, 132, and

134 were al so,shown by these NVR.studies t Il r.honat e

or i naRr D ABRORE e S5t dRORS oLt Besamitho e SAEBI S MER 8750 and

0. 85 nMphe moR&' SEBPAT ®habbote 1102. BPA: dolutivgdnirapead imbiths ekiruder wasom about
0.80 to about 0.85 nole of structural unit X ]I per 100 mpl es of BPA

der i ve@bpeipEaby urighs methyl paligxfatet HAgmE RERXBE RN SOBRIERE LirBdiist

pol yCan3gnahafe giesﬁégm?h%sud&é%m 182 itk Jdureunabedavt Bs pierce of
met hyl "éther tTefmnal groups having structure XIV In anmounts correspondi ng
to fromsabDhd pOlyddbsmtatoeing. o i die fate wet pailetixidiupechat@@rived.es of

bi sphenol A derived repeat units (i..e. ahout 0.30-0.50 nole percent
rel at i Paoleerlay ‘Welglﬂﬁweb%?‘?t?}éﬂm’ré@’eéet] pﬁ?ﬁ?%%?@&%&’gﬁi’%ﬁ'he product
pol ycar bonat e. Additional polynerizations were carried out in a manner

I dent i qalpite 2t7hekr e lcry B8 ATINEXRINE @SN D3MENMBERWTURE N PRABYCTON t hat
|l ess (2 percent funed silica in the product polycarbonat eéq or_nore (10

per cenBHAIRDE YT ARBONATESH SMBUBEA) ol-§b Aradysh FehBl 4wl HaGta was
enpl oyed. The results were substantially the same as those observed for
Exanpl es—1317 135 ExanptesTI36-143 Were carried; out [on an| extryder
confighred as YHUER{EYBE 103- 105 and iIILstralte tthe effiect of| feed
tenper ature and gPofged heatinglon the qdalitly of the produqt
pol ycaf bonate prepared usi Ngofuten et hod of é@g pr esemtfeddVE€Meddgn. The
starti hg nonpners; (biisphenol nsé BRAYq@) HicBN 'X&ayier(:hahgedbdm-et he reactor
t oget hePFamPenVt & VanSestsem raed | @) ¢ ?&"‘f {psih 1Rdadtoy [Pe¥iglsghoni um
acetate (TBPA, |2.5 x 104 nofgnpe]| nol ¢ BPA l}”““And sodivam hyecpxi de ( NaCH,
1.0 x Fo-6—Tpte H-per—+noteBPA—FThe mxturewas—heared i1 a range
bet weef AMout 2888 2290 Wer £he ¢oli?se 388 |t hd expedi deht cgg\"’imri sed by
Exanpl es 6F 14844 | lbd b not t t S ti of i goneric

pol yca.;br}mslﬁl_e%ﬁe?g 58. S%ggﬁcmng%r- i ggt h?%progsgc %gc‘! gj:pa{ s.g?gtbs of
Exanpl es 11836} 1B 28vass mated f af pr ogi esssiovgl 1501 pifern peri pd¥0of| tine at
pr ogr essivety—higher tenpe '

atgres | over |t cour 0of sxperijment . Thus,
the prodédt bl yéan bbndt €% f Exanpl & 1363%365151§X gg’ed hggm c‘lal%m' | der
306 | 150 | 663 205

==

conditiong |20/28 28|29 29| 25 64 242
141 | 20|28 |28] 29 [20| 25 57 | 304 | 150 | 631 | 210 | 255
142 | 20|28 |28/ 20 20| 25 | 41 | 300|150 | 393 | 214 | 255
143 | 20|28 (28] 20 (20| 25 | 20 {203 | 150 | 263 | 219 | 259
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(l ower tenperature and shorter heating tine) than those conditions to which
the product pol ycarbonate of Exanple 143 (hi gher tenperature and | onger
heat i ng tW%afP%\‘z\’és subj ected. The solution of the ol i gomGTEUBFACIS4
pol ycarbonate conprising BPA structural units and nethyl salicyl endgroups
havi nggsbgbr%@re. |1, was stirred under a 73 WO 03/106149 PCT/ US03/ 16354
ni troged ?i’rﬁlél}l‘éd over the course of the experinent. The ratio of noles
BMSC to the noles of BPA was about 1.02. The solution introduced into the
extruder was| about 55 by weil ght et g/l _salii c}yl qig . uring|l the experinent
conpri §i ng Bxanptteal Barsd- 143 the pres ‘ﬁldséa'or%@e}g%ﬁ ream si de of the

o [ _
Q
SLE 2

pr essufixaspf r ol oy v@rifas [ab¥i/ M | oS 92( banape energing from
the di e facel was p€Qetized and char aéeR) z@gm ul ar weights were

det er ni-red—by—gel—permeatT o chromatography. _TAE FECT OF HEATI NG
TI ME ANDI¥EMPERA Ol PROBORSP / 14113 P&Q_“\?C/\Réé)\v BEéC/ BPA) = 1.02,

Catal yst . = \ 2N (ijn.___Hg. )___Scl utiop T feed T feed
Mass T rgﬁ;ie ﬁ%{‘?@g}gﬂz\?\l E)}%Z %ﬁ:lwr?ml’%gl\réi pﬁﬁ%}(ﬁ[ﬁp! e iMr-—V3 V4 Vs V6 Flow Rate
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255 143120 P8 28/R2928%725 R872934180 288 219-259--74 WO 08/ 106149
PCT/ USG3/-16354
268/281/280x4/278/279

nne 85
142 780 29396/ 15083 150 192
269/281/280x2/279/280
143 1277/279/280 23164/ 10580] 1146 266 | 435 78

"Determined by GPC * Determined by 'P-NMR

The product polycarbonates were found to have suffered molecular weight loss under
conditions of higher temperature and longer heating time (See Examples 142 and
143).  Moreover, JP.NMR following derivatization with 2-chlore-1, 3, 2-
dioxaphospholane revealed that the prolonged heating at the higher temperatures of
Examples 142 and 143 resulted in product polycarbonates having a higher number of
BPA and salicyl hydroxyl endgroups and a correspondingly lower “% Endcap”. In
addition, the product polycarbonate of Example 143 was shown by '"H-NMR and "C-
NMR to comprise elevated levels of methyl carbonate terminal groups X1II (about 1.7
moles of structural unit XII per 100 moles of BPA derived repeat units), methyl ether
terminal groups having structure XIV (about 3.3 moles of structural unit XIV per 100
moles of BPA derived repeat units), and “internal” salicyl groups (repeat units having
structure XII wherein methyl salicylate has been fully incorporated into the backbone
of the polycarbonate chain). The “internal salicyl groups were found to be present in
an amount corresponding to about 3.9 moles of repeat units XII per 100 moles of BPA
derived repeat units. These data and the data presented in Table 27 indicate that
structural features of the product polycarbonate prepared by the method of the present

invention may be controlled by varying the temperature at which the equilibration
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Tabl e 27 Continued Actual Barrel Residual BPA Salicyl ,, Exanple
Tenper at s My/ Mh M5 OHOH (C (PPM, (PPM2 (PPM2 EndcaP 136
256/ 280x§’6‘§8ﬁé‘§}?4o43 1049 76 19 96 137 256/ 280x5/ 279/ 28W:BVHBA8H4/ 14010
1213 ---- ---- ---. 138 261/281/280x7 32273 / 14278 1297 ---- ---- ---- 139
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by GPC termn product pol ycarbonates were found to have
sufferqddmueemlbaronvﬁ'tlgehhadseﬁmﬁmden catalgstcbintrilayed. of hi gher tenperature and
| onger heati ng time (See Exanples 142 and 143). Moreover, 31P-NWR

Lnat ¢ BRI BELE hekts Fi et obhe A gRarcer shparubh A I BRERER 0, °12' ana

143 resyjst @fd | MuRrAduRt SRy Cor bonaheginkaviengsd kbghes suohgsmedc BPA and
sal i cyl hydroxyl endgroups and a_correspondi ngly | ower "% Endcap”. In

addi t | mvlyqari@npﬁeqmmp@th@nbmﬁl@ @ffeCEpémédeu@rwgp%wwnowhe H NVR and

13C N e ca gr oups
Xl (a ouﬁ' %?;Hé ﬁi?&uoc i g p%%?{%g&ﬁykhe é?%gjato(? tf"gslmca)%‘éﬁLPA derived
repeat iunéidtidh, Thet dwﬂtmgtlh@romeﬁsrmghasholgfx QBBA) laaduBMS@twmetchamged(th (about
3.3 nmoles of structural unit XV ed r epeat

uni t s) , thantpaotPhiegiar Vel .ﬂafyltragf%t?yé%ti%lpéaﬁagah. {eéfaﬁwﬂﬁasp Gt ure X |
wher ei %@ﬁ%&gﬂmﬁ@'z 24 1@*‘%81%3;&%% Bpkl)yanu%aﬁlﬂpﬁfélsﬂde pkigotihe obackbone  of

t he polycarb ate chain internal” salicy gc?rouswerefoundto be
present 10 hmotas Mafdidmer amlp@pfbhdﬂ‘h@ ntigtugghwas hsat wkieldy &F ap@pdP- units X |
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by weight methyl salicylate. This was fed to the extruder to establish a baseline
performance (See Examples 144 and 145) after which, extrusion was interrupted and a
portion of the methyl salicylate was distilled under reduced pressure from the reactor
until the concentration of methyl salicylate in the solution was reduced to about 35
percent by weight. Extrusion was then recommenced and the polycarbonates of
Examples 146 and 147 were collected at the extruder die face. Extrusion was again
discontinued and additional methy!l salicylate was distilled from the reactor under
reduced pressure. The resultant solution of oligomeric polycarbonate comprising

methyl salicyl endgroups II had the following characteristics.

Weight %
of MS in BPA OH SalicylOH
feed M M. (epm)’  (ppm)' % BC
solution
Feed in
Examples  22.3 5941 2393 2546 929 76
148-153

'Determined by *'P-NMR

The effect of extruder throughput rate was determined by gradually increasing the rate

at which the solution of the oligomeric polycarbonate was presented to the extruder
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structural features of the product polycarbonate prepared by the nethod of
the present invention nay be controlled by varying the tenperature at

whi ch t hé"@&Hi% 4¥ration 75 WO 03/ 106149 PCT/ US03/ 16354 Pr('ggﬂé&‘%ﬁﬁﬁﬂs
carried out and the Ilength of tine the solution of oligoneric polycarbonate
is heated prior I.bSel ] in Latidsl Zingsexg.euder. It is
bel i ev&d™t E}éet Cogﬁfgi tofo%)lé }%gsg'tjlr%gl Bgf p%]gd%l?? %ﬁ?%{ggl?lbégngﬁﬂ struct ural

f eat ur gslyd@yolte exREkRY Hyom | thi dieodsces evascipeldetizofl ik cheriplsEigedr i fication

cat al yst enpl oyed. Exanples 144-153 re carried out on.,an truder
conf i élM@@PqE@' %ﬁig@aﬁﬁg{r@ggeﬁﬁﬁme‘ié@f 5%‘?1'1‘166%91} a ’ém}al&f)eg?aé‘?h%éc?‘ )éotw
Concen.ttl'il@ﬁé@%h}e{ﬂﬁ gvfagfr%réa%d’]’éﬂe%d%ﬁ}t Of +e9RIEY nethyPsiliygatcianiat gropudtor t o

extrusion, ect of extruder throughput rate on the ééality of
the prgdlycirbpudty cas nbsaved fr wpressd Moranyer, heghes throvehput 14t HPaEdnt
invention. The starti.ng nononers; bisph I f e charged
to thé? H%‘éi@’t?)‘i" Pﬁg%?lﬁ‘ga?b%a&hn Oi%?ut%f an%g@? eaplﬁ‘flig?gﬁ’g%e%at al S}[(a’e%

t et r abyfceyh phas Rheni éﬁg\i}-iﬁﬁﬁt@ﬁ@r&i{@%m}gﬂ& 44105 Vwantarip outmykethBPA)  and

sodi um hydroxi de (NaOH, 1.0 x 10.6 noles NaOH per nole BPA). The m xture
was heaveaide phaltdubibikyhonss. about 190- 195C to produce a sol ution of oligoneric
pol ycarbonate conpri sing about 55 percent by weight nethyl salicylate.

Thi i : S
'S Waﬁari@@ 2‘3‘3@%@6# gdep EongshabkhsoR RReetrimeUEEPUIrRAMEe ( See

Exanpl €s after which, extrusion was interrupted and a portion
of the ORPRODSAT BYA ROLYBARBONATESBMSFABRO0TLER: prtaysit EBPfom t he
reactor __until the concentration of nethyl salicylate in the solution was

r educed™¥8 NSt 35 percent by weight. Extrusion was then reconmmenced and
t he pol ycarbonates of Exanples 146 and 147 were collected at the extruder

die fader EXI s on s q,fdai n discontinued and| addiitional nethyl
sal i cyllate was a 1%) d"f rlom t he nder luced

1 SUifd e reacfor u red pr essyre. The

resul t ant_soj ut.j rgn'o. oli-goneri-ec—polyearbonate—conpistn methyl salicyl

endgr oyps || i the [ ol | owiSolmtiohar act er i stiggs,y| Vei g feed of fad lin M v M1
m

ha
i d i T el iPig P before
BPA CH ESJ%!nbl%y% 3‘_}3 QVF q/s r€6€g;\&¥fﬁ@ (((;?) (OC)‘S O dtlal %ﬁi) Reactor(P-Valve

(Ib/hr) (rpm) co | co
144 12 125 (28129 (29 45 52 331 | 350 } 557 193 204
145 12 12528129 (29 30 54 316 | 235 | 562 197 215
146 201 28 (2829 (29 23 59 320 | 236 | 477 218 214

147 | 20|28 [28|29 |29 346 50 326 | 351 | 393 | 220 214
148 |23 ]28 28|29 (20| 188 46 311 ) 233 | 367 | 215 214
149 | 21|28 (2829129 281 43 318 | 350 | 353 | 216 216

150 21 ;2828129 (29 35 39 323 | 451 | 311 ; 218 216
151 20|28 (28|29 (29 42 35 324 | 550 | 279 | 218 216
152 | 20|28 (28|29 129 50 33 329 | 675 | 244 | 216 217
153 120 |28 |28;29 |29 60 30 334 | 800 | 214 | 215 217
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Feed in Exanples 22.3 5941 2393 2546 929 76 148-153 'Determ ned by "
The effect of extruder throughput rate was determ ned by gradually
i ncreasi NPIHYO4 e at which the solution of the ol i goneRGEUHSIGEAr bonat e

P- NVR

was pr esfentE)e(d tlo the extruder 76 WD 03/106149 PCT/ US03/16354 over the
course_o anpl es 144-153. In each of Exanples 144-153 the polycarbonate
ener gi heple RBMoHBURH e face was pel letized and characterized. Ml ecul ar

wei ghts were determ ned by gel perneation chromatography. As the

t hr ougrrpur—r‘argkpi srincreased the anopint of riesi dual nefhyl salijcylate in
t he prpduct ) ié‘i bonanetvabBarediser ved to i nBeddse BIVOr S o hi gher
t hr oughptsinpleat 8sul t eteshperh@wsr pr oddict Mpgl YREr hoRtd ¢ @H eﬁél ar wei ghts
and | ojver perge ﬁ endcap ("®C)EC'). The enti r dpERPelpmnPPednprilsi ng
Exanpl ps_144- W3 carried out._over the..cdurse of--about—silx—Hours. TABLE
28 EFFECT FE CONCENT RATROON FSKIB2 EHMRCIGIOE T 43 P BPA
P.O_YCA:RB@(@:I'!ES: EgI\/BC/ (BPA) =801. 02, Cafal y&t H ‘]'SQA ]/B\:ﬁ[\l) Na%gl%c uum @ Vent s
(in. Hy)—Sotottom $crew T feed T Tee(;40 s|Tor que MeT i speed Die P in
before| BExanp| e 5yl 356!482/580&(@2’!%x0ﬂ@/8®té&\£;? (79 rip! (ps#) |React or
P-Valve _(Ib/hr) (QI1(C 144 12 25 28129 29 455.52 331 350 553193 204 145
12 25 28 29 2P 3Q 54731G532302882/280788%1573/146 g 29,29 59 320 236
477 218 244 147°20(28 28 29428 34.6 50 326 35%965%3 %‘%o 2i’z25’ ?18j8 23 28 28
29 29 8846311233367 215 2174 28495/1217

147 35 266/279/280x4/282/280/279 2 1493 | 289 170 | 84

276/278/280x2/281/280/288126929/1151

148 22 1984/28 5 1419 316 240 | 81

149 | 22 |ay2ronsoxanssnstzsof 0% agst | 367 | 264 | 80

150 22 272/279/280x4/283/281/280123079/9926| 2136 | 411 307 | 79

151 22 270/280x7/279 22021/9480) 2597 484 341 177

152 22 269/279/280x5/281/280  [21060/9068; 2937 537 372 |76

153 22 267/279/280x4/281x2/280 |19614/8420| 3433 601 411 |75

"Determined by ' P-NMR

Examples 154-163 were carried out on an extruder configured as in Examples 103-
105 and illustrate the stable operation of the method of the present invention using a
concentrated feed solution of the oligomeric polycarbonate in methyl salicylate.
Moreover, Examples 154-163 illustrate the effect of feed temperature and throughput
rate on the molecular weight of the product polycarbonate. The starting monomers,
bisphenol A (BPA) and BMSC were charged to the reactor together with the
transesterification catalyst, tetramethyl-ammonium hydroxide (TMAH, 1.0 x 107
mole per mole BPA ) and sodium hydroxide (NaOH, 2.0 x 10" moles NaOH per mole
BPA). The mixture was heated initially to about 175-180°C to produce a solution of
oligomeric polycarbonate comprising about 55 percent by weight methy! salicylate.
The solution was then fed to the extruder to establish a baseline performance (See
Example 154) after which, extrusion was interrupted and a portion of the methyl

salicylate was distilled under reduced pressure from the reactor until the concentration
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149 21 28 28 29 29 28.1 43 318 350 353 216 216 150 21 28 28 29 29 35 39
323 451 311 218 216 151 20 28 28 29 29 42 35 324 550 279 218 216 152 20
28 28 29 WO UEY6RY 329 675 244 216 217 153 20 28 28 29 2PEUUNG/16334 800 214
215 217 77 WD 03/106149 PCT/ US03/ 16354 Table 28 Continued Wi ght % Act ual
Barrel Residua BPA Salicyl Fr~ Examle of MSin Temeratures Mv/ M1 1 M
CH CH (f){eﬁgthgl EAliolatd inahe 6&tigrPReY reduP&iNg a{cRPRP perdntGsy weight. The

252/ 278x2/ 280x3/ 286/ 282/ 2 29276/ 1266 1333 ,136 38, 94 80 4
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272/ 27 L § kedd QoS tihA6® by PRathp@s 885 (bdglEPD
2661 278 PSR A B R e M s St e the
276/ 278i2HBOXNRS THRPOEASShABO 3¢ 1t ai5 immpdiajehaaites itEprepatption g PHOT 149 22

273/ 279/ 280x4/ 285/.281/ 2802484068 1851, 367 " "

Tval 2ro BoknpoR S SRTPERE BIeHerdOTR LIS g ysath B hestaring o0 7 270
22021/gﬁﬁgmgé%§m§&&f34ﬁﬁiin 52422 R60IPTOIR0MEhARA2BOZ10SThO068 2937
537 372 76 153 22 267/279/580x4/ 281x2/ 280 19614/ 8420 ?433 601 411 75

Det er mbhigemdie pabyNRIBcaRpRias repsanabbastale OVELPE CaUsHYk 6 T RNTEHY r uder
configured as.in .Exanpl 35,10 i fa@ie the stable operation of
t he ne%%pq{f’ F?’ueéi B %ﬁfe ]ijsgvgﬁ%l %ﬁé‘%g}%%éngﬁ&égigentrat ed feed sol ution of
the oligoneric polycarbonate in nethyl salicylate Mor eover, Exanpl es
154-163 illustrate the effectygf,bped tenperature and throughput rate on
the nol ecul ar wei ght of the pigdigt pol ycarbonate. The starting nononers,
bi sphenol A (BPA) and BMsSC vver@eeghargé\dwto t s react or together with the
transesterification catalyst, gdigignhanmet hyl - anmoni um hydr oxi de (TMAH, 1.0 X
10-4 nol e per nol e BRA—ard——sot-umhydroxide—(NaOH, 2.0 x 10"6 nol es NaOH

per nole Feed in
Example 56 5483 2566

154

Feed in
Example 37.2 5839 2722
155

Feed in -
Example 355 5789 2658

163

Following concentration of the feed solution, extrusion was recommenced and the
polycarbonates of Examples 155 to 163 were collected at the extruder die face. In
each of Examples 154-163 the polycarbonate emerging from the die face was
pelletized and characterized. Molecular weights were determined by gel permeation
chromatography. The data in Table 29 illustrate that stable production of high quality
polycarbonate may be achieved using a concentrated feed solution and illustrate the
beneficial effects of lower reactor temperature. The extruder used according to the
method of the present invention serves two roles; (1) the extruder effects solvent
removal, and (2) the extruder functions as a polymerization reactor for the conversion
of the oligomeric polycarbonate starting material into high molecular weight
polycarbonate. Concentrating the solution fed to the extruder is seen as beneficial in

that it allows greater leeway in apportioning these two functions.
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BPA). The m xture was heated initially to about 175-180C to produce a
solution _of oligomeric polycarbonate conprising about 55 percent by wei ght
net hyl séYQ?jﬁ"zﬁ@. The solution was then fed to the ext ritfdéFSBgs¥dt abl i sh
a baseline performance (See Exanple 154) after which, extrusion was

interrupted and a portion of | ! IS\t d under

r educeaAﬁl&%%EEFEEEnQF @N%E@H@Wbﬁ@%@ﬂ@ﬁ?ﬁ&%@%ﬁ 03/ 106149
PCT/ U %Q%ﬁég eyl POL T QERBONATES: BRISC/@Red to about
35 persgéift y mgﬁg%ﬁkj%gl{éye{g%?tﬁf solution of oli gorreri(c pol ycar bonat e
conpr i 00§, Caalipytl= TRIAKEYWNIRNdPtbups 11 was sanpled twice during the
Experinent constituted by Exanples 155 through 163 and the results
conparee—wi-t-h—t-he—setuti-on—imediatetyraf ter s prepar atji on anhd prior to
t he regnoval |oVagmym @Verts salicyljate flormed durling the equilibgation of the
startijng nononefis- H8de "Feed in Exanple 154").| As lcan be seen]the

7

nol ecul ar wei ght of the| ol §goggi| ¢ Po| ycarbonate reimpedd TRasonably stable
over tihe course of| t he experifRnt [Toldaeiman Mok b Bxanmeprd 55" with

" Feed [ErarEXgnl eV 081 )Vs | Yejpaht rYeepiedyS oy MR (pfipdacot|BtVaove. Feed in
Exanplle 56 5483 2556 134 Feggh, éxarr 1e 3¥PB)|5839| 37@R | 155 Feed in

R N Exanp . ; . .
Exanpl 3555789 2688163 Gll?u Ag—eoncentTationiof_—the sol ution,

8116 fee
ext r usj ors4wgs20r lefolate?8ed® and2@ he ?)%I y 88y 8t |EsT Y \i)?anpllgg 155 to 163
were corTected Al THe g hehidels di g fACRs0d B a1g jrLTm 179 | 212

156 |17 |28 12629 |29 20 60 { 308 | 218 [TLTM, 176 208
157 | 17|28 126|29 {29 25 62 | 324 | 357 [TLTM| 175 206
158 | 2028|2629 29 30 58 322 | 357 [FTLT™M] 174 204
159 |17 | 28 {26] 29 |29 35 58 1328 | 429 [TLTM| 174 203
160 | 16| 28 {2629 129 40 56 | 340 1 554 {TLTM| 175 202
161 |17 128 (25129 129 45 54 | 345 | 626 |[TLTM; 176 201
162 (172812529 |29 45 53 351 | 700 [TLTM| 178 202
163 | 25|28 |26]29 |29 15 69 305 | 218 {TLT™M| 1738 211
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each of Exanpl es 154-163 the pol ycarbonate energing fromthe die face was
pelletized and characterized. Ml ecular weights were determ ned

per neat i O¥O O¥Hbttat ogr aphy. The data in Table 29 ill ustr R0

g‘t‘abl e

production of high quality polycarbonate nay be achi eved using a
concentrated feed solution and illustrate the
r eact offable@fefantiuned The extruder used according to the

benefi ci al

effects of

nmet hod

| ower
of the

present invention serves two roles; (1) the extruder effects sol vent
renmoval,—and5(2)y—the xrruder functi ofs as a pclynerizati%n _ﬁee}:t or for the
conver si on qfwedidhe%aif| g | §ah0a0a0es starti ng nute eH4fY'nt o hi gh
ol ecul {Brangé|gYIS in el /car (%{r!fgtﬂe)‘ﬂl ntrat ng t hMvEdHat i oansg&g to the
extruddgr i s Yeenlvden beneficial in hat it alldws greater {pg y in
apport i joni ng-it-hese twh—funetiens—F9—WO-03-106149 PCT/ USOB7 16354 TABLE 29
EFFECT |OR SSONCENBRATI NESOTHE/ 2S8R 857 OXPIO2 SO AR /658 PATARBTNATE ON
PRODUCT BPAROLY. 5, y,§§ =4ddVAH AND NaOH
Vacuum @Vénts 1;{*(5 65;3%%{?{%[592% Eﬁ@’%ﬁjzﬁg% 30@&;.,} ss—Fef que Mel t
speed Di e g i[n bgfore| Fxampheoxy/28Vas0/Ag VB 180 Flmmséztza/@éz?cz) (psi)
React or —P-Vahve—-br-hi)—+pm—-C (Cr— 15420 28 Z 61301 200
TLTM 17 1575 155d 17 DEPeR T8 0G 288 T892 554558 ﬁ?ﬁﬁ A ‘?’86‘2 967?%3 17 28 26
29 29 2 Th 4 /328326 22%63(9/ 2562 38} 357 TLTM 175
206 158 gsg é&zgg 2 Nzgg%é;&%ggigzngﬁTM 1744 159172826 29 29 35
58 328 @2959TLITM 1d4 203257060/21%2281260/283/2%2/240 52823401884 | TIOTM 175 202 161
AL A DAL A AT TFRA—TF =

IO Lh s S Al s ek [ FaRT TRISY B 4% 53 351 700

161 nd* 253/279/280x4/283/284/280 28308 /12609 | 1410

162 nd’ 252/280/281/280x3/283x2/280 28540/ 126047 803

163 35.5 257/283/281x2/279/280/272/271/279 | 31133/ 13788 | 345

Determined by *' P-NMR Talue was not determined but was believed to correspond

to between about 37.2 and 35.5 weight percent methyl salicylate.

Table 29 Continued

Example B(I;:“?)y Sq(l;)(g;l?ﬂ Y% EC S?)I;? i MS’ St;‘ﬁ‘i‘z’m St;:lc‘t]?re St?{ﬁg v
154 27 12 99 |0.018 0111 0.21 0.04
155 29. 5 99 | 0.007 | 0.15| 031 0.09
156 42 13 98 10.020]015| 032 0.09
157 40 13 98 |0.019;0.16} 0.28 0.09 0.5
158 60 19 97 |0.029 | 020 027 - 0.09
159 72 20 97 10.030]021| 030 0.10 0.8
160 04 19 97 0.028 022 | 035 0.11
161 75 21 96 | 0.031]023| 037 0.10 0.6
162 61 15 97 |0.022 | 0.21 0.38 0.13
163 29 11 98 | 0.016) 0.11 0.42 0.17 1.0
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163 25 28 26 29 29, 15 69 305 218 TLTM 178 211 80 WD 03/106149

PCT/ US03/ 16354 '!'abl e 29 Continued Weight % of Actual Barrel Terrperatures
Resi dual WEHHSI¥ M5 in feed el Mv/ M M5 solution C (gpnyUs846354

250/ 278/ 273/ 280/ 281/ 280/ 285/ 282/ 281 27668/ 12470 491 155 37.2

268/ 279/ B&xndiheB By 2BONRBI/ 28 pR8&dINBREEL BE5D0466les DS BNdRontaining
265/ 277/ 279%x2/ 281/ 280/ 285/ 281/ 280 29905/ 13342 672 157 nd2

262/ 278tmg@ updD/ 280/ 287/ 284/ 280 29434/ 13090 567 158 nd2

259/ 278/ 279/ 280x3/ 284/ 282/ 280 28690/ 12756 688 159 nd2

2571 27 / 2 B @ 11
2351 278 S0 510 01T D80T 204 205/ S0 R8I/ 12615 630 167 nao

253/ 27 9ASHRV/i88SIs28 4t 280 pPR8BIOB polytabowte 4 Ifis Begirngoevidence for the

2371 263y 9B RS DY 399, 39475 300 SR PR AR Rpensitle 50,

2Val ue §algﬁged§q§e@55y@e@h@u§uumgbel I eved to correspond to between about
37.2 and 35.5 wei ght per cent rret hyI salicylate. Table 29 Conti nued Exanpl e

BPA OH Sal i cyl C Salicy St S
(ppm cE*aquszléﬂ 1 ¥ere Cérsad oYt 9B a@@"%g‘%ﬁ%gﬁ%}t{g %%{ %xgxﬁg{aff* %Hg“g, z(spgg)

0. 007 O
0' 26 0. 43 BB RS B G0 288 1008 0" 26 97 0. 030

0.21 0.i309efichOad v@ll 26Gh64patently for oeBgocxmder 35rqpe rpdledrudsr melhs 0. 031
0.23 0. t%gmgm%uge as %ey process control criteria when using the method of the present
invention. The starting monomers, bisphenol A (BPA) and BMSC were charged to
the reactor together with the transesterification catalyst, tetramethyl-ammonium
hydroxide {TMAH, 2.5 x 10" mole per mole BPA ). No sodium hydroxide was
employed. The mixture was heated initially to about 160-165°C to produce a
solution of oligomeric polycarbonate comprising about 55 percent by weight methyl
salicylate. In Examples 164 —170, the molar ratio of BMSC to BPA was varied from
about 1.018 to about 1.03, by addition of BMSC monomer to the equilibrated mixture
of oligomers in the reactor. The molecular weights of the product polycarbonates
varied accordingly. In Examples 170 to 181 the molar ratio of BMSC to BPA was
held constant at 1.03. The process was run for about an hour at the BMSC to BPA
molar ratio of 1.03 in order to study short-term consistency of the process. The
product emerging from the extruder die face was sampled every five minutes giving a
total of 12 product polycarbonate samples (Examples 170-181) which were analyzed
by gel permeation chromatography. The data reveal the remarkable stability of the
process of the present invention, the standard deviation of the weight average
molecular weight, M, being less than 1 percent of the average value of M,, for
Examples 170-181. The standard deviation of the residual methyl salicylate value was
somewhat higher and reflects the relatively high standard deviation associated with
methyl salicylate quantitation by GPC. (The standard deviation in the measurement of

a chloroform solution containing 1000 ppm of methyl salicylate was about 75 ppm or

about 7.5% of the average value determined.). In Table 30 the symbol * ” * indicates
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E162 E29 15 97 0.022 0.21 0.38 0.13 163 11 98 0.016 0.11 0.42 0.17 1.0 81
WO 03/106149 PCT/ US03/ 16354 Determ ned by 31P-NVR, 2 Expressed in noles
per 100 NOP8¥1%{4BPA- containing structural units It is nSTEWPLAH*t hat
over time, the concentratl on of by-product structures XiI, XIlIl and XV

i ncrease |nthe C Ty S ngm;rag for the

pr oposﬁ]taféﬁa YAAY gt %"'Cg‘%h l%%f%el 8 IEggr% %ee%rr%p(gffg{égﬁ SJS@ i's ttﬁye
reSpOﬂaifﬂh&:tmrnthlaealuapmemagae of these by- product structures. Exanples
164- 181 were carried out on an extruder configured as in Exanples 103- 105

The pr sdaine 36 Ridisn oS G0 N g o R R AN b IR For e
and exhﬁgﬁ‘?fvﬁ% tESS eORerebLICRITEREYCATACAST eOMAHl criteria when using

the ne e present invention. The starting nononers, bisphenol A
(BPA) and BMSC were charged ta the reactor together with t he

CTr

transesteri fli Q@um@:aglﬁbyst, t etr anetfhyl - AN um nydroxli de (TMAH, 2.5 x
10' 4 npl e par m)[,ﬁ B@A ). No sodijum hydrox de was efpl oyed. The m xture
was hepted—mitiatfy apput _160- 1657 to pr odycg on of oligoneric
pol ycar bonatje conpyri ‘al ng apiytias perc t. Berevei ht ngfﬁéa‘ salicylate. In
Exanpl @gtaﬂfl,]g@ v, 1A, \t4rlaz5rrw16 astt i §° %{: stpeecE»BAhc \(,Qlweed from about
1.018 to abqut [1.0B, |by ad ‘} ge Mrixmpme (JLS %e(ﬁqm | i brat ed

m xturg of |olijgoners in t heMyy The s of the product
pol ycal bppatles glgar;jge @9aggor dpangl . 53 n| Exanpl7es 160 tol(iBl the nolar ratio
of BMSCt-o—-BRA-was—rF ephstantat—1 03 TThe|prucess S| run for about an
hour al i6fe |ENEC ROBPA |28bl a0 rafi® of 310 03790 dider tlggs udy short-term
consi sten of . Thel.proge T, r pdup mer-gi |n romighe| extruder die
face was' )alt Oelt? e\/% &5f ?ga m%nam E':Q(gi /-595 n?al_?gt v?ia6!§ af IE@,Z pr oduct

pol ycar begat exspap| s 2Exahpl es 170448 poaki A wersé andbyzed by gel

per neat-en—ehropat-pgraphy—Tthe—data reveal jthe Te rkatlg stability of the
process o68 th20 pResNi2i[A9ent 2on, |t AL 588hdal’d delfPatli off the wei ght

&N
average TDlE Lght | M 5, being, | esgotihpiy 1 pergenggot the average
LT 1l P & ('S bg| M 50 betng, 1 59 tihas
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Exanpl es 170-181. The standard deviation of the residual nethyl salicylate
val ue was. _sonewhat higher and reflects the relatively hi l();h st andard

devi ati onV9¥8Wilt ed with methyl salicylate quantitati onPGYUESASHThe
standard deviation in the neasurenent of a chloroform sol ution containing
1000 ppm of nethyl salicylate was about 75 ppmor about 7.5% of the

aver agergwid Heceglgeai ned. ). In Table 30 the synbol " " " indicates 82 WO
03/106149 PCT/ US03/ 16354 that the val ue was not recorded but should not
have been different significantly different fromthe value preceding it.

TABLE 30 PROCESS CONROL USI NG IVEIJ_T TEMPERATU AND TORQUE pAaSakRY PROCESS
CONTROL;,, CRI TERRISC/BEAT ALAMSTalBaTivhHeivpera ties@ Vent g, ; (.0 epho- uti on Screw
T feed Ef‘%edAMi;s Tor que Mel t(°€crew i n bef¢re E&lanp?e Vi M’;‘ BV4V~ V6
Flow Rate (% (C Reactor P-Valve (Ib/hr) (rpm (Q (Q) 1E¥ﬁ 20 29 29 29 29
20 52 SIhLTD 198 108, A0E T Py R AR A I 22 e 100 20,
168 20| 29629 29.29 20 393BIRxVZLOxIBEAC/2ER2 16B485 2197 DY RIFTPOIIBO 34 299 175
16732 168 16167u 2\{_02229 2972929 %142%80;{89/ 175 lb‘§2+§)55f13§’/4l,’21.3/4§ 1155,}? 174 175

167 1.024 243/280x8 30469 /13134 /2.320) 1595

168 1.026 244/280x5/271/280x2 28457/ 12386 /2298 1983

169 1.028 245/280x8 26980 /1177472291 1515

170 1.03 - 246/280x%5/281/280x%2 25535/ 11184/72.283) 1463

171 1.03 " 25234 /11068 /2.280] 1523

172 1.03 ” 25142/ 11052/2.275] 1545

173 1.03 “ 25111/11033/2.276] 1687

174 1.03 i 24891 /10916/2.28061 1727

175 1.03 " 24922 /10937 /2279 1825

176 1.03 ” 25039/ 10988 /2,279 1759

177 1.03 " 25254 /11048 /2.286] 1488

178 1.03 ” 25449 /11148 /2.283| 1504

179 1.03 247/280x%8 25479/ 11133 /2.289| 1557

180 1.03 ” 25301 /1106172287 1499

181 1.03 ” 25184 /11015/2.286; 1796

' Determined by GPC, * The standard deviation of the weight average molecular

weight, My, was 208 daltons calculated for Examples 170-181. * The standard
deviation of the residual methyl salicylate present in the product polycarbonate was

134 ppm calculated for Examples 170-181.

The data in Table 30 show that melt temperature and torque may be used as a part of a
closed-loop control strategy to monitor and control the molecular weight of the
product polycarbonate produced by the method of the present invention. In the
experiment comprised by Examples 164-181 differences in molecular weight that are

Jarger than about 1% can be considered statistically meaningful when this strategy is
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177 178 179 21 29 29 t2,9 20 30 296 175 163 168 180 181 83 WD 03/106149
PCT/ USO3/ 1@354 Tabl e 30 Continued MSC/ BP Actual Barrel Tenperatures

Resi dual AMPIE 13A Ratio el Mv/ M/ PDL- MSi 3 (PPHT/E¥R/183418
235/283/275/281/281/280/296/283/281 35893 / 15144 / 2.370 1247 165 1.02
239/ 281x2/ 280x3/ 286/ 280x2 34685 / 14716 / 2.357 1360 166 1.022 242/ 280x8
32795 #scd397duahtiB: 3dTerdRa8in hplechiadMei@3/2680x8 BOMbGuYes BLBMINE 2, 320 1595

168 1. 026 244/ 280x5/ 271/ 280x2 28457 /. 12386 / .2..298. 1983, 1 028
245/ 280%Rrens 9wlay ratpy 70f 931‘@0“2@% Sigf%ﬂl %e ftaﬁéarﬂzl%/ 5‘%‘8& 59@%@?‘5 X2 25535/

11184 , 2 7 dd 1:068chlR .- 28RidER8 ki 2tksO3 25142 /
11052 ’eé’ @%aééﬁgm“%7%m% %% %%%%%1/ 11033 1 2. 276 16&% 174 é 03 24891 |

10916 ﬁwanaﬁﬁmﬁgamhnma5m1oﬁ3tmqumgﬁnwzﬁag@#ai“®h2h9p4@9§lmf$ Y§ 03 25039/
10988 / 2.279. 1 177 1.03 25254./ 11 3 25449 /
11148 ?S%GQ@@HTéda3ﬁﬁ?ba¥°6§B§ ﬁb§§%§ag§§?@ fﬂ%§%§§é?éb“%§® %5%7 180 1.03
11 253%%%%%6%1 !ah@ylat%?coﬁt@ﬁtgoftﬂé’sé sémPBs.25184 / 11015 / 2.286 1796

Det er m ne he standard devi ati on of the wei ght average nol ecul ar
The invention has been described in detail with particular reference to preferred
embodiments thereof, but it will be understood by those skilled in the art that
variations and modifications can be effected within the spirit and scope of the

invention.

85



wei ght, M was 208 daltons cal cul ated for Exanples 170-181. s The standard
devi ation of the residual nethyl salicylate present in the product

pol ycarbonate was 134 ppm cal cul ated for Exanples 170-181. The data.in
Tabl e 30 show that nelt tenperature and torque may be uB&ﬂlaﬁ%mﬁnbgthtof a
cl osed-1 oop control strategy to nonitor and control the nol i@@r wei ght of
the product polycarbonate produced by the nmethod of the pri Uqgnventi on.
In the &XP&RIAEH? conprised by Exanpl es 164-181 differ enc@®CT/HSON6ES4I ar
wei ght that are ||arger than about 1% can be considered statistically

meani ngf %’m@@léime% Qlrategy is 84 WO 03/106149 PCT/US03/16354 wused to
quantify dlll ferences Th nol ecul ar wei ght produced by m xtures contai ni ng
different nolar ratios of carbonate/bi sphenol. The standard devi ation
observed.,(in these neasurenents can be consi dered remnarkabl e considering
Chat thede  mén@btBAGOE (R oPISRAEH IS ob oYy arkonais. sl meihask §BBIESEE wi t h
the proc i |5 onteai n . a [.at L.L h

eval uat i gﬁﬁg?fnt%ﬁelﬁm%cﬁeg%c%e{%htb 3%8[8&?%12{1%&&%111 Sncét?%wt gdgl %{’/I %{ E}g ¢6nt ent
of thesetgapgiabses The iamvperbiure rhage beeneaesieout bidd°i @. ded abbundod® C. a

particul ar, reference to Breferred enbodi nents thereof, but % will be
under st oSAUBY AGBRTISING PetPlVEnt RRd 0y ohggmerig pqliearbnbaten Faifb SN ons

can be ebbrgt eghr¥d Bub dhanSBittider ig%&?ewi% dthRasi BYEVdr@MadaPRed for
Repl acenent Sheet 15 DEC 2000 WO 037106149 PCTI USO03/ 16354 What 1s clained

is: 1. Aseeenbdemoral veidodganaricopolytarbonyicacdopesiag palydarmenhedrepeat

conpri sing:..e i in . the presence, of a transesterifigcation catalyst at
one or “matiss S, R e IRR oL ANER Py Sep AR Tuthonid Al T ang
about 40@ocatbors®d UtdAPriSRPP s NGubstROlede HheAey aRr@idAOWREMSs having

pol ycarbonate, said extruding being carried out on an extruder equi pped
with at FE¥S'dhe vent adapted for'

CO,R!

S
X

(R

Ownwnn

wherein
R'is a C)-Cyo alkyl group, C4-Cyo cycloalkyl group, or C4-Cyo aryl group;

R? is independently at each occurrence a halogen atom, cyano group, nitro
group, C;~Cyp alkyl group, C4-Cyg cycloalkyl group, C4-Cyp aryl group, C;-
Cao alkoxy group, C4-Cyo cycloalkoxy group, C4-Cao aryloxy group, C;-Cyo
alkylthio group, C4-Cyg cycloalkylthio group, Cs-Cze arylthio group, C;-Cao
alkylsulfinyl group, C4-Cao cycloalkylsulfinyl group, Cs-Cyo arylsulfinyl
group, C;-Cyp alkylsulfonyl group, C4-Cyo cycloalkylsulfonyl group, C4-Cao
arylsulfonyl group, C-Cyp alkoxycarbonyl group, C4-Cao
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sol vent renoval, said oligoneric polycarbonate conprising pol ycarbonate
repeat wunits derived fromat |east one di hydroxy aromatic conpound, said
ol i goneric polycarbonate conprising ester substituted m@[ﬂ’é el
groups having structure |l I CO2R1L Orv,n (R¥%wherein |ghég?%go

al kyl group, C4-C20 cycl oal kyl group, or C4-C20 aryl group;qi5BEC 1685

i ndependently at each occurrence a hal ogen atom cyano group, nitro group,
Cl- C20 a%Qp3/gb@dp, C4- C20 cycl oal kyl group, C4-C20 aryl gPEIRS031638P0

al koxy group, C4-C20 cycl oal koxy group, C4-C20 aryl oxy group, Cl-C20

al kylthi o group, C4-C20 cycl oal kyl thio group, C4-C20 arylthio group, Cil-C20
al kyl sul finyl group, C4-C20 cycl oal kyl sul fi nyl group, C4-C20 aryl sul finyl
group, Cl-C20 r ap CACG28, cY 0] royp. - C20
aryl sul f onyl S%Egik%é%%%hglgk%g%%r bonyl 20gr gt)g@k@é%%ﬂg{l 82@&%% agjelrr%grrl}t4
Sheet 15 DECaiot@&nwp e87u0Ei40sPeyulosdslasamigronye Codldmryleariborgrbupyr oup,

C4- C20 aryl ox bonyl ,.qr.ou C2. - C6o.al.kyl am n rQu C6-,C60

oyeloal kyl an Yo pony I RaRBRTRyT 2t Gr K v SRR BT G B ony
group, CA4- CA0 Cgye),Odlykath Bivic BARAK D @y p 960 W - Cp ChoyTdRiRy gfoa@si, nedak homyl
group, or Cl1-C20 acylamno group; and b is an integer 0-4. 2. A nethod

according to EMEEPH ~“dwherei n sai d ester substituted phenoxy term nal
groups have structure Il Il CO2Me - :

2. A method according to claim 1 wherein said ester substituted phenoxy

terminal groups have structure II

It
CO,Me

3. A method according to claim 1 wherein said polycarbonate repeat units
derived from at least one dihydroxy aromatic compound comprise repeat units

having structure I

111
R9
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O 1 3. Anethod according to claim1 wherein said polycarbonate repeat
units derived fromat |east one di hydroxy aronmatic conpound conprise

repeat units having structure Il 11l R5 RO [RAWR8 O
EpLaEemart e

87 Repl acenent Sheet 15 DEC 2006 WD 03/106149 PCT/ US03/ 1

R3-Rt0 are independently a hydrogen atom hal ogen atom nitrpj QE@’%HEB cyano
group, Cl1-C20 al kyl group, C4-C20 cycl oal kyl group, or C6-C20 aryl group;
Wis a bd¥d034p6dRygen atom a sulfur atom a SO2 group, aFRUFOMB/BBEphatic
radical, a C6-C20 aromatic radical, a C6-C20 cycloaliphatic radical, or the
group R12 R11 "% .C,." wherein R' and R12 are independently a hydrogen

atom Cl wERoeial Rf/-IRI@ra@blnndé-iﬂenc@ﬁﬂyCélQiy@@é%%ﬁ a@hfUPaloBén %;Qquﬁtbygroaﬁ oup;
or R" and R12 together forma C4-C20 allphatlcrln ich

opt i onal Wa%(hlgé‘?‘ﬂbL@E@Zbﬁlﬂ@’ﬂegr@ﬂpn@necz@l cy@mllasrlkg/noup, @zcamsmi greep,czl
ar al kyl , Cgﬁgoﬁxc 9\/\%@% ILAYRS pﬁ{mﬂ 5@ on t Q{ C”deﬁi) & hod

according to c alrﬁ I'n"said ycar e re fed from

at | east raofiealdiahydCoxyromiarimtadical pmiRuUDL cg;@rmhlphemf eauﬁa&l, bRiths gradgr i ved
from bi sphenol A, said bisphenol A derived repeat units having structure

RZ _RY
o

wherein R and R'? are independently a hydrogen atom, C,-Cyg alkyl group, Cy-
Cyo cycloalkyl group, or C4-Cyg aryl group; or R' and R!? together form a C4-Cag
cycloaliphatic ring which is optionally substituted by one or more Cy-Cyp alkyl,

Ce-Cao aryl, Cs-Cy; aralkyl, Cs-Cyo cycloalkyl groups, or a combination thereof.

4. A method according to claim 1 wherein said polycarbonate repeat units
derived from at least one dihydroxy aromatic compound comprise repeat units

derived from bisphenol A, said bisphenol A derived repeat units having structure
1V,

v
H;C  CH,
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IV H3C CH3 O O 04- 88 Repl acenent Sheet 15 DEC 2006 WD 03/106149

PCT/ U803/ 16354 and optionally repeat units having struchure V V@e% SO O
0-j 5. A method according to claim| wherein said sol venB8RIaa§Ine gétom
about 10 to about 99 percent by weight of said solution 6. 1% lﬂ@%ﬁgd
according to claim1 wherein said solvent conprises at |east “0 ster
SUbStituRﬁg g/henol havi ng structure VI VI CO2R OK (R2)b wherein R is a
a-c20 al%kY194Ped8, c4- 20 cycl oal kyl group, or C4-C20 aryIPCIEMS/1638D | s

i ndependently at each occurrence a hal ogen atom cyano group, nitro group,
Cl1- C20 al kyl g_rou , C4-C20 cycl oal kyl group, C4-C20 aryl group, Cl- C20

al koxy gesdpptionalty gepsat vwaiskexingstougprey- C20 aryl oxy group, G - C20

al kylthi o group, C4-C20 cycl oal kylthio group, C4-C20 arylthio group, Cil-C20
89 Repl acenent Sheet 15 DEC 7006

~ A"
O,
S
O
/_ O)kO:m
5. A method according to claim 1 wherein said solvent comprises from about
10 to about 99 percent by weight of said solution
6. A method according to claim 1 wherein said solvent comprises at least one
ester substituted phenol having structure VI
VI

CO,R1

I~

wherein
R'isa C;-Cyo alkyl group, C4-Cyq cycloalkyl group, or C4-Cyg aryl group;

R? is independently at each occurrence a halogen atom, cyano group, nitro
group, C;-Cyp alkyl group, C4-Cyo cycloalkyl group, C4-Cyp aryl group, Ci-
Cyo alkoxy group, C4-Cyo cycloalkoxy group, C4-Cao aryloxy group, Ci-Cao
alkylthio group, C4-Cs cycloalkylthio group, C4-Cyg arylthio group, Ci-Cso
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WO 03/ 106149 PCT/ US03/ 16354 al kyl sul finyl group, C4-C20 cycl oal kyl sul fi nyl
group, C4-C20 arylsulfinyl group, Cl1-C20 al kyl sul fonyl group, C4-C20

cycl oal kyl sul fonyl group, C4-C20 arylsulfonyl group, Cl cement whaebony|
group, C4-C20 cycl oal koxycarbonyl group, C4-C20 aryl oxycar bon%g roup,
C2-C60 al kyl am no group, C6-C60 cycl oal kyl am no group, C5- cbb Gﬁlﬂ m no
group, C-C40 al kyl am nocar bonyl group, C4-C40 cycl oal kyl am nocar bonyl
group, HO®EO0at4Y anmi nocar bonyl group, or CJ-C20 acyl am n®P@r/OSp3/1633¢ b is
an integer 0-4. 7. A nethod according to claim®6 wherein said sol vent
further conprises a hal ogenated aromatic solvent, a hal ogenated aliphatic
sol vent, a non-hal ogenated aronmatic solvent, a non-hal ogenated aliphatic
sol vent, or a h f.o,. j t i in
Sai d S0l vent cor o R e e e I m 6
wher ei n sai d 2EPven€1un taherlsedongrli sresp, Grithocotcivhlkylattmyé reoud,0Cs-E2sret hod

according to ¢l a erein said trapsesterification catalyst c¢ ises a
quat er nary anﬁ%ﬁsm‘#’gﬁﬂpou%&upa qugf'ggﬂaryaB‘t%‘é’B?f&)’HP &3 Bund,8‘6 2%
m xture ther e@fycloamgxy%amd}qd @%@gdi@gcg(p calbl%g%gaqbgmr e'gfbu%gi dc,-C

quat ernary ammoni um conpound has structure V Repl acenent ~Sheet °0 15
DEC 2006 WO 03Akdemino porppis0e/Cre 354loalkylamiicl gooupe (R1GsiNmmidBningl group,

Ci-Cso alkylaminocarbony! group, C4-Cse cycloalkylaminocarbonyl group,
C4-C4o arylaminocarbonyl group, or C;-Cyy acylamino group; and b is an

integer 0-4.

7. A method according to claim 6 wherein said solvent further comprises a
halogenated aromatic solvent, a halogenated aliphatic solvent, a non-halogenated

aromatic solvent, a non-halogenated aliphatic solvent, or a mixture thereof.

8. A method according to claim 1 wherein said solvent comprises methyl
salicylate.
9. A method according to claim 8 wherein said solvent further comprises

ortho-dichlorobenzene,
10. A method according to claim 1 wherein said transesterification catalyst
comprises a quaternary ammonium compound, a quaternary phosphonium

compound, or a mixture thereof.

11. A method according to claim 10 wherein said quaternary ammonium

compound has structure VII
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wherein R13-R 6 are independently a Cl-C20 al kyl group, C4-C20 cycl oal kyl

group, or a C4-C20 aryl group; and X is an organic or R i on.
12. A method according to claim 1l wherein said anion is eggcgﬁéggsﬁérﬁotm t he
group consi sting of hydroxide, halide, carboxylate, phenoxildelE(sisf onate,
sul fate, carbonate, and bicarbonate. 13. A nethod according to claim1l
wherein said quaternary ammoni um conpound is tetranethyl amoni um

hydr oxi de¥O13/10fl4%et hod according to clai m 10 wherein sai d REGERIBE35N
conpound has structure VIII VIII R18 ORL7I(r) _P RO R20 wherein

R 7-R20 are independently a Cl1-C20 al kyl group, CA4-C20 cycl oalyl group,

or a C4-C20 aryl group; d X is an organic or inorganic anion. 91

Repl acenent SheetRl415 2006 WO 03/106149 PCT/ US03/16354 15. A net hod
according to claijm14 wherein said anion is selected fromthe group

consi sting of (snydrexide halide, carboxyl ate, phenoxide sul fonate, sulfate,
car bonat e, d bi‘tarbonate. 16. A nethod according to claim 14 wherein said
guat er nary phosphbni um conpound i s tetrabutyl phosphoni um acetate. 17. A
met hod accordi ng R claim10 wherein said transesterification catal yst
further conprises at |east one al kali nmetal hydroxide, alkaline earth

hydr oxi de, or mxture thereof. 18. A nethod according to claim1 wherein
said transesterification catalyst conprises at |east one alkali netal

hydr oxi devhetbinl RESR 0@ iabikpdddi@tIgad (h-Cyy alkyl group, Cs-Cyo cycloalkyl group,

or a C4-Cy aryl group; and X is an organic or inorganic anion.

12. A method according to claim 11 wherein said anion is selected from the
group consisting of hydroxide, halide, carboxylate, phenoxide, sulfonate, sulfate,

carbonate, - and bicarbonate,

13, A method according to claim 11 wherein said quaternary ammonium

compound is tetramethylammonium hydroxide.

14, A method according to claim 10 wherein said phosphonium compound has
structure VIII

VIIL
@
Rl7_,,,_ II) —_— R19
R20

wherein R'7-R*® are independently a C;-Cag alkyl group, C4~Cyp cycloalkyl group,

or a C4-Cyp aryl group; and X is an organic or inorganic anion.
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hydroxi de, or m xture thereof. 19. A nethod according to claim 18 wherein
said alkali netal hydroxide is sodium hydroxide. 20. A nethod according to
claiml wherein said transesterification catalyst conprﬂeaiacmnenteSHeetone

al kali metal salt of a carboxylic acid, alkaline earth salt of a

carboxylic acid, or a mixture thereof. 21. A nethod accordi Ag B¢ Bfai m 20
in which said alkali nmetal salt of a carboxylic acid is Nat My EDTA. 22. A
met hod ad¥@0di1Agl490 claim 1 wherein said transesterificati PCRESEH1ESE4
conprises at |east one salt of a non-volatile inorganic acid. 92

Repl acenent Sheet 15 DEC 2006 WO 03/106149 PCT/1JS03/16354 23. A nethod

accordi ng3to & arath@@ avberdhy teatcldirsald wHerdinngid w@ldt id eclactied frém e | east

one salt selected fromthe group consisting of NaH2 P03, NaH2 P04, Nat

HPO4, KHET Pt Coryphnpes, hxshoxidoohalifaxrmbexy MiGspimoexidenyl kawtponifag, A

net hod agg@odhfg ahQ Hikb@bbhdkewherein said transesterification catalyst is

present in an anmount corresponding to between about 1.0x10"8 and about

I x10'3 noles of transesterification catalyst per nole of polycarbonate
from aronmatic dihydroxy c ound present in the

repeat units ,deriye y 0

oli gonerid pét ﬂ%#‘Bgn%‘"tCé’?d%. ton SRifthdd AeesTigi F@]ﬂﬁt@%?@??ﬁ PhRRRRIHIS 5 d
sol uti onchapbifd i€ VTRIHEAPhEsp HIRMURGtdi@nal phenol chai nstopper. 26. A
met hod according to claim25 wherein said chainstopper is p- cumyl phenol .

27. A nethod according to claim1l wherein said extruder has a screw speed,
sai d sol yti on ,bei Lntroduced into sald.extruder at a feed rate aid feed
rate andlllt?'sai & ?&#g%dsaﬁggﬁd{ﬁ%i}?n ar VEETE Ealgxtf?'}fﬁétfmﬁ&ﬂ’lano Erﬁéls'éd
such t hafuither ¢ahpds@ at leaedonabkalinmpal hgArd8te NAAIdO 4 haf SIS psed

expressed in revol uti ons per
mixture thereof,

18. A method according to claim 1 wherein said transesterification catalyst
comprises at least one alkali metal hydroxide, at least one alkaline earth

hydroxide, or mixture thereof.

19. A method according to claim 18 wherein said alkali metal hydroxide is

sodium hydroxide,
20. A method according to claim 1 wherein said transesterification catalyst
comprises at least one alkali metal salt of a carboxylic acid, alkaline earth salt of a

carboxylic acid, or a mixture thereof.

21. A method according to claim 20 in which said alkali metal salt of a
carboxylic acid is Na; Mg EDTA.

22. A method according to claim 1 wherein said transesterification catalyst

comprises at least one salt of a non-volatile inorganic acid.
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mnute falls within a range of from about 0.01 to about 100. 28. A nethod
according to claim27 wherein the screw speed is in a rasgg ?ﬁﬁ fbout
50 and about 1200 revolutions per mnute. 29. A nethod a ? W@ aim
27 wherein said extruder is equipped with at |east one vacqugngFmG. 30. A
met hod according to claim27 wherein said extruder is selecte romthe
group consisting of a co-rotating interneshing double screw extruder, a
count er - WO REGpEenent Sheet 15 DEC 2006 WD 03/ 106149 PCTFCISOSHIIB354}
rotating non-interneshing double screw extruder; a single screw

reci procating extruder, and a single screw non-reciprocating extruder. 31.
A et hod 28ccorAlinmgthod act@idingl td widiher? caasinsig skhe 154 aps-velatiiStaepd (A

heat i ng thj sol uti %51 conprising the solvent and the oligoneric
pol ycar bGhdEdstoges tefrﬁg%frfs@JF@ngtbéa&reidptcwawstxh@ %ﬁ&ﬂné’%};ewmﬁ’%aﬁi@h

sol vent, @b Al POl AR, Ho PYILIPHE WAk HPRY RIS, SRI kEYpEnt at

e
at nospheri c pressSure, sai gi%éau ng @Ei ng carri@% out at "a préessure greater
t han at nospheric pressure to provide a superheated m xture of oligoneric

pol ycar bgnat e and solvent: .and Step (B).introduci ng sai d_ superheated,
m xture of ol i‘S&W‘éﬁP% a5pPAing 6%&3%151 la%(ae%m vaidk traRsestarpication: eatalyst iy ough

at | east ﬁ@@n@ﬁﬁ%ﬁuélﬁoﬁﬂm%ﬂ%sﬁ’cﬁ%ﬂlﬁg t0derRefE LG 295909 fgy 59?1&151?211@'331

13
wherein said extruder is-selected fromthe group consisting o
co- r ot at imejel nelertrshitag figatibh ecaiatysiv pert mualer of apalyomtbenater oémeak Mgnits

non-i nt eryyeshi;n oubl e screw,extruder, a single screw.reciprocating.
extruder,d%glﬁrgdagféfgrﬁglaer%&a&‘é’wﬁ dFE pFORROPRY SHESRerin 3%}3 ﬁ?q}gé’t“ﬁgff
accor di ngolwcagbéare.31 wherein said extruder is equipped with at |east one

vacuum vent and optionally one or nore vents operated at about atnospheric
pressure, said extruder being equipped with at | east one side feeder, said

ZE[ de feeder being By Q&%gdmgta HaithCPInROG S8 ot B SR c%%il;g]rgse%paer ated
monofunctional phenol chainstopper.

26. A method according to claim 25 wherein said chainstopper is p-

cumylphenol.

27. A method according to claim 1 wherein said extruder has a screw speed,
said solution being introduced into said extruder at a feed rate, said feed rate and
said screw speed having a ratio, said 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 about 0.01 to about 100.

28. A method according to claim 27 wherein the screw speed is in a range

between about 50 and about 1200 revolutions per minute.

29. A method according to claim 27 wherein said extruder is equipped with at

least one vacuum vent.

30. A method according to claim 27 wherein said extruder is selected from the

group consisting of a co-rotating intermeshing double screw extruder, a counter-
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at nospheric pressure. 34. A nethod according to claim33 wherein said
extruder is selected fromthe group consisting of a cosl 1 hg,

i nt ermeshi ng doubl e screw extruder; a counter- rotati ﬂ?ﬁ%@%ﬂ(&e‘iﬂ?@&m ng
doubl e screw extruder; a single screw reciprocating ext ru?%@é@@g a single
screw non-reci procating extruder. 94 Repl acenent Sheet 15 6 WO

03/ 106149 PCT/ US03/ 16354 35. A nethod according to claim1 further

conpri si W PEMHIARG a product pol ycarbonate from said ext PCHATS0336354A

met hod according to claim35 wherein said product polycarbonate is
introduced into a second extruder, said second extruder conprising at |east
one vacuum vent, said second extruder being operated at a tenperature in a
range between about 100 C. and about 400 C., and a screw speed in a range
bet ween riBERE BO-iaTEethias AliRubio o resnextBrleraA ansingl sekeFo e INENRENEl ai m
36 V\’hereé;&rﬁ@érdaﬁ&%osﬁtq%l%)%fé{g%%nh%céﬁhgeﬁin%je i the group consisting of a
co-rotating inferneshing doubl'e screw ex er, a counter-rotating

non-i nt er neshi ng doubl e screw extruder, a single screw reciprocating
extruder,. and . a singl e screw non-reciprocating extruder. 38. A nethod for
prepari ng! pol @c’&re%)%a%%’,or diorfgﬁ%g fg‘&‘%ﬁ’f pgliﬂﬁg_smgttgﬁ, stapp Heating a ni xture
conprising at | east one di hydroxy aromati ¢ conpound, an ester substituted
di aryl carbon . S LElcation.. I t F in a
ange. bet veenBont) 1001168 1R Ahkkh BhhunE e Seitef ot LETRARERRER L7

ol i goneri c popybantiamate tonaatengsdrature Sgilkatdrt thagd tihesdling opotantsf amid Step
(I'l') extruding said salutign of oligoperic polycarbonate_ in said ester
substituted p ‘éll‘fﬁima?alénéo’g’rnghﬂ’roémt%ﬁﬁ}ﬂéhﬁr%ﬁpﬁ HOWén@%_SB&\/%@ ¥enib¥ut

100 C. and abQHﬁo%&}Qri@ pre@&ﬁeagaﬁnﬁeﬁfnﬂéﬁ)%sﬁr ‘é’d;&geﬂsa Rt Bater

bet ween about 50 and about 1200 rpm said extrudin elng carried out on
than atmospheric pressure to provide a superheated mixture of oligomeric

polycarbonate and solvent; and

Step (B) introducing said superheated mixture of oligomeric polycarbonate

and solvent into the extruder through at least one pressure control valve.

32. A method according to claim 31 wherein said 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.

33. A method according to claim 31 wherein said extruder is equipped with at
least one vacuum vent and optionally one or more vents operated at about
atmospheric pressure, said extruder being equipped with at least one side feeder,
said side feeder being equipped with at least one vent, said vent being operated at

atmospheric pressure.

34. A method according to claim 33 wherein said 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.
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an extruder conprising at |east one vent adapted for solvent renoval. 39. A
nmet hod corresponding to claim 38 wherein in Step (1) the ester substituted
di aryl carbonate is enployed in an anobunt correspondi ng tRBﬂmemahSh&Bﬁ)ut
0.95 and about 1.05 noles per nole of said di hydroxy aromatic CE&}) ound. 95
Repl acenent Sheet 15 DEC 2006 WO 03/ 106149 PCT/ US03/ 16354 W DEG et hod
according to claim38 wherein said transesterification catalyst is present
in an am¥@t03486x¥48spondi ng to between about 1.0x10"8 and alrU40318354 nol es
of transesterification catalyst per nole of said di hydroxy aromatic
conpound. 41. A nethod according to claim 38 wherein said ester-substituted
diaryl  GarboratiRethad sddoudingr & IckikC 1 GBI bRPtsElg FOmotngWheiBlActR 1S
i ndependently at each occurrence Cl-C20 al kyl group, C4-C20 cycl oal kyl
group, oPolFathenase Jlomyseidmxtralers i ndependently at each occurrence a

hal ogen atom cyano group, nitro group, C-C2() al kyl group, C4-C20

cycl oal kyl group, C4-C20 aryl group, G -C20 al koxy group, C4-C20

cycl oal kéﬁy grioupsthGd - £20rdiapytooxiaigy A8pwheleilCXaidlgeptiadi Folgb%bna@rsCZO
cycl oal kyl thio grou C4- C20 arallthlo group, Cl-C20 al ky sulflnyl group,
C4- C20 cg%ﬂf%i‘f%%% 4 FRaongr exHpL e@ﬁ@ﬁosecam%wdeﬁwm@rwpg ag| e@ﬁome

al kyl sul , C kyk g p r fonyl
ST i i A S e S S R e A

C4- C20 abgtvosencalrdunyl0°gC oamnd a@u@@ﬂ%@k,ydamfmmmevgrspaﬁi nC@ -1G68e between

cycl oal kyl am am no group, Cl-C40 al kyl am nocar bonyl
group, Céi) bg@@n@é’l%k%hoéﬂh?ﬁggép nyl group, C4-C40 aryl am nocarbonyl
group, or Cl-C20 acylam no group; and b is independently at

37. A method according to claim 36 wherein said 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.

38. A method for preparing polycarbonate, said method comprising:-

Step (I) heating a mixture comprising at least one dihydroxy aromatic
compound, an ester substituted diaryl carbonate and a transesterification
catalyst at a temperature in a range between about 100° C. and about 300°
C. to provide a solution of an oligomeric polycarbonate in an ester

substituted phenol solvent; and

Step (II) extruding said solution of oligomeric polycarbonate in said ester
substituted phenol at one or more temperatures in a range between about
100° C. and about 400° C., and at one or more screw speeds in a range
between about 50 and about 1200 rpm, said extruding being carried out on

an extruder comprising at least one vent adapted for solvent removal.

39. A method corresponding to claim 38 wherein in Step (I) the ester
substituted diaryl carbonate is employed in an amount corresponding to between

about 0.95 and about 1.05 moles per mole of said dihydroxy aromatic compound.
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each occurrence an integer 0-4. 96 Replacenent Sheet 15 DEC 2006 WD
03/106149 PCT/ US03/ 16354 42. A nethod according to claim4l wherein said
ester substituted diaryl carbonate is bis(nethyl salicyl BBplabemant%ngﬁ. A
met hod according to claim38 wherein said di hydroxy aromatic _conpound has
structure X X R5 RO 4 # R8 HO R RI0 OH R3 R7 wherein R3- R10 BhCd005

i ndependently a hydrogen atom hal ogen atom nitro group, cyano group,

Cl- C20 al¥%k€103gpeid9, C4- C20 cycl oal kyl group, or C6-C20 arylPCQI/OSEs/16358is a
bond, an oxygen atom a sulfur atom a SO2 group, a Cl-C2 aliphatic
radical, a C6-C20 aromatic radical, a C6-C20 cycloaliphatic radical, or the
group R12 R11 *NN C 000010 97 Repl acenent Sheet 15 DEC 2006 WO 03/106149
PCTI USO34$6354, MRS @labBedRdiNth Radmt§ wwe@aa%si@%hyes?erm&&@a%@tygms

Cl- C20 al kyl group, C4- C2o cycloal kyl group, or C4-C20 aryl group; or

and R12 pPRfenhénr ahopmpantCdomiponglyied daliepivacn abowmty Owhd & mndsatmptti ordr y

substituted by ene or I 1- C20, al kyl C6-.C20 .ar vl , -C21 aral kyl ,

- 0 cyitish) wbl Faisaleiieafiv “Early iheiesn RUEr 061 S dISATREE DR di ng
to clai mcgdhpohagei n said at |east one di hydroxy aronmatic conpound

conpri ses hydroqui none and bi sphenol A

41. A method according to claim 38 wherein said ester-substituted diaryl

carbonate has structure IX

X
COR! COR!
l l:j/OTO\]CA
0 X
(I|{2)b R

wherein R' is independently at each occurrence Ci-Cag alkyl group, Cs-Cyo
cycloalkyl group, or C4-Cag aryl group; R? is independently at each occurrence a
halogen atom, cyano group, nitro group, C;-Cyg alkyl group, C4-Cyo cycloalkyl
group, C4-Cy¢ aryl group, C;-Cyg alkoxy group, C4-Cag cycloalkoxy group, Cs-Cao
aryloxy group, C;-Cyo alkylthio group, C4-Cy cycloalkylthio group, Ci-Cio
arylthio group, C;-Cy alkylsulfinyl group, C4-Cyp cycloalkylsulfinyl group, Cs-Cag
arylsulfinyl group, Ci-Cyp alkylsulfonyl group, C4-Cyo cycloalkylsulfonyl group,
C4-Cpo  arylsulfonyl  group, C;-Cz¢  alkoxycarbonyl group, C4-Cyp
cycloalkoxycarbonyl group, C4-Cyp aryloxycarbonyl group, C,-Cso alkylamino
group, Ce-Ceo cycloalkylamino group, Cs-Cgp arylamino group, C;-Cap
alkylaminocarbonyl group, C4-Cso cycloalkylaminocarbonyl group, C4-Cao
arylaminocarbonyl group, or C;-Cy acylamino group; and b is independently at

each occurrence an integer 0-4.
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45. A product pol ycarbonate prepared by the nethod of claim44. 46. A

nol ded article conprising the polycarbonate of claim45. 47. A nethod
according to claim38 wherein said at |east one dihydroxy Raplacemént Sheet
conmpound conpri ses bi sphenol A and 4, 4" -sul fonyl di phenol. 48. A product

pol ycarbonate prepared by the nethod of claim47. 49. A nnldééiﬁﬁﬂw&le
conprising the pol ycarbonate of claim48. 50. A nethod for preparing

pol ycar bd¥hats/106669d net hod conprising: Step (1) heating a mMGE/UBES/H54

bi sphenol A, bis(methyl salicy 1) carbonate and a transesterification
catal yst at a tenperature in a range between 100 C. and 300 C. a pressure
bet ween about 0.1 and about 10 atnospheres to provide a solution of an

ol irgorer 4o bi phaBModABUMER RONGkENT D1 "Bhin S84 | YLakBysiale Bisimet hyl
sal i cyl)carbonate being present in an anount corresponding to between
about 0. garbomgtaiscris(metds! palied)darlsqumee.nyl  sal i cyl ) carbonate per nole

bi sphenol A, said transesterification catalyst being present in an anount
correspondi ng to between 1x[.04 and 1x10' | es transesterification,

cat al yst Q*ger bl @e@?ﬁh%%r 1R 49 a}%lim g’ggrre‘%‘&re“boﬁ}ga PRY oIt ng
met hoxy g vl Habenesy ket m nal groups; and 98 Repl acenment Sheet 15 DEC
2D06 WO 03/106149 PCTIUS03/ 16354 Step (I1) extruding said solution of

ol-i goneri c bi sphenol A polycarbonate in nethyl salicylate at- one or nore
tenperatures in a range between about 100 C. and about 400 C., and at one
or nore screw seeds in a range between about 50 and about 1200 rpm_51. A
nmet hod according to claimb50 wherein the transesterification cataly

conpri ses tetrabutyiph6§bhoniun1acetata9 52. A pol ycarbonate prepared by

t he met hod of cl aim50,| said pol ycarbohate conprising | ess than 10 ppm

Fries product. . Ap charboa?te accordi ng pégclain150, said
pol ycar bonat e \\Nn ce

HO

wherein R*>-R'® are independently a hydrogen atom, halogen atom, nitro group,
cyano group, C;-Cy alkyl group, C4-Cyg cycloalkyl group, or Cg-Cyp aryl group;
W is a bond, an oxygen atom, a sulfur atom, a SO, group, a C;-Cy aliphatic

radical, a C¢-Cyp aromatic radical, a Cs-Cyo cycloaliphatic radical, or the group

R12 ril
™~ o
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endcappi ng of about at |east 90 percent. 54. A polycarbonate according to
claim50, said polycarbonate having a percent endcappi ng _of about at | east
97 percent. 55. A nolded article conprising the polycarb lacepnend| Shest 50.
56. A nolded article according to claimb55 which is an optic Iﬁﬂgtz@ 57. A
met hod for the preparation of polycarbonate, said nethod con‘z i b
extruding in the presence of a transesterification catalyst at one or nore
t enper at W@83/1061&9t enper at ure range between about 100 C. ardTabssiied®O C. a
solution conprising a solvent and a pol ycarbonate, said extrudi ng being
carried out on an extruder equipped with at | east one vent adapted for

sol vent renoval, said polycarbonate conprising polycarbonate repeat units

derived atp i1 10 j b EerCHIRPURd . Sy bonat e
conpri si tr%lgfe%?g eagﬁ%ogti tgﬁet {eyéirégﬁ%&r)%ﬁ%f%e m !ﬁ%&in gr odé@l-ﬁé‘{/?{rlfgl gﬂr’%ta(?ﬁ_e | 99
Repl acen€nt cBtieetkyl E5oQE@200E WOr3grbip] 69 RPETAUBD3tddbet form OUIRL,G VW%
(R2)b wherein. R..is.a Cl:C20 al kyl group, .C4-C20 cycl oal kyl _ gr.ou r

C4- C20 atyilogiBRAdic ring Wﬁlqﬁbﬁe%ﬁéaﬂgx ?ug’it”é‘éf'é’%%@é‘ﬁr?reﬂ’@ég & nGrogErbat om
cyano gr oG, Riry T, @;-05 CuRlkyEle 3 oup,

C4- C20 ar$| 2gorg)%p, 5Cj gl C20yg:1 k%@og%bﬁg}@&%’cfgﬁ%a kgétg%ﬂéﬁ%& C4- C20
aryl oxy group, Cl-C20 alkylthio group, C4-C20 cycloal kylthio group, C4-C20
aryl t hi o44r oup, n@thG20accakdiplstd falaih 38 ompereltd <6210 acylehdabhy | &by dioxyl

group, C4-C20.arylsulfinyl gro Cl- C20 al kyl sul fonyl group, C4-C20
cycl oal k§ioHHof pay%%ﬁgm@gx_%@ggdwp%q %SBIFWE,A-CI- C20 al koxycar bonyl
group, C4-C20

45. A product polycarbonate prepared by the method of claim 44.

46. A molded article comprising the polycarbonate of claim 45.

47. A method according to claim 38 wherein said at least one dihydroxy

aromatic compound comprises bisphenol A and 4,4'-sulfonyldiphenol.
48. A product polycarbonate prepared by the method of claim 47.
49. A molded article comprising the polycarbonate of claim 48.

50. A method for preparing polycarbonate, said method comprising:-

Step (I} heating a mixture of bisphenol A, bis(methyl salicyl)carbonate and
a transesterification catalyst at a temperature in a range between 100° C,
and 300° C. a pressure between about 0.1 and about 10 atmospheres to
provide a solution of an oligomeric bisphenol A polycarbonate in methyl
salicylate, said bis(methyl salicyl)carbonate being present in an amount
corresponding to between about 0.95 and about 1.05 moles bis(methyl
salicyl)carbonate per mole bisphenol A, said transesterification catalyst
being present in an amount corresponding to between 1x10® and 1x107
moles transesterification catalyst per meole bisphenol A, said oligomeric

polycarbonate comprising methoxy carbonyl phenoxy terminal groups; and
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cycl oal koxycarbonyl group, C4-C20 aryl oxycarbonyl group, C2-C60 alkylam no
group, C6-C60 cycl oal kyl am no group, C5-C60 arylam no group, Cl-C40
al kyl am nocar bonyl group, C4-C40 cycl oal kyl am nocar bonyl Fbe_pdammen_t:&hm
aryl am nocar bonyl group, or Cl-C20 acylam no group; and b is gn_‘ | nt eger
0-4. 58. A nmethod according to claimb57 wherein said pol ycarb Helt lbhas a
nunber average nol ecul ar wei ght of at | east 5000 daltons. 100

WO 43/106149 PCT/US03/16354

Step (II) extruding said solution of oligomeric bisphenol A polycarbonate
in methyl salicylate at one or more temperatures in a range between about
100° C. and about 400° C., and at one or more screw seeds in a range

between about 50 and about 1200 Ipm.

51. A method according to claim 50 .wherein the transesterification catalyst

comprises tetrabutylphosphonium acetate.

52. A polycarbonate prepared by the method of claim 50, said polycarbonate

comprising less than 10 ppm Fries product.

53. A polycarbonate according to claim 50, said polycarbonate having a percent

endcapping of about at least 90 percent.

54. A polycarbonate according to claim 50, said polycarbonate having a percent

endcapping of about at least 97 percent.
55. A molded article comprising the polycarbonate of claim 50.
56. A molded article according to claim 55 which is an optical disk.

57. A method for the preparation of polycarbonate, said method comprising
extruding in the presence of a transesterification catalyst at one or more
temperatures in a temperature range between about 100° C. and about 400° C. a
solution comprising a solvent and a polycarbonate, said extruding being carried
out on an extruder equipped with at least one vent adapted for solvent removal,
said polycarbonate comprising polycarbonate repeat units derived from at least
one dihydroxy aromatic compound, said polycarbonate comprising ester

substituted phenoxy terminal groups having structure I
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wherein
R'is a C;-Capo alkyl group, C4-Cyg cycloalkyl group, or C4-Cyg aryl group;

R? is independently at each occurrence a halogen atom, cyano group, nitro
group, C;-Cyp alkyl group, C4-Cyg cycloalkyl group, C4-Cyg aryl group, C;-
Cyp alkoxy group, C4-Cyp cycloalkoxy group, Cy-Cao aryloxy group, Ci-Cao
alkylthio group, C4-Cyo cycloalkylthio group, C4-Cap arylthio group, C1-Czo
alkylsulfinyl group, C4-Czp cycloalkylsulfinyl group, C4-Cap arylsulfinyl
group, C1-Cyp alkylsulfonyl group, C4-Cyg cycloalkylsulfonyl group, Cs-Cao
arylsulfonyl group, Ci-Cqo alkoxycarbonyl group, C4-Cop
cycloalkoxycarbonyl group, C4-Cy aryloxycarbonyl group, Cz-Ceo
alkylamino group, Cs-Cgo cycloalkylamino group, Cs-Csg arylamino group,
C-Cao alkylaminocarbonyl group, C4-C4o cycloalkylaminocarbonyl group,
C4-Cyqo arylaminocarbonyl group, or C;-Cy¢ acylamino group; and b is an

integer 0-4,

58. A method according to claim 57 wherein said polycarbonate has a number

average molecular weight of at least 5000 daltons.
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