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PREPARI NG COPOLYESTERCARBONATES { W(RGBND
OF THE I NVENTION 5 This invention relates to the
preparation of copol yestercarbonates, and nore particularly to an

I mproved net hod for their preparation_by_interfacial methods.

The preparation of copol yestercarbonates by the interfacially

conduct ed condensation of dihydro ' wi t h di carboxylic
aci ds and phosgene in an inm sci bmﬁﬁbgﬁumébﬁgw medi umis known.

It ordinarily takes place in the pPREMRRBING a tertiary am ne, a phase
transfer catal yst or both. The %lérﬁsl bmg ar bonat es have
properties simlar to those of Copdp%lqycar %(ggﬁes 6?E§re generally nore
ductile, especially when the 15 ester units are derived fromaliphatic

aci ds. Anmong the uses presently under study for

copol yest er car bon Y, ' i[«ﬁVE ycation. For this purpose,

it is frequently ;gv %F?g%g@poﬁ?ﬁ(%r porma e Nétruct ural units which have
very |l ow or even negative intrinsic birefri n?ence, such as those 20

derived from s9iro(bis)i ndanBhigiirysidien relajesitotedenparation of
6, 6' - di hydroxy- 3, %oﬁblg@stérﬁéﬁﬁ%%%lar%ﬁao?e S%ahkefabg%id?ﬁﬁﬁﬁoos&%&ﬁéaS-

80-5), hereinafter designated @ en unjt§ are present in

pol ycar bonat es, hdéetheir prepalationby; intertagiakmethodsy gcessing is difficul t

and it is alnost essential to inprove ductility and processability by 25

I ncor pO[ at onf of eslt er ;Jnl tSTI?)e preparation of copoly?stefaaebématesmqhel

preparation of copg st er car bonat | . Lp.this nethod of

preparation, r eact"i“@ﬁeapg?lx &?@@@F&?E&mée"sﬂg?%gﬂﬁ‘&f?g@&gﬂ%mgﬂﬁ cghfﬂWFe of

a di hydr oxyar ¢0mat iwitic dicadrmdg/lic acids amd phostjers incaryimmisoibld (or

correspondi ng aci Ll ' <30, L.l.SCh : z ' I Xt ure.

The renction take%ogpé)@g %ﬁéglrdqm%uﬁtq is kfSWrs.C it BindAlFRAKREs P inthE!
presence of a tertiary amine, .a phase transfer catalyst or both. The
product copolyestercarbonates have properties similar to those of
polycarbonates but are generally more ductile, especially when the

15 ester units are derived from aliphatic acids.

Among the uses presently under study for
copolyestercarbonates is in optical disk fabrication. For this purpose,
it is frequently advantageous to incorporate stru{:turai units which have
very low or even negative intrinsic birefringence, such as those

20 derived from spiro(bis)indane bisphenols and especially
6,6'-dinydroxy-3,3,3',3"-tetramethyl-1,1'-spiro(bis)indane (CAS #1568-
80-5), hereinafter designated “SBI". When SBI units are present in
polycarbonates, however, they are very brittle, processing is difficuit
and it is almost essential to improve ductility and processability by

25 incorporation of ester units.

The interfacial preparation of copolyestercarbonates is
also known. In this method of preparation, reaction is conducted
between phosgene and a mixture of a dihydroxyaromatic compound
and a dicarboxylic acid (or corresponding acid chloride) in an

30 immiscible aqueous-organic mixture. The reaction takes place under



-2 - al kaline conditions and in the presence of a catalyst, typically

.a tertiary am ne, phase transfer catalyst or conbination of the two.
The pol yner ideally produced by this nethod contains ester and

pol ycarbonate units. It is often found, however, that said 5 polyner also
contains noieties incorporating anhydrlde Ignkages mhich are
thermal Iy and hydrolytlcally unst abl e. is frequently

found that anhydri in r d i ons
under normal inte '}"8@(9’8@8'1% %‘d in the%ggé}fq% "{1"3?%8/%&8@@@% %B&QR%DZ
| i nkages can of t eaniinenphase radstey catalystar ebmbinationrefitheftwohe pH of the
reaction m xture. This has not been found to be true, however, Wnen a

| arge proportion of acid- derTIY@BolymGT\r |@é£l§fpbﬁ'od{18éd Wﬂﬂylrﬁetﬁgdr&b% @gr cen

or higher, is desired in th
5,510, 449 and 5, 51e§te1roancup§b'ca629np$e Upﬁ%clédmp@%n faind, hewevepdhat said of

pol ycar bonat esg ?ﬂlWﬁéPﬁlso cont&iﬁ@?hdﬁ@ﬁé@frfééfﬂ&?ﬁﬁi@énh*d‘nd&‘h%g@sm xture of

phase transfer ca ert ne i s enployed. There is no
suggesti on, homev&h'CB\af%thermé]WéW{)hY‘ﬁ'Sﬁm Wnstablg- ¢ he proportion of
anhydri de I|nkages in a copol yestercarbonate. 20

Ther ef or e, is of I nterestu@frgq{mmt folird teteinhgdride linkagexlatg ons i n

[ faci al I he  f

of anhydr ?decf’f"n’kiﬁ GEEE Iy PRt ERpEGP R yhler bR MertaciaLtedhtioB o "
groups are de5| red:ondlttdms pthe prasence of suSulifidiges@anToften byEhRinaized Hy

The present gen a?&u%?“fr&leo? tﬂﬁrﬁ‘ﬁ V\ﬁﬁ\e r%ctﬁ)cfrpﬂi'ﬁ&h%g This has not been,

COpO| yest ercarbonates I n acCl a mnimzes th
anhydri de |inkagedourite bestrlta;rmvwm wh@yadargeunrapo@loamfmd denved

groups, for example 10 mole percent or higher, is desired in the
polymer.

US Patents 5,510,449 and 5,519,105 describe
15  procedures for the preparation of polycarbonates, including
copolyestercarbonates, in which a mixture of phase transfer catalyst
and tertiary amine is employed. There is. no suggestion, however, of a
method for decreasing the proportion of anhydride linkages in a
copolyestercarbonate.

20 Therefore, it is of interest to adjust the reaction
conditions in interfacial copolyestercarbonate preparation to suppress
the formation of anhydride linkages, particularly when large -
percentages of ester groups are desired in the polymer.

SUMMARY OF THE INVENTION

25 The present invention provides a method for producing
copolyestercarbonates interfacially which minimizes the formation of
anhydride linkages. This is done easily by a suitable choice of
catalytic species and phosgenation conditions, and is effective even
for the incorporation of ester groups in large proportions.



Ecatalytic speci es and phosgenation conditions, and is effective even
for the incorporation of ester groups in |large proportions.

-3 - The invention is a nethod for preparing a
copol yest ercar bonat e whi ch conpri ses: passi ng phosgene,
under reactive conditions including a -gH in the range of about

4.5-9.5, into a mxture conprising at |east one 5 dihydroxyaromatic

conmpound, at |east one di carﬁ@(mk,bﬁﬂﬂgi% %ggo?wepaﬁ%g wat er -i mm sci bl e

organi c solvent, in tpe resence of [ . € phase transfer
catal yst and at | EQRPlygsteraarbonate whigh camprsas: c tertiary amne, the
proportion of said phase transfer catalyst being in t he range of about

1-12 nol e percent based on tgisginglp e‘hé%@ﬁééﬁ’ehéti@coﬁdiﬁ@ﬁé’%l@dﬁ a

di carboxylic acid d the prop ry 0 ene, pei n% .. at least about

50% by wei ght of ??E\%‘%’PJ&BQF@? HE’*- -8 a mixture comprising ahleashengH t o

az !eﬁ.St a?oytSlo ditmyati ro?yarbma’ting:om%oum%ﬂ!ﬁ@@oﬁ@d@ﬁo%&lkiﬁciﬁ watgr and

stoi chionetric ex ._af. |.eas nsgene WE| en
niroduced. | 15 DEIE s R ARe sovel RAE Bamciiatiion at leas

The di hydr oxyar omeniecphasetsansfer eatalysy ard iat leastone aliphatig bpdlicyclit hi s

I nvention typical kyai : I : : ..

(Y Ho A - O ;f“‘%vﬁﬁthﬁg{jgfﬁtgwﬁ sEpe TR G pete oy

-least a portion ofthe sange obabeutnl-d2dngleneieant basecontotal dinydroxyaromatic |
general ly thosg 1 gomn i i i i

(1) -Aerr]-Y-Al ero \rlﬁgj;hd and dlc\%élgéﬁgl‘@ggic%ﬁﬁﬁe%@%ﬁogno %oesrgre rei bselgg

monocycl i c di val et [aboyti5e% by weight;of stoichiometric; and

raising the pH to at least about 10 and continuing

phosgene passage until a stoichiometric excess of at least 5%
phosgene by weight has been introduced.

15 DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

The dihydroxyaromatic compounds employed in the
method of this invention typically have the formula

(1) HO-A'-OH ,

wherein A' is an aromatic organic radical. At least a portion of total
20 dihydroxyaromatic compounds employed are generally those in which
A' has the formula

(1) -A%Y-A%

wherein each of AZ and A® is a monocyclic divalent aryl radical and Y is

a bridging radical in which one or two carbonate atoms separate A 2
25 and A®.

The A? and A® radicals are most often 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



a b}i dging radical in which one or two carbonate atoms separate Alerr] 25

and Alerr]. The Alerr] and Alerr] radicals are nost

of ten unsubstituted phenyl ene, especially p-phenylene which is
preferred, or substituted derivatives thereof. The bridging radical Y
I's nost often a hydrocarbon group and.particularly a saturated group
such as -4-

Trus the most pr ok BHERE; offo mé&ﬁﬁéﬁf%'%%@ﬁoﬁﬁ*%ﬁér@!@ﬂéﬁ?é@ togl
pane, al so known afhus, tbprmﬂsﬁ preferred bisphenol is bls(4-hy roxypheriy)pro-
frequently prefer rFQnéoalggmv\E %énﬁféfﬁé?lo?fl\ di hydr oxyaromati c

conmpounds, at |east one o splro(bls)lndane bi sphenol as
illustrated by SBI and its 5 oner. SBI is usually

preferred by reason of its pgrl§,a£s,_g%$querﬁly P"Efﬁ"@&ﬂo\/@ﬁék’é’ aRixtuse of i ve ease
of preparation.5 dlhydrogaromatlc com B‘ilﬂd*s%ﬂéaél'cﬁ@@ﬂﬂhwh%'a‘ frequently be

used hereinafter t.e .t he err r ox th conmpounds
which are usﬁ%'f?@ ﬂdﬁgf’ '%h%%@ﬁh" ff’é’hgy @@rﬁfl‘ ‘Fﬁ) RiRydrgxy
formula 1. ~ Hsomerr SBl is aéuallycproferrodiby aéawd dfgmt ha)’tlb?lhr hen
appropr i ate. - effectiveRBSBAHUTREE B b AbER: oy be Al phatic or
aromatic. 15 |Illustrative aromatlc“amds are terephthalic and isophthalic
aci d. Typi cal ali phat i dhadeds “bisphene)” willdsequentlyeused he?éinaﬁetbon

|
Ezi'E ggg’ecane - R G'éblﬁﬁétlé' Eegﬁg%"é ihg%f‘?ﬂr?g?. C gl cgs% ﬂll C g ds are
general |l y pr \é?‘@ @e"‘cP' istindane bispheepls aéwa@pserhavmg:tqr mudayl i npr ovi ng

properties, 20  wHolvevbe -&muw b@q:rftrerbl@bagh@mﬁepamfyefer&ﬂQnéebac' ¢ and
1,1 2-dodecanedioi¢c_acid e|n

Material s suitabl ecqrgpoag S ﬁg pol S?ftﬁﬂgﬁ'@fe@&t%%ﬁepf&w&late

The dicarboxylic acid may be aliphatic or aromatic.

15 lllustrative aromatic acids are terephthalic and isophthalic acid.
Typical aliphatic acids include those containing 4-25 carbon atorhs,
including adipic acid, azelaic acid, suberic acid and 1,12-dodecane -
dicarboxylic acid. The aliphatic dicarboxylic acids are generally
preferred by reason of their excellent ductility improving properties,

20  with the Ce.29 acids being more preferred and sebacic and
1,12-dodecanedioic acid being most preferred. -

- Materials suitable for use as phase transfer catalysts are
well known in the art. They include onium salts and crown ethers, with
onium salts generally being preferred.

25 As used herein, the term “onium salt” with reference to
phase transfer catalysts designates salts formally having at least one
positively charged nitrogen, phosphorus or sulfur atom which in turn
has all valences satisfied by organic radicals. The preferred onium
salts are tetraalkylammonium, tetraalkylphosphonium and

30  hexaalkylguanidinium salts, especially the halides and more especially
the chlorides and bromides. lllustrative onium salts are



wel | known in the art. They include oniumsalts and crown ethers, wth _
onium salts generally being preferred. 25 As used herein,
the term"oniumsalt” with reference to phase transfer catalysts
designates salts formally having at | east one " positively charged

ni trogen, phosphorus or sulfur atom which i ngurn has all val ences
satisfied by organic radicals. The preferred®™ni um ] lsz;l ][S ar gd. .

t et raal kyl anmoni u t et raal kyl phosphoni u d 30 exaa uani di ni um
salts, especiall yqq{?rﬂﬁ Yl?éﬁmgﬁwfﬁ&ﬁ&f@@pgé}r%m?wwammmﬂﬁ q"@l‘deﬁes and
brom des. ||| ustr atethyltrizntbatglahiracniuen chloride, te;}ralethylphqsphogium _cgloride,,

5- tetraneth ' ri .et ramet hyl ammoni um br om de,

met hyltri-n-butyl a?éff ,{ﬁﬂbﬁﬁ%@ﬁ‘#ﬁgﬁ\%@ﬁ@ét hyl phosphoni. um chl ori de, , _
t et r aet hyl phosphonbisfirbndnityl}-1,4-hexylensdianimoniom dibremijde, hexyl egedl anmoni um
di brom de, 5 S i -b‘?h’sz, e, =L %&g' ' di bronm de,

- hexaet hyl guani di ni EH({({lnﬁOI’I ZJ 'ﬁ]_éggg?%ﬁ'é@am #ﬁﬁj‘ﬁﬁbﬁ@]ﬁf de and the

quat ernary bi sphenbpxgaelylguagidiniyaneblonds, hexaeihylgugnidinium bromide and the

h | kyl guani di ni ' i S LBk
bie?s(gﬁen)cl)l g?e ;n: Onﬁﬁg%%tg%ggéﬁélﬁa@s%@, c@r@é% gbﬁl\%‘w@ﬁé ?ge application

n copendi -
Serial No. 08/768, 8¢¥aa B raam&tmmeerﬁrsmssaw gne divalegitt en
Cost | e AntL v, " e
t. v SN e
?(rjlil ude t%seaﬂab?%@“%%@t’%@-ﬁ/ﬁg@ﬁ- M?ragﬁ& gonyim salts are

triethylam ne, 15 oftenprefented Bedause of-their IpﬁhimMarfBUifabﬂi(tj)aaﬂd relatively low

4- et hyl nor phol i ne. Triethylamne is often preferred. _
Wat er-i mm sci bl e organi ¢ sol vents which nay be enpl oyed in the nethod
of the invention include chlorinated aliphatic hydrocar bons, such as

met hyl ene chloride, chlorof oSHitable aliphaticanskalieyelic tartiagraminestinclnde
tetrachl or oet hante_, trﬂsﬁveghaxnﬁgEggang-uzohcarban%t&ms?Eiea?ﬁmeé afd thethpamiAgd S
ubstituted ar O{? ! %ri-nybt}ty?lg?nine, f-metﬁylmorpholine and 4-ethylmorpholine.

. Triethylamine is often preferred.

Water-immiscible organic solvents which may be
employed in the method of the invention include chlorinated aliphatic
hydrocarbons, such as methylene chloride, chloroform,

20  dichloroethane, trichloroethane, tetrachloroethane, dichloropropane
and 1,2-dichloroethylene, and s ubstituted aromatic hydrocarbons such
as chiorobenzene, o-dichlorobenzene and the various chloro toluenes.
The chlorinated aliphatic hydrocarbons are preferred, with methylene
chloride being most preferred.

25 Endcapping agents may also be present in the reaction
mixture. They are typically phenols as exemplified by phenol, p-cresol
and cumyliphenol.

In the first step of the method of this invention, phosgene
is passed into a mixture of the bisphenol, dicarboxylic acid, phase
30 transfer catalyst, tertiary amine, water and organic solvent. The
proportions of water and organic solvent are not critical but are
typically reflected in a volume ratio of aqueous to organic phase in the



- as chl orobenzene, o-dichlorobenzene and the various chloro tol uenes.
.The chlorinated aliphatic hydrocarbons are preferred, w th nethyl ene

chl oride being nost preferred. 25 Endcappi ng agents nay

al so be present in the reaction m xture. They are typically phenols as
exenplified by phenol, p-cresol . and cugyl phenol .

In the first step of the nmethod of this invention, phosgene I s passed

into a m xture of t i L C [ | er
catal yst, tertiar Sfmg% ﬁea%oq?ﬂg{b%daﬁﬂi ﬁ %ﬁlx;c‘ té@ﬁéléégwegﬁéege%%ralb{@ggét i ons
of water and or gaféngesefiahaut 15-80 Katprefarably aboyt85:465C. typically
reflected in a volune ratio of agueous to organic phase in the

- 6- range of about OxRe At s i acnial |y in
the range of about 15- ngé’r’?’ﬁ’%'f‘ﬁf"g?éeﬂr“g@f?ﬁfﬁ%@bswﬁégémw"
The proportion of lugtratig propartiensats H)1be raage af akeytii0.e@1-3.0 mole

Illustrative Op?éfdeﬁﬂﬁ_a@ét@ ohtotd Bispheas! &id dicarioli® 8aid3- IPisThbever,
percent based on

Qt al . bi sphenol and.di carboxylic acid. It ig, . however,
eritical that theCtsal taatingieRiansaming 68 present i camhination wilt 1 Paeshase
tr ans]f er cat a: yst trdFsﬂeng_atatmstmhgethe@mtiwcwrsem_tlié first stepepif thd phase phﬁse
transfer catal yst, al g | esent . n t SNkt t he
tertiary am ne istraaﬁ@g CPfﬁ‘i'-{‘aﬁ%’ﬂ%?%%&%‘“ﬁr@(}éfﬁ? #%Héﬁﬁ@g[%?& ?’ﬁéﬁ@ se 10
significantly. terliary amine is added later; anhystriderlevels ih thehgropguohinctéase of
phase transfey, signﬁﬁtaﬁh st is critical fromthe standpoint of mnim zing
anhydri de |inkage ofmation. It is in the range of about 1-12,

pref erably about 3-12 and nost preferably about 6.5-10.5 nple percent
on the sane basis. 15 On the other hang.thgipreportina of phase gansfelt ure i s

mai ntai ned in thecaRNgeis critical Honkiistafdpoint bf MIKIMBAISG AhRPdridelikiged- 5- 9. 5
during the first ?te of . It‘)hosrctlenef ddi ti ?5 t}'éj' glal Iby ?% H]e 8dd| tion
of aqueous al kal i gr[]%qogs It is in the range of about 1-12, preferably about 3-12 an

most preferably about 6.5-10.5 mole percent on the same basis.

15 The pH of the reaction mixture is maintained in the range
of about 4.5-9.5 and preferably about 6.5-9.5 during the first step of
phosgene addition, typically by the addition of aqueous alkali such as
sodium hydroxide or potassium hydroxide to neutralize hydrochloric
acid formed upon reaction of the phosgene. As used herein, pH

20 designates that of the aqueous phase of the reaction mixture.
Phosgene addition is continued in the first step until at least about
50% and preferably about 75-90% by weight of the stoichiometric
amount has been added. i

When the required amount of phosgene has been added
25 inthe first step, the pH of the reaction mixture is raised to at least
about 10, preferably about 10-11, by the addition of further alkali.
Phosgene addition is then continued until the total amount of
phosgene added is as least 5% and preferably about 10-25% by
weight in excess of the stoichiometric amount.

30 When the reaction is complete, the copolyestercarbonate
may be isolated by conventional means. These typically include



‘sodi um hydr oxi de or potassi um hydroxide to neutralize hydrochloric
acid formed upon reaction of the phosgene. As used herein, pH 20
designates that of the aqueous phase of the reaction m xture.

Phosgene addition is continued in the first step until at |east about
50% and preferably about 75-90% by wei ght Qfz the stoichionetric

anount has been added. When the required anmount of

xcure i s ral sed ShoRon of4h8 orGéhiC ehladthls ordBed WekNbY BB |,

the addition of f@hesewith aqueous acid andmmneaadaremmatm ofnba pmmenued
until the total a i
preferably about 1 Lﬁzséjor %lnto boﬂt%ﬁnﬁyﬁ%ﬁrﬂg éc@?a (ﬁﬁé 0| cﬁ% atornl c

amount. 30 with a “O"‘SO’Wﬁuﬁhésr@ﬁ@@PQh i's conplete, the
copol yest er car bonat e may be isolated by conventional neans. These
typically inclgde The copolyestercarbonates prepared by the method of

ti f th
Shase wi th aqueou MR PrEion iavaRay fouRd B et PG R War PIORSTHANS Abr
by Eouri ng i nlt 0 bainhydrddedinkagesithaatthese prepared bytotiver methodsc oFhisnat i on
with a non-sol vent
copol yest ercar bonaqeggg% aié tﬁgig@% ﬁghﬁgﬂ? Iépli)qges app£?ﬁ§ go P%V%%ﬁs(ﬂl't cHave
been found to contadileastihvee pacespicapunesi dine pegsence of Hotty tartiaiky amrlﬂeages
than those pregar efhcfhd¥e\PandiBt 8adRst 2P beginniA§ o §7 hoshddiiohSHed

anhydri de |inkages appears t reé Rrocess
features: the pr eﬁﬁ%@Qﬁ ofiphase teanster catalyshin the praseribadamount aawd

catal yst at the beghintdrihcaloftthe

P el fitst pﬁé‘é@enat:onl@l@éﬁﬂ% of phase
transfer catalyst in the rescrl ed amount, and t mai nt enance of the
pH during the firdresHREgHE%e on step at the prescrlbed | evel .

The | evel of anhydride Ilnkages in the product nmay be 15 determ ned by
carbon-13 nucl ear nagneti c rHwoleystef anptedridedinkpges in the product may be

15 determined by carbon-13 nuclear magnetic resonance spectroscopy.
it may also be determined by proton nuclear magnet resonance
spectroscopy except when SBI units are present, since the shifts of
some of the protons in said units cause interference with the shifts of
the protons characteristic of anhydride linkages.

20 The invention is illustrated by the folloWing examples. All
percentages are by weight unless otherwise indicated.

EXAMPLE 1

A number of 500-ml Morton flasks were charged with 9.6

g (31.3 mmol) of SBI, 5.0 g (21.9 mmol) of bisphenol A, 2.2 g (9.4

25 mmol) of 1,12-dodecanedioic acid, 250 mg (1.17 mmol) of
p-cumylphenol, 100 mi of methylene chloride, 50 mi of distilled water,
125 pl of triethylamine and 0.5 mi of a 75% aqueous solution of
methyl-tri-n-butylammonium chloride (3.5 mole percent based on
bisphenols and dicarboxylic acid). Phosgene was passed into the

30 mixtures, with stirring, at 0.25 g/min, with maintenance of the pH at the
desired level by addition of 256% aqueous sodium hydroxide solution.
When 85 mole percent of the stoichiometric amount of phosgene had



It fray al so be determ ned by prot-on nucl ear nmagnet resonance
spectroscopy except when SBI units are present, since the shifts of
sonme of the protons in said units cause interference with the shifts of

the protons characteristic of anhydride |inkages. 20 The
invention is illustrated by the foll ow ng _eégrrpl es. Al per cent ages
are by wei ght unless otherw se indicated. EXAMPLE 1

A nunber of 500- fJd as wer e, char with 9.6 .9 (31.3 mmol)
0SBl 500 o (2D hadfe 1pE B CWHE is8d 0385 gnd ghesgene ageitBnoras

, 12- dodecanedi oi ccantinded 266l a@0(rhole7penceh) exdess had boers iniddeeago! . 100
of nmethylene chloride, 50 mMl of distilled water, 125 [err]l of

Hethyl 2t e but vl amoni um 18 SREREHEE RauBBlY bhalel lvere separated and
bi sphenol s and ditP&r¥8XYiF iPbagewss wanlied wih aqueonshyeltoshioric abid 30
m xtures, witg stdolutiohdandl tﬂaé’émﬁthfaiélillewW%\egamé?raggﬁgg%g%%n%ﬁesat the

desired |l evel by addition,of 25% agueous SO m

Wien 85 nol e per c¥8i€ RECPHat pAvEng the methylene chioridecalidion intal
-8 - been astsilirsly water im b blBAdéaadvére sdpaPa@BbYPRIRaRGH SvASlG | on was

continued until : £ had been i ntroduced.
The organic and %‘ﬁggggr%ﬁ%@§%$§é@e§§?%wm t he organi ¢ phase

was washed wi th aqueous hydrochloric acid 5 solution and 4 tines with
distilled water. The copol yBw resuits lave given in Tablewr pHValge9htatRBeDY
pouring the th ; e | i boiling water in a

bl ender, andﬁger)eéhgfg‘g%{ﬁ%{‘ g%{r%?'éfbﬁéwéﬁﬁh\%ég@led with water and dried
at 120[err] under vacuum The results are given in Table
|. pH values are those 10 maintained i nTABLEK rst phosgenation step.

Run pH Phase Transfer Anhydride
cat., mole % linkages, %
1 5 35 6.8
2 6 3.5 6.8
3 7 0 21
4 7 1.7 10
5 7 3.5 6.8
6 7 7.0 2
7 7 10.0 1
8 8 3.5 4.0
9 9 3.5 1.7
10 10 3.5 9.5

itis apparent that the level of anhydride linkages was

significantly lower in Runs 1, 2 and 5-9, in which the pH and the level
15 of phase transfer catalyst were maintained within the prescribed range,

than in Runs 3 and 4, in which no phase transfer catalyst or only a

very small proportion thereof was employed, and Run 10, in which the

pH was at a higher value than prescribed. It is also apparent from

Runs 5-7 that within the prescribed range of phase transfer catalyst,
20  high levels are preferred.



TABLE | Run pH Phase Transfer  Anhydride

.cat., nole % |inkages, % 1 5 3.5

6.8 2 6 3.5 6.8

3 7 0 - 21 ' 4 7

1.7 10 5 7 3.5

6.8 6 7 790 2

7 7 10.0 1 8 8

3.5 4.0 9 . 9 3.5

1.7 EXAMRLE2 10 3.5 9.5

It is apparent that the level of anhydride |inkages was significantly

lover in Runs 1 2 and 5- 9, The préiedlurs of Extinpel 11dkes fepeated Cusin aphase

Ao £l s A Gk ﬁ%ﬁfgl‘?f G U T8 S mon g "3

proportion thereof 1m®mhedmb aeldd TRenpHif the firshstepwad enaintaingdHat@s at a

i thin tne pr BeorvRLERS Al punf dflerA (ARG or dsto of praRBratisfer oo o

preferred. catalyst and in time of introduction of the tnethylamlneg The results EXAMPLE
2 e of Exanple 1 was repeated, using a
m xture of 11.4 ar&%b&nﬂf?ﬁﬁ UiE)

|sphenol q}_ 2 9 g (12.5 rrm)l) of
1, 12- dodecanedi oi ¢ acid. The pHin the firs ep was naintained at 8, 5

and the various runs giffered in presence or absence of phase transfer
catal yst and in tinme (fPhasertansfer oat.of t Agiethyilamingl ani ne. Amhydrigeul t s
are given in Tabl g - mole % addition time linkages, %
1 0 - Beginning of first 21
step
2 3.5 Beginning of first 0
step
3 3.5 Just before pH 22
increase
4 3.5 Just after pH 19
increase
5 3.5 End of 20
phosgenation

The improvement produced by the employment of the
10 phase transfer catalyst and the simuitaneous employment throughout
the reaction of the triethylamine is apparent.

EXAMPLE 3

The procedure of Example 2 was repeated, substituting
SBI on an equimolar basis for the bisphenol A. The product contained
15 no detectable level of anhydride linkages. In a control in which the
phase transfer catalyst was omitted, the product contained 21%
anhydride linkages.



TABLE || - Phase transfer cat., Triethylam ne  Anmhydride
" Run Bm‘st lon tine | i nkages, % 1
it 21

0" ™ M

step *« ¢t L M Begi nning of first 0

step 3 .5 Just _bﬁgore pH 22

i ncrease 4 3.5 ust after pH 19

i ncrease 5 3.5 End of 20

phosgenati on : .The.i npr.overment produced by the enpl oynent
of the 10 phase transfer cgv%tﬁpﬁéwggt'ﬁe si mul t aneous enpl oynent

t hr oughout the reaction of the triethylamne is apparent.

EXAMPLE 3 1. Bmathod éshprepafindraaupolyesdterearbonptaiviich
substituting c?@' r@gs,an equi nol ar basis for the bisphenol A The
product contai ned P detectabl e | evel of anhydride |linkages. In a
control in which the phase transfer catal yst was omtted, the product
contai ned 21 % anhydr i passingiphpsgene, under reactive conditions including a

-10 - FH in the ran&@? abutid.8L9Blintc: .miéture comgrisinﬂ at least dne A
met hod for preparfng a copof yestercarbonat e ich Qnpri ses:
passi ng phosgéhe, dilivgepxyasermeatic copnaund: shleashene dicagpaxylic acid, water and
a water-immiscible organic solvent, in the presence of both at least
one phase transfer catalyst and at least one aliphatic or alicyclic
tertiary amine, the proportion of said phase transfer catalyst being in
the range of about 1-12 mole percent based on total dihydroxyaromatic
10 compound and dicarboxylic acid and the proportion of phosgene being

at least about 50% by weight of stoichiometric; and

raising the pH to at least about 10 and continuing
phosgene passage until a stoichiometric excess of at least 5%
phosgene by weight has been introduced.

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

3. A method according to claim 1 wherein the
dihydroxyaromatic compound is a mixture of bisphenol A and
6,6’-dihydroxy-3,3,3’,3'-tetramethyl-1,1'-spiro(bis)indane.

4. A method according to claim 1 wherein the
dicarboxylic acid is an aliphatic dicarboxylic acid.

5. A method according to claim 4 wherein the
dicarboxylic acid is sebacic acid or 1,12-dodecanedioic acid.

6. A method according to claim 1 wherein the organic
solvent is a chlorinated aliphatic hydrocarbon.

7. A method according to claim 6 wherein the organic
solvent is methylene chloride.



pH in the r of about into a mxture conprising at |east one 5
di hydr oxyar qmﬁ i“ut I east one di carboxylic acid, water and
a water-imm | vent, in the presence of both at | east

one phase transfer cat al yst and at |east one aliphatic or alicyclic
tertiary amne, the proportion of said phasgqtransfer catalyst being in
the range of about 1-12 nole percent based on total dihydroxyaromatic 10
conpound and di carboxylic acid and the proportion of phosgene being

at | east about 50% by wei ghtg 0
Agﬁ%@ﬁ'ﬁd&?ﬁ?{{'? %o ciditl 1, wherenﬁt the tﬁrtlaF% ssage

raising the pHto at | east abou nul ng
until a stoichi om@Ming igfietbyagiingt | east 5% phosgene by wei ght has
been introduced. 2. A nethod according to claiml
wherein the di hydr oxyag OARhethodHReHIAg t6 cfalrﬁplhﬁﬁételr?\the phase
3. A nmet hod accorq ¢ 63 @ ﬂltél wherein he hydr oxyar omat 1 ¢
corrpound is a m'xt[ﬁ'g YB rﬂﬂo'ﬂuﬁhﬁa

-di hydroxy-3, 3, 3 3 -tetranet hyl - ' -spiro(bis)indane.

4 A met hod according to cl aiOnAmemodlaccbrchngtoclalrdlgcwhbmuylh@ hatd i s an
aliphatic dicar bo’i}’a&s‘fel‘atfétgly(s:t is . tetraalkylam onuumdeirga@tyﬁiﬁo%ﬁﬂpﬁ@ﬁ%g' ng to

claim4 wherein the ’ % aengandg
2- dodecanedi oi c ad]Qx_aalkylguanldlnlum alide. 6. A nethod according to claim1
wherein the organic solvent is a chlorinated aliphatic hydrocarbon.

7. A met hod accordl ng to clajym & mbMiodl dbcoh@ing to 81k 10where‘tﬁ'tﬁ1’§Bhaéé

nmet hyl ene chlorid

8. A nethod accor d@fbsf?'bc%mé{%ﬂsla tefraaligdammaniyrachigfide or bromide.

12. A method according to claim 11 wherein the phase
transfer catalyst is methyltri-n-butylammonium chloride.

13. A method according to claim 1 wherein the
proportion of phase transfer catalyst is in the range of about 6.5-10.5
mole percent.

14. A method according to claim 1 wherein the pH is
maintained in the range of about 6.5-9.5 during the first step.

15. A method according to claim 1 wherein phosgene
addition in the first step is continued until about 75-90% by weight of
the stoichiometric amount has been added.

16. A method according to claim 1 in which the pH in the
second step is in the range of about 10-11.

17. A method according to claim 1 wherein the total
amount of phosgene added is about 10-25% by weight in excess of the
stoichiometric amount.

18. A method for preparing a copolyestercarbonate which
comprises:
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amine is triethylam 9. A nmethod according to claim1
wherei n the phase ﬂ‘ BM!‘!‘\M\?&“N is an oniumsalt. 10. A
met hod accordi ng to% érefn the phase transfer catalyst is a
tetraal kyl ammoni um tetraal kyl phosphoni um or hexaal kyl guani di ni um hal i de.

1 1. Anethod according to claim10 whereinqbhe phase transfer catalyst is
a tetraal kyl ammoni um chl ori de or brom de. 12. A nethod
according to claim11 wherein the phase tranafer cgt_al &\saigi S . .

met hyl t ri - n- but yl anmoni um cRa§EINgPnosgene, under reactive canditions, iNclydipe @ ng t o
claim1 wherein tipH prthpaangeof aboph@.5e9.5; inmte amixtareadonsprisisgi n t he range
of about 6.5-10.5 nol e percent. 14. A nethod according to
claim1 whereig the pHis ' ' s ; - i ng
the first step " Bty B difyoraRvaRRRRicLoripatig Solled it |
phosgene addi ti on the gfoup eonsisting efbisphendliA and @ mirture ofthisphere! #oandy

wei ght of the st oigcdi kG-P3BUSLtdt@din dg6%6(bis)i 16. A
met hod accor di ng tG(:')@crlﬂg?dn@l(?i n 'vaiiacth theétggip?'ﬁ tgﬁfgo(glesgl(g\ﬁlgngt episin the
range of about 10-1 1. 17. A nethpd ,accqordipg to claim1l
wherein the total amount of 3bIRASIONE g@l@@tﬁ'phgﬁ%gl‘f'@qu i y weight in
excess of the stoichionetric anount. 18. A method for
preparing a copol yestercarbavaterg add ch conpri ses:

10 methylene chloride,
in the presence of both
at least one onium salt as a phase transfer catalyst and

at least one aliphatic tertiary amine having about 5-20
carbon atoms,

15 the proportion of said onium salt being in the range of
about 3-12 mole percent based on total dihydroxyaromatic compound
and dicarboxylic acid and the proportion of phosgene being at least
about 50% by weight of stoichiometric; and

raising the pH to at least about 10 and continuing
20 phosgene passage until a stoichiometric excess of at least 5%
phosgene by weight has been introduced.



-12° - pasSing phosgene, under reactive conditions

including a pH in the range of about 6.5-9.5, into a mxture
conpri si ng: 5 at | east one di hydroxyaronmatic conpound
selected from t he group consisting of bisphenol A and a m xture of
bi sphenol A and 6, 6' -di hydroxy-3, 3,3 43 -tetranethyl -1, 1

' -spiro(bis)indane, at least one CJerr] aliphatic

| INTEREALAE =T For ety ene

at least one oniumsalt as a phase trafREPARING yst and
at |l east one aliphatic terti arypﬁqb’ \W'mcgﬁgtg car bon at ons,
15 the proportion o sapg oni um Sa eli.r%%l n the range of

about 3-12 nol e percent based on total dihydroxyaromatic conpound and
di carboxylic acid and the proportion of phosgene being at |east about
50% by wei ght of STRAepEtric; and raising the pHto
at | east about 10 and continuing 20 phosgene passage until a
stoichionetric excess of at_J|east 5% phosgene by wei ght has been

i ntroduced. B2 The level of anhydnde Ilnkages in copolyestercarbonates

is decreased by preparing the copolyestercarbonate interfacially in a
two-step method from at least one dihydroxyaromatic compound and at
least one dicarboxylic acid. The first step is conducted at a pH in the
range of about 4.5-9.5, employing the combination of a phase transfer

10  catalyst such as a tetraalkylammonium halide and a tertiary amine
such as triethylamine. The proportion of the phase transfer catalyst is
in the range of about 3-12 mole percent based on total
dihydroxyaromatic compound and dicarboxylic acid employed. In the
second phosgenation step, the pH is raised to at least 10 and a

15  stoichiometric phosgene excess of at least 5% is introduced.



