;e3dep: ?m:; $<@>6>T: ?KU H CONTI NUQUS | NTERFACI AL METHOD FOR PREPARI NG
AROVATI C POLYCARBONATES BACKGROUND OF THE | NVENTI ON This invention rel ates
‘to the interfacial preparation of aromatic pol ycarbonates, z@\pgmpg

Rel inown

particularly to their preparation by a [ thod. 5 A

met hod for pol ycarbonate preparation en‘mmmlmmmmmt one di hydroxyaromatic
conpound, typically a bisphenol; a carbonyl halide, typically phosgene; a
base, typically an alkali metal hydroxide, as an acid acceptor; a catalyst;
and a subst anti al | CONENUOLISBIEERFAIQIA WETHOPAQR PREPAJUING | i qui d such
as nethylene chloride. This nmethod is 10 frequently desi gnated

"interfacial" by reason of tRROMAGIEIRSL eARBMIAGEEWeen the distinct

aqueous and organi ¢ phases. Interfacial polycarbonate preparation has, by
and | arge, been a batch process although nunerous disclosures of continuous
processes exist in the art. For exanple, US Patent 4,737,573 discloses a
nmet hod adapted to 15 conti nuous eration, wherein the first step is

0
prepar ati on BAGHGROUBNRLIF FHE W@MTIQNWH si ng pol ycarbonate ol i goners,

typically containing chlorofornate end groups, in a tank reactor such as a

continuous stirred tank,r [ cenThi S 1N i at e .proguct t hen
be converted to high nnfoﬁuégﬁféi&?/é%%@s‘ptgl ?galf‘ e(g%%{ag% ??P%ﬁgggro, air?mgﬁé/
necessary, t %w@@%ﬁhfd@@ﬂh@an&agkﬁi&tl_afg?Qofﬂxéﬁtpréﬁm_ﬁbﬁ%} Qr cdminubas
anot her CSTR and the second may be a limted back-m xi ng reactor; i.e., one

approachi ng pietlyod.| ow condi ti ons. One advant age of batch operation over the
years has been the freedomto change grades of pol ycarbonate manufactured

by nerely varying batc arameters. This.is no |l ponger as inportant a factor
o T o novar 1A B Soat (o el ea BBt (iops BEORATREY S ! f or od
by redistribufj j 1 v Si ade of
pol ycar bonat g{ lc?g% %g&ggﬁl\gggﬁagog&tfcgéd@g@?%ﬁ ﬁrggélﬁxtaobxg?n%r?olg?ggt@n ¥
varyi ng nol ehalide, typically phosdfierse; aCloael pyisidallip pr atkalioneks tyrieoxide) & an

attractive as a comercial possibility. 5 Copending application Serial No.
07/ 724, 642 drdié| aereptar; retdasadystoxandhtrsubstaatialp| ipert: bovbstantistly pwatart on

whi ch al so invag s an_initial step of oligoner formatiog, .The prgportion
of base (e.g!r}soh']ﬁ%l PrEpicy haHid, SUFRets e I%U_ag’bet C?ré‘la‘ﬁ ﬂgusprlgpg}o by equal
to 2 + 4 Z freé%xerﬁgl §6siPhatbd St BEAcEP! By Péasth b MmYerfRARE PUpRE&L N Y IS
in the range of about 0-0.5 and Z is the 10 nunber of "noles Of carbonic

aci d deri vat theediptmctrmjueond anid byghroz phasespound”; i.e., the nolar ratio of
carbonyl halide to di hydroxyaromatic conmpound. By enpl oying base in this

g e ght | aver agRieAGRLbal Sashogate PRRALON hes b SArBSaOR a
1, 500- 8, 000, f -4 ' e Q| t
Atvant ages. - PRCREFOGRs KIARGEH pbmitlBud citioeitll GftohfndbhE Rociedil et &
interfacial ped yetaFoenadaenple ey Rataant 4 M3NET3 dikivses aetiietlvdd falaptade o s

mai nt enance of the ratio of equivalents of base to di hydroxyaromatic
conpoundS n foRtinupvgeopsrationy svhergin te-firy step ispreparatjen of aprintegmediate

pol ycarbonat e_having_a well 20 r ulgt ect nmol gcul ar i ght ,,di stribution. The
mol ecul ar vePBIHSchT SHBPTRRG, mBAIAPEOI Gon Bl e et c (VUG HEs | FMAINGE ai so
has a signi fEH@P&fp%Bt%Cénc?gﬁ&r}‘g%, B QREAK k&t suchis bl QhtmRbas Ylifted Waight

pol ycarbonate ultimately in a continuous process. It has been found
that if the odactpynf@STR) &hid atermidiate ipgotiact hmaw, thehdsgeomtérted 25 high
efficiency may decrease, increasing raw nmaterial costs and necessitating
very effici efoleaiampeightppelysathonate dnQng @rdifskecassgey.ofwe «gwngrgam

phosgeneyy nt 9 t nosphere. |n. addition ow cul ar. wei. ght ql. goners
Pend to 30| Eeabls AR Sich rediciOnd 5o ng VR SRR EH e fRp Bl b e <
conpound,  af figfibidhcR-mixidg ARIctdr; Zg.oén%Eb%£E hg!ﬂweox?diﬁehé.d phase
which is difficult to process. On the other hand,” ofigoners of unduly high

mol ecul ar wei ght produced in a continuous process can produce
t her modynami cal | y unst @peadyantager dbbaich qpesalien over the years has been the

freedom to change grades of polycarbonate manufactured by merely varying

batch parameters. This is no longer as important a factor as it was, however,
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Therefore, there is a need for a continuous polycarbonate 5 preparation

met hod which is capable of producing an , acceptabl e bal ance of phosgenation
ef ficiency and thernodynanmic stability in the final product21§§NNﬁB§ OF THE
| NVENTI ON The present invention is based in |large part on the discovery
that a major factor affecting thernodynamc stability of a continuously 10
produced hi gh nol ecul ar wei ght pol ycarbonate is the proportion of cyclic

pol ycarbonate ol i gonmers therein. Increasing the proportions of cyclic

ol i goner s habynreaden o€ élse olternatiyewfferad bygnedistrivutmnactotiling o IS/ Ratenter y

del et eri ous E%iect on, t hermpdynam c_stability. Moreover, the proportion of

cyclic ol i gore &3 tife & cimgle BrAde; ofi IP@J:YC%F@“&N sABhibs conyartedrobEcul ar

15 wei ght of i i nter i . Fhi.s.J:S i nt.rast . t
pr oduc%J ion ofrgaﬁéﬁﬂ)w&%r 5%?3%@%3 f-ga&%%}rllag &P %g%a(r)l ?‘tgeéérefc"shm‘ési’ are
made via bat CRniRLBASSpedafiof BeborREOARTE BrachiVe hSh *bMARTHAPpHADiigENn not ed

bet ween cyclic oligonmer content of the oligoneric internediate and either
nol ecul ar wei ght of the product 20 polycarbonate or its thernodynan c

stability Thus, the diGapending applicatinnSerial Moi $H IR pA2 digclosesonmmiathed s
preparation circunstances is,very unexpected.. It has further hee

i seover ed t Haf intrepaal RolycabARRlR RSFPOPRAGBIEchalsaa alyes et Bitalaer of

af fords an oppi b 0 j i Gien i C
stability g @Jg{l}gﬁﬁsfrrhggg"taﬁo%’naaé’ﬁ‘?&hggs“c’t’b%éﬁ’ glkalt Rg?&g?{s‘;cagg)earb?g t hat
an ol i goner iemysloyed ithéreinist preferhbliysequiah ¢ +c4Y(Zoel) pholds of baky parinidlai ni ng
a nolar ratio of base to phosgene within a specific range. 3 21 ril

2003 Accor di mfldihydiexyicempauneh whereinnbisiadhe sangsref phenh@-Odhand dnigtthe

| te which conprises; dugt i first stage.by.conti |
Poeti ng W1 "o tBbe! of neRilely o sephotimese EoMpdiaPEhaRaRl S RTRBRET 6o
the presence @myahRl; if'él[) dkkblar"BiR) oh%%wﬁaﬂ?e @&icﬁh?gct fSmaft -

| east one interfacial polycarbonate formation’catal yst se d fromthe
group consi stdongpainda B)eémpbgy% ibasein tieis gropontivas it it hlegédly pmsiblyss and a
substantially inert, substantially waterinsoiuble organic |1 quid, under
back- mi xi ng @3RENES noligamer intarmediata hayiag doveisht amerageomolgadlariweaighy)

"t or ned at o (FBECHNe P 6 Mot LSS 060, pedrehally spalf oAtaop, il o

st age ofyssai d,ffeeggﬁgmawhgdﬁma@i‘d i nternedi ate product is converted into
a final product conprising high nol ecul ar wei ght pol ycarbonate. The

invention is also a nethod for gre ari_ng an aromatic polycarbonate
conprising; (A perfordhBatant 3853 151 digelosas aronippersemgthodier irterfagisgbut 15

to about 5DC, continuously. .feedi at | east. one di hydroxyar omat.i
conmpound and RABCSEMAE Prebrsbp S ndHcdpn sSEBlaCBRuF IR RORISRE St dhaci o
acceptor, at i i ;

armoni um sal (200 RURANIESS LaRTR: Qb Bbeareinall Gpbind I8 PRAAC i o
mai nt ai ni ng d.1B1.8r Suichoa ofatisodllegedly dprodudes tpolyarimgate Halvirg valwellup to
‘1 .8:1, wherein the dihydroxyaronatic conpound has the fornula (1 j

HD- A' - Y-2& - OHegWatedemelecudar weighhdispibytiors nonocydi ¢ di val ent aromatic
radical and Y is a single bond or a bridging radical in which one or two

atoms separate A frompie, Ak ol R0 o tnd ThELFEHaR! SLB6ARY Chroapd t hen

(8) passing said interne e produc a secon age of sai d reaction
wherei n sai d urijiREABRABIY Calfy BEYC sighificimy aiffeetl ohnthe ?Bgémbscm gieenhigli ng

hi gh nol ecul ar wei ght pol ycr bonat e. 21 April 200 TAlI LED DESCRI PTI ON,
PREFERRED ENBaDleResT $reight polycarbonate ultimately formed in a continuous process. It
has been found that if the oligomer molecular weight is too low, phosgenation
25  efficdency may decrease, increasing raw material costs and necessitating very
efficient scrubbing procedures to avoid discharge of very toxic phosgene into
the atmosphere. In addition, low molecular weight oligomers tend to be less

efficient at dissolving any unreacted dihydroxyaromatic compound, affording
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The di hydroxyaromati ¢ conpounds useful in the nethod of this invention

i nclude those of the formula (1) HOIt-OH, wherein Ris a divalent
aromatic radical which nmay be an aromatic hydrocarbon or a¢aghsioosut ed
aromati ¢ hydrocarbon radical, with illustrative substituents being al kyl,
cycl oal kyl, al kenyl (e.g., crosslinkable-graftable noieties such as allyl),
hal o (especially fluoro, chloro and/or bronp), vitro and al koxy. The
preferred R val ues have the fornmula (11) -A -Y-AZ- , wherein each of Al and
A2 is a nonouybireccatiteaiiegn salidnphdse whidh ¢atiffiadt Yo psoeessi Qgl thelwsher or a

bridging radical in which one or two atons separate Al fromd4a K 21 April
2003 A2. Th af‘&e‘&‘&?&’l‘f‘éﬁég WBvAE Tigh mslersiar eighF Bredused) i 3 AORPRUGHS a or

Vol tob may B R A Sfharbd kBl sk PolyBiBlbA bl (horcor

wherein the substituents are as 5 defined for R Unsubstituted phenyl ene
radi cal s are preferrelherBfiirb, Aller@néb A2naec for ef eoakihvops phelyvar®oaateal t hough
bot h ma% be o- or mphenyl ene or one o- or mphenyl ene and the other

p- phenyPene prapasation mgthed vehiich 4s capable of praducing i agceptablerbalarcesefons,
preferably oge separate . Al fromA2. Lt is. WF%H‘ of.t%irll h]]ydr%ca{ bon radi cal
10 and par t POGPEERAGoR eHigiency eqodynamic stapily in, '%6’8‘?'@0 bt cal such as
met hyl ene, cycl ohexyl met hyl ene, [2.2. 1] bi cycl oheptyl net hyl ene, et hyl ene,
ethyl i dene, sEMMAROPYE TREINVIENTI(NZ- di met hyl propyl i dene),

cycl ohexyl i dene, cycl opentadecyl i dene, cycl ododecylidene or
2, 2-adamantyl i dene, especially an al kylidene radical. Aryl-substituted
radi cal s are incl udedThepresent iaventioat igrbased in datigegpart amdtheadiscavery

containin tons ot her.than carbon and hydrogen; .e.d., .0X r oups.

Subst i t uent SRR HTAT  fa5E RifecRE AhSmaHiRarSs GIETEYY 96 1ol iEoBRY: he

al i phatyinc, i [T ti,Gs . : ;

con!toai r11ibng ?g%ﬁ%?sﬁgﬁnﬁgféﬁg’% %x%ﬁdﬁ |a§é ggetZ%G g?ﬂggi‘ﬁgoggg%fﬁ are
cl assed as boBprhdoahte dligomdrsathereinbi hpheism thedlgeé;bm'rﬁod\bhb@r eylRY onat i ¢

conpounds for use in the invention are listed in the aforenentioned US
Pat ent 4, 73pligomerst having slegoeasref palymisrigationsbelavorlpmitt ean have @f eerynce

herein. For sake of breyity, the term.bisphenol” wll frequently be
it oyed hePEIFErs,ettast on thesigyiomes AR HSG ese st RedporRoR of

di hydr oxyar I 81 nd st it L r he

bi s%p/henoly vmggﬁka%l opri ;@e&@%%tzﬁi% dﬁz%%tgge'll' tgérbg?ﬁeé é?rtggaﬁoéﬁ]%%ol s are

t hose Wbi chvwaightsfillsd aligorabt intémmsadiatel e i n aqueous systens at tenperatures
wi thin the range of 20-40C and

This is in contrast to the production of high molecular weight
polycarbonate from oligomers that are made via batch methods. In such
processes, no relationship has been noted between cyclic oligomer content of
the oligomeric intermediate and either molecular weight of the product

20  polycarbonate or its thermodynamic stability. Thus, the discovery of such a

relationship under continuous preparation circumstances is very unexpected.

It has further been discovered that there is a window of
oligomer molecular weight which affords an optimum balance of
phosgenation efficiency and thermodynamic stability in a continuous

25  reaction. It has been further discovered that an oligomer intermediate within
this window can be produced by mamntamning a molar ratio of base to

phosgene within a specific range.



pH val ues in the range of about 1-5. Thus, bisphenols of relatively |ow
nol ecul ar wei ght and high solubility in water, such as resorcinol and 5
‘hydr oqui none, are generally less preferred. Bisphenol A (i N YA ﬁf&og is

i sopropylidene and Al and A2 are each p-phenylene) is often esBem a?ly
preferred for reasons of availability and particular suitability for the
pur poses of the i §:9 0. 0; 3 g.e . bi ol¢A > nds
cont ai ni ng ester %&Pf‘?}'ﬁ@ és.@Tﬁﬂgi%{ﬁrg?q%eapr@%g‘r%gd,foé)grﬁ%gigﬁgpg‘? by

r eact i ngatomativgiadpcaoiborits piedtodordpiisédy one nol e of i sopht hal oyl or
terepht hal oyl chloride. A carbonyl halide (preferably phosgene), water and
at | east one substantially inert organic liquid are also enployed in the
net hod of the i nvdAiceRdudting 361ra!b$uag€>bYofoxﬁw@Jw%pﬁewbngiqﬁ at heasyr gani ¢

liquid is_ usual up to..15 about 0.25 M at tepper.gtur in the range of
about - 20090 B PaR s g PR aas ALt ihon (RSt oh e RRrseRfs BT S shoul o
gener al | wa@drs anbakavbadanhi;atdidé nsohsal §cdeEt(‘!@t;ﬁf teadt! b i@k fa¥@l | 1 qui ds
are aliphatic hydrocarbons®such as hexane ahd n-heptane; chlorinated

al i phat i polisdibcaraes opmstichuGalns sdlBdté iromahe Bldupl @asistilp! dTa0feddrdtychi@r bon
tetrachl orjde, dichloroethane, trichloroethane, 20 tetrachl oroethane,

di chl or opPBiSaHe? Ahase1transiro Aty Y And, p stybstantialbyginert, pehstagtially satersuch as
benzene, idsélhble vegaid lijyide Beder BHRE nhikinl @ naitio iR While h¥AbQ@midaNAolzkICh as
chl or obenzen o-di chl orobenzene, the c¢chl orotol uenes, nitrobenzene and

acet ophefSieT 2lkali metal hydrogide b sarhenyl hplidesf|ackalys tpdg 11, 3nd P& ocar bons:
especi al hyint@hiddiarodddtor i de, are preferred. 25 Also enployed are an
al kali metal hydroxide (hereinafter sonetinmes sinply "base" for brevity)

and at: | east one it i ak [ i C | ..je al kali
metal hydr oxi de i@nggssgﬁgfst%dnl? eyf?‘%fepa?\%ﬁf?d%%?éég?%a %‘3&%’%&? ‘ép but may
al so be, reh@tiorewhBii€ sailah RS friediath Yshoaxicel & @nveartddIirs atfinal Yoy dr oxi de
and pot assi um hydroxi de. The catalyst nmay be a tertiary amne, typically a

trial kyl comprisisgibighanoleculer welighti padycarbanateghl y nucl eophi lic heterocyclic
am ne such as 4 5 di nmet hyl am nonor phol i ne, or a phase transfer catalyst,
nost often a quat egnar. a ni,um.salt sugh ag tetra-t-butyl ammor.uum
chloride or bronide or™e°8- ¢ bﬂf‘ﬁ/l?)h{%ﬁﬂgni Um REPY MM or* B3NS de.

M Xt ur espdycashelatcangirigiics, especially m xtures of trial kyl am nes and
tetraal kyl ammoni um salts, may al so be enpl oyed. However, in the oligoner

formation step thet perfounipgedirst stagg alaciempasature PRBNRMAPIYIY ef fi ci ency
o Lhen . . R
with o pRLSSORBOE, by ARG Abdii 2 Kste ot AGhRYARmIAG LN PO ot "

cat al yst campoend ant lihesgérwin theqeeseate pf watdresadidm Hydrstide aA axid t he et hod

of the invention, the first stage, of e 15 .reaction, i s _conducted

conti nuoag‘l"egpt?fnaﬂeaégew Hgﬁ?ﬂ&fa@ﬁ%i@?{l)ﬁ?.\%‘ﬁﬁg iigumg'srpatyf ten achieved with
the use afnnrigmksdleand PhethfidRe Thidride, anded Backlhfixihg BRAGIBLHS vhile step A is
generally in the range of about_ 15-50C In general, the feeds for the first

st age coff@intavingha Mmeanfationssediusn hydoaxida trephesaeseatiovalueHata gas or

optional k.4 i, guid; m‘:ﬁn j i organic liquid
enpl oyed!‘'Bél'4ri'c~ﬂltr}édg!5rI @ggi a{?g&gﬁ ngﬁ{agi?e eréfg‘{dﬁ ﬁ%tctﬁaﬁaﬁhp%r m nati on agent,
nmost often a nonohydr ox{tarid@eal-y-46@#und such as phenol or p-cunyl phenol .

The two aqueous sol utions conprise, in one case, base and bi sphenol, the
| atter ex'bsti,n the formof its alkali netal salt; and in the other

in
case, aqUB8N Bach Ay PRAAT IS amppepyricidivaleat aromatisyadicat ard Xos& ratio of
base to qﬁg@ | : [ i d feed is
phosgene. Hgl% ﬁrpf Pﬁag@ ggag%ﬁ‘lr}ﬁh'g? %tn %Z&Ct%'r’?t#ﬁﬁ% %s% ?’#’ !'E}ri‘szt"’l %rge may be
achi evedAt, mndapbitainingrary intenadiate produpt; epdrthenon of an interfacial batch
reaction m xture iich is then.phosgenated to nole ratjio of phosgene to
bi sphenol on the made?aﬁn%?‘%‘.gdggﬂ‘,%%ﬁﬁ Qfo%ﬁaaﬁﬁéoﬁg‘f’ﬁg@dhft%’%i ng the
bat ch r epgkiiGwikidits8id Mtdmicdite Prodattis ceverddintd'g If%&?di' c and aqueous
phases. This procedure may have the di sadvantage of producing a transient
ol i gonercaspretsieg high matbssiaragightpalyicarbbaate. ar wei ght (wei ght aver age, My,
whenever used herein), sonetinmes as high as about 10,000, as a result of a
residence tine which is atypically long in conparison to steady state
continuous conditions. 10 A preferred startup procedure is to charge the
CSTR with an oligoner-containing readtion mxture typical of that from an
earlier run. The two phases of an earlier mxture may thus be separated and
t he organi c phase quenched with acid to inhibit further polynerization, and
charged to the CSTR in conbination with an aqueous brine (i.e., alkali

metal halide solution, 15 preferably sodium chloride) which may be the
aqueous phase froman earlier reaction or a synthetically prepared brine of

T T — o m



20 bi sphenol during the continuous process, which are preferably as

foll ows, based on di hydroxy conpound: carbonyl halide - about 104 -120 nole
" percent; catalyst - about 0.04 - 0.50 nole percent; chain tzq:g\%@()bon agent
- about 3-7 percent. 25 Acritical aspect of the inventionis e nol ar
ratio of base , to phosgene. It is maintained at a value up to 1.8:1,
preferably in the range of about 1.45-1.8:1 and nost preferably mthe range
of about ' PRERSOBEMA this ratio in these
ranges af #%]?F ngnD]?E%IrurrIg[ i at'emf)]?i gomsiryb%r OSUCWEg\ellfsng a Mv up to about

6, 000, preferably in the range of about 2,000-6,000 and nost preferably in
the range of about Phadibylr®oaroiatis,cottypoipidspagdfubin the rhethed efphisy ed
according to the 5 invention is not, as in the prior art, calcul ated

pri mari |y imvenganindude toseef the fosmeda pH set point, but rather to maintain
an established nolar ratio with respect to phosgene. This will inherently
afford a )ﬁé[&‘@%%the oligoner-form ng reaction within the range of about
7.5-10.5. ‘Wt 'shoul'd”be noted that prior art procedures for preparing 10

pol ycarbonate via oligonmers may occasionally enpl oy anounts of base which
Wil prodygerén@l & o alivaleno0 drbasgRNeadichhi whidhe hay dvetLl arprisier | bed
herein. However, this is purely fortuitous and is not in any way, so far as
can be detydnicadwn eroa sykatiddtesanomatie bydeocasbomiradisily vath dlustiativer at i o

wi thin thosge par ters. ,Jhe essential feature of this |[nventign, on the
ot her hané}‘b?'g“efgjnﬁ?ﬂ?g sﬂb)ﬁfn‘éﬁcﬁ?gkﬁﬁcé{kﬂ‘y i€ mdiress ‘f‘l-ft? lg- grgggll}ﬁsci ously
bl anned angy caRsdeh ' dIK1), Hal 9 \Edbeciy ALOEYIGHISI ShAEPorbiding), WifRoPNase
aqueous-organi c I ntermediate product xturé contalning the désired

pol ycar bopadall@xiygomers in combi nation with by-products such as al kal i

nmetal halide, typically sodium?20 chloride. In step B, said mxture is
passed to a second stage for_conversion to a final product conprising high
nmol ecul ar wei ght p efesred R valpes havedhe fermyla may be conduct ed bat chw se
or continuously, in accordance with art-recogni zed procedures. Conti nuous
conver si O?Hf-%y-ﬁﬂﬂl oy a CSTR or simlar back-m xed reactor, or a tube
reactor o e typé 25 which usually operates under plug flow conditions.
It is often preferred in the second stage to enploy a catal yst m xture,
especi al | yiweréiheheh 6f Af afhAs® Hmondty i Hlvalitarbhrautie redicalPdral YS6 aW t h

trial kylam ne in the respective amunts of about 0.1-1.0 and 0.2-1.0 nole
percent bawgle bindwisphddging radifial i which ane ordhigataass sepsmte &d fisanween t he
Mv of the
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oligoneric internedi ate product and the proportion in the second stage 5
product of cyclic oligoners, particularly those , having degrees of
‘polynmerization from3 to 6. These cyclic oligoners are appaépﬂﬁh& esent
in the oligoneric internedi ate and are passed unchanged into the PI al
product. As previously stated, such cyclic materials can decrease the

t hernmodynam c stability of the polycarbonate product obtained with the use
of a continuous 10 oligonerization step. This is surprising, since a
simlar phenoge H@ﬁ m&&%&@%@&g%wﬁm@ fe@agiy GR Rl ﬁ\ééé‘to?rﬁ%@ ate
is prepared by a batch process. The aforenentioned patents and application
di scl ose ranqggnﬂﬁwwﬂnibuﬁiAamh@ﬁumhk@M.nay on occasion afford a nol ar
rati o of base to phosgene 15 within the range of the present invention.
However, the ratio enployed in any run according to said patents and

application may al so fanlfosmuda db™ thea! ranshed? Halmes g be wosuhshigieied on of
such a range qr of an advya s..a.result of maintaini he ratio wthin
Tt The ot natheyierier THRBRAFS feryanT R et e Rs T Al e s B
exanpl es.5 Al |4dpipea 65 Rggﬁsﬁﬁﬁitméd‘ﬁieﬂgkné' PhiSss awgmbﬁ@d.l BHCAL £84 A2
EXAMPLES 1-3 A CSTR having a volu in the range of 900-1,000 M was fitted
Wi th a met er ede gpasferatilytp-pbenyiéres gtheygh hothemby dpei @ dmirepkenydenondenser, a
stirrer and a pH probe. The CSTR was iég{?ti |1y charged with an organic
phase 25 readiobmvipienyilenemapdhe phes pplWRYeNst e portion of an earlier
reaction and a synthetic brine phase. There were then added conti nuously

(1) phosgene through t @fgggéwggwgggg 8H9nnt quéﬂ (&%d?g 'H/veot sto ,) an

aqueous bi sphenol 10 _ um hydroxide sol'ution, a 50%
aqueous sodi iyrefeysll9Xdrte sepirdtd AN fimel A24Tt i8MMOStOsHerT a o} dioc@bdf radical
tetra-n-butyl'ammoni um brom de (TBAB) and p-cunyl phenol (PCP) in methyl ene
chl ori del0 wi tamdt Ipertiedpdyaa usayuiséech dCirmi altphiatie dos alikyclio siedh @g of

t he net hyl ene chl pri de. The proportions . rials introduced were

b usted o gremyiine; ryslkhp AR EnSona picTElobe BBl fetisRe SR gene
(104-110) anduRiRideth, I ApRloptidehe ! ERESIRUYISRSMRED, Wickheylilibha t hese
ranges, are not}qgel Cevedht ch#ﬁt evi a'l% affect & progér'}t,!iygs gfx%lhe

ol i goneri c i niyelopentaalieeyipdeady ctclododecglidenss toan,2mlamapey liderien gespetialliBAB
with respect to bisphenol A in the range of abut 0.1-0.4. 10 The residence
time was 12 mmwalkglidene orasiicaht Awyl-swbstisated gadicalsi are hyarladede 45 3Bosgene

was mai njai ned in _each_exanpl e .and.the osgene, flow yate was i ntained at
575 or 6% gienrrSRE EdiPIR Abe Piicel rOMREHE Siend MY, B gpronsRY

pol ycar bonat e ylrb iRl o "ok 5. SWbsHRlenBhichs tRORSILORRYy BAQFEIted
principally 15 carbona es.ye he CSTR was charged wth addi tiy%nal TBAB as
necessary andnay the preasenhphathienaiphatiaf alicygliowindr aramatis portiphs wifethel YA t o
TBAB and triet hxl am ne of 200:1 and 200-400:1, respectively. The nol ecul ar
wei ght bui | di&f§*Peacti on was conduct ed under reflux and under batch
conditions simulating a plug flow reactor. The resulting high nolecul ar

wei ght 20 pol ycar bonat ‘i?oﬂ‘if&&dsséﬂxﬁéiﬁﬁ\g)‘acﬁéﬁ 107! foRinu®d 1] %}?ﬁr,@ﬁ?tyoikeaand,
anal yzed by high pressure Tiquid chro ography for cyclic oligonmers having

degrees 20 pdirjd‘@ﬂ%&ﬁﬁkﬁha'tmclhisedrﬁﬂgﬁpmino&: Bllusthetiveebisphenals eargl wtheri n t he
follow ng tabl e. Phosgenation efficiency is the amobunt 1 n noles of lBhosgene
act ual | y i ncolibpdroyaromatia coppounidy dar use dnythee inveptione aegrdiskad aetthgl |y

fed. The anmount actual |y d r i s,cal.cul ated fromthe |evels of
chi or of or mat rarrA P U8 FABP AT o7y, R st oV hyf Tpefripped
consi derati orpyl hefePSrRBOREIH! Pér ShisAid HfNbraattyOtheagih PbRapAehel 1 lvill
frequently be employed hereinafter, but it should be understood that other

25  dihydroxyaromatic compounds may be substituted for all or part of the

bisphenol when appropriate.



21 April 2003 Conparison in the table is made with five controls (C1-5) run

under simlar conditions and a sixth control (C6) which was prepared under

‘batch conditions, using 10% excess phosgene relative to bi Sﬁlﬂﬁ ﬂ|20'83

Exanpl eTBAB ol eNaO—l/ phosgene nol e rati oPhosgene flow rat e,

gl m nPol ycar bonat e ol i gonmer MMPhosgenation efficiency 'Cyclic Aigoners ~n

pol yner, 10. 11. 4586. 62, 6000. 960. 7020. 1751. 6776. 64, 7000. 960. 6130. 0491. 7705. 95
, 1301. 000. 40C 10. 25f

. 8606. 612, 0000. 951. 06TR. ptefekr&b HisHénol§ Odted Mb R0 i lictd Hrk . HTFrarfiibBlySt 00. 99
t.00C40. 0991. 9785. 9

~18, 7700. 991nsmu¢£l;e)1mmu®m6ymmoenwame5maumhe m@e@zf@g-@Ttankis

apparent fro tapl e that Ex l es 1-3, ich the | ar iio of base
to phosgene sVa %‘%@“&fﬁ t iéalTW‘ﬁ'mﬁﬂ%e%@gD r@?anlve lgwg. 1,

af f or ded oI \ 0Q_a f aIIy
within the e@?&gg ?‘Zen% aPiB 2%6‘%’1‘\3@%@9 T'?]‘e tI%P Qu& g“P dp%g?gggfr f)i(!r)‘ﬁat e

pr oduct s5 hawhydeodudMGie, pdr@pgéﬁérﬁny Keks qyx@k‘éreed)l Baprensl hdih Mhiknyrpl s 1-5,
in which higher ratios of base to phosgene were enpl Qyed. A conparison of

Exanpl es 1- 3sapuopydistenecard 1A5 andt Azm eath @-phenglentle i eftendespeyially cyclic
ol i goner conte base to pho e ratjo in continuous . but not in batch
processes. tg"ﬁg %ﬁaww&‘\ﬂﬁggqi% a@ldafi’arfé’(‘}u az-sujtability forthe REPOSESenar i ng
an aromatic J ?{ g it e which conprises: (A) conducting a first stage by
continuously teeding of at | east one di hydroxyaromatic conpound and a
carbonyl halide in the presence of water, an alkali nmetal hydroxide as acid
acceptor, at |east onAlsontseflibairalbigpheradiasadt @rpsuralsi oontaiting yester

sel ect ed fromthe g_ﬂigup consisting of a heterocyclic am ne or a phase
t ransf et0 cadimk s&y ajh Heaprepared, ﬁcrre%amﬁlﬁmsttYachangymtrée ensfl ubl e

atro of iaf'Mﬁheﬂ@tfimﬁy%ﬁ‘f%&}o&o?eosﬂh hof SRy LaRiE% o (o 1801

and obtaining an internediate product; (B) passing said internediate

product to a second sha@ebsH lmﬂer(@a@krm \WHIsBile)s W fbr i atdest TRkt ne
product is converted into a flnal product conprising high nol ecul ar wei ght

pol ycar bonatsebstanhaﬂyrmtelnbdrgamorkmng are alsai mplmrm thesnmjh@dlcxf thenduct ed
bat ch d di t B duct ed
cont | nuous! JIVERHOR ﬂﬁq srRabieESY therisbhearLinhe Shganefinatt Byswelig SedAauct ed
In a Cofdinugus, (5555 1t %\%@ﬁﬁﬁ%%ﬁfae rgngﬁ mmdz e g‘\@%{%@?whg‘ 4

wherein the tenp era range abo
net hod aCCOFtdlalb@utOICNBIS’ﬂld dﬂgeﬁw NqhitesRoalde éﬁ@kaug) 18 beeqistintllgol utl on

of said catalyst in said organic |i Uld an aqueous solution 13
insoluble in water. Illustrative lxquxds are aliphatic hydrocarbons such as
hexane and n-heptane; chlorinated aliphatic hydrocarbons such as methylene
chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroethare,

20  tetrachloroethane, dichloropropane and 1,2-dichloroethylene; aromatic
hydrocarbons such as benzene, toluene and xylene; substituted aromatic
hydrocarbons such as chlorobenzene, o-dichlorobenzene, the chlorotoluenes,

nitrobenzene and acetophenone; and carbon disulfide. The chlorinated

aliphatic hydrocarbons, especially methylene chloride, are preferred.

25 Also employed are an alkali metal hydroxide (hereinafter
sometimes simply “base” for brevity) and at least one interfacial

polycarbonate formation catalyst. The alkali metal hydroxide is most often



21 April 2003 of said alkali netal hydroxide and said di hydroxyaromatic
conpound in the formof its alkali netal salt) and an aqueous sol ution of
~said alkali netal hydroxide and said carbonyl halide. 5 7.

acoorcling to claim6 wherein the organic liquid is nmethylene chI oride. 8.
A met hod according to claim6 wherein the aikali netal hydroxide is sodium
hydr oxi de. 10 9. A nethod according to Gaim 6 wherein the di hydroxyaromatic
conmpound has the formula HD-Al- Y- AZ-O H wherein each of A and A2 is a
nmonocydi ¢ di sediemt hydooride cbutadia(yahlsanue Yfor sexamife, spotgssiutyo hstdomaxide bri dgi ng

radi cal in whi.ch one or t CL‘O rateA E m A2. 10. A net hod

according to“ﬂ’éﬁlfﬁ g X F&Faéﬁ‘é‘f“ y&ﬂ’f%md i s bi sphenol A. 20

11. A method acCOrding to claim8 vvherel n the carbonyl halide is phosgene.

12. A method accor di NOgT{O 54 gitbedd %hgt h k Lrgani ¢
ses a r’rﬁlohya oX aﬁga t'yﬁgca 12 SR ?ﬁn{} ¢

liquid further conpri yananma charn”term nation

agent. 13. Asuthdodicthglantinegrt © m%lglgnmdaemahehatetds@dmmmﬁd rsady ag @nat i ¢
conmpound i s p cunyl phenot. 14 AMEN SHEET 21 April 2003 14. A nethod
accordi n§ t odimethilagninpararpholine, con & yBhases tranglienseatalyshs st c@ftf%ﬂ y&t

whi ch t t 15. A d | 14
aher oi n't ne OREEPRE! 9 aROMFDshl Sucfs Botda ORI T BT R Sr e B, 16

A met hod accefdﬂu@g Jroteeﬂaae ml.é,@%m? Hriuid awoﬁa& e5 b%nﬁ&.e mtrﬁfés %'f %g&-?d to

the reactor are ad)usted to e the foll owm ng proportions, ased on
di hydr oxyar omthiystspexpeomﬂigb modaubesof triaﬂtylalnunesahdueuéﬂkythﬁﬁmmium padtscent ;
catal yst - about 0.05-0.50 nole percent; chain term nation agent - about
3-7 nol e perE@MtalSQEbel?mPAPYﬁﬁ Haaweyves: B} e chgemsr m%amﬁgqmtheﬁ@ 0l ar

rati o ofynal k I i n_the.r about
10990 Be A e PhobtetRlaN Bt el [atrlahe i i By 8l o

al kal i et al aivshaBiet deithér anfdéoaylmhadmsﬁxah@nl wlthh£ ﬁf@@@&reﬁfsf&b&lﬁlyst
1.6-1.8:1. 20 19. ‘A nethod for preparing an aromati Cc pol ycarbonate
conprising: Thirefreef tret usengf a fhasettransfge catalyat alenpén ahisr steppas germanalibout 15
t o about 50Cbrel%grrggnti nuously feeding at | east one di hydroxyaromatic

In step A of the method of the invention, the first stage of the

15  reaction is conducted continuously under back-mixing conditions. This is

most often achieved with the use of a tank reactor, especially a CSTR. The
temperature in step A is generally in the range of about 15-50°C.

In general, the feeds for the first stage comprise an organic

solution, two aqueous solutions and a gas or optionally liquid feed. The

20  organic solution, in the organic liquid employed, includes catalyst and,
preferably, a chain termination agent, most often a monohydroxyaromatic
compound such as phenol or p-cumylphenol. The two aqueous solutions
comprise, in one case, base and bisphenol, the latter existing in the form of its

alkali metal salt; and in the other case, aqueous base alone in a proportion to

25  provide the molar ratio of base to phosgene prescribed herein. The gas or

optionally liquid feed is phosgene.



conpound and phosgene in the presence of water, sodium hydroxide as acid 25
acceptor, at |east one phase transfer catalyst which is a quaternary

‘ammoni um salt, and net hyl ene chlori de, under back-m xi ng CO?‘f“AHi% whi |l e
mai ntaining a nolar ratio of sodium hydroxide to phosgene at a'va ug up to
1.8:1., wherein the di hydroxyaromatic conpound has the formula (1)

HD- Al - Y- A2-CH, 15 AVMENDED SHEET 21 April 2003 wherein each A° and A2 is a
nonocydi ¢ divalent aromatic radical and Y is a single bond or a bridging
radi cal in which one oGtdrnip af ﬂﬁ&mﬁm&bﬁsﬁrﬁ'sta‘femy\% adtidvebirav atidgs an
internmedi ate product; and then ~B) passing said internmediate product to a
second st age WHYSs&Ing is th@amnamthmef an inteefpeial batedr reagiion aiptusd ehichds
converted into a produc onpri sing hi nol ecul ar ,wei.ght .pol ycar at e.

50, A et hod Bt BRATERTale & Erle SRS R e uat bl phERe i ranieR ol B ce.
10 21. A net a (o { | @il 21 Nyt i anduycs :

cont i nuousl yhcyg% %g@lr:re%g%‘ gggo?ﬁ?ﬁg%?iga%ﬁ%\ tll% %Eg?\eirﬁacg?gpq%&?grecéﬁduct ed

in 15 a &ont icottinaoasly rfeé dvitle dled organid and aquedetplesenrThin groedurainay 2
wherein there are fed to the reactor a solution of sai d phase transfer
catal yst | n havhythhedispdvanteage ofn prgdusing 2oltansigAt oPligosarIuBPESIEs oRf de and

sai d di hydr ox onat, c, C ound, 20 in .the f.orm iLtsyal kahi netal salt,
and an aqueob%‘%_ﬁ'{%‘?lyowgg‘f%x?ﬁ% Wf&ﬁ}gx{ev‘égég}étna‘?%ﬁg%’gm. W?EP?YAermg?%‘gd
accor di ng t o hel@hiN sbtndtiREShE Mg asliaBwdt 98Y00,0584 ke 40PR WRsideficd itRdenol
A. 25 25. A nethod according to claim23 wherein the solution in the
organi ¢ | i quiwhithid fypicatypongscampansdrptosisaldy state caritinuouseopnditadrison
agent. 16 AME' i ~DED SHEET 21 Aprii 2003 26. A nethod according to claim

19 wherei.n the quaternary amoniumsalt is, tetra-n-butyla . um prom de.
27. A méPhod accordi ng# GT%FW&SQ%"WH&@FW“F%W? &bé@eoﬁ‘egggﬂ{i‘%ﬂt Wd to

t he reactor : J, L ce.. fal. 1 t] on
di hydr oxyar o%gl P@géé%gaﬁﬂ%‘% %ﬁ@gdé‘eﬁ‘e"t‘&‘%6@‘%}@\@639?%%%%{*@%%%F‘g‘gﬁ?g‘? phase
transfer cat @pphasesiPan edHiBf mixthrd ehaythes bekeithted and the organic phase
quenched with acid to inhibit further polymerization, and charged to the
CSTR in combination with an aqueous brine (i.e., alkali metal halide solution,

15 preferably sodium chloride) which may be the aqueous phase from an earlier

reaction or a synthetically prepared brine of similar constitution.

The organic, aqueous and gas or optionally liquid feeds
previously described are then introduced at substantially constant rates. Flow
rates are adjusted to produce the desired proportions of constituents based on

20  bisphenol during the continuous process, which are preferably as follows,

based on dihydroxy compound:
carbonyl halide - about 104 - 120 mole percent;
catalyst - about 0.04 - 0.50 mole percent;
chain termination agent - about 3-7 percent.
25 A critical aspect of the invention is the molar ratio of base to

phosgene. It is maintained at a value up to 1.8:1, preferably in the range of

about 1.45-1.8:1 and most preferably in the range of about 1.6-1.8:1.

8



p- cunyl phenol - about 3-7 nole percent 10 28. A nethod according to claim
27 wherein the nolar ratio of sodi um hydroxi de to phosgene is in the range
“of about 1.45-1.8:1. 29. A nmethod according to claim28 whereadi bbgs nol ar
ratio is in the 15 range of about 1 (fi-1.8:1. 20 25 17 AMErf DED SHEET

A A ASs. Auy. A?. A9, . A;e. A AR Ass. Ae. As. A{s. As. A, ;e. Af. ASI . Af/ Gc4\ enx |

rwc4| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

e Rl SP e SRl 8 At toapes plial b AP teaieiate 4lis0reen ca) ca
LRl ool oL AR SR BB S MG o, byt 6099 srplerably iy, the range of about

] ca] ca] ca] caVp 0e}-68D0 ahd ahsd peafesatl ¢ & Grlrerd s dbdlieapoadeatocal cal ca] caj ca] ¢
a] cal k) y) *+g++M . . / 0000g1\WH4(5777788999: : : :

Ll ca] oa] cal ob] cal ca] CHa] te] GRbPOKOR! FEFAP0PEPINEERBLAHARS GHEDRDDD"
Ej EEFQFVFYFaFdFFF}. hch : . x

ca] cal ca] Ba] CHMERIBATR 1ot PR i B BYIBh 0] G EF i FeRERE ) PoleTEaD IOk Pk
. L{LLM M M M- j 4

] cg] ca] ca] caj %@gi ca]icais)ég]rﬂcog?%a gg%tg‘a g%{ caI %a %g}%g%tggﬁ‘%lr%%%@?\?\?}@]m
WNNZZZ- ZgZr ZZ&hiH réspledt 1o | phubgeak. Whhd_ 4jilt aihhedend) caffera] ca'gH adlaribf celecal cal
cal ca] ca] ca] cal]_ ca] cal] ca] cal] ca] cal] ca%caU] cal cal] ca%caU] caJ ca] ca]ca

] ADrernn X A pligotpen-formypg sershiopnithin che rnge 94 alPeat 121 18Pe] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

caljcale;eef TFfff"gb . :
Ioad $i51 GG kkkTkbRik Touidvbe,fotedh that BTige, 2Lt Prosedyres, o5 RESPEENga) ca o
a] ca] ca] q0] capsnkadbaaidiablighartsmhyatcalorallp ahiaby alreairtabebiseak Wegmmmm
nDnt nno" o=o0Booodo/ pt pppppp! >MM] w mhtc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] caivith]pradlucd eatdpta] cadoc & phpsgene ayithire Hiec phrarhetE) s gresoribedk- 310%
5& () - ySlO%giﬁ( )- .310%& ().-fY , . )
S109%6& () - Z100&7& HAN e éfgls MRIESK! foytmikeus end 1pvgtdnAysweyeR (ar-as can

Ilo%&' _& F" 0, () - 0 ! - 0 ! - . . . . . .
LT0%ea () - e R4 Bamined. HAORGRBYIMIRES b maiptain said molar rauiq yyithin |
'109%%& () - &1fHde&parametsish Thé @%GertidDiatiiré bf thi§mvkAfion, on the other hand, is
105&$<109B& () .- 910968 ()-vy, 810%& ()- " 6S10%& ()- 6|

}[ <mbC3138nt 169 sych- mainteoeRer of ) saidninebysrio J5 &ansaosdy ( plannedi evdse () -
10968 ()-M rtuvwet\ =310100€ ()-!s10% ()- 105 105 105y;

1096& ()-!0-"¢ %{‘F)S-O opWe

ed; 0op58 () -
caMyz[ 9\ =3! f F" 109%&' ()-f F" 109& ()- 1! Xf F" 10%s& () -1 @0%: ()-! Nl 109 ()-!!10
Y& ()-q%17?{\ =3! S@mM' IR produPsl’ L& A) is MOlRW&phase - aqueous-organic

intermediate product mixture containing the desired polycarbonate oligomers
in combination with by-products such as alkali metal halide, typically sodium
20  chloride. In step B, said mixture is passed to a second stage for conversion to a

final product comprising high molecular weight polycarbonate.

The second stage may be conducted batchwise or continuously,
in accordance with art-recognized procedures. Continuous conversion may
employ a CSTR or similar back-mixed reactor, or a tube reactor of the type

25  which usually operates under plug flow conditions. It is often preferred in the

second stage to employ a catalyst mixture, especially a mixture of phase



109& ()- Sl %" 109& ()-!bSl %" 10%& ()-1 bC3! 10% & ()- " 10% & ()-#10% & () -
10 10 10f; 109%&’ ()-, | 7109%&' ()- KKJEbC3!910% & ()- 10% & ()-FL
10% & ()-,10% & ()- “10% & ()- 10% & ()- C] YdBbC3!!]| ‘#105’@8@%6%‘
THI0% & ()- '10% & ()- 10U & ()- @O% & ()-9-10% & ()- Yé&fd rr1o/ 10/
10/ ;10% & ()-&Y7@0% & ()- &510% & ()- 4z10% & ()-& /10% & ()-m ~
| aBYNC3! 109%&' ()- 10%& ()- yl0%& ()-!: 10%<& ()-
| 910%& ()-"10%& ()-!1!111K'™""""dE:/ 10< 10<3; 10%& ()-!10%& ()- 10%& ()-
Sz10%<&' () - LGRS daYal #80mith Bialkylamifetitxitiel redPedt ViEOMRO (s o QYSUL 0.1-1.0
f@o%& ()- 3 '"10%& ()- yl0%&' ()- "10%& ()- .10<#?3| $$$?%&dE: /
10<s109%&' () - drdB.3ddgmpie peroeny haped pr@ispenol- t 109& () -
A direct relationship was observed between the Mw of the
oligomeric intermediate product and the proportion in the second stage
5 product of cyclic oligomers, particularly those having degrees of
polymerization from 3 to 6. These cyclic oligomers are apparently present in
the oligomeric intermediate and are passed unchanged into the final product.
As previously stated, such cyclic materials can decrease the thermodynamic
stability of the polycarbonate producé obtained with the use of a continuous
10 oligomerization step. This is surprising, since a similar phenomenon has not

been observed when the oligomeric intermediate is prepared by a batch

process.

The aforementioned patents and application disclose ranges of

various ratios which may on occasion afford a molar ratio of base to phosgene

15  within the range of the present invention. However, the ratio employed in
any run according to said patents and application may also fall outside that
range, and there is no suggestion of such a range or of an advantage as a

result of maintaining the ratio within it.

The method of this invention is illustrated by the following

20  examples. All percentages are by weight unless otherwise indicated.
EXAMPLES 1-3

A CSTR having a volume in the range of 900-1,000 ml was fitted

with a metered gas inlet for phosgene, three liquid inlets, a condenser, a
stirrer and a pH probe. The CSTR was initially charged with an organic phase

25  reaction mixture from the steady state portion of an earlier reaction and a
synthetic brine phase. There were then added continuously (1) phosgene
through the gas inlet and, through the hquid inlets, (2) an aqueous bisphenol

10



10% ()- e&&H O ' "(dB:/ 10<!Vo+ni 109& ()-y*109&' () -
' 1098 () - %0%& ()-$10%& ()-LY"G 10%& ()-"(n(()I)f)h)i)j)dE/ 10 10°;
“109&' ()-6109%& ()- LF4Z"10%& ()- 210%& ()-010%& () - 21 Apri 2003
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gl~ @10%& ()-"10%& ()- 10M 10M 10M 10%V&' ()-![34"10%& ()-S1 10%W& () -
gll] 3\WM4q55zx8edian inyudidxius 5&lytjorl, £8)34 50%psqibetius)sodiurB TiAdéxide-solution

Y" 10%5u5& ()-9! "Y' 10%5u5& ()-9! p  Y' 10%y5y58&' ().- 957 777777778{\ =
| S, - 10% & ()an @@ngr@amclm;uggg ojdg;ra-n—bu ylammomum bromide (TBAB) and

1o e () 1osargiel GERf N gRalyehe GRS, G G oobMiutd being g

1098 & () - 9% dh@itdinéd s&b%&@a‘%{és\e&eﬂhx &k Mhe HXthy1&né thiokidd OPhe frdporBbRTes () -
=9pR>+?7- 2. ?/ 20?aVK@! 10\

5  materials introduced were adjusted to provide in each example constant mole
percentages of phosgene (104-110) and PCP (4.3-4.5) with respect to bisphenol

A which, within these ranges, are not believed to materially affect the
properties of the oligomeric intermediate product, and a constant mole
percentage of TBAB with respect to bisphenol A in the range of abut 0.1-0.4.

10 The residence time was 12 minutes, a constant molar ratio of sodium
hydroxide to phosgene was maintained in each example and the phosgene

flow rate was maintained at 5.9 or 6.6 g/min.

The effluents from the CSTR was analyzed for polycarbonate

oligomer molecular weight and for phosgene by-products, principally

15  carbonates. The CSTR was charged with additional TBAB as necessary and

with triethylamine to afford molar ratios of bisphenol A to TBAB and

triethylamine of 200:1 and 200-400:1, respectively. The molecular weight

building reaction was conducted under reflux and under batch conditions

simulating a plug flow reactor. The resulting high molecular weight

20  polycarbonates were isolated by precipitation into acetone and analyzed by

high pressure liquid chromatography for cyclic oligomers having degrees of
polymerization in the range of 3-6.

The results are given in the following table. Phosgenation

efficiency is the amournt in moles of phosgene actually incorporated in the

25 oligomers divided by the amount actually fed. The amount actually
incorporated is calculated from the levels of chloroformate and hydroxy end
groups in the oligomers, taking into consideration the proportion of chain

termination agent present.

11
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I 1 10%& ()- '10%& ()- ,10% & ()- "10% & ()- 10 10 10;

t 109&' () - GaGGH) | ol x| dEb@npardisiOin &ie JablEl @héide) with Eddeséontrols (C1-5) run

10% & ()-9""10% & ().- @O0% & ()-xI1JQUIIKIELC | 1& 10% & ()- |19%40% & ()-

under similar conditions and a sixth control (C6) which was prepared under

batch conditions, using 10% excess phosgene relative to bisphenol A.

Example | TBAB | NaOH/phosgene | Phosgene | Polycarbonate | Phosgenation | Cyclic
mole | mole ratio flow rate, oligomer Mw efficiency Oligomers in
% g/min ' polymer, %
0.1 1.458 6.6 2,600 0.96 0.70
0.175 { 1.677 6.6 4,700 0.96 0.61

3 0.049 | 1.770 5.9 5,130 1.00 0.40

C1 0.25 1.860 6.6 12,000 0.95 1.06

c2 0.201 | 1.960 5.9 15,760 0.99 0.90

Cc3 0.395 | 1.959 5.9 16,510 0.99 1.00

C4 0.099 | 1.978 59 - 18,770 0.99 1.10

Cs 0.25 1.918 6.6 19,200 0.94 2.12

C6 - 2.6 - - 0.91 0.82

5 It is apparent from the table that Examples 1-3, in which the

molar ratio of base to phosgene was below 1.8:1 and specifically in the range
of 1.45-1.8:1, afforded oligomers having molecular weights up to 6,000 and
specifically within the desired range of 2,000-6,000. They also afford
polycarbonate products having lower proportions of cyclic oligomers than
10 Controls 1-5, in which higher ratios of base to phosgene were employed. A
comparison of Examples 1-3 and Controls 1-5 with Control 6 shows the
dependency of cyclic oligomer content on base to phosgene ratio in

continuous but not in batch processes.
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#10% & ()- "Y"10% & ()- S 10% & ()- 10% & ()- KPKKKK. L{ LdEbC !
13410% & ()- y210% & ()- O010%& ()- .&L0% & ()-+ 10% & ()- )10% & () -
"{LLM McMIMeM M MkbC | 1"s10% & ()- 10\ 10\ 10\; 21 April 2003

10% & ()- 910% & ()-710% & ()- 51 "10% & ()- t M\~OOYPPQz[<nbC | z10% & ()- v
10% & ()-!m'10%\ & ()-y10% & () -

11 1092\ Wit {9 elSimed B2\ 2\ & () - SQQQRIBSTWU3HC

1j/Z"10%\ & ()-' 1 X/ Z"10%\ & ()-'1] $Z"10%\ & ()-! $Z"10%\ & ()-! FF"10%\ & (
)-m ~FF"10%\ & () -nTTTTTTTUW = !j! z 10%t&'() t' 10%t&'()-"s10%&'()- 10\

10\ 10\y; 10% , _ oy
10% t & {) t1 fﬁ%%t@&() &ﬁrbp%%%yﬁgﬂm /fli & %&‘tg'li"é? ’
10% t & (GOMMNAES/BVCVEVXVA = |1 7 10%t&'() 4z 10% t & ()-t!

(A) conducting a first stage by continuously feeding of at least
one dihydroxyaromatic compound and a carbony( halide in the presence of
water, an alkali metal hydroxide as acid acceptor, at least ane interfacial
polycarbonate formation catalyst selected from the group consisting of a heterocyclic
amine or a phase transfer catalyst and a substantially inert, substantially water-

insoluble organic liquid, under back-mixing conditions while maintaining a molar

ratio of alkali metal hydroxide to carbonyl halide at a value up to 1.8:1, and obtaining

an intermediate product;

(B) passing said intenmediate product to a second stage of said
reaction wherein said intermediate product is converted into a final product
comprising high molecular weight polycarbonats.

2. A method according to claim 1 wherein step B is conducted
batchwise.

3. A method according to claim 1 wherein step B is conducted
continuausly.

4, A methad according to claim 1 wherein step A is conducted in a
continuous stirred tank reactar.

5. A method according ta claim 4 wherein the temperature of step

A is in the range of about 15-50°C.

6. A method according to claim 4 wherein there are fed to the

reactor a solution of said catalyst in said organic liquid, an aqueaus solution

13



z 10%t& ()-t'! z 10%t& ()-t! z 10%t& ()-t! z
10% t & ()-t EVLVYVbVcVeVi VG4 z 10%t& ()-t z 10%t& ()-t5WHv '! z

1096t & ()-t! z 10%t& ()-t! z 10%t& ()-ti VOVSWV-WXV% 2 10848063 -t 2
)-thz

109 z 10%t& ()-t! z 10%t& ()-t'! z 10%t& ()-t! z 10% t& ()-t!
10%t& ()-t \WMWAWI B8 z 10%t& ()-t! z 10%t& ()-t! z 10%té& ()-t! z

10%t& ()-t z 10%t& ()-t5WHv WAMAMWI G4 z 10%t& ()-t!

10%t& ()-t5WH v | z 10%t& ()-t! z 10%t& () -t \WMAWXB% z
10% t & () - to\ehid/ alkall A&t hdroxide! antd dAididiydroxydromalio Yoibdundtih the

10%t &
10% t & E 3 - tform of dssaliali metal saltiand ar agrecyssoiipnobsei
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StVWMWWXVA 7z 10% z 10%t& ()-t) z 10% t & (Jz-t! 'z 10%té& ()-t!
a

Isaliqietal ) - ¢ 1
hydroxide and said carbonyl halide.

7. A method according to claim 6 wherein the organic liquid is

methylene chloride.

8. A method according to claim 6 wherein the alkali metal
hydroxide is sodium hydroxide.

g, A method according to claim 6 wherein the dihydroxyaromatic
compound has the formula
HO-A'.Y-A%0H,
wherein each of A' and A% is a monocydlic divalent aromatic radical and Y is a
single bond or a bridging radical in which one or two atoms separate A' from
A2,

10. A method according to claim 9 wherein the hydroxyaromatic
compound is bisphenol A.

11. A method according to claim 6 wherein the carbonyl halide is

phosgene.

12. A method according to claim 6 wherein the solution in said
organic liquid further comprises a monohydroxyaromatic compound as chain
termination agent.

13. A methad according to claim 12 wherein the
monohydroxyaromatic compound is p-cumylphenol.
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z 10%t& ()-t! z 10%t& ()-t! z 10%t& ()-t z 10% t& ()-t5WH\ v
VAW %8 z 10% t & ()-t! z 10%t& ()-t z 10%t& ()-t5WH\v | z
10%t& ()-t! z 10%t& ()-tSWW WIVOW WWKB% z 10% t & () - tm
10%t& ()-t! z 10%t& ()-t! z 10%t& ()-t! z 10%t& ()-t

109 z 10%t& ()-t! z 10%t& ()-t! z 10%t& ()-t! z 10%t& ()-t! z
10%t& ()-t! z 10%t& ()-t VAWIWVOVEVEW G¥8 z 10%t& ()-t! z 10%t& ()-t!

z 10%t& ()-t!

WV4 z

z 10%t& ()-t z 10%t& ()-t5W\v ZVWAINWNAN G4 z 10%t & ()-t!

z 10%t& ()-t z 10%t& ()-t5WHv ! z 10%t& ()-t! z 10%t& () -t WK B&!
z 10%t& ()-t5WH\v ! z lo%t&() tI 7 10%t& ()-t! z 10%t& ()-t! z

10%t& ()- tVWZZZMZZZ A é|a:m 106 r€in(the aZat}&A& Waade
1092#& ()- DL, "10%R#& ()- 2, 10‘V #& ()--29ZrzZG\\|[:vU410% 10% & () -
&10% & () - tgmsj%@tewst w%@a(quatemammqryum salt.

& 109% & ()-\?]0]]111 M [: vU410% &F 1096 & ()- Od0% & ()- "nl0% & ()- y

10% & ()- f@O0% & ()- 310% & ()- ~Dre A X |[:vU410% ,510% & () -
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15. A method according to claim 14 wherein the quaternary
ammonium salt is tetra-n-butylammonium bromide.

16. A method according to claim 12 wherein flow rates of the
materials fed ta the reactor are adjusted to produce the following proportions,
based on dihydroxyaromatic compound:

carbony! halide - about 104-120 mole percent,
catalyst - about 0.05-0.60 mols percent;
chain termination agent - about 3-7 mole percent.

17. A method according to claim 16 wherein the molar ratio of alkati
metal hydroxide to carbonyl halide is in the range of about 1.45-1.8:1.

18. A method according to claim 16 where the molar ratio of alkali
metal hydroxide to carbonyl halide is in the range of about 1.6-1.8:1.

19. A method for preparing an aromatic polycarbonate comprising:

(A) performing a first stage at a temperature between about 15
to about 50°C, by continuously feeding at least one dihydroxyaromatic
compound and phosgene in the presence of water, sodium hydroxide as acid
acceptor, at least one phase transfer catalyst which is a quatemary
ammonium salt, and methylene chioride, under back-mixing conditions while
maintaining a molar ratio of sodium hydroxide to phosgene at a value up to
1.8:1, wherein the dihydroxyaromatic compound has the formula

(1) HO-A'-Y-A%.0H,
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3s10%

& ()- "0S10% & ()- .10% & ()- +10% & ()-
*g10% & ()-X [\ ] "I _&h'| vUA10% Y-10%# & ()- z 10%# & ()-
10% # & ()-Z "10% # & ()-10"10"10" 810% & ()-|  a>aab{ ZQVL?-‘lRp/m 2003
f#10% # & ()- af"10% # & ()- !zxf"1092N2&' ()-  910% # &
f10% # & ()- 12Z10% # & ()-b6b9bzbbb! c|[: vU410% .G 10%&' () -
L1006 # & ()- )Z10% # & ()- 3( 10% # & ()- Sy&10% # & ()- $

10% #' & ()-!cccccccccvUA10% 3 mlOYRX#&& ()- " 109@X#&&' ()-10"# 10" # 10°

Coveciee (Yool BB LAt lbiafiql aReRnRidc redlang e

; eeef Tf f f | [singié 1@¥id G%a bﬁe@mg&ad(c;:t in wﬂﬁtﬂm#&&wp)aiomﬁm&/’( )from

#
()-

G 10YRXHES! 0IRXHEE' 09! bggg i | [: vU410%
| 1096K#&" (éj agzdlm "‘LW)&&@&{&“&%(&)’“% &?(#ggg() | ( LOYRXH#&&E' () -

y&lO%&X#&& ()- i'isi gl ﬂa BHidAARTPEERRE ick Yo b second stage of said
"10909K#9&' () - L0&X#&L0&X#&10 & = 10%BXH&E&&E' () - Yy710%BXHE&

34109&X58&& repctiprowhierain| said, inianmedigteproductds GpﬂV@?%M#QEO%ﬁ}Gt
CTkokick! || 1STOAO Figfimolen i BERtoontaetal ()Y 1ovshnoa: (-
, 1099k#9& ()- yl09®@k#9& ()- ~1090k#9& ()-11|>mMMZnm [: vU410%
&01099ki#9¢ O- 2% A method according to claim 19 wherein step B is conducted
batchwise.
10
21. A method according to claim 19 wherein step B is conducted
continuously.

22. A method according to claim 19 wherein step A is conducted in
16 a continuous stirred reactor.,

23. A method according to claim 22 wherein there are fed to the
reactor a solution of said phase transfer catalyst in methylene chioride, an
aqueous solution of sodium hydroxide and said dihydroxyaromatic compound

20 in the form of its alkali metal salt, and an aqueous solution of sodium
hydroxide and phosgene.

24. A method according to claim 19 wherein the dihydroxyaromatic
compound is bisphenot A.
25
25. A method according to claim 23 wherein the solution in the
organic liquid further comprises p-cumylphenol as a chain termination agent.
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1099k#9&' ()- , 1090K#9&' () - F+1099k#9& ()- 3( 1099k#9&' () -

Tfy#Z"10999& () - nmmmmmmm nDnvU410% Z109%&X#&&' () -

" 10YBXHEE () - L09Kk#9109k#9109k#9 ~ <109®K#9&' () - y710%9k#9& (21 APkl 8@k H#9& () -
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, 109BXH#EL () - 109BXH&E () - SYLOYBXHE& ()-  10%8XH#E&& () -

"Y109&X#&&' () - ppppp| | [: vVUA10% S1O0YRXH&E () - 10%&X#&& ()- 3=10%RXH&&' ()

 F7T100@X#8& ()~ 1 . 100XH&R " Headi ng 13] ¢"

"Headi ng 23] c" %adlﬁg‘e\ﬁm‘&ag@‘ﬂﬁ‘ﬂ%ﬂ& ‘ﬁé“%’h%@ﬂf URPEATY Lo adi ng 63] ¢
"Headi ng 7 deDef auI t Par agr aph
Font vj & 4/ <%5@g‘5’5tw%ﬁgs V| ~N4‘5‘E$"$@Fn S NOPORS Te q 1
Y "#e&" (] ) + g1578: =02 @CDQAFGKI K{ Lt MOTUVEVI VWAMW VEWEW WAV 2\ AX_| bl cc: ef
i j Kl mDnoppUVWKYZ[) 1" _, abcdef ghi j ki .St | h~6T| .
RomanAri al Couri gé.) %g%é g&ﬁ# bg&gg%&ﬁ%%}éa* ho@?b{&sof'}ﬁg‘(enals

" HSYR (9 * Hed th W Sfte adjusted to produce the following proportions, based on

<= >7? @\BCDEFGHI JKLM\IOD QRST Z[ \]" abcdef ghi j Kkl mmopaqr st uvwxyz{| }~
dihyd roxyaromatlc compound:

phosgene - about 104 - 120 mole percent;
phase transfer catalyst - abaut 0.04 - 0.50 mole percent;
p-cumylphenol - about 3-7 mole percent

10
28. A method according to claim 27 wherein the molar ratio of
sodium hydroxide to phosgene is in the range of about 1.45-1.8:1.

29. A method according to claim 28 whereln the molar ratio is in the
16 range of about 1.6-1.8:1.
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