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The present inV/"e‘RP%’H“?Sa ates to a process for producing brge;%@mg

pol ycar bonat es, by the nelt transesterification of diphenols,

di aryl carbonates and branching agents, 5 optionally wth the use of
catal ysts, at Adgmoeessfonprodneimgdwanchied-nolveagbenates C and at

pressures between 1 atm and 0.01 nbar, which is characterised in that tri-

to hexahydric al i phatic al cohols of general formula (1) _
H H 19he present invedfiSn Hiftes @S Proabssfor BrodB&né dranched polycarbondfes i n
15 R Is"a single bond, a linear Jerr]-(Jerr] alkylene or a

branched (] er r theCheltrtfana¢steyifisation of diphenols, diaryl carpenatesr asl Prasching eagents,
| kyl i Si 1 tg 18 C at wh ' 0 o R and R
o ) ene eorm S o 8% o s S o,

branched essures between Flafh 'dnd @l (A dhibardvkiéh isthafActerised in UG frRitd heXahy&ricd
linear ([err] %[ errﬁ al kyl ene or a branched C3- C36
al kyl ene, and aliphatic alcoholsidfeendral f@fnula (1) n is2,3,4 or 5,
OH [ OH—l
It e
n

10

are used as branching agents,

wherein

15 R’ is a single bond, a linear C;-Cs¢ alkylene or a branched C;-Css alkylene,

preferably a linear alkylene comprising 1 to 18 C atoms,

wherein

20 R and R’ are the same or different, and denote H, a linear C;-Cs alkyl, a branched
C;-Csg alkyl or R"”-OH, wherein R is a linear C;-C3¢ alkylene or a branched
C;-Cs¢ alkylene, and

wherein
25

n is2,3,4o0r5,

in amounts of 0.05 to 2 moles, preferably of 0.10 mole to 1.5 moles per 100 moles

diphenol.
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The preferred R and R' radicals are H, CHerr] - and (Jerr]Herr]-

and the preferred R'' radicals are CH2- and -CH2-CH2-. 5 In
addition, suitable branching agents also include ethers, in fact nonoethers
and hi gher ethers al so, which are formed by the sel f-condensati on

of al cohol s of a aration of water. 10
The present in %P’iggﬁefikéld&'lré@‘é%lsﬁrsfhncgk ﬂ?ﬂﬁ » of the process according
to the i nvention, which is characterised in that instead of

al cohols of forrmula (I) the ethers t hereof, which are fornmed by
sel f - condensat afiithe preferie8 R’ tadicaliRtt CH,-@hd CIRACHR. €s to 2 nol es,
preferably of 0.1 nole to 1.5 noles, per 100 nol es di phenol . 15 The
pol ycar bénat es produced by the process accordlng to the invention are

solvent-free it a ol qur.. . The refe

have a | ow contAdditiop ﬂ?—‘ ﬂgﬁfﬁnﬁ pe agen Y mcslﬁﬁll o‘ﬁﬁ s, g fact TQB%“E ﬁgﬂ%r e

di stingui shed &yerk ARbI whidh lafAfopded b lie detﬁeomsauiahrdfra&bﬁols of formula (I) with
viscosity in the nelt, and, conpared with |inear polycarbonate, by their
reduced dri p- oﬁmsqmnmonof“mbehaV|our in the event of fire. 20 DE- A
15 70 533 describes the production of branched pol ycarbonates by the nelt
transesterification process. However, only phenolic conpounds are enpl oyed
as 1 br 2R Bl t%@éﬂuﬁn Jhnlxsz%laxes to gﬁ@ﬁﬁl&maf e Bcocés aeordihgOd2he

3, 3-bi s- (4- hydroxyaryl)-oxoi n es are use branchi ng "agent s
for the producinvertionf whichris lchatagterisgd am Itcat ddsesnd of alcohols of fom?eraA(I() tlﬂeﬁlethazﬁl

descri bes the od ctl of a hranched pol ycarbonate by way of
melt transeste 5?%@5??/5%1&99@6@%3 o \ATE 4S8 arr@me}fm&wﬁ%%@@!@ma

RSN S A vle

15 The polycarbonates produced by the process according to the invention are solvent-free
and exhibit a light self-colour. They preferably have a low content of OH terminal
groups of < 1200 ppm, and are distinguished by their increased stability and intrinsic
viscosity in the melt, and, compared with linear polycarbonate, by their reduced drip-off
behaviour in the event of fire.

20
DE-A 15 70 533 describes the production of branched polycarbonates by the melt
transesterification process. However, only phenolic compounds are employed as

branching agents.

25 According to DE-A 25 00 092, 3,3-bis-(4-hydroxyaryl)-oxoindoles are used as

branching agents for the production of branched polycarbonates.

EP-A 0 140 341 describes the productibn of a branched polycarbonate by way of the
melt transesterification process, using triaryl esters of tricarboxylic acids, for example of
30 trimellitic acid, as branching agents. In EP-A 0 708 130, 1,3,5-tris-(2-hydroxyethyl)-

cyanuric acid (If)



E:yanijri‘c acid (I1) WO 99/ 01495 3
err i IL,Led, anongst ot her conpounds, as a br ' t o
2- st B0 POIARE" s RVl

a special (page 4, line 33 of EP-A 0 708 130), but is
not used in the exanples. At the tenperatures of nelt
transesterification, however, conpound (I1) should be transf or ned
and deconposed, with the separation of 10 [err]
The sane applies to 3,4,5-trihydroxyphenyl et hyl -al cohol (I11) 15
CIZHTCH;—OH
hhg
N N (n
i ~
CH/CH2 \n/ CH;—CH;—OH
HO™ ' 2 ©

is cited, amongst other compounds, as a branching agent in a special 2-step process

5 (page 4, line 33 of EP-A 0 708 130), but is not used in the examples.

At the temperatures of melt transesterification, however, compound (II) should be

transformed and decomposed, with the separation of

10
/O\
CH;——CH,
The same applies to 3,4,5-trihydroxyphenylethyl alcohol (III)
15
OH
HO CH;—CH;—OH (n
HO
which is cited as a branching agent in EP-A 0 708 130 (page 4, line 41). Here also, the
separation of
20
o]
CHz/——\CHz

is conceivable.



[err] which is cited as a branching agent in EP-A 0 708 130 (page

4, line 41). t he separation of 20

[err] i W&@%ﬁ&?&l e. VO 99/ 01495 PCT/EP98/03653
4 In contrast, the aliphatic alcohols of formula (1) which are
used according to the invention ar® thermally stable, and
therefore do not deconpose but are built up to form hi gher

nol ecul ar wei gith cdhivast,Sthenaliphbtic akeBols of formula (I) Whivhvae, used ruceordin'gpﬂoafhiec
pol yal cohol s are nqt incorporated in a controlled manner in th

phase boundar y ipyestien arefheamally gabler ang therefosmdo aetifeeorpprse &Pberéé%nh W oy &R C
sol ution | | t_rw o) di ne process is no |onger used

i ndustrially, th hey\?lggegglgxs‘ggﬁﬁ o RS transesterification according to
the invention provides a practical process for I ncor porating

al i phatic_branching sites intg thernmgplastic, aromatic polycarbonates, with
10 %ood rP@bYe(Y% &ingg aliphgtic polyalcohols are nofijncorpasated iz eantioHed manmss imihg o

| at toth te .
bt ai ned by 1 neRPoRufy FBAAT N5 BRHEAN, JBR ifs ht Blogess in orgaai€ Mg
above, these ahgigh §tt¢rﬂﬁbllt§é"w¥1dmé Pro&dss ishiodbnger akddl ihdstddl, thetpkddess er melt
viscosity in the nelt. At the same tine, their drip-off behaviour in the

event of fire itxansesterificationr @ehoeding c@mibsr eigvention proyidesf a| praetigal process for

pol ycar bonat e. . cohal s

Pent acr ythr ¢ ofcogpayng Pl FrarEfing siSbledprEopisgi, Sromatig ol B, with
2, 5-di mejgyl - 1gg0(pr g@g@&gn{tﬂ,ol A suitable ether of (I) is

di pent aeryt hri tol or exanpl e.

Thus the present invention also relates to thermoplastic, branched polycarbonates which

can be obtained by the process according to the invention.

15 As mentioned above, these are distinguished by their high stability and intrinsic
viscosity in the melt. At the same time, their drip-off behaviour in the event of fire is

reduced compared with that of linear polycarbonate.

Examples of suitable alcohols (I) include pentaerythritol, glycerol, 1,2,3,6-hexanetetrol
20 and 2,5-dimethyl-1,2,6-hexanetriol.

A suitable ether of (I) is dipentaerythritol, for example.

Diphenols which are suitable according to the invention are those of formula (IV)

25
HO-Z-OH (Iv),

wherein

30 Z is a divalent radical, which preferably comprises 6 to 30 C atoms, which can be
mononuclear or polynuclear, which may contain hetero atoms, which may be

bridged or in ring form, and which may optionaily contain inert substituents



D phenol s which are suitable according to the invention are those of
formula (1V) 2 HO- Z-

(1v), %VO\%@A@?% 30 z is a dival ent ra%’gﬁpgﬂq?’gﬁ?’
preferably conprises 6 to 30 C atons, which can be

nmononucl ear or pol ynucl ear, which may contain hetero atoms, which may be
bridged or in ring form and which may optionally contain inert
substituents which do nOcIEO d¥@bnot react, either under the reaction conditions of the

5 whi ch do not change or do not  react, either. under the

reaction conditi onsmsthoggecording to the invention or yades ke Spove: BT PefgSing cqneiitions for

I nvention or under t he
pol ycar bonat es obtaﬁ%gghggﬁggg% aﬁﬁ%@g¥%§ﬂﬁ%&eﬁﬁﬁgﬁgﬁom 5 Exanpl es
whi ch can be cited include hydrqu|none resorcinol, bis- (hydroxyphenyl)

al kanes, bis- (hydroxyphenyl) cycl oal kanes, bi s- (hydroxyPhenyI sul phi des,

-ethers, S xamplgsjwpwbm be cammc@m bydm@gnongn@sorcmo bls-(hydroxyphenyl)-
a, a- bi s- (hydr oxyphen diis o d
t her eof \(Nhinh 8%5&% ébs) %‘V%? Hy[li gér]?é &dr%@henyl)mh@d&s’ _&Bég)’oun >

Exanpl es of su'siug%ﬁldéé he ﬂ&hgh&{eﬁ Qﬂsaroa.&@g 9cﬁ‘o>ll~ﬁh§gl)?%ﬁ?p§> PRnzdes, & 99

835, 62 781, 3 148 172 and 4982 703 and 2
063 050, and i well raecompounds themﬁ&@lcﬂxmbnipylsd-alkﬁath&end halogeimeted smelgi. and
Physi cs of Pol ycarbonates”, Interscience Publ i shers, New York,
1964. 15 Preferred di phenols include

4, 4" - di Rydr oxy S PRIBBRN 028763P206 835

2. 4-bi sn?4 hydrgg%%?%ﬂf?‘ﬁlta@e a4 thﬁ ‘ﬁ%%te?ﬁéec?mg%gm %1, 1 b2 ’

“bis- (4- hydr oxgiaemgl) 3 qyslmhamneszom in DE-OS 1 570 703 and 2 063 050, and in the
a, a- bi s- (4- hydr oxyphen -p-diiso ropylbenzene X
a, a- bi s- (4- hydnmygmplhéy )H. mcanel 0 @}q ryeqqxgelﬂgysws of Polycarbonates", Interscience

Publishers, New York, 1964.
15 Preferred diphenols include

4.4'-dihydroxyphenyl,
2,2-bis-(4-hydroxyphenyl)-propane,
2,4-bis-(4-hydroxyphenyl)-2-methylbutane,

20 1, 1-bis-(4-hydroxyphenyl)-cyclohexane,
o,,0-bis-(4-hydroxyphenyl)-p-diisopropylbenzene,
o, o-bis-(4-hydroxypheny1)-m-diisopropy1benzene,
2,2-bis-(3 -methyl-4-hydroxyphenyl)-propane,
2, 2-bis-(3-chloro-4-hydroxyphenyl)-propane,

25 bis-(3,5-dimethyl-4-hydroxyphenyl)-methane,
2, 2-bis~(3,5-dimethyl-4-hydroxyphenyl)-propane,
bis-(3,5-dimethyl-4-hydroxyphenyl)-sulphone,
2,4-bis-(3,5-dimethyl-4-hydroxypheny1)-2-methylbutane,
1-bis-(3,5-dimethyl-4-hydroxyphenyl)-cyclohexane,

30 a,,a-bis-(3,5-dimethyl-4-hydroxypheny1)-p-diisopropylbenzene,
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
1,1-bis-(4-hydroxyphenyl )-3-methylcyclohexane,



2, 2-bi s- (3 nethyl 4- hydroxyphenyl) pr opane, 2,
2- bi s- (3-chl or yphenyl) - pr opane, 25

bi s- (3, 5-di net ﬁ{/ﬁ%?gxﬂf’géoxyphenyl ) - met hane, 2, 2- &%T’Pi%’““s-”
- di net hyl - 4- hydr oxyphenyl ) - pr opane, bis-(3,5

- di et hyl - 4- hydr oxyphenyl ) - sul phone, 6

2, 4-bis-(3,5-di met hyl - 4- hydr oxyphenyl )-2-net hyl but ane, 1
- bi s- (3, 5-di nel h;bis-@-hxdtomp}npm&)ﬁB)dimyﬂWbMﬁlmxene,30 a, a- bis-(3

. -
i - (4 hycr ox i preseupebe R R R et ane, "

1, 1-bi 4- hyd cﬁ:{?&
6 A Y QQ}HQ?ES% cktllzlo ?gxk{yghd}@ﬁ?g gl met hyl cycl ohexane,
1,1 -bis- (4 hyﬂ,@d)(yphé-dghr()mﬂdwmdypmnmme,, 2, 2-bis-(3

, g g: (t:)m) h%%&%ﬁ%ﬁ#’?’%ﬁf g-ﬁgenyl gthane 1, 12, t2)| l;i ?4( ﬁydroxyphenyl y- 1

- phenyl - et hane ) ]
5-di net hyl - h%/d?rbIS ’hse%1 33 eny 62213116113’1 ethane,

2- bi s- (4- hydr OX)mmemthydﬁx?plﬁnﬂblemydhphﬁdyaamane
9, 9-bi s- (4- hydroxyphenyl)-fl uorene, 9, 9-bis- (3,
5-di net hyl - 4- h&ﬁr@%ﬁ@ﬁ%ﬂ’hﬂ%ﬂ%@m 10 Exanpl es of particularly

preferred di phgrgo{n r¢ lrscaﬂﬂe%a,l ydﬁoxwﬁnyﬁ fﬂ:opén% (4 hydr oxyphenyl ) - pr opane,
1 1

2,

2,2-bis-(3 ,5-di'ne ropane,
1, 1-bisif4- hydroxyphenyl) cyclohexane

- bi s- (4- hydr ox phenyl) henyl - et hane, 1, 1

- bi s- (4- hydr ox ﬂmﬂm%ﬂmﬁﬁ@@dﬁtpbwﬂson@x%e 1, 1
-bis-(4-hydroxypheny|) 3- nmet hyl cycl ohexane, 1,1

- bi s- (4- hydr oxyphenyl ) - 4- net hyl - cycl ohexane, 20 9,

9- bi s- (3, 5-di ngeglhyg M ek Urﬁ@e;ﬂ% amef | UOT ene. Most preferred
d| phenol s inclu ¢ }M yPh it))l S- (4- hydr oxyphenyl ) - pr opane, 25

1- bi s- (4-hyd2, éequa@ei?slin)et&yl’a’l Eydircmypbedﬂbl—prynamhex ane, and
15 1,1-bis-(4-hydroxyphenyl)-cyclohexane,
1,1-bis-(4-hydroxyphenyl)-1-phenyl-ethane,
1,1-bis-(4-hydroxyphenyl)-3,3,5 -trimethylcyclohexane,
1,1-bis-(4-hydroxyphenyl)-3-methylcyclohexane,
1,1-bis-(4-hydroxyphenyl)-4-methyl-cyclohexane,
20 9, 9-bis-(3,5-dimethyl-4-hydroxyphenyl)-fluorene.

Most preferred diphenols include
2,2-bis-(4-hydroxyphenyl)-propane,
25 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, and
1,1-bis-(4-hydroxy-phenyl)-1-phenyl-ethane.
Any mixtures of the aforementioned diphenols can also be used.
30 Carboxylic acid esters in the sense of the present invention are di-Cs-C,4.aryl esters,

preferably the diesters of phenol or alkyl-substituted phenols, namely diphenyl

carbonate or dicresyl carbonate.



1,1 -bis-(4-hydroxy-phenyl)-1-phenyl - et hane. Any m xtures of

the aforementhw nols can al so be used. R '
esters in the s seﬁﬁfﬂﬁhe present invention are d| Cerr]- g?fe)ir?#bg &3(1

esters, preferably the diesters of_phenol or alkyl- substltut ed
phenol s, nanely di phenyl car bonat €’ or di cresyl carbonate.

WO 99/ 01495

PCT/ EP98/ 03653 7

Th [
oot orably’ - The carbpxa fed f%%r%%q%gs‘ec%%ﬁ%ﬁ%&ﬁ%toﬁ@m reliraly
bi sphenol . 302 to1l. ISTBEIeQ'\QiIﬁ?fHQf;Je%t t&?%@‘é@ﬁx hefd)d di esters and branchl ng
agents are used In as pure ormas%smble this is
sel f-evident to one skill ed |n the art. Pure di phenols and pure

I he k
Fecrystald i oat b digkenofs Caboxslic s dipneranh GRGRTIRE geTts eHise it 25 Wishf ng
or distillatio KR [ ol s
and car boxyl i crfa%lgg gésétgg)?%mﬁé Hifee tél)'hne sckéltle msﬁtmgm\/\hpﬁ%{éh&gpée%gsr %deg&ﬁ %
used are the armmxylm a¢id q@fwssaxiaowbtaimcsm the known mannembyctecasrilisaon) aIsn@m

the literature (see, for exanp US-A 3 442 864, JP-A- 14742/ 72,
US-A 5 399 659&REWRto aneckeled 129@3 art. Washing or digtillatipn ate pther gevsible svays of
those of for rmlpﬁ? f}{xﬂ/fﬁ)e%qbq'neg(\)@ hnd carboxylic acid esters. [err]

10

The catalysts which are preferably used are the ammonium and phosphonium salts
which are known from the literature (see, for example, US-A 3 442 864, JP-A-
14742/72, US-A 5 399 659and DE-A-19 539 290).

15 Examples thereof include those of formulae (Va) and (Vb)
1 R
' I+
Ri— T—'Rz (Va) R,,—-—T——-R2 (Vb)
Ry X R, X
wherein
20 R, to Ry, independently of each other, can be C;-C¢ alkyls, aryls, or cycloalkyls, and X

is an anion, of which the corresponding acid-base pair H' + X* < HX has a pKs of <
11.

Examples of suitable ammonium salts or phosphonium salts include:

tetramethylammonium tetraphenylborate,

tetraphenylphosphonium phenolate,



wherein, 20 Rlerr] to Rerr], independently of each .other, can be

Cerr]-Cerr] a{al@ | s, or cycloal kyls, and X ' { of
whi ch t he correspoh%lo%gé%ci d-base pair Herr] + X [err] HX h%@%&?dgr&rgf of
< 11. Exanpl es of suitable amoniumsalts or
phosphoni um sal ts include: 25 t et rdnmet hyl ammoni um

t et raphenyl bor at e, t et raphenyl phosphoni um phenol at e,

t etetraphierylphesipbephmflupnde,l uori de,

t et raphenyl phosphoni u et raphenyl bor a

di et hyl di pheny'fgg?ﬂri’ﬁmr'vﬁf’ﬁsﬁb‘b‘ﬁﬂ’%ﬁé@p en}lgdrate, t et r aet hyl anmoni um hydr oxi de,
5 t et r ameg; fichB TR YIS hfi&roxid t et ranmet hyl anmmoni um
acetate, and ' h@ te?ramat hyl a?mnf“ufcﬁ fluoride. The

cat al yst s whi chetaasthybarefneniabl ydnseade,al so i ncl ude guani di nes according to
US-A 5 10 319 g¥6}6 | m daﬁ}% es. .are al so suitable. The
catal ystsdare pFEymEstAPpMmoomm pydraxident s of 10[err] to 10[err] noles, nost

preferably in L,n of 10-[err] to 10[err] noles with
atretrara?th%lamn‘}oﬁﬁﬂﬁ %%tte{tétaha

respect to 1 nole pheno The catal ysts may be used on their
own or in conbiterimethylambhiuepfiorideher ; they may be added at the
start of the process or may be added only during the course of the process.
| f catal yst conmbinations are used, alkali netal or alkaline earth netal

conpounds or s S . Ny L URCL i )
during the cou(raig{ee coalta1¥srtisew})11rcgcag§§fe%r¥%@n%Plgedal%rgﬁghdé"n‘gg%ﬂw&%%%lg%fﬁ%e{r?gg iAo%
pol yneri g@t i on J10®s6, InfidazbRS aelalsoadiabieen di scl osed in US-A 5 399

659 which was cited above.
The catalysts are preferably used in amounts of 10" to0 10 moles, most preferably in a

concentration of 107 to 10”° moles with respect to 1 mole diphenol.

15 The catalysts may be used on their own or in combination with each other; they may be

added at the start of the process or may be added only during the course of the process.

If catalyst combinations are used, alkali metal or alkaline earth metal compounds or salts
may also be used in conjunction, in fact during the course of the process, namely during
20 the condensation polymerisation phase, as has already been disclosed in US-A 5 399

659 which was cited above.

The process according to the invention can generally be carried out in one step, wherein
all the reactants are then fused at temperatures of 80°C to 250°C, preferably 100 to
25 230°C, and particularly at 120 to 190°C, and under normal pressure, over 0.1 to 5 hours,

preferably within 0.25 to 3 hours.

In the course of this procedure, the branching agents used according to the invention can
first be added somewhat later to the melt of diphenols and diaryl carbonates.

30
Thereafter, an oligocarbonate is produced by distilling off the monophenol, by applying

a vacuum and increasing the temperature. Following this, the polycarbonate is produced



The praocess according to the invention can generally be carried out in one
step, wherein all the reactants are then fused at eS oOf
80[err]Cto 256’{9r9|9]"8,498referabl y 100 to 25 230C, and %g?%%jﬁs§ at
120 to 190[err]C, and under nornal pressure, over 0.1 to 5 hours,
preferably within 0.25 to 3 hours. 9 In the course of this
procedure, the branching agents used according to the invention can

first be addedbgofuthtrdncreasing thedemperates to 240 tal#@€rand dy aedircitigethy pressure to
carbonates. 30 Thereafter, an oligocarbonate is produced by
distilling off th"\é“l??ﬁnophenol , by applying a vacuum and i ncreasi ng
the tenperature. Follow ng this, the polycarbonate is produced

9 by further increasing the tenperature to 240 to 400[err] C and
by reduci ng t haVittons sher asetaf catalysts, the redctidf actoading to the invention nAtedsitate vetye
use of catalysts, the reacti according to.,the_inventipn necessitate very
5 Pong * Wi eastion; tiees. TRFTEIoER Bieeoien b Bt F%ndap@aé}s@& PecHnidict ed
usi ng one or t sts catal ysts. When one catal yst is
used, this is either added before fusion or is added to the nelt

before the production of oligocarbonate. 10 When two catal ysts are
used, these are preferably added separately i th ope, being added
to the react ant"hegroneratabyst éSereﬁ’né‘St lﬁémb?rl"%#de‘gn@i:g@? B 11} afdrd tRethe “BF&t

ol i gocar bonat e : - [ times can thereby be reduced and

t he reaction tg%%)ree:tg? arrog}slc%)g??gfé&%%ﬁc%%, particularly in the
condensdty on pol yneri sati on phase. The chronol ogically separate
addition of two catalysts is generally enpl oyed when_the . process
i s conducted i Whenetyo, caalis grovred, these aresuefFioblyi agldedhseneralgly.cwithrongbeingast
one 20 PRI 1ol e rdaBralls o RRCh Y SRC oMLY Bhink PiaBh | @ORR" RRRALE

step has been
oligocarbonate.

15 The reaction times can thereby be reduced and the reaction temperatures can be reduced,

particularly in the condensation polymerisation phase.

The chronologically separate addition of two catalysts is generally employed when the
process is conducted in steps, namely when the reaction is interrupted at at least one

20 point. This is preferably effected after the oligocarbonate step has been reached.

In the course of this procedure, as mentioned above, alkali metal or alkaline earth
catalysts are preferably also used in the second step, in amounts of 10 to 10 moles,
preferably of 107 to 10 moles, per mole of diphenol which was originally used.
25 Examples include lithium, sodium, potassium, caesium, calcium, barium and
magnesium hydroxides, carbonates, halides, phenolates, diphenolates, fluorides,

acetates, phosphates, hydrogen phosphates and borohydrides.

When the process is conducted in steps, this also provides the option of adding the

30 branching agents even later, namely adding them first to the oligocarbonate.



In the course of this procedure, as nentioned above, alkali netal or
al kaline earth atal ysts are preferably al so used i
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step, in anobunts o err] to 10[err] nol es, pre

10-[err] to 10-[err] noles, per nole of di enol whi ch was ori gi naIIy used.
25 Exanpl es i ncl ude i thi um sodi um ‘potassium caesium calcium
barium and magnesi um hydr oxi des, car bonat es, hal i des, phenol ates,

di phenol at es, fTheobrapghing agents used ageqsding de %m%‘ﬁﬁatcé% erﬁ?@?%&’éh"‘ﬁw@k’ﬁﬂht es
and borohydri de sﬁgd 8r {nolten a s?ﬂﬁ@nﬂx?%a&égﬁgeﬁ%n bﬁ%r anC%Ct(?ogxcéﬂﬁ'a Ly ol g%'— S

al so provides t 1'on o i'ng ‘agents even

| ater, nanely aﬂqio[ygaﬂ,bm éénrcsf&;eao t he ol i gocar bonat e.
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The branchi ng agents used according to the invention can be added w thout

or a4 chncentispSplioiire Bt by el HeabtBhilr - WRRabRGE N7

Phenol s whi ch ajeaieliBérateBoslided invah@intd d>f9090|1 $0/6131e7% e MbledTRiiendl in order to

4- phenyl phenol, can be deliberately added in anounts of 0.01 10
mol e % per nol gegilataiystaplecularweighiie. fos chain terminatipregul at e t he ol ecul ar
weight, i.e. for chain termnation. In the two-step procedure

for the production of oligocarbonates, the tenperature is 10

mai ntai ned bet vigaRe HR6- s?eder88tehEéf £k Ghe REGRuBAGHPbY ob@cms&téé%@%p%ﬁa%@ rig] C.

For the condensat’i on polynerisation of the oligocarbonates the
t enper at W e i s maintaingd rhe(dween 100 and B90%e,eprefeddye befwEemrld040@ 280°C] Cor the
preferably betmeen 250 an pressure range for.the

Th
D etoci on of ! Retesatinge RolsBRarton < fhe; olisorerkonsigs by fegpatipee i MAniped
preferably bet "H%R:Veeﬁ%o@%dmdcl{)%blybe n%azsoandﬁ@oor essure range for

condensation polynerisation is bét ween 100 ar and 0O nbar .

20 The ol i gocarbonat es have average nol ecul ar wei ghts Merr] of 3000
to 24,000, preferably from 5000 000, as determ ned
measuring t he rﬁFa‘%f?S\W“'%‘Fﬁ?tbeFPe\Rr gpq 9% o?lgocarbonatea i%‘?ﬂ%‘?"@n’e?ﬁ&'ﬁ‘é Gt |

m xtures;of - eaypla: RakkSbRbetfleo0 MbaPRRNChbE: di chl or obenzene,

The pressure range for condensation polymerisation is between 100 mbar and 0.01

mbar.

20 The oligocarbonates have average molecular weights My, of 3000 to 24,000, preferably
from 5000 to 20,000, as determined by measuring the relative solution viscosity in
dichloromethane or in mixtures of equal parts by weight of phenol/o-dichlorobenzene,

which are calibrated by light scattering.

25 The polycarbonates which are obtainable according to the invention have weight
average molecular weights of 12,000 to 60,000, preferably 15,000 to 40,000, as
determined by measuring the relative solution viscosity in dichloromethane or in
mixtures of equal parts by weight of phenol/o-dichlorobenzene, which are calibrated by
light scattering.
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which are calibrated by |ight scattering. 25 The pol ycar bonat es

whi ch are obt apyglemi1gogordi ng to the invention have wei ght PCT/EP98/03653
average nol ecul ar wei ghts of 12,000 to 60,000, preferably 15,000 to 40, 000,
as determ ned by neasuring the re ?.ti ve solution viscosity in

di chl oronet hane or in m xtures of "equal parts by wei ght of

henol / o- di chl or obenzene, ich . are calibrated b ) | i ght ;
EC attering. 30 The process accormg MQY‘W?!% ca ge condugted continuously orgbatch-vnse, for

11 The. nr i L i u
cont i nuousl y ot CERERE Sl VERER, Béh b Lol dME IR D, ERARDE, SHR verrd |
fil m evapor at oegscades) dxtruder$,ikneadexsagionphe piats reastors and dhighewis®@isity plate reactors.
cascades, extruders, kneaders, sinple plate reactors and high-viscosity

pl ate reactors. 5 The additives, stabilisers, fillers and

rei nforcigng ag S, WAl : [ f : : (

added to 5t he pgﬂéc%argg%‘%gft g{aglrl%%(}g’c gﬁfe(gisc %E)Krldferl]%fortcf)ngt %gé%%ﬁ?? g%]r@t @@&ap%r

i nprove the prggigedrb@mte darbe afidedAoningsdlycaitoaate pradueed acbiditigng tiedinvstaion to
subst ances are. sui tabl e as such: stabilisers (e.g. UV, thermal and
gamma ray st abimprees e prepariiesstherepfe Amongst otheragbﬁ@lmmmﬁeméa%@ses are
denoul di ng agent. flame,r A { ol Vi sttt
mnerals, fibr 8'ﬂ€ab£eu?§s§uﬁﬂb§éﬁ[elge3;t(e§$'k@yggﬁeg’h glr ?/I{dl o%‘%%%}%/gtgﬁﬂ%%%é Sﬁ% tgtslc and
phosphanes,  agents, floWOshaRdeES dembulditigHpknts 0K yidrdards; ipleresits fielyhdividedn
conpounds, salts, chal k, quartz flour, glass and carbon fibres.

Mor eoverl0 ot hemipssaly,rfirenscuhstances e.gealliylrand @yl mhesphitese Phesplaies andrihosrhanes,

ol ystyrane. 10w mblecuar pridhl StEl BieuRd ol AbyuB i YRR

fini shed polycapRopRisandtathen igfki onal processing units. 20
The pol ycar bonat es produced according to the invention are suitable both
for extrusion and for processing by injection noulding. On account

of the outstanding stahility of nol ten | engths thereof, they are

al so suitable g’kﬂ’g‘{vﬁé oflcs BRRFES F28 Flsh Bp PﬁWﬁ@le@s‘ﬁ% blygpgbonaes Secordin to L

bl ow moylsdi ng g{vgﬁt?oﬁfe.g.-r Jleffnes, ,o%;ﬁl?étha{n%,rﬁgl}%g&n&i scosity properties
chani

enabl e extrude sheet s good nical properties and reduced
stress cracking corrosion easily to 25 be obtai ned, for exanple.

Ldi
Mouldings and poul ded et S e brefir: t%gggd &)a&lebﬁniﬁlggdufy%grbggate in conventional

These substances are preferably po
processing units.
20 The polycarbonates produced according to the invention are suitable both for extrusion

and for processing by injection moulding. On account of the outstanding stability of
molten lengths thereof, they are also suitable for the production of bollow bodies by the
blow-moulding process. Their excellent intrinsic viscosity properties enable extruded
sheets with good mechanical properties and reduced stress cracking corrosion easily to
25 be obtained, for example. Mouldings and moulded parts of all types can be produced by

injection moulding, such as housings, coil bodies, covers, domestic appliances, etc.



i njection nmoul ding, such as housings, coil bodies, covers, donestic

appl i ances, etc WO 99/ 01495

12 Ex\g,n% g/SO1495 The MW nunber can be enpl ofe%Tﬁ‘E(?rgsm%S?’
characterising the branching of polycar bonal es. This is defined as
aratio of the nelt viscosities at 10 s[err]  and 10[err] s[err]. The | arger
this 5 ratio is, the greater is the departure from Newt oni an

behavi our, i.e.Examples gher is the intrinsic viscosity.

Conpar ati ve exanple 1 10 114.15 g (0. 005 nol es) bi sphenol A and
113.45 g (0.530 nol es) di phenyl carbonate were wei ghed into a 500

m t hree- neckedTlid BSKniithbéredn bé bfphyéd fof cRdractérivisy thalbranching of polytarvynses.er
and a Vigreaux colum (30 cm netal -coated) and bridge. The appar at us

was freed from Bhisdsgefmed as aaptie of the mplp visconities ay 40uirandnd’ 51 ushe aggewi this

it L (3L .apd the m xt . h d to.150[ err] C.
0. 0074 g 2+ o @ip ot Fai 57 gl Kot SV hion Sheiny ecpriaienss 9o o
t et raphenyl phosphaicuidtignol ate and 30 % phenol with respect to

bi sphenol A were then addéd, and the resulting phenol was
distilled off at 100 nbar. At the sane tine, the tenperature was increased

to 250[err]C .After 1 hour, the vacuum was enhanced to 10 nbar.
Condensation p i€ effected by reducing the vacuumto
0.5 nbar and increasing the tenperature to 20 280[err] C.

Exanmple 1 114. 15 g (0.005 nol es) bisphenol A, 113.45 g (0.530
nol es) dighenyl 113259 1@.005 aiftes? bisphenol ACardOB3M3 £%0.680 &f¥fesy Hiphenyl carbonate
pentaerythritol were weighed into a 500 ml three-necked flask

fitted with a swérer weighehtintonal S0h ewInthree-neckedh dlask \ittade aith @o btinmer, ( B@roah
net al - coat e and .bri dge. .The aratus was,freed .fr

at mospheri ¢ oxfawwgéﬁﬂaﬁ %é’eégx column (?&&Hcﬁﬁﬁ‘?’ ??&edr)PG‘gﬁflﬁgf-\?&tﬂﬂr?Pﬁ?f?%gen
3 tinmes), and ) : : .

(3100 er1] ol &by ek hdth SHAPRARIGRer By ApHlyiRg b vacmum, god iychifl QR hifogen

t et r aphenyl phos(hanésymanh drotixinge avad Ratedto tp iSO0C. 010074 ree647d0? rhaie by phanol

i\o\(/)ve LE arlSat t rp@hgggegqgggg cozxirrx]p?'is}ngeﬂg e?%ulettriaglgenglgggs%lhox\ll\iﬁr% glilxesr;[oilzllté %gd O?]:J %at
phenol with respect to bisphenol A were then added, and the resulting phenol was
distilled off at 100 mbar. At the same time, the temperature was increased to 250°C.
After 1 hour, the vacuum was enhanced to 10 mbar. Condensation polymerisation was
effected by reducing the vacuum to 0.5 mbar and increasing the temperature to

20 280°C.

Example 1

114.15 g (0.005 moles) bisphenol A, 113.45 g (0.530 moles) diphenyl carbonate and
25 0.003 moles (0.204 g) pentaerythritol were weighed into a 500 ml three-necked flask
fitted with a stirrer, internal thermometer and a Vigreaux column (30 cm, metal-
coated) and bridge. The apparatus was freed from atmospheric oxygen by applying a
vacuum and flushing with nitrogen (3 times), and the mixture was heated to 150°C.
0.0074 g (4*10° mole %) of an addition product comprising 70 %
30 tetraphenylphosphonijum phenolate and 30 % phenol with respect to bisphenol A were
then added, and the resulting phenol was distilled off at 100 mbar. At the same time,
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t he teénperat urewy@eeoi§9s eased to 250[err] C. After 1. hour, PdWEPISMZERINAS

enhanced to 10 nbar. Condensation pol ynerisation was effected by
reduci ng the vacuumto 0.5 nbar @nd increasing the tenperature to
280[err] C. 5 Exanpl e 2 The procedure was as in exarrpl e

1 A ) BT o oSl
that 0.008 nol g Q. Séﬁuﬁ):sar ch@ §mékitoh Aas effelcted Hﬁ't{ng kh% cuum

Exanpl e 4 dare was except t%at
0. 003 noles thbar3md 1n<g¢asmg the temperaderam&EQ/thrl toI wer e used. 20

Exanpl e 5 The procedure was as in exanple 1, except that
0.008 moles (1.016 g9) di pentaerythritol were used.
Exm our 5 Br ancﬂ[m Rgent Br anch- phenol i c [err] W

The procedure was as in example 1, except that 0.004 moles (0.272 g) pentaerythritol

were used.

10 Example 3

The procedure was as in example 1, except that 0.008 moles (0.544 g) pentaerythritol

were used.

15 Example 4

The procedure was as in example 1, except that 0.003 moles (0.381 g)
dipentaerythritol were used.

20 Example 5

The procedure was as in example 1, except that 0.008 moles (1.016 g)
dipentaerythritol were used.

Ex. Branching agent | Branch- | phenolic | n* Neet® MV Colour
ing agent { OH  in | (melt) (iength) | number | number
in mole | ppm
%

Comp. 1 | - - 380 1.246 1.232 1.80 0.28

1 pentaerythritol 0.3 260 1.328 1.319 255 0.30

2 pentaerythritol 0.4 380 1.335 1.330 3.27 0.30

3 pentaerythritol 0.8 360 1.396 1.378 532 0.32

4 dipentaerythritol | 0.3 300 1.317 1.299 2.58 0.35

5 dipentaerythritol | 0.8 320 1.398 1.381 397 0.31

* measured in dichloromethane at 25°C and 5 g/1.



ing agent™CH= in (nelt) (I ength) nunber nunber
in mle ppm wo 996014§5C0Wp- | - 3BOT/EPIS/0365346
2 0.3 260

1.232 1.80 i pent aerythritol

1. 328 1. 319 2.55 0. 30 % pentaerythritol 0.4
380 1.335 1. 330 3. 27 0140

pentaerytgritol 0.8 360 1.396 1.378 5.32

4 i pentaerythritol 0.3 300 1.317 m mlfl

0.35 i“la s di pentaerythritol 0.8 320 ”“ﬂlﬁ l IIII MF
1.381 3.97=B8 g 37 * measured in di chl orbnet hane"at®
25[err]C and 5 g/l. WO 99/ 01495

14 Cl ai s 1. A process. for producin branched
pol ycar bonat es]. byA t peocesse fOf sproducing bfaﬂcb?"anﬁ%‘%&’?%?‘?@eéat gﬁn

optional By i th t he HuSEAGHRGARE BERTERMARIS diard earbonates %8‘3%%*“@
400[err] C and at prgs&i, %ub@éu@mnh khéruge oﬁ@éial?st@latft&ﬁf)erat@l’b@rb%ﬁﬁ&hi goeghd n

that tri- hexahydric aliphatic al cohols of general formula
(1) 400°C and at pressures between | atny and @.01 mbar, characterised inghat tiised

as branchi ng agents err] is a

in 1
single bond, a Ili ne&?heéf@iﬁfﬂc-a&?W]alcg%Pg!gneg‘egffognﬁltaépched C3- 2[36 al kyl ene,

OH [ OH'I
R } R { R" M,
n
10
are used as branching agents,
wherein
15
R’ is a single bond, a linear C,-C3¢ alkylene or a branched C;-Css alkylene,
wherein
20 R and R” are the same or different, and denote H, a linear C;-Cs6 alkyl, a
branched C3-Cs6 alkyl or R”’-OH, wherein R'” is a linear C;-Cs¢ alkylene
or a branched Cs3-Cs¢ alkylene, and
wherein
25

n is2,3,4o0r5,

in amounts of 0.05 to 2 moles per 100 moles diphenol.



A T Ca e g e

whereln S R and R' are the sanme or different, and denote H, a
linear C[err]-@@uojo1adkyl, a branchedpcmmmdssl or
R''-OH, wherein R" is a |inear Cerr]- C[err] aIkyI"eTe“ ******
or a branched C3-C36 al kyl ene, and ?l)ﬁiﬁl n 25
n is2,3,4orb5, in anDunts of 0.0 100
nmol es di phenol . WD 99/ 01495 !m,lmﬁmnﬁm

15 2. A process according to claim1, char acterl sed 'n fhat

instead of al cghol sy racess according to fc®ifill actataketii& & Hﬁ?smét&ﬁr@foilc HMIE gf‘
are formed by self condensation, ~are used in anount s 0. 05
nol es to 2 nol es peforthGl2 (ﬁmlheeethds thierenf) iwhich are forme&by selﬂ?bmldamatiasta'recused in

branched pol ycar bonat es obt aj nab)] e accordin | aj.m 4,
Ther nopl astic, br an"&‘ﬁ‘é‘H‘tﬁﬂl plgh o 2BOlsH Pef %‘i‘B‘Hﬁ“ﬂ lng to claim2.

5

ey

3. Thermoplastic, branched polycarbonates obtainable according to claim 1.

4, Thermoplastic, branched polycarbonates obtainable according to claim 2.



