WO 01/ 14454 PCT/ US00/ 20228 METHOD FOR PREPARI NG POLYCARBONATES BY

OXI DATI VE CARBONYLATI ON BACKGROUND OF THE | NVENTI ON This invention rel ates’
to the prep@é tion of polycarbonates. and nore particularly their f
preparation 3’%‘dat i ve carbonyl ation followed by solid BERUS00/20228

pol ymeri zation. 5 Solid state polynerization (SSP) as a nethod for

preparing polycarbonates is disclosed, ‘for exanple, in US Patents
4,948,871, 5,204.377 and 5,717,056. Use of this nmethod is of increasing

interest by reason of it METHED FORFREFARNGPGIVCARBONATHS benefits. It is
typically described as invol w r , f ' the first step is
the formati on of a precursor %g%ﬁ§m§®&wm| I goner, 10 typically
by a reaction such as nelt polynerization (i.e., transesterification) of a
di hydr oxyaro Wd h.as_ 2, 2-hi s(4-hydroxyphenyl) propane

( bi sphenaol Z?é ' l’(ﬁ%égr]ﬁX%It‘réO@uch as di phenyl carbonate. The
second step is enhancenent of the crystallinity of the precursor

pol ycar bonat e, and the tThisidventioprelates t¢ the pleparuibng pofycarbbmeas! @ mare ght by

heat i ng the enbanaaananiebRbdrdhty o Wr&gﬁ’g&ébﬂ%lymd???fé‘ﬁ&é% tin

t enperature between i'ts glass transition tenperature an
tenperature. CPHERETHRIMGs of pol ycarbonate ol i gomer preparation are known.
They include the oxidative carbonylation (hereinafter sonetines sinply
"carbonyl &tion'' for brSelid state polymericition (3SP) ysa meathod for poeppdmgnd; i.e., its
reaction wth QbR 4isER sed0r0R Bl n@?@’ \ he €16 dconmpound
of a Goup VII %P&ﬁ t q@ a ’gto(;?, ’%ﬁt?r%g?eﬁéf ’g?g’?gég’t"g%?é?%r ef erably
pal | adi um The’+¢ gﬁea?it “B"Bm &t 9 IRGEESING Hkdest PRIFasama) &S SHeRtVEneE rpounds
by thi s met hodaridendiremhensb tenefitsr It ésgpipdlle describddSs Raiobuiiigsthéee GfRps, b6&hich
4, 096, 169 and r AN DRdntd pplicability
to m)nohydroxy%‘?pﬁ?r%%t%%%geggﬁn%%gﬁggwar e“*?ﬁ@%‘é"e"% co-dggbt%g%esr?s whi ch may
i ncl ude a8 i noWBikAtEbreactionsycdyas mhipewmegza&%aﬁaman%ﬁ%mv) HAapecially a-
conpl ex wit h adihgirtedesniatic eothp@md duchas 2,2-bis(4-hydroxyphenyl)propane (bisphenol

A) with a diaryl carbonate such as diphenyl carbonate. The second step is

enhancement of the crystallinity of the precursor polycarbonate, and the third step is

the building of molecular weight by heating the enhanced crystallinity precursor

15 polycarbonate to a temperature between its glass transition temperature and its

melting temperature.

Other methods of polycarbonate oligomer preparation are known. They
include the oxidative carbonylation (hereinafter sometimes simply “carbonylation™ for
brevity} of a dihydroxyaromatic compound; i.e., its reaction with carbon monoxide

20 and oxygen in the presence of a compound of a Group VIII element with an atomic
number of at least 44, preferably palladium.

The carbonylation of both mono- and dihydroxyaromatic compounds
by this method is disclosed, for example, in US Patents 4,096,168, 4,096,169 and
4,201,721. Further developments, of pafticular applicability to monochydroxyaromatic
compounds, are the use of co-catalysts which may include an inorganic co-catalyst
which is a cobalt compound, especially a complex with a pentadentate ligand, as
illustrated by the cobalt(Il) salt of bis[3-(salicylalamino)-propylJmethylamine, said
complex hereinafter being designated “CoSMDPT™; and an organic co-catalyst, most
often a terpyridine such as 2,2":.6' 2"-terpyridine. Reference is made, for example, to
30 US Patents 5,231,210 and 5,284,964,
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ilTustrated by the cobalt(ll) salt of

bi s[ 3-(sal i cyl al-am ho) - propyl ] met hyl am ne, said conplex hereinafter being
desi gnat edwb@BNERPr ' ; and an organi c co-catal yst, nost @eCT&80020228r pyri di ne
such as 2,2':6"',2"-terpyridine. Reference is nade, for exanple, to 30 US
Patents 5,231,210 and 5, 284,964. -1 WD.01114454 PCT/ US00/ 20228 A still
further catalyst constituent which is advantageously present for
carborrylation of hydroxyaronatlc conpounds is a brom de (preferably) or
chloride source, nost “#tilkhrthersetalystropstisenomhicnis 2dvatageovsiy\presrdponi ur n

or hexaal ky!| gitBdtiythtich Bﬂhﬁ?dx&rar%hhﬁfb @)‘inﬁoﬁﬁd’sﬁ's i‘b:’@h’ﬂidé' (PreTERAby) B EHIOHdede Or
hexaet hyl guani di ni um_chl ori de or af.orement i oned US Pat ent s

5,231,210 antPBE4MgELIER 4 eégaéy?rﬂglo%gl %qatem%}}o U Foni um and
phosphoni um hhtnadkslgumumh‘»eltwcmwammmmm@mimmal ides is

di scl osed, fOheﬁéﬁ%{xﬁndlhﬂmccﬁﬁﬁﬁgbﬂ‘;}omxd‘éOTHEQFdréin&iﬁBﬁ‘éﬂl @@Pite:ﬁés,mnzl%e“ al
No. 08/929, 000. g:ni sures of  all of the ., aforenen |Qnegéﬁ)§%en s and

appl i cati on af®d é"dthﬁyser‘gﬂgq‘tm aggiosium andphesphonium
ol i gonmers pr epmt thel shylanmebﬁguahammmn halides izhifsclvedde for 2ethpld)yn dvpelidingy end

groups. Such SLhRBGGANA! Seliof SR Nol deMdod i BSHE L lor P o1 nce

their nol ecul ar wel exenplified by
intrinsic visa®gm @%IW“‘PWWB%P@W%@@@ bae#%mn%mcmn 0.10 and gl ass
transition tenperatures (Tg) bel ow 100C. 15 They al so have ot her

di sadvanitages. In the fRolytrbphancaigomersgseparet bgkirhonykition areicharedrerized
proportion of ‘%PJ?# I d for
their prepar at%nﬁdﬁﬁp %h}ﬁgs %glrtl%ﬁ O&ft%f Qgé(}{énrea?@ﬂ&g%ca%l on IS gften | ow
even when a §‘P&’1‘é‘ﬁFB‘R£$F ?‘CWW Huefp CB‘PS‘Q%I‘%P&’H??H empiiehRYd, whet her
cal cul at ed in IM%S%E f Bt G gonpound
or on "turnover nu &foﬁm&ﬁfqggmwoﬁck%rap??e?imﬁggq%@gé?%%@te unélht(glforrred
per gram at omepdpefidrésa@)elow n0C0e third place, excessive reaction tines
on the order of 15 hours are frequently necessary. The conventional second

step of e SSP processg}e%agghg)e %lai?g?nq%g gﬁﬁntﬁrstpﬁcé:%ﬂgssgﬁaﬁd essenti al

I p accordance with the FePentio
stoichiometric proportion of the expensive palladium compound is usually required

for their preparation. In the second place, oligomer production is often low even when
a stoichiometric proportion of palladium is employed, whether calculated in terms of
-percent yield based on dihydroxyaromatic compound or on “turnover number”, the
20 number of moles of carbonate units formed per gram-atom of palladium. In the third
place, excessive reaction times on the order of 15 hours are frequently necessary.

The conventional second step of the SSP process, crystallinity

enhancement, is considered essential in accordance with the aforementioned prior art.
As taught, for example, in the aforementioned US Patent 4,948,871, the crystallinity

25 of the precursor polycarbonate should be in the range of about 5-35% as determined.
for example, from powder X-ray diffraction patterns. If it is below 5%, the melting
point of the precursor polycarbonate is so low that melting rather than SSP may occur.
On the other hand, at crystallinity levels greater than 55% the rate of the molecular
weight building step is too low to be practical.

30 Crystallinity enhancement may be performed by several methods.
These include heat treatment, solvent or non-solvent treatment, contact with
crystallization promoters and treatment with swelling agents. Each of these methods
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As taught, for exanple, in the aforenmentioned US Patent 4,948,871, the
crystallinity 25 of the precursor polycarbonate should be in the range of
about 5- 5WX0H34486t er mi ned. for exanple, from powder X-r aBRCEUSO20228i on
patterns. If it is below 5% the nmelting point of the precursor

pol ycarbonate is so low that nelting rather than SSP may occur. On the
ot her hand, at crystallinity |levels greater than 55%the rate of the

mol ecul ar htﬂ tlmé'dﬁ@lt ?l%/élltf‘%tnllélt IN&R eJ(tpa\g( (E)lﬁ cH&m@ﬁl?%icﬁﬁust g’e%eptrﬁ

Crystal linity“enhance
i ncl ude heatinveneqry pashstored W@Wﬁi bsde%hlestb?re@m to dexglopameveralbnt act wi t h
crystallizat &iﬁﬁ@iﬁétﬁo@,&@biﬁdﬁ@dﬁiﬁwsm&ﬁeﬁ1§Whichltlli&;prmai-s Each of these

met hods -2 4 0 or.. treatnment
W th ext r ancORceRhaRe Pk 3 SHBEo RIS o altBs eblile ARG 05 T
woul d bé desénbatfementsteprusnenessar o devel op an overal | poI yrrerl zation met hod,
i ncluding a final SSP step, in which the precursor polycarbonate is

i nherently o§USMMARYIGITHEINVENTIONi ty to make a separate crystallinity 5
enhancenent step unnecessary. SUMVARY OF THE | NVENTI ON The present

i nvention includes an - gﬁ%@éﬁ&}}@ﬁﬁ&%l&&@aﬁﬂﬁwlm Yor &frbonglaUm%

di hydroxyaromat I c conp e reactant contarnin

as pal | adi uph ﬂatyd@wpr@gr@ac FomResads, Phereinythe reactang contaiping aapetal ﬁ%ﬁ#as -
st oi chi onet r patlagiuerioEfplopéed in besehtinlliylkatalytic patiee than Stoichivpeerid progoriionsdef i ned

sol vent; o5yt eithe fksaed il gdﬁﬁcanydgﬁ&a'sxms@&acmsmxn é&t%Qr the ol i gomeric

car bonyl ati on pr mel t
pol yrer i zat i priymerizstipn method fs thepligameris cagonglationrogust Brsindesas »| i goner s

! tlt ﬁ' Ity pr ﬁm&ttég eilmey nféﬁ\p@ly%xeﬁ!zlétfoh@r SSP, isl g leRr @me&hﬂlé‘palyc&bofﬁfaea' lin Ib ty
so at no ¢t al.lin nt i can be
conduct ed. e{sr{gm(g{l%éﬁ,e %ﬁgfﬁreeaﬁgﬁg{%ﬁ degis o? o n%?rg?t S%H?m‘ie%gr ee of
crystal linitthat ndrmstalhmtymn}mcamcmmepys reme@ébeﬁos%?é’qanéaé@uiumd n®8hods know
to one jgkill gg otuer hd¥Q, Fitere xAnéﬂarsﬁmce&lp@fgtree(bﬁfcﬁymﬂmnyﬁHéd tBélcryStalfiniiet hod for

preparing a . nal ycarbonal & Qb dELw S BROKllh Hundfakch comprises contacting,

at | east one

such

A first aspect of 'the invention is a method for preparing a
polycarbonate oligomer composition which comprises contacting at least one
dihydroxyaromatic compound with oxygen and carbon monoxide in the presence of

20 an amount effective for carbonylation of at least one catalyst composition comprising:

a Group VIII metal having an atomic number of at least 44, or a
compound thereof;

at least one organic or inorganic co-catalyst;
at least one halide source; and

25 an alcohol-free solvent comprising at least one liquid aromatic
hydrocarbon.

A second aspect is a catalyst composition comprising a Group VIII
metal, co-catalyst, halide source and alcohol-free solvent as defined above.

A third aspect is 2 method for preparing a high molecular weight
30 aromatic polycarbonate which comprises:
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di hydr oxyaromati ¢ conpound wi th oxygen and carbon nonoxide in the presence
of 20 an anount effective for. carbonylation of at |east one catal yst
conposi ti onwoornsssi ng:  a Goup VIII netal having an at opgfuswdntes of at

| east 44, or a conpound thereof; at |east one organic or inorganic
co-catalyst; at |east one halide source; and 25 an al cohol -free sol vent
conprising at least one |iquid aromatic hydrocar bon. A second aspect is a
catal yst composition copprising a, .G oup nmetal, co-catalyst, halide
source and al cohol -freeg‘g gg%%éeaateqnﬁﬁ 0’3%\9801139W%|b$’8x’§§t§’éct is a

met hod for pr epdonylation dfiagleastrotesdibydaoxyw@ingti¢ condfdusd,omat i ¢ pol ycar bonat e
whi ch conprises: -3 Wc) 01/14454 PCT/ US00/ 20228 (A) preparing at |east

one carbonyl ation oligo rcoﬁ%rtﬂ'?gsgﬁtchfﬁsn &foh(an%&@érlt Do {: | east one

di hydr oxyar omatt F%ng rrqeé)g‘%x‘!}convertl ng sald car at1ton oligoner to a
precursor polRPG4 188 W?Sf'éﬁelo H”Fqﬁwf%?éilwlesence of
at | east Bne diachoydte, abdcar bonate, and (C) pol ynerizing said precursor

pol ycarbonate ol igomer to a high nolecular weight polycarbonate by nelt

pol yrer i zati on_or_sol i d@tpatyﬂaeaahgea@aicb&amBoxgcérﬁbnaerohg@a&%agfgge i nventi on

I ncl udes such a hod ere ste IS an step and C

fol | ow step A’WI %a\?gﬁ? E!gmgftfa Y@F“@P%?réph‘i fiate polymerizatigBncenent ,
provided there is a suffl CI ent degree of inherent crystallinity. DETAILED
DESCRI PTI O\, PREFERRED IEvBaidulkErESnRatigrciacidssatds mhhmdwhmg&nbtep griemar ed by

the method of séib%te})laaéste s%%cé fc%wtstyp% WG b BRrfehRESRb oY s QiREHy €

structur% uni t the
ement, prow ere 1s a sufﬁcxent degree of inherent crystallinity.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

Polycarbonates which may be prepared by the method of the first
aspect of this invention typically comprise structural units of the formula

I
@ —o0—A'—0 ~—C —
15 wherein each A' is independently an aromatic organic radical. Preferably, each Alisa

radical of the formula

(I Al—y A®

wherein each A? and A’ is a monocyclic divalent aryl radical and Y is a bridging
radical in which one or two carbonate atoms separate A? and A*, Such radicals are

20 derived from dihydroxyaromatic compounds of the formula HO-R-OH and bisphenols
of the formula HO-A’Y-A®-OH, respectively. For example, A’ and A’ generally
represent unsubstituted phenylene, especially p-phenylene which is preferred. or
substituted derivatives thereof. The bridging radical Y is most often a hydrocarbon
group and particularly a saturated group such as methylene, cyclohexylidene, or

25 isopropylidene which is preferred. Thus, the most preferred polycarbonates are those
derived entirely or in part from 2,2-bis(4-hydroxyphenyl)propane, also known as
“bisphenol A”,



(1) OA-0C 15 wherei n each A" is independently an aromatic organic

radi cal . Qﬁ]}&&g each A is a radical of the fornula A2 Y -A3
wherein e nd A3 is a nonocyclic divalent aryl rad? S R022% is a
bridging radical in which one or two carbonate atons separate A' and A
Such radicals are 20 derived from di hydroxyaromati c conpounds of the
formula HO-R-OH and bi_sphenols «of the formla HO A2- Y- A3- OH, respectlvely.
For exanple, A2 and AThg &t pspestypf thedpyeatiemis alfﬁéiehﬁwmmopfmnyl ene,

especi al | y rprﬂhﬁlﬂg Ip&ll;r&rbdihat&blilg&m&l‘s&iﬁ&h@dar i) phﬁéllfﬁﬂstdﬂ‘&‘iboﬁ?e?' vatives

t her eof . en .a roup and
particul arl ;e/f %ﬁérgg}ur glgr%gd l(rhgéﬂ‘:hxns%%h ng‘gm%t?ﬁyflgﬁée W?Fﬁﬁ%&‘&?‘f’ E‘ﬁ% or 25

i sopropyl i dé?é%ﬁ%%F@llme sRecific malesular weightowt mpreaffen,rasmixpmé yiar bonat es
are those dgigomefs c:@ﬂlhin'ilfgI tife %e' s&u&ﬁfal urlif(§)But having varymg mo‘ec lar

01/ 13222%%’(%@%@%6%3’5’#%3 i i@%ﬁ&usmfa b el s

car bonyl at i crempesigien ofthe sacond aspeat thegeof Saidocanipositiereinchutiesofirst, ®,mdtdle si ngul ar
herern o dfaffegﬁ%% i 8t 505 Bonsisuing Bt ABIAE Pﬁﬁ‘g“%’.‘" %’?'f‘ﬁ‘“%??éﬁm of
i
specific. @H'I ﬁ"% R?ﬁggﬁ‘t °rcﬁ°°“1?8|'“é‘l @F‘Fg&iéalgﬁﬂ’f‘k‘ls dbver s
cont ai ADng tﬂaﬁa&amdala;k onelementhl pahadném)ieﬂmitedmnaﬂ@n\iﬁ&p&tti@laﬂ@ls&ﬁdﬂlar
wei ghts. Sa'ﬂaf@aﬁdﬂgﬁufn%ol&?l h Ol?:'htaﬁﬁﬂnﬂy n‘itgh? (.saﬁ)o?:g' eggnégo%” L) gal ly

defi ned cat aI e second aspect ereo
conposi tion?t Y‘E}ﬁé‘é" cpmpgynds gs ??é‘mm@éads&@aewmmm nglﬁﬁps consi sting of

rut heni um rEspekialty prefeirediolinoyt instandel ane pailardndn(lllli)‘sﬁfs(ibf Pigahic AL, n@yst @ conpound
t hereof. Palladiumi.s, the preferred netal .. Thus, g_ﬁl | adi um bl ack or

el emental paAficR&zsAlinkasisSe Wﬁﬁc‘ééraﬂéﬁalg’fi%} %aﬂtéef ikgtoges.t abl e; as are
pal | adilgm coranaaiBRATdekeaRd PalaiRaRI) ﬂulpéﬁﬁxﬁamnﬁl@%ﬁ%ﬁéﬁﬂfﬁoﬁnd conpl exes

i nvol vi ng suc&Fco‘ﬂpounds as carbon nonoxi de, am nes, phosphines or ol efins.
Especial |y d in nost instances are palladiun(ll) salts of organic
aci ds, nost

Also present as part of the catalyst composition is at least one organic
or inorganic co-catalyst. Most often, both of at least one of an inorganic and at least
one of an organic co-catalyst are present.

20 Inorganic co-catalysts include divalent or trivalent manganese halide or
carboxylate salts, or amine, diketone, or carbon monoxide :c'_omplexes; or cobalt (I) .
halide or carboxylate salts, or amine, diketone, or carbon mc'_a'noxide complexes, e.g.,
cobalt chloride and cobalt acetate. One genus of preferred inorganic co-catalysts
includes compounds of the type disclosed in the aforementioned US Patent 5.231,210;
namely, complexes of cobalt(Il) salts with organic compounds capable of forming
complexes, especially- pentadentate complexes, therewith. IHustrative organic
compounds of this type are nitrogen-containing heterocyclic compounds including
pyridines, bipyridines, terpyridines, quinolines, isoquinolines and biquinolines;
aliphatic polyamines such as ethylenediamine and tetraalkylethylenediamines, such as
30 tetramethylethylenediamine; crown ethers; aliphatic ethers; aromatic or aliphatic
amine ethers such as cryptands; and Schiff bases. The especially preferred inorganic
co-catalyst is CoOSMDPT as defined hereinabove. '
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often C2_6 aliphatic carboxylic acids, and palladiumll) salts of

(3-di ketones. 15-Palladiun{ll) acetate and palladiunm(ll) 2,4-pentanedi onate
are generalW?“HB‘éf‘ preferred. Al so present as part of thECTHSW20228
conposition is at |east one organic or inorganic co-catalyst. Mst often,
both of at |east one of an inorganic and at |east one of an organic
co-catal yst are present. 2Q.1norganic co-catal ysts I ncl ude dival ent or
trival ent nanganese halltdelsowlthmhdasmyé@ﬁtbemednhsn*té():!mpmlz&fanudiré’ﬁld)ne or

car bon monox| diec e baittenliekBRbbuld ISPl botous AR RS sal 15, or

am ne, di ketone no conpl exes .
cobalt acet at ¥ h@%éb(g’? ngxﬁ“éf‘@m@d"aﬂ'%}’]@ﬁﬁ(% ,g"gme,aéqsaa,cyfgteg, i ncl udes
conpounds of pxbplonzycpsa oxhlateﬂ);ds&tbompoﬁﬂale gedeailly fi@?éséxﬁ&ﬁ@ WS fdgmbRNt 5, 23 )

1,210; 25 fa Bq } ounds
capabl e of for 8;’ ﬁﬁ%%eag kgs |“§H“%/’% Bgr#bg?gﬁgb%w
therewith. 11 WHé‘F?sé{‘ﬁl@‘H a@ﬁ(ﬁﬁh‘f drpeniziniog mmnlmes, stighos phthalocyanine

ni t r ogen- cont @adii ng heterocyclic corrpounds i ncludi ng pyridines,

bi pyri di nes, terpyridines, quinolines, isoquinolines and biquinolines
al i phati c pol yam nes s

t et raal kyl et hyl enedi amlt%, %oﬂcayéglgg&f@? pﬂ‘i}'F%H‘{W&;fg‘ﬁ"&ﬂPﬁe crown
ethers;. ali pliingnes @l%?@ancéil@ﬁmedwthaﬁdm of saidqHinpses ohemixtatech as

g g Y(F:J; ? 2 ?@st ange®6hi If 4- Bbx%@ﬁinon'Ehﬁd ﬁﬁcﬁ&ﬁmﬁinb navgrbeéx%ﬁxﬁm ibB SFFELRNE, Gs well
y v

PCT/ US00/ 2022% %%sgﬁﬁ %éﬂecéﬂ%ﬁ@ a8¥h’%qﬁ5’°f“?13éﬂt44‘8’§'°xy6 enpl oy as
an inorganic Wé@palayéph@eﬁbmmm Arpniatig drgamiaproinasiare Seeffarest) for | ead
conpounds i NCéxAg nan%h‘&ﬁhe Aguifidhiak afdidRdino i LnBtndshe |1 ke;
conpounds. SZnélelg?% 223%?‘@3 né%f 3 ﬂﬁ%’l@@f’%ﬁ’%ﬁ SoPERER§ S whor &in R 1's an
al'kyl orl5ar yI 2@rﬁﬁ&'btelﬁyudme%hmﬂfelpwmaﬁmlm@ﬁ(m)mnemyk-t H-es, and
lsul L at es, a y}ﬁhanmhﬁeead &ﬁﬁhﬁllnldlﬂmﬁﬂi%l‘?ﬁ&%ﬁd 3,amea§n 4 ahjihal ocyan ne

€a gani ‘1 ?(9 ﬁenanmx)?me 'M]e terpynnEXes and engchﬁKzeZdz 6,'],(?. terp}?ndmeoarre exanpt e,

generally preferred.

The catalyst composition also contains at least one halide source.
20 Suitable halide sources include quaternary ammonium halides and quaternary
phosphonium halides represented by the following formula:

R'R’R’R'NX or R'R'R’R'PX

wherein R', R, R?, and R* are each independently an alkyl group or
aryl group, each group independently having a carbon number of 1 to about 24, and X
is halogen, especially chioride or bromide. Bromides are preferred, for example tetra-
n-butylammonium bromide, tetraphenylphosphonium bromide and the like, Other
suitable halide sources include hexaalkylguanidinium halides, particularly hexaalkyl-
guanidinium chlorides or bromides. The guanidinium salts are often preferred; they

include the a,»-bis(pentaalkyl-guanidinium)alkane salts. Salts in which the alkyl
30 groups contain 2-6 carbon atoms are especially preferred, with hexaethylguanidinium
bromide being most preferred. Mixtures of halide sources may also be used.
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gui nones and aromatic dials formed by the reduction of said quinones, or a .

m xture t f. 1, 4-Benzoqui none and hydroqui none have been found to be
effectivé&oggﬁagpl as conpounds such as 1, 2- qui none -andPEHPEA0F0328

ant hraqui none, 9, 1 0-di hydroxy anthracene, and phenant hraqui none.

Aromatic organic amnes are preferred, for exanple, terpyridine,
phenant hrol i ne, quinoline and isoquinoline conpounds i ncl uding
2,2':6',2"-terpyridi nénally, therbtalyist dompositich in6ludeda sobseftydortpiisig 8east 5

2 G e o o S )

1, 10 phenanc#é i ne, 3 {l

3,4,7,8-tet 'Y P'Wblen tcpn ’6‘0 BarRlarhpatmasph C%Efeiwﬂﬁ&mmtmm thepecial l y
2,2':6',2"- o t conposition
i 50 copt ai FLBLH I AN, ﬁﬁﬁﬂﬁéﬁid&%“r“@‘éw%&g noh i Rt Kb R o

i ncl ude quatherispmeyic xrienes Theyrmay brepresentchs ginglesomaoynds phasspixomesieghal i des

r epr esent edaRisoinbc fcﬂbdequﬁﬁe 61CH1HHJnﬁ=e oﬁoﬁzmi\%e% n{%r Rf? difgerein R,

-, R3, and R4 are .ea i nd an al ou rou each
’ f resent in ti \)'Ji cgg; ud l 9 P,
gr oup i ndepg’ﬁcfgﬂttef ﬁbe\ﬁ g af ﬁfggl,a ‘i)g B’G v a°§ﬁéFe§( 25 is
hal ogen, espeomiatic hydrgmmwiwng)cmwzexﬁr dichldeberzere, frichfoesberzbne.f or
exanpl e t et had ihe Bké WIRFRRYF tinRie By dlBoarfort waiss@mhda Ega_l guthe(rﬁl i d de and

t he Iitoe. QO her.. suitable halide sources 1Include exaa

hal i de® paftFE#%r 1y hexaal kyl - guani di ni um chl ori des or brom des. The
guanidiniumsalts are often preferred; they include the

a, w bi s(pent aal kyl - gu&mthﬁrrf\tamryafﬂhaﬁdvmsxswm fenthe satalystnomphsitioreisal kyl 30

gr oups hc;mt ﬂiaﬂxé?s Acdh[-R6) 1Pihe BBntf Of e Btﬁﬁérﬁh#v)!ntwneai&kﬂéle%corﬁ‘ﬁafs&fs hal i d
exaet hy guanl i n referr X of halide
sources may "% a'b‘gb'ﬁ% gﬁgﬂgﬁ@ﬁgﬂﬁwﬁﬁfﬁéﬁ@ﬁ%%@ ol@fally, the -
cat al yst corpdsiliphatic alesbbls.daeluding ciclahaxanobhe advantggeasf ekmpicytingome | i quid
aromat g hy@rceﬁarﬂ%eamnﬁﬁc by arewrsbn eoﬁstmaws d@:ﬁ@&s@‘r&ﬂeéb b sbéwhhqu' d under
anmbi ent cond) t é%‘(éga]@ g at nos i[ ressur e@% g wgn%er ature in
the range S‘Im’ (FORAImNS T in theamouptof 316 bY Klige benzene,
t ol uene andbased on totaI solvent _The presence of the methanol caused the formation of .
methanol-soluble carbonate products of very low molecular weight, unsuitable for
conversion to high molecular weight polycarbonate. On the other hand, in the absence

20 of alcohols an oligomeric product having a weight average molecular weight in the
range of 1,500-2,500, readily convertible to high molecular weight polycarbonate, is
typically obtained.

In a preferred embodiment of the invention, the solvent system
contains a dipolar aprotic liquid in addition to the aromatic hydrocarbon. Dipolar
25 aprotic liquids are an art-recognized class of compounds of which examples are
dimethyiformamide, dimethylacetamide, dimethyl suifoxide and N-
methylpyrrolidinone (hereinafter sometimes “NMP™). It is often preferred to employ
NMP since its use affords polycarbonate oligomer in improved yield and increases
catalyst turnover, as defined hereinafter.

30 The proportion of Group VIII metal source employed is typically in the
range of about 5-800, preferably about 5-100, ppm by weight of metal, based on
hydroxyaromatic compound. For each mole of Group VIII metal there is usually
employed about 0.1-5.0 and especially about 0.5-1.5 moles of inorganic co-catalyst.
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5 the isoneric xylenes. They nmay be present as single conpounds or as

m xtures; e.g., -an’‘isoneric xylene mxture or a mxture of toluene with
one or norWOMAHEAEs. Wthin the context of the present PERFANIVARS| | quid
aromati ¢ hydrocarbons include hal ogenated aromatic hydrocarbons,.

I ncl udi ng chl orobenzene, dichl orobenzene, trichlorobenzene, and the |ike.
M xtures of aromatic hydrocarbons are also suitable for use in the present
10 inventi on. h I t j he, cat al yst
conposition Iag&ﬁ‘btl £0 aﬁ@?\%ﬁfﬁ%lyo{?ow@f@;ﬁ’q‘fé}%ﬁéﬁf@ %W%fm? %’é’ gr esent
i nvention al (,2o]rﬁ9l’ Wibﬁ’é’ meslerof halidg seregnched al i phatic al cohol s,

I ncl udi ng net hanol and ethanol and cycl oal i phatic al cohol s, |nclud|ng
cycl ohexanol . The adva&@i&gmsoﬁosenﬁémemmﬁlehﬁoait@bklidut5—!28&11@6@1&?1

hyd b t
addi ¢ fﬁﬁaﬂny%ggﬁf”%%&mﬁ REBDRL SR fhe 2veR TRRGI Moo dira iha™ DYoL E™
on tot al °sol VEPFL &° P%%eéﬁ'&éné‘fz Yahy violume:of total sefvensd the formati on of

nmet hanol - sol ubl e carbonate products of very | ow nol ecul ar wei ght,
unsui table for conver Sasis stpplibd PHhenehedn fixtredn gbporficdsywEabduwnape. On t he

ot her hand, ig, t_having a
wei ght aver age %rgf} cul g’;ré&? V%Qxhtﬁé tﬁmh§%ag%gq%&fng§8§0§%¥gé%g&9rbeadl |y °
converti bl e tIBr “ﬁ?ﬁ%&lﬁl%?s %P‘@‘-HF: t%éF%ﬁﬁ%‘Ffd?éhe range of ghyug H0-250 obt ai ned.
In a preferrgg 3&95 S contains a
di pol ar aprot ?rg {mqw n &%’h&? %/&Q{aéhﬁﬂ%&otgﬁng u%)d Kydroc%/tt?' %P D polar 25
apr ot i ¢ 1P qui Rryingragems; typicatly mbgﬁmesmsssefmblbmmumhe whctighivesselexanpl es

are di net hyl ffcamiirdReserbe 0B M&t&ﬁﬁllﬁiﬂcﬁ%se ;ﬂé A1l ml&cie?fdr% RAGA
nethylpyrrolldlanone herelgf%fter S "N is often preferred to

enploy ~NwP &P & & 1apid a5 possibye; f ispue éﬁ%ﬂ%& ?W ®H i nproved vyi el d
and i ncr easesaccaréamtwshtl'teulqummmahUSjEiteméé”}éﬁeunﬂhéctmersmﬂ@f thee proportion

of Goup VIllg adNARCE O¥eImbieel YPically in the range of about
5-800, pref eréll%qa;r/&gbout 5-1 F‘m}‘ pm b%’/ wei ght of netal, based on :

iaual 1y Bl oyed aboult Pt Bt B8 e of e hirdgpeiol the st al 19 6o o
i nor gani ¢ co-caetoayiptan ohgomer most often a mixture of ohgomers of varying molecular
weights, is prepared by carbonylation. This reaction may be conducted as described in
the prior art, with particular reference to the aforementioned US Patents 4,096,168,
4,096,169 and 4,201,721, It is preferred, however, to employ the method of the first
20 aspect of the present invention for preparation of the oligomer.

As noted hereinabove, the carbonylation oligomer which is the product
of step A most often has an IV below about 0.10. Its degree of polymerization (DP) is
generally below 10, with a value of about 6 being typical. In step B, said
carbonylation oligomer is converted to a precursor polycarbonate oligomer. This is

25 typically effected by melt polymerization, in the presence of a catalyst and a diaryl
carbonate such as diphenyl carbonate to promote chain building by formation of
aryloxy end groups as a result of reaction with the hydroxy end groups of the
carbonylation oligomer. The molar ratio of diaryl carbonate to oligomers, based on
molecules of oligomer present, s at least 1:1 and usually in the range of about 1-3:1.

30 Conventional catalysts may be employed in step B, as exemplified by
tetraalkylammonium halides, tetraalkylphosphonium halides and the quaternary
bisphenolates disclosed in US Patent 5,756,843, the disclosure of which is

3



-7 .n: WO 01/14434 PCT/USCO 20228 about 0.1-3.0 and pt f rably about.
0.2-1.0 noles of organic co-catal yst and about 2-150, preferably about
5-40, nol WOMWI44RA| | de source. Sol vent is nost often preskCI/US00/20228 anount
of about 5-20 ml per gram of di hydroxyaromatic conpound. Wen the sol vent
i ncludes a dipolar aprotic liquid, 5 it ordinarily conprises about 5-25%
by volune of total solvent. Gas is supplied to the reaction mxture in

Car bon ook drergt oy eBioosty iy e il B na s e 05 et

car bon nonoxXi i xt ure,

to a total Wé%?#@eq W geHus ﬂ’&ﬁ'@@b@#g @sbasaalkmlggwﬁmammmmlass React i on
t enper at ur eRaving mbetoronmum‘prammns@@&ﬁéq@dﬁf Atyisoak- 10 Drying agents,

typically e.reaction vessel
si nce t hei ?mfor esg%éaerﬁac’g%ﬁic 4‘"? erl?}gplg Izggfaﬂ’c?&d?m feélaﬁ&“’l“ﬁ' order for
t he reacti o the fllswingformpyla ulhersl%ssmlmhatmgro@ qonuimgwdferablmﬁ ntain the
reaction pre&swaoman&mwmaﬁ sﬁbhhu&@sha&gﬁ:aﬁﬁefdmw&&{? tent
5,399,734 u II version of t di hydr oxyaromati ¢ compound i s conpl ete.
15 In step l?enf’ﬁ‘g)'rret hod of the third aspect of the invention, at |east
one carbonylation oligonmer, nost often a m xture of oligoners of varying
nol ecul ar weights, is prepar‘thb)\é carbonyl ation. This reaction may be
conduct ed as descrl bed in pri-or arh C@@'@ IHaé%lé reference to the
af orement i oned U8IIPp atents ?&\?8 ég%a 0)1 721. It is
preferred, however, y th hod of the first 20 aspect of the

present invention for ar ati on 2he oligoner. As noted hereinabove,
t he carbonyl ation oli gorrer whi ch is the product of step A nbst often has

an |V bel ow about O. | ts d . Of ri,zation general ly
ol ow 10, wi th a vai ubiedieabeg indim 54 o % afBhidh it mpbiaasier, O
car bonid at i desigriatedHEG(BBARGGoavensional anedt mbmm cpuditionsy including ol i goner .
This is 25 typically.effected by nel.t rrerl e presence of a’
cat al yst ané?}/‘&“'&?‘é{? increasipg tempe é ﬂ% @g?sé}oﬁa"f“g ?‘81 f)‘formt e
chai n bui | dipregsusss, fnay aiad boempibyed. An atmosphere of lnert gas such as nitrogen or

argon is preferred.

_ The precursor polycarbonate oligomer obtained in step B is an
15 oligomer of higher molecular weight than that of step A, typically having an IV in the
range of about 0.15-0.40. It also usually has a substantial degree of crystallinity, at
least high enough for SSP to be conducted thereon without fusing of the polymer
mass to the point where no molecular weight building takes place. By reason of the
diaryl carbonate employed in its production, said product contains aryloxy end groups
20 at a level sufficient for active SSP to take place.

In step C, the precursor polycarbonate oligomer obtained in step B is
converted to high molecular weight polycarbonate. This rnay be achieved by melt
polymerization or, preferably, by SSP.

The conditions of the melt polymerization or SSP of step C are
25 typically conventional conditions for these reactions. These may include, inthe case
of melt polymerization, conditions such as those defined for step B. For SSP, the
conditions may include progressively increased temperatures in the range of about



aryl oxy end groups as a result of reaction with the hydroxy end groups of
the carbonyl ation oligonmer. The nolar ratio of diaryl carbonate to

ol i goners, Bd44%8n  nol ecul es of oligoner present, is atPdTasso2a28l and
usually in the range of about 1-3:1. 30 Conventional catalysts may be
enpl oyed in step B, as exenplified by tetraal kyl anmoni um hal i des,

t et raal kyl phosphoni um hal i des and t he quater nary bi sphenol at es di scl osed
in US Patent ’07£§ @43d t hie: di scl o?ure of which- -8 WD 01/ 14454

PCTI USOQ 2022 oL praplopRent of an inert gasisuchaas H*“OSﬁ%Ofcﬁ&%&neﬁmeyﬂy

bi sphenol at esinanch formethat 2 Baidized bdd of it polyast isHéafed@r r ed subgenus t her eof

bei ng t he hexaal kyl guani di ni um bi sphenol ates having the stoichionetric

Toi oty and twp_bi sphonti P aR. el oFBE im B A% BRIRN S BE R | O ng

noi ety and t\/\@ﬁ |s hengl I ani on es as s
e

fornul a wher ARfeRYPRIpg Hen of f:@fsauwtmmaammen@s@eeueaﬂnmry 2-6 carbon
atoms, afd Arrequired, tRe piearéor pulycirbdniateatighiaiverentl HM?? Gent HOArOH i's

bi sphenol A
hleigete R§| guém%ﬁt ni uﬁ%e%é}a%ggﬁ %‘bled” Hg}‘lﬁ sb'%}f zg‘n& ﬁ”%g 'iefr’réf@f’@lns“l%‘%@gl gnat ed
"HEG( BPA) 2" . anddequisicilenehef angstallinity) fonthisipurposeomaydisrvtithe detesminiatiad ofci ng

progr essi vel yméastrabia seltihgltanpeeitart Uk Soi e biffdmeange of about 150-250C, and
reduced pressures, nay also be enployed n at nosphere of inert gas such

bt a ?,;89?2 ctep B 1o S BufEh it b R HERHISRES B3ER ol ghe chan that
of step A typica avi ng an IV in the range of about 0.15-0.40. It also
usual |y IRas Mkﬁﬁgr Al degree of crystallinity, at |[|east high enough

for SSP to be conducted thereon wthout fusing of the polymer nass to the
poi nt where no nol ecul Arstaivdésyisteelthigh piessgre taaktesequippedwitByasad siquidof t he

di aryl carbonghy IWMQ%ﬁé?adﬁe%oﬂF& 4 tufifine vidd ggﬁ&%%{éargéﬁ]%'ﬁl ns aryl oxy
end groups 20 g | evel H’ I.CI ei ? act|ve § ace.
vartous proportlons of bisphenol A, palladium(II) 2,4-pentanedionate, CoS
2,2":6',2"-terpyridine, hexaethylguanidinium bromide (HEGBr) and toluene as a
15 solvent; in Examples 7-8, NMP was also present. In Examples 2-5 molecular sieves
(type 3A or 4A), were placed at the bottom of the reactor and covered with a

polytetrafluoroethylene spacer.

The reactor was flushed twice with carbon monoxide at 13.6 atm and
pressurized with carbon monoxide and oxygen, the oxygen comprising 7 mole percent

20 of the gas mixture. The reactor was heated to 100°C and stirring was commenced,
with the progress of the carbonylation reaction being monitored by observing the
pressure drop in the reactor. Reactor pressure was maintained as necessary by
repressurizing with carbon monoxide and oxygen in a 2:1 volume ratio.

After the desired reaction time, the reactor was opened and the liquid
25 phase removed. The residue remaining in the reactor was washed several times with
warm toluene and the washings were combined with the liquid phase. Methanol was
added to precipitate the carbonylation oligomer, which was removed by filtration,
dried in vacuum and analyzed by infrared and proton nuclear magnetic resonance
spectroscopy, differential scanning calorimetry and viscosity.
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In step C, the precursor polycarbonate oligomer obtained in step B is
converted to high nol ecul ar wei ght polycarbonate. This may ‘be achi eved by
nel t pol‘yﬁﬂw‘fgﬁi on or, preferably, by SSP. The conditipéﬁ'éu%?’z‘m% nel t

pol ymeri zation or SSP of step C are 25 typically conventional conditions
for these reactions. These may include, in'the case of nelt

pol yneri zation, conditions such as those defined for step B. For SSP, the
condi tions may i ncl udéepesulis ars giver inthe fodlowingdable, ampamparisorewitha t he range of
about - -9 Buofiofiblrideiiint] WEC2(e2A: in lnRRAGyABE. THAIRGREERNt of an
inert gas such asg, n|tr§ﬂﬁgeor argon, frequently in such formthat a

f1uidi zed bBESPOPRIBS Wer is formed. A principal advantage of the
invention as applied to SSP, however, is the fact that an intervening step
of crystallinity enhancenent is frequently not 5 required, the precursor
pol ycar bonat e ol i gonmer inherently having sufficient crystallinity to nake
SSP possi bl e without such an intervening step. Denonstration of an
adequate |l evel of crystallinity for this purpose nmay be by the

determ nation of a mneasurable nelting tenperature, Tm for the oligoners.
The invention is illustrated by the follow ng exanples. 10 EXAMPLES 1-7 A
stai nl ess steel high pressure reactor equi pped with gas and liquid
sanpling val ves, tenperature control and a turbine blade stirrer was
charged with various proportions of bisphenol A palladiun(ll)

2, 4- pent anedi onate, CoSMDPT, 2,2':6',2"-terpyridine, hexaethyl guani di ni um
brom de (HEGBr) and toluene as a 15 solvent; in Exanples 7-8, NW was al so
present. In Exanples 2-5 nol ecular sieves (type 3A or 4A), were placed at
the bottom of the reactor and covered with a polytetrafl uoroethyl ene
spacer. The reactor was flushed twice with carbon nonoxi de at 13.6 atm and
pressurized with carbon nonoxi de and oxygen, the oxygen conprising 7 nole
per cent

-11-



20 of the gas mixture. The reactor was heated to 100C and stirring was
commenced, with the progress of the carbonylation reaction being nonitored
by observi ngobiassepressure drop in the reactor. Reactor prEISSSI0R0228S

mai nt ai ned as necessary by repressurizing with carbon nonoxi de and oxygen
ina 2:1 volunme ratio. After the desired reaction tinme, the reactor was
opened and the liquid 25 phase renoved. The residue renmaining in the
react or was washed several tinmes with warmtoluene and the washi ngs were
conbined with the liquid phase. Methanol was added to precipitate the

car bonyl ati on g9 .c1,*ﬂf v frefrovech by filtration, dried in vacuum
and anal yzed by i#f rjar ed [ahd ﬁt N cIeFr magneti c resonance
spectroscopy, di fpr@nt 3 i Ipds 8@ | metry and viscosity. -10 WO
01/ 14454 PCT/ USO@ pd228{ |THe& sul tf3]areé piven in the following table, in
conparison with _a trpll in ch {netihanpl was al so present in the sol vent
system The olijgonger| yil{d} | 9 ;ivan haged on BPA. -11 is WO 01/ 14454
PCTJUSOO 20228 | fl Ugé@%%,;r,b.gr@(% fvVvi 10 n ~Qw Asa, wino ~E-*~
W O- 0O~ 0 0~ PR RPEFEPI'BT R
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_12 WO 01/ 14454 PCT/ US00/ 20228 It is apparent fromthe table that
significant yields of oligoner were obtained when tol uene dl one was used as
a sol vent WOH8445¢en greater yields when a conbination oPCT/OSWEAR8and NVP
was used. By contrast, no oligoner could be precipitated when the sol vent
system al so contai ned nethanol. Higher yield of 5 oligonmer was obtained in
the presence of nolecular sieves. EXAMPLE 8 A 100-m 3-necked flask fitted
with a nitrogen inl et,It siapparent froth the abiethas significane yizhisof bligontkr Wegnet i ¢
stirrer was ghainSEanhed thihef3dodBrvRlus tf&’&asﬁf%x'ﬁo Ig%{%&tﬁjé) ?gﬁg&bof Exanpl e

6, 361 of di phenyl rbon ar ti o fonate to

ol i gomepg 2. qor5natioR o 55’? abtoﬁ@é’d”@ﬁ‘s %é&ﬂ%qaét ngp lgquGE‘BM o The flask

was pur ged V\pnehpnated wgmthasulvdntesystedl also contaivietl methiahiolt High&Geld bor 1 hour,

200C f org on?:? ig&gng rgg ol@%ﬂ kiBved draft of nitrogen. The
) en guce 1% 0.4

pressure |n t was t torr over 1 hour, with the

t enperat ure Wi nt ai ned at 220C for 3 hours. The product was the

desired precE pol ycarbonate ol i gonmer having an IV of 0.28 dug and a

Tg of 126C. EXAMPLE 9 The Fr ocedure of Exanple 8 was repeated, using 628

mg of the carbonyl at i h0®binl droecked flask fitiedivithe ritrogenl idet2airepobdd di phenyl

car 30n?te (nzt;urﬁénselameamwéu&u yﬁcosﬁ&em&%sr gbPwith B ?&ngtrh%hévﬂ ;Eel v of

product was ire or

0" S0 /o0 e tioh e o e s 6 Sty Csthonti boplep R T o ot

Exanpl €09 waélphmybmmnateusoln@mbn%ﬁlmddo fphe based o aligokets, Ofl ol i goners of

Exanple 7 an f di,phenyl carhonate ar ratio henyl

car bonat e toﬁgﬁ@%&gr@' prailp‘f 1}1“55% ﬁflg%eﬁé“nxgeaﬁegt‘%ﬂg‘ﬂ batgﬁbl rbduct 25

was the desi | 0 20 dug,
9 LR pgduxés&a PRPE!6r R il b B beRf of erbler T

a Tg of 122
pressure in the flask was then reduced to 0.1 torr over 1 hour, with the temperature

being maintained at 220°C for 3 hours. The product was the desired precursor

15 polycarbonate oligomer having an IV of 0.28 dl/g and a Tg of 126°C.

EXAMPLE 9

The procedure of Example 8 was repeated, using 628 mg of the
carbonylation oligomers of Example 7 and 272 mg of diphenyl carbonate (molar ratio
of diphenyl carbonate to oligomers 2.1:1). The product was the desired precursor

20 polycarbonate oligomer having an IV of 0.20 dl/g, a Tg of 118°C and a Tm of 217°C.

EXAMPLE 10

The procedure of Example 9 was repeated, using 1,856 mg of the
carbonylation oligomers of Example 7 and 499 mg of diphenyl carbonate (molar ratio
of diphenyl carbonate to oligomers 2.1:1), and employing no catalyst. The product '

25 was the desired precursor polycarbonate oligomer having an [V of 0.20 di/g, a Tg of

122°C and a Tm of 220°C.
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WO 01/,14454 PCT/ USQQ/ 20228 EXAMPLE 1 | A 500-ng sanpl e of the precursor
pol ycarbonat e ol gonmers of Exanple 9 was charged to a tubul ar gl ass
reactor, fwoOMI484 with nitrogen (3 liters/min) and subPEEUSHAORESSP at
150C/ 45 mn, 160C/ 30 mn, 180C/30 mn, 5 190C/ 30 m n, 200C/ 60 mn, 210C 60
m n and 220C/ 240 mn. There was obtained a polycarbonate having an IV of
0. 37 dug, a Tg of 136C and a Tin of 248C. EXAMPLE 12 The procedure of
Exanpl e 8 wasxgweagad, using 1.266 g of the carbonylation oligoner (BPA
145/6/7) and 0.981 g of di phenyl carbonate (nmolar ratio 10 of di phenyl

ol ycarbonat e ol | gomer AP sembl e st S Rt Lo 000 S L a o
13 A 600 ny s%mpip wasmherg@st@@rmlp&rg@ammm%m@zwg‘mﬂemogﬁn(Exarrpl e 12 was

charged to a

and 35 subj cciEgiE 3R R 1S Hin D, A B g o "
190C/ 30 gi -,;909@@@%@%@%60 xﬁ&,oﬁoﬁé/sm,? mdazggo@%wno %e‘}e M e & Was

obt ai ned a polycar e having an of 146%n and a Tin

of 245C. - 14 MlfaifbdddoKavitgbh V8GR0 3020 al\y‘dﬂ?a&eﬁ&&mhﬁmw’cl A net hod
for preparing a polycarbonate oligoner conposition which conprises

contacting at%&g&% gze di hydroxyaromati ¢ conpound wi th oxygen and carbon
nonoxi de in t g ce of an anount effective for carbonyl ation of at

| east one catal yst conposition conprising: 5 a Goup VI |1 nmetal having an
atonic nunber of at le Pfﬂ%d“fGPfﬁx%%Uﬂmpﬁaﬁéng 26 aaha one organic
or i norgani c cafbofiylhtidnyiigomér (BPAI145/4647) kndl0.981 1glaf Higheny! karbbnate' (molarlrat S

10 of diphenyl carbonate to oligomers 2.1:1). The produce was the desired precursor

polycarbonate oligomer having an IV of 0.14 dL/g, and Tg of 107°C.

EXAMPLE 13

A 600 mg sample of precursor polycarbonate oligomers of Example 12
was charged to a tubular glass rector fluidized with nitrogen at 2 L per minute and
15 subjected to SSP at 150°C/30 min., 160°C/30 min., 180°C/30 min., 190°C/30 min.,
200°C/60 min., 210°C/60 min., and 220°C for 4 hours. There was obtained a
polycarbonate having an Iv of 0.3 dL/g, a Tg of 146°C, and a Tm of 245°C.
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at | east one halide source; and an al cohol -free sol vent , conprising at. | east
one liquid aromatic 10 hydrocarbon. 2. A nethod according to claim.l
wher ei n t"WRO¥4R4dr oxyar omatic  conpound is bi sphenol A PETUSNRR2R, 4
according to claiml wherein the Goup VIIl netal is palladium 15 4. A
met hod according to claim3 wherein both an inorganic and an organic
co-catalyst are present. 5. A nethod according to claim4 wherein the

i nor gani ¢ c WHATASYCGIAIMERIS:conpl ex of a cobalt(ll) salt with an organic
conpound capable of formng a conplex therewith. 20 6. A nethod according

to claim5 wherein the j ' S8R InSte olli J: salt of

bi s[ 3-(sal i cyl.gl am no?'l?gﬁﬂ%a??r%rh I aegg&ly%l.’dr%ter%l?ﬁgﬁ?ggérl +l¥1g to claim4
wherein the "é‘l‘%ﬁ‘fﬂ“&pné -cé’&ggﬁ"l@s”t‘ qaé‘y oge %STBWQ’W,“’W@%‘Y‘FF SfYReR '
qui nol i ne orani sarhon mohoxide inghe plesenteuidn amownt dffentive €orchwdbnyldtionvEaei n t he

or gani ¢ Co- GafspbneShatal &itién clmprisinot €7 PYridine. -15 WO 01/ 14454
PGT/ USQO/ 20 % 9. Ayﬁﬁog‘tﬁ:ﬁogg%ggno‘? |mr$g to claiml whereii.the halide

source LS a quaternar .um bronj de or quaterna hosphoni um br om de
or a héxaal kyl guani dgﬁaw 1ginavipg an glogug _eae%#%ﬁmj, PR clai m |

wher ei n t he comlpowmkthérsofpenzene, 5 toluene, a xylene or a m xture of any of
these. 11. A nethod according to claim 10 wherein the sotvent—+s—present_in

the amount of about 5aAastbneRREanit! GHihdfanth dbVciiysy.ar omat | _
met hod according to claim 10 V\%er ein the sol vent furtherﬁlmﬁmn ”ﬂm”"T
di pol ar aprotic |iqui gt'leastonehalidesource' and | * 6 L oM os o

an alcohol-free solvent comprising at least one liquid aromatic
10 hydrocarbon.

2. A method according to claim 1 wherein the dihydroxyaromatic
compound is bisphenol A.

3. A method according to claim 1 wherein the Group VIII metal is
palladium. ' '

15 4. A method according to claim 3 wherein both an inorganic and an
organic co-catalyst are present.

5. A method according to claim 4 wherein the inorganic co-catalyst is a
complex of a cobalt(II) salt with an organic compound capable of forming a complex
therewith.

20 6. A method according to claim 5 wherein the inorganic co-catalyst is
the cobalt(II) salt of bis[3-(salicylalamino)propyl]-methylamine.

7. A method according to claim 4 wherein the organic co-catalyst is a
terpyridine, phenanthroline, quinoline or isoquinoline.

_ 8. A method according to claim 7 wherein the organic co-catalyst is
25 2.2":6',2"-terpyridine.
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10 13. A nethod accordi ng toctatmi2-wherein the dipolar aprotic liquid

conpri ses about ‘5-25% by vol i 1 ent. 14. A nmethod according to
clai m 12 wwexasii#s4 he di pol arTﬂ"ﬂﬂmﬁMEm s N-rmet hyl BGFUSH283280one. 15.
A nmet hod according to claiml *wherei al yst conposition 15 further
conprises a drying agent. 16. A nethod for preparing a pol ycarbonate

ol i gonmer conposition which conprises contacting at | east one

di hydr oxyaromati c conp M yge r o, noxi de in the presence
of an anount effective%%ﬁné(?é&r{%g%?'a'?oo%ﬁ@ﬁ vil?ere@?@g%?l?%nsgu%%{s& yst

conposi ti on i GHatmATH gnmeniuphromide onqusternanc pheshonigm bremisleforaa co- cat al yst
conpri si ng t hpexasiRAblidnididin@drdmigé, bi s[ 3- (sal i cyl al ami no) propyl ] met hyl am ne
and 2,2':6',2"-terpyridine; a quaternary ammoni um brom de or quaternary
phosphoni um brom de or,,a,he |_kyl quani di.ni.um brom de: and 25 an

al cohol -free sol vent colrg“p'rqimse?h%gaf%"ﬂ%{é,&agﬁtliw r?%\eluf@ﬁve@g PP on with

N- et hyl @yr r otolushey@rxyleng or a mixfrire hbanyaf thesedi ng to claim 16 wherein the

catal yst conposition further conprises nol ecular sieve drying agent. -16

WO 01/ 14454 PCT/ US00/ 20228 nﬂeﬂibah%&ardihg '.Iolclaiﬂzl\ll? :w:heﬂeinltheli soﬁ\ﬂehi_ ik bredéht irA cat al yst
conposition c ri sing; 3 a aving an atomc
nunber of at &%O%ﬁawtQZBﬂ%rm%ﬁgf%%woﬁ%%goﬁwg‘?ﬁe organi c or

i norgani c co-catalyst; 5 at |east gne halide source; and an al cohol -free

sol vent conprising at |'@admethod acqoxdingtoslaimdp whereipthe whwpyiyriher

contains a dipolar aprotic liquid.

10 13. A method according to claim 12 wherein the dipolar aprotic liquid
comprises about 5-25% by volume of total solvent.

14. A method according to claim 12 wherein the dipolar aprotic liquid
is N-methylpyrrolidinone.

15. A method according to claim 1 wherein the catalyst composition
15 further comprises a drying agent.

16. A method for preparing a polycarbonate oligomer composition
which comprises contacting at least one dihydroxyaromatic compound with oxygen
and carbon monoxide in the presence of an amount effective for carbonylation of at
least one catalyst composition inctuding:

20 palladium or a compound thereof;,

a co-catalyst comprising the cobalt(Il) sait of
bis[3-(salicylalamino)propyl]methylamine and 2,2":6',2"-terpyridine;

a quaternary ammonium bromide or quaternary phosphonium bromide
or a hexaalkylguanidinium bromide; and

25 an alcohol-free solvent comprising toluene, optionally in combination
with N-methylpyrrolidinone.

17. A method according to claim 16 wherein the catalyst composition
further comprises molecular sieve drying agent.
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19. A conposition according to claim 18 wherein the Goup VIII netal -is
pal | adium the co-catalyst is a conbination of the cobalt(ll) salt of 10
bi s[ 3- (saVP&Y/4Phini no) propyl ] net hyl anine and 2,2':6', 2" -k P24 e, the
hal i de source is a quaternary amoni um brom de or qu

brom de or a hexaal kyl -guani di ni um brom de, and the

conprises N-nethyl- pyrrolidinone. 20. A conposition mﬂm f"m uﬁﬂ m 18
further conprising a d8yA egalysteomgéyition cdih nﬁn xonposi tibn caceor claim
20 wherein the drying agent conprises no ecu ar sieves. 22. A nethod for

preparing a high nole n mhlch conpri ses:
20 (A) prepari ngmﬁ:{ I ggisr?l[ OY#? %g%on%agwlgﬁ%% Bpaqtl)%gtoxfaraﬁ Ive

car bonyl at | emBPuRd thergelkt one di hydr oxyaromatic conpound, (B) converting
sai d carbonyl ation oligomer to a precursor polycarbonate oligonmer by nelt
pol ymeri zation in theapleassemoegaiic atindrgaid cosdaamlydt;ar yl carbonate, and 25
(C) polynerizing said precursor polycarbonate oligomer to a high nolecular

wei ght pol ycarbonat e Ryled¥ebie HARHY Sakdezadd ON or solid state pol ynerization.
23. A nethod according to claim 22 whereln step Ais perfornmed in the

f tal 01/ 14454
PCT] U800 20228 5 @ oG tie ek BRI g APl APIoNT BB ot | cast 4,

or a conpolwdracebprof; at | east one organic or inorganic co-catalyst; | |
~ ~}~~.~~~1!ll ¢ L Kat |east one halide source; and 5 an

al cohol -free sol vent e¢9MedrhposBionacdopdifig to@kem 18 Gthindthe GRdupO/IIT metal
is palladium, the co-ca;alyst is a combination of the cobal_t(ID salt of
10 bis[3-(salicylalamino)propylmethylamine and 2,2':6',2"-terpyridine, the halide source

is a quaternary ammonium bromide or quaternary phosphoniilm bromide or a
hexaalkyl-guanidinium bromide, and the solvent further comprises N-methyl-
pyrrolidinone. '

20. A composition according to claim 18 further comprising a drying
15 agent. ' :

21. A composition according to claim 20 wherein the drying agent
~ comprises molecular sieves. '

22. A method for preparing a high molecular weight aromatic
polycarbonate which comprises:

20 (A) preparing at least one carbonylation oligomer by oxidative
carbonylation of at least one dihydroxyaromatic compound,

(B) converting said carbonylation oligomer'to a precursor
polycarbonate oligomer by melt polymerization in the presence of at least one diaryl
carbonate, and

25 (C) polymerizing said precursor polycarbonate oligomer to a high
molecular weight polycarbonate by melt polymerization or solid state polymerization.

23. A method according to claim 22 wherein step A is performed in the
presence of a catalyst composition comprising:
-17-



hydrocarbon. 24. A method according to claim23 wherein step C conprises
solid state polynefization. 25. A nmethod according to claim 24 wherein
st eps B anwo@ui4as4 ow step 10 A without an interveni ng sPEpUSH0/20228
crystallinity enhancenent. 26. A method according to claim 24 wherein step
Bis perforned in the presence of a catalyst which is a tetraal kyl anmoni um
hal i de, tetraal kyl phosphonium halide or quaternary bisphenolate. 27. A

hod di | a in.th al yst. i '
exaal kyl guani di ni um of CRNENAT AGE RS SN aiBberof P01 opor 1 ons

three hydr ogempeunditkereafne hexaal kyl - guani di ni um cation moiety and two

bi sphenol A dianion noieties. 28. A nethod according to

S

the catal yst conposi t i sifeastone bianic opinprganie so-gatalystj Nng a
according to claim28 wherein the drying agent conpri

-18 at least one halide source; and

5 an alcohol-free solvent comprising at least one liquid aromatic

hydrocarbon.

24. A method according to claim 23 wherein step C comprises solid

state polymerization.

25. A method according to claim 24 wherein steps B and C follow step

10 A without an intervening step of crystallinity enhancement.

26. A method according to claim 24 wherein step B is performed in the
presence of a catalyst which is a tetraalkylammonium halide, tetraalkylphosphonium

halide or quaternary bisphenolate.

27. A method according to claim 26 wherein the catalyst instep Bis a
15 hexaalkylguanidinium bisphenolate having the stoichiometric proportions of three
hydrogen atoms, one hexaalkyl-guanidintum cation moiety and two bisphenol A

dianion moieties.

28. A method according to claim 23 wherein the catalyst composition

further comprises a drying agent.

20 29. A method according to claim 28 wherein the drying agent

comprises molecular sieves.
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