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POLYCARBONATE RELATED APPLI CATI ON This application is a

continuation-in-part of copending U. S. Application No. 10196 @08 fil ed
June 12, YOOB/MpI48h is incorporated herein by reference. TRATKHRIAD OF THE
| NVENTI ON This invention relates to a nethod of preparing polycarbonate.

Mor e par ti cul ag/pTih® FORMALINE! AUGROMATREPOLY CHIGSERXTE SOl uti on

conprising a solvent and an oligoneric polycarbonate is introduced into a
devol atilizing extruder wherein the oligomeric polycarbonate is converted
i nto hi REISTEDABPLIKATKIN pol ycar bonate while sinultaneously renoving the
solvent. More particularly, the instant invention relates to the formation

under m..d congitions _of polycarbonat i t I . | eiel s of
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typically prepared either by interfacial or nelt polynerization nethods.

The reaction of a bhi s@&henol such as_ bi sphenol A (BPA) with phosgene in the
pr esenc BHERGHRQUNIY ALTHEANVENHOR et hyl ene chloride , an acid accept or

such as sodi um hydroxi de and a phase transfer catalyst such as

triethylam aes Lgako gf j j D 1 natti&ild tion of
bi spheno A%e%]ﬁog¥§g%r§é%gé?éd§§ir %gﬁllg{)éelﬂfgnﬁlgé%%c iEkac@)lsmdi ppﬁenyl l.ic?lail(rl;lbonat e at
hi gh t anpthodt telates riot hempthed ewberelyf aa soltiah yeumisitg assalvetituandhydr oxi de i s

typi cal qf t | | I t. pol i zat.. hods. ., Each..met hod i
oy bet cetiegmenc BelyoSile &t et By Hroaklife Sk v Woane
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i nherent disadvantages. First it is a disSadvantage to operate a process
whi ch r ethile sinyirnsgesie removing Swctodynt. Meretnarigmarbi thesiastant in¥eHiodr ns,
lSecond | LerdtSs @ tﬁé ?&%ﬁgh%ggertn%ﬂdj @o‘?{dﬁi)o%s f ?E)Brgﬁ%gnatm&ﬁlgre%ﬂ’éfn@@%o%s' ng
arge anounts of an organic solven ecause ‘expensive recautions must be
t aken t olegelarod Faipairasrargemnenioprodints, @nvigh devet of @hddappiag tand Tow delels ofhe
interfacial, nethod requires a relatively |arge anount of equi pnent and
capi tal I . Fourth, the pol ycarbonate produced by the interfacia
process is prone to

Polycarbonates, such 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 organic solvent because expensive
precautions must be taken to guard against any adverse environmental impact. Third,
the interfacial method requires a relatively large amount of equipment and capital

investment. Fourth, the polycarbonate produced by the interfacial process is prone to
1



1 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 havi ng i nconsi stent col or

hi gher levels of particulates, and higher chloride content, which can
cause corrosion. The nelt method, although obviating the néEBcﬂﬁmﬁphosgene
or a sol v¥Q0X19eH9%as net hyl ene chlori de requi res high tenper/Eswrnessand
relatively long reaction tinmes. As a result, by-products may be forned at
hi gh tenperature, such as the products arising by Fries rearrangenent of

car bonamavmghh@or@ sCitl colt?, Bigh¥t REcBUNPHRiculdied, Afd hifghef Shlofi@acsmagement
gives rise to undesired and uncontrol | ed polyner branchi ng whi ch may

negatlvéfﬂvchmd@!lsquwryrrer s flow properties and performance. The nelt
method further requires the use of conplex processing equipment capable of
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It was reported in U S Patent No. 4,323,668 that Y onate .could be
formed dn@at byrRredycs ylambedfoea%ﬁ&hlghéewrwe@eﬁrqbgas Hei811s188ch as BPA
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wei ght pol ycar bonat e. cat st |l oadin a articul ar] ndesi rabl e
o ol ¢ sty Do s BB Rewoins g eapuraen e e, doct
pol ycar bﬂﬂﬁ&eregﬁ’ilrésot% RiSe Bf'é‘orﬁﬁl@ﬁ fd%@ssni@@qul%ﬁéﬁ Reab% ofoperation at high
transesterification catalyst in &o ycarbonate may shorten the useful

| 13 fe s pahanmratlac tand lewg m@asgret ik eemab wafﬁ\tlgmagm@on ptthe highly viseas
copendi iR durfg Xb8 SRRy HonB atertsl BRSO Rords GO o "

i ssued m@slebhler weghent No.s 6420512 and 6506871 respectively, extrusion of
a mxture of an ester-substituted diaryl carbonate, such as bis-methyl

salicyl carbonate, di hydro romatic co 0 C b henol A, and
at Ira%se%‘?ré? V$3r8 ALY ﬁwle&fegpptgg in ‘3& Rafalgt Neets %@%@a@m@w&%&ﬁ@t ate
(TBPA), & fhds %ﬁétgﬁldfgfleﬁpﬂhﬁrcom{lgﬁg by RAbYIE ?Hérﬁ)i sudhCasBEA WH

enpl oyed was equi ppe one or nore ‘vacuum ven
the diaryl carbonate formed by reaction phosgene with methyl salicylate. The method

used relatively hlgh 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 in
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 renove by-product ester-substituted phenol. Simlarly, a precursor

pol ycar bonate having ester-substituted phenoxy endgroups, for exanple
methyl salicyl endgroups, 2 15 DEC 2006 WD 03/106149 PCT)uBEBIWB354 when
subj ect edWMQ03&06149si on afforded a pol ycarbonate havi ng a sPEEU$0306354| y

i ncreased nol ecular weight relative to the precursor polycarbonate. The °

reaction_to fqQrm hi gher | ecul ar, wei ght, pol.ycar ; catal yzed
by res: whek suprand i pufiion SRoraY & RbPLEMsr BRUNE AR IRAR Menar e 4 Y
pol ycar LRr Weighy rdathRMY 1R hreburs@ paldarb@ftedUahe Gadetibly 36 fomd aan

addi tional catal ySt such as TBPA introduced in the _extrusion step. Fries
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needed. eFovsiexatgp. e Frias teeupugemsat mrediols avese mablobseryed M the BEOdFk
throughpu# éf?t eatof starting materials through the extruder in order to
achi eve PGr&RPRPY &Y f i ci ency. In addition, it would be highly desirable to
avoid having to isolate a precursor polycarbonate having ester-substituted
phenoxy Madgppuhe pretiaydst desctibedoXh raopemding OUSf Applitations géréal nmwhkezsi| ar

i ght I b te. BRI EF SUMVARY THE | NVENT i ti
b ovi o dBRTTAThaaA (0705 Shanaried o (bF. BEFYCRPACHADE? 48 G0 nod
conpri S'rgrg;regﬁ%#gg edeilt kipRiRERSGMGReclents fof RE peafiftiohiof Polyesrbemdtal yst - at

one or atures 1 n a tenperature range between about 100C and
about 4GeiGtive tesaldet methodsmdditEnaljmprevsiments araneedsd. 5pT grample, & would

pol ycar honat e, said .extr.udin ei arried : o ui pped
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pol ycar hgpatie &0@RadrSidaciiely gadahpnaticich@pedh additich, dewouldl be fhighlyat | east
one di hydroxy aromati c conpound, said oligoneric pgl ycar bonaggﬁtut%grrpri si ng
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phenoxy endgroups prior to 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 1



15 DEC 2006 WD 03/106149 PCT/US03/16354 CO2RI (R2)b | wherein RL is a Cl
- C20 al kyl group, C4-C20 cycl oal kyl group, or C4-C20 aryl 1 rD?ﬁ@'D R2 is

i ndependently at each occurrence a hal ogen atom cyano groug, i“o group,
Cl- C20 aMBA3/1g6Ap, C4- C20 cycl oal kyl group, C4-C20 aryl PCDUSH3/16364- C20
al koxy group, C4-C20 cycl oal koxy group, C4-C20 aryloxy group, ClL - C20

al kyl thio group, C4-C20 cycloal kylthio group, C4-C20 arylthio group, Cl -
C20 al kyl sul fi nyl group, C4-C20 cycloal kyl sul finyl group, C4-C20
arylsul finyl group, Cl1 - C20 al kyl,sul fonyl group, C4- C20

cycl oal kyl sul fonyl group, C40@§R§ryl sul fonyl group, C1 - C20

al koxycar bonyl group, C4-C2 bonyl group, C4-C20

aryl oxycar bonyl group, C2 - am no group, C6-C60 cycl oal kyl am no
group, C5-C60 wyl am no grofip, C40 al kyl am nocar bonyl group, C4-C40
cycl oal kyl am nocar bonyl gr C44C40 aryl am nocar bonyl group, or Cl- C20

acylamno group; and b is i er 0-4. The present invention further
f sol utions conprising an ester

relates to a nethod for prep

substituted phenol solvent and an QQ meric pol ycarbonate, and the
conversion of said oligonmeric polycHr ate into high nol ecul ar wei ght
pol ycarbonate with simultaneolis renoval said solvent, said nethod
conprising: Step (1) heating a m xture conprising at |east one dihydroxy
aromati c conmpound, an ester substituted diaryl carbonate and a

t terifi t.i I t. at i . about
100G and TR TR Gio- SevdibBieuBob eEReRelIg ehhb, of Eieeo BSLEGEE: Donate i n
an est eR sypRibpdrdeRtly Bh@RRAlocoRn8E b haRBeh §tbﬁ190§dnb)gr@.§i, hited figusat,d- sol ution

of oligoneric ‘polycarbonate in said ester substitute phenol at one or
nor e t efperRyLIEWID f4L 20 shiejeallp gieun Ghow aryogevpd: aloutlkeBn&oiPand at one

oL 0 R ERERE oy L8, B B i O, 4 2
an ext r ggelvalkgltioi gionp, @4-C.easylithio erog)tCadaPieakylsulfinyl group, Cs-Cao
cycloalkylsulfinyl group, C4-Cyp arylsulfinyl group, C, — Cy alkylsulfonyl group, C4-
Cyo cycloalkylsulfonyl group, Cs-Cap arylsulfonyl group, C; — Cyo alkoxycarbonyl
group, Cs-Cyg cycloalkoxycarbonyl group, C4-Cyp aryloxycarbonyl group, Cz — Ceo
alkylamino group, Cs-Cqo cycloalkylamino group, Cs-Cep arylamino group, Ci; — Cao
- alkylaminocarbonyl group, Cs-Cs cycloalkylaminocarbonyl group, Cs-Cao

arylaminocarbonyl group, or C; — Cy9 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 (D) 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 (I) 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,
4



for solvent renmoval. In another aspect the present invention relates to a
pol ycarbonate prepared according to the nethod of the invisip't?(rgﬂuﬁsai d

pol ycar bonat e having a very high | evel of endcapping, a v wl evel of
Fries proWR03/1068? a very low | evel of residual solvent. BR/ES3DESEER PTI ON
OF THE DRAWNGS Figure 1 illustrates a devolatilizing extruder and feed

systemsuitable for use ,according to {he nethod the p inventi on.
Fi gure 219 EKGedIpg Leingerred eyt pp o EXU‘{‘%HFPB’QFéWg@g{efaﬁtrc’n& \%ﬁ@%@é&eﬁ i zi ng
ext rudef Al heethotypt em sui tabl e for use according to the method of the
present 1nvention. Figure 3 illustrates yet another devolatilizing

extruder and feed system suitable for use according to the nethod of the
pr esent In amotbertaspect {DEPrestEINBESCRITEITIeOND @R o YBEHONENTIIBIATISE0TgHEs ent

i nvention _may be underst.ood nore readily. by referenc 0 | lowi ng
det ai | eff (ﬁ]é%}é?‘?%b?‘fd’% %f' By STOR, éﬁ‘deﬁ‘ggﬁ%h%%t% %SY“‘% hae%le{}'vléi:%?ielgtr'\éiaé\ig t he
exanpl egnddaBfingds ety 16w etV of PriédiRoligit] M0 d¥eers ReE ik Elctresiduabsudvanhe cl ai ms
whi ch fo?low, refefence will be nmade to a nunmber of termnms which shall be
defined to have the follow ng nmeanings: The singular forns "a", "an" and
"the" | BRIBEOBICRETION OF SHEDRAWINGShe context clearly dictates
otherwi se. "Optional” or "optionally" neans that the subsequently described
event Ofigdtt ! £ UTRLANES oty Qhalle Tr86C dhd RS &R LHEHICTEN b | On

£ Yhe &ven nd i n

i ncl ude Stances where toccurs a tances where it does not.
As used ab&iréing, totthe mhehod dHihegemamnt mveotige aFimmaf dllustefesrag aligrnative

pol ycar bonat e . ol i.gomer hayi ng a nunber. average nol ecul.ar wei ght. of |ess

t han 50GONHEIEHAR f%frﬁjnse‘ioﬂaé;{‘& ex&‘i“llda‘b?'%lr &Eg 635%?}'8 épﬁ%ﬁ%%oés}w%& Féms‘}g ng

pol ycar | VnyiH, & RE130N8stek ensthépyabvensilizingnat i c
corrpoungga?%&fgﬁ)?)g%ttggggs&\}\qoﬁoél/ll%li%LGPCT/ USSOS?SQ%%M As used herein, when

descri biextruder and deadesystenpshijalde fonase acqonding ipribe gneshod op ey PSP nat e
r epeat l{H\i/etn%iogeri ved from at | east one dihydroxy aromatic conpound”

DETAILED DESCRIPTION OF THE INVENTION

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.



means a repeat unit incorporated into an oligoneric polycarbonate by
reaction of a dihydroxy aromatic conpound with a source of, ¢ b%Hﬁyl units,
for exanple the reaction of bisphenol A with bis(nethyl saﬁ&{ﬁ;

car bonat e WNG/WEHY herein, the term "high nol ecul ar wei ght PEDUSESASISENat e"
means pol ycarbonate having a nunber average nol ecul ar wei ght, M, of 8000
daltons or nore. As used herein, the term'"solvent" can refer to a single
sol vent Asr usednibgraimewhien descubings an Agligeseation gplyparbonaie ther FPTESIY: i on

| Seruibimgs an o Her APSSIH ion
compr | ot R Er5SHE Bhef b R PlAP RRRL p oo R B ERVARRE LRI BBl | 20t “10

per cent plednyvai rgpdat waltviassrpotsediirsl ahasligomerit ipelycabonatenblyt repaiog cdrsbonat e”
refers to a polycarbonate nade i fication of ~a diaryl

C ) by the transeste
car bonadiyarexy aromaﬁyd%&m%ﬁowﬁl\gi (3 S@B’f?ﬁo% .TmeLA‘mt?s ‘?fe?’@im_ﬁﬂ%él?ei ned as
PisPhenglaoBof bt bisgrdlloP it Bl HUAIPLNLYPEABARE, AS used herein the term

"Fries product I'ned as'a struct unit of the product
pol ycar bonat e whi ch upon hydrol ysis of the product polycarbonate affords a
car boxy-Assused hieteii, ¢k thithy thighxyokcolan weight polycubehate an¢ang palyeabensis gr oup

adj acent to one Qr both of_ the hydr s, of said carboxy-substituted
di hydr QWV%@WC{FI aﬁ%ﬁ%ﬁo’ﬁ?ﬁ&?“p&’}ég’g’%%gf Qé)’(ﬂ daﬁ%%%rﬁgprep\ pol ycar bonat e
prepared by a nelt reaction nethod in which Fries reaction occurs, the

Fries produedd hoeldl/dRs tapSGolsthtt Clal R¥er tbed kRS sllerdther ahixtmae obnat e

whi ch afford 2-carboxy bi sphenol A upon conplete hydrolysis of the product
pol ycar lsohents, The terns "Fries product” and "Fries group" are used

i nt erchangeably herein. The terns "Fries reaction” and "Fries

rearrangement : used | Nt ek a 2N solveiiE ah8' BF olfieHRREE screw
extr uder"g an%d"ﬁ%ﬂglr?’ st?rgei[/swélxt rgﬁigggﬁ éaurr%pr%?{egg PRt er changeab(l) %@her.ei n. 6 15
~ DEC 2006poliarttdatd Gafess 1B8GTlitisdTohGabinglm oligethenie polyvattopatecsand liquid
"nmonof unct i opal pgenoi ) maan?ﬁa ‘ghﬁnog conprising a single reactive
hydr oxy {raIpmestdeastthereerihy Waghbsodtvent " are used i nterchangeabl y
her ei n.

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 “twin screw extruder” are used

interchangeably herein.



The term "atnospheric vent" as used herein is neant to indicate a vent
which is operated at or near atnospheric pressure. Thus, am&' ﬁnrgheric
vent being operated under a slight vacuum such as that co w

desi gnat edv0 f¥P69vacuunt, is neant to fall within the anbCT/Usd3/isssd t er m
"atnospheric vent". As used herein the term"aliphatic radical"” refers to a
radi cal having a, val ence of at leaft ong, conprising a |linear or.branched
array ofASHSAerRH BR tpan npenelrpetional phgnol"means %ﬂ%ﬁ&}f\?&@nﬁéﬁmeat ons such
as nitr oxygen or may be conposed exclusively of carbon
and hyd?gagcgr"{?ﬁgélfg#% es of aliphatic radicals include nethyl, nethylene,
ethyl, ethylene, hexyl, hexanethylene and the like. As used herein the term
" ar onmat i Thertemsc'hieht part’ears] ‘tventl arcagiedantervhongegbly herdisnce of at | east one
conprising at |east one aromatic group. Exanples of aromatic radicals

I ncl ude .phepyl , . pyridyl. furanyl Il enyl , napht hyl.. nphe d

bi phenylﬂwﬂ%‘nt @E‘ﬁPSH%E‘Fu‘b@é‘i 5‘%/ 8&%}5{}?8“{% meﬂgqﬂo%ﬂlcgtgo Q¥+t§\9§1rglaqgl i phati c
conponendperatéPht EXRAP afnSsphB8S BikkssFe.0 Tus, AmOstlobSherid diefibeingogerited t her
illustrated by radicals which conprise both aromatic and cycloaliphatic

st r uct uruider s shgitanceumsichas dhgsicemmandy desdgnetad “Douss /vacswaiy ISTREHY| i s
ranked hergin.as an_ano | c. rather ] ycl oal i phati.c radical. As used
her ei n Bﬁﬁgﬂﬁ“@fi@m‘%{%ﬁ%ﬁn@ ?gﬁ?s%’g%!?c?eé’%érs to a radical having a

val ence of at |east one conprising an array of atonms which is cyclic but
whi ch i sAnatedhasiat the tern Haliphatiayadieal” refelsude dadicel leatims valende efsatni t r ogen,
sul fur and oxygen or . may pe co oseqil excl usi vel y af carbon gnd&g‘ﬁdrogen.
Exanpl esleaft ¢TI tilncpn ey pranched ey olcatemns) el i 1ot QX5 ogeft yI |

cycl Ohexélxjé‘ﬁy }%%%MGOB&E%mea%H he ir5§‘e61, -Egﬁ“’uxp%lﬁ§ e¥lygbi 2 Nthipbepr OVi des

]_i.
a net hod ari ng pol ycarbonates mﬁere y sol ution conprising an
ol i goner campused exelbsively ©f icarban sod ydrogers diximyllésyfrabiphatic tpdicyle incbieat e

conpri si ng.est er, subst it ut ed.phenoxy .endaroups havj,ng..structure I, is
extruded“@ﬂpidﬁﬂhgﬁm%fhpéd%mﬂéﬁhg?gé}F mﬁ@ﬁ%@ e§%¥@§ﬂ$§‘The met hod of the
i nvention effects both the conversion of the oligoneric polycarbonate to a

product A% ub&d BEGCIHRGerM\Bafddialid Gadi8alPCIetdSOH f@Ral hipdhy aamknoabathavi ng
hi gher nol ecul ar weight, and a separation of the spol vent ini.tiﬂagllél){ pr esent
in the slsesi Pem COMPHHBE At I§¥ONE ErPBRYE ZFBEn a EEamPlsn of LBt fpdcals

include phenyl, pyridyl, furanyl, thienyl, naphthyl, phenylene, and biphenyl. The term

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 cycloaliphatic 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 1, 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



pol ycarbonate. Additionally, the method provides for the renoval of other
volatile materials which nay be present in the initial solution of

ol i gomeric polycarbonate, or fornmed as by-products as theloDilgtidgkric

pol ycar bomQ @8/i06140r ansf orned in the extruder to the produptT/PsiBsedtbonat e.
The ol i goneric pol ycarbonate conprises pol ycarbonate repeat units and

term nal phenoxy endgroups having structure |. Term nal phenoxy endgroups
havi ng stdiytaithste hhyinB i st nfb@NarSwasit] éﬂ&@ﬁpﬂﬁﬁ&@&ﬁ’th@@d@éﬁﬂmﬁalgener ally.
Ester substituted phenoxy engroups are exenplified by th

e

2- et hoxywresebbnipl phensdytion oo, the- ofigomenty cpeliesnyanstee dreouppoduct
4- chl oro- 2- net hoxycarbonyl.phenox roup. .and t :
4- cyano-l?-%}lr%felw&(fgc a‘gggfgfﬁ%%]ﬁye ﬁg?ql? eéﬁoo(ﬁﬁl.ovﬁﬁ% cn%%r {ll'g é el\]/lg}'?lo%fs()ﬂel%rtveo rlatlé% bstituted
phenoxy fnefeffhis Hhid 8P e préRnLinBE isikyicahhivnydfpligomxic @olumboratd, o
frequently referred. Me Ovwt. |1 The oligoneric_ polycarbpnate

conpr i seformeganby-nradustsesithy etigemens nelysasbenateisdrangiopped Byie g% ic

conmpound ] r r i C conpounds are illustrated by dihydroxy
benzenest,o t%)g%@éa%%F@aﬁD%%{gqm none (HQ, 2-nethyl hydroqui none, resorcinol,

5-met hyl resorcinol and the |ike; dihydroxy naphthal enes, for exanple 1, 4-

di hydr oxyhatdligbraagc pdlycaristinated conyrisas hpdipdastmatearepetthenits laed termdnal

bi sphenol s, for _exanpl e, bi spheno and 4, 4'-sul fonyl di phenaol . The

o1 § Gormor PRETEY SRIEDEH A InES SEEG S0 e BB BEH DS S B 354

typi cal | y ;AR sBOSMERERMAL ERRRa! htange Have dubsiledphbigt _one

bi spheno?l,] sal caiés pgl ycar%oﬁg{ée )r%épea LPF?:J%yg ha\gi ng struct uretpl I RO 4 8

R ~ WR éngrours | aR6 Rixem@liled by the 2-ethoxycarbonylphenoxy group, 2-
propoxycarbonylphenoxy group, 4-chloro-2-methoxycarbonylphenoxy group, and the
4-cyano-2-methoxycarbonylphenoxy group. Among the various ester substituted
phenoxy terminal groups, the 2-methoxycarbonylphenoxy group II is frequently

preferred.

COyMe

Qv

I

The oligomeric polycarbonate comprises repeat units | derived from at least one.
dihydroxy aromatic compound. Dihydroxy aromatic compounds are illustrated by
dihydroxy benzenes, for example hydroquinone (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



R3 R7 11l wherein R3-R1 are independently a hydrogen atom hal ogen atom
nitro group, cyano group, Cl1_C40 al kyl group, C4-C20 cycl oal kyl group, or
C6-C20 aryl group; Wis a bond, an oxygen atom a sulfur atlamifCaiBO2
group, a Go 632eadei phatic radical, a C6-C20 aromatic radi geg/usid/163%1C20
cycl oal i phatic radical, or the group R12 R11 wherein R11 and R12 are

i ndependently a hydrogen atom C1-C20 al kyl. grou C4- C20 .cycl oa] kyl
group, GYP‘@iﬁg’@?@taﬂﬁlﬁ’gﬁ?aégﬁat%ﬁpﬁffn&ﬁ geﬁ{%] g%‘ﬁ@? Ieast ‘?Dgft}ﬁpge‘éi’-

cycl oal i i i Wl AN T | substituted by one or nore Cl-C20
al kyl , (% 6’%”%?3 G%C%ﬁ%z%ﬁg%tww%% C20 cycl oal kyl groups, or a

conbi nation thereof. Repeat units having structure IIl are illustrated by
repeat units present in bisphenol A polycarbonate, bisphenol M

pol ycar bonat e, bi sphenol C pol ycarbonate, and the like. In one enbodi nent
of the present invention the_oligoneric polycarbonate conprises repeat
units having structure |V 9R]'§5 DEC 2006 03/ 106149 PCT/ US03/ 16354 H3C
CH3 0 OO >V said-repeat uUnits IV being derived from bi sphenol A 1n an
al ternate enbodi ne 1thf t hel presenpy i nventlj on thebeI i gomertjc pol ycar bonat e

conprises repeat umi't uctoves” | YRgpe”V 024 S O Il | OO V said
repeat units Vbeier :

il

wherein R3-R'? are independently a hydrogen atom, halogen atom, nitro group, cyano
group, C;.Cy alkyl group, C4.Cag cycloalky! group, or Cs.Cao aryl group; W is a bond,
an oxygen atom, a sulfur atom, a SO, group, a C;-Cy aliphatic radical, a C¢-Cao

aromatic radical, a C4-Cyp cycloaliphatic radical, or the group

R12 RrM
/
\C

wherein R'' and R'? are independently a hydrogen atom, C;.Cyo alkyl group, C4.Cao
cycloalkyl group, or C4.Cy aryl group; or R" and R'? together form a C4.Cyo
cycloaliphatic ring which is optionally substituted by one 6r more C;.Cyp alkyl, C6-Cao '
aryl, Cs.Ca; aralkyl, Cs.Cyg cycloalkyl groups, or a combination thereof.

Repeat units having structure 111 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



The solution of the oligomeric polycarbonate used according to the nethod
of the present invention conprises at |east one solvent. The sol vent may
be a single solvent or a mxture of solvents. Typically t hel 5B86/8
present i Wa#ésgosabuti on of the oligomeric polycarbonate cpopusmsasssir om
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 exanple a solution of oligoneric bisphenol A 10 15 DEC 2006 WO
03/106149 PCT/ US03/ 16354 pol ycar bonate conpri si ng phenoxy endgroups |

di ssolved in ne | salicylate, said solution being about 40 percent by
wei ght of sai d jol i goneni;c~pol ygar bonat e and about 0 percent by wei ght
met hyl sali cyl %i vet'y3the solution may cdnprise nore than one
solvent, for exjpnple a sol uhyon of oligoneric bisphgnol A polycarbonate

ort ho-di chl orob
about 40 percen e pol ycjar bonat e, 30 percent by
wei ght ODCB, anp )& ; alicylate. In ;one
enbodi nent of 4 ' ed according to the
nmet hod of the pfesent invention conprises at |east opne ester substituted
phenol having ptructure VI CO2R1 I~ OH | (R2)b | wherein R, R2, and b
are defined as In structure I. Exanples of ester-substituted phenols
havi ng structure VI include ﬁythyl salicylate, ethyl salicylate, butyl
salicylate, 4-chloro nethyl salicylate, and m xtures thereof. Solvent VI
may be recovered and reused. For exanple, ester substituted phenols such
as Vi . : I £ : t i QSaRA offake ester
substitu lgg‘% Hiéagrq@lﬁ??g%%%? éeﬁs\;e\?hq?% I h%ﬁi%& ?gﬁﬂ“gfécgggﬂgd to 1glrw'tengare

ol i gonerthepresdny drarehtion thesolignmpericpiohygatbenate cainppbwerepeat units having

structures IVand V

[ —
O,
S
)Ol\
O 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



groups having structure 1. Typically, purification of the recovered ester
substituted phenol is efficiently carried out by distill atigl? C‘I’ﬁ@ sol vent
used according to the nethod of the present invention option P@ %nprises
a hal ogen®(eeB/106H69i phati ¢ sol vent, a hal ogenat ed aronmati c BOI/US03t16354 non-
hal ogenat ed aromati c solvent, a non-hal ogenated aliphatic solvent, or a

m xture 11 15 DEC 2006, WD 03/106149 PCT/ US03/ 16354 tgereo{ Hal,ogenat ed
ar omat | polyearhenste; camprising phepeveendgyouns th Sissplved & BSENY sHliEYlaleorfis)

chl orob ' 3 bScSBinaRng aBb &

illust rggég&‘g?&ﬁgﬁhgﬁe%d ée?/feé]?g?‘% }Q%Fgghg)ﬁg%mgb g? d?grlrlet hyl phenol ; and

t he |i k@0 petdahtdgenaipgatnetiyb bdicyiates ohMenatively theisblution mealy edmpysereelty | ene
chloride; chloroform. 1,2- dichlorpethane; and fhe |ike. n-.hal pgenat ed

al i phat thansene syantafer e¥ample 280 106‘y°1‘a%]t1$fgﬂ‘31°, {”égléﬁ“Bﬁz‘ p&?mtfoan%%et ate,

cycl ohe ' | \‘r“e'ab@dé Rbur®of th@o R @G TBenzeneent i on t he
sol vent ééﬁgﬁ%i}%?ﬂg%%fiegg%&épsmﬁx@%é 0 aqﬁafu(ggé)nat eg aromatic solvent and
an est e(OD@BYtant uhetylpsutinglate, §2d selutiompbeing abotxdOureecept by weight of said

AR St e o S R P R I

effecti %i%mnpgt%ggji&ga@hai n growth of the oligoneric polycarbonate during

t he extrusTon. e transesterification catalysts for use according to the
met hod of the present invention nmay conprise oniumcatalysts such as a
quat er ndnyongremhedimentcoffhsuprasent inysatien ther solyms sprrdoved AceFAISJAdRC or a

m xture thereo aternary.. | J :

{r anseotBATToat s esnLry it Saie} AJPRE SRS SLob B a bPnc BRRE

i nvent i Gyruttied Vile quat ernary amoni um conpounds having structure VII Rl4
X~ RI3 N R1I5 R16 VII wherein R13 R16 are independently a Cl-C20 al kyl
group, C4-C20 cycl oal kyl group, or a C4-C20 aryl group; and X- is an
organi ¢ or inorganic anion. C02R1

lI\

<

VI

OH

(R%)p

wherein R', R?, 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 V1 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



Quat er nary amoni um conpounds VIl are illustrated by tetanethyl anmoni um
hydr oxi de, tetrabutyl amoni um acetate, tetrabutyl ammoni um hydroxi de, and
the like. 12 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 Quat r5rD§|E>ZUUE
phosphoni W@ @afpdands sui tabl e for use as transesterifcatiBu/osBabisst s
according to the nethod of the present invention include quaternary

h honi ds .havi t | X 5 120 R
R o e RN R G e i
cycl oal kyhcgf)oWhlorberBend4mE2theallikk. JN#Phalegatéd ardniatic osodenisc awy

i norgani c ani'on. Quaternary phosphoni um conpounds VII| are idal (lﬁ(t rated by
t et anet fiyuspiatedpby iplwene, hyylews | andsole,epheslit 96 hmethiipheant aedihg dike.

tetrabutyl phosphoni hydr oxi de..,and. t j . Mb_and VIII,
the. ani StRGeenERd aphc AR fF SRR Bt Bns bloRb uhioe SR 1.2, 200 of
hydr oxi dgonididbinge; #ar heXikeat MonHakipexitde aliphdticondtents areliflattmfedclay bonat e,
and bi carbonate. Wth respect to transesterifcation catal ysts having

st r uct uretisnol, peeipre, ethyl acetatpayelokexaneng, agd(the/lfeent ani on such as carbonate
or sulfate it is understood that the positive and negative charges in

structures VLI r : d B5RAPRER a thiRture
t et rabut@loBﬁgggﬁgﬁ?eLA%btt&r% g?]sg{@ﬂgﬁxﬁloéﬂ% g&ggg e} R{fr uctgi?e VIIl are each
butyl grefupsaiepehated aeptaticesalend andranoestdresubstitoted ihenols fomer@mnleod t hat X

represents 1/2 (CO3-2). Inh one iment, the.trapnsesterification catalyst
used is TIXWRET ﬁgpq)—g;p)héqrolgenz f@ﬁgb W‘EWFEHWXIS%DOUM, a quaternary
phosphoni um conpound, or a mixture thereof, with at |east one alkali netal
hydr oxi dfpe ghibleAificAfint &tif@s‘t%seﬂ')ﬁ@é&&h@% BE plesefil Miveiitiont inay dofanyFor
exanpl e, a mxture of tetrabutyl phosphoni um acetate and sodi um hydroxi de.

catalyst effective in promoting chain growth of the oligomeric polycarbonate during

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

R4 ©
o s

|L16

VII

wherein R" R are independently a C;.Cy élkyl group, C4.Cyo 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



13 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 O her transesterification
catal ysts that may be used according to the nethod of the present
invention include one or nore alkali netal salts of carboxybiliCd8léds, one
or nore wWkelioe@9earth salts of a carboxylic acid, and m pdtmoss/1633er eof .
Such transesterifcation catalysts are illustrated by sinple salts of
carboxyljic acids_ such as sodium ace e, cal ci um st earat like.
Addi t i oﬁ%‘la?e\ljf,’awk"am%c’ﬁﬁl%COM&ug%%a?lfa% Tor 45 (s rkéﬁl’ﬁ?s‘%?ﬁﬁ%tg%ng‘@%?%gni c

pol yaci decdiBie S8 tHE rAsth6d fdfahe Hresehidivesti@! iﬁc!\ﬂ@tcilﬁfbm&?tp@bspﬁbﬁiumcor di ng
to the nmethod of the present invention. Al kali nmetal and alkaline earth
met al sa@bmpowidsdaymgistrupirgy ¥&ilds, such as et hyl ene di ami ne
tetracarboxylate, may be enployed. Salts of organic polyacids are
illustrated by di sodi um magnesi um et hyl enedi am ne tetracarboxyl ate (Naz2My
EDTA). In one enbodi nent of the present invention the transesterification
catal yst conprises at |east one sakg of a@hon-vol atile acid. By
"non-volatile" it is neant that thigd 'dcidXrom which the catalyst is nade
has no appreci abl e vapor pressure yun@er nelt polynerization conditions.
Exanpl es of non-volatile aci $Zanpuderﬁosphorous acid, phosphoric acid,
sulfuric acid, and netal "oxo acid$" such as the oxo acids of germani um
antimony, niobiumand the |ike. Saﬁ?g of non-vol atile acids useful as nelt
pol ymeri zation catal ysts accordingtto the nethod of the present invention
include alkali netal salts of phosphites; alkaline earth netal salts of
phosphites: alkali netal salts ofVPHosphates:; alkaline earth netal salts
of phosphates, alkali metal salts of sulfates, alkaline earth netal salts
of sulfates, alkali netal salts of nmetal oxo acids, and alkaline earth

metal salis of_ metal oxo,acids.. Speckfi | gs ~of -, volatile
Dol ds © oeheal R RadsRis G ok AR, E2 iR Ehnpaf
NaKHPO4, cNa o K@BHIRAS aNarbafit, or Mednigddc aliabb (8, Li SbG3, KSb03, :
My( Sb03) Z%BI\IaZGe%g%L}ﬂ(KZGeOB?aLi ZGeO??,r My Ge03, My2Ge™, and m xtures

thereof. Typically the transesterifjicati,gn catalyst is | oyed i n an
anount c@lflﬁ%g{ﬁ@hﬂhgﬁﬁht)%‘u“b é?%‘é‘ﬁ‘délt}@:!llt arfl_lguggraiqglw iﬁﬂhg@%ﬁo X%mfg" 3,
pref er abj, c}rpﬁhg\eﬁﬁalﬁ}ggpg? hgn?fmi]-Qée@até%ﬁab@ﬁfﬂﬁosﬁh&ﬁﬁmﬁ%réﬂiﬂ@%n@fthe

transeste ication st per nole of polycarbonate repeat wunits
derived fikem aromati c di hydroxy conpound present in the oligoneric

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 tetrabufylphosphonium carbonate where R!” —R? in structure VIII are
“each butyl groups and X~ represents a carbonate anion, it is understood that X~
represents ¥ (CO3 2).

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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pol ycarbonate. 14 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 Typically, the
ol i goneric polycarbonate enployed is prepared in a step involvin heati ng
a di hydroxy aromatic compound with an ester substituted diaﬂﬁME&gWﬁonate in
t he presemp@ozfostast r ansesterification catalyst. Thus, the pepgt@nesssare
conbined in a vessel in a ratio between about 0.95 and 1.3 nol es,
preferab“¥ bet ween %Pout 1.0 and _ about_ 1.05 noles of ester substituted

di aryl carbenitescpieniipaiion eatalysts fhptoRgy he wned accordingni thgmethrd oA Wint of

transest erifl Y S ' - 0, '8 and
bbout 3 Dt Givefonf MoiesbnE BPLNE AUk oEAIERE PR cidh, B B 204

mol es of momnakaliee i darthatsalon afababytboxybier acid) endf mikkthyedr theyeolir oSath ¢
conmpound , enpl oyed, Upon heati the.m xture at one or re.tenperatures in
2 range fBRFE BRftom eHRYES 2imUletae & Sipplersaltngl 9ar89’951%a6§&[§tsu 8 to
about. 300ddini doehte dalci Y e TRl AN Hid rRHBiﬁGRa‘ﬂér, HAQfF A QRa ikaRRO

reaction occurs to produce a solution conprising’ an equi ium m xture of
product ofarthometal csajts| 9ft argrmiatpelyabids mapdene &s efficientbgansesterificatioenol

e

car bonat eearthithétal sults @F 8fgadist pSlyaids, 6N ds! RyAreHaminkQettRAATAPER, maypi cal |y
the equilibriumstrongly favors the formation of product oligoneric

pol ycar bopeaemployed. bSalisrofdorgenisspalyacidsharei illusteatedohy ndisodivan oragyesivtaces of
the start] terials ar e ‘“equilibrated” product m xture
may t hen %tggF@F%’H&%é%rﬁcﬁ%gxglg?eo@?gﬁgﬁW‘é’ng extruder to effect renoval of
t he by-product ester substituted phenol solvent while converting the

ol i goner i n gie! erelaudivaest of the tpPesantingErétfonthé Gandesterifiedtipht catfdysh do@prises
pol ycarbongte. Because, the transesterification catalyst is typjcally

nei t her YdfAshmsaltPiaRensYRIptieseKh | Bn nonaplatdy” it ismedd tht thsacidfi r usi on,
there is {HRhCEd Yeatdhht "REUnAR afd dggdhﬁﬂtrgaemec r{tﬂrg?fesg%i deR ¥ hfeltS1 ON-

Wiere no additional cat.aﬁe/‘st I's added, e anou catal yst present
duri ng expolyseozationepndidiops.c Exaniples of somgolafile acislsésclude phosphompey acid| e of

e N O
expr essedgdriafifing Snfiloay YifibbiRe! anithe lide.NS&tsuNhoAvIRIE Gci8O GRS melt
polymerization catalysts according to the method of the present invention include
| 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,PO4, Na,HPO,4, KH,PO,, CsH,PO4, Cs,HPO4,
NaKHPO,;, NaCsHPO4,  KCsHPO,4, Na,SO4;, NaHSO, NaSbOs;, LiSbOs;, KSbOs,
Mg(SbO3),, Na;GeOs, K,GeOs, LiaGeOs, Mg GeO3, MgaGeOy4, 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 oligomeric

polycarbonate.
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Typically the ester substituted diaryl carbonate will have structure I X 15
15 DEC 2006 WO 03/106149 PCT/US03/ 16354 CO2R1 CO2R1 O Y O2)b

(R2)b Ix wherein R, R2, and b are defined as in structure .bﬁdﬂﬂﬁ&ldltlon
t he di hydwskgs/10ar49mat i ¢ conpound is typically, though not ROCTAES0S/16354 Ieast
one bi sphenol havi ng structure X R5 RO R4 WR8 HOR6 Ro OHR3 RY x

wherein R3-R10 and Ware, def] as in cture | | n_ aone

the met oGy ﬁ’@ oigarastic P 8’1"7 prate & (I)}i e‘§ prg?aé?)d P})a %%’amvﬁgg‘%dm xt ur e

gorrpr : siy {ég% a ldBfRtko oﬂfam!‘éﬁﬁ’xg x?d QA L nCestep FNRHed aﬁryl @afbefiats ibst i t ut ed
lary |

CAr bonhat € “anda transest cation catalyst at a tenperature in a
range bethmmewdeomﬁa n@ﬁﬁsmmﬁcaﬂumut:atal@ﬂc ThJJSp thevieaeianis §ts mmhmedom &n

I I t tit d St
(115 extveses o S ibaares phnh o SR LadiEs s pEan iR PRE e le, = P
> 38?} ;} éﬁ ot 105 %50ks @Fes‘?é}%u%tltﬁﬂ%ﬂ‘%hérﬂ%%oﬁatérﬁ nidle 8f dlﬁy@ﬁxybabmﬁm about

about 400C, and at one or nore screw speeds in a rang et ween
about 50ccamgbuatioThe BaGONt pfijransegterificatiog catbst employed yﬁd@M@nFﬂbw 3/ 16354
x 10® and about 1 x 107, preferably between about 1.0 x 10 and about 2.5 x 107
moles of transesterification catalyst per mole of dihydroxy aromatic compound
employed. 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 polycarbonate 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 dihydroxy aromatic compound.

Typically the ester substituted diaryl carbonate will have structure X
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said extruding being carried out on an extruder conprising at |east one
vent adapted for solvent renoval. In sone instances it nay be desirable to
renmove a portion of the ester-substituted phenol formed dutb 8EC €068

equi | i br awios/106149 he nononers. This nay be effected convaurEudosxcisy
heating the m xture of nononers and the transesterification catalyst under
vacuum typically fromabout 0.01 atnospheres to about 0.9 atnospheres, and

distilling off a portion of the ester substituted phenol. As ester
substituted phenol i sC@I'Rﬂi | led fromthe m xture unqer goi ng the
equilibration reactiof, the nolecular weight ofC®bHR oligoneric

pol ycarbonate will tefd to increase. |f sufficifent ester substituted
phenol by-product is e nol ecul ar wei ght (M) of
the polycarbonate
i nstances in exces . in one aspect of the present

i nvention a m xture i i y aromatic conmpound is
reacted with at | eas | ¢arbonate in the
presence of a transesferification catalyst at a ¢ égature bet ween about
100C and about 300C and a portion Qf the by-product ester substituted
phenol is renoved by 5§%illation.1Xhe equi libration product may be a

m xture conprising an ester substituted phenol solvent and a pol ycarbonate
conprising term nal phenoxy groups having structure | and having a nunber
average nol ecular weight in excess of 5000 daltons. This equilibration
product igeréiher', fEY d4n@ baardedetinedidsi ini stgictact rludén adiigion] thet tibydroKycar bonat e

is converted to still_higher_  nolecular i ght. product . pol ycarbonate, said
product 35emngtica corBRRNREl rﬁagbipﬂf‘g‘né(’ Hhaqygh QOé\?ﬁ‘?a}gf atef?ﬁﬁta?)‘b? hﬁpﬁ%{wf‘éwﬁéva of
Fries produgct.wand a low [ evel of residual solvent. [In one enbodinent of
the present 1nvention, a portion of the ester substituted phenol forned
during equilibration is distilled fromthe m xture undergoi ng equilibration
and a like amount of ODCB i sgadded to provide a solution conprising a
pol ycarbonate having a nu r average nol egul ar weight in excess of 5000
daltons, ester substituted phenol and ODCB| This sglution is then fed to a
devol atilizing extruqqé wher g p RS converted to a
product pol ycarbonat e haw wei ght, said product
pol ycar bonate having a Fri ppm an endcapping | evel
of at least 97% and less| ight solvent. Typically, in
i nstances in which the pe e ilibration reaction
HO St

wherein R*>-R'® and W are defined as in structure II,
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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17 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 has a nunber average nol ecul ar
wei ght in excess of 5000 daltons, it will have a M value in a range

bet ween 5000 dal tons and about 15000 dal tons. O igomeric pbl JE@ilipnat es
conpri si nWOoeg¥Ws149ubsti tuted term nal phenoxy groups | neRClBSOEresar ed by
a variety of other nethods in addition to the equilibration nethod

descri bed. For exanple, oligoneric bischloroformtes of bisphenols may be
pr epar edaid eytrndiagttiemng cdrrioth@uben ap extrdes m@msglgvattlwsmzfs\g’@ﬁg@ er
interfacgial,conditions in a nethylene chloride water m xture at | ow pH.
Such bi @WPBVFB?’@F'%’PQS may then be further reacted under interfacial
conditions with an ester substituted phenol, for exanple nethyl

sal i cyl a4 QomkGnathh&Wstit aRay bé GeSRbleC tPBeas hposticn obhtherdser-ngbstibest
substituted term nal phenoxy groups in nmethylene chloride soluytion. The
pr oduct phendl gormaed cdusingy ter %\%‘éﬁréﬂ% of dheIPeNPmERS, t HEh IR ‘%%8#%%‘?‘% to the
nmet hod of t r . y S | lspt er f aci al
react | ononafoyl B2 fiting e BLAR, offfbelSorih; BsRHTAn cAASE

~pol ycar h@dat eacutimg tgsicdlBsirom abash0.0f atradsphsres no whouth).9 Aasphenss, ewd chl or i de

solution _of the oligonmeric polycarbonate is shed repeat ed 1.t h wat er
to renmovistieg off %h‘l’@ﬁmdg.th‘ﬂﬁﬂ%‘rs“?ﬁf&ﬁteéiH}@Bﬁls}tﬂgﬁé\%t%‘f S“%g%f ipglﬁléc\f%%at al yst

may be r ' NaTe? ' dRioh Othe id1ddaRr wRkdbt USi on
step. | n(ﬁ%ﬁigag%orgggenen t};@:ﬁ%ﬁj@%ﬁ%&%ie ﬁ‘é’fgfaﬁiﬁ"gﬁ%? ghhj ﬁstoppe; is added to a
sol ut i orofahe atigometigpobycarbopateywitlrtond 4o ncreaspr i1 suificisst estersybyitntedt ed

et ng. Y ribeaeh. Py peTet o remat i HRTEY rirhee HEFGRRR RO B8 S Tren

subj ect egh i Qrisorate proalcOfug| it inl dxeadsi N5000 ahlidistard idr @acinstapasyinar bonat e
i ncor porating term nal phenoxy groups derived fromsaid c¢hainst r.

: oppe
Sui t abl eexeessobliBO09 sladtonpheHuls, &hane SpRshHisthe fupssab ipveatien |ap1H8ﬁ€‘|% and
cardanol . The exfruder. [ 0f t
hvent | oiPTRIARE b [HSCLURGH RRGREE dlpndleld S SRIIP G ah St BlSRREE
ext r uder supgtedd diaeyl s@bandt iingthe sprosenantafah teensestdrificafiors chtalyst af rom a

pol ynmer-sol vent mixture. The extruder, t efqre st sess_at | east one
and’ pr ef EMPSTAjuTg I{ft‘@ﬁ?‘bf"}_’% M98 6?‘? 9%??%“330@3‘[&65’8& p‘?%lf’n _é’gﬁ]\?/ae 'plfog%tval .
Figure leqhl QUESuteddiiinbl 84eRoved by distiich. IENOEiibrh#éBroduct may be

a mixture comprising an ester substituted phenol solvent and a polycarbonate

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 comprisirig 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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extruders and feed systens suitable for use according to the nethod of the
present invention. In one enbodinent of the invention (illustrated here
with reference to 18 15 DEC 2006 WO 03/106149 PCT/ USO03/ 1638 fpgoure 1)
react ant swaee¥msi49ubsti tuted di aryl carbonate, di hydroxy apomneseasszenpound
and a transesterification catalyst are conbined in a reaction vessel 10 and

heated at a t erature in range .bet ween 00C, ar 0 300C,
pr ef er aBf§2 BB ﬁver%ﬁfoﬁlloiefggﬁ“ﬁéﬁ%(%‘fesﬁQggﬂ?&g%al nﬁrlgg@gpe %%A\R/een about
1 at nosRhQE ¢ ARGt BetiechG008IRGRNHABoutPI500G BakI. bet ween about 1 and
about 2 atnospheres, to provide a solution of an oligomeric polycarbonate

in an ester substituted phenol. The solution is transferred b ans of a
gear puiigbmevic pobyqarbanaler eamprising exier substitpis terpigl phenoxy 108t een

barrel, vented, twp screw extruder .Saiqg: . i crew

desi on’ P berteparit Py A S Fhorigs i oS K IR IRFRRRTALED! S0
and abolfes4de&: Fopéﬁr%ﬂa,bénégdwrmsbhmmmaﬁgaaispheabrsunaﬁmpmd a screw
speed between about 50 and about 1200 rpm The soluti.on isg..introduced into
t he upsthyasantion g oae obamqre bisphenclpwith-phesgsag HaderdpieHAdalAo8AYORHE %xt r uder

i ndicate_t r t (wad en B@rrel two
is | abelr%%ﬁgﬁlge ?ﬁlﬁg% %%?%@%gml%gaﬁ rlgf%s15 % %P cg%cﬁgro%ﬁgﬁgfg%?;ﬁ The extruder
screw degitie RActednsidet Sintdrfacah weyditigns ovitwar | estee ndubstitutedughenal, der by 32 and
m xi ng sections which_include %n%fr ni t'a,al m. Xi ngﬁ;‘_{%cti on 34 .and tfe ur zones
of i nt erf¥empiscmetvisaliqyiateeiq atgey an SLgaRmFRH e RR3te FORPNEE SR&ti ¢ vent s

40, . . ' chleri )
sal dsu’ﬁ%ﬁﬁ%ﬁ %fn%gﬁ?\f}%ﬁ?@y?{%gﬁ% gne Ryl ed Iﬁg%(ﬂé) EolhiBHRV Athe Gfro@fet €1

substitute eno r volatile by-products fornmed as the
ol i gonerdligopmiiy caolmnagrate iis selotive mad thent e pmwn;f tpdheymgedrftBewi t hi n

t he extruder, .Sol vent rs and other. vglatile by- ondensed
in a shalPSeRhd Bt c oﬁ%gﬁ@érerﬂ&%ﬁf{]gwn?gs F;eff?&?}( r?%:%g}fg%%r g&g house
vacuum 48moThe@ fevh thél 861utidn f 1T thd ig6aiHO POt ci¥bbhatt D av&ties of weshing 50.
Vacuum vents 50 are connected via a cold trap 52.to a vacuungcglgrrp. 54. As

ment i onestepst e whidhy theemethyigaei chlarideotplutian phtheseligamstic DHYARPERGVEde for
intense _ Ni,Xi : : : fchfsthased in the
screw de‘évig%?r%dgg)e%{sedh{]ﬁgﬁ%%%%g@éﬁ %ﬁgﬁﬁgg}ebﬁgg gﬁgﬁlﬁfﬁrﬁgc%gct i ons | abel ed
36 in t hgddtemilv cdadysgmac be rrequimddartdonmg det adided zduming @6just pribieteethier uder .

Said reaction zones are believed to
extrusion step.

Tn 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 technique 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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provi de for enhanced rates of polycarbonate chain growh relative to other
domains wthin the extruder. In an alternate enbodi nent of the invention
(illustrated here with reference to Figure 2) reactants, edtdECdllistituted
di aryl caMW®e4tos149di hydr oxy aromati c conpound and a transpst/esesficssati on
catal yst are conbined in a reaction vessel 10 and heated at a 19 15 DEC

2006 WO 49, PCT/ 4 € 4 glt}g%- m@bout 100C
and abouP? S%%ggjfea&téa SéreaéPg{‘%sg vveede%%a?ﬂg%ﬁf&]% Ogihg%@xg ou tlgg%ig,%at@a

pr essur embet warsstadificstion. caffkt arctoatbingd ihla reattimsydsed 6 anghedted ald y bet ween
about 0.001 and about 2 atnospher |

; es, to provjde Wzol u} Ia%?y 8f an
ol i gorertPBPHaIYR 4R Bofeaee beivesn abepkl 0¢ (han @B‘?‘Ecﬁ%ﬁ ASEIeTaphE DEREER § o
vessel ' rati ' | | r
ol ovat edgrELRFE A LAY 2 RRE R Bl B O st P R here BRDURAL IO ecsel 10
i s connestiespheras, prafotabbnbetween mbeuly 1namd kbbwt 1 2tmospheregnteprowidesad. The

solution s, transferred by ans of ,a ear pu 4 t hrough heat
exchange?OhEB)“\M%@Péﬁ‘rgofnr‘?é‘c%g’g?“B%atFén %g“é?lﬁé‘gftg&e& p@%ﬁ(ﬁ Jgg%’f?iw&é’rls 15 is

|'i nked t I s [ hi : gdimbe a
fourteen Igfeﬁgﬁfy}ﬁg%{géj?gtgﬁyﬁu@ gvvg)%l?ﬁgel? %,Eﬂégl%cg(}%!?gﬁer possessi ng
screw defoureen Birel,Tvemtark twinderew sxtopler 20,caidextmdeepgseassing sereweatefi@dn about

100C and,abqut 400C . prefe | y betwee bout .200 d_ab , at a
scr ew spibalhietigut i B A s i bneh e MIeC of apis 480%

| nt r oducsEferillP beRReHRBOHEATPE AHE aBbutHOPE] at QR rew’sheed betweeq abst S0i Ons

al ong the extruder indicate the transitions fromone extruder barrel to

t he nextandszhoubl20Qurms Thg selutign dxintrottuesd, intrtha pgjresar 9dge o barral e not

| abel ed. ), T Xt r . SC SJ . i e [ el enent s
s 2t g SAbhEghoRhEE BRSNS ARIN BESRIGAHGH 8 REHEY ©
section BraAnd thé quext.zBaasl oo inlabekd M. x(The Banaiding bewtls Bid4 aresnetqui pped
with four_ atnospheric vents 40, said vents be%\r}gﬁconnect ed t{) a ni fol d

42 for riakeled) dhe exytides FESW tdﬁflg’a bHoRsistss 8 Yoy SEHe dtile
by- pr odugf 5@l BB A8nd Bxik SSAUTRE MhiBPInthHRANRLR] nifing QBMR Fadd1t O

product polycarbonate wthih the extruder. Solvent vapors and other
vol at i | efdy-zenes of tistenseemixingl 86s etihé mxtudsnds lequipded wiith founamespheriy whi ch

133 u ?;;28 Qgﬁ% A f %gd %}i{% %%ngfcogr?e%%% t\é%\cr%gﬁéig '{12Tore reem)étvalu(%rstelr SutlsHRREET

phenol solvent and other volatile by-products formed as the oligomeric polycarbonate

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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vents 50. Vacuum vents 50 are connected via a cold trap 52 to a vacuum punp
54. As nentioned, the extruder conprises four m Xxing secti??%@@ggh
provide for intense mxing of the contents of the extruder! are

I ndi cat ed Wonoy/toe149cr ew desi gn 30 as the m xing sections | pOPUSES/188B4 M Xi ng
sections labeled 36 in the screw design correspond to reaction zones 26 of

the extruder. Sajd £ li eved, £ 0. i de,f hanced
e totmmriue: o ARe hapeR Aok 0o i abopt bR aEy e need
g%gg?ﬁé}%?\ﬁglfsje?g%ﬁ 2008 25 Ioﬁ{ é téﬁ%r&%&de’é@%éé&@éomnamtab@mde

e 1 nvention rated here with reference tpo, Figure 3)
nonomer simespheres,sprbferdtly betvadnabplit ¢.80bendabout Anatmdspleasse X/ PVl i ¢

conmpound,  are conbjned ,in vessel .1 and, heated a cein a
range b&PWEen o488 AIZOMSHE PORFAEOHRE 13(5‘66,51‘6[515‘2?5@&%4 yﬁ%’té’f V\ngg_én?ég o(aht 150C and
about 258%31 tl?’%sgédsi}fﬁe@efor %ﬁgﬂa{i&? Bt Stk YikhnieoaAPRASoVdéaked essumns| er r ed

forward into stem t system by neans of gear pu 14 through.
Vessel Tantids eguipped witheqmiixgreld . wi'hé: reactione sesself ) issqonpeqiery Viares en

m xture. Flow netgr. .2 provides for,accyrat t.er i n mxture
of mnoﬁﬁ?%’e%%n‘gWQ %%@FP@@W?& ‘i o ?ut{%elgsfg%‘g%d Rgl WealiDbF £
transestgpl hinGatuGhdash al st cXBidnk® 13d0iadeihahd Stutivyl isabperhedted: dlet nononer s
at point® 3 or directly into vessel 1. The nmolten mxture1 %Ldgononers

opt i onal dxghangepil § 35 Hyked tor pressves cartrol jvalye nwhigh ag guectlyPlpmpsb R 24 vi a
static m xer I nt o _heat . exc . | waReichon vessel
10. Reagﬁopgﬁaf}%agge |Ve %:%ngﬁnrs:gi;%&g% {agg’%abén%&]s&iéﬁg%s?%tsgﬁd i s&gdapt ed
for remoyml TRE eRBidRF isSeiiegited ut £etnpjeedtale wokscarubotiol 0080 aad abbigs 40A¥Aoner s

equilibrate to forma solution conpri s an ol i goner.i ol ate, said
ol i gonerpl’@f%@hlybaﬁ“ﬁéh&b@u'fc%ﬂ%@iaé‘figgo s%Sggg’sﬁlﬁ‘ssﬂet f@&dg’ﬁ@ﬁ?@g‘éﬁgroups.
Ester- s | n SR s | M b apSedaneedger efvameal omeani f ol d
12 which™i's" attac to condenser 44, cold trap 52 and vacuum 30 54.
%Pdséﬂohﬁfﬂ)hgﬁl? Ghe $8IYBRYs irfrotdBETViaEh the @p g uH%P
“Fonal

React i on2¥.eThelsegfientstiorfsurlome theackdpudentindinate the itansitions oy ORgdfhty
nononmers, catalyst or solvents.at .o r Lol 14

Typi cal | 9"“{?3&05%? #e¥bn eﬁ Ve dinabete p%{'yégﬁ%ger?g{l%lﬂgs%}%gagég%% %gt
tenper at yie1R§t PRENARALE sERAC @BiEn390 Gonsike 8D dshiveyingfscodw cpbereanite

pol ycarbonate’is then transferred via gear Aaurrp, 14 via, pr essur e co&lt r ol
val ve 16illustrated by 32 and mixing sections which include an imitial mixing section 4 an

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 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 34.
As mentioned, the extruder comprises four mixing sections which provide for intense
mixing of thé contents of the extruder. Tﬁese 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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which is directly plunbed into the feed inlet zone of a fourteen barrel,
vented, twin. screw, devolatilizing extruder 20, said extru[gﬁrﬁl\ﬁﬁssessi ng
screw design 30. The extruder is operated at a terrperature] & h about
100C and a@0¥/10600C, preferably between about 200C and abpct/uSBA€3s4at a
screw speed between about 50 and about 1200 rpm The solution is

i ntroduced intg th t d f b | 3.. Th fati | th
ext r udei PRMOEE SERETRRET, S (PO RS oo DO e e O BeRe next.
Barr el fsﬁdﬁd@@%&ﬁiﬂ setstitktdd RidrGIBirBoriae, B8 aelyaroky kot ssripduabie! ed. )

t
The extrGder screw design 30 consists of conveying screw el enents
i | | ust r ateedofblind@ in anvessélx] ragd seatadostsa wrpsiatinecinual eangn betveenAboH xi ng

i th an 100w eh Rt SHERE Prderephinam ot Taeror SR Bl L,

subst i t yt g1BheRAlurs YrURBhorAGE WHHIEH iy Yaféfelr&B fordrd MtOHke 2@RGn MO
03/ 106149 PCT/ US03/ 16354 Sol vent vapors and other vol atile by-products are

condenseystem by sieats ofigertnviep 14 dhuwgherVesselviniscoptimalyrauppeddib@ t o a

source of house vacuum or.. operat edat | pheric
vent 40 Ipesanag TN fRe SROGRATIXLYTe) gi%‘?’ n%&i%l}aﬁggg‘%sﬁ%’pgﬁgégiﬁfﬁg%?merposed
bet wveen th&endiRA0mixithet ofZ AitRofieheinke ke dowastkdayh burtiens pf ¢iss system.c ot 1 ol

val ve 16) and the atnospheric_vent. This interpositi ?n of the kng@di ng
bl ock Beangesterification eatalystmay be sddedirithe maolion pipie of OpameErsSA POEY ¢ o

prevent fgxt éi?éclﬁgﬁ.ﬁt% @Eﬁelﬁplfh%%gﬁén ] tﬁfé%rﬁ&%n?e&@@?%ﬁﬁ%@oﬁﬁﬁﬂﬁn@ﬁ escapi ng
sol vent vapors. e extruder I's further equipp wth four vacuum vents
50. Her aragesterifiatisneadlysgisdhtoducdd vis stafiomixepdsiath lwat veabangdnd Sfaadd i nl et

zone the vacuumvents in order to prevent t ent rai nnent . of selids by the
api dly BIBABFIRG eIrGHROn iED 40 VAFEGUN Ve QAP REU AU S0P Envey!

conveyi ng
el ement sy 32§ Qs MaRhteh 46r LBRoVAVEITESREr Qﬁbsﬂﬁi’té’d@?eﬂdﬂ tselviehie forvdt 45 theensel ves.

Vacuum vents 50 ar’e connect ed via solvent manifolds 42, condensers 44, and
col d t r amsn&Rerstequilibtaieitn foumpssobutionseommsisingomedigometic prlyey@anate,saidor i ses

four m xing sections ich provide for | ] X] c nts of
the. ext r ey baSapiheid BRRAsHE, S BhRIRE MHelbhf ol [oRER >
sect i onsguysah@dEphdl shvennds $€GbVEaNSid sdledrt de@Gvalnmuhidoldct2whidsign

correspond to reaction zones 26 of the extruder. Thﬁ reaction 1gues 26 are
bel i evedattashed & Ferdenssr 4dn galdciaap 52 and vacuum pump 54. Reaction vessel 10 1s

further adapted for introduction of additional monomers, catalyst or solvents at one or
more of points 17 and 18. Typically the solution of oligomeric polycarbonate is
heated to a temperature between about 150°C and 300°C. The solution of oligomeric
polycarbonate is then transferred via gear pump 14 via i)ressure 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 350°C, at a screw speed between about 50
and about 1200 rpm. The solution is intréduced into the upstream edgé 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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rates of pol ycarbonate chain gromh relative to other domains within the
extruder. Additionally, the systemillustrated in Figure 3 conprises
optional water injection inlets 60 which provide for enhanl:%aﬁ)éﬂ%val of
vol atil e ®opiseéntds fromthe pol ycarbonate being preparedpcFusmlikyss t he
extruder is equipped with one or nore sensors 70 which nmay be used to
monitor nmelt tenperature, die pressure, torque or other s%/stem paraneters
whi ch i Solventnvapeys brd usther aslatitechy-ppeiuetsi arg wohdensgdtinrm shal éfrddml?é to a

closed | oop control.strat . For .exanpl e, because I e tyure, die
pr essur 8OBFAS gHqHb r@agtel?%ﬁﬁchle‘éig%@nng’é’ﬁdte ?ﬁg?fls? h&c eotéuqrﬁgx%&ae#g ht of the
product aﬁﬂisg{ié{cgggeéh?e. zlﬁﬁﬂéﬁﬂa%rima&mri& ﬁf&iﬁ@ieﬁ sb¥RMaE Rhstioe &nehdingr que ni ght

i ndicate t additional nonomer or catalyst should be added upstream (e.g.
at i nl eblock B¢ isrinterpieed betwesnuthe fead inlet zongs Ghe Renendirestly| VAL RIESHE of t he

product pol ycarbonat e meygi ng fromthe. extrud dj 1 t ruder
used ac Ggll‘t&%iﬁ’é‘{vleo&slﬁgd ﬁﬁ? ﬁ{ggos ﬁertuhgerBT 3@ HPE%Q?ZLL% %fﬁ[hé &ﬁ%g hngn%;‘i’/ e a
singl e $efawL Fe fEHA tiiBl SorRCAnaAWhe ¥iniddgiRdricivent yRVeab pyeveprsemtitheat obne or
nore 22 15 DEC 2006 WD 03/106149 PCT/US03/ 16354 tenperatures iJf) a range

bet ween sehdaeut 1HOQIa the aivnspherGOGHA Y csrapipBsobienhanoTs. sSERCRF RS in a
screw speed._range, said.range bej Lons is per

m nute (% 'fﬁheéﬁ IBB%cﬁfmtfz%gWﬁgﬁﬁlng%g@gﬁsggﬁ%rggg%é%%%ﬁ% g% rpmlsand about
500 r pMinfeidosetd BEtSvesHi thableed fifllet UsRe dtC vactung vénts tiheordat tooprewdnt tthe pr esent
I nvention include co- rotating internmeshing double scné{ew extruders

count er -engrpiaienty of sALiAn ey HesTPHYY caBRBeSAYTE YRR, udery™ PRSI scr ew
rectpr Oqgédt%?o‘?étcroﬂgf);eiﬁ% fe?é}gerﬁé gﬂltg A% BRI mol&RR IGRIyM iftsttheders. |t

is a general princip extruder operation that as the feed rate is
i ncr easegknss fleniseleponMacyuinneerasid iare chenestadewias gekvantmeanifplds ke i n
order to accom"rg&ate th addé#i onal material ,being fed.

th
screw spRBdensers maﬂgé’ofdngai’se JR YA PP P4y P%‘%“FSM’%%.Q%‘S‘{ ed 1(:a o the

ext r uder o, iefes Fdie ntiidt |RBteHs Whieh ?kd\@m litendeOhiGag bbthatcenent of
transesteriftication catalyst. Thus the screw speed and feed rate are

t ypi cal | thej extmdere p@heemere indi¢ated, ibthe sarew (desigaci® ps Ahe IHXRE LPUBonshi p

bet ween lfa%eel(ejd r3%:[ eMixing sections labeled 36 in the screw design correspond to reaction

zones 26 of the 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. Finélly, 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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and screw speed as a ratio. Typically the extruder is operated such that
the ratio of starting material introduced into the extruder in pounds per
hour to the screw speed expressed in rpmfalls within a rahh8EGf006rom
about 0. Owa@/mbmgt 100, preferably from about 0.05 to abect/uses/163sn
exanple, the ratio of feed rate to screw speed where the solution of
conprising an oligoneric polycarbonate and transesterification catalyst are
bei ng i R¢mpdseRY iAta fhASO bEREHREbBE! 14T9C andibeuB40ER! alidiet oxeomgomper at ed at
400 rpm i's 2.5. The maxi mum and m ni mrum feed rates and extruder screw
speeds arww speeds ini mwewpem@eosanbranggbmgévetwm abpyle>hrevelqEomS ¢ 1 uder,

e, OS2t A hAfu o A095E, SRR Mt P 5915, g o

m xt ur e 390 rp@. Ol i gomeric poI ycar bonat e conprising endgr oups havi ng
structure | and a solvent is heated under pressure to produce a

"super heated" solutiagn, neaning that the tepperature of said uper heat ed
sol ut i orExtedgrssyttee f%d}ﬁetaﬁ%‘)régiglti)ﬁt?@?ﬂ‘ﬁ@ 0 ePFFée%thYFéWPné‘id“ég Spheric
pressur i e s GRRRih
pol ycar g’gtﬁlg%{g @m?e{r{ngs}bﬁgb%%@eﬁ%ﬁs a Otftﬁtrg%erdngo‘ﬁﬁ%ﬁ{o%g | gﬂrt\er tha% t he
boi | i ng duwblet scefw tehrudas,veingle atrevateripsgating ex{rudes's, Land. single iserevawties wher e
there are nul ter soI vents present, the 23 15 DEC-006 WO 03/106149
PCT/ USOFCHpsatin&Sitidetn of ol i gomeri ¢ pol ycarbonate is "superheated” with
respect to at Ieast one of the solvent conponents. Were the solution of
ol i gONerj; Gs ROkRAN tiﬁ*ﬂféhﬁe GANGRASr ofdratitnf HEak tREFedlt fat@fis Bridasdd gh and | ow
boi li ng solvents, it be advantageous to superheat the so|lutjion of
ol i goner m*reppﬁ%hmawewﬁw iscrle@Jssme@d mug ke madgonasderdo peeospedaty thee . apove
t he boil] spher ol vent) .
super neatRiPal Herdiel SR RA” GO REE HY forlly, R bEREs B flithel?
achi evedtify ofhﬁatmanadatlhﬁmm fedi e thmd&fudaf,emt}& sdlwnmaf lihe aligomepicessur e

| ess than about 10 at nospheres, but greater han one %%%%Wg %
Super heaP@casmats %trgﬁegpmggﬂ{pp,c@ta at Bﬁ‘gﬁ‘é(ssPﬁ? Ml y
pr epar ed; s)}pﬂ:aﬁg ﬁﬁéﬂé};&x ghi Qe fif ?(gcﬂa?d&{%%’ze 11§ ?e?ﬁiﬁdsﬁi%d)eﬂ%ﬁl fesdchrnger s,

ext ruder ssurl reaction vessels and the |ik The super heat ed
sol uti onamdssdrbmrspeed avgluatend Typically thevextraden mzxpngttwsuchdbat therrasiog®f a

pressure t%&%%;rgétengll 1\1llg-oduce o Séuerx%uﬁgrnltnrpociun & }agr our Vb Hle Sorbl %ﬁgédng

pressure
expressed in rpm falls within a range of from about 0.01 to about 100, preferably from

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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t han at nospheric pressure. The backpressure generated by the pressure
control valve prevents evaporation of the solvent prior to introducing the

solution into the extruder. Typically, the pressure controi HPE‘ S
attached W wteetp directly to the extruder and serves asp %msqazgggmi pal

feed inlet of the extruder. In one enbodi nent of the present invention in

which the ali ri c polycarhbonate gonprising ester-supstitute enoxy
endgr ou gelufign g%ﬁs&w&@a F_%fﬁ"ar%&nﬁg%l %‘E%heﬂéeag Wéﬁ‘t ]iﬁﬂ%?gtjg)aag ]%aséﬂ%e@{: eat ed
sol uti ofye §d1GentoniptiRAts! SWARK BREGIMINNoAblibGASc POIGcabdittef @atiis | n one
enbodi nent, the extruder in conbination wwth the side feeder is equi pped

wi th omsnificanbarsowntsos plodr highwed e bniligaobveptsoitiman e adyantpgeops fhei pal

feed inlet . c rising the.pressure control valve. Th i f S

t ypi cal Isﬁ}p?]&%%?ﬁeoﬁ?i 1 oﬁ&béoénen&p(?%c % A ‘h&eSB?"ég%ﬁ} i?l‘geglﬁstpsg%lﬁgal ve
through i ghovehide Sj_éﬁl%%"ﬁé‘fh@ﬂt SrogsERikifressBR) HCRE DRsREtebdiling solventiuced i nt o
the extruder. The side feeder conprises at | east one atnospheric vent.

Al t er natSupethyatinghef he selution «frihe eligomesie nohycethgnatarinanh be pehiewsdplY heat ed

ol i goner.i c..polycarhonate ks introduced pay b hed. t i f eeder
itsel f iff? é ° ilﬂg(t%gﬁc né%eprﬁgsgg%u wggﬁtartoﬁ p?é%S@% ?egs ép%&agﬁ%@ ?G(; t he side
feeder afmasphefsibut Gitedtel WaA onk empsphate. oBupdrhamdieslitials dffudigeinddc f eeder to

the extruder and the atnospheric vent |ocated on the side fdeeder. In yet
anot her nobtcarhengtes e atsheRnvaRIgRtY PRRared pdt newsewzed| heatwh fed o neric

pol ycar ' u r : ' et ek val ves
whi ch yg%{ég% £ g’éé%té&%’e&g&g%‘gf&%F‘?%h@bﬁﬁvﬁaﬁf’g B R 03/ 106149
PCT/ USO3fup&Bbated dolutiter js dhert dntvdubede ito ual atevalatllising ecxftrmdete throughe aheat ed

zones of the extruder_ar t ypi cal | perated.at one.or nore te ratures
bet ween RIBSYEC 9® a'ﬁbveag%w@%ec@ “‘Fﬁe"a Nephaydng Bﬁr%r@aﬁu&eﬁgg@% ruder is

oper at edal afindsPARSE prddfiie DEMEBEEKpARSHE pehbidfedasyiha Pediburd COkEol Falfver s to the

heat ed zones of "the extruder, it Dbeing understood that the extruder may
conpri sepibetiis eespottionnef the keluen grigp treintrotheing theeyohetinndatostbe extrader-of

ol i gonertc. ar bonat e SS r h, & We into

her codtSRae AR mERERE s BRRT St BiEhbd st ity G gl

af or emengdraaad the Peimpipal feedviakt 8f tie etrudenDRPbSY embpdiarstiothe Phasesiol vent

present in the superheated solutjon_ of oligoneric polycarb n%te under goes

sudden afyentigs iy which the oligomeric polycarbonate comprising ester-substituted phenoxy
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 introauced 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 aitached to the side feeder, the
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evaporation thereby effecting at |east partial separation of the oligoneric
pol ycarbonate and the solvent. The sol vent vapors energe t g@g@%é}he
at nospheric vents. The atnospheric vents are attached to t vapor
mani f ol d WWO®AEF8nser in order to recover solvent and prRUEH$03I16354
adventitious release. Additionally, the extruder is equipped with at |east

201 vent CHONGFcAipcRP T IRKRgA SHLgE drdbhon PE DR conssartite grcist B o
subat m@g@&mﬁ BIERE roq}eaaf??&eft@%&ag%@ bBRFRh Ab&R TOUREMEMDABNMoCand are
a u 0O a i ,

mai nt ai rom abo preferably fromabout 10 to about
29 i nch@e eXpression Urwhesinmbasaxtedebis aperated mmageuperatirahetwesg abaduum ( as

dt ' i cal l tt
vhbuum JORCand wonn e et dibs e edior ohie exiradett Bopp e anc s of
the prespnty &\fﬁ@&ff@gy;eg@ﬁaﬁwbahh%a&e@aﬁ@amgtealzba&nerI c pol ycarbonat e

solution 1s belng ude co-rotating interneshing double screw
extruders, counter-rotating non-interneshing double screw extruders,
si ngl e Stheesupeshented csvdutiony of wligomieris polynarbenaig [pessse terugly Aby BESPFOCat i ng

extruders. In sone instances, it be found .t t

pol ycar ﬁ(‘)’ﬁg?lev%?’%b%tf’e@‘e%f:‘g gt Qﬁ% e’ftﬁlééeﬁequ'ﬁ% Iag‘% t{’ E@e g#egggré]t()fitﬁ?/ent ionis
of i nsufdrbehRAtionsal é_&ﬁféb%ﬁeﬂées}&ﬁtis Qf atﬁiﬁisﬁhéiﬁc pre@QreTUThe @flvénh gresaitient
originally present in the solution of the oligoneric pal ycar(gona e. In

such i nshasuperheatednspiptionnpfeeligamerichpolyeasonete padsraaspdden 28¢ 1P second

extrusion_on. or L.Lferent .d t il J.7d t &4l leal l'y
osul £ s RSO0 MRS sttt o 5F Tt SR bR B T gl

pol ycar hsylpdagbdnate 1@l fie sohveemeadhd soblercudpars sméghithmngh ther thospuricevel of
resi dual solvent. Thus,.in one enbqdiment of the ﬁres

sol uti onvedis ahhe BMogARREIS Yeniudry AlreisA 42 & selyRpryapp ﬁla{‘ﬁ? hﬁ‘lﬁ ?‘l’gﬂ‘i@éﬁ%’s ﬁavi ng

structur S 96t hveHaMOhtdIddsg atAqittisnallyugieon at a
t emper at%r‘lérdgig?ov\g%c%gg gﬁ%e%o%%lgiﬁd about 400C on an extruder uni pped with

at | eastexindevisrequipped veth dtdeass ohe/vent opersted\ab bubagmpspberieipregsire whicha|
product pol ycarbonate.. The initial, produgt polycar.honatex,.l
i nt roducggﬁv‘%gﬁ%eraogee%?}mf‘q&?f Femgyed ‘@’8%‘%’ g‘&a@%yp&?{l? l‘J’%@trs' Bleelhﬁé)%%%%dpped with

at at subatmospheric pressure are referred to herein 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 oligoméric
polycarbonate. In such instances, simply subjecting the product po]ycarbonaté to a

second extrusion on the same or a different devolatilizing extruder typically results in
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| east one vacuum vent. The second extruder is operated at a tenperature in
a range between about 100C and about 400C, and at a screw speed in a range
bet ween about 50 and about 1200 rpm The method of the prekgﬂECZM@ention
may be caWw@ed1sH9 i n a batch or continuous node. |In one POLUSIIMESHM, the
met hod of the present invention is carried out as a batch process wherein
nononers and transesterification catalyst are equilibrated in a batch

react or atPoduet PocaBbhkie Raving ah hcredsed ansbedutar pedight and o medueed Ferelofsol ut i on

is then fed to a devolatilizing extruder and the pr.oduct .nol ycarbonate is
i sol at edesigial polvert. TBiuln @iy abodimesiRidhe RresetBYIHE-2 thﬁgnrﬁéﬁﬁod of the
present . i : ih P Y@tk 1QE8 e SoMBsY ei n t he
m)nomarghgélg%c% gllyggrtﬁogaﬁeec&r@@?}%ﬁ%ﬁ%ﬁ@a@ﬁ@g@? (Q)\?lh nd theqsol ution of
ol i gonerd sutgedtyd & Hevditiizatior extrisioash yemperatmuesbbtieanatout d A Cnansls

reactor. Thus a m xture of BMSC, BPA and, .transesterificati | yst nma
be fed ©BoWnA0QERdoBfan,extpsier RCEVZ Vﬁghi“?ecljeaﬂ) owe VP’étn?)‘{éh‘ng?u}r‘og%Bglt%b\ge% abpu%/
160C an(;ex?lg%itto ég@ﬁle 4h ﬁﬁ*a‘f‘éf&%{ﬁc%ol%r&in‘a&‘? ”ﬁfe'iﬁtial}ﬂﬁbmpbl@%b@lac@np“ si ng

phenoxy “endgrou ener ge e opposite end of the "tube reactor and

is fed tiptlendevadwtd inteiarsgeandtaxtrider, $3id secomid chtradas bging canirest wih ét
pol ycar Bonat e. | st ood

t is und especi ally for Lt i the type
pr esent dEASt ANE HECYUT VER: eﬁ?%ﬁf’gﬂft‘q S’ﬁt?“(feﬁ &% OpIPied ?ngter{l egﬁ%n@%rraggeenpl oyed
may St r QRekYentioff 106°0ana 0887 40086, &d atbherdw §Redin PRhyebethoantteut Thus, it
Is frequently desirable that the nononers enployed be free of, or contain

only ver5p dridwboutil2opnt. s of , contami nants such as netal ions, halide
ions, acidic contam nants and ot her organi c species. This my be

especi al true d ' Is - ' L SKBatch &r TonSimract di sks)
wher e C’Jc')%t gﬁ%ﬁgngga%?é%g%t lﬁvﬁlﬁgq{g@?%ar oé;t\lgét)lletq(&:lan %ng fect disk
per f or mameas. Ty pine @mbodithent, 6 hEthBEGT 200 Prese®d iBGNLI0B is} SarFiel /OWEa8A 16354

concentration of nmetal,ions, for exanple iron, nickel co ium and
pot assi UPAICh BrosEwsnvhergin HENGRHS aaf fféﬁ%ﬁtealﬁﬁéﬂ%%%ﬁﬁ afF 3%1*3@5% ?%‘ém
pref er ablatl &3, of SR I ution SHRAR BhEbridhd olg&ﬁﬁmﬁfe?f'ﬂﬁsﬁ\éﬁhytidnas sheshan about
100 parts per billton (ppb). The ambunt o alide ion present in the
pol ycar bfedatoes devolatilizinglesirfidercanddie rrhduntinedycarhgnage dhiigplated until the
solution is consumed. Alternatively, the method of the present invention may be
carried out as a continuous process wherein the monomers and catalyst 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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lons, should be mnimzed in order to inhibit the absorption of water by

t he product polycarbonate as well as to avoid the corrosive effects of

hal i de i on on equi pment wused in the preparation of the polycBilbiibtt e.

Certai n apf) 03¢@6149ns, for exanple optical disks, may requPCEUSSME3SHOW

| evel s of halide ion contam nants. Preferably, the level of halide ion

present in each nononer enpl oyed shoul d be |ess thzca}n aboHt Jt?fgf)m The

pr esenceonsentzation of metplions, fos examaple dpmrkel opqbalti OB AGA PESEETYE whi ch may

be present .i.n.bi sphenaql b Wty | ionly

m nut e 8‘%?8?1}%8% th%dﬁg%oggé}csﬁgg a y]s stﬁgﬁbﬁggpéggﬂﬁeﬁrﬁ@%lgﬁlgg%z ation and

subsequegpin analsyilMehdrepiéforblyslesihan Eyvan 180 pars perdviibiont(pptf). dhe awpditc i npurity

may have a | arge effect on the rate of oligongerizatj.on andtgolg rization
y

si nce i of heliderienpresentin the pelysarhpRate fongamninpende, falogdeand hram Iyst

enpl oye? nsE 8% be mﬁixﬁgﬁ&ﬁj%'%}’de?fto it ﬁ{ebéjdlﬁl&ﬁ%n to? viRg3d8e prodatigh

t enper a ?Jl’é, o exanple during nolding, wth concomtant |oss of nolecular
vei ght palydarbosatelasredil an te avoidl the esrsive reffegts wiftHalitle dorp pr sawp®eBt

contam natjng. species  w.thin the polycarbonate. In ner.a evel of
purity @ﬁecamgh%mf@ﬁraaewé H}W&Oﬂﬁ%%@ﬂ‘ ?Pé’ﬁﬂﬁm&s%eéf ?Xal“%%{)qq%%i net hod
such as | ' ' ' niraffs. PréerabBy te 1&fel pfiri ty of

t he st ardﬁﬁ’glh%}n%%?g%ragﬂ ug%l%g%l??gﬁggﬁg?t?g Sr espar ed ablg)vt ﬁe net hod of the
present Halidein masdht éyeasht hgnomenrmaployasihpulddpeylessothan ebaiitd rpm. Fihgs

products. In mapy cases naq,.Frigs product is. d t all
pol ycar B8RSR Pg agifii; JEPHEUEY @r If%aglgyeppfﬁ?ﬂbct sui&oix?cy%%g ? ‘%}@p E&J&gts)e pr oduct
anal ysi iprés%nf:ﬁf Bik§HbnBldt subl a6 BAN, ahetl Beysirimyzd vihck kalypmlinitaamowsds e and

anal yzing the hydrolysis product by HPLC. For bjsphenol A polycarbonate
pr oducedr bagictontalysis 31e gmployeddn PhecQligpmarization prghsy weme%?m@%/zagf’? es

pr oduct s't?slﬁa %héﬁs&?ﬁigéﬁgﬁlﬁdof dBoachii Fr@glgﬁtg% e 1518% PRkt & B8 Fat8l | 11 0N

parts of e pro I'sphenol A" po rbonate whichi was subjected to
hydr ol y séfoligbsieriRitiqrharbpolpmprizativarsireedt mmy nputegdize ecsubstantipl phsionetfhod of

th t i ti t hi | i f | t it.

o0 10" Dbe ot caimvecT oG sk B et PRsAegaRR to SEre Bt BRE { O

pr epar edﬁﬂﬁeﬁhﬁé,%{ teﬁ?aﬂxgﬁ d{ﬁfngqgole{ngs RethRioRs&Rtart WRNfirsleaila Waightd t o have
g , Trequently

very hi evel s 7 percent or higher, of endcapping.
and discoloration correlates strongly with the presence of contaminating species

. within the polycarbonate. In general, the level of purity 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 carried 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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Typi cal Iy product polycarbonates will be from about 97 to about 99 percent
endcapped. Free hydroxyl groups at the polycarbonate chain ends are
typically conprise |less than about 100 ppm of the total po @Hﬁﬁz%i ght .
Two typeswgfo3fwoeds hydroxyl chain ends are typically obsermexiugoone3s4

pol ycar bonat es prepared according to the nethod of the present invention
from BPA and BMSC: hydroxyl groups attached to a BPA residue ("BPA OH"),
and hy dFteqybdupt palysarhonatehprgpared aceqitlingyip thegpathod ekstg peeseqtiguetpel| o).

Typically,. the concentratipn of . "BP, ' r i about
1)(;8| pprﬁ%gg‘@}ﬂ{]@nﬁﬁvﬁe"%ﬁjﬁtﬂ @F@hﬁeg?e %?%P%%‘gt&g%@ ]f?rzzorﬂ &E}? vt\*n?gg e, t hg
~ concenty iézﬂ’l@r ﬁfodﬁétabb}%&brb%ﬁteh Sswily fieC dtdny dbesis 97hen abbwiu99 1pdcgndm

Endgr oup béaring "salicyl OH' groups have the structHre indi.cgt ed by
st ruct wendcafiped HFgee hydroxyloesmups ax| the eplysaebogataneha S89H P HHPIBEY nagneti c

resonance spectrosco 1t | h trations

of hydrwr%gﬁagr@ﬂ’bg%%é}td epgﬂgn?égl%&g%%%:g%&gesc 1#b2%W6a g\%g??g‘eers to

pr oduct hyrRbyy AhbANAE at typivallytdbeervbd ganpulyartpnbies prdparet ascordigdpt i onal |y,

in instances in which the product polycarh é .Ba been pre are% by first

equi | i bihetmethod ofthgtpiesenbinvgptiens frgm Eéﬁsﬁﬂdm § Y%PW %8‘5%%&?@ with one

or nore,__ di [ &nC } deSi ng an
SBUYOYe AEVR DI ARG bl b clodPRLAId PEIGaRRIS! NG

ol i gomaT‘ol C ~pol'ycarbonat e a jecting said solution to
ext r usi prRakuyl OHYeVDyitally, zheigoroentratien of t BEACOR evndgeauipsis less thapdr oxy|

Che. ol BPoutcH10GRD B8k on Gapet CuE B IR POt oRRIE: | BRREEr B hyroxy

ar onat | %}ﬂ £ WRISRIOBY i RySicallynlidss tBAPEbSUtOEND Bpa. r Bndgrobes ween
about 1?81%%%% a 8ut 1.% Typilca?’ll§l , }?he_ (Er oduct 28 15 DEC 2006 WO
03/ 1061 bearR@T/ski8H3 OB 35oupvhavehb sinectere prdigpigddey Bipctre Xlet hod of the
present invention will contain only very snmall anpbunts of residual
starting di hydroxy aromatic conpound (generally |less than
H
/
[
C—QQwvwv
X1

and are quantified by nuclear magnetic resonance spectroscopy (NMR). It should be
noted that the concentrations of hydroxyl endgroups and percent endcapping 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 2 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
endcapping 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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about 20 ppm and ester substituted diaryl carbonate (generally |ess than
about 350 ppn). The product pol ycarbonates prepared by' the nethod of the
present invention may optionally be bl ended with any converitBibn206

addi ti ves wig esl1demdot her mopl astics applications, such as prpeesukistessal ded
articles. These additives include UV stabilizers, antioxidants, heat

stabilizers, .nold rele , orin ent.s nt i nts, slip
agent s, {M"P@PB‘ER PHE?. E\%ZW g’ lpifﬁf’ﬁi egh}eésresgﬁfﬁn&erg% Vﬁ@ a&%ﬁf?gﬁ& élg/eori ng

- agents, falub il éfSresiuaN fting dﬂiﬁd?oxy"@&ﬂﬁhc SdraFdting (Eéretatlydessitieor gani ¢
fillers, and mxtures thereof. Typically, IS preferable to rma bl end
of the rabbytc%ﬁ ppmhtapd eated sabm:tmtp«}elsarmar ww(genereﬂb&ég ancEben end to
formthe desired nolded article, such as an optical article. The blend nmay
opti onaB¥Mconprise from.0001 to 10% by weight of the desired additives,
nore preferably from.0001 to 1.0% by weight of the desired additives.

Exanpl esrif plddu@bsayfebéndtichregared it thermethod dfithé pedetoinvertionayphy ¢ acid W
absor bers, " benzophenone UV absorbers, benzotriazole W bsor er.s

. cyanoacragtiangllyube blﬁ)dﬁd)ewsthamb’ reoRventionak 1sddigiyes ussdip| HeTBep ?Sltllgé
»?L?r ngna@:p ?%B?’F? ‘é}} | §}e§%n€ r?ﬁideﬂz iStes. nGIIhI@Qae ad@ivedificiit yv m ted

ani I oet er stabilizers, organic phosphite
st abi | i zg@gisilizerd) Bﬂﬁf}ﬁdhrﬁﬁn h@atsmabilizem;ermoldepe:beaﬁe sagbtsl |®b3rmgaagbnﬁﬁ,xt ur es
t hereof. The heat-resistant stabj I ?@) added 1 ‘{jﬁ [ tspf a solid
or |i qui&ntistaliaragens, @*lpt%nﬁnla&tlplé’F geaggg n qcﬁ'&tﬁ’ua%tlc Pitne 3 P2 Mot

| d f
mred &g x‘I&i;g‘ e s, Hathral® B ! hitfiD I hhfls, ofhitofiflk cierya llers,

on nol d- release agents; stearic acid,
hydr oxy samemixturas tlbrecth dT ypi¢adly, ﬁllgpmferﬂdtttqﬂa‘m aiblend jof dhecda}yartopataci ds, and

other fatt d:-rel ease a ent

et hyl eneﬁ?%%‘?‘ﬁ Yeﬁrﬁ"@é\fh aé;lllan STHE n?% C?EP ﬁ‘%ﬂ% @g cgg’}'%e{ng lefl agicle, y acid
am des, apg as%hﬁﬁlcalaéﬁlmeacm aeﬁdiﬁlawbdomaeuyamr@gmhs 0091 eat§% byl cohol ,
cetyl aI cohol, and other aliphatic al cohols, palyhydri ;@g ol

pol ygl ycokight phihpglesired additiness mswe prefembly ey ﬁ&omﬁ 4% ¥ Efﬁe but yI
stearate %glmtol tetrastearate, and other |ower 29 15 DEC 2006 WO
05 100148 BEN ARER 550

Examples of UV absorbers include, but are not limited to, salicylic acid UV absorbers,
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, polyethylene waxes, fluorocarbons, and other hydrocarbon mold-
release agents; stearic acid, hydroxystearic acid, and other higher fatty 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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al cohol esters of fatty acids, polyhydric al cohol esters of fatty acids,

pol yglycol esters of fatty acids, and other fatty acid estef5ggﬂgngelease
agents; silicone oil and other silicone nold release agents, and m xtures
of any of wdes/mémwenenti oned. The col ori ng agent may be eiptBouspiigsnt s or
dyes. Inorganic coloring agents and organic coloring agents may be used
separately or in conbination in the invention. The polycarbonates prepared
by the geshubesteds of fattpacidsniolyhydenalcoholnamterbef fatipidoids, padylyophestedS bl ock

~copolyners, branched or |jnear, Wien t oduct pol ycarb hs.. branched
a sui t adf Biyragiens Ogﬁférflﬁ‘ity 2fidnesig W&gég{e@%'%ﬁeﬁl fﬁ@?gﬁgg}hgiog}%é acid, or
1, 3, 5oL .S fexedBlaentibged. Nl usi on of about

0.02 mflgéé&éﬂélgaﬁg pe Irlrdgl aer?{ﬂ‘ﬂk)%%ﬁgﬁlfﬂloe equi l i bernalt ion reaction of 1 nole

of BPAwith 1.03 noles of BMSC to forman a solutjon conprisi nag an
ol i gormefhe cpioting agbuinmag teneither pigmentapt dydsat morgants eqlpringpaeAl 89t r usi on of
the solution on a devol atil, zing _extruder ' art hod of the
present Orgﬂ}@ﬁp{]%wg\ﬁgwfs ﬁqul?ed\ésegs ey ogm goﬁlgl%h&e{%dgﬂn Hep%lpélélgﬁ bonat e.

Mol ded articles, such as a nol ded optical article, conprising the

pol ycar hgeabRRarbBARERpRipaid by ithemRithedlopihetpiesent wention map bt randommay be

obt ai ned by conventional nol di nglwtgech_ni ques, for e an;pl i’?’ge tion nolding
and conpopdgnes, biotkcepplymagss branehed aryings dipndhs produe I}?i);?a naﬁ? ¥oared from
a blend.of 1h r.oduc o) ' r B0 &ecafl@lbic ia6idadr pol yners.
Such bl SRRt ecf%,gw%ﬁfﬁ {’Faﬁfg@kﬁé%g%’& ﬂ%ﬁ%&%@f%&%ﬁxﬁet hods, may be mol ded

usi ng cangentitydaixybesdieiisomployedj Eat éxampleythedinolysios of Beout§ild moles er r ed

thod of forming th lded article. .B t | d
T e TR B nlS o BROrn ik sartipisfioncaenon of Sl T Wby °Par ©
such as 1@{)1?{' of BAASE R fRATAD 2 S1&bnClcdprising hPW1WBHeric pabgabpidtoim good

processa ty and | ow birefringence, they can be advant Z?eouslléé utilized
to produnethyptilicglater and | sebseqaent- exteusigaplof cthe | shatiqnoont fdYPRIIARE ar tj ¢l e

of the invention jnclu but are.not |1 m : A Lt al prage® di sk, a
di gi tal APde 9arding o qg%ﬁ’eglb?qa8§fher%ﬁ5§?gh§ﬁ%§ﬂ§’9’é” if rr%gi?% 4TSk " ASMD
devi ce %QPHGH&A?JSE,@@@%@@I | enses, such as contact |enses, |enses for
gl asses, l'enses for tel escopes, and prisns; optical fibers; magneto

optical disks; information recording, nedia;, informatiagn transferring
medi a; dMsldsdf sticlgs.daishc andr Bolded; Qiticak artcle Smring J¢ BASCTRials 30

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, low water
absorption, good processability and low 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 still cameras and the like.
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15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 The pol ycarbonates prepared by the
net hod of the present invention may function as the nediumfor data
storage, i.e. the data nay be fixed onto or into the pol yca1r5bllﬁ§a?t0315. The
pol ycar bowad ®/mwsm9 al so function as the substrate onto whi givigushahigssst or age
mediumis applied. Further, sone conbination of both functions may be
enployed in a single device, as for instance when the pol%gar bonate is

i npri nt @4e polynarbpraiey prgpersd byl the methedhel e pseseritinvation 8y WBEHMASwhi ch i s
lied to t | te, T i t
Fort et Bepid st HERSRERE, Ty R e v fifed Gt SR RIRAREAEE B

descr i ptihepddfcatidnatehaleilbe dandioai #€ thehsutsirate avrtto envlsitiuat data storagear e not
intended to limt _the_scope of what, the invetgtors, r

0 |1, . ) eg\%rég as fhe'r
i nvent | aediug issapplied ., Forthers gome semiingion phbeta fapclio BROPIVERPer at ure i s
in C . l.ar- [ I I a\N.e i ght
aver age A SanrSasiiar Sglinde s he foRtaBERFls MRRAt fdidcide 18 0
chr onat agh apbadifgiPaata storageysiediumiwhicl ivappliey tathb pobrarbomdtecul ar wei ght
standard to construct a broad standard calibration curve against which
pol ymer _nol eﬁl ar weights were determined. The tenperature of the gel
per neat i s was about 25C and the nobile phase was chloroform
Fries content was neasured by the KOH net hanolysis of resin and is reported

as part Srpel8fiowinklek@MpldaRmd set Foreh fof pr8vide HYs6 Bf ordmfargliiR intineegt wish 4 ol | ows.
First, 0.50 grans of ol ycarbonate was dissolved in 4.0 mMl of THE

(cont ai rdetegleq-deseripttionyof hewi the enethods dJaimedahatyin e evaluated, 3d € 1089 KOH i n
met hanol. wa ded.to this salutiagn.. r t . irred for
two hour® teﬁﬁe(fg’oﬁwteﬁ‘sesrcgl’% Pg ‘Mﬁg% m%_@rgorr%_r%g#h aaslgg??]éﬁgglﬁgn'&%gded, and

the m XtijfiRat@ i st ShrisQie By Welplt, 2mpdr@fuasisiwrcacet ate  by- product was
allowed to crystallize over 1 hour. The solid was filtered off and the

resulting filtrate was anal yzed by hi gh performnmance |iquid chromography
(HPLC) Mslesylap -weighth cing |repertadhas pHmbeh averagea May 6r SHETRE | of

B O 5 S B USRS 5 B FaSRA, Do B oy o

analysis, using a polycarbonate 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 methanol 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 3p.
NMR. Terminal hydroxy groups were first derivatized with 2-chloro-1, 3, 2-
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15 DEC 2006 WO 03/106149 PCT/ US03/ 16354 di oxaphosphol ane (Al drich). The

concentration of residual nethyl salicylate was neasured bT/ ﬁéi@ﬁﬂ or by
gel perneation chromatography. EXAMPLES 1-5 Sol utions of ol i; ?

pol ycar bowas e3/106140€t hyl salicyl ate were prepared by equilp®Fegisngssa

m xture of bis(methyl salicyl) carbonate (BMSC), bisphenol A (BPA) and
transesterification catal yst, tetrabutyl phosphonium acetate (TBPA), at a

t enper agigkpHosplblam g8ldRhye eTheab@icentiAE af desichalime?R0 Galicylaie Feasch nel t
reactor under a,nitrogen atnosphere. The reaction mxture was stirred and
heat ed measured eyuPHNME orbeel peeneation chiamatrgBPum was reached in about 80
m nutes at about 165C and in about 10 m nutes at about 220C. At

equi li bg%%%lgﬁl ution of oligomeric polycarbonate prepared from

m xt ure (1.03 nol es BMSC per nole BPA), BPA and TBPA (2.5 x 10-4
nol es per nole BPA) was about 45 percent by wei ght pol ycarbonate ol i goner
and abogbluhiéns cofalatighnizbicpeolyearbonae viai giethyte s4lidylats avdre yprapased TBLE 1

SCLUTI ONS OF QLI GOVERI C PALYCARB JE I N VET Cl I
[ BVBC] / FBEkPraiipe @ maparesf bis(msthy saliryh %bq%%%gﬁéﬁ”@"‘é@% yst Ser
Tenper a&g@gggﬂéz&ifhggam Pelgar braabylphBishoBit Micelatd . OBRAXAD 220C 10

m nut es 2.5x10-4 210C 18 m nut es 1474 3 1.03 2.5x104 195C 30
ni nut es téfp@atute h HBarReheti@nEB0T BH° Giandtabout1iZAIC ig a batyh melbresefon soc 90

m nutes 2090 Exanples 1-5 in ble l.illustr eristics
of "t he H0RT PFGPER SEROREH ad hgFieeR Il St bF JEAR REkETI DL
truly oleGmRkhe wadlieached! Eh@libREmarwal redohédiin fboutt 80 hitentescer sttt The
col um headi ng "[ BMSC] /[ BPA] " indicates the nolar, ratio of B{VSC nd BPA
enpl oyed 65%C tahd iaqahaut bk minwes ahabownZ20Mhe AéSarHIpumy the ST OLs t he

number & f5odeRc %ll}?c%{‘uo%ﬁte"\ﬁjegﬁgd Ponf fHELA B S E 0P RIBHBNSC per
mole BPA), BPA and TBPA (2.5 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

1 1.03 2.5x10" 220°C 10 minutes 1385

2 1.03 2.5x10™ 210°C 18 minutes 1474

3 1.03 2.5x10™ 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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32 15 DEC 2006 WO 03/106149 PCT/ US03/ 16354 chromat ogr aphy neasured using a
pol ycar bonat e nol ecul ar wei ght standard. Values of M ar ¢ 5igipgengs n
daltons. The data in Table 1 illustrate the speed at which equilibration
of the reqef@abs46an be achieved. Exanple 1 indicates thatpSghdodezsgact ants
can be converted into a solution of an oligoneric polycarbonate and
transesterification catalyst in nethyl salicylate solvent in as little as

B e g m ato%xlﬁﬁﬁﬁﬂfeﬁsﬁﬁé bgﬁ%@pélyémﬁoﬂatb tnbRcelst weight standeréh¥elueg f r om about

to out

nutes on t ment  bei nﬂ used i n thﬁﬁl?x | es which
fol l ow)of meamvgwal lin pdedons.s Ehe t@nverrfﬁbﬁg JHustrate, ghenSpes o pr oduct

pol ycar bonat e.. can achieved in St ihafCNEY- Rt Goli@1
Sol ut i offHIgratign 685@?.%?3%‘ es{tghcearlrlo Rﬁggvycarg*%gélg e hyl salicylate were
prepar efsactasisi éhnEbandtnesridd Snt aasoleti lolfbermbllgasmd:rmrpe]'yam‘bﬂ@at%fanébout 160C
using as a catalyst either TBPA al gne (as_in Exa

conbi natramsnstglflﬁmpxx eatalpstsisgmethyl H;gbr,;)gggp Folvert, in égﬁﬁﬁ anteri g?lél[l $%t enpl oyed
was 2.5 10-4 P > Q- 6 |
sofh um B ?9‘&31118?( fe&g ger tl#@? th B%A {@dﬁ atg s‘ﬁoﬁ?ﬂoﬁl"\ﬁ%ﬁt @5% @Bbut Pminu mol es

owing ‘the equilibration reactjon, the
sol uti oanw@@eqdipmsﬁtelﬁéﬁﬂgi ubad frethesExaimples whighrfolow) e ever@émm@ssezf psi) to a

gear punp which punped the solution vi I nsul at ed ted

di r ect | pONVEHIRE FATHRS ERPIOMPTS HKO § F‘eﬂﬁi’céﬁboé‘aﬁfcaﬂ Pra(élﬁ \E(ra?el noﬁ e

mlli ma&rﬁmtgé aneter, 14 barrel, co-rotating interneshing twin screw

ext ruder"having a Iength to di aneter datio of 56. The extruder conprised 6
vents V1-V6 | ocated at the upstream edges of barrel four (V1, vacuum or

at nos ph&XAMPERS)G-1bkrrel five (V2, optionally closed but at tines
operated as atnospheric or vacuumvent), barrel seven (V3, vacuum vent),
barrel njne. (V4 acuum }, aredd barrel
thirtee ?‘%@ 38{5%?‘}?%%%}%%%? E&aﬁﬁl ‘%/\a/é@ng%g?g'ge ISX m)spherrll(): pressure

or altergah EY:Q:'niledd ndeet an sduilbitativa cemypardibreldT about }@°Casmmsma@éb's y a
vacuum gauge Vacuum vents V3 _an

4 t
(10-25 ehor GEPA SEBALAF FoRempSRald) U6 ErEBtas AR BBt o hi gh
(>29 D o AEUHR o P\Aﬁgpopeaaegteanﬁbyéd wahp.st0 100 6es1ad esmcpmnmﬂs 28 in

vacudum ™ was supp
BPA and (when present) 2 x 10°® moles sodium hydroxide per mole BPA. Following

the equilibration reaction, the solution was transferred by means of nitrogen pressure
(about 80 psi) to a gear pump which pumped the solution via an insulated pipe
connected directly (hard plumbed) to the upstream vedge 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 eleven (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 vacuum 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 vacuum gauge). The vacuum vents were connected through
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vents V2-V6 with "house" vacuum |In a nunber of instances, vacuum vent V6
or vacuumvents V5 together with V6 were operated under hi gh §i .e."full™)
vacuum ((29 in. Hg, as neasured by a vacuum gauge). The va Pl¥nts were

connect edvﬁd‘és?fé@% 33 15 DEC 2006 WO 03/106149 PCT/ US03/ 153pfsnAkignt
recovery manifold and condenser systens to their respective sources of

vacuum Ln instances in.which e \Y n Y ﬁ&% Ve wRee oFper at ed at
“full™ SQ}‘é%Jﬁfo‘feﬁé r{}aé“{o\f\éolran@e%r%cﬁﬁ%qrn So%%r got g{éﬂrat > fuvl " 0vacuu[p wer e
connect egbpvhd R i6Ghktes i aMidiOeithey MBLaloneond5 alvéMbsware operdted3t Vilkier e

equi pped with type "C' vent port inserts, Vent port inserts are.available
from t heaopBpp ke ¥enbpr ¥eRts PeNZERsHIGH at Wi{ Vagy WerR; SRpReste ivﬁ%F&ldn t he

Cr oSS S pb ii‘% Fheainf Pl 2N AR §1 bR V96 SRy EftfippeaRAitittyb €3 yanport he

rts are the nmost rest ve (Smhall est cross
sect i oninsafel Vet Bierty dre ahaildbbafomrths Wérner & Pflgidarey Slompenps¥Yeslect i on) .

As noted, V2 was kept _closed i.n sone inﬁt aIn eg a%g r emai nef})%ﬁ%&fi n
ot her s. PURdnserts Sifferda thmcreshiscHerd @ 3 ﬁgof_ fesRlK Vende eed inlet
and al | tﬁ/ee&tﬁlde)?;h?ygg kW 0651 Ote ftHE LRE reshAIRE i(GRAINEREE Bartibhpsdd in four

"reacti On Zones nes conprising.screw elenments providing intense
m i ng) Type & dareethwdenst vesttictive. (Frgestonrossr seation)onAs oindesd, i mas |5kt ed

bet ween V2 and V3, .between V3 and V4, between V5, .- en V5
and V6 r‘%%sﬁ‘géli sQraf jnstapges and remained, ppeRgin PUECTy Sv%%e‘r’rvn(ﬁess{gii}? renp{i]ﬁ‘r:edweef fects
of changggydying RGh@NuERACS 108 ilet Akt alrRARI t ThS sokewt Besigr fitthet

pol ycar bonat’e.” TABLE 2 EXTRUSI ON OF SOLUTI ONOF, OLI GOVERI C.POLYCARBONATE | N
METHYL Satrip@ved\ieadinsCoieris -in. iy, “reagtiony enes” T@PRES+ CRBRPIFIES 1% Vacuum

| | at  Mass Fl ow.Tor. Nel 1. ; i A 9
Tonper atBorts BEY PR LtTe TipingREePbEy el ety hotflhr Ao Hns | -
atm 10 ke Acared HBtweed VD an@. VR 8etdbeh VB3and7 VAL between A6t aad M5, 40d/ 17.6 35

290 104 242 8 Atm _15 26 25 25 46 / 20. 293 144 32
between V5 and V6 respectively. The data 12n 'Afaztbles %—51 béow (?emonstrate' 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 Melt Screw Die
Vent (in. Hg) Rate (%) |Temperature| speed Press.ure

v1 [va[valvslve| GRS © | @pm | @)

6 atm |10§22|22122| 40/17.6 29, 288 104 163

7 Atm, {18[26125{25| 40/17.6 35 290 104 242

8 Atm. (151262525 46/20.2 42 293 144 329

9 Aim. |15126]25 25. 507220 50 302 200 347

10 Atm. |15]26]25]|25] 55/24.2 51 308 248 342

11 Atm. |15[26{25]|25} 55/24.2 50 306 248 316
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9 Atm 15 26 25 25 50 / 22.0 50 302 200 347 10 Atm 15 26 25 25 55/ 24.2
51 308 248 342 11 Atm 115 26 25 25 55 / 24.2 50 306 248 316 34 15 DEC
2006 WO 03/106149 PCT/ US03/ 16354 TABLE 2 Continued Exanplled Wdtii8i Barrel
Tenper at uvas odvibepul ar Wi ght Mv Residual (C) / M/ PD Miru§pre)s46

256/ 277/ 277/ 280/ 280/ 280/ 281/ 281/ 280 22779 / 10042 / 2.268 9792 7

254/ 278/ 2771280/ 280/ 280/ 281/ 280/ 280 25295 / 11167 / 2.265 6115 8
245/279#%%%3@%4%80/ 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 %.7;,8.@%0/ 28Qcaf} ?Zﬁ%{ FEhpadRiréd683| Miolkdfizd Weight BBb| XeSdual 1i1
236/ 280 D/ 280/ 2801 280{R807 280 26474|/ 1164,/ PDY. 278| 4298 | | Exanpl es

6-11 (Tpble 2){the ratio of MSC to BPA efpl oyed in the epu(gpmdrati on
reactioph was 1 017 The catal yst enpl oyed{for the equilibfation rleaction

was a nXxigr ey o) 6)2%/5*?‘#%@/&%%@3@9@3#1@0& ehate @O spsksum g oxj de. The

ol igonetic " polycarbonate 1n - at e {(Ms)—seluttoer—was—f ound to
have a \wi ght ammg@mmwmzsmz@mwzso 125295 / BE6E/ U bnsbladnd h nunber

-ot-ect 1t VI ai T D 1 h
e e o Lo e p PR e U LA o2 el "o 1 e
of_col off.” KpTT OWABBahD Shb2aiAdbshne1/bay ¢l 27063 | ewbduabro Jetdmh salicyl ate

present L n the product ycarbonate was—det-ermi ned ehrommht ography.
The dat4 provi (ieQBSVm9EX8/aﬁ®/é&OIBOZZB3JZBl/a& r|a26683 hh16296ﬁ9§%r bot¥Pe [may be

Gt ol neq_cant o oo B0 OHEY 2SO 20 MRl Zay LA Losad ALk iy "8 Pdyiate

(M5). 35 15 DEC 7006 WO 03/106149 PCT/US03/16354 TABLE 3 EXTRUSI ON OF
SCLUTI ONCF OLI GOVERI C POLYCARBONATE | N

In Examples 6-11 (Table 2) the ratio of BMSC to BPA employed in the equilibration

reaction was 1.017. 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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METHYL SALI CYLATE, BMSC/ BPA = 1.02, Catalyst = TBPA + NaOH Exanpl e Vacuum

| evel at Vent Mass Fl ow Torque Melt Screw Die (in. Hg) Rat ?I‘iﬁ 6
Tenperature speed Pressure V1 V3 V4 V5 V6 (rpm) / (O (rp ”5’ (1'b/hr)
12 Atm 2&008/1864429 40 / 17.6 62 307 154 520 13 5 27 27 2Axc1285046354 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

Terer aFGPLE Vot ARHSIPNRF S B SER MO ICR Y OARBONEIE ™ Endcan

M5t ot ETWPIEALICZENTH) BMBZ/BBA/2R 07, TH198 67 TIRRA 2842GH545 / 14191 /

2.223 115 95.2 1046.8 13 249/ 316/ 282/ 281/ 281/ 280/ 282/ 280/ 280 33106 / 14788

/] 2.239 103.95 5 752 1 14 249/283/ 276/ 280/ 280/-280/281286{2A86—35670 /

15568 / |[Bxatfyie|9¥abiib levdlatYent 5| MRG0 BT @8¢ |27 9Meito/ 288¢r2vwg/ 2R/ 280 31437
/ 14026 |/ 2.241 186 (82.Bg)1403. 2| | rRexanp| @6) 1|Tempexateres spesdi |Bresyiref he
ol i gonerli ¢ pol [yeaTpon L yrpsdli ¢yl at el  wel€) pr epdrrs® f r® a| ni xture

of BMSC{and BPA.""Tn Wer rar?(?[ D @b/mBMSC to BPA was 1102. The cathl yst

enpl oyed— egHH--brgt-ein—Ssiep—was r-xtpre—of —TBRPA —amd arum

hydr oxi de. 1The| Atat 526  2T4A5] 29 14047 6at e @haf us®7of Héﬁ‘gr | &Vel b o

vacuum rO\ié(]e Ju gfr 22{'135(:“%@ Y 9Rt [ pojycpr pofiat e corﬁ;@i Ni BgR Sti |
re a et fy

| ower | g

vl salicyllate than 1s obd dip—Bxanpl es
6-11. 36 154DEC 130068 |\WO |08 (L9614 ACH (J I3/ [L63533TABIE 182 EXTEUSI ON OF
SOLUTI ONGF—OHEaVER-CHPOHYEARBONATE - N—VEFHY—SALTCYHA T% =1. 025,
Cat al yst| = IFBPA 12 NABH 28x 29 VatUha evel* aj Vet Mads Hgo % e Melt

Screw Di H%r@jc(cn\h@gg (% Tenperature speed Pressure V1 V3 V4 V5 V6

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

12 |249/303/282/280/281/280/280/282/281 | 31545 / 14191 /2.223| 115 | 95.2 | 1046.8
13 |249/316/282/281/281/280/282/280/280 33106 / 14788 /2.239| 103 | 95.5 | 752.1
14 |249/283/276/280/280/280/281/280/280 35070 / 15568 /2.253 | 98 | 95.5 643.9
15 |250/273/273/279/279/280/276/279/280 | 31437 / 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 pdlycarbonate- containing still lower levels

of residual methyl salicylate than is observed in Examples 6-11.
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16 12 28 28 29 29 40 / 17.6 55 295 106 48611917 10 28 28 29 29 40 / 17.6 62
293 106 508 18 10 28 28 29 29 46 / 20.2 60 302 133 592 Ef ?DEE éﬁ%ZQ 29 46 |/
20.2 60 302 150 599 Table 4 Continued Exanpl e Actual Bar r 810ty diler at ur es
Mol ecul ar wotosglos14Resi dual (C) Mv / Mn / PDI MS (ppn) 16 pCT/US03/16354

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@&%%%@5{%&%@@?& b&@@ﬁ@k&@ﬁo@&éﬂm(bmmermmmmﬂmm 19

T248/ 290/ 290/ 280/ 280/ 280/ 280/ 280/ 265 31944 / 143 704.4 In

Exanpl eMEIB Y0 SPHICYIIATE.BMSC/BRA =l p%r%t@lﬁtpdf%é e in nethyl

salicylate was prepared froma m xt ure of BI\/BC and BPA. The nolar ratio of

BVSC t o-BPA 025 —TFhe—qatatyst—ert |ue the Swnbr 1] | n step was
a m xtu@éamplemumahtjd%meﬂfm Mﬂif&?""de Mﬂ& ex p %%fp vents V5
and V6 here cpnnecti®dB® a acu ‘*g n}: ‘%B‘i’ atl"Fe“g g }egss) -V4 wer e
connectpd to g |vBINS oy | PV (1/hs, soI vent r&dover i 1%V |and
condensgr. Vent Y2 Jas |enpl oyjled and way confected to jthe dane sdl vent

recover y-systenramngigas quu re yengs V V3 3pgl |VhggThe vacuum

| evel af wiich fk/i Bgzg%oo{?r aﬁed \%ggﬁﬁ%te de irr' nngs hoaweverl 37 15 DEC 2006
WO 03/ 106149 PGH/ YUgC 32’316@5429TABI4&/57&XTRU81 O OF2850L UT|l OBER GIOBGOVERI C
POLYCARBONATE H-N-MEFHVLE—SALHEWATE, € BPA—=1-63—6Gat 7 PA + NaOH

—
Exanpl e| Va®uumlPd28l | 28 23129 Ve ds/ H-dw [T ToPQud MePP? Scr evpt)y %inl Hg) Rate

(9% TenperglUune. IJPRe T3 [ l43g hir ) s4oC) | (r pm
(psi) 20_13 2§ SZEpl%Q ? %g 1¥/%6{27 8%01141 ?gga 211 13 QE 2829 29 40 /
17.6 37 28k 4CéntRBed 22 12 28 28 29 29 40 / 17.6 50 301 230 181

Example 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 | 654.3
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 connected 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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23 10 28 28 29 29 40 / 17.6 56 313 351 152 24 10 28 28 29 29 40 / 17.6 58
325 464 123 Table 5 Continued Exanpl e Actual Barrel Tenperatures Ml ecul ar
W. ppm % Residual (C) Mv/ M1 / PDI. OH Endcap M5 total (p1p5rr$ECZlBUE

246/ 281/ 28@ 3A061A80/ 280/ 281/ 279/ 270 24456 / 11218 |/ 45 98.f&c1/@H3863582. 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 98.4 559.4 2.190
23 252/ ZB%]ZBG/EZSDRUS]IQ)N&)FWMWEMBOLYM@OEM@?IM 2.195
24 251/281/281/2 1/ 280/ 270,268 0 / 99.4 183.4 2.233
Exanpl eMBgHYL $‘§Lﬁ§? % ﬁ%\zg‘é@‘{ Tdt% ﬁ @fysf'ﬁé%%é t he present
invention to a solution of an oligomeric polycar bonate prepared from a '
m xt ure BYRG and Vi g 20 nlt Iar t|o f 0 lles BMSC
to BPA. ﬁ‘é"‘gu lisé'&gtor@%’d y Cfﬁf% 1S ea&tri‘& ],r\:é%s%fec ni xt ur e
of tetrgbutyl hn:n acet are%ﬁ)ﬁ i @ R Y

s | v8] vo | B0 @Rt cei s d

aciu sﬁert V2 was
enpl oyed as in\E]x

Sure(rg{n?m ch ijt was
oper at ed was not [det erm neg. As in prevlous Exanpl es, the product

)ol ycar qonag es| Gf A ! cle nd fyege of | or en
Pns)p/)ect ad ?}ISQI ﬁl vf-sxﬁ g?}l %91 h4¢§)v>ﬁ?§g n%?n ?‘t—l t nmﬁgpﬁ_ﬂe
15 b4 23BP.
|

%

concent rlat 2bn |0f3 | 28 DE(,ZQ()0640/\MD603 18614 PQBSUSO3/ 11835 - CH' and
"sal icyl "ﬁ'l""—pr- esent i nTthe—product —potycarbopmate_gs—dt mmeg, by} 31P- NVR
fol l owi ng déripkk ?%412%i tzﬁ 2-4H111%- 1, O&g - dlwaphcs%{?ol aﬁgl The

g )
col um headk ng| {® HeapsHqr{aber s the | peggcent agg30f  tthesipn odusat
pol ycar nggn L/q@ ggngg\ ?\?r ?g\ﬂrzf?r tg_g%_ngt egﬁ| F|3 eit thr 1BPA-OH' or
"salicyl|-Og# gftup28 | I8e29 |29 40/17.6 58 325 464 123
Table 5 Continued
Example Actual Barrel Temperatures Molecular Wt. |ppm| % |Residual
© 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 | 98.4 | 559.4
2.190
23 |252/280/280/280/281/280/285/280/270126102 /11891 /| 23 | 99.2 | 307.1
2.195
24 |251/281/281/281/281/280/283/281/270|26863 /12030 /| 18 | 99.4 | 183.4
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 sodium
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

inspected visually. The column heading “ppm OH total” refers to the concentration of
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data in Table 5 provide evidence that a very high | evel of endcapping is
achieved wusing the nethod of the present invention and that the
concentration of termnal OH groups in the product polycarbppet gy s very
| ow. TABLEw®oda¥dfa0)SI ON OF SOLUTI ONOF OLI GOVERI C POLYCARBONA o dy163F THYL
SALI CYLATE, BMSC/ BPA = 1.03, Catalyst = TBPA ONLY Exanpl e Vacuum | evel at
Vent Mass Fl ow Torque Melt Screw Die (in. Hg) Rate (% Tenp

ghur e speed
Pr essur«gi- 013’ WHa Véalivel- omrpreden( 6) therproluce p@blsa;rj)oné(tt 53 ﬁet)enmse ¥y28 28 29

12 28 lavhns oynd Hanite o i, 51 Shabbfdint " 20 1]
355 183 v @AfbodBej 29 29 70
30, 7 iy Faliten s Fhicty %géraitﬁtt?%§eaéﬁ&§é@ﬂ;ﬂi§i°ﬂﬁf* e rel Temerat ures
Mol ecul aﬁaxmwhwwdb 1R sérchimdte ir( ej)thdm‘B/PAPDH’ms “sqlisyhy P mgroups. T

236) 20088800 JUIoBCTOBOF SFSIBE e Sir7dueh 195RH paGol 1§ 2pflefed 0
2301 200/ 900 BoUFA5%/ Sab] S0 Sa1) Sen ama e Sl6 6 29

255/ 280kr#ibs 2Bthe DBITRBPOIZEBHOBLY BOBIY®YE7 / 12255 / 2.20 148.9 30
251/ 276/ 277/ 278/ 278/ 280/ 280/ 280/ 265 26070 / 11877 / 2.195 435.9 39 5 DEC

2006 W0/ -1 06048, POILUSA3LA0 3R RGP SSORRERY: hOL YEUIASGNAITE BOP! i cat i on

an ol goneric
pol ycar Repati&1 Ps SORFEUATE] BMISTIBP A 21080 Chtalysph GBPHOONIY acet ate and no
sodi um hydr oxi de. Here again, reasonably high nol ecul ar wei ght

Example| Vacuum level at Vent |Mass Flow| Torque Melt Screw | Die
(in. Hg) Rate (%) | Temperature | speed Pressn.lr
vi[vs[va[vs[ve| P © | epm) | elpsh
25 14 12812829129 40/17.6 '35 282 113 286
26 14 |28 128 (2929 40/17.6 35 283 113 280
27 1212812812929 40/17.6 46 298 229 238
28 14282812929} 40/17.6 54 313 355 183
29 1412812812929 40/17.6 56 325 464 149
30 14 128128129129} 70/30.7 48 323 464 209
Table 6 Continued
Examplé 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 11344
26 258/280/280/280/280/280/279/280/265 | 24795 /11367 /2.181 959.5
27 257/280/280/280/280/280/283/280/265 | 25767/11797172.184 402.2
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 /2.195 435.9
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pol ycarbonate i s obtained upon extrusion of the solution. Vacuumvent V2
was enployed as in Exanples 16-19 but the precise pressure at which it was
operated was not determned. As in previous Exanples the gragacs

pol ycar bomat ess106f49Exanpl es 25-30 were clear and free of cpdmUS0316354

I nspected visually. The data in Table 6 also reveal a high correlation

bet vee nElefr@%!%_%a ?,@' ipgr&fdgé) pRt {‘pgggégﬁﬁ%ﬁhe WRitEHH of the Bfefitdneto asolitient r uder

screw speed ata om Exanpl es 25-30, if the product
pol ycar bp amtoligumbgh pobyeerbagate mbmred asingeinghtetrabytyl Bhaspea ¥l 2598 Cnst t he

feed rate_in ounds r hour djvided.by the r r in

revol ut ?%sn$e$°dh9’ﬂ ulhggl%ﬁ’ﬁ‘d%excﬁelree n"t’gam’%é%ﬁso%%r};r e}ﬁéf i Igﬁﬁfs‘gmoggggged.

Sim | ar legcérFoﬂif@ a‘§ bt u?ﬁﬁ Rylrusiah igFythat®lutivanc¥adunat ivemt VB ywairts per
P e

mllioni otted agal nst feed rate divided by the scre speed, an
excel | esmpldyeéas it Bramples il 6119 byt dhspriecisel pressoss Al which it vas Qﬂ@gﬂﬁx ON OF

COPOLYMERS | Ex | .31-37 | ' i
equi | i bmat fjﬁgmém%ggr%? u B’fevmbll‘% )?O?Eilpﬁgﬁr ﬁxggﬁ':c’xg%?g)@)g%}gg%ﬁ%@e&% EB%%SI?S bi sphenol
A (BPA) 5aittyBsdn g 4nagRe dftdor wildieinkmicted vafually.s (e tiaulin Fabledyaljo car bonat e

to the total nunber of noles of the I hydr oxy ar tic compounds._ bi sphenaol
A and hyevealaibigin eorrelaigon] betwpen PF@“CEH@D’WB?%? EW?‘?RB T (ng?g?ﬁt’e%)ecgm%e as in

Exanpl es 1-5 and the result | 44,0 ' _BE\F HeSry@et €xt ruded
on an e@%ﬁéwg?osi‘ﬁ‘%ﬁ?egg' g{ﬁ%hﬁgxdaé‘?p@g%ﬂ @9 1. ihé"‘s(sﬁ g(?’gst q)was a mixture
of TBPA Riltafifoslhtenv iyl avsiage molbalirangightaMy, & mottedegaiet e ifesd T 1 he

ol i goneri c copol ycarbonate fed to the extrud?%.was T’igout &69‘%&@%%5

i nt r oduquwands pefoheyedivided e the tigen STBY; PEYe THISBUNOBMRR: "punp. Exanpl es
31-35 e I ogikhineRe if desedde méikyltsatieylateurnber  of
nol es of g‘%\&géﬁg%?@rﬁa@ﬁg%ﬁwwgﬁlqn steg. Exanpl eﬂn}éG and 37

enpl oyedcofi@entmition|ie parts beimillion is plotied agaiass dap ﬁdra’q@dtVéﬁeélbYﬁb%%FWof nol es
of BPA and H% i n ihe .equi | i blr?tlon strevgd Data for the preparation of the
copol ycaisehanezcalent ingarcouglapRn £:9058V94: 40 15 DEC 2006 WD 03/ 106149
PCT/ US03/ 16354 TABLE 7 EXTRUSI ON OF SCOLUTI ONOF COLI GOMERI C POLYCARBONATE | N

METHYL SAKIAGYRAES 31 BVEGE BRAATION-QF CORODYRERS !t al yst = TBPA+NaOH Exanpl e
Vacuum | evel at Vent Mass Fl ow Torque Melt Screw Die

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
saiicylate 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 pércent 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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(in. Hy) Rate (% Tenperature speed Pressure V1 V3 V4 V5 V6 (rpm / (Q)
(rpm (psi) (Ib/hr) 31 Atm21 21 21 1251 - 12 57 315 138 3] 7 32% Atm 21 21
21 25 - 12 58 306 138 637 33 Atm21 21 21 23 30 16 301 138432@£ Ba Atm 21
21 21 24 ¥® ®@Lo2A8 138 250 35 Atm 21 21 .21 25 36 14 285 d@BusBAe3s86 At m
22 22 22 25 - 15 43 315 140 275 37 Atm 21 21 21 24 15 17 308 1.18 31

v 1 TR B R S B B Aot 13000/ 2.4 32~

239/ 27 1{@EnH B0 G/A3 EV B MV BIVISCH| /Bm()aramcw#nmopma@st%3“BPA+NaOH
233/ 261/ 261/ 296/ 308/ 310/ 308/ 309/ 270 22500/ 9800/ 2.3 34

235/ 27 8.91.289L29QL2-88/-2-F8/2?0 22400/-9706/-2-3—35 '
HRPRB VARG R8E/a2 ¥ohD BMassMowdTOQue000Melty  pRerew | Die

233/ 26
237/ 272 267/ 291/ 31 (I3 HE)331/ 30/ RTG 294(%6) 1[T4mperatyre| gyeed | Pressure
239/ 273) 267/ 3 e,/a sé,.y %“v‘s“('é 30017 / 18900/ 8800/(8) 1 ExtmpVés ®5D- 37

illustrpte the € preserfb/limvdnti on| for the prepafation |of

copol ychrbenat-es- I 38+ 50—weretrun—rorgd

_ 3 [ n atle the
consi st nncB;} of|Atey éllre?tl ot b25 {he~18redent’ i hve 15 on, A@ol uts3|t4z of an

ol i gone[TT polycdrhdnatie, Whss Prepaned (assd n| Exgygpl e [5138The | ar ratio of
BVSC t ol B /& lt 28:%1-621 ?i[g@@'ﬂ‘alpl’l fli r‘sagfi bn . cat al \Q%SS\_A'PS 4

t et r abuf yl phosphsmidmiacet aee | ( TBRA, 2. 516« 104 303l es |TBFA |pe?Slnoj e 41 15

DEC 2005—¥O-43+406349—PETHUSH3-16354 BPAl) Tire_gxtTud szsg)onfigur ed as
in Exanpl ¥ 14510 217 bat b2 desed ed | n) Tabl 288 11 ui% t e-Canki st ent
nmol ecul @r yer gif oy [ 4 | 5 1Bg |conygrsijony pf |t heygs 138 181
36 |Atm| 2222|2225 ~15 43 315 140 275
37 |Atm| 21 |21 |21 |24 15 17 308 118 31
Table 7 Continued
Example Actual Barrel Temperatures Molecular Weight
©) 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
34 235/271/267/289/289/290/288/288/270 | 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. The transesterification
catalyst was tetrabutylphosphonium acetate (TBPA, 2.5 X 10 moles TBPA per mole
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ol i goneri c pol ycarbonate into the product polycarbonate. TABLE 8 EXTRUSI ON
OF SOLUTI ONOF OLI GOVERI C POLYCARBONATE I N METHYL SALI CYLATE, BMSC/ (BPA) =

1.03, Catalyst = TBPA ONLY Vacuum @ Vents On. Hg.) Exanpl d MEC\VRIVA V5 V6
Mass Fl oWOdBdNE48eIt Screw Die Rate (% Tenperature spe@€TRISO¥ie3be
(rpm/(1b/hr) (C (rpm (psi) 38 12 28 28 29 29 40 / 17.6 38 289 201 155
39 12 2 29 40, / 17.6 38 289 9., 4 ./ 17.6 39
289 201%%‘3- 213'3? g ré‘é‘sfé’ngg‘“ﬁg af%%%E’éa%@eszgég‘%%o%%i%‘m@f Eéa(z)lé‘/ 28 29 29
40 | 1776bRIS2ANsREAE ddikistédd hdleBla28waigh? dufld in IHe Goderdéd ¢f0the183 44 12
25 28 29 29 40 / 17.6 39 291 201 192 45 12 25 28 29 29 40 / 17.6 39 292
201 181 oliggnguc palycbomtomtethe praducgpalycarbonaiy1 188 47 14 28 28 29 29 40 /
17.6 41 292 201 209 48 14 28 28 29 29 40 / 17.6 42 292 201 214 49 14 28

28 29 29,04 ¢ s B OZiaRhe Sbr ot H1aBMER ROPEPY EARBANATEAR 293 201

Tabl e 8 Conti nued Exanpl e
Act ual BIETHIYLTSADEIELATES BMSE(BP A) =\W03 KataRes =dBHIA OBLY C) Mv/ M / PDI
(ppm 38 258/281/281/ 280/ 281/ 280/ 282/ 281/ 265 23194 / 10642 / 2.333 647.9

39 257/ 280/280/ 280,280/ 280/281/280{265—23564—+—10693+—2-2062—648, 40
257/ 2804 280/ 2§0vVa@@np@DY e84 /|280/ 265 28978 /| 10978 / P.184|594.1 | 41
257/ 2801280/ 280/ 28@4.280)280/)280/ 265 28926 /| 11117 / 2.152|614.9
Example| V1| V3 | V4 [V5|V6] Mass Flow |Torque Melt Screw| Die
Rate (%) |Temperature| speed | Pressure
_ (rpm)/(b/hr) © (rpm) |  (psi)
38 12128 128 [29(29| 40/17.6 38 289 201 155
39 12128 | 28 {2929 40/17.6 38 289 201 159
40 12128 |28 12929 40/17.6 39 289 201 166
41 12|28 {28 [29(29| 40/17.6 39 289 201 173 -
42 12128 128 29129 40/17.6 39 290 201 177
43 12128 [ 28 |29{29| 40/17.6 40 290 201 183
44 12| 25| 28 {29|29| 40/17.6 39 291 201 192
45 1212528 (29129 40/17.6 39 292 201 181
46 14| 28 | 28 |29|29| 40/17.6 41 292 201 188
47 14128 | 28 {129|29| 40/17.6 41 292 201 209
48 141 28 | 28 129|29| 40/17.6 42 292 201 214
49 14|28 | 28 [29129| 40/17.6 42 293 201 214
50 14| 28 | 28 (29|29 40/17.6 42 293 201 200
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PG‘YCARE%*%xamples 38-50 a single batch of oligomeric polycarbonate in methyl salicylate

' hemage28012RB180/2 3 GXTUREBIBh| |QF37BALILTTSAOR7OLI GERI ¢

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

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

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.

As in Examples 38-50, a single solution of oligomeric

Examples 51-71 demonstrate the level of
consistency achieved.
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 product polycarbonate emerged from the extruder. 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
of solution per hour used in Examples 51-71. 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
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METHYL SALI CYLATE, BMBC/ (BPA) =1.02, Catalyst = TBPA ONLY Vacuum @ Vents
(in. Hg.) Exanple V1 V3 V4 V5 V6 Mass Fl ow Torque Melt Screw Die Rate (%
- Tenperature speed Pressure (rpm/(lb/hr) ure (C (rpm (piﬁ E6 20065 28 28
29 29 40 WOL0B/1868% 302 200 477 52 15 28 28 29 29 40 / 17.1T66S030635199 486
53 15 28 28 29 29 40 / 17.6 66 304 199 506 54 15 28 28 29 29 40 / 17.6 67
304 199 488 55 15 28 28 29 29 40 / 17.6 67 305 199 496 56 15 28 28 29 29
40 | 17 s&e@Gsp%@& chopragindt pelycarboizee a®lagilaowdighy and g kyelzobresigyalso7 58 15
28 28 29 67 306.199 52 15 28 28 29 29 40 / 17.6 67 306 199
512 601X ﬁ%‘“‘ééa %C%ala?ﬁg}n Pgo t%‘gﬁ"%‘é}“&“lg 61 15 28 28 29 29 40 /
17.6 67 307 199 523 62 15 28 28 29 29 40 / 17.6 67 307 199 550 63 15 28
28 29 29 X8\ B 9@(@@%1@&&3%@%01@1: 05.16OMBRROPODYEARBANAGREAN 308 199
524 65 15 28 28 29 29 40 /| 17.6 67 308 199 496_ 66 15 28& 28 29 29 40 |
17.6 67 MB’BHYQQSA;EICYBATEBM%B%)?Q 02 Gajelysy=FBFA 9D8-Y199 535 68 15 28

28 29 29 40 / 17.6 67 308 199 523 69 15 28 28 29 29 40 / 17.6 67 . 309 199

1528728292940 7667368159 15‘6‘2_7'1“'].’5'2&: 2829 29 40 /
17.6 67309 199 Y‘f?ﬂ““’?@‘i@“}ZB 28 29 2980 / B5.1 62372 55 73 |15 28 28 29
29 95 /|41.6 93 364im3%8) 74 15 128 28 29 29 ho / 1716 69 |369 0 44
Example| V1 |V3|V4|V5|V6| MassFlow |Torque| Melt |Screw| Die
: Rate (%) | Temperat| speed |Pressure
‘ (cpm)/(Ib/hr) ure (C) | (pm)| (psi)
51 1512812829129 40/17.6 65 302 200 477
52 151282812929 40/17.6 65 304 199 486
53 1512812812929} 40/17.6 66 304 199 506
54 15{28 2812929 40/17.6 67 304 199 488
55 1512812812929 40/17.6 67 305 199 496
56 152812812929} 40/17.6 66 305 199 504
57 1512812829129 | 40/17.6 67 305 199 507
58 15281282929 40/17.6 67 306 199 521
59 1528128129129 | 40/17.6 67 306 199 512
60 15]28128(29{29( 40/17.6 67 306 199 519
61 1512812829129 40/17.6 67 307 199 523
62 1512812812929 40/17.6 67 307 199 550
63 15|28 128{29(29| 40/17.6 67 308 199 500
64 15128 128{29(29| 40/17.6 67 308 199 524
65 15|28 |28{29{29| 40/17.6 67 308 199 496
66 1528 |28129(29| 40/17.6 67 308 199 550
. 67 15128 |28(29|29| 40/17.6 67 308 199 535
68 151281282929 40/17.6 67 308 199 523
69 1512812812929 | 40/17.6 67 . 309 199 548
70 15128 128(29129| 40/17.6 67 308 199 562
71 15128 12812929 | 40/17.6 67 309 199 596
72 15128 |28(29}129) 80/35.1 62 372 655
73 1512812829129 95/41.6 53 368 655
74 1528 128(29(29) 40/17.6 69 369 650
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15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 Table 9 Conti nued Exanpl e Act uaI

Barr el
Endcap

Mol ecul ar Wei ght Resi dual
"M OH (O

% Tot al

O+ Tenperatures My
ppm) 51 257/ 280x5/282/ 280/ 265 31417 |/ 14

YAEE i, 505 "

428.3 52WE5B/1980¥R7/ 265 31470 / 13923 / 2.260 53 255/ 2800/REHUBH6354/ 13989
| 2.259 481.7 54 255/280x7/265 31678 / 14010 / 2.261 476.3 55

255/ 280x7/ 265 31766 / 14063 / 2.259 486.7 56 255/280x7/265 32002 / 14136 /
2. 264 53able 9 Gumtomed 280x2/ 281/ 280x4/ 265 32008 / 14354 / 2.230 477.5 58

256/ 280x7/ 265 32109 | 14409 | 2.228 434.5 59 256/ 280x7/265 32631 / 14369 /

e o
52314 | |Exawel|) o A gﬁmﬁﬂ;gﬁﬁﬁgwé TRyl ““‘4152355}3' Yo arr 5
63 256/ P80x6/ 281/ Jsappesatpyes; 1429w/ Sa (SRPBRNNE 1/ 265
32884 /| 14464}/ 2.274(6ho. 5 69 256/ 280x7/265 1@&"7 : 4394 | 21274 513.8
66 _256/p80y7/ ¢6§>732%@§Q%$21§8@ﬂ2§§ /31212/7114124882.202 742836/ 280x7 265 33647 /
%ggf %86(7)%% 3280561280800 | zxiil‘}?‘?g@ﬁﬁ%ﬁ%fg/ggéol 21 522%2‘;‘8;& ?2363 /
252%83?3%?&42@5"‘2@0%72/%‘?\5256’ 260y7/ 2089 33262| /4514488, | 2| 292 - 529.6 72
33143 /| 15548 || 2. 258280X526 o7 731§1$2I§401§A‘5§§’6 2%&?7/26%632223Z?U)1(Z1{3§25/ '
g-rg\%ing}??ia gt é?&/ﬂ@xi@éﬂ e 9 31hes cologam2headi mgp.7 Total OH " MS'| OH'

56 255/280x7/265 32002 / 14136 /2.264 | 532.6

57  |256/280x2/281/280x4/265| 32008 / 14354 /2230 | 477.5

58 256/280x7/265 32109/ 14409 /2.228 | 434.5

59 256/280x7/265 32631714369 /2271 | 569.6

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

61 256/280x7/265 32314/ 14225/2.272 | 4992

62 257/280x7/265 32964 /14524 /2.270 | 477.5

63 256/280x6/281/266 | 32417714293 /2.268 | 604.4

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

65 256/280x7/265 | 32725/14394/2274 | 5138

66 256/280x7/265 32930/ 14499 /2271 | 493.2

67 256/280x7/265 33647/ 14571/2309 | 493.1

68 256/280x7/265 33752/ 16821/2.007 | 535.8

69 256/280x7/265 32809 / 14406 /2.277 | 527.2

70 256/280x7/265 32794 /14363 /2.283 | 5059 | 979 | 49/16

71 256/280x7/265 33202/ 14488 /2292 { 529.6

72 256/280x7/265 33604/14619/2.299 | 3099 | 985 | 36/10

73 256/280x7/265 33143/ 15448 /2.145 | 4169 | 977 | - 51/13

74 256/280x7/265 35339/ 14654 /2412 | 626 | 99.2 19/0

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

provides the total

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

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

45



concentration of OH endgroups (expressed in ppm present in the pr oduct

pol ycarbonate (nunerator) and the neasured concentration of sallcyl oH'
groups ("MS" OH) expressed in parts per mllion (denoninatb$p Afe dat a
denonst r aWM® @B&0g149hi gh | evel s of product pol ycarbonat e endecKp$3s35¥he
product polycarbonate of 45 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354
exanple 70 anal zed resence resi s than 350
o R e, haded B e FiaRes Qe Pl PR 0 b,

mere found in the

pr Oduc'[resﬁﬁéﬂﬁﬁ'fé@”ﬁﬁ@ 1es4BEP | 20S pifa- RBidub]l BPW aieﬁe fhmdnint theoproflucthe
i nvention 1n which a chain stopper , p- cunyl phenol was included in the
equi | i bpadydadboreteep. Thus BMSC, BPA and p- cunyl phenol (0.03 nole per nole

BPA) were equilibrated as in Exanple 5 to provide a solution of an

%::L\g\?vasﬁ;_tcrﬁ@o' ﬁ%{Ob ?lgﬁagﬁﬁ Itlg H)%QQ)? of SRk n%ye! Abf in m?ch@lcl?a?n sRbp& - BMSC to

a S|n e solution t he ollgonerlc

pol ycaf&ﬁﬂg Bent Swas indladeldhia ehet éqtdﬁbraﬁsmfstgur ahue BMECEBRDland 1-6- 19.
Exanpl es

80 represent sarTFI es of the produg C rbgr%ate e|ch wer e
“col | ect emnwlphmjl@@a molaper paleBRARWeES ganlitipted ps g’o‘l%}i%tm PHBIRVES The
nol ecul ar ht dualk Ve (o tgoletRiodNed for
each saﬁﬁf’}(,e\%oga ﬁ?gllé@égﬁc ? <§l¥5§§5 zllﬂgm%ﬁ s'ahéﬁitél %ﬂh‘%}ab?e 10 and
denonst BMSC kb BPU@e ISi3u | AsgeErfimples t38+5t® atsojgieesolytioncefithe Oligemecul ar

wei ght within the confext of the pres nven SI ON OF

SOLUTI ondymémwﬁﬁs%? @W e’éi‘?"é%@&ﬁe a?&géwlfﬁlgﬁgww ALl CYLATE,
PCP LEVI I\ggnﬁ % LRRMicEWeRZollEat @by eutar TBPA ONLY
Vacuum %\?) reQe?ht IR oS dgﬁ@ll 3 V4 V5 \1/% l\/gss 0FI ow Ratgu rque Melt

Scr ew Diisterviatspovet & iplribd ))f @%ut'ﬁeﬁrb@nat Themolrsaler peighs andlevelof rest (psi) 75
% (5)02202?“,( y12s%111<£:1 qa(e dleZermme% 55 8ack samp e. Dita%r %Qarggleg% 28 2#0gdthdréd 6 30 288

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|V3|V4|V5|V6|Mass Flow Rate To‘x;que Melt Screw | Die
(rpm)/(Ib/hr) (%) Tem]zér)ature zl]‘);;:i) Pr(e;:il;re
75 1512512512929 40/17.6 20 282 125 65
76 2212812712929 40/17.6 30 288 200 60
77 2202812812929 40/17.6 35 296 299 40
78 2212828129129 40/17.6 39 304 402 35
79 22128128129129 40/17.6 41 311 503 32
80 25(28128(2929 30/13.2 34 288 201 65
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77 22 28 28 29 29 40 / 17.6 35 296 299 40 78 22 28 28 29 29 40/ 17.6 39
304 402 35 79 221281281291291 40 / 17.6 41 311 503 32 80, 25 28 28 29 29
30 / 13.2 34 288 201 65 46 15 DEC 2006 WO 03/106149 PCT/ N8B54 Tabl e
10 Conti nWsX03E06r#pl e Actual Barrel Tenperatures Ml ecul ar ME/G$03/16854/
Residual Ms (C WM / PD (ppn) 75 264/ 278/ 280x5/ 282/ 265 19572 /| 8847 |

2.212 1%4‘62)‘. g §6 2604 280x2/ 281x2/ 280/ 281x2/ 265 20298 / 9185 / 2.210 1158.7
77 257/ 280% g 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/ 28 FRar&l0 K/Io/l AR digd MR ﬁ&ﬁlu&MS
2071 250/ 30008) 5 §f§§8%‘§i‘ 1564 21718 1 O%R9 Poi2. 207| 61gpf) Elanpl es
81-86 illlJustrate the use aof the nethod of th\ln\IF\hfl Hn a

pol ycarboryat e | conpré4/RTER80RS/RYA/265al | cyl 196U/ ER4PS2.21H @ vE¥Y.8| ow | evel of

cqui |1 oy arBa o P2 R PR Gy BRI 10 FESE o TRa R ani‘ﬁﬁfﬁ%‘?{ﬁ

pol ycar porgt e |i rzsmsdw%lxsa%omj/mzezss The2oswé 29316 42.206 of BEBESt 0o BPA was

ool yoar porih e Iues PRt BOAR B TS, | APP oL 88 4200 ol edifl oc 6. 10.

Exanpl ep %SEzsﬁmmnz/zsﬂmw/mxzeﬁ/zme zxroowlu@smpng&a borsasé whi ch were

col | ect pd—at— pe rs.| The

mol ecul ar_%fei cﬂ% 4%79P‘Q§Z§/S%97272é§{7/8§ﬁ #‘FLZ;{ 6?’@2?3 ’2/| ht e (ﬁgy term ned
for each sanple. Data for Exanples 81-86 are gather ed in Table 11 and
denonstrate that still |lower |levels of residual nethyl salicylate can be

hi he d d
ol yoar HTRREN AT Ko pihelhfe, e, ed P ean P, o SRR B obudBCall P
gi ving rp&ﬁ:ai&nhﬁecdﬁfﬁ@ﬁgeﬁleﬂfyl 'Eﬂb;iy@ eddgrodyls é:ﬁi Piéiy2000level of residual

solvent in a single extrusion step. Thus 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 1.035. As in Examples 38-50, a single solution
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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WO 03/106149 PCT/ US03/ 16354 TABLE 11 EFFECT OF SCREW SPEED AND NMELT
TEMPERATURE ON PRODUCT POLYCARBONATE. EXTRUSI ON OF OLI GOVERI C
POLYCARBONATE | N METHYL SALI CYLATE, BMSC/ (BPA) = 1.035, Caial{&4006= TBPA
ONLY Vacuw@ @werdds On. Hg.) Exanple VI V3 V4 V5 V6 Mass IKCUS0306358 Mel t
Scre Die Rate e(% Tenperatur w Pressure (rpm/(lb/hr e (C) speed (psi)
(rpm) 81 15 28 28 29 29 40 / 17.6 35 294 251 31 82 15 28 28 29 29 40 /
17.6 26 2 1572 9 7 15 28 28
20 29 40 1oL 8 AT 508 5 Bt SEeED S MELT, JEMEERRTHRE, PN 630 8 86
15 28 28PRODRICDPY POLN@ABBMLATE30 66 EXARUSIAN Co@Fi nu@UIGOMEBIEC Act ual

o1 255/ Hr3sanoaen s BRI SR et iShusth) %gﬁ%g@s‘t" ik

257/ 280/ 27 RpATONE RO/ 280/ 277/ 278/ 279 21815 / 9760 / 2.235 583.7 83
255/ 281/ 275/ 281x4] 283/ 281 22417 /| 10012 / 2.239 165.4 84
254/ 281/ 279/ 282%2/ 280/ 285/ 284/ 281 22589 | 9487 [ 2. 381 102 5 85

252/ 282/,283x3/ P8VAMM @B8émB1 (22874 / 10196|/ 2.243 [66.2| 86
248/ 273/\2741 276/ 279%w.88E386/ 283/ 281 21689 / 9692 /21 238|40.9 |Exanpl es
§(7)I 324%&%@"' g*n;ﬂ e% %r%?'_ll Ill‘?:"fll"r”BL s L”dSCIJQ\ r 'Ietjcwt Ioe\c/)glt al)p :
resi dual] sol vent|i i ngl e|ext'tal8 onegr(pg?f‘? Hark oft eﬁ’fe nge a still
hi gher ifnitial|no ar ra i 0]of |aBMMAbYIR | BPA. d|SBEA (W dqui I'i br at ed
as in BEdanple b to pfovide|a |[sol ufion|of an ollgorreﬁ(mm ol ycarjbonate in
methyl  SE ey R o G T 0o 12907196 | 35 294 | 251 | 31

82 15128 (28129129} 40/17.6 26 281 125 56

83 15128 12812929 | 40/17.6 42 304 378 17

84 1512812812929 40/17.6 43 315 500 12

85 2512812812929 40/17.6 47 324 630 8

86 15128 128129({29| 99/43.4 37 324 630 66

Table 11 Continued
Example Actual Barrel Temperatures Molecular Weight | Residual MS
© Mw / Mn / PDI (ppm)

81 255/279/272/280/281/280/285/282/280| 21711/9728/2.232 2089 -

82 257/280/272/279/279/280/277/278/279| 21815/9760/2.235 583.7

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

84 254/281/279/282x2/280/285/284/281 | 22589 /9487 /2.381 102.5

85 252/282/283x3/280/288/283/281 22874 /10196 / 2.243 66.2

86 248/273/274/276/279/280/286/283/2811 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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BMSC to BPA was 1.0375. As in Exanples 38-50, a single solution of the

ol i goneric polycarbonate was fed to the extruder configured as in Exanpl es

16-19. 48 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 Exanpl €55 B- 805

repr esent wanplwsof the product pol ycarbonate which were epobfuseresss at

regular intervals over a period of about 1.5 hours. The nol ecul ar wei ght

and | evel of residual nethyl salicylate determ ned for each sanple. Data

for Exaﬁgﬁrﬁﬁle%%@@ reﬁijé%rlﬁ%ﬂﬁ{e_@@f tHe pradice pdBcabenaie whithtwat eolteosd very | ow
of r

| evel s esi dual et hy salicylate can be_achi eved b ,incrde]gsilng t he
mel t t espegalavintervals over @pexpdefiabomhd.5 hover Thpmelashisr %@h@m ¥t he

duct pol b - ef | t ' e . Th
P oduct obSRal BERE! SelGia SefrpBa ol AN sofibfy. Pata fBExaiBR: 8750 The
experi ngpd %ﬁhéfbdﬂgn Mabe 10 dddedEamsarsthon vimblosr leXels ToiBieEidad BeBACT OF

SCREW SPEED AND MELT TEMPERATURE ON = PRODUCT POLYCARBONATE. EXTRUSI ON OF
OL| GOVERalEylaterandaradrave byingeepsing thpmettviemperatusg/ged sEpK)SPELd g%75,

ot T i ' 4o/5 V6 Ma
G Y2 FERREENGE AL oot AP o 15 10
(r pm / (IENIBC)enfpRyedll MMk [rpdick p8HcdrboRRe 38s 26ry 2eanand calgrles I5oughout 25 TLTM

88 17 28 28 29 29 40 / 17.6 25 282 250 l%)irwi 89 20128128129129 40 / 17.6 30
290 374 Uk pweripgnbaiyingmseito sle Byamples in TepleslR3 297 501 TLTM * TLTM = too

|l ow to neasure. Table 12 Continued Exanpl e Actual Barrel Tenperatures

Mol ecul a%%\}?}%gg %}gzc;ggg}:dséw SPEEDMAND RRELAPABMBIRATURE ON

259/ 269/ 280/ 266 16233 / 7385 / 2.198 588
PRODUCT POLYCARBONATE. EXTRUSION OF OLIGOMERIC
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 Screw| Die
Rate (%) |Temperature| speed |Pressure

(p m)/(lb /hr) © (rpm) | (psi)
87 15(28{28129(29| 40/17.6 15 276 125 |TLTM *
88 17128128129129| 40/17.6 25 282 250 | TLTM
89 [20}28)|28[29(29| 40/17.6 30 290 374 | TLTM
90 |21]28|28({29(29| 40/17.6 33 297 501 | TLTM

* TLTM = 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 71 2.206 59.1
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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 9015 DEC 7008
249/ 280/ 281x3/ 280/ 283/ 281/ 265 17149 |/ 7773 |/ 2.206 59.1 49 15 DEC 2006 WO
03/ 106149WR0OB/10633/ 16354 Exanpl es 91-94 illustrate the preperasu3a6356f
copol ycarbonates using the nmethod of the present invention The
copol ycarbonates are characterized as having a high | evel thﬁ
° | evel of

sal i cyl Exaraplen Qb4 ilasispte thy prenagatiog,of ¢epelyrarkenaies ispgdbe my Og
o Oabre3 gl YEfEntiof " TR R Bhall bR APO) HEARP PGBy €0 | 1

Exanpl efr repa ows. A m xture of hydroquinone (0.2
mol es HeptsA sBlidyl elmdgmuBPA)eryBM Bt BYBE coficedRatimise en@leElowpleveloofs mol e of

BPA) was eqU| |.i brat in ) 0-4 er 0.8
mol e BPAgSidnaLsolyEd '@@ stof}gm@aql':f);q%@{nepg "BP@VFEEIé @?es?fpélf’?'%‘ﬂ%oﬁxagﬁgﬁ gorrer ic
copol yc t i r@t mygmgBPA+
vvag 1y0gﬁ %E&sﬁ %ﬂl%gr?rg ?ﬂ"“"‘%ﬁl édgxrrléﬁhge Bgmggﬁgé]ngt e zuglggé SI n zrirrpl e 94 vvaHS
pr epar eghdls BRA) oBBA Andri BMSCe (b2 myhtsolaMSﬁbrper Oc8 :-molm%BPH(b w&% o 65

rlrgl insrg)@ﬂ*g %%Sew& %g @gTﬁﬁ?pe@fa etﬂ'?o pr ovi de a

sol utio vi‘db%k&ﬁﬁéb@ﬂﬁi@l dindFRE dtpbl @ﬁbbﬁatéaiﬁwthyll'he nol ar
ratio 01?1 %Hl\/%cﬁe%{aggmh(g 3 The tl%\o SO|dl})t¥)l gﬁs were fe

sequent |sa]1¢y}ateo Hre enclaruiéio @%BMSQ@%'C@CB%& T H@&wgaspl 82, 1"§h€?L9°1u%f?§l es 91-94
f. t h ted at
Febutar SlieRRERs Fpy Separiis Wl ok RRE DY TP PR KAl ATRaR B8 U0 OL

and | evelydRfquidhk ¢0.85 mdres HY péi'®| dscmbntm’m: B Al@ideBNISCEwad equﬂdaaﬂad sanpl e.
Data for "Exanples 91-94 are q hered _in Table 13 a %ﬂ) ermnst t he
f or mat | o inExewpls 3 cEBBANR: % 10smples HBPAmst Péd magle R4 pWaé§1§ enti on.

50 15 peropbas PSR R0RD A BT st N S A iR cﬁ‘%‘é‘%’ o
BPA & HJIRMVEGI(BRA MY BMST 62BPA + HQ was 1.015. The two solutions were fed
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
methyl 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 pfesent invention. The product copolycarbonates were clear but had a

slightly yellow color.
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(EXAMPLES 91-93), AND 1.015 (EXAMPLE 94), Catalyst = TBPA ONLY Vacuum @
Vents (in. Hg.) Exanple V1 V3 V4 V5 V6 Mass Fl ow Torque Mel
Rate (% Tenperature speed Pressure (rpm/(Ib/hr) (O (rpn% ?&'W{.’Ql 15 28
28 29 29 WO 03/109146 52 296 127 447 92 15 28 28 29 29 50 / PRr/0sBA6HBA5 250
356 93 15 28 28 29 29 50 / 22.0 51 329 375 254 94 21 28 28 29 29 40 /
17.6 57 316 298 325 Table 13 Continued Exanple Actual Barrel Tenperatures
Mol ecul araleRalt dRssOHyEAMONADEMOY YK /& RR) BREO/EFAHQ) = 1.02

229/ 282/ 272/ 280/ 279/ 280/ 278/ 278/ 280 30355 / 13295 / 2.283 1241.5 92
234/ 280/ (EXRAMBDES/91893)28 N2 3 D15 (BXAMPLB 94) Qatatyse #OIBRYY ©ONIG3
244/ 280/ 273/ 281x3/ 283x2/ 281 30429 / 13338 / 2.281 1048.6 94
250/ 280/—27-67’-28pA3,’ 281278+ 29360156136t +2-3181761—F+—Exanpl es 95- 97
i'llustrate the| YRF8UBX@YRthet hod of fhe present inv *ntio%; for fhe
pr epar atfi on_of | cofBt B&)} bonat es cont ai ni ng| about 30 {nol e | per cent

pol ycar bpaghgie VGRS P4 |WBIVE| Mfs Ho YE6 gk P RIdNENAkceR Die
4, 4" -di jydr oxypi phepyl}) and] abgite 70| pRhe ﬂg{}ﬁ%{,rétrsﬁeegeﬂeyﬁpe from

bi sphengl A (BPA)l. Thg sol ution of olfi gohefic ((gopol Yﬁﬁl{) ogate |enpl oyed in
Exanpl ed 95-97| wds pr dpar ed| @mY&/bbys. A i xture of|” biphenol |(0.3 noles

BP per Q. 79[rol £1 sBRA\) 28 QB/\zgnd4(By\/{S;C‘6(j.. Gb5 ol egz)ﬁBl\/BC per | Q7 ol e of BPA)

] a4 ocd = TDr)A LD 1 TREA
was eqUIr.u.m et TasST1 att —X—10—4—+fotes1BPA—(per. 0.7

mol e BPA) RAs |ddB has 28428 bt é@{/%gcotc p5r\30v de H3sol 4t #¥h |0f358n ol i gomeri c
copol yccrbgglat ,15' Ag By byl 26 P Al ggyi;_a@e THe (ol aggr atijoypf |BMs@ tjo the total

nunber g——-+ol of BRA R-was—1-035—Fhe—solut+of—was—fed—ta a

devol atill i 2#ng 28 {iefel29 | a9t i4€10}7e@ as i'n Exandlibes 1629%.| Béanpl es 95- 97
r epr esentTalanpl@Gmtiatied he product copol ycarbonate which were col |l ected at
regular intervals over a period of about 1.5 hours. The nol ecul ar wei ght

and | ev ! Of L cl rlllaL et h\ll cal | r\yl at-e—\wer-e rlnf nrm nnrl 51
Example “Actual B: Barrel Temperatures Molecular Weight | Residual MS
© Mw / Mn / PDI (ppm)
91 229/282/272/280/279/280/278/278/280| 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
94 250/280/276/280x3/281/278/279 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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15 DEC 2006 WO 03/106149 PCT/ US03/ 16354 for each sanple. Data for Exanples
95-97 are gathered in Table 14 and are consistent wth the formation of
copol ycar bonat es conpri sing both BP and BPA residues. The |pbiddi6et

copol ycar venewwéstanpl es were cl ear and had no visi bl e yel | mywesBi63Ene

nol ecul ar wei ghts observed for the copol ycarbonate sanpl es were | ower than

vt o e R R b R D e

in whic noners was conducted. |t was

obser vegithitaé feaimtionfoftcbpolyirbirensl consprisingabith BPyaridBRA uesiduedi AY@r oxy
aromati c conpound, did not dissolve durin he eguilihration reaction.

Thi s ef Prdpel enplypatkonate samtes Xerep Cgaﬁ" Bﬂééabd’ot Wg{ﬂ’ﬁecﬁ%vﬂg&s'mﬁ)ﬁer of

mol es o d ' ighe WaR! @6wérathanei ght s
obser Ve%qo?eg:}fa?h\é@%‘é‘@é@?\éﬁ%ﬂ}ﬁ%ncg)tpggégrrbén%%f’sgmggﬁsi stent with a nolar
rati o ofntRifed, prompBRA aqfoshbomisidn egaminaSee of the reactiop|vessel e Waigha provi ded

ol ar e e P EEREPE OBPAD NS R Y R o8 RO ARG TS 700 BPA
& 30% B > i ot dBRAvEMkihg/acuum @
0 gﬁyﬁ%? Q@%velmﬁﬁ%ﬁﬁgaréxﬁié CO 5@1@?&&1 ot digkdv gV

Vent s mple V1 V3 V4 V5 V ss Flow Torque Melt Screw Die
 Rate (%heTequibibmtioneresgtiad Mihis stfeetively gays @ molar ratiCpf BMSC (D9 95 24 28

28 29 29 40./ ,17.6, 45 302, 350 6 4 28 .28 29.29 6 302 350

54 97 S8IDedgnIBbS oL GOl et BPasnd R aies; ek ifhir a1 b0 B B07 BPO
Act ual Badit&llar SRR bserosd fe@'ﬂ%ﬁﬂoﬁﬁct%léb@ﬁfboﬁ@t&é gl ahore cEDsidvbmtwitha / PDI VS
(ppm 95 256/ 305/ 284/ 282/ 281/ 280/ 283/ 281/ 265 19691 / 9264 |/ 2. 1%5 1835 96

261/ 302maslay 280xEBMICI8BPIBRA aftabogt 1.0303(Ser for examplegthg data provided

in Table 12 for the preparation of bisphenol A polycarbonate in which the molar 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)/(b/hr) ©) (rpm) | (psi)

95 24128128129|29| 40/17.6 45 302 350 106

96 2412812829129 40/17.6 44 302 350 94

97 26128128129(29| 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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97 263/ 300/ 290/ 280x5/ 265 17867 / 8486 / 2.105 1942 52 15 DEC 2006 WO

03/106149 PCT/ US03/ 16354 Exanples 98-101 illustrate the use, 050@&52@55 nmet hod
of the present invention for the preparation of copolycarbon

cont ai ni nvpas/eawbonat e repeat units derived from 4, 4" -spifosughesisphenol
(BPS) and bi sphenol A (BPA). The sol ut i on of oli gorreri c copol ycarbonate

| Ex | 98- 99 f .
o 2 oramgea DI OSHitints B Re€ oRRE Bty o thsiiaSishyiVeRil frdbeyec (1. 0o
ol es %%%ﬁar@@én af @oﬁ@&&r@éna@o@oﬁf@ﬁmgCii&l)‘daﬁfoﬁﬁteq t bhitEdaiderdm TBPA (2.5

x 104 es TBPA per” 0. PA) was used as t'he cat alfyst to provide a
sol uti oﬁ,4bfsulf<mylcb1bhegohéBPS) @n@dﬂmb&n@oﬁaﬁﬂ%)n rbe wyluh@alq @l%’!‘“@ncThe mol ar

t f BNBC,t BPA. + Th | ut
bl yoar HRRLEE 088 TPy raerelso s ot Waneprep 4 lod PRRBBREST, 1w
of BPS 4@ ﬁ@lf&?ﬂ%@ae@ﬁﬁ(@@rm@l&%mkﬁr 0BPole B?A)aMAme\lsoz{x 08l es BVBC
per 0.6 nole was equilibrated as in Exanple 5. TBPA&Z/SX 104

m): es TBHB?CS@MS@}M Or&mlepﬁ?PMsvawauﬂ@gat@dw@s indgtampje 5. (1B $aeha |
T
Pt o ofo st PRRE R bILRE R XS BRORNR S hlcdBibED Pﬁﬁédeﬁ%?@f‘% of ¢

sequent waldligoineriaropaliytatdeniate o foghyleghliggaten Thcanplasrafi6- cﬂf’%MEQa’wpl es

98- 101 represent sa Ies of the product copol yc rbonate C
col | ect BR2ar BRYywearl .03 nilke \salmgowérohgom%lpoltyp onate usge Mi‘fs 3.0

hours. The 4 lv@a%ilrﬂ; ré’éféagﬁtlloﬁs ﬁi\cf)gtlug( f§§d g@’sﬂdoiég?ﬁ;%’gels@m et e were

det er m ned or e gathered in Table
15 and B‘B&A)QBEM atdaBMSE (hOIhmaﬂﬂrEMSG)perdTG modp of PEAY tycaseﬁtqeélb&ﬁﬁprl si ng

nvent 1 84 Sxamite s LSRR APiss T TmalEiR) ue bt Erenc

(BPS) Bl 3@5? Bk a‘séluggn Jaf Qﬁ%l Qﬁkﬁ& 3681501 atbatAteONLY e IS shligyl@sVent s
(in. Hg.) anpt e V1 V3 V. orque Melt Screw Die ,Rate (9
Tenper atﬁhegng}aeg@t1q3¢§8§@$@ to BPA + BPS was 1 .022. e two solutions were Ted

sequentially to an extruder configured as in Examples 16-19. Examples 98-101

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

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

(rpm)/(Ib/hr) ©) (rpm) | (psi)

98 15128(28|29129| 40/17.6 80 324 200 744
99 1512812829129} 40/17.6 79 323 200 690
100 |16|28128129(29| 35/154 76 334 225 615
101 |17]28]28(29(|29| 35/154 80 330 201 694
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(rpm/(Ib/hr) (C (rpm (psi) 98 15 28 28 29 29 40 / 17.6 80 324 200 744
99 15 28 28 29 29 40 / 17.6 79 323 200 690 100 161281281291291 35 / 15.4
76 334 225 615 101 17 28 28 29 29 35 / 15.4 80 330 201 6945 DER3IME DEC 2006
WO 03/ 10694903 ed149/S03/ 16354 Tabl e 15 Conti nued Exanpl e AcpeiplsdBakise!
Tenperatures Ml ecul ar Weight Mv / Residual (C M/ PD M5 (ppm

246/ 280/ 279/ 280x3/ 273/ 280x2 37069 / 15446 / 2.40 556 99

251/ 280}6%&@?5/&%{1@&9 37031 / 15227 /| 2.43 522 100

249/ 2817/ 280/ 281x2/ 280/ 286/ 281/ 281 39014 / 13708 / 2.85 578 101 252/ 280x8
38194 /_13843 | 2.76 563 Exanple 102 A solution of oli gnrce_r_,j_ﬁ
pol ycarlgeaapr| i SARuaIBHreé Tamperatiia3nplMofkcalad Weghb Mt #dRésidwl |t enper at ur e
of aboyt 160Ciin a feed f@npk under a nitrogda/aprosphegre MS0-40 psig N2).
Nitrogen is used to provide enough pregssure to feed the ppmp Head of a gear

u [ TCat e | qnk of heat trjansfer |ines.

Rd(r:lr})t i cn;tl%lfg”yljJ I!t ;24%' dgﬁ%(?é@‘é?ﬁé/ﬁg&%\ ;<t U?@%Jﬁ?ﬁ@ 2(f’((}m:ri S t le comerci al

st abi | ijZerg TIRGAF 12 per gt |bas on t he wei ght
9?qonreri (L:??ol})g\éégr o%%) e0 ang I%Mﬂﬁ&%about ). 10 per centgby

of . the} ol

vei ght basg | My/igipswek Bhr2g0het/he1/981| 9814 C13p6d Aocesr onas) . [The sol uti on
is transferred fromthe heated feed tlank by mpans of ithe gear punp at a

rate of| about {30 poundg5m280x8| uti on per38heur13B4s /2. Toeajt e&@hanEer
mai nt ai lned—at-labout—2656—Fhe—seluttor—ererges—rom—the—heat—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 amatelExaﬁlgIggjzati ng, interneshing tw n-screw extruder having a length to
dianeter ratio (L/D) of about 56. The cracking pressure of the pressure
rel ease valve is

A solution of oligomeric polycarbonate is prepared as in Example 5 and is heated to a

temperature of about 160°C in a feed tank under a nitrogen atmosphere (50-60 psig
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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el ectronically controll ed such that a steady stream of the superheated
solution of the oligoneric polycarbonate is introduced into the extruder,
t he heated zones of which are naintained at a tenperatureli Dt Hif ange

bet ween abwwouiz/1B6@E and about 290C. The feed rate to the epdmusbenciss about
30 pounds per hour. The transfer lines between the heat exchanger and the
pressure control valve are heated such that the t eratyre .of, the

sol ut i GFheagxtiuder s dpntamﬁj@tc%épfﬁms@eﬁﬁéfémmGé%mm-h&ggﬁﬁmﬁ B tire control

(oo AR 350 MO 008 s PR o3 a1
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f eeder The eauveyhgdelumbits fshagerevat obtiphedd federrare configurediie cevyieyi ng

I t f th f th i de feed | d.to. t d
he. oxt fuded nGTENGY PAGHENECE &t FREJEHeySFR: THE SROPUS SrASY ur t her
SaiN PPegaibbd It oid Qaqig&éh«'vi'anﬁagméﬂb QLS aVSReB1 AV 2P Wil 4(V3) arind bar r el

4 (V3) a vacuum ven ents ‘operated at subat nospheric pressure) at
barrel Gaduvf) vans(Veatsraperat@l §0\Gibatriosphetiv pressirahet pareelicc(NADrmnd bafti on t he

trud the sjde feed f t
Foroval B0 SB6 dEPy PRI S ¢ SERER, FRT OREGF the SadrcpRe 00
CondenSEfe anal ddnflbtitsh &Ph S8 Rfent RGH6VAH] REd teGVEly. mdifold aomprisingesolentr e

y

simlar adapted for solvent recovery. Recovered ester sigstitut ed phenol
may be waporf reswvbl linkiss &idondenseh apd lismibpolyenh secciRg Versgle d8° V8B epar e

additional,k ester .. substit L, aLy. o} RéOWV el enent s
consi st YRSy ﬁm&?ﬁsvea?@%tﬁat@d%%g%ts egcﬁ% 'nggé(?i %rsa'ela‘?tgﬁéﬁslgiﬁﬁ%? of the
conveyi pgayehepRificd tyndibildtionhe othdrrtiets and nty¢lbdtosprepare eddisionalrester or war d
flighted conveying el ements._Kneadi n% el engnt s . incl dgbn u&gnque -n%orward
f1i ght edubstiuted shiamd eproonaa The RRERLRT $5red ?fﬁ?ﬁt§cﬂ‘é°‘b‘3r? i th oh {ufiction. In
barrel s r, i ' 6H8 5 BbitnGe @ktriderwar d  and
neut r al e??’ﬁ%ﬂ? %ﬁ&%%agg}gﬁ%&%%rﬁlg Bgr%eé dggrr%%l%éc}?mﬁe extruder, screws are
equi ppecandi the sidd feedenbs fowsid flighfed conveyg dgmentsc KEneadang lsMSPS ear war d

flight ec%mclude: neutral, forward flighted and rearward flighted kneading elements depending

on function. In barrels 2 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 vents
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 (melt 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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kneadi ng el enents. The nelt seals are |located at barrels 5, and 7. The
vacuum vents are |ocated downstream of the nelt seals on gﬁrggl ? and
barrel 8 and are operated at vacuum |l evels of about 28 in dst 4l mer cury

(a vacuumpaeesp@eigndi cating full vacuum or zero absol ut e preESI¥NEss4 Wwoul d
read about 30 inches of nercury). The product polycarbonate which energes
fromthe die face (nelt tenperature about 325C) of the extruder is
strandedeﬁe“rdlmed:ddeteibeﬂ‘,xaﬂpkasri@BH@ﬂi zed product pol ycarbonate is found to
have a wei ght aver age nol ecul ar wei ght in excess of about 20000 dal tons

GPC d.t tain | t dual
stor sostir rbﬁ?anmvé’rré%%%s JFe8 Jetm%@gf R DA
endcaps\%[b% ?J@f& G fensat §§t5 and N@npRbesdt %Qﬁ)illbﬁm)ﬁhbeﬁmﬁ@mmcm the5 15 DEC
2096 $F106149 PCT/ USO3/ 16354 © Genera

Pr ocedure for I%x ni?HI es 103-181 A
30- gal | presendeaofi the c%alo'sfoto ek (s gelution pemprising HEMIREICSPOYGETORIRC: he 1ol t en
nmononer §. Wi .t h. t he t r oners in
the pr&isspleed B’fm’t"tﬁalt %égfayestfl]?e R?agrn %e%ﬁgg{ %hﬁ%ﬁfpﬁ%z%%ﬂg of S|naghrti)lner| c
pol ycar pnatfRing Brsne rvadtihg) soRtiby to Xt idesitedt empefacirberds preoeided byar the
mel ting of the mononers and the heating of the resultlntg sol atlon to the
desi r ed strearp enfdteating wdshepated/ l(d@bmﬁyﬂdfcswh@hrﬁoﬁm he girwgted; nsife f%d t o

eaot or Henis Pebeh Ve gERion 1HFdeady vt BF iAo Al BO TR | 0°

pressur epyaihf ;J?ésfsﬁ@gﬁﬂa fitfoged i86s. r’El@&fe@étoW@s dbs @da@ckapfoe dpérmomnﬂiﬂ’at I on
under vacuum use in tthose cases where a portion of t gégy
r emoved

sal i cyl axaeumyffwomm thseowseseWhese & Rertien Al the methy ﬁakﬁ’é%tF 3Pt
rom tNe,rsQucdt if Tnd el Bfiipkid! Feactidlf WRAJUEHLOL KBLP eGP LAY td 2t N

ext r uder™* vessel wasS connected to a shell-and-tube condenser
attac heCintr@dlﬁ:tlbﬁ(ilﬁb\tEé devislatilicing exioudelre The Mectigh vessel wyd emmectéd e | | ed from

t he reacti on vessel s coll i‘ehed in the receiver. ‘193 &ﬁ s\éﬁ
mount ed Shellanddvhs qongensst afterher 46 aFeeaiYes Aad VariohRuleh M unt of
met hyl éﬁé‘ﬁﬂ&%&hﬁn@%@&% Izés@@ﬂ HWHE chBREOM ihe febaise. | ThHé ama&r\msn

stripping was perforned. I gh power agitator inside the reactor was used
to honogmnumed tonea isensitivd s¢8é@¢hatvm0mmrﬁd @né TefaswisA dhe sl of é‘?eéll‘x}st The

agi tat or sa(flc ate rerln%\(?mP go g: r%z(l)ct(g" n those instances when stripping was performed.

A high power agitator inside the 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-control valve
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addi ti onal nononers and catal yst during the operation of the process.
Efficient mxing was found to be advantageous in experinents in which an
inorganic filler, such as funmed silica or nano-clays was t 2006

I ncor por apslod/eaot he product pol ycarbonate. The agit at or p@r/oN03A6sksa

uni form di spersion of the inorganic filler in the solution of the

ol i goneric polycarbonate in nethyl salicylate prior to its intraoduction
| nto t hQRESEAR(I&{ prssiire oonteslsiabre aveildtilefromoBasiget Metewhlcg)hharﬁtﬂl%l%ﬁdbonat e

onprising the or ni | lve C e, punp,
connect é@lq ?’@Hﬁt H‘O ﬁe“faéag‘f%?dt Rﬁ@egdj‘gég' ? ‘%t ransf er ?H%thm ution
of oli g%ﬁatdng r, P@& 5&9@@6&&%@%%&@% fplad e ek@nder o #edeat to the
extruder at ?I ed rate. In sonme instances a 10-fogt |ong

doubl e- tdelieerfepdterex dtharfgeﬁ delivery system anfl thetoniader W%Wlﬁ%ﬁy Qﬁﬂa‘Fﬁét ext ruder

in order_ o control th er of the,sol uti.on I

pol ycar tftih.ﬁrte’é ! PERSSHIES, ﬁhus?ﬁee ?%e%:)gﬁ*‘gteﬁ’r SYSh ¢ e{h%o &Itﬂe%lﬁ %g?r%gd}dced i nto
the ext rydef VRsuBElIee Wad PRiibally (dYeradditat 250sitive p@éseﬁtﬁw}fi}ecthapresduwal ve 56
15 DEC 2006 WD 03/106149 PCI1/US0O3/16354 (RESEARCH pressure contré val ve
avai | ablis ther &mwdgmnel\@ﬁféﬁ extrodgr wasatypicpily hew att@oiﬂli@“%i?quﬂﬁ%r £ barrel
No. 1, | aed] at 0 L srge The
pressure 585 n‘trr 3Facgﬁtgv PIES" 8%‘6‘% gﬁl%é o %‘ié‘l“%dtﬁ? ugg r&?@g Er%tﬁ%ﬁe 1? eed
del i ver yiefipsiagite dhehd essutilel iexet slyestmat asxdhdnger, ewithullighemveso tlvypl cally
oper at edeg’%5 di fferent pressures. I)gThus the feed deI r S n t he
upst r eantegIpgatues t)ﬂ’éca 1lyr eqyisig higher sat Rfﬁ%st}@svtﬁswp?ﬁ )Eltﬁl §§ d at a

positi Vesa%c@ﬁ@%a% {}&8{1{9& ab'the §M{1 on bf! OEg&gsur bo lyéﬂr&;nai’é)&ﬁ:o@ﬁteiehe

ext ruder ow at rmsp eric pre The set" or "cracking"
pressur etmffeédtexﬂmlzm ob uhel ekeudatj UThe extrades dvasna (48K @oswhsegetatiB®nper at ur e

of the solutiagn exiting the h at exch er gher, s

t enper at Weé'gleQ}VBg CAI-SETP W Y ﬁbhﬁYlﬁﬁég‘ggaéTelsp?%‘ggn 20 (glg#%tép e rate
of met hygL/D?%‘f' aududtss, T rasRxayadonal tquipfd Witk sBoveit IpbftsOVlG\Vﬁ iy i

pol ycarbonate encountered the feed inl'et zone of the ext r?’y'f[

ext r uder cowld be czemtecsmﬂafﬁerﬁmt levelapf vapvira ripeier g lteWONest é Puder

havi ng 14 bar and e ( nO The
ext ruder agqunt Blﬁeg’e )Jtl s%ﬂ&i]avencﬁb&gﬁ%r%en@ﬁ o SIO{L@) C%E%H%e%ger at ed
at di ffepenbarb@mé enloyedc Ultis aussonrteipresme rat thege ventepatsbweaadingied to

balance devolatilization efficiency 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 salicyl endgroups cotresponding to structure IL
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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anounts of the nethyl salicylate solvent present in each solution of
oligoneric polycarbonate enployed. The absolute pressure at these vent
ports was adjusted to balance devolatilization efficiencyl Mthiltlhe

possi bi | i w0 adiobo@ni ng of the solution due to the sudden m@posisaassson of
the solvent. Vent ports V 1 and V2 were.operated under slight vacuum
~whereas vent ports V3-V6 were operated under full vacuum Vent orts V1-V6
wer e | ot €t imledizgne bE theedryolatdizinghextorer. udbe solatigpayhich emerggd) o o) 5

V2), b | 7 3 | 9 (V4 b 1,V V6
ﬁes%ectﬁ\%ﬁ?@t e’g%@ggfé?@fj %oﬁ?rpéﬂ?%ﬁ 6’ﬁ5{}§gd%| Sl@g??e%@?ﬁgﬁ%ﬁﬁg %{é I(n )
Exanpl egn 1350t bR §ahaby Sh, tht Gesadut FxpheaPhenipomn preduats §EBHA) was

used in né% anount corresponding to about 2.5 x 10-4 ZR)I ef”'Pf c? al yst per
mol e of iicsipbtionodf theselutibn yutd theextruden (SeesMasp/iSew Ratg £1b/s) < Thl | e BPA),

BPA and cat al yst s _charged .th t,or gigper ature of
about 18 o?hg¥0%eré¥§}g %%%&Saaﬂ%gfve %g‘é?%tlg' z;@lhaslgvg a g%r%éﬂ%%oqs sol ution
in net hyl (v83lhédhdive Yohasteatit4aoendtof BRAThe bolamnlieading “ToePr(psidhg met hy!
salicyl endgroups corresponding to structure Il. The solution was about 55
per cent itdicaies the prassurppeasured el thgextrudgdies®esit i on was transferred using a
gear punp through a heat exchanger ‘and pressure control valve 57 15 DEC
2006 0pl1 3i1 | ' 0 piae =dawopl ati i zi ng
ext rud\e/\&Ao%% 15601%3? J|‘5)on |cé1‘ g@\?gg@%%?nﬁ]gt ﬁEeSzit B%(ﬁlaBnger hadLa
t enper atQutslyaboDBPA QNLY6 degrees higher than the tenperature of the
solution in the reactor. Extruder vent port pressures, rate of
i nt r odugti-on—gf—the—soetutign—nto—he—extruder—Spe—ass—Fow Rat e :
(I'b/hr)t Tabl g VegyumapYentsher operating |conditions arg giveh in Table 16.
The ven{l port |pre$®mulg) or |vent- 2| (V2) |(not|showh) wds idemticallto that
of VL. nfifle ! ‘Yi‘%di@g%"ﬂa%s FlowPBéone | VR | St bDielPe Drees $ rfeedrpasur ed at
the extiuder diejrace| TABLE RGte 3I@§50 ENGEy) AspdedDRish) YCARBONBdIE: | BMSCBPA =
1.02, CQatalyst 3 TBPA QLY \@gmym ents " (Pm)HI. ) |Reairpd|B-Wilvel3 V4 V5

[ Tee

V6 Mass |Fl ow Torquel Mgl t} Sarew Die|P T feed 7 il °C) | (O
103 |13{28|28(29(29 25 56 304 | 194 | 283 179 188
104 1312812829129 25 54 301 | 179 | 298 179 188
105 162812829129 20 58 300 | 150 | 285 176 192

Table 16 Continued

Example Actual Barrel Mw/Mn [Residuall BPA |Salicyl
Temperatures MS ; OH . OH . %
(°C) (ppm) | (ppm) " |(ppm) |Endcap
103 251/281/280x6/281 29669 /131221 1133 88 | 21 96

104 254/280x5/278/279/280 | 29896 /13239 1176 105 30 95

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

The data for Examples 103-105 indicate that the high molecular weight polycarbonate
was achieved under the extruder conditions selected. Moreovef, 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 *'P-NMR to be attached to terminal bisphencl
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Rate (%9 (C) speed (psi) in before (Ib/hr) (rpm Reactor P-Valve (C) (O
103 13 28 28 29 29 25 56 304 194 283 179 188 104 13 28 28 29 29 25 54 301
179 298 179 188 105 j16 28 28 29 29 20 58 300 150 285 176 192EC TeWwl e 16
- Cont i nuedwiBanmpé@o Act ual Barrel Mv / Mh Residual BPA Sal i ®dt/ushengsss at ur es
M5 OHOH % (O (ppm11 (PPm1 (ppm' Endcap 103 251/281/280x6/ 281 29669 /

13122 9 2BRBS08/ RARRAT HIRG0 RAB0i4. 3EAONMTS 105 30 95
105 255%‘1‘&%/%&%%%%%@%831597 / 13912&25 8 g? 9% Det er mi ned by
31P- NVRthibardB)aStotSdheyhPiaepm) 3 Toleila)i cat e t hat the hi gh nol ecul ar

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

(oo~ Exeempisiol &1 Were exreegrbbt Exorabasboits ybTEfupRae ouEist 1ol 1o
producty Qét@ﬁ@{é?ﬁ@g?@d ivis Relibinati@bot 25261 Amoles etepaaehylsmemdhdsrEndcap” in
Tabl e 18?. ee

oxyl groups present in the product poly nate were
shown Hyydsd:RdeRM AHpemdt 1 at:ﬂ@'?] moles eafnpadinm physisprdd per W?EQ?%ZOOG VO

03/ 106149 PCT[/USQ3/ 16354 A arpoups ee " : hal salicyl
groups ¢Playedyr AR 1RG %ﬁxg’é f Lfgpéﬁgn? fﬁfﬁgg @%gﬁ'}%&i pprr)&ei n Tabl e
16) . Exgapéeies %Ogrx{éﬂﬁnvww ¢RbEioed ThE das inrTHbianpldemonBikie B8t highh t he

exception that Tthe catal yst enployed was a cor{bi ﬁatli on .of. 2.5 X 10-4 nol es
of t et raotchiat avighti BRA polteashonets eompirging Fepthyl saliey] derminglseIgHP s8di um

hydr oxi de ﬁ?efr S%Eﬁeccf %Bg{)ﬁhee%ﬁcﬂﬁu;ﬁ%% Q:o%&?it)ﬂs fs@ectbd Qustiie! & WoHbigaRiod & ons

enpl oyet?y ycar roperties Is given in Table 17 bel ow.
The dat aMAH Eablsedith kiriroxide sethe tiahsestenifightiomeitaysl ar wei ght BPA
‘pol ycarbonate conprising nethyl salicyl term nal groups II

TABLE 17 BISPHENOL A HOMOPOLYCARBONATES: BMSC/BPA = 1.02,
Catalyst = TMAH and NaOH

Vacuum @ Vents

(in. Hg.)
Solution T feed | T feed
Screw! ... .
T Melt Die P in before
Example V] V3 V4 V5 V6 Mass orque speed

Flow Rate| (%) | (°C) (psi) [Reactor P-Valve
(/) (rpm) o | o

106 |16 |28 |28]29 |29 20 69 |303| 130 | 564 | 180 182
107 |16 |28 {28} 29 |29 20 73 1309 | 130 | 702 | 182 182
108 |17 |28 {2829 |29 20 74 |310] 130 | 781 | 175 | 181

109 17 128 128129 {29 20 77 3114 130 | 770 172 179
Table 17 Continued

Actual Barrel Residual MS
Example Temperatures Mw /Mn/PDI esl 1
(ppm)
©)
106 255/280x8 31481/13033/2.415 980 B
107 257/280x8 33766/ 14490/ 2.330 922
108 258/280%x8 34787/ 15086/ 2.306 1066
109 259/281/280x7 "34875/14052/2.482 1063
Determined by GPC
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may be achi eved under the extruder conditions selected using a conbination

of TMAH and sodi um hydroxi de as the transesterification c?g%lfﬁt TABLE 17
Bl SPHENOL A HOMOPOLYCARBONATES: BWMSC/ BPA = 1.02, Catalyst '2 band NaoH

Vacuum @Wem3sloedpn. Hg.) Solution Screw T feed T feed BRATNWINGSYI V4 V5
V6 Mass O Torque o Melt speed Die P in before Reactor P-Valve Flow Rate

(10) ( i) ) (F C ) 28s 20E28mBRs 693303 130 564
160 1655xaiiies) OB Dlpbus RO ghn Sfloxir bt dirigtied s _108g17 28 28 29 29
20 74 339 430 iNBdtratd Thd Sike 30Ihd In@BodSof2 $he? Prerént 7iRvELion1 YD PPARFE 72 179
Tabl e 17 Conti nued Actual Barrel Residual Exanpl r s Mv/ M
/ PDI (copedycarbpmtes) 0dhe Srng YROTIAE; ﬁgfxsggér%mﬁ%@éggml%%@?/ 280x8
33766 | 14490 | 2. 330 SRR 4B thnsbi@ifcdich. 2061006 109
25912817?506%?&55%? fﬁ%éfa‘l]tggA I?fges)ée@t%et erm ned by GPC 59 15 DEC 2006
WO 03/ 49644yIPRIUGHaM. 63dde EBE) 49 ¥10071 1aologree reler BB & an
extruder configured as in Exa Ieg 183 10 %réd iIluos%%%ﬁ %Jﬁgre“ of the
met hod eombiped pr eEhenmixtiieeWas HRAEQ 2P SHLEE Undgd A B SHAL s, The starting
mononer 5 - BEA, _hydragu Heheolipdalcte holyaiboaateeact or
t oget h&%%ﬁtlﬁﬁ?%eaqtarggwsg?gr{O%SF?%% Scéfaftﬂai yst 8 qJ ¥

comprising BPA structural units, HQ structural units, and methyl salicyl endgroups

having structure II. The molar ratio of hydroquinone to total bisphenol (moles BPA +

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
Mass (Torque|Melt Screwlpiep|  in before

Example) V1| Vs |Vai Vs | Velpiow Rate| (%) |(°C) :f;;g (psi) [Reactor| P-Valve
(Ib/hr) ©C) °O)

110 120128 28|20 [29] 20 | 40 |303|201| 89 | 195 | 203
111 |20 28 28|29 [20] 20 | 32 |208| 201 | 140 | 195 | 203
112 12028 28] 29 [20] 20 | 22 |292| 202 | 89 | 194 | 203

Table 18 Continued

Actual Barrel Residual] BPA | HQ |{Salicyl %
Example|  Temperatures Mw /Mn MS : OH \ OH ) OH | Endcap
© (ppm)’ |(ppm)°|(ppm)”|(ppm)

110 | 266/280x5/283/280x2 [25978 /11411 1624.8 | 364 | 268 157 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 *'P-NMR '
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t et rabut yl phosphoni um acetate (TBPA, 1.0 x 104 nol e per nole BPA and HQ

conbined ). The m xture was heated and stirred under a nitr?gen at nosphere

for about 1 hour at about 195C to produce a solution of an tgdieric

pol ycar bow&ax a/106@spri si ng BPA structural units, HQ struct w(aI/USﬂaA161§4 and

met hyl salicyl endgroups having structure Il. The nolar ratio of

hydr oqui none to total bisphenol (noles BPA + bout 0.4

and theExmpl@s bi3-hbi werasasted out BB dRptddidey C@ﬁﬂuvgﬁdﬂs H@@@}Pﬁa i was about

1. 015. e | ggcg\;é@tg re! prepdréed and
13° B8 MEARONALS ufTBE G OB bl EndlinfesbAC Snveifion 6! drebd

char act S were deternmned by gel perneation
chr omat @goBREbondt éiBb&nﬂnSmBg sauaual itsNIBROGUINONG e BRI NQARRORIATE S:

BVBC/ ( BP 1.015, Cataly TBPA_ ONLY, A
Vent s (BBXH%e)st@ang.mwﬁrr%& Bip s melenvrdrgiisom QEHRY NS elCey D ¢ p
in bef 0%%1%@( ggl et&)g ﬁg%govg,gy%p Wis! )thBeaﬁmestE’nN@aJtﬂéﬁ | dtdafdtR, te (/o)

(O (rp 2929 20 40 303 89 195 203 111 20
28 28 2Qtr@ButPiphdshhdfRin? Adetad (( THFA,2D8 x 102 molacpezz&m@ m?gﬁ\zagd et 292 202

89 194 203 Table 18 Continued Actual Barrel Re?Jégi aI|
Exanpl ecqrebap@d at uFessmigture was hsater toylpetypen pbogt, z (PPm) 2
(erm b o/ 28 9 ¢ é&é%&@ﬁ&%?s 111
264/ 280%8F %{;57“%’7 %2‘2%%3&8%%3%6%’? éﬁ(}ét ﬂi‘é%rl Olgl%2%8 68 112 262/ 280x8
19071 / oBR3Rerid POlyBarbFiaté cédiprish BBA sthetwalminited MisHCRO el amiisned by
31P-NVR 60 15 DEC 200 ) . £
and methyl salicyl endgroups having structure IL The molar ratio 0
methylhydroquinone 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
Screw! .
Mass [Torque{Melt in before
Example| Vi | Vs | Va| Vs |\ Vélgiow Ratel (%) °0) :fe:f) Reactor| P-Valve
(Ib/hr) Pl co) | o

113 |25 {28 {28]29 {29 20 36 294 201 188 179
114 | 25|28 (28|29 129 20 36 | 2957 201 184 194
115 }28 |28 |28 29 |29 20 40 | 300 251 173 190
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WO 03/106149 PCT/ US03/ 16354 Exanples 113-115 were carried out on an
extruder configured as in Exanples 103- 105 and illustrate glﬁ ﬁ

nmet hod of the present invention to prepare copol ycarbonate gﬁ@ §si ng
struct ur aWousiel4dleri ved from net hyl hydr oqui none and BPA.PCIES081635¢ i ng

nononers; BPA, nethyl hydroqui none (MeHQ , and BMSC were charged to the
reactor together with the transesterification catalyst

t et r abulpbleHOndimiedn acetate (TBPA, 1.0 x 10-4 nole per nole BPA and MeHQ

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, 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 and MeHQ
combined ) and sodium hydroxide (NaOH, 1 x 10 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 pcl}etized and characterized.

Molecular weights were determined by gel permeation chromatography.
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of the

conbi ned ) The m xture was heated to between about 175 and about 190C and
stirred ahttrogen—atnospherefor—about—t—hour {o produce a sol ution
of an Ilgo ric P Lﬁcar nat e co r| $i ng BPA struct (Ralduwalli ts, MHQ
structu gi t sActug Wp“é‘ﬁ endyivolyia /DY ng MSBudture 1. The
nol ar ratl o o met hyl hy gui none to fotal bi sphenol [(BM'4+ MeHQ was
about 0|9 and{the ratiao aof mples BMSClto the nmples—ofBRA-gnd MeHQ
conbi nefl VeSS about J52@R0x5Th®@t/280k2Ns par enyg18y 10580t/ 235A4r k8%ed pol ycar bonat e
ener gi ng—froemthe—dre—face—was ettetized _and_char erl Zeg. Mol ecul ar
wei ght s| wéte Het er MAES0RY2HEL808ér neat i 8ﬁ949dﬂﬂ%§§12§c}§? Mlg TABLE 19
BPA- METHYLHYD RBONN ES$ing 4. 02, Catal yst
TBPA, : —lSY ) %/2%;92%&% iﬁﬁ'\’@%\’ﬂﬁ@%% 29’ 18: on Screw Tyf eed
T feed l@@t@rﬂnmd}bbe(}m@lt seed in before Exanpl e Vi V3 V4 V5 V6 0 P Flow
Rate (/0) (C) Reactor P-Valve (Ib/hr) (rpm (O (C 113 25 28 28 29 29 20
36 294 leslilf3-28 28 28
- 29 29 2 gsof‘lzéilﬁ%%r@éﬁ@%%%&éﬁé@%&?eV\D 0%%10%1%3% PCT/ US03/ 16354



Tabl e 19 Continued Residual Exanple Actual Barrel Tenperatures (C) Mwv/ M

[ PDl M5 (ppm' 113 252/280x5/284/280x2 24818 / 10530 / 2]3?5 Clghﬁéé 114
251/ 280x5/ 279/ 280x2 26949 / 11385 / 2.367 1466 115 E

250/ 280x2WIBAYPBBIN2/ 281x2/ 280 29145 / 11871 / 2.455 1078 H&wesodiieasd by GPC
Exanpl es 116-117 were carried out on an extruder configured as in Exanples
103- 105 and illustrate the use of the nethod of the fresent |nv ntlon to

pr epar e TARIGD120cBP AdYiel OsCOBMIY SARBONATESy BMSG/BRA™MeHQ) &1 110

met hyl hydr i | A, talfi _mponers; BPA, nethyl hydr oqui none
(%H@%%M’?@Oﬁ&ﬁééﬂﬁﬁmye@c?@? together with the
transesterification catalyst tetranethylamoni um hydroxide (TMAH 2.5 X
10-4 no[e per d) ahd sodi um hydr oxi de |( NaOH, 1 X
10-6 noles- mﬁicﬁuﬁ@ ﬂg%m

onbi hed){ The m xtyre was heated to
about 185C anH s Hr at-npsphere—fer—abput—I—hour to
produce|a sol lti f lan 3I| ycar ggg%}”]e cqribfeed | Afe@®PA
structuEtaI u[1 &s ét ch Meld et Die P|sain cybetergigr oups

havi ng SPERILYe | M [ Yk 5 M@y sﬁ c%{(mi)i Reangort|R-Viabeh|

bi sphengl (noles|SPA + MeHQ 'fo‘}/ e rati(of| (heps BMSC to
the nolres of K Y gomyj ned a ()N I tna al ent,
slightl 1 nﬁg 28( ?%/c 'jognafgoener\é\%ﬁq ?ﬁ%o nlé?w g?e P@ée W;]g‘P bl | etized
and chanaqerjaedog \bb) selngr veyj ght symef sorletigy ifi pad bigsggl 1ger freat i on

chr omat agraphy 5-DEC—2006—WAWE-03/106149—PEHUSO3+16354—TABLE 20

BPA- Me %Q@E\WATES BVSC/ ( BPA+MeHQ) = 1.015, Catalyst = TMAH NaCH,
MeHQ ( BPA+ MeHQ = 0.8 Vacuum @Vents (in. Hg.) Solution Screw T feed T

¢

f eed
Actual Barrel Temperatures Residual MS
Example (©) Mw /Mn /PDI (ppm)’
116 | 246/280/281x2/280x2/286/281x2 | 45341719373 /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 caitalyst 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 umts,
HQ structural units, and methyl salicyl endgroups having structure II. 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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Exanple V1 V3 V4 VS V6 Mass Torque Melt speed Die P in before Fl ow Rat e
(/o) (PC C (psi) Reactor P-Valve (Ib/hr) (rpm (O (O 116 20 28 28 29
29 20 57 303 145 66 186 187 117 21 28 28 29 29 25 44 303 1¥PECL286 183 184
Tabl e 20 w@ydsis@d Exanpl e Actual Barrel Tenperatures Mv /pdfigddBR3sResi dual
M5 (O (ppm 116 246/ 280/ 281x2/ 280x2/ 286/ 281x2 45341 / 19373 / 2.340 571
117 243/ 280x5/ 279/ 280x2 33964 / 15199 / 2.235 1203.8 ---T Determ ned by
GPC Examplsts 118- 1BRISPHERNGIAr rAquO@nMNExtcwaLmRB@Wéﬁﬂ&s in
Exanpl es 103- 105 and illustrate the use_of the é&&a t,he present

i nvent | BMIG/BPAHLD = L8¥bI Gatalysioh EMAH DAL EQUBPAT Y TPZl units deri ved
from hydroqui none and BPA. The starting nononers, BPA, hydroqui none (HQ,
~and BVMSEwerg-tclrarged_to the reactor togetrer th ghe trpnsestlerification
cat al yst t et rlar@eHm @nYsAtSum hydroxi de |[(TMAH, 2|5 x |10-4 fol e per nole BPA
and HQ gonbi ned) SAdPeddi um{hydr ox; de NaQH, 2 ¥ 10"6 noles NaQH per nole

BPA and ned) . |Thel mixbitienas heated to|abodtr feédCrded |Stirred
under a at m)sphere f as@bC el MQUIPSEY | preddume @baodedt i on of an
ol i gone aYHpYedt ¥s | ;,{,Vs;id]gjwﬁﬁ 5(6@,1 el pshyResotor[IHQalve|r uct ur al
units, i salijcyl} e dgf,)@,yp< aV| ng SRR ur e || ec)Theeapliar ratio
of hydr ( o—BPA-was—gbout to—8rand—the—at+gof—mptes HVMSC to t he

mol es H 282 o) 394 d VQQS
pol ycarsé 3 the. di
Mol ecul 1 i ﬁﬁ *5 ?‘9 %d:aaiegr 29

ar m ned

Tabl e 21 1tdhe| ap Q@ 2@t 20 Mmg' | TL R
2006 V‘“a%ﬁé’i.l E449 HISH3H 16354

bddt {13102 17T TMlarkdpad ehf* Mater-white
fﬁce ¥@s Q%Iﬁtfllﬁedlﬂnd ¢haracteri zed.

y_gell perppatilon chromatlography. |n
'837'33 "31(10 how (T adr ¢" 17463 15 DEC

:s"rmm

Actual Barrel Residual| BPA | HQ |Salicyl %
Example]| Temperatures Mw /Mn MS OH | OH | OH
1 1 1 i|Endcap
O (ppm)’ |(ppm) |(ppm) |(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
Determined by ° P-NMR

The product copolycarbonate of Example 118 was further characterized by proton and

BBC-NMR and shown thereby to comprise about 0.8 mole percent

v ()

I

C—0Ovwv

Xl

(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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TABLE 21 BI SPHENCOL A- HYDROQUI NONE COPOLYCARBONATES: BMSC/ ( BPA+HQ =1. 024,
Catal yst = TMAH- NaOH, HQ (BPA+ HQ = 0.2 Vacuum @ Vents (in. Hg.) Solution
Screw T feed T feed Exanple V1 V3 V4 V5 V6 Mass Torque Melt5Biefigs Die P in

before Fwow3Ratr(/0) (C) (rpn) (psi) Reactor P-Valve (| b¥dwmysosasss¢C) 118
19 28 26 29 29 20 74 310 177 LTM 174 174 119 19 28 26 29 29 20 74 311 177

LTM 173 174 0 6..29 29 20 73 311 177.T 21

Conti n 1tm,3}ﬁ SGMIS%‘?@?? Wﬁ?le%ﬁie HEY8AYS 8§/I %%g%@éxn%?é ienager at ur es
Mv / MM GRPH OH (C) (ppm ' (ppm ' (ppm 1 (ppm' Endcap 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 'Determ ned by 31P NMR The
pr oduct CHﬂp‘oT@C'a‘rﬁf@rar‘@'b‘f"\Exanpl e 118 was further characterized by proton
and 13C-NWR and shown thereby to conprise about 0.8 nole percent 0 11

C. OXr~ Xl \(A%ﬁ#ative to BPA derived repeat units) repeat units having
structure Xl erein nethyl salicylate has been fully incorporated into
t he backbone of the polycarbonate chain. In 64 15 DEC 2006 03/ 106149

PCTI USO3 #3Fddund dbpolyearbomrses of EimpleddBds anemsant eprasponkinsorad8vf net hy!

car bonat0?93t mole Ige?rlcent relative to BPA derived repeat units (i.e. 0.93 mole of structural

unit XTI per 100 moles of BPA derived repeat units). Finally, these NMR studies on
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

p Y

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 prepate
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 107
mole per mole BPA, HQ and MeHQ combined ) and sodium hydroxide (NaOH, 1 x
107 moles NaOH per mole BPA, HQ and MeHQ combined). The mixture was heated
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groups Xl CH3_ OCOOer X Il in the product copolycarbonate of Exanple
118 in an anount corresponding to about 0.93 nole percent relative to BPA
derived repeat units (i.e. 0.93 nole of structural unit XI1I5IDE}5eZ|9“5100 nol es
of BPA dewiowsdosmapeat units). Finally, these NVR studies euT/ushe1esoduct
copol ycarbonate of Exanple 118 reveal ed presence of nethyl ether term nal

groups having structure XIV.in an anmount correspondi t .39 nol es
per 100torAYPBE193E andstigred ungerp pityogen Gtm‘?%g,erF o %Qflt f;?o%ﬁg %Eocear‘l%T QA deri ved
repeat yni Ip- i 2! r sk BPAlstru&A] deritsy €Q r epeat
units pérbg‘bsﬁeo}t (Qllfng? hcglggrc‘)3 uc ol %’%gﬁ%%r?g?%tg{)% Examgl es 119-121 were carried
out on @rucextl urder MebiQ suoted! aisits, andxsetipl eslicyDedgiamps having Bryd¥eat e t he

use of the _nmethod of_t.h resent invention,t r epar ol nbopat e

t er pol yHe rrghec@HﬁPﬁes?fn@S&eg%temPaPy%n?qrgprbs@p iagg‘g r%?ﬁyﬂfﬁ%"*&é %?I’jlx 0 (I’zl@ ,

met hyl b i t hn ' Schiedthe endlesone ,
y }yf%;eggﬁbé}ﬁ@m ?’Rﬂ%%%‘% %%i@eéﬁwsl\géﬂQ. HEG YN rhole SRS Cricckhe (HQ

nmet hyl b I none were charged to_the react o% t oget her
with tbEBPAaHHGané MEHQaoimbmedavad shont ¥l dhe mrglesPMSG/ (MORY BESY de ( TMAH,

iy B £ PR S O A oo
m Xt ur e MRSHEfbRkhe @R fhee Walpdfiifed VRl CRArAA6IAA. RITeER3IdigESwero about

195C and stirted under a nitrogen atnosphere for about 1 hour to produce a
sol ut i odeisfmbmd blyiggbpasmicatigpothyemetegraph¥. conpri si ng BPA structural units, HQ
structural units, MeHQ structural units, and nethyl salicyl endgroups

having §tIMcE Uhe&nr vCARBONATE TERPOLYMERS COMPRISING 40% BPA, 40%
HQ, AND 20% MeHQ: BMSC/(BPA+HQ+ MeHQ) = 1.015, Cat. = TMAH-NaOH

Vacoum @ Vents
(in. Hg.)
Solution T feed | T feed
Screw| .. .
Mass [Torque| Melt DieP| in before
Example) Vi | Vs | Va| Vs | Véigiow Rate| (%) (°C) :fe:f) (psi) {Reactor|P-Valve
' (b/hr) P o) | €O
119 | 22128 28] 29 {29 20 27 | 290 | 181 | 22 195 198
120 | 18 |25 (27]29 |29 20 18 | 288 | 270 | 13 195 194
121 | 25128 (28] 29129 18 16 | 285213 | 10 192 198
Table 22 Continued
Residual
Example Actual Barrelgemperatures Mw /Mn / PDI MS 1
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/ 2.468 771
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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I1. The m xture of bisphenols enployed conprised about 40 nol e percent BPA,
40 nol e percent HQ and 20 nol e percent MeHQ The ratio of nobles BMSC to
the noles of BPA, HQ and MeHQ conbi ned was about 1.015 (i.%¥5 Difollés

BVSC/ (ol w0 BAds149nol es HQ + noles MeHQ = 1.015). The tr arspesmwnsis4l i ghtly
col ored pol ycarbonate energing fromthe die face was pelletized and
characterized. Ml ecular weights were determ ned by gel_ per i on

a
chr onat ogthyiydroduaBing Q2eHQ), YoneonAAEBRZRPend BME covPrhaes % BS: BPA, 40%

Vent s (TSAStoRgOBeTes IR By TSR Ugh cpepab eyl dAaaci s &
i n bef oppmAExapB! € 19 M%}eV%er\é%o}éGB@, MeHQOoMdRBP & dohibinddC) afid podivipsi )
React or P-Val ve | b/ hr) é

) (C) 119 22728 28 29 29 20 27 290 181 22 195
198 12bydexids MNaOp 220x 41 '1’801288]%1@?1)}39!311919§Pl©4§HQ2§3 ?g%Q‘B’“;Bn 1291 18

16 285 3 10 192 198 bl 22 {i d Resi [ . Barr el
Tenper atltf SBIXFHEE W ‘eﬁteg%f’ "ﬁ/%”t {ég&("ﬁl ’Birﬁu%”e?llg‘ld%@}’?fg)é‘gg@‘%P%gyg’lsz2 21054
/ 867E1 7 / 28801afd WBmbrifitdBB04 121
251 550 5E0E7hPDED to, PERcS HkcAHRISOR 4R DRBORAS H3l EBodtd Bompri A ol o3

122- 124 stwecterat amitse M@ sirucanaleiani’gs;dBPAcsimqhg@ir @éitsa_émﬂnm ) éﬂ?g@ ¥ 103- 105
o e S e el SRR DGRk i cper e
bi phenolcharafRtiRyd BydGPaUMIQRe 5384, BRAMFhels3)ar The guirmmne w rkdsphbaglhienol
(EF) %(rsnployed comprised about 33 mole percent BP, about 33 mole percent MeHQ, and

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/(moles 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
Screw| .. .

Mass [Torque| Melt DieP| in |before
Example| V| V3 [ V4| V5| Vs Flow Rate| (%) | (°C) speed (psi)! [Reactor|P-Valve
(Ib/hr) (rpm) ©C) | (C)

122 | 1728 |25129 {29 20 57 | 300 | 145 |[TLTM{ 173 174
123 {2228 |25]29 |29 20 61 | 301 | 145 [TLTM| 172 174
124 } 22|28 |25]29 |29 20 54 | 301 | 145 [TLTM} 172 174
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15 DEC 2006 WD 03/106149 PCT/ US03/ 16354 met hyl hydr oqui none (MeHQ) ,

bi sphenol A (BPA), and BMSC were charged to the reactor toygDpeniMth the
transesterification catal yst tetranethyl anmoni um hydroxide (TMAH, 2.5 X
10- 4 nol eweets/wosd4e BP, MeHQ and BPA conbi ned) and sodi um duonvosesiiehss ( NaOH,
2.0 x 10"6 nol es NaOH per nole BP, MeHQ and BPA conbi ned). The m xture was
heated to about 170C and stirred under a nitrogen atnosphere for about 1
hour toTasleds@@ng@ing& uti on of an ol i gonmeric pol ycarbonate conprising BP

structural units, MeHQ structural units, BPA structural units, and nethyl
sal i cyl —endgroups haw_ng_si—r_uci—ur—e—H——-'Ehe ol i-gorer+ec—pod vearbenate fed to

T oot T OUlI

the extjruder \was characterized by GPC (Mv = 5584, and M Rkidhi| The
m xt ureE%m@jaspheMu@ BagrebTemperatnepr i sed ahpuinid3, PPl € Per aget |BP, about
33 nol ¢ percant MeHQ and®Chbout 33 nol ¢ per cent BPA The r(g%,}, of nol es
BMSC to| the nples of BP, MeHQ and BPA donbi ned was about 8 |(i.e. noles

BMEC/ (bl psy BP+ ﬂﬁ/ﬁ%&%ﬁ@x@{ggﬁ%@@@m) “2sh00PBke1 /Ti1?82$0_| uggson |i nt roduced

i nto the_extriuder was abo percent—by weirgh sal+eyHat e. The
transpajems, | ight I;;ﬁl/czed)/mymmemcar bonat e2%ﬁﬁt@4h@/2204om t 87dile face was

pel | eti characterized tecutar [etar ed| by gel
per meat o}%h‘romat o%fPQéWﬂZ/%@éEé%s POLY CA?@&LZ‘I%%’E YN E?é% Rl SI NG
33% BP, T33UTMEdicatNBieT286stHAyaBNOEl (BRI Hetite” BBgtermihe OB GPCat . =
TMAH NaCH Vacuum @ Vents (in. Hg.) Solution T feed T feed Mass Torque

Melt Screw Die P in before le V, V3.v4 VS V6 Fl ow _Rate (s‘?;éB(C) speed
(psi)' Rasasplss HW%‘@GT@)%PH‘%X OQ‘FWH(%}N@%E)CO %‘Ee‘%?sé%%”ﬂ? 20 57 300
145 LTM1B3Sadd Atudtaft 3fe ARe25r e 200iR0 O, BRI pdent Tindbheiol? 13 epeb4 22 28
25 29 2 4 81 145 TLTN~ 172 174 67 15 DE

polycarbonate terpolymers comprising structural units denved from resorcinol,

wel

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 die face was pelletized and characterized. Molecular weights were

determined by gel permeation chromatography.
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WO 03/106149 PCT/ US03/ 16354 Table 23 Continued Actual Barrel Tenperatures
Resi dual Exanple Mv/ Mh / PDI M5 CC) pp 122 252/280/ 272/ 2 %O?ﬁ/@i /2801290
29202 / 13381 / 2.182 605.1 123 251/280/273/280x5/ 290 2955 1

2.204 657wamnmbo/ 280/ 272/ 280x5/ 290 30183 / 13445 | 2. 2451>(7126803f1?.’351M‘
~indicates die pressure was "too | ow to neasure", Determ ned by GPC

Exanpl es 125-127 were carried out on an extruder configured as_in Exanples
103 105 TABLE I24UBOL Y CARBONASEE ATERPRL YMERS COMPRENG33%t RBnd3Ht i on to

S SIS S AR, L L

hydr oqui none bi sphenol A (BPA), and BMSC were charged to the reactor
t oget hef—witn e rans esl T 111 cafjl on datallyst {etrgnethy

hydr oxi fle (TI\/A ac “'ggg 8954 \nol e per mjle RS, and BPA

sodi um hydr ox 0ix 10-61] nolds Na J_e___Rg_

conbi ned). Th
ni t rogen, at nps 3re
ol i gomef*¢TB g’t {{ t Bs

D

t Mas30UTorqae|Med PEE "aDiest| uini o

was heahRidnt|o about 65& and s:tfele::f

1
b\%rmb'wsuft 8%) Steap B (s} [Reactoa(P-Yakvelt ur al
units, BPA stfuct ur | units, gn,d.rrr%ahyl sal i (S™endgrlowr® Ha¢iong| struct ure
1. Thepr—eHgonefic Fycharjonat e was, charac [Aeq1 C1l( = 1778, and
M = 645). 1Fhe| 2hi £? u?@l %QF Bilsprdnolis ¥yl éf'&e ?Z W@T%ghrm nol e

per cent | R$pg abont 23326be ! 2qder cont HQ4 aﬂnglggaaqus ﬂngDImSperaem BPA. The
rati o of—meles—BMSCHe-the—tptes—of—RS; sagte) nbimed—wes about 1.02
(i.e. npl 878 RAHRRE2RE ol 28s  [HABO+ BP% 37§ UZTM THE dolldti

i ntr oducgEfhid Pk echiifc@Xt ruder was about 61 percent by wei ght net hyI

salicylate. The transparent, slightly orange copol ycarbonate energing from
the die face was pelletized and characterized Mol wer e

determ ned by|gel perneation chromatography. 68 15 DEC 200fpadiaf)3/ 106149
PCT/ USO3 ]a%% 4 Actual Barrel Temperatures Mw / Mn : /PDI MS
€O (ppm)’
125 246/277/267/280x3/284/281/280 30160/ 13521/2.231 417
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 tetramethylammomum hydrox1de (TMAH, 2.5 x 10

mole per mole BP and BPA combined) and sodium hydrox1de (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 to 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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TABLE 24 POLYCARBONATE TERPO_YNERS COWPRI SI NG 33% RS, 33% HQ AND 33% BPA;
BMSC/ (RS+HQ+ BPA) =1.02; Cat. = TMAH NaCH Vacuum @ Vents (in. Hg.)
Solution Screw T feed T feed l\/ass Torque Melt Die P in befdr BEC Banpl e V1
V3 V4 VS W® BlogtdRate (% (C) speed (psi)' Reactor P-Val veedingobngss¢C) (C
125 21 29 29 29 29 20 39 298 175 TLTM 168 171 126 22 29 29 29 29 20 44 298

175 TLTM 1 21_3112%1) B filadik msd,?&theTabl e 24
Cont i nuglcf: %‘%gelﬁgé@ﬁé% enpél%g?%} g&emg)u(i]%% rﬂt?og%p | e vn / PDI M5
(O (PpmolésZﬁmnﬁﬁBFA%ﬂfbammAszmaﬂB:{B@ 80asTBMBS Ci(3silas BP*zn@éef 417 126
241/ 280/ 268/ 280x 27410 /_ 12202 ./ 2,246 319 127 241/%80/ 25208&/&39 X5/ 279
29787 | BE493=/1B 21Buring ghe xperimept e, PEESHy &n tP%s‘lPﬁ 00 10w to
measur e 1@%’9'@ i€ ﬁ cologsll, Briinclosd an
extrudeip C%%?gﬂ%ﬂ%é@??%(%m e 13‘1@3%&%& Ilugtrgte t he use of the
met hod @f)pcblmﬂpnmtee mnergmg nfromn the die e evdsr aﬂlﬁlﬁ@@ﬂ apdpeharedsizshat es
conpri si ruct units der ed from h PA. The starting
nononeré\ﬂglﬁ?‘gﬂh"éﬂ S("@F%de"tﬁmélﬁﬁ Xlgel/f’e(%?’%og%cgﬁ%%% fanchi ng agent 1,
1, 1; tris(4-hydroxyphenol)ethane (THPE) were charged to the reactor

toget her JABL]’E\ 24 WN@HE@HSPHB}%LO&BIBH@MI COROLYEARBANAGESUM

hydr oxi TMAH, 2.5 x 10-4 nole per nole BP and BPA ¢ I ned) and sodi um
hydr oxi diMSNé(BH,A'FBPO =1.03 & atplyples T NRQH A % B 49°BPA conbi ned). The
m Xt ure was heat ed to about 180C and stirred under a nitrogen atnosphere
for aboyt—t—hpur—to producea sotutjom—jof —ay brampched ol i ggmeri c
pol ycar lhonat ef c %?PHP’[“S@R@“ED structural units] BPA stjucturlal unlts, THPE
structufqal un G dgbt hyl| salicyl endgroups havi ngl strudture {11. The
m xt urelof bi >ph=nol s enp oyegi,lﬂqumlri sed about 40 nol T pedcenfeedP, and
Mass [Torque| Melt Eczzg DieP| in | before
Flow Rate| (%) | (°C) (f m) (psi) [Reactor P-Valve
(b/hr) P CO) | €O
128 | 19|28 28|29 |29 20 49 304 | 200 [TLTM] 180 185

129 | 19|28 |28 29 |29 20 47 | 301 | 176 [TLTM| 179 186
- 130 |20 |28 |28)29 {29 20 47 | 302 | 176 [TLTM| 176 186

Example V1 V3 V4 Vs V5

Table 25 Continued
Actual Barrel Residual[BP/MS| BPA |Salicyl %
OH | OH
Example] Temperatures Mw /Mn MS ] OH , W .|Endcap
(°C) (ppm)’ |(ppm)°|(ppm)” | (PPm)

128 253/280x6/281/290 23636 /10760; 562 70 15 3 99
129 |251/280x5/279/280/290{23551 / 10674| 646 83 19 3.1 99

130 251/280x7/290 23588/10533] 693 92 21 3 99
Determmed by GPC * Determined by "’ P-NMR

The polycarbonate samples of Examples 128-130 were characterized by 3'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 *'P signal for 1, 3, 2-dioxaphospholane-
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about 60 nol e percent BPA. The ratio of THPE to total bisphenols was about
0.0025 69 15 DEC 2006 WD 03/106149 PCTI US03/ 16354 (i

. e. ”\%@E THPE/ (ol es
BP+nmol es BPA) = 0.0025). The ratio of noles BMSC to the nD (ofllBP and
BPA comnbi waxsy@si4about 1.03 (i.e. noles BVBC (nol es BP+ np@susoBRéesss =

1.03). Durlng t he experinent the pressure on the upstream side of the
pressur

br anche ﬁﬁ%fbg%%bxﬁpgwg%c% {1\4 rgpp%@%gfh;ﬁm? %‘[ afMbp th§|1l ahtly col ored,

was pel lefized and
char act giok#sds hdl&ﬂee@aﬂvanzwbgmmolmdgmdps diiemcmedltmylogaif “ifuse mredtyl on

chromat o . TABLE 25 BRANCHED Bl SPHENQOL A- Bl PHENOL C@ggO\IATES
BVSC/ ( stg\mg.&;e OH” @3d Chiphenipd { endgrapn Ol 25(FosB 83’6’ vacuum @

VL oS SODHE SRRt oL FRT s e, o gl taveca 0 ¢ 7

Reactor P-Valve /o Flow

) el oo e 4 sl oo 1
20 47 36imdarly, theraplumy %‘%ng @yléﬁm?”r&i@% 9&%8 G’B@Spﬁf&%eaé

S1 dual BP/ M5

BPA Sallg SHAbULES Wkl e XOQnd( ppm)
(ppm) 2 f %@t@%@%ﬁ’}@? PO 1 S Oh) Hv%o 23636 / “10760 562 70 15 3
99 OH groups aftached to bisphenol A endgroups expressed in parts “OH group’

(Formula weight = 17) per million parts product copolycarbonate.

Examples 131-135 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 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 pressure on the
upstream side of the pressure control valve was about 20 to 50 psi. The opaque white
polycarbonate emerging from the die face was pelietized and characterized.

Molecular weights were determined by gel permeation chromatography.
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( TBPA, 25 X %—tﬁhﬁ%l e per nole BPA) and sodi um hydroxi de (NaOH, 2.0 X
10-6 noles NaOH per nole BPA). The funmed silica was added in an anount
calcul ated tol produyce a product pol ycar hgn .1sj ng 5 |percent by

wei ght 1Erl;‘g9dl95| Ir?eg,( 'ﬁ}l’ 'FFé xg\ldw;l\x\{]as %@%ﬁs‘é‘g B%;‘ﬁﬁweél%c and stirred
p d
under alHPPPShe I;ijgsrb re (ppm)”* (ppm)’ Endcap

264/280/281/280/281
/280/281x3

261/279/280x7
261/280x8

131 25340711005 | 1309° 130 85

15032 171 83

3169

25967711013
25678 / 10749
134 260/280x8 24402 /9806 | 1409

135 261/280x8 24256 /10107 | 1914
Determined by GPC ? Determined by > P-NMR

132
133

252 80

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 p_NMR provides a lower value of residual methyl
salicylate, “Residual MS (ppm)” than does analysis by GPC. The 3'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 BC-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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about 1 hour to produce a solution of a oligoneric BPA polycarbonate

conprising BPA structural units and nethyl salicyl endgrog%snghvazgdﬁng
structure I'l, in which was suspended the fumed silica. The“rati®oof nol es

BVMSC to twe ospbero of BPA was about 1.019. During the experdmeses/1634pri Sing
Exanpl es 131-135 the pressure on the wupstream side of the pressure control
val ve was about 20 to 50 psi. The opaque white polycarbonate energing from

the die f | ' F hehths
ot or m PR STEIRE K IIAGES AByE AIAELE AL Sty Al BRSO e 49
ESTB /C/ U(Sgg»iokﬁs&élof Aol cafboBme dhalnY CRIRBAIATES DRlvRinSeNe Bxweplesi #1.ca:

PA) = 1.019, Catalyst = TBPA_and Na(CH, 5% FUMED I uum @
Vent s 134)?1311!31913)4 were Al s pliosyy By these 'Ist’f‘&%to ﬁﬁ%’é@lsﬂ?% ﬁ%&oéﬁfeé( psi) Die

(o) (1 sy AR By s oty chnsSBor B Rl G ot o B o T 102 108

132 23 %&c&& 120179 t@ BPALI@DEd 26fkal 4nit9@.cl idm A3®t 03028 abgutABImoler 41 305
250 21

26 29 29 strociou! 295 ¥ por Tsgnolas, of B deried el W bal TBLYr P Resi dual
20 = kIR S At AR 91 (ot
/ 280/ 2813 piB2n@6 bf A@hgiSether 26967al gronpy havseastrghe 1X1V gg amounts
corresponding to from about 0.30 to about 0.50 moles structure XIV per 100 moles of
bisphenol A derived repeat units (i.e. about 0.30-0.50 mole percent relative to all BPA
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 Il was stirred under a

73



133 261/ 280x8 25678 / 10749 3169 --- ---- ---- 134 260/280x8 24402 / 9806
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nore accurate than the val ue_obtajned using

GPC. Th d
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pr ot on - sl : ol ; fesShown

t her ebygﬂ)tq](t)JS?(C)%rT\J1;4r¥|gi gt Q@g@? 8%'-1@}1%9)1 elytgg{ﬁ?g%?&%rﬁeﬁegﬁ%%ﬁn :I;%aig%r isved r epeat
units) 13Pe4s thepresure’ch the UpEeR Qe dMhORreiNfltRtdLTluS08s 283846havi ng
structure Xl I wherein nethyl salicy]ate has been f.ul jncorporated into
the baP¥bote RelyqarRongts| %%E%?FJA% t{@}?@!erf;cer}%s g%ﬁaii a/’tﬁio? 6%?%%§%t es of
Exarmpl eﬁ/lo]lééuil]ar Vgéélt AR deddniRE Fo égeﬁﬁ&mngﬂroﬁﬁﬁfg@aﬂﬂw studies to -
conprise nmethyl c r%onate term na roups XIIl in anmounts corresponding to

bet ween about 0.80 and 0.85 nole percent relative to BPA derived repeat
units (TABLE R3EERESIR OF HBAMINGTOVEAND FTBMEERNTURE (N EBRODYML X 11 per

100 nol 0 j > 4.8« Fhnal Ly, _t dies on the
pr oduct E@&é@ﬁ%@ﬁ%ﬁ%?@@flﬁﬁ%ﬁﬁl fg\fé‘e%ﬂ}?he presence
of nmethyl ether termnal groups having structure XIV in amunts
cor resppndi ng t‘pac{l Q Qut 10.30 tq aboyt 0.50 nplesistructure XV per 100
nol es of bi sphemzi1 erived repedt unilts (ji.e.|abodt 0.30-0.50 nole
per cent |-relative to alf* BPAL derivdd—regeat—pri-ts—prasent—ira—the| product
pol ycar ponat e} Afdi ti dnal| palSpheionzat i oa g car ri|ckifesdt Tifpeds| manner
4
a

S
identichl to lha | loyeld,, ijn NassnTesud Mely Wi Pie Bt |hein exbelors bn t hat
| ess (Zﬁﬁg?@gnt’1ve glvﬁ d‘(I:‘JFliowRdt (b quee) ﬁﬁ:msboﬁaﬁ‘é?"%gﬁghﬁre (10
percent | fumed| silica ijn the |pfbext| pol yicar bpriat'e¢) fundtCksi|l L6 has

erm! oyl e o VL PTG Tt eq, abee ved for
confi guredsas| b | Bxao®| B5|%43- 25 63 | 303|150 | 561 | 179 | 183 |-

138 |20 282829 29| 25 67 | 306 | 150 | 701 | 191 | 200

139 | 20|28 (28|29 [29| 25 65 | 305 | 150 | 651 | 196 | 218

140 | 2028 (28|29 |29| 25 64 | 306 | 150 | 663 | 205 | 242

141 {20]281]28|29|20| 25 57 | 304|150 | 631 | 210 | 255

142 | 2012828/ 29 |29] 25 41 | 300|150 | 393 | 214 | 255

143 |20 |28 |28] 29 |29| 25 29 | 293|150 | 263 | 219 | 259
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105 and illustrate the effect of feed tenperature and prol onged heating on
the quality of the product polycarbonate prepared using the net hod of the
present invention. The starting nononers; bisphenol A (BPAB Bir{d2085C wer e
charged twddsaosaactor together with the transesterifi catpeamuspatiedsyst,

t et r abut yl phosphoni um acetate (TBPA, 2.5 x 104 nole per nole BPA ) and
sodi um hydroxide (NaOH, 1.0 x 10"6 noles NaOH per nole BPA). The m xture
was hea'rgﬂeiznl Gontifurge bet ween about 180-220C over the course of the
experinment conprised by Exanples 136-143. It should be noted that the

sol uti - goneri-c—poelyrearbenate—herrg—transfrormeg—nto) t he product

pol ycarjbonat gs of .iixi3iuples 136- 143 wasriGhiafBF LN SHicPlr essi el y | onger
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(hi gher{ t enpelr at "“3 ang—-ohy heathg—treH—was—stbjjeeted] The sol ution

of the pl 13;70 %asmmalsmarsbmmomrmmsu ng-BRAA-—st|ructufal units and
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2006 WD b@/loalzﬁgﬁﬁ EQﬁos/ B0 W23 odéd at mosphére lover tlhe course of
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Ng--EX

85 by wei ght
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psi. The pél ytar 9139929 f Hthighe W e| face| s belTet|i zed and
char act ¢ri zed jﬁggé%? ghts were| det er i ned| by gkl perireation
chr omat ogrm;ph %@% ROBIOELIMBAIT Ne T| NEO ANDPFEMPERATIURE ON' PRODUCT
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De Pin Béfole EX’HI&W@OW 1\6/51?3%8-6" I@Iggw %t%e 043?0 React or P-Val ve

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, 3p.NMR following derivatization with 2-chloro-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 XIII (about 1.7
moles of structural unit XIII 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 X1I 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 preseﬁted 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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293 150 263 219 259 74 15 C 2006.. 03/106149..PCT/ US03/ 16354, Table 27
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261/ 281/ad8oral3amn®l /of pradect xdycarbenate stt@ural feahgeox sragstrsexeaieddy 1020 90

35 05  14Q 263/ 281/ 280x7 31389 /..14312 1015 ---- ~-- 141 2651281/ 2800 30720
/| 14112 Jedgions sefettion 0%16-“%!1?53%%%9%’95!/%% ﬁﬁ?‘@’}%)’%g 29396 / 15083 ---- 150

192 85 /280 1- 1 143 1269/ 281/ 280x2/279/280 23164 / 10580 1146 266 435 78
12771 27 Hxd@ip1deetaar 153naedrebyarfiBCdubeh &h MixtradertionfigitelIMR i MExapipied UOB-

pol ycarbonates were found to have suffered nol ecul ar wei'ght | oss under

condi ti o end rillusiate ttherpefifest uple canepniraiing thdeed Hglutioreof SAgOMSHGP| es 142
g?d 14%)0‘1yc%0?19t¥ Hrior 16 R0 ah§ th O ed&" I @tid! hRBuMphf re GhItREC- 1. 3.
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 initially to about 190-
195°C to produce a solution of oligomeric polycarbonate comprising about 55 percent
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 methyl 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 Salicyl OH
feed M, - M, (ppm)'  (ppm)' - % BC
solution
Feed in
Examples 223 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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di oxaphosphol ane reveal ed that the prol onged heating at the higher
tenperatures of Exanples 142 and 143 resulted in product polycarbonates
havi ng a hi gher nunber of BPA and salicyl hydroxyl endgroud§3 HAJIH

corr esponswagd/welsover "% Endcap”. In addition, the producicpesigaashonat e
of Exanpl e 143 was shown by 1H NVR and 13C- NWR to conprise elevated | evels
of methyl carbonate termnal groups XlilIl (about 1.7 noles of structural
unit Xl bverpére T00rsapbEExEmmBEA Hek15%d Tepesgk ofhibxemplesetlAgilodt e

term nal groups. having. structugpe X.V.. (about - ml (o] ral unit
X'V per P@lgﬁarg&ﬁlt"ese’%‘frgﬁﬁAfﬁ’é?i &?dé?eep%é? Wi t@‘%‘%ﬁdgﬁ‘? n%lg?ér‘fg#ﬁg&s!al i cyl

01 OUPS (ISBRH: HEigh R8N BBtenBlrctobyiesl Boineshier ehronmophyalixgieat e has
been fully i1 ncorporated into the. backbone of the ppllyca_rb na{:ﬂ% chai n). The
"i nt er n#tirosgiiputyate was inereased thef wneunt b residust metiyt salicylajgnthe grpduct

correspondi ng to about 3.9.pnples of I of BPA
der i ved PP‘S’B@QP"%‘F\ 8 Oosgted W ifeteat Wcﬁg&%&ﬁg&%@? Bloheff A

i ndi cat g, 15Rér pRUGMCHAITEIboRAS Whidlscuir Whighpr adulbiwep leyeeat eod@mpe(“#r epar ed by
t he net hod of ]che.preser_lt i nvention_may be controlled by varyi t he
t enper atBGD The ghlitelexpRBMERLFIMBHERG Bramplss 164 biwap GRS Y 61 40

PCT/ US03/ 1635f1ﬁ%§ 15(i o] rSi s carried out and the length of tinme the solution
of oli g(?ﬁ’é’i’s?(? ?)oq y arho :

onate is heated prior to its introduction into the
devol atilizing extruder. It is believed that additional control of product
pol ycar biSRBLE 28t EFFEQT aOF FRERDICENOEN TRA R0 AMND AHROQUGHRGLRARE ect i on of
the transesterificati C I e a4 arried
out on_ DNERGRHE BbAhar EARIoRATER: ARGURER) €148 Crb FIERATE the

ef fect ofnpaggsgtrating the feed solution of oligomeric polycarbonate
prior to extrusion, and the effect of extruder throughput rate on the
quality of the product polycarbonate prepared using-th thod—ef t he
present | i nventvamuml@evéitarit i ng nononeris; bl sphgnol .| A (BRA) and BMSC were
charged|to the reagct@g)together with the transedqterificatijon catal yst,

t et r abutiytphosphgmygmrracet = §ol éob A, 2.b X L0-4|nole Q.q.rgljmfg PA) and
sodi um fyar ox)de (IO 110 K it Rt e PLE i uerdy Xt
Moy vpvahwut CHE 000 T el v ile

pol ycar Qonat e |conprijsi ng abo “;. ﬁ, nt (rjpin) rea@! s( qyl ate.
This wag fed to tlhe lexiruder]|t
3

blLish a haselline
144 12125128129 (29 45 52 331 | 350 | 557 19 204

145 |12 125]28)29 129 30 54 | 316 | 235 | 562 | 197 215
146 |20 {28 (28|29 |29 23 59 | 320 | 236 | 477 | 218 214
147 [20]28 128129 (29] 34.6 50 | 326 | 351} 393 | 220 214
148 |23 (28 |28}29 (29| 1338 46 | 311|233 | 367 | 215 214
149 |21 }28 (28|29 29| 28.1 43 | 318 | 350 | 353 | 216 216
150 |21 |28 2829 (29 35 39 | 323 | 451 | 311 218 216
151 | 20|28 |28)29 |29 42 35 [ 324|550 | 279 | 218 216
152 (2028 28|29 29 50 33 | 329 | 675 | 244 '216 217
153 | 20|28 28|29 |29 60 30 | 334 | 800 | 214 | 215 217
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performance (See Exanples 144 and 145) after which, extrusion was
interrupted and a portion of the nethyl salicylate was distilled under
reduced pressure fromthe reactor until the concentrationl bﬂEﬁTﬂ]ﬂﬁlyl
sal i cyl at g ¢¥/fob@9 SOl Uution was reduced to. about 35 per ceirRGNEsght .
Extrusi on was then recommenced and t he pol ycarbonates of Exanples 146 and
147 were collected at the extruder die face. Extrusion was again
di scont.f ?E?Sé@ﬁltixgﬂ:ﬂ' tional nethyl salicylate was distilled fromthe
react or  under ced pressure. The resultant solution of oligoneric
pol ycarbonate conprising nethyl salicyl endgroups 1| hadt ok | owi ng
char actleri sticwelgmlght % of I\@{ M Mh BPA O C fleed W
(ppm) (prgg) yetMisiien Fe ) Ies

wplsy

)
.3 59 9%6¢ 148-153
" Det er nj B NVR TheT“éli'Heé%‘Pfﬁf ext ﬁHZPE‘t g

o WBE {det er mi ned
by gradual Iy ilngr.aas| ng the hde at whi ch the ¢ olli goneric
pol ycarjperate-was—presented—to—the—extt 7D 3/ 106149
PCT/ USOB/ ;@4353] over 258/2889&#@8%?8@&%&%9826/1%&

b
1ICI380fl 9BXanpl es
144- 153 the pol ycarbonate en¥ ging frdmtfAe d pel lletilzed and

charactierized.| Molegular weights were [figbeqsished_Db Pe/,Mg ilon
chromat pgridphy| A$ th 656/?$ﬂ/%ﬂ6?ﬁxzf2§96 wag i nerlidad dqgn ??? of

resi dual—methy Syat carbonate was—gbser ved to

|ULI.C||II.IIC IUUL

pot

i ncr eask. 1D(§JI‘ epveys, lﬂ@ﬁ’@&%@ﬁ%ﬁﬁ@@% %kﬂéﬁﬁﬁsull%@d 204 || avgr| §mrioduct
pol ycar ponat e pol écullar wei §8#/28%nd | ower Bercent endcap |("% IEC'). The
entire pxperingnt conprising Exanpl es %9_},}:}@1 s cafried qut lover the
course pf ldBouf si5x PWZS79/Z$M§2/2§0/EW CTOF FEF93 CORBENTRA [ |aND
THROUGHRUT_RATE — ON-PRODUCT-BPA-POLYCARBONATEST—BMSEH-BPA—=1—p2| Cat al yst
= TBPA 276/278/280x2/281/280/288 26929/1151 6 | 240 |81

148 22 1284/282 5 1419 | 31

149 | 22 |273/279280x4/285/281/280 24845108 1851 | 367 | 264 | 80

150 22 272/279/280x4/283/281/280|23079/9926| 2136 | 411 307 |79

151 22 270/280x7/279 22021/9480F 2597 | 484 341 | 77

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 methyl 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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AND NaOH Vacuum @ Vents (in. Hg.) Solution T feed T feed WMass Torque Melt

Screw speed (psi) P in before Exanple V, V3 V4 V5 V6 Fl ow ﬁg@ﬁ @ﬁ) 6) CO
si) Reactor P-Valve /o) ( (Ib/hr) (rpm (O (O 144 12 25 2 9 45 52
331 350 5@D (3As1294 145 12 25 28 29 29 30 54 316 235 562 PA7USAI/D635446 20
28 28 29 29 23 59 320 236 477 218 214 147 20 28 28 29 29 34.6 50 326 351
393 220 214 148 23 28 28 29 29 18.8 46 311 233 367 215 214 149 21 28 28,

29 29 2 39hB2BheA51 311 218
216 16’?%@5‘%‘3’@3%%&%@“@% E%‘%Qez%o %‘%gggig&c%%ﬁ% g’g 28 29 29 50 33
329 67%edként2butdh of clidnitfic 28ly2Brbdate eosPrisiog 3eAhdedioy andareppstyy 77 15

DEC 2006 VD 03/ 106149 PCT/ US03/ 16354 Ta % Act ual
Barrel VRssTapedEmAcediing the Exnerimpni sopi ‘}%ﬁﬁ’%%i‘ t?? gggﬁlg\sgﬁ § M 1 MS OH

2521 27308 0n I S 38R0 soleBP Bl o e A e B

256/ 2825 2BOreMRdBaR4RaneBHBticHlaR5ohBzd durng t]m equilibragign o the starting
272/ 278/ 280x2/ 281/ 280/ 288 3137 339,1260, 205 147 35
3661 27 gPoRIRa M Tegh 57 BRI HLhoAS 5004 wpn Y rbteculaf WetghPr e

oligomeric polycarbonate remains reasonably stable over the course of the experiment

(Compare “Feed in Example 155” with “Feed in Example 163™).

Weight %
of MS in
feed M. M,
solution
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
polycarbohate may be achieved using a céncentrated 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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148 22 276/ 278/ 280x2/ 281/ 280/ 288 26929/ 1151 1419 316 240 81 /284/282 5 149
22 273/ 279/ 280x4/ 285/ 281/ 2802484068 1851 367 264 80 150 2@0

272/ 279/ 280x4/ 283/ 281/ 280 23079/ 9926 2136 411 307 79 151 22 EE?%QWZSOX?/ 279
22021/ 9489 XBABUB4 341 77 152 22 269/ 279/ 280x5/ 281/ 280 2AIBUN0E84 2937
537 372 76 153 22 267/ 279/ 280x4/ 281x2/ 280 19614/ 8420 3433 601 411 75

Det erm ned by 31P-NVR Exanpl es 154-163 were carried out on an_extruder

conf i gurABL B0 BFESEMURCONGENTRA BNG THRISOLHTIONHF QIAGOMERY: ati on of

h hod of th i I ' | uti f
he of IROREPARTHONATE GOnBkBLULhathh P Aoy CappREeR b IRa g 1l o ©
154- 1631&:% Sk dp e_.fﬂgﬁe‘ﬁxﬁg:}qa feed tenperature and throughput rate on

? I'ght of the pro

t he nol'écul’ar uct pol ycarbonate. The starting nononers,
bi sphenol -A (BPA) and BMSC were 'charged to the reactor togethes with the

transegterificoLlifi Gavakyst . tetrpnmethyl-anmonijum hydroxijde (TMAH, 1.0 X
10-4 nole pé m){iﬁ .;j\) and sodi um hydfoxide (NaCH, { 2.0 x} 10"6|nol es NaCOH

per nolle—BPA—/Fhe i"ﬁXﬁch was—heated—TmrtTaty o &ut ok OCto
producg a sol{utilon jof | olli goP@drsien pol ycar bor%@wcqnp '3?‘?%‘9 eOrlét 55 percent
by wei gmm{m%h‘yl valy,txave Mpse dorguq M?“\//@@ea ML ed™t o Jgxtruder to
establ i{[sh & Hasel i’ ‘perf or Batesd&) (4 55D FACIOTIA RS ext rusi on

(]

was i ntlerruptjed |and| a|porti prilddn)t he nmethyl | salj cyl at 5 illed under
reduced pyESYW 8,peact@r untkil |t csacBRVAt itge | 787515 DEC 2006
W0 05/ loaite 1S} 1 | 2092520007 Ynis! | Uoe lomaca

r20

hyl—saleylatp—irrthe—sptution was
reduced| t pssablowt | 6| 720620 | by 15wei ght67 1 r2uMLaN] 489 uli 3 of

Vi 1%
ol i gone carbprdt e CoNpri ST 1T ™yl .S@ali.c d ups was sanpl ed
tw ce durl?ﬁ? tf‘,?e 28 p&Y|i3%6?P | corlti 1 ut®dd biPSEx Jrﬁo 5§5§h, n|2|6g 63 and
t he resp cloppared, W 4oh e | ut}i [ d LTIt arsi s 206 epar ati on
157 CPPPRASEHel ol blte sl uli @ immd) adre _
26

and pripr [0 ahy pathyl {saliky
equi | i bl ats®n phe26itar 2ong  30ongnEss |(Bee| 35TV B74m 80454") . As can
be seentthe—rmptetutar—weirghtr—of—th 10 i I ycdarbgnat efrai ns
reasonabl ¥5%t hbT 28\&¢| $he*%dour’se df he %arﬁ‘gg rA"q" Sof

340

grred—durig] t he

160 | 16 |28 |26]29 {29 40 56 554 {TLTM| 175 202
161 | 17 |28 |25]{29 |29 45 54 | 345 | 626 {TLTM] 176 201
162 |17 2825|129 |29 45 53 | 351 | 700 {TLTM| 178 202

163 |25 {28 |26|29 129 15 69 | 305 | 218 {TLTM| 178 211
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(Conpare "Feed in Exanple 155" with "Feed in Exanple 163"). Weight %of M
in MVM feed solution Feed in Exanple 56 5483 2566 154 1Eggrd gy Exanpl e
37.2 5839 2722-- 155 Feed in Exanple 35.5 5789 2658 163 FoI | owi ng
concent r alWQ#/Wp149he feed sol ution, extrusion was recomenRERUNIE6IHe

pol ycar bonat es of Exanples 155 to 163 were collected at the extruder die
face. In each of Exanples 154-163 the pol ycarbonate energing fromthe die
face wa¥ablpebICemiinedl and characteri zed. Ml ecul ar wei ghts were determ ned
by gel perneation chr orrat ogr aphy The data in Table 29 illustrate that

st abl e predueton—ot—high—gtatty—potycarboratermay teacfiieved|using a
concentrjated flggshhealdstion and illustrate the beneficial Hlesidosls of | ower
react or |benmed alryifeed he e Rt TElEmPLEUBYNi ng| t auwhBm bt M8 Of t he

present [i nventli qguaes ves two rol esQ1) the extruder effectgpmol yent

rermval, and (12) the extruder funcfions as a nnl /m:ri7;n‘irn reactor for the

conver sijons40f| thggol i 5@95@27&22%3¢J8¢ﬂ2&1/b@01@85¢28mar 27668 1122436 | ak91 ntlo hi gh
nol ecul g—wet-ght—pol-yearbonate: trat e sotut] ? Tag flo t he
extruder| i$5sden ¥ ben62636273128ﬂﬁ/28t2r‘?&9/2§7/2§1|/i§8W‘3%2 A3 | e SRRy |i

In

I%DCQ'? [Jtsz)gmllg 5 nese%2LE y 9@%@5@%@%’%& %ﬁgzﬁ%%é%%c OLl| GOVERI C

POLYCARBONATE |ON  RRODUGT2 43Py s PROXIZARRBNATHS 4/ IS CLYMBRAY3090 | 567

158 nd’ 259/278/279/280x3/284/282/280 28690/12756 | 688
159 nd? 257/278/279x2/281/280/283/282/280 | 28214 /12481 | 1071
160 nd® 255/278/280/279/281/280/284/285/280 | 28831 /12815 | 639
161 nd? 253/279/280x4/283/284/280 28308 /12609 | 1410
162 nd* 252/280/281/280x3/283x2/280 28540/12604 | 803
163 35.5 257/283/281x2/279/280/272/271/279 | 31133/13788 | 345

Determined by > P-NMR ZValue 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(ll’)g n(j))%l Sa(lli)cgfllngl-l % EC Sa11 grl MS? Stn;llczlggre Stn;xﬁt;re Str)tz(I:It;Are
154 27 12 99 |0.018}011| 021 0.04
155 29. 5 99 10.007 | 0.15| 0.31 0.09
156 42 13 98 |0.020]015| 0.32 0.09
157 40 13 98 |0.019]0.16| 028 009 | 05
158 60 19 97 1002901020 027 | 0.09
159 72 20 97 |0.030021| 030 | 010 | 08
160 64 19 97 |0.028|022| 0.35 0.11
161 75 21 96 |0.031 023 | 037 0.10 0.6
162 61 15 97 |0.022{021| 038 0.13
163 29 11 98 |0.016]0.11| 042 0.17 1.0
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1. 025, Catalyst = TMAH AND NaOH Vacuum @ Vents (in. Hg.) Solution T feed T
feed Mass Torque Melt s peed Screw Die P in before Exanpl V3 V4 V5 V6

VI

| ow Rat e gg%ﬂgc (psi) Reactor P-Valve (Ib/hr) (rpm (C) (%ﬁDEﬁéﬁﬂﬁzo 28 26
29 29 20 6890 TLTM 176 175 155 17 28 26 29 29 15 67PCHIESYIEBSALTM 179
212 156 17 28 26 29 29 20 60 308 218 L 176 208 157 17 28 26 29 29 25 62

324 357 Viihchbiédl GP-ﬂﬁﬁ{,ZOEiﬁregﬁadzﬁ B9eSBer5H03RA31e8 of BRAWAIAIZ04 1 159
17 28 126129 29 35 58 328 429 LTM 174 203 160 16 28 26 29 29 40 56 340 554

TLTM 175tra¢ipral 96ls 17 28 25 29 29 45 54 345 626 TLTM 176 201 162 17 28 25
29 29 45 53 351 700 LTM 178 202 163 25 28 126 29 29 15 69 305 218 TLTM 178

211 80,15 DEC 6 3/.106%49 | +63E tymued Vi ght
oo of  Aodlilh Mgy FU theh St pibe e of B boanbRUrfurgits FARUILPE 162
sol ut i ond X1V RisMdasesl ift 1126 protiult p6B/cab3NAG0/ T is? 8D byidaRe2Bt tR7668 /
12470 491 155 37.2 268/ 279/ 281x2/ 282/ 280/ 287/ 281/ 280 30826./ .13653 465

156 nd2 presysitioy thatolonged Twating 3t highen empstptiges js hedgspogsible g 04, 4o
262/ 278/ ¥ 434 |/ 13090 567 158 nd2

205! oo IR EROPS BHIGREERES ST L 25008 Sto mad

257/ 278/ 279x2/ 281/ 280/ 283/ 282/ 280 28214 |/ 12481 1071 160 nd2

255/ 278/ RaMMpARo1 (28181280812 8:4128 DR 8 ASBALdér bpAgEred 39 in Examples 103-

105 and illustrate both the consistency of stable operation of the process of the present
invention as well as the potential for using extruder torque and extruder melt
temperature as key 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, My, 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 methy! salicylate was about 75 ppm or

about 7.5% of the average value determined.). In Table 30 the symbol “ “ * indicates
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161 nd2 253/ 279/ 280x4/ 283/ 284/ 280 28308 / 12609 1410 162 nd2
252/ 280/ 281/ 280x3/ 283x2/ 280 28540 / 12604 803 163 35.5

257/ 283/ 281x2/ 279/ 280/ 272/ 271/ 279 31133 / 13788 345 Deter m115d1fﬂti‘ﬂUEP- NIVR
2Val ue waWOoBt10eld? er mi ned but was believed to correspond RQE/HIMSEA about
37.2 and 35.5 weight percent nethyl salicylate. Table 29 Continued BPA OH

Copm? thelcesyakas 1o 1esorded s Anostdoulo Sl tirea D RARREIEPL ¢ o

0. 007 Oy 98 0.020 0.15 0.32 0.09 157 40 13 98 0. 019
0.16 Ofgé§%35@&89g9@ggéﬁgﬁéﬁgé§7 0.029 0.20 0.27 0.09 159 72 20 97 0. 030

0.21 0.30 0.10 0.8 160 64 19 97 0.028 0.22 0.35 0.11 161 %g %$”§6 0. 031
0.23 0.RABDEBD PROCESS2CONRIGL dSDNGMEST TEMPERABURE AR® F9RRUBg o 016

by 317 AR PRl coN T bRt GNP SN oL P g o

structural units It is noteworthy that over tine, the concentration of

by- product s rgctul{lrme &rits XI'TI ahd XIV ingreages in|the pfoduct

pol ycar|bonat ¢. ?‘h{.s strong evidence for tlhe |proposition}that prol onged
heati ng_at hilgher % enf: F os i s—-herpsponsi-bHe—foerrthe—hppear ance of
thesedby-proc uct} stjrug Sdutopl es 164- 1E§tr¥@r'ﬁf%érﬂifé@ but on an

ext rude

confligyred .as (i N ExkaNauses Tobgue| VH i | iust|bgfose hot h t he
consi stEﬁWq‘?f 15t bl‘g (}} er‘gﬂlmmte (e )(@E%%}Be@ﬁer&véé@nt i nvention as
wel | as| the gotgntifl |for] usi@ghex{rudef torjqtue’ ar@Cext (¥del nel t

:)(rarergg:]? uiGi cbzok(_% 2r9( S szg,on%m Cr5§“”3'1§ WNRN| Ugdsne the fMrethod of the
165 |201{29(29]29 |29 20 51 310 | 179 162 168
166 | 20129 )29}29 |29 20 46 306 ‘174 163 168
167 [20]29 (29|29 |29 20 42 304 | 174 164 168
168 120129 (29|29 |29 20 39 301 | 174 164 168
169 [201]29(29)29 (29 20 34 1299 | 175 162 168
" 170 12029 729|129 |29 20 31 297 | 175 163 168

17 1 ” ” ” n” ” ” ” ” ” ” ”

1 7 2 ” 7 ” ” ” " ” ” ” ” n

1 7 3 " ” ” n ” ” ” ” ” 4 ”

1 7 4 ” ” ” ” ” ” ” ” ” ” ”

1 7 5 ” ” ” ” ” ” ” ” ” ” ”

1 7 6 ” ” ” ” ” ” ) " ” ” ” ”

177 ” ” 4 ” n ” ” 14 ” ” ”

1 7 8 l4 ” ” ” 4 ” ” ” ” ” L4

179 {21129 |29}29 (29 20 30 | 296 | 175 | 163 168

1 80 ” ” ” ” ” ” ” ” ” ” ”

" ” ” " n ” ” ” ”
1 8 l ” ”

83



I nvention. The starting nononers, bisphenol A (BPA) and BMSC were charged
to the reactor together with the transesterification catal ﬁgt C

tetramet hyl -ammoni um hydroxide (TMAH, 2.5 x 10-4 nole per D@ Igﬂﬂ&) No
sodi um hywiooosidelsnas enpl oyed. The mi xture was heated ‘i nigamdog/16334 about
160- 165C to produce a solution of oligoneric polycarbonate conprising
about 55 percent by weight nethyl salicylate. In Exanples 164 -170, the
nmol ar ﬁt g BI\/BC o BPA was varied from about 1.018 to about .1.03, by
additio al?}F3 mer to the equilibrated m xture of oligoners in the
reactor. The nol ecul ar weights of the product polycarbonates varied
accordijngly. [Tnh Exanples 170 to I81 the nolar|ratio of BM5 rRtggiBFl)A was ‘
hel d const ant :41.@“ h fol about an houpRegigudihe BMSC to
BPA wg’EaamplaFﬁqu{??P nﬁg‘% gl%{ie%@%taﬁ j@/s shor MwéMm/é’@hgl st 8Ly | of the
process, The | pro uc. errergl ng fro the extruder di e face wiBP@hm)l ed every

; . . L2
five mputes—g-viheg tot-al—eof—12produet—polyear

ruuuut carborate—sa Ipl €S Exar’rpl es

170-181) Mi gh Wekse aaséx%sz/@aﬂzwzsgézsoe@é/mzslc 8Rht bridd 643 Wphi247 The dat a

reveal

e ohlon a2 b P s ablal BB BR0C C toich | 1476 PSS faco ! enti on,

—M,, being
| ess thanls’b per e )f the avemmoml ue of Mimgs/lﬁmnmm; 1528- 181. The
st andar gdevat-on—ot—the—restdual—mret ||y| sat ateval vas——Somewhat
hi gher hntb7r ff | 883 {he rel ati ¥B813p0%8 gh st andcﬁ(é@iélﬁlét‘(%?\zoas&??éi dted with

ey Pl T O BA G Eso b Tie STANGR A8V 364 OfodsD | e

nmeasur epen Lor of of M 01Nt 0 cant ai ni npm met-hyl
sal i cyl at gsonels ab:wt 75 _ppm or245a180m8 7. 5% of 16980&‘1/1%‘7!7&@92%“ ugl5

det er m ped— it —Tabtre—36—the—s Hu—u ates— 8215+ 6 WO
031 1061 hoTHET) U398 16354 CHARPRESVARE was. o3 LebR4a B Hiod d ot

have been,differ Ignificantly, different f e pH ding it.
TABLE 3 lbg(r 4ed(3r1\li2n LUSI NG VELT TEMPERATI IRFQ%:%][L]SP 5;_%9]2%0 Ql%(\?/ PROCESS

CONTROL | CRy2TERI A.03CATALYST = TMAH”Vacuum @Venlzﬂ42¢i1m55b‘lg.275 Saek4f ijon T feed
T feed

173 1.03 v 125111/11033/2.276] 1687
174 1.03 ” 24891/10916/2.280] 1727
175 1.03 " 24922 /10937 /2.279] 1825
176 1.03 v 25039 /10988 /2.279] 1759
177 1.03 ” 25254 /11048 /2.286| 1488
178 1.03 : ” 25449 /11148/2.283| 1504
179 1.03 247/280x8 25479/ 11133/2.289] 1557
180 103 ” 25301/11061/2.287; 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. 3 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

larger than about 1% can be considered statistically meaningful when this strategy is

84



Mass Torque Melt Screw speed in before Exanple V, V3 V4 V5 V6 s O P Flow

Rate (/0) (C) Reactor P-Valve (Ib/hr) (rpm (C (C 164 ig EE@ 29 29 20
53 313 179 163 168 165 20 29 29 29 29 20 51 310 179 162 168 0thd@ho0 29 29
29 29 20 w® 6300661494 163 168 167 20 29 29 29 29 20 42 304 ptifiushs4633H8 168
20 29 1291 29 29 20 39 301 174 164 168 169 20 29 29 29 29 20 34 299 175
162 168 170 20 29 29 29 29 20 31 297 175 163 168 171 ..

used to quantify diffgrences in molecuIa1 welght produce& %?,\é%‘ﬁir%%?{}tam -/gg 51 29 29

29 29 é%‘fegrg @g%iayénésl%@ cga%%naté/blsphenol The standard deviation .observed® 15 DEC
2006 ? 9 PCT/US03/16354° Tabl e 30 Continued, BMSC/ BP,,Act uaI Barrel

Tenper ahesleesmeasﬁbmedtsal canExtenptansislerest | rnaomblay gongideringpihalgthese

164 1.018 235/ 2 1/280/ 2 70 1247
165 1 GreessopsaRoPsae 3 é@@y UABTGE Yy 21
242/ 2808, 3%fDRed tH34dr dssdoidéd WiliRthe evaluation of the molecular weight and

residual methyl salicylate content of these samples.

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.
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167 1. 024 243/ 280x8 30469 / 13134 / 2.320 1595 168 1.026
244/ 280x5/ 271/ 280x2 28457 / 12386 / 2.298 1983 169 1.028 245/ 280x8 26980 /
11774 / 2.291 1515 170 1.03 246/ 280x5/281/280x2 25535 / 11184 / 2.283 1465

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 24891 / 10916 45§E§§3m1727
175 1.03 24922 / 10937 / 2.279 1825 176 1.03 25039 / 10988 / 1759
177 1.03 RaRé¥061491048 /| 2.286 1488 178 1.03 25449 / 11148péTRisd8Reisa04
179 1.03 247/ 280x8 25479 / 11133 / 2.289 1557 180 1.03 25301 / 11061 /

2.287 1499 181 1,03 25184 / 11015 / 2.286 1796 Determ ned by GPC, 2 The
standard Whgt & flgined i¥he wei ght average nol ecul ar wei ght, MAN was 208
daltons cal cul ated for Exanples 170-181. 3 The standard deviation of the
resi dual nethyl -salicylate present in the product polycarbonate was 134
ppm cal cul.at edAf mletIE)chtﬁ@ﬂ ¢lse prépat8tion Tdfepabicarbomatealdaéd 3fethbdvecni@tising! t

tenperature apd tor may be used as a part_of, a closed-|loop control
strategy TETHOREt Bt dpé‘?ﬁ‘?f‘?%lo He %%‘Fséé‘ii’lr%ﬂcaﬂépgﬁﬁtagfs‘[tﬁte ongr @fugtore
pol ycar b%ﬁigﬁr&h?&uﬁﬁ‘g tQaﬁ 41%@ mleg 0@B§0be IVt ?&ﬂn 4ddetBe,
experinment conprised 1 Ifferences 1 n nolecular wel ght

that are sdlahgmrcam;ammgwtsol\%m:aamdbenadigirdelﬁe(boiymbmatc,akalgi erandingf ul
when this, strat eﬁ% ; C,2006 . WD 03/. Eli 9 PCT/ USs03 8354 u ed to
quantify HPEesR 465yt ol ridet saymredr Sdth 8t 1635t e SPRSs 2pied

di f ferentsgIRém rdnddva0S sfill S1IRENRREAE Yoy SRBERMAL -co 1§ﬁ§%ﬁ&r9&¥dt@trbﬁ&t

observed in these neasurenents can be consi derggﬁremar kabl e consi deri ng
t hat t hesenitsrdgsiveérsomsal lrastdag didyy doonyy ardreatiarcoatpoundy saids oigemericw t h

the pr OCeﬁcﬁyc&x%%lngteb%ompnsmg ester substituted phenoxy terminal groups having

structure 1

CO,R!
™
~

(R

O

-~

wherein
R! is a C;-Cyp alkyl group, C4-Cyp cycloalkyl group, or C4-Cyp aryl group;

R? is independently at each occurrence a halogen atom, cyano group, nitro
group, Ci-Cyo alkyl group, C4-Cyo cycloalkyl group, C4-Cy aryl group, Ci-
Cyo alkoxy group, C4-Cyo cycloalkoxy group, C4-Cyo aryloxy group, C;-Cyo
alkylthio group, C4-Cy cycloalkylthio group, C4-Cy arylthio group, Ci-Cyp
alkylsulfinyl group, C4-C,¢ cycloalkylsulfinyl group, Cs;-C;p arylsulfinyl
group, C;-Cy alkylsulfonyl group, C4-Cyo cycloalkylsulfonyl group, C4-Cyo
arylsulfonyl group, C;-C,¢ alkoxycarbonyl group, C4-Cyo
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al so contained the error associated with the evaluation of the nol ecul ar
wei ght and residual nethyl salicylate content of these sanples. The

i nvention has been described in detail with particular reference to
preferred enbodinments thereof, but it will be understood by those skilled
in the art that variations and nodifications can be effecteg ﬁgtqmm t he
spirit and scope of the invention. 85 15 DEC 2006 WD 03/10 é

PCT/ USO3/ werdshosWt is clained is: 1. A nethod for the prep@Tﬁkmgﬂ&ga

pol ycarbonate, said nethod conprising extruding in the presence of
transesterification catalyst at one or nore tenperatures in a tenperature
range between about 100 C. and about 400 C. a solution conprising a

sol vent and an_ol i ?nerlc ycarbonat& Ig§a|d ex trudlng lbeln d out
on an' extrude? é%% BRECFTRPRH aBT9Wast Ciiifae v MY 10X SRE00HY ! £ §FO én6°

removal , sai d gkiBemRbi golp! YT RN/ GIRPIARThS ighEuPOCY.CRY lagna @nd @Rﬁﬁi

units derlved fromat |east one di hydroxy aromatic conpoun sai d

oligoneric pofyéar wrdemivennsboryingroaps &i- @wbSNl@@ultl(éf&ﬂanéﬁ@i)Wangfﬁ%I
2 Ry “group, b ey ety SGFD b ory o Gb VPG g e a0

al kyl group,

i ndependent | y ateggadhqoccurrence a halogen atom cyano group, nitro group,
Cl- C20 al kyl group, C4-C20 cycl oal kyl group, C4-C20 aryl group, Cl- C20

al koxy group, CA4-C20 cycl oal koxy group, C4-C20 ar Xy group, C1-C20

al kyl t hi 02.gr ouf, methap@cegrdingl Ry Flatino 1 gvbersin csm%zmear subskitwed r AgRoXE1- C20

al kyl sul f} al kyl sul finyl group, C4-C20 aryl sul finyl
group, C:iEe %1 ?§€%%ﬁn%ny?u%¥§hg, C4- C20 cycl oal kyl sul fonyl group, C4-C20

II
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 I11

I
R9
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aryl sul fonyl group, Cl-C20 al koxycarbonyl group, C4-C20 86 15 DEC 2006 WO
03/ 106149 PCT/ US03/ 16354 cycl oal koxycar bonyl group, C4-C20 aryl oxycarbonyl
group, C2-C60 al kylam no group, C6-C60 cycl oal kyl am no group, C5-C60
aryl am no group, Cl1-C40 al kyl am nocarbonyl group, C4-C40

cycl oal kyl am nocar bonyl group, C4-C40 aryl ani nocarbonyl gr é&®EC @86 Cl- C20
acylamno group; and b is an integer 0-4. 2. A nethod according to claim1l

wher ei n s@igoRleedo substi tuted phenoxy term nal groups havecgtysesisisa ||
1 CO2Me QW% 1 3. A nethod according to claim 1l wherein said

pol ycarbonate repeat units derived fromat |east one dihydroxy aromatic

R 0. 0 O IHeEs TR “BER, iBpbignll i et i elodsonp e gl
R3- R10 areyanodapepdentCy @Akl drageCACecytlahlkgerraimnor k10,9 a@yogmup; cyano
group. CIWC%SO aa (l)(x%/ , gr{ %%9@61104 aftc():rzn(,) .alc%l.(ill’fgfrle lal%rln, %r gy)?’grg{lp,cg_ 812_%20ara){ilphgtri8 Hp:

radical, a Cs-Cyo aromatic radical, a Cs-Cyg cycloaliphatic radical, or the group

R12 - Rl
™~ C’/

wherein R'' and R'? are independently a hydrogen atom, C;-Cyo alkyl group, Cq-
Czo cycloalkyl group, or C4-Cyg aryl group; or R!'! and R'? together form a Cs-Cao
cycloaliphatic ring which is optionally substituted by one or more C;-Cy alkyl,

Ce-Cap aryl, Cs-Cy; aralkyl, Cs-Cyy 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
Iv,

v
H:C CH;
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Wis a bond, an oxygen atom a sulfur atom a SO2 group, a Cl-C20 aliphatic
radi cal, a C6-C20 aronmatic radical, a C6-C20 cycloaliphatic radical, or the
group Rl12 - R'" '**~ C 00000 wherein R' and R12 are independently a
hydrogen atom C1-C20 al kyl group, C4- C20 cycl oal kyl group, ?b C?- 0 aryl
group; or Rl1l and R12 together forma C4-C20 cycloaliphatic1 ﬂb ichis
optionally substituted by one or nore Cl1-C20 al kyl, C6-C20 aryl, C5-C21
aral kyl , Wo 632fvei¥s! oal kyl groups, or a conbination thereof pctusdsngidrod
according to claim1l wherein said pol ycarbonate repeat units derived from
at | east one di hydroxy aromatic conpound conprise repeat units derived

from b| sp epeat units having structure
I—%@q%&fdm 3{ &@3@%@ Béé@ﬁb%%% 03/106149 PCT/ US03/ 16354 and
optlonally repeat units having structure VV 02 S0 O 5 A rrethod
according to claim1 wherein said solvent conprises from about %o about
99 percent by weight of said solution 6. A nethod according to cI aiml
wherein said sof vent conpri Ms at | east one ester sulpstituted phenol
having structure VI ) C42RI”1 2 )b

P PN

O O—T1—

S. 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,R!

I~
X

(R?),

OH

wherein
R' is a C;-Cy alkyl group, C4-Cyg cycloalkyl group, or C4-Cy aryl group;

R? is independently at each occurrence a halogen atom, cyano group, nitro
group, Ci-Cyg alkyl group, C4-Cyo cycloalkyl group, C4-Cyo aryl group, C;-
Cyo alkoxy group, C4-Cyg cycloalkoxy group, C4-Cyo aryloxy group, Ci-Cao
alkylthio group, C4-Csy cycloalkylthio group, C4-Cy arylthio group, C1-Cyo
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wherein RL is a Cl-C20 al kyl group, C4-C20 cycl oal kyl group, or C4-C20 aryl
group; R2 is independently at each occurrence a hal ogen atom cyano group,
nitro group, Cl-C20 al kyl group, C4-C20 cycl oal kyl group, C4-C20 aryl
group, Cl- C20 al koxy group, C4-C20 cycl oal koxy group, C4-C20 aryl oxy

group, Cl1-C20 alkylthio group, C4-C20 cycl oal kylthi o group, % %&]
arylthio group, C1-C20 89 15 DEC 2006 WO 03/106149 PCT/ uso3p 16 d

al kyl sul fywayds/@epap, C4- C20 cycl oal kyl sul finyl group, C4-C2PcafiosuéIsany!
group, C1-C20 al kyl sul fonyl group, C4-C20 cycl oal kyl sul fonyl group, C4-C20
aryl sul fonyl group, Cl-C20 al koxycarbonyl group, C4-C20

cycl oal koxycar bonyl group, C4-C20 aryl oxycarbonyl group, C2-C60 al kyl am no

a1 Kyl am nocar BORSIS0PSUp ERE bl T atbY et neBems) CoPaus™ s dimeo
aryl am nocar bogwhpgCoLUDy, aPkyISHHERE! g@ﬁbam4r®209fy@m1kﬁ@@nf@nﬁsgraa%e ir:mieagef

0-4. 7. A nmethod according to claim®é wherein said sol vent” furt
conprises a hHybyseaybd agemmi c SotGment , atkdxacadhenal ed atduphat i €+Sabvent,

a non- hal ogen i ol yent, non- hal ogen d i phatjc solvent,

or a mxture t e?%%?&%&binﬁnet égodl Pacg%}'g»??]g%{ cr giﬁrﬁoﬁ%%@?pﬁ sg?'&v“’

sol vent conpr i dkglamEhbydroupals a4 atyeloadky 1Amikd gﬁﬂup@C@pﬂé& agylkMind grénpd
.wherein said sgQlvent further conprises . aortho-dichl orobenzene. 10. A nethod
according to ctulm plHamenorasbenyl sronBe Stuekiof pxAralknlamingryrbony 8- ses a

quat er nary a”@ﬂbﬁ&?a&?ﬂ%ﬁﬁﬁ& 58%91“%&3{;»[‘%%9@&%E?%H%eéggﬁ,ﬂuﬂ&’g) N aft

m xture thereof. 1.7 A net acc hg to clai sal
quat er nary ammnkégem0O-4onpound has structure VII 90 15 DEC 2006

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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WO 03/106149 PCTI US03/16354 VIl Rl14 |la R13-N R15 R16 wherein R13-Rl6 are
i ndependently a Cl1-C20 al kyl group, C4-C20 cycl oal kyl group, or a C4-C20
aryl group; and X- is an organic or inorganic anion. 12. A nethod
according to claim1l1l wherein said anion is selected fromthe group

consi sting of hydroxide, halide, carboxylate, phenoxide, sullfdhét?(s

sul fate, carbonate, and bicarbonate. 13. A nethod according to claim11l

wher ei n swigdo3aai4y nary ammoni um conpound i s tetranet hyl anpefjiuses/16354
hydroxi de. 14. A nmethod according to claim 10 wherein said phosphoni um

conpound has structure VIII VIII Rls X 1710 19 RPR R20 rein

R17- R20 are i ndependently a Cl-C20 al kyl group, C4-C20 cycl oal group,

or a C4-C20 aryl {pup;zé}xd X- is an organic or inorganic anion. 91 15 DEC
2006 WO 03/ 10614% PCTI1S03/ 16354 15. A nethod according to claim 14

wherein said ion®s |l ected fromthe group consisting of hydroxide,
hal i de, car bﬁ%e— noxi de sul fonate, sulfate, carbonate, and

bi car bonate. 16. ]\ met hod according to claim 14 wherein said quaternary
phosphoni um conplid is tetrabutyl phosphoni um acetate. 17. A net hod
according to claim10 wherein said transesterification catalyst

wherein R*-R'¢ are independently a C;-Cyo alkyl group, C4-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

VIII
I|{18 Xe
@
R17_ Il) —_— R19
R20

wherein R'7-R*® are independently a C;-Cyp alkyl group, C4-Cyo cycloalkyl group,

or a C4-Cyo aryl group; and X is an organic or inorganic anion.
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further conprises at |east one al kali netal 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 de, at |east one alkaline earth hydroxide, or mxturg hhereof. 19.
A method according to claim 18 wherein said alkali metal hydrolildd§ s

sodi um hydr oxi de. 20. A nethod according to claim1l wherein said

transest ewd b5add199 catal yst conprises at | east one al kal i pagiw@ozagbss of a
carboxylic acid, alkaline earth salt of a carboxylic acid, or a m xture

thereof. 21. A nethod according to claim20 in which said alkali netal salt
of a_car poxyl henfphdh el M ERER 1320n81RIARE JARGORALAGLS 4 el
wherein said transestertficati on catal ys‘gV conprises at | east one salt of
non- vol at gtompl o@isgstimg ofidiydro¥ide, 1 halDi; Z206xyMB, GlehO0ilid SuPohatdSa fhe354
23. A nethod accordi ng to claim22 wherein said salt of a non-volatile acid
is at | eS¥POBRE, aad PlcPeRated from the group consisting of NaH2 P03, NaH2
P04, Nat HPO4, KH2 P04, CsH2 P04, Cs2 HPO4, NaKHPO4, NaCsHPO4, and
KCsHPO4. 24. A nethod according to claim1l wherein said transesterification
catal yst 16 pAessthod racanrdinputot ckadmr é4pwhdiaiy dadd bptaverearyalpbospliondwhO- 8
and about 1x10-3..nple f ltlransesterifi cation catal yst per nole of

pol ycar boﬁ%’f’@o}l%%ésan{)et‘i?i?flfys}p OYBYR AEER Sr omat i ¢ di hydr oxy conpound
present -in the oligoneric polycarbonate. 25. A method according to claim1
wherein said solution further conprises a nonofunctional phenol

chai nst oppér. 26methobiakoerdieg de dilaign tld sihgrein2®idteansestex ficatiem aiatay gpper
is p- cu ngl . t.h cording,tq cl.ai m.l wherein,said.extruder
has a scrrTgl\lf\[/i‘)ﬁ;e|€)feceocrif,l pg%easiéglggﬁtu({%%oﬁﬁﬁloi%%ta? Hyg%od(ﬁ@%aalh‘}frbe %aglh%ih x’forxﬁ%gé(rorat a
f eed rat emiswairée thaedf.r ate and

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.

92



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 mnute falls within a range of fromabout 0.01 to about
100. 28. A nethod according to claim27 wherein the screw speed is in a
range between about 50 and about 1200 revolutions per m nute, &ﬂﬁmﬁinethod
according to claim27 wherein said extruder is equi pped with ai east one
vacuum vewo 032614 met hod according to claim27 wherein sai gcexisosdessal S
selected fromthe group consisting of a co-rotating interneshing double
screw extruder, a counter- 93 15 DEC 2006 WD 03/106149 PCT/ US03/ 16354

rotating pon- iﬂtﬁéﬁﬁgg&ggﬂgggheclﬁl W SIS saaltsi)f‘g'n%n%‘?%lﬁ%’ﬂe aci

reci procating extru si ngl e screw non-reci procatin extruaelF. 31.
A net hod acleastdimegsalo seleateth frofruthehgrouposmrsissinggofl NaHs tlaps Wik, BOapNab)

heating t SO ion c rising the solven nd.the_oligoneric
pol ycar boﬁgpé’ {(glgap (S‘éré))g?%ft)éﬁae Iélgpér N@%{ﬁ?ﬁh&%ﬁﬁ%ﬁ@@ 39 12esGF Ogai o
solvent, said boiling point being the boiling point of said solvent at

atnospheric pressure, said heating being carried out at a pressure greater
t han at nodpherAcmpthedsancordimgpiooviate la vehepeinhead echnsesterifieatddén chiadysrasi ¢

pol ycar bonat e and sol vent; and Step (B), introdycin | dg super heated .

it ur e OFe T gan AEEN oA DBRATDE OnRe et e Bt e S8 APRGBT 7 ough
at | east @BRsPOLESHHARsERNiERon' Va¥Ryst3Per AnORI I pBRLAFSENAG tRpedaiumitd1
wherein said extruder is selected fromthe group consisting OP a

co-r ot at i #Fivast efreEs hiprgmaidebldéhedroay esompaisd, presemint iy - theot aligpmgeric

non- i nt ermﬁg&%gngt%ubl e screw extruder, a single screw reciprocating
extruder,”and a single screw non-reciprocating extruder. 33. A nethod
according to claim31 wherein said extruder is equipped with at |east one
vacuum vent and optionally gne or npre vents operated at about atnospheric
pressur e, 2¥ai d ‘exsthadaceeidiae dgrlpped whewinsaideselptign fusthge cowprises a saj d

si de feedgbnBRINGAAUHRART Hhidit@peteast one vent, said vent being operated
at

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 co-rotating,

i nt ermeshi ng doubl e screw extruder; a counter- rotating, non-interneshing
doubl e screw extruder; a single screw reciprocating ext ruderH:ﬁlEEI Zﬁ]ESi ngl e
screw non-reci procating extruder. 94 15 DEC 2006 WO 03/ 106149

PCTI US03/ 16354 35. A nethod according to claiml further conprising

renovi ng wpothee49 pol ycarbonate from said extruder. 36. ArawiURed/16354
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 kteling SO0 interarshimd WioubROGcrgymexdiidery aetihgld swrewr dégdigracatiofai m
36 wherei {d second extruder is selected fraomthe group consisting of a
co-rotati %th%l?dn regrrlfggﬁf o ) 802'5F(é]\¥?/r%%?tt%oeéﬁtfu%§r‘ counter-rotating

non-i nt er neshi ng doubl e screw extruder, a single screw reciprocating
extruder, _and a single screw non-reciprocating extruder. 38. A nethod for
prepari ng3 bol yedppdrdtascoxting torstaind! derhen edmprisisg dhe gtepsiodati ng a mi xture
conprising at |east one di hydroxy aromati ¢ conpound, an ester substituted

di aryl carbonatg. a transesterification. .catalyst at .at erature in a .
fange. bet ween S8 n 36t ERE TG Sliiot Sombrisivg ghnroivede e GIDEIBRMGRcan
oligoneric pol yslgchedabte itd anechfiehitursUhrShict Uthad BIemRIlise! puant ;ofabsldSt ep
(I'l) extruding said solution of oligonmeric polycarbonate in said ester

substitut ed phiyentatsaithebeitingppeintehpimgathe dwiling apeiahgef seidwselveabmit
100 C. and abo > t . e _screw speeds in ran
bet ween about %&‘Oéﬁgelg%dﬁ? &%ﬁ‘?fo“‘?g%&i‘é” d eé??rcﬁgﬁl?\% Oglgiailga glée%rs?%dg%ﬂeron
an extruder cothani #hngphtri¢ pasdsuedeo \peovidadaptpdhéaed saixert of eligualeric39. A

met hod correspondi ng to cl m. 38 wherein in Ste |) the ester
pp(r;'lycar onate aneg solvent; and p (1)

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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substituted diaryl carbonate is enployed in an anmount corresponding to

bet ween about 0.95 and about 1.05 noles per nole of said di hydroxy
aromati ¢ conpound. 95 15 DEC 2006 WD 03/106149 PCT/US03/16354 40. A

met hod according to claim38 wherein said transesterification catalyst is
present in an anmount corresponding to between about 1.0x10-8B)EnMiRbout
1x10-3 noles of transesterification catalyst per nole of said di hydroxy
aronmat i ¢ wooospmsngh 41. A net hod according to clai m38 wherpon/usasde3ss
ester-substituted diaryl carbonate has structure I X I X CO2R1 CO2RL I "\ O
YOI I le- (RR(R2 )b wherein R1 is independently at each occurrence Cl-C20

al kyl groyp, C4- fbhod Yebomliky |togél‘3ﬂﬁ1 fofur%'r %ﬁﬁs}ih%g{ewn&n:ﬁoduct

i ndependently at each occurrence a hal ogen atom™ cyano group, tro group,
Cl- C20 alpolicapbonpte fBamGaidd eyohded kyl group, C4-C20 aryl group, Cl-C20

al koxy group, C4-C20 cycl oal koxy group, C4-C20 aryloxy group, Cl-C20

al kyl thi o group, C4-C20 cycloal kylthio group, C4-C20 arylthio group,

C1- C20 alig/! suhf imdyhodraebrdifd 1628 afiy C3 Dakkatb sl khidnpto e PRy b &Efe is
aryl sul finyl group, Cl-C20 al kyl sul fonyl group, - C20 cycl oal kyl sul f onyl

group, Ga#iroggeed ynoupfssagnd growder, Gricagcandk sxyrudebomybrigingupt laast 6RO

cycl oal k QU - C20 aryl exycar bagnyl grqu - C60 al kyl am no
group, C6- gﬁg&g%{%a 1%%%?% egﬁ( %ltﬁl%,r ybéél-l eﬁ%ﬁ#a% %3“5?’8‘%}“61‘- e4ghee .
al kyl ani rigsaebapbugn00p C. GhdCGbue yolooat K ndnd barear fnsed! indd eate bdwedh

aryl am nocar baonyl group, or Cl-C20 acylam no group; and b is independently
at~ each RGP enatand abarlR)0 ;. o

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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15 DEC 2006 WO 03/106149 PCTI US03/ 16354 42. A nmethod according to claim
41 wherein said ester substituted diaryl carbonate is bis(nethyl
salicyl)carbonate. 43. A nethod according to claim 38 wherein said

di hydroxy aromatic conmpound has structure X X RS RR R4 WR8 HO R6 R10
OH R R3 R7 wherein R3-R10 are independently a hydrogen atomjg h[?EI Cog@n atom
nitro group, cyano group, Cl1-C20 al kyl group, C4-C20 cycl oal kyl group, or
C6- C20 arwo gg/muépa9 Wis a bond, an oxygen atom a sul fur apemuseedss
group, a Cl1-C20 aliphatic radical, a C6-C20 aromatic radical, a C6-C20
cycloaliphatic radical, or the group R12 Rl C 97 15 DEC 2006 WO 03/106149
PCTI US03/ 16354 wherein R1' and R12 are independently a hydrogen atom

Cl- C20 aIJf(y ! 9AGH Ry hogaccg&) &%Otgl a8 n{1<>§|8 nglgr%{i)n éa(ﬁflltﬁans \Aﬁtegﬁr c\églog yag}{l OllrsyR

and R12 toget her or m a cycrl oal 1'pha
substi t ut pasént mngn @lfndﬁift&:o@ﬂe—sﬁaﬁdﬁdgkl}d betv@n@%u&rlybxl(fs-aﬁz Jabahﬂﬂb’(YO 3

C5- C20 cycl geal kyl groups, a conbi nation thereof. . A net hod
accor di ng™P SC|0€§I M@Seﬁﬁ@f‘é?HO%aF%ab}tStl Bestmekfe of I‘Fﬂﬂf o&k}lydmwmrp@atlc
conpound §ies hydroqui none and bi sphenol A 45. A product

pol ycar bonate prepared by the nethod of claim44. 46. A nolded article
conprising the polycarbonate of claima45. 47. A method according to claim

38 wherei#l.sai d atethedsiccobdindi by dilgxy 3arvRELIL safMmMBwitkubeiihited ediaryl

bi sphenol A and 4, 4' -sul fon¥(l di phenol .
carbonate has structure I

X
pPRa]
(R2), Rz)b

wherein R! is independently at each occurrence C;-Cyo alkyl group, C4-Cyo
cycloalkyl group, or C4-Cy aryl group; R? is independently at each occurrence a
halogen atom, cyano group, nitro group, C;-C,o alkyl group, C;-Cyo cycloalkyl
group, C4-Cyo aryl group, C;-Cyo alkoxy group, C4-Cy cycloalkoxy group, C4-Cao
aryloxy group, C;-Cy alkylthio group, C4-Cy¢ cycloalkylthio group, C4-Cayo
arylthio group, C;-Cj¢ alkylsulfinyl group, Cs-Cy cycloalkylsulfinyl group, C4-Cao
arylsulfinyl group, C;-Cy alkylsulfonyl group, C4-Cyo cycloalkylsulfonyl group,
C4-Cyo  arylsulfonyl  group, C;-Cyp  alkoxycarbonyl  group, C4-Cyo
cycloalkoxycarbonyl group, Cs4-Cyo aryloxycarbonyl group, C;-Cgo alkylamino
group, C¢-Cgo cycloalkylamino group, Cs-Cg arylamino group, C;-Cyo
alkylaminocarbonyl group, Cs-C40 cycloalkylaminocarbonyl group, C4-Cyo
arylaminocarbonyl group, or C;-Cy acylamino group; and b is indepéndently at

each occurrence an integer 0-4.
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48. A product polycarbonate prepared by the nethod of claim47. 49. A

nol ded article conprising the polycarbonate of claim48. 50. A nethod for
prepari ng pol ycarbonate, said nmethod conprising: Step (1) heating a m xture
of bisphenol A bis(nmethyl salicyl) carbonate and a transesﬁgmké% tion
catal yst at a tenperature in a range between 100 C. and 300'C. @ﬁessure
bet ween about 0.1 and about 10 atnospheres to provide a solution of an

ol i goner i whempisesw! A pol ycarbonate in nmethyl salicyl at e, pegiukobiisisaet hyl
salicyl)carbonate being present in an amount corresponding to between
about 0.95 and about 1.05 noles bis(nethyl salicyl)carbonate per nole

bi sphenol A, said transesterification catalyst being present in an anount
correspongy ng Aoﬁgﬂw%c&{%ﬁg 8y 204 iilr( 1093 LGS séipagsﬁg ts%rb%tfifu(fg& ' Bhry1
cat al yst per nol e bispheno , Said oligoneric polycarbonaté conpri sing
met hoxy cearbomatk ipbeimeyhytlsaticpbtapoanes, and 98 15 DEC 2006 WO 03/ 106149
PCTI US03/ 16354 Step (I1) extruding said solution of oligoneric bisphenol A
pol ycarbonate in nmethyl salicylate at one or nore tenperatures in a range
bet ween abbut Alouctbodapecading wooclam 38d vdereine said dihpdexyegrewetis in a
range be about 1200 rpm 51. . A nethod according
to.clain1é%ﬁﬁﬁgggﬁﬁggﬁgnﬁggﬁsesterification catal yst conprises

t et rabut yl phosphoni um acetate. 52.. A pol ycarbonate prepared by the nethod
of claim50, said polycarbonate conprising |less than 10 ppm Fri es product.
53. A pol ycarbonate according to claimb50, said polycarbonate having a
percent endcappi ng of about at |east 90 percent. 54. A pol ycarbonat
according to claimb50, Raid polycarbong%® having a percent endcapping of
about at |east 97 percept. 55. A noldedjarticle conprising the

pol ycarbonate of ,clai m $0. 56. A nolded] articlegaccording to claim55 which
is an optical d 5 Ration of pol ycar bonate, said
met hod conpri si ng

HO

wherein R*-R'? are independently a hydrogen atom, halogen atom, nitro group,
cyano group, Ci-Cyg alkyl group, C4-Cyo cycloalkyl group, or C¢-Cyo aryl group;
W is a bond, an oxygen atom, a sulfur atom, a SO, group, a C;-Cy aliphatic

radical, a Cg-Cyo aromatic radical, a C4-Cy cycloaliphatic radical, or the group

RlZ Rll
\C/
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extruding in the presence of a transesterification catalyst at one or nore
tenperatures in a tenperature range between about 100 C. and about 400 C. a
sol ution 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 polycarbonat? rE 2@$ units
derived fromat |east one dihydroxy aromatic conpound, said E)(g @ bonat e
conpri si nyCe&/He14substi t ut ed phenoxy term nal groups havi ngcsiusestiessa | 99
15 DEC 2006 WD 03/106149 PCTIUS03/16354 I CXR2RL | i (R2)b wherein R is
a Cl-C20 al kyl group, 4-C20 cycloal kyl group, or C4-C20 aryl group; R2 is
i ndependently at each occurrence a hal ogen atom cyano group, nitro group,
Cl- C20 al D, 220G - Y, - 220

al koxy gr%ﬁ%? &%-C588?§clogﬁégéggggﬁgg%{833E§%%5§§$%$§ %?%%gypgﬂg%hégg

al kyl t hi oCgr oueboalft Sanps el GACkyhityhigeogp;001pR 'CéndCRY aygettidai forgra Gp-Coel- C20
al kyl sul fi nyl group, .C4-C20 cycl oal ky] sul fi nyl group, C4-C20 aryl sulfjnyl
gr oup, c1C-Yé®a1§m}1|°supso‘f%uchg@ow,w fyc@@%%qeéa kPP ATFBAYR Cgr%lﬁpﬁ:ﬁ‘éd- C20
aryl sul f ogylc,9uaHP sy Gkl kex a%ﬁ ' 3 inati f

cycl oal koxgcégbgﬁgl 5gzcl)up, gd (égg%tr fl?)%(ﬂ;ll( g%g%{ﬁjff %?%&blglo&glera kyl ami no
group, C6-C60 cycl oal kyl am no group, C5-C60 arylam no group, Cl-C40

al kyl am nétar bAnyethiodwecofdnEAd cyahn B8k wisstinosaidbanytasyr emp,dihgdross0
aryl am nocar bonyl group, or Cl-C20 acy] am no group; and b is an integer
0-4. 58. ?iomé’ttﬁo@“gE%‘B?‘h?%PF%escl%ﬂrﬁﬂBmoﬂﬁéﬁ“éﬂﬁS%héinéllﬁol ycar bonate has a

nunber average nol ecul ar wei ght of at | east 5000 daltons.
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 mole bisphenol A, said oligomeric

polycarbonate comprising methoxy carbonyl phenoxy terminal groups; and
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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 rpm.

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

99



15 DEC 2006

WO 03/106149 PCT/US03/16354
I
CO,R!
I X ©
I o
P
(R,

wherein

58.

Rlisa C1-Cyo alkyl group, C4-Cyp cycloalkyl group, or C4-Cyg aryl group;

R’ is independently at each occurrence a halogen atom, cyano group, nitro
group, C;-Cyg alkyl group, C4-Cy cycloalkyl group, C4-Cyo aryl group, C;-
Cyo alkoxy group, C4-Cy cycloalkoxy group, C4-Cy aryloxy group, Ci-Cyo
alkylthio group, C4-Cyg cycloalkylthio group, C4-Cyo arylthio group, Ci-Cao
alkylsulfinyl group, C4-Cyo cycloalkylsulfinyl group, C4-Cyo arylsulfinyl
group, C;-Cyo alkylsulfonyl group, C4-Cy cycloalkylsulfonyl group, Cs-Cso
arylsulfonyl group, Ci1-Cayo alkoxycarbonyl group, C4-Cyp
cycloalkoxycarbonyl group, C4-Cyp aryloxycarbonyl group, Ci-Ceo
alkylamino group, Cg-Ceo cycloalkylamino group, Cs-Cgo arylamino group,
C1-Cyo alkylaminocarbonyl group, Cs4-Cso cycloalkylaminocarbonyl group,
C4-Cyo arylaminocarbonyl group, or C;-Cy acylamino group; and b is an

integer 0-4.

A method according to claim 57 wherein said polycarbonate has a number

average molecular weight of at least 5000 daltons.
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