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BACKGROUND OF THE | NVENTI ON The present invention relates to #}hod for
maki ng wolbys2Jsxr carbonates. Mre particularly, the pré’§EH{S°1%ﬁ'(r}3 tion
relates to a nelt condensation polynerization nethod involving the
pre-reaction of a carbonic acid diester and catalyst with a diacid

foll owed by the reaction of an aromatic di hydroxy conpound 5 with the
reacted pre-reaction m xture. Polyester carbonates and nmethods for their
preparati on have bee di ed extensively throughout the years. Pol yester
carbonates are ther | QQFM@%} QA&B@N@ hi gh i npact
resi stance. Due to their optical clarity and physical properties, .
pol yester carbonates are used extensively in injection nolding 10 .
applicati OB%CI&!RGIW?W' ronmonly used to nmake pol yester
carbonates are interfacial polynerization and nelt condensation

pol yneri zation. Interfacial polynerization is a well-known- -process. Fontana
et al., U S. Patent The presergdavention relates tosamethed fermeking polyester ar onat i ¢
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met hod pr oyi c n | SC y for injection nolding purposes, -
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met hod 20 uses a hazardous chem cal, phosgene, and an environnental |y

hazar dous chl ori nat eBolyssiérartionat®bid frethdds fotitheinprephotios havdteel i s a known
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physical properties, polyester carbonates are used extensively in injection molding "

10  applications. The synthetic methods commonly used to make polyester carbonates are
interfacial polymerization and melt condensation polymerization. '

Interfacial polymerization is a well-known process. Fontana et al.,
U.S. Patent No. 4,983,706, discuss the reaction of an aromatic dihydroxy compourd |
such as bisphenol-A with phosgene and a diacid. The diacid is incorporated into th: = |
15  reaction mixture to produce a polyester carbonate with meit flow such that the
polyester carbonate is suitable for purposes of injection molding. Melt flow can be
described in terms of viscosity. Although the polyester carbonate produced by the
interfacial method provides excellent viscosity for injection molding purﬁoses,
particulate contamination is often a problem. Additionally, the interfacial method "
20  uses a hazardous chemical, phosgene, and an environmentally hazardous chlorinated

solvent.

Melt condensation polymerization is a known synthetic process which
often results in less particulates found in the polymer compared to the interfacial
method. Although melt condensation polymerization does not involve hazardous

25  chemicals, the polyester carbonates made by the melt condensation polymerization



1 WO 01/32743 PCT/-US00/ 27710 process often do not have the flow properties
of pol yester carbonate nade by the interfacial nethod. I%&q,r{‘ds%é oﬁ |rrprove
the fl owWer@32743i es of pol yester carbonates made by the ensati on
pol yneri zati on process, different met hods have been 5. studied. Sakashita
et al. (Japanese Patent No.; Hei 4[1992J-345616):di scuss a nethod for
preparing pol yester car bonat es which incorporat es aliphatic diacids

directly into the ester onate using a, melt mer i process.
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| Methods continue to be sought to prepare high quality polyester
carbonates which can be used for injection molding purposes usmg the melt

15 condensation polymcnzanon process.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a melt condensation polymerization

_ process for preparing polyester carbonates. The process involves the steps of:
o pre-reacting a carbonic acid diester and catalyst with a diacid; and

(ID reacting at least one aromatic dihydroxy compound with the
20  reacted pre-reaction mixture.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a melt condensation polymerization
process for preparing polyester carbonates which involves the pre-reaction of carbonic
acid diester, catalyst and a diacid subsequently followed by a reaction of at least one

aromatic dihydroxy compound with the reacted pre-reaction mixture. Melt



2 WD 01/ 32743 PCTIUSOQ 27710 condensati on pol ynerizati on' has been found to
be an effective process for the formation of polyester carbonates. In one
enbodi NWOtO1/32743 conposition of the present invention cofgVISWRTHO0| yest er

carbonate conprising structural units of the formulal 5ii ODOGC
wherein Dis a divalent aromatic radical; and repeating or recurring units
of the formula Il: 10 (II) -OR -0OD wherein D has the nmeani ng previously

ascribed to it in_ for is at | east one dival ent m)lety

sel ect ed frWF’PFGQ%“B&UWEZ?‘&r‘]‘rﬁ?P%m fqundwbanmdiecuv;mmcess fogtie A 1° (111)"
G 011 C Rmaforfofoyeber bbb, & X C .

In one embodiment, the composition of the present invention
comprises a polyester carbonate comprising structural units of the formula I

5
®  —o-p—o-c—
wherein D is a divalent aromatic radical; and repeating or recurring
units of the formula II:
10

@m —O—R'—0—D—

wherein D has the meaning previously ascribed to it in formula I and
R is at least one divalent moiety selected from those of the formulae III, IV and V:

15 '
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3 WD 01/32743 PCT/-US00/ 27710 wherein X is a linear aliphatic group,
branched al i phatic group, or cyclic aliphatic group. Linear and branched

al i phat i qy@ogis are preferably those containing from 2 tREEBMM2Z7H car bon
atonms, and include as illustrative non-limting 5 exanples ethyl, propyl,

| sopropyl, butyl, tertiary-butyl , pentyl, neopentyl, hexyl, octyl, decyl,
dodecyl .. Cyclic aliphatic groups include cyclo- or bicycloal kyl radicals,
preferably those containing from3 to about 12 ring carbon atons with a
total nunber of carbon atons |ess than or equal to 50. Sone illustrative

non-1imting exanpl es Okherbinek®s £Nfidar aliphdtid Abuy; bodreHES alipidid Geoudy 6f obut yl
cyclopentyl, cyclohexyl, 10 nethyl cycl ohexyl’, and cycl oheptyl.” Aliphatic
groups al so iayclicaléiphatieigrapp. ddungat an braoghn%alwhngchoupsaretme pably those car bon

tons; these include. b 1imted to. .. benzyl . phenyvl but yl ..
Shenyi pr opy! COBRRINE BB i 4ul 2 cdrkh bbfhs, iaq ind i 25 RS Bot-iptcng, | ,
pheny! propyl, | . | STWATCh ™

bxanml o, 0,  Hples Sy opylCisdprpalyDuyh rtiy My perity: Atpentl Htxyl, Seu.
4,238,597; 4 deeyl, deecyls Gyobic @liphatis groups inelpdenevaler orbignclantieyl sadicsds,. No.

nst ant *app! (IEEBlY tore Sprthl oS F SRR 12 b bt ARHE i DB REPBE G,
process is a dficerboh afvnis 1ess thin or &fiabR S0 Suthelilltiseati vy norcHiniingséxatplesdifaci d.

The pre-reaction as_used 20 herejn refers to an esterification process. The
pre reacti on thasechdicaliphatic grouptmehigicyclobutyl cyclepentyl, eynlolexal.car boxyl i c

di ester np ; | It S \ tially
coml of ¢ 190 i ayieyC ARy ahd Bitiori] ARphaEErob alth IS RUGHALAS

" Subst ant i al lcgneainipg from Twrabeus14cirbarsatoasthesy inclnde Shurrase fot linkieed'toact i on
of the diacid an ar boni cid diester erejn at |least 95% of the diacid
and car boni ¢ PSRZY; ﬁlﬁnﬂ&é@f’ enyipropyh gnd g ?ﬁYéFthar boxyl i c di ester conpound.
Cdrbonic acid diesters are of the general fornmula, R2(C03) wherein R is an

ghry;r gr aryl gr _OUp- TV e pdlyeSteAtRbEsardY whith Al uSe RF it iﬂétﬁﬁﬁﬂéﬁbﬂwd&
- well known in the art as disclosed in, for example, U.S. Pat. Nos. 3,030,331;
15  3,169,121; 3,207,814; 4,238,596; 4,238,597; 4,487,896; 4,506,065, and in copending
application Ser. No. 09/181,902, filed Oct. 29, 1998, and assigned to the same
assignee as the instant application.

The first step of the melt condensation polymerizatioﬁ process is a pre-
reaction of a carbonic acid diester, catalyst and diacid. The pre-reaction as used
20  herein refers to an esterification process. The pre-reaction of the diacid and carbonic
| “acid diester forms a carboxylic diester compound. The pre-reaction is allowed to
prbcéed to substantially complete conversion of the diacid to a carboxylic diester
compound. “Substantially complete conversion” as used herein refers to the reaction
of the diacid and carbonic acid diester wherein at least 95% of the diacid and carbonic

25  acid diester react to form a carboxylic diester compound.

Carbonic acid diesters are of the general formula, R;(CO;) wherein R
is an alkyl or aryl group. Typical examples of carbonic acid diesters include, but are
not lixr'xited to, diphenyl carbonate, ditolyl carbonate, bis(chlorophenyl) carbonate, m-
cresyl carbonate, dinaphthyl carbonate, diethyl carbonate, dimethyl carbonate, dibutyl



not limted to, diphenyl carbonate, ditolyl carbonate, bis(chlorophenyl)
car bonat e, m cresyl carbonate, dinaphthyl carbonate, diethyl carbonate,

di met hyfvofdispRgate, dibutyl 4 WO 01/32743 PCTI USO0/ 277 ICT/ustolzemat e,

di cycl o hex carbonate and m xtures thereof. The carbonic diester nost
typically used I s di phenyl carbonate. Diacids are of the general formula:
R(COOH) 2 wherein Ris an alkyl or aryl group. Exanples of diacids include,
but are not limted to, aliphatic diacids, 5 aromatic diacids, and m xtures
-t her eof . Exembbma dicya]ohpx;dtcaxbodataandimlmmsaﬂerpoit ’Hmodrbonnedmstemesu d,
dodecanedi oi c %9 di .C-36 diner diacid; and aromatic diacids
such as i soB’IRi %‘ddﬁ #&1 ic acid and 2, 6-napt hal enedi car boxylic
acid. The additi on of the d| aC| ds to the nelt condensation pol yreri zati on

10 process effecti vel pijciiaa6fint gén é?ﬂ'fbnﬂﬂicﬁcmm%WE P %?SVa el ted

carbonate. Melt viscosity ‘as used herein refers to
pol yest er cardnyiryoup thamnies of dmxdsmt:hde,l baxt arei nop lienitedite,aliphaticidiacids,

g];rfp: g;g |ar} ectl loaﬁ’lge |’§g 'fsol?} fﬁ@? lﬁes lﬁgﬁ (ﬂilai]bongit d Qépl cal cat aLﬁ?t S
are not |i nseb&dc héld, dﬂdb@ddedi%ﬁia’&d @wwﬂﬁc-%maﬁcﬁﬁ&ham&aﬂc

conpounds, quaternary anmoni um corrpounds and conbi nations t hereof. Useful.

al kal i et adiacidsynsh asiisopbthalig agid.dercphthalic anid MZMWWM@OXM assi um
hydr oxi de, |i{ hium hydr oxi de, sodi um hydrogencarbonate, potassium
hydrogencaraﬁ' ate, lithium hydrogencarbonate, sodi um carbonate, potassium
20 carbonate, lithium carbonate, sodium.acetate, potassium acetate, |ithium
| gcet ﬁtg dSOd: umhst eal'lt;taﬂd?]ttvgtofzhé dm:gs tathe neelt dﬁnﬁh}s’aﬂmﬁpﬂmc‘in%heaugmdi um

-bor ohydr.i de ithium bqro ride, sodium barophenol ate, sodi um benzoate,
pot assi¥m Pseeesefiectivelyimp V"'Bg%?z"ﬂﬁlf @sc‘%ﬁ‘%’&g F‘Eﬁﬁﬁ% ahpngepialt
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Low melt viscosity enables rapid and efficient injection molding of the polyester

carbonate.

Typical catalysts employed in the melt condensation polymerization
15  process include, but are not limited to, alkali metal compounds alkaline earth metal

compounds, quaternary ammonium compounds and combmatnons thereof.

Useful alkali metal compounds as catalysts include sodium hydroxide,

potassium hydroxide, lithium hydroxide, sodium hydrogencarbonate, potassium °
hydrogencarbonate, lithium hydrogencarbonate, sodium carbonate, potassium

20 carbonate, lithium carbonate, sodium acetate, potassiuni _acefate, lithium acetate,
sodium stearate, potassium stearate, lithium stearate, sodium borohydride, lithium
borohydride, sodium borophenolate_, sodium benzoate, potassmm benzoate, lithiurn
benzoate, disodium hydrogenphosphate, dipotassium hydrogenphosphate, dxhthxum
hydrogenphosphate, disodium, dipotassiuin and dilithium salts of biphenol A and -

25 sodium, potassium, and lithium sats of phenol. | |

Useful alkaline earth metal compounds as catalysts include calcium
hydroxide, barium hydroxide, magnesium hydroxide, strontium hydroxide, calcium
hydrogen carbonate, barium hydrogencarbonate, magnwium hydrogencarbonate,



25 sodium potassi-um and |ithium Sé_.l 't_s_ of phendl . Useful alkaline earth
met al conpounds as catal ysts include calci'um hydroxide, b@ﬁ dsfieoxi de,
magnesi uwo 932743 de, strontium hydroxi de, cal cium hydrogen c’g%onat e,
bari um hydr ogencar bonat e, magnesi um hydr ogencar bonate, 5 WO 01/ 32743

PCT/ US00/ 27710 strontium hydrogei cbonate, cal cium carbonate, bari"ii

car bonat e, magnesi um carbonate, strontium carbonate, cal cium acetate,

par i um ot ear aventupd B oU AR bR Coatcidhy Pbarde, ARG Grooffier wRAE, 1) ©
quat ernary aghBghats) stofitiemtdfbonateCedlEiliiSdcetatd) bhritiR ackaie] Aidignsdidiibetaten
conpounds such as tetranet hyl ammoni um hydroxi de and tetraethyl anmoni um

hydr oxi de. Pstrértiume acetate.cialoium stearate; baritia stearate imagnesivm staanates argki de,
sodi um hydroga' qe ar}g Jxtures thereof. 10 In order to form pol yester
carbonat es, tHE" 2 "the carbonic acid diester are needed for each
nol e of diacid and one nole of the carbonic acid diester is needed for
each nol esof aromatic stbﬁﬁigﬁaqumﬁmbdiunmxabmﬁfdsiascahlyssriﬂclhdea range
bet ween about 10 8 noles and about 10'3 noles tqQ noles of aropatic

di hydroxy céaisalkylammenium sompounds,wieh 36 fetramethylammeonipum hydroxideggd: in a

| ‘range bet me&&@&g&nﬁo&%%yﬁmxg and about 10'S noles to noles of aromatic

di hydr oxy conpoun e prereaction process is typically carried out at a
tenperature in a range between about 180C and about 270C. Commonly, the
-pre-reaction is carri eBrefemed catalysts incheleaetramethylammonivms hydtoxide) sadiomt 220C
and about 260C, Myre .comonly, the pre-reaction-is carried out in a _
'tenperature‘PYfirﬁx‘tdﬁﬁ% IS éKF’&%{;ut 20 230C and about 250C. The reaction
: vessel is typically kept in a range between  atnospheric pressure and about

200 torrygor the pre'rﬁﬂ&ﬁb%foﬁﬁ?ofﬁ&@%dr%hﬁs,W@tﬂ&&%ﬁﬁe&&ﬁﬂﬁi&ﬁﬁd
pre-reaction of the carbonic acid .

: diester are needed for each mole of diacid and one mole of the carbonic acid diester is

needed for each mole of aromatic dihydroxy compound. Catalyst is present in a range
between about 10 moles and about 10 moles to moles of aromatic dihydroxy
compound. In another embodiment, the catalyst is present in a range between about

15 10”7 moles and about 10> moles to moles of aromatic dihydroxy compound.

The pre-reaction process is @ypiéally carried out at a témperature ina
range between about 180°C and about 27Q°C. Commbnly, the pre-reaction is carried
out at a temperature in a range between about 2§0°C_ ahd about 260°C. More
commdnly, the pre-reaction is carried out in a temperature in a range between about

20 230°C and about 250°C. The reaction vessel is typicaily kept in a range between

atniosﬁheric ‘pressure and about 200 torr for the pre-reaction.

The formation of the diester from the pre-reaction of the carbonic acid
- diester, catalyst and diacid ensures substantially complete incorporation of the diacid
irito the polyester carbonate. “Substantially complete incorporation” as used herein
25  refers to a polyester carbonate wherein at least 95% of the diacid used as starting
material is incorporated into the polyester carbonate product. In order to monitor
complete conversion of the diacid to a diester, proton nuclear magnetic resonance

spectroscopy may be used to confirm the formation of the diester.



di ester, catalyst and diacid ensures substantially conpl ét e -i ncorporation
of the diacid into the polyester carbonate. SUbStantlag?ﬁGW m@jete

i ncor pow@0i/a743 as used herein 25 refers to a polyester W2t Wherein at
| east 95% of the diacid used as starting material is incorporated into the
pol yester carbonate product. In order to nonitor conplete conversion of
the diacid to a diester, proton nucl ear nagnetic resonance spectroscopy

may be used to confir f.or na n _of diester. 6 WD 01/32743
PCT/ US00/ 27710 After&‘%f’gﬁﬁ f‘”ﬁ?ﬁ %ﬁﬁﬁem eireacting Siepethe segond step,
the second gdrgF thé nieﬁ%oﬂdﬂnfsatmmﬁﬁ&iiaﬁan Eydr@h{ral@& the r&{cﬁﬁﬁ%? at 1Bagp! ves -

the reactionof at |l east one aromatic di oxy conpound h the diester.
conpound f canewebratictdikydsexy Cqmdmﬂlsﬂleglestﬁheompmmdﬁonnedim nhngn’at | east
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conpoung | iixéiﬁ?%ﬁﬂb&mﬂﬁd eéfeired §d’l§bré1ﬁ<’i§ M&&s&ﬁ&?bﬂo@&smﬁtﬂé&?m&mder i nert
gas conditions. "lnert gas conditions" as used herein refers to a reaction

vessel whi @romaticslihydsexyeampasnd is commprly added tocthe repated presreagtiompiixsure

f :
pr epari ng SBReauitpes Bnlihs. doci b RnlictB TR b meRIR N G RRRHBET 7
L(V) HOwiQe}wﬁidhl&pmgaimmmleawahdn\iﬂd:egas foreRanple, fik@diges argon atef | ned
in formula L Preferab'v, D has the structure of formula VIL (YI)m (RS)p -

(YY)m (VI beip. At t s u 20 wherein At represents an aromatic group such
as phenyl ene, biphenyl ene, and napht hyl ene. E nmay be an al kyl ene or

al kyl i ggne group sucRyfighle aromatic dihydroxy compounds for preparing polyester

carbonates include those represented by the formula VI:
(VD) HO--D--OH

15 wherein D is a divalent aromatic radical as defined in formula L
Preferab!v, D has the structure of formula VII:

- . - T - - -
| (e ®>, (Y
(VID | | l
Al- E Al
L Je L ds L Jda
20 wherein A' represents an aromatic group such as phenylene,

biphenylene, and naphthylene. E may be an alkylene or alkylidene group such as
methylene, ethylene, ethylidene, propylene, propylidene, isopropylidene, butylene,



met hyl ene, ethyl ene, ethylidene, propylene propyl i dene, isopropylidene
butyl ene, 7 WO 01/32743 PCT/ US00/ 27710 butyl i dene, i sobuf ene

arriyl enewompbisdene, and i soanylidene. When E is an alkypéﬁ@mﬂwwgwblldene
group, it may also consist of two or nore al kyl ene or al kylidene groups
connected by a noiety different from al kyl ene or al kylidene, such as an
aromatic linkage; a tertiary am no |inkage; an ether |inkage; a carbonyl

| i nkage; a 5 silicon-contai:ning |inkage such as :sihane.or siloxy, or a

sul f ur - cont ai rbungidens; isobutylidete, amylene) implédene,tdtﬁamaﬂnyhdme.swmnrﬁaxs anr a

hosphor us- cont ai ni n a e such as |n I
gddl !to i on, r@ikweé’géb‘é’ﬂ %H%%ﬂ‘éhl&mgyaﬁﬁ i‘r?yé‘§°°é§'§? ﬂ'@‘ﬂff#l%éﬁ%hdeﬂe
cycl ohexyl [ de , f{é’ﬂfiﬁ?&nﬁj i dene,
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cycl ododecyl i dmmandmtagziarmniaﬂmdmmelmlﬂge raamlmemkagd;whad@aylhnkage a
nonoval ent rocarbon. suc | kyl radicals r [ adi
okl radi cH o k fplEng? e, a’ e Besilopyn sopilniieoninge fkazs ety
radi cal s. The g | o Mgsd? lgﬂgé t.a nor nal
al kyl and branc aI ?‘hgéag#gglﬁgne’&ar%ﬂ%and ranﬂﬁg al @&Pa icals are
preferably thq»hespcbmyl arphosghtbmd:ﬁﬂadd)txabcﬁmaﬁhe aaydoahplﬁualgwnp suchasi ncl ude
as illustrative nonIJ xa op tyl,
Fort ar'y- buty FeBeRigHEnT SHRE R .S el oot i Rag syl
radicals i ”C|hh' gﬁwﬂz%mepclaﬁeﬂmwé rié0fertflidene, @efdpemaaéc)lﬁaeaecl oitl kyl

radi cal s represent are preferably t hose contai ni ng from3 to about

ring carbed atyetedodetylidene,tantatamantyliderst R’aamsmmbgasoxtmonmmqum to
50. Sonme illustrative non 20 |limting exanples of these cycloal kyl radicals
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15 atoms, and include as illustrative non-limiting examples ethyl, propyl, isopropyl,
butyl, tertiary-butyl, pentyl, neopentyl, hexyl, octyl, decyl, dodecyl. Aryl radicals
include examples such as phenyl and tolyl. Cyclo- or bicycloalkyl radicals
represented are preferably those containing from 3 to about 12 ring carbon atoms with
a total number of caruvon atoms less than or equal to 50. Some illustrative non-

20 limiting examples of these cycloalkyl radicals include cyclobutyl, cyclopentyl,
cyclobexyl, methylcyclohexyl, and cycloheptyl. Preferred aralkyl radicals are those
containing from 7 to about 14 carbon atoms; these include, but are not limited to,
benzyl, phenylbutyl, phenylpropyl, and phenylethyl.

Y! may be a halogen, such as fluorine, bromine, chlorine, and iodine;
25  atertiary nitrogen group such as dimethylamino; an organic group such as R’ above,
or an alkoxy group such as OR wherein R is an alkyl or aryl group; it being only
necessary that Y' be inert to and unaffected by the reactants and reaction conditions
used to prepare the polyester carbonate. The letter “m” represents any integer from

and including zero through the number of positions on A! available for substitution;



or an al koxy group such as OR wherein Ris an al kyl or aryl group; it being
only necessary that Yl be inert to and unaffected by the reactants and
react i owaa13a@73i ons used to prepare the polyester car boNGFESOMATEY et t er
"m' represents any integer from and including zero through the nunber of
positions on Al available for substitution; 8 WO 01/32743 PCTI USOQ 27710
"p" represents an integer fromand including zero t hrough t he nunber of

positions opn, E avail abl e for substitution; "t" represents an int eger equal
to at |east Briepresents F%mt’(ﬁefﬁem andyincl uding zero thmzh@henm positions,oni nt eger

- opr osent ot all b SRR, Cr BRI in BIGRP el SRR OB 881 R uom <

present, y' elttmyzémm'bne,andﬂn”mpreieﬁt&ehyMtegeFﬂfchﬁﬁ , the Y' substituent

may be a conbination of different hal ogens. The substituent may al so be
t he same or different tE‘Frmre than one R5 substituent resent. \Were
"s" is zero in for nul B the fromagic dihydraxy phenolsom OPH@m\Y lsd'eplleﬁ@seda

di rect| 35 | ObyifmulBPIT BBGVe! hEtPmdte {lf oy ¢ Qéa(sh{t%ﬁ%g{?%s%ﬂe mf/bd e 10

aromati c nucl ear residues Al can be var | ed or pare
posi tions aaamequdeffgemuﬁpng:mo. the Yi! lsubsumwatnaybe)amﬂmbinmh oﬁﬂnfﬁeyémet rical

rel atlonshg_f) erﬁﬁép nore ring carbon atoms of the hydrocarpon
resi due ar s%sgwmﬁlm%)h%‘”hﬁm ﬂtff&b‘gﬂtlm gee Rative, -
non-limti 4.6 . dl hvdr Qupnds of formula VI .. .
i ncl ude th&ﬂg&ﬁ@%ﬂ @"%&bw lsa?%%{ré'ff‘)’f%ﬂé’d 33 b¥niS nofZere Weed by genus

1
di hiﬁfﬁkisc%?“p%‘af’é‘éﬁ?ﬁfﬁﬁ” ified: e B0 U Rt BBp Ind ' oAU

trimet gl C)afdrﬂdtﬁ')ﬁdcleiﬁfe@idﬂes)hbﬂﬂl be v&xea if8 e Geoy FHef 6P P& Hol itloRPARE -

(commonly known as bi sphenol A);

2, 2- bi s(4- NWSTQREMBS Memwimqummmanmmetﬁcmelanonshxp, where two'
di hyd di ph h I th b

iyl oxy e RIRLERG DO f10fs O i By droraiom s R pHSHEPA LD Y and

bi s(4- hydrﬁgﬁo&%ﬁ | met hyl - 3- net hoxyphenyl ) net hane; _ o

1, 1- bi s(4- nyl )ethane; ' 1, 1-bis(4-

- Some illustrative, non—hnutmg examples of aromatic dihydroxy
15 compounds of formula VI include the dihydroxy-substituted aromatic hydrocarbons
- disclosed by genus or species in U.S. Patent 4,217 438 Some preferred examples of
aromatic dihydroxy compounds i~clude 4,4'-(3,3,5-
trimethylcyclohexylidene)diphenc!; 2,2-bis(4-hydroxyphenyl)propane (commonly -
| known as bisphenol A); 2,2-bis(4-hydroxy—3,SFdimethylphenyl)propane; 2,4%-
20  dihydroxydiphenylmethane; bis(2-hydroxyphexiyl)methane; bis(4- :
| hydroxyphenyl)methane; bis(4-hydxcxy-5?nitrephenyl)methane; bis(4-hjdroxy-2;6é'
dimethyl-3-methoxyphenyl)methane; l,1-bis(4-hydroxyphenyl)ethane; '.l,l-bis(4-
hydroxy-2-chlorophenyl)ethane; 2,2-bis(3-phenyl-4-hydroxyphenyl)propane; bis(4-"
hydroxyphenyl)cyclohexylmethane; 2,2-bis(4-hydroxyphenyl)-1-phenylpropane; 2,2-
25 bis(4-hydroxy-3-methylphenyl)propaxie (commonly known as DMBPC); ‘resorcinol;
and C;.; alkyl-substituted resorcinols.



hydr oxy- 2-chl or ophenyl’) et hane; 2, 2- bls(3_phenyl 4- hydr oxyphenyl ) pr opane;

bis(4 hydroxyphenyl)cyclohexylnethane

2, 2- bi s( 4wépyghmayphenyl ) - | - phenyl propane; 2,2 25 PCT/US00/27710
bis(4-hydroxy-3-nethy|phenyi)propane (commonly known as DVBPC); resorcinol;
and C1.3 al kyl -substituted resorcinols. 9 WO 01/32743 PCT/US00/ 27710 Most
typically, 2,2-bis(4-hydroxyphenyl)propane is the preferred aromatic

di hydr oxy conpound Conbi nati-ons of aromatic dlhydroxy conpounds al so can

Be used. Once at |east Mot tgpralty,202-Bista Hydrsxypheiyijpropaneds theamrefeptded t o
the 5 reaction vessel contalning the reacte fp e-reaction mxture, the

t enper at ur e iasomaiedibydroxy sompewnsk: (Combinations of anomaticeditpdroxy sompowsis alsoand
about 320C, and,in other enbodi ment, in a range between about 270C and
about 300C. 'ﬁ?ﬂbﬁ#’é ure in the r-eaction vessel is gradually reduced to a
pressure in a range between about 50 torr and about 0.01 torr. At the

i ncreased tenperature aDcech teasbomchrpmatic dikgdroxy Thinpband has teen added to the
byproducts, such as phenol, occurs. The pre-reaction step and the addition

of at |eadt cmcnapdmsl gontaining thereacted pRyTRastion,mixiure, @sé@@aeram isgaised on

Wth o bat ch AR rtiR ipHYap: SRS Een bl 256 € fd 8ol o€ A 1B URKRE ™
conbi ned and w&iﬂtqafalrhng@sémeén A%t 27O A sbodf SOPC) SKHERHesshre inth@r der

to proceed, reaction has to be stopped and additional reactant added.
W t h cont i nuseaction vessel is gradually reducedbtod pressuse 1mdmangebn1munahtm§§0rtw ahdve

to be stoppe er to,add m)r react ants. | o Lon t he
nel t condensﬁ‘g?‘ﬂf[b ‘g';ﬁ%ejﬁ t?ﬁt"f%ﬁ'se ‘g 9%&1’5%5 %ﬁg to "n%{/
recover eqoancﬂ,y?@g{,@gqﬂcpxsgmwryccﬁgal 20 procedures. These may i ncl ude
for exanple T east one step of -anti-solvent precipitation, washing,

drying and devol atili zat i on-pel | etization via extrusion. Polyester

car bonat es obtai ned by The@rereastion step ged thecaddition af at legstpne qrematic

dihydroxy compound to the reacted pre-reaction mixture occurs in either batch mode,
continuous or semi-continuous mode. With a batch mode reaction, for instance, all of
the components are combined and reacted until most of the reactants are consumed.

15  In order to proceed, the reaction has to be stopped and additional reactant added.
With continuous or semi-continuous conditions, the reaction does not have to be

stopped in order to add more reactants.

Following completion of the meit condensation polymerization
process, the polyester carbonate may be recovered and isolated by conventional
20  procedures. These may include, for example, at least one step of anti-solvent
precipitation, washing, drying and devolatilization-pelletization via extrusion.

Polyester carbonates obtained by the present invention can be used in a
wide variety of applications. For example, polyester carbonates may be used as
optit:al data storage cdmponénts such as compact discs and cartridges; indoor and

25  outdoor lighting lenses, housings and covers; computers and cases in the

telecommunication industry; and containers, optical lenses and eyewear.

10



wi de variety of applications. For exanple, polyester carbonates nay be used
as optical data storage conponents such as conpact discs _and cartridges;

i ndoor wWad133743ut door |ighting | enses, housings and cove‘?%?’uﬁw'(ﬁ”ers and
cases in the telecomunication industry; and containers, optical |enses
and eyewear. 10 WD 01/32743 PCT/ US00/ 27710 1In order that those skilled in
the art will be better able to practice the invention, the foll ow ng

Exanpl o 1 Pro-r eact | 4hoGkr Gotionehilrd e LR S SR
E:g;{?g: Qillslﬁ‘ %&%@%@é&ﬂ@%&%%{f& gc??)fﬂ%ﬁa@m%&fﬁog%?f)chl OI’IC

acid sol ut ilmntaand rinsed in deionized water. Di phenyl car bonate 10 (3.090
granms), dodecanedioic acid . (0:285 grans), sodi um hydroxide (6.87
mcroliters of a 1 mllinolar solution), and tetramethylamoni um hydroxi de
(15.30 mcroliters of a. 0.22 nolar solution) were added to the pre-treated .
gl ass tube. A magnetic stir-bar was added to the glass tube and the tube
was capped with an unsecured |lid (t @ carbon di oxide to escape). The
tube was placed in a 240C salt bath. After the 15 contents were allowed to
melt, the mixture. was stirred. Aliquots were renoved every 15 minutes for

prot on nucl Efe-reasteeef @*@@@wﬁe@dw&wbg%mrbamwwewmwmm nut es,
t_here was conpl ete conver SI lhggnglgé;gﬁgqlgh&éi aC| d to the di phenyl
andi o

di ester. Exanple 2 20 Pol yrre Xron o Ic acid into a polyester
carbonate A glass tube (3.8 centl meters by 30 c_entl neters) was pre-treated
with 3 nolar hydrochl glass tubeoR$ mhmtmbmceriﬁmaeks)wasipr'em&amddvmser. S

?Ogrﬁpnylhyd%%?na (oglggggacxg l%agrrxrsal)ld ndo ¥ nl%%z%h%va?egl ?)1 2 ng' gar ams)
10 - (3.090 grams), dodecanedloiq acid (0:285 grams), sodxum hydroxide (6.87 microliters

of a 1 millimolar solution), and tetramethylammonium hydroxide (15.30 microliters of -

a0. 22 molar solution) were added to the pre-treated glass tube. A magnetic stir-bar

was added to the glass tube and the tube was capped thh an unsecured lid (to allow

carbon dioxide to escape). The tube was placed in a 240°C salt bath. After the

15  contents were allowed to melt, the mixture was stirred. Aliquots were removed every
15 minutes for proton nuclear magnetic resonance spectroscopy analysis. ‘After 90
minutes, there was complete conversion of the dodecandioir acid to the diphenyl

 diester.
- Example 2
20 Polymerization of dodecandioic acid into a polyester carbonate

* . A glass tube (3.8 centimeters by 30 centinietets) was pre-treated with 3
molar hydrochloric acid solution and rinsed in deionized wate_r. Diphenyl carbonate
(46.303 grams), dodecanedioic acid (4.073 grams), sodium hydroxide (98.25
microliters of a 1 millimolar solution), and tetramethylammonium hydroii’de (218.8

25  microliters of a 0.2 molar solution) were added to the pre-treated glé'ss tube. A
stirrer was added and the tube was fitted into a melt reaction system. The tube was
evacuated and refilled with nitrogen gas three times, then heated to a temperature of

11



mcroliters of . a ® mllinolar solution), and tetranmethyl anmoni um hydroxi de
(218.8 25 mcroliters of a 0.22 nol ar-solution) were adde % 7110
pre-treaw0l2#3s tube. A stirrer was added and the tube was fitted into a
melt reaction system The tube was evacuated and refilled with nitrogen
gas three tines, then heated to a tenperature of 11 WD 01/32743

PCTI USO0/ 27710 240C. The pressure ih the reaction vessel was kept at

at nospheric pressure. Af ter,., fhe contents were allowed to nelt, the m xture

was stirred regetien V¢%W°€%‘r“§m9§’h%mmoﬁff# ot on

nucl ear magn C el NEr e
was corpl of eﬁeeowéeﬁﬁsﬁ?)%@éﬁ‘»?ﬁf?&d%@ i BRE WA e Y s iR rere
diester. 2, 2r&h&(eﬂﬂwﬁrlmhfésxfbﬁﬂbmnﬁle(aﬂﬁxaﬁaéummcmcmkuopged to the
t ube through a port in the reactor head under positive nlérogen pressgre

The terrper at analysigsAfter Ybminutespthers wﬂﬁcqm@evr@ggm@nmm

torr. no SI hﬁ@sw ile the
pressur e Eﬁ%@]l eﬁﬂ éfes J&%hfs@-@%&&&ﬁﬁm&@&oﬁ% rrper ur rgsed to

270C. The t eamged torthe ﬁmemeuglmponém tedreactorditdd Gndercposiive mittogenpressentuced
to less than 1 torn. The nmelt was held at these conditions for 90 m nutes,

vented to at ¥be eveperaugg wasgaised tg 370° ﬁl@ﬂd@%ﬁes%%w&ﬁ&"@é% 8m t he

reactor as a T. of
125C as meas EH%{?E WI h@%’fé#@ﬁ]g?%%yﬁ %%%EMC %’g%%spﬁg v?ragl ecul ar
wei ght of 64 Qawysrea&%a%sdtmandﬁneqehpmﬁﬁ@?ﬁgeartoQhommwﬁayatﬁﬁPC) in
‘chl or of orm agai nst™ a pol ystyrene standard and substantially conpl ete

i ncor porHQ i owamthehhmscﬂldéﬂaﬁé?chndlthe pressire sediseedotoriessatiatn ¥ torpr The meltiwedsear
magneti c spetros 0 VWi | e _typi cal enbodi pents have been set, forth for
the purpose Beld aF thebgonditiops for' YA P RLTCPPSE FRRSSuR RTS8 o
deened to be ﬁd%ﬁ@@é@ﬁotﬂ@h&&%??@fnﬁit the 20 invention. Accordingly,
vari ous nodi |cat|ons adaptations, and alternatives may occur to one
skilled in the art WlthOUt departlng fromthe spirit and scope 0 the
present i nventi onThe resulting polyester carbonate formed had a T, of 125°C as measured by

_ differential scanning calorimetry (DSC), a molecular weight of 64,900 as measured by
15  gel permeation chromatography (GPC) in chloroform against a polystyrene standard
and substantially complete incorporation of the dodecanedioic acid as determined by

proton nuclear magnetic spectroscopy.

- While typical embodiments have been set forth for the purpose c ¢ illustration,
the foregoing descriptions shouid not be deeme& to be a limitation on the scope of the
20 invention. Accordingly, various modi_ﬁéations, adaptations, and alternatives may
| occur to one skilled in the art without departing from the spirit and scope cf the

present invention.
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12 WO 01/ 32743 PCT/USOQ 27710 | 11221222221222200 000 ~E1 0101 ~1EIT WHAT IS
CLAIMED IS: C:L RS 1. Anelt condensation polynerization process for
prepari WO PEIX4st er carbonates conprising the steps of PEYUSPM2THhcting a
carbonic acid diester. and a catalyst wwth a diacid; and then 5 (I1)
reacting at |east one aromatic di hydroxy conpound wth the reacted

pre-reaction mxture. 2. The process |J ' g Illh. cl aim 1, wherein
t he diacid iMh‘{W't he grou mmmﬂﬂlm mmnglpl c acid, sebacic :
aci d, dodeca o ‘19 diner diaéid- C'36° dier diacid,
terephthalic acid, isophthalic acid and 10 conbi nati ons thereof. 3. The

process in accordance | ; | N [.AC] ' S
dodecanedi oi ¢ aci d. 4_.WT gn%!ré(?g%%aPﬁRgé%&%%@@%@%sggqr?%@mgﬁﬁ t he
aromati c didashématey comppsingithectepsof:ses 2, 2- bi s(4- hydr oxyphenyl ) propane. 15
5. The process in accordance with claim1l, wherein the catalyst is an
guat er nary anmoni um coapound, an al kal i, netg] co und, an al kaline earth
netal conpound or co i%f?%ﬁ&&ﬂmcﬁ‘&%%%%ﬂyﬁ“ﬁ&%m@%th
claimb5, whegey n the catalyst is tetranmethyl anmoni um hydroxi de, sodium
hydr oxi de or conbi nations thereof. 20 7. The process in accordance with

claim1l, wherein the carbonic acid diester conprises diphenyl carbonate.
8. The Sprocess i n acc M} aeasting\at Inast one aromatigrdibysiroxyt dompound withcthe on

terrperatureréételawﬁgxpmmégqc and about 270C. 13

2. The process in accordance with claim 1, wherein the diacid is
selected from the group consisting of adipic acid, sebacic acid, dodecanedioic acid, C-
19 dimer diacid, C-36 dimer diacid, terephthalic acid, isophthalic acid and

10 combinations thereof.

3. Thé process in accordance with claim 2, wherein the diacid

comprises dodecanedioic acid.

4. The process in accordance with claim 1, wherein the aromatic

dihydroxy compound comprises 2,2-bis(4-hydroxyphenyl)propane.

15 5. The process in accordance with claim 1, wherein the catﬂyst isar
quaternary ammonium compound, an alkali metal compound, an alkaline earth metal
compound or combination thereof. "

6. The process in accordance with claim 5, wherein the catalyst is
tetramethylammonium hydroxide, sodium hydroxide or combinations thereof.

20 7. The prbcess in accordance with claim 1, wherein the carbonic acid
diester comprises diphenyl carbonate.

8. The process in accordance with claim 1, wherein the pre-reaction

temperature is between about 180°C and about 270°C.

13



S WD 01/32743 1 LITI41TT 111221 10U MILL IL 101 PCTIUSOO’Z??lO(* CL S
0---The process in accordance with claim ein the preg: | 25
t enper at WO 018242t ween about 22”!'1' jwﬂ! m 10. The g(r:%;(i:%g@iﬁ%b
accordance with claim9, wherei 1 n tenperature is between

about 230C and about 250C. 11. The process in accordance with claim1,
wherein step Il proceeds at a tenperature between about 250C and about

320C. 30 12. The processyifn accordance with cl.aim.ll erein step ||
proceeds at a tenperatufre %?ﬁ‘%ﬂ%%%ﬁ@wmibgﬂw%aééﬁfﬁgwn
process 4§ acGok i 351:31_1 d‘ﬁ"%&: [ twsacid is present in a
ratio toﬁ;ar boni'€ aci digI | g‘s’%é’r 0 tl? 2. g.a&fﬁe prggess I n accordance with
~claim1, wherein the aromatic 35 di hydroxy conpound is present in a ratio
to carbonic acid di est erlQofTHe procesSin &icordance with claime; shertim the predréactibai m
1, wherein the catalyst is present in aratio of between about 1078 noles
and about : 10" @mm&m%@ut%ﬁﬂpﬂ@bﬁvaxy conpound. 16. The
_process in accordance-with claim1, wherein the catalyst is 40 present in
a ratio of between abouty 10y Pl " $: 0]

aromati ¢ di hydroxy corrpoltjlﬁgl..h%%%le prggdgggéﬁ\tﬂgg%%ﬁdgﬁgg%w%h@%ﬁdi,
“wherein the rqagidnipersthre BebwesnodboN250°@dnd dbofic320°C. cat al yst and di aci d
proceeds to substantially conplete conversion to a diester. 45 18. The

process in accordance with claim1, wherein the reaction occurs_in batch
node. 1980 The process i f2add6pIeseseingocordapes yith clgim,id; whensin step Biprogeeds

occurs In cont B iperatie between about 270°C and about 300°C.

13. The process in accordance with claim 1, wherein the diacid is

present in a ratio to carbonic acid diester of 1:2.

14. The process in accordance with claim 1, wherein the aromatic

35 dihydroxy compound is present in a ratio to carbonic acid diester of 1:1.

15. The process in accordance with claim 1, wherein the catalyst is
present in a ratio of between about 10 moles and about 10> moles to moles of
aromatic dihydroxy compound.

16. The process in accordance with claim 1, wherein the catalyst is
40 present in a ratio of between about 107 moles and about 10°° moles to moles of
aromatic dihydroxy compound.

17. The process in accordance with claim 1, wherein the reaction of
the carbonic acid diester, catalyst and diacid proceeds to substantially complete

conversion to a diester.

45 18. The process in accordance with claim 1, wherein the reaction
occurs in batch mode.

19. The process in accordance with claim!, wherein the reaction

occurs in continuous mode.

14



WO 01/32743 11 PCTIUSO0/ 27710 | 1"I" I ~"1i 1~"1~"~:"1 20. The

Lo
process in accordance wth ctarmi—wherein step | occurs at a 50 pressure
in a rapgeusEuseen about at I re and about PETUSMRTTI021  The
process 1in accordance with gﬁmﬂm"m%mwml)ep Il occurs at a pressure
in a range between about 50 torr cand a 1 torr. 22. A condensation
pol ynmeri zati on process for preparing polyester carbonates conprising the

steps of: 55 (1) pre-reacting di phenyl carbonate w th tetramethyl amoni um-
hydr oxi de and dodecan®i Bhe:praesss in accprdanceawith slaimd , mhereirstep I occuns attair e;

Pydr ofphorFFrc B ATaTEs BRkGaol arBsahert bl oA B A ey m 22,
wherein the pre-reaction 60 occurs at a tenperature between about.230C and

about 250C. 24. The pZRCEgSprocessRraicorganics with blaiha, Whemin sy Iicbursa€a -
pre-reaction occurs at atnospheric pressure. 25. The process in accordance

with cl ai mpressurgHaadengehesvesnabput}] togandabewt: 801 toreont i nuous node. 65 26.

The process in accordance with claim 22, wherein step Il occurs at a
t enper at ure bet ween u (s ¢ E%mgg : I ' ance wth
claim 22, wherein st?p?(')l 'cérz:(%urs g a presg'b %ﬁfﬁ?@%ﬁa&&ﬂ%&ﬂ about 50

torn and akatbon@tedomprising the.stepspfil yest er car bonate nade by the process of
claiml1. 70 29. A polyester carbonate made by the process of claim?22. 15

55 () pre-reacting diphenyl carbonate with tetramethylammonium
hydroxide and dodecanedioic acid to form a reacted pre-reaction mixture; and

(I) adding to the reacted pre-reaction mixture 2,2-bis(4-
hydroxyphenyl)propane.

23. The process in accordance with claim 22, wherein the pre-reaction

60 occurs at a temperature between about 230°C and about 250°C.

24. The process in accordance with claim 22, wherein the pre-reaction

occurs at atmospheric pressure.

25. The process in accordance with claim 22, wherein the pre-reaction

- occurs in continuous mode.

65 26. The process in accordance with claim 22, wherein step I occurs at
a temperature between about 270°C and 300°C. '

27. The process in accordance with claim 22, wherein step II occurs at
a pressure in a range between about 50 torr and about 0.01 torr.

28. A polyester carbonate made by the process of claim 1.

70 29. A polyester carbonate made by the process of claim 22.

15



