BRANCHED POLYCARBONATES 5 FIELD OF THE | NVENTI ON The invention is directed
to aromatic pol ycarbonates and nore particularly to branched

pol ycar bonat es. 10 BACKGROUND COF THE | NVENTI ON Aromati c pol ycar bonat es

bel ong to the group of engineering thernoplastics. They are distinguished
by the conbination of the properties transparency, heat resistance and

t oughness which are significant in engineering applications. 15 Hi gh

nol ecul ar wei ght |inear polycarbonates are obtained by the phase boundary
process by reacting the al BRANGHED POLYSCARBONATES 0ol s wi th phosgene in

t he two- sphase m xture. Ml ecul ar wei ght nmay be controlled by the quantity

of nonophenols, such as for exanple phenol or tert.-butyl phenol. These
reacti ons Vi rt ual Iy excl usi \Eﬁ@ﬁﬂﬂﬂﬂ%ers This may be
demonst [ at edrRabiiichls 810l ANALMSICooM Bl BAA0A e pRRiRRASYST L on of

| i near pol yca bona ase process, erence i s made by
way of exaﬁmr&l&@dboly&ﬂbaﬁétbs Chem stry and Physi cs of Pol ycarbonat es,

Pol ymer Reviews, vol. 9, Interscience Publishers, New 25 York 1964 p. 33 et
seq. and to Polyner Revi ews, vol. 10, "Cbndensatlon Pol ymers by Interfacial
and SO'#Q'O” Met hods", Pagl, M ~MG apce. - Publ i shers, New York
1965 pter VI, p. 32 ' 88 092 and JP B 79039040

describe a pARews polycmoﬁbses baangt@mé lgftﬁlpfdf(éﬂ% ﬁﬁbeﬁngrtﬁsnmpleﬁ;ﬁe@ Theg
bi sphenols with chain term nators and isatin i sphenol s as branchi ng

agents, br arfendistingiishedhy the apmbingkionpt the propestias éwasr@sency, heat
resistance and toughness which are significant in engineering applications.

(

15 High molecular weight linear polycarbonates are obtained by the phase boundary
process by reacting the alkali metal salts of bisphenols with phosgene in the two-
phase mixture. Molecular weight may be controlled by the quantity of
monophenols, such as for example phenol or tert.-butylphenol. These reactions
virtually exclusively yield linear polymers. This may be demonstrated by end

20  group analysis.

With regard to the production of linear polycarbonates by the phase boundary
process, reference is made by way of example to H. Schnell, Chemistry and
Physics of Polycarbonates, Polymer Reviews, vol. 9, Interscience Publishers, New

25  York 1964 p. 33 et seq. and to Polymer Reviews, vol. 10, "Condensation
Polymers by Interfacial and Solution Methods", Paul W. Morgan, Interscience
Publishers, New York 1965, chapter VIII, p. 325.

US B 4 185 009, DE A 25 00 092 and JP B 79039040 describe a process in which,
30 starting from mixtures of specific bisphenols with chain terminators and isatin

bisphenols as branching agents, branched, high molecular weight polycarbonates



1 -2- may be obtained after reaction with phosgene in a phase boundary
reaction. DE A 42 40 313 descri bes copol ycarbonates with inproved
flowability based on bisphenol A and bi:)rsphenol TMC with isatin biscresol as
branching agent. 5 DE A 19 913 533 desct¥bes highly crosslinked

pol ycarbonates, the production of which involves the use of oligoneric or
pol yneri c br amytieraptaigedhafter rexetion ¥9thgptesgems in aphasedoyndars megstian. DE A

pol ycar bonat i.Gh, by virtye of their. eudopl ast i,Gi. t re suitable for
use as a wat 2‘? %1?’ ldgs%ﬁ}e&gf)%qqyca%borﬁgsglgps- oYfgl_ %‘@@glﬂt&%bﬁéﬁc@lorﬁescri bes

bot t| es made bisphendd reaedIsisSpheabl TRICDRTIRIRLIN bisdresbl Btbranching agent.
1,1,1-tris-(4-hydroxyphenyl)ethane (T14PE) is used as the branching agent

in quantities of 0.28-0.36 nol % Because of their better flowability in

conmpari so i | 4 I <430 A he | r re
especi al I€ \cl)\?jﬂl’]ﬁ‘tlg%lg’t5@odre\é‘grg%l?%c%lfgfﬁgaﬁ#géﬁ%ﬁargggﬁegﬁ% oé/}vgg"?&]?ﬁg?pol ymer
mel t at rel atwhiel mvBivedttrhgabf bhg®BericSorgR$ni @t branchingd &fen®X BIFDA €9 9ahen

i njection nolding conplex structures. Branched pol ycarbonates are

di sti ngui she&4Byneptiensibignehed; polyoprhonates ahichoby sierof teeitpisudenpastigitiewt oni an
fluids. 20 ngtghefta?{eifgxrus%rat’ \Ditgll(;i)o%{}nta%ritafi functional products are used as
branchi ng agent’s. Wou1d et qavan ageous to use trifunctional conpounds
whi ch can be produced straightforwardly and contain only bisphenols as

secondar¥ conponents, which do not require troubl esone separation. -3-
0 S B 5 367 044 accordingly describes bottles made from branched polycarbonate,

in which 1,1,1-tris-(4-hydroxyphenyl)ethane (THPE) is used as the branching
agent in quantities of 0.28-0.36 mol%.

Because of their better flowability in comparison with linear polycarbonates,

15  branched polycarbonates are especially of interest for applications in which good
flow of the polymer melt at relatively high shear rates is desired, i.e. for example
when injection molding complex structures. Branched polycarbonates are
distinguished by pseudoplasticity and can no longer be considered Newtonian
fluids.

20
In the prior art, high purity trifunctional products are used as branching agents. It
would be advantageous to use trifunctional compounds which can be produced
straightforwardly and contain only bisphenols as secondary components, which do

not require troublesome separation.



SUMVARY OF THE | NVENTI ON A branched pol ycarbonate and processes for its
preparation are disclosed. The polycarbonate contains structural units
conformng to R RL2 R6 \OO RA R 5 (1la) inwhich R, R, R3 and R4
nmut ual Iy i ndependently denote CI-Cl O df% R5, R6 and R7 nutually

| ndependent|y denote hydrogen or Cl -Cl O aIk I Rl and R2, and R3 and R4,
with the carbon atomto V\hw&éﬂ@ﬂ_&ﬂma C5-Cl O cycl oal kyl

group, wher gj |.LED

DESCRI PTI m%ﬁ'#ﬁ%‘i}c@é‘%ﬁ%@“ﬁ?‘d% @(iee f(gr?}:s cpﬁ? @H%rggé%ﬁ)gef_—r?ﬁﬂow di ng

| ong- chain Qm@nﬁﬂﬁﬂmﬁebm@ﬁﬁbﬁﬁaheﬁummn&mﬁmﬁﬁﬂgaﬁs for the production thereof
whi ch avoi d these di sadvantages. This object has surprisingly been achieved

by the use of at |east one branching agent of 15 the general forrmula (1):

RE R 2 R5 HO OH R4R3720—I (1)

5 6

R

~

5 : B (1a)
in which R', R?, R? and R* mutually independently denote C;-Cj alkyl, R®, R®
and R’ mutually independently denote hydrogen or C;-Cy alkyl, or R' and R?, and
R? and R4, with the carbon atom to which they are attached, form a Cs-C,q
cycloalkyl group, wherein the cycloalkyl group may be substituted.
10
DETAILED DESCRIPTION OF THE INVENTION

The object accordingly arose of providing long-chain branched polycarbonates

and processes for the production thereof which avoid these disadvantages. This
object has surprisingly been achieved by the use of at least one branching agent of

15  the general formula (1):

(1)



-4- in which R, R2, R3 and R4 nmutual ly i ndependently denote Cl-Cl O al kyl,
preferably C-C8 5 alkyl, particularly preferably CI-C6 al kyl, very
particularly preferably nmethyl, R5, R6 and R7 nutually independently denote
hydrogen or Cl-Cl0 al kyl, preferably cics al kyl, particularly preferably
hydrogen or Cl-C6 al kyl, very particularly preferably hydrogen, or 10 Rl
and R2, and R3 and R4 may, with the carbon atomto which they are attached,
i ndependent ly f C5- Cl0cycl oal kyl, preferably C5-Cs cycloal kyl, in
particul ar H&W entyl or cycl ohexyl, wherein the cycloal kyl ring may
preferably be substituted by d-C4 alkyl, in particular nmethyl. 15 The
above- st at ed aI k%/ substltuents may be I|near or branched. Particularly
preferred coRoRHE® and R" mimtwallyoindepeademlyedeniotef Gy Gwlaék)(l,a)rpfcmhly:ﬁh&rse derived

Lo, 5 S8l ARl IER R o B i o Bl b

particul arly preferred branchi ng agent is that of the forrrula (3): HOI /
/[ OH
R®, R® and R” mutually independently denote hydrogen or C;-Cyo alkyl, preferably

C1-C;s alkyl, particularly preferably hydrogen or C;-Cs alkyl, very particularly
preferably hydrogen, or

10
R' and R?, and R? and R? may, with the carbon atom to which they are attached,
independently form Cs-C, cycloalkyl, preferably Cs-Cs cycloalkyl, in particular
cyclopentyl or cyclohexyl, wherein the cycloalkyl ring may preferably be
substituted by C;-C;4 alkyl, in particular methyl.

15

The above-stated alkyl substituents may be linear or branched. Particularly
preferred compounds are those of the general formula (2), which are derived from
bisphenol A derivatives and in which R®, R® and R have the above-stated

meaning.

2)

20



[/ OH (3) The conpounds of the formulae (1), (2) and (3) are known or may be
produced 5 using known processes. The conpound of the fornmula (3) is for
exanpl e described in E. Nowakowska, K. Zdzislaw, Polish Journal of Applied
Chem stry, 40(3), 247 (1997), in J. Paﬁyzkova, D. Snobl, P. WMatousek, Wyzk.
Ustav Org. Synt., Chem cky Prunysl 10 29(1), 30, (1979) and in US 3, 281, 478
of Uni on Car Onelzer@qraptiquldibupretaried bf&Ehing agemdy thathfthe fomardae i3)ng agent s
according to the invention may be produced from bisphenol A derivatives or
bi sphenol derivatives ang /sodi um bi sphenol ates, in the 15 sinplest case for
exanpl e wi th bi spheay A nd sodi um bi sphenol ate A (Na2BPA) in a nelt
at tenperatures of bref erably 130 to 220C, particularly
preferably 150 tq licularly preferably 160 to 200C, wth
removal of thei@li myated phentl (€QHW. Exanple and, for exanple, US-A 3 281
"478). 20 Surprisingly, it has lal so been found that the crude product
resulting fromthe production™s g, br anchi ng agent may be used wi t hout
further el aborate purification, e only appreciable inmpurity in the
crude product nerely consists .0 5 | . This content of bisphenol may
be included in the calculation on -6- s hesi s of the branched

pol ycarbonates. This cont gt varies frombatch to batch and may, for
exanpl e, sinply be determited by gas chromat ography prior to use.

20~
0

The compounds of the formulae (1), (2) and (3) are known or may be produced

5  using known processes.

The compound of the formula (3) is for example described in E. Nowakowska, K.
Zdzislaw, Polish Journal of Applied Chemistry, 40(3), 247 (1997), in J.
Paryzkova, D. Snobl, P. Matousek, Vyzk. Ustav Org. Synt., Chemicky Prumysl

10 29(1), 30, (1979) and in US 3,281,478 of Union Carbide Corp., New York
(25.10.1966).

These branching agents according to the invention may be produced from
bisphenol A derivatives or bisphenol derivatives and sodium bisphenolates, in the
15  simplest case for example with bisphenol A (BPA) and sodium bisphenolate A
(Na;BPA) in a melt at temperatures of 120 to 230°C, preferably 130 to 220°C,
particularly preferably 150 to 210°C, very particularly preferably 160 to 200°C,
with removal of the eliminated phenol (c.f. Example and, for example, US-A 3
281 478).
20
Surprisingly, it has also been found that the crude product resulting from the
production of the branching agent may be used without further elaborate
purification, as the only appreciable impurity in the crude product merely consists

of bisphenol. This content of bisphenol may be included in the calculation on



One substantial advantage is accordingly also that the branchi ng agent may
be 5 used for the synthesis of polycarbonates directly, i.e. in the
technical formin which it is produced6 for exanple fromthe distillation
of BPA streans in BPA production, fromrecrystallization or nelt
crystallization. The branched pol ycarbonates furthernore exhibit the thermnal

stability redmthesis gfghe branched pokicarbapaes. ddus emtent yaresfrem datchitabatgh i on
i d | {8 0 i la (1
Phieh are’ delfiinarilot Eniedithblybd dpleniiinds By <ot btk debasty pridi L TN B (22

2R RA R3 15 (la) in which R to R7 have the above-stated neanings.
Preferred polycarbonates, are those ¢ont ai ni he branchi ng structures of
the formul ao%/lzayb&tamla apfage s %cqrga*ﬁiy 3l5p {kﬁ}ﬂ]ﬁ%}c agat Y Beve ¢ he
above- st aj ed, gan} Y Synthedid b1 feg lifEB .80k @{e? ligsnAie those
cont ai ni ?\% tnggag?anch?’Irl\g sltlr){}%:gtge;akélyong egP t%gﬂf or rr%ﬁia @lg) fi@n{i‘\

which it is produced, for example from the distillation of BPA streams in BPA

production, from recrystallization or melt crystallization.

The branched polycarbonates furthermore exhibit the thermal stability required for

10  certain applications.

The present invention provides polycarbonates containing branching structures of
the formula (1a) which are derived via the OH group from compounds of the
formula (1)

1
15 2

in which R1 to R” have the above-stated meanings.

Preferred polycarbonates are those containing the branching structures of the

formula (2a)



(3a) The pol ycarbonates according to the invention may be produced, for
exanpl e, by reacting diphenols with carbonic acid halides, preferably
phosgene and/or with 10 aromatic di carbagxylic acid dihalides, preferably
benzenedi carboxylic acid dihalides and/‘or with di phenyl carbonate using at
| east one of the branching agents according to the invention of the formula
(1) or of the pregferred formulae (¢) and/or (3). 15 The pol ycarbonates

{ i 0 N at | east one di phenol residue of the
vhi ch 5 each D independently of the other

formula (4) -8- -
represents an aron
from6 to 35 sarhen _ag®ns, € al |y from6 to 30 carbon atons, said
radi cal optionaply cont ai ni ng atons, and . is optionally substituted
by Cl1-Cl2-al kyl, preferably_d}Cl0-al kyl, particularly preferably Cl-C8-

al kyl , and/ or by hal ogen, | uorine or chlorine, and is further
optionally 10 containing aliphati cycloaliphatic radicals. In the
formula (4), D preferably confor ghmula (5) Re (5) X RO in which

(2a)
in which R>, R® and R’ have the above-stated meanings.

{ Particularly preferred polycarbonates are those containing the branching structure
5  of the formula (3a)

(3a)

The polycarbonates according to the invention may be produced, for example, by
reacting diphenols with carbonic acid halides, preferably phosgene and/or with

10  aromatic dicarboxylic acid dihalides, preferably benzenedicarboxylic acid
dihalides and/or with diphenyl carbonate using at least one of the branching agents
according to the invention of the formula (1) or of the preferred formulae (2)
and/or (3).

15 The polycarbonates according to the invention contain at least one diphenol

residue of the formula (4)



15 R8 and RO nutually independently denote H, C -C18 al kyl,
hal ogen
ar al kyl ,

al kyl

si ngl e bond,
or C5 to C6 -ey@rod? kylQ dene,

or

and very particularly preferablng or nethyl, and 20 X denotes a
-S02-, -CO, -0-, -5-, Cl1 to Co6 alkylene, C2 to Cs alkylidene

Cl1- C18 al koxy,
such as C or Br or in each case optionally substituted aryl

preferably H or Cl-Cl2 al kyl, particularly preferably H or Cl1-C8

whi ch may be substituted with C1 to C6 al kyl,

preferably nmethyl or ethyl, or further denotes C6 to Cl2 aryl ene, which may
optionally be fused with further aromatic rings containing heteroatons.

preferably dgraiegs a single bond, Cl to C5 al kyl ene,

C2 to C5 al kyli dene,

to C6 cycloal kylidene, -0-, -SO, -CO, -5-, -S02-, -9- or conforns to

formul as (5a) or (5b) 7X1 Sa R1 \11 CH3 IH3 CH3 (5b)
and R',

10

15

20

25

ndl Vi

40 carbon atoms, preferably from 6 to 35 carbon atoms, especially from 6 to 30
carbon atoms, said radical optionally containing hetero atoms, and is optionally
substituted by C;-Cz-alkyl, preferably C;-Cp-alkyl, particularly preferably C;-Csg-
alkyl, and/or by halogen, preferably fluorine or chlorine, and is further optionally

containing aliphatic or cycloaliphatic radicals.

In the formula (4), D preferably conforms to formula (5)
R® R .
X
f;: %)
R’ - R e

in which

R®and R’ mutually independently denote H, C,-C,3 alkyl, C;-C,3 alkoxy, halogen
such as Cl or Br or in each case optionally substituted aryl or aralkyl, preferably H
or C;-C); alkyl, particularly preferably H or C,-Cjs alkyl and very particularly
preferably H or methyl, and

X denotes a single bond, -SO;-, -CO-, -O-, -S-, C; to C; alkylene, C, to Cs
alkylidene or Cs to Cs cycloalkylidene, which may be substituted with C; to Cs
alkyl, preferably methyl or ethyl, or further denotes C¢ to C,, arylene, which may

optionally be fused with further aromatic rings containing heteroatoms.

X preferably denotes a single bond, C; to Cs alkylene, C; to Cs alkylidene, Cs to
C¢ cycloalkylidene, -O-, -SO-, -CO-, -S-, -SO,-,

CH3 S wherein

eacﬁiba gpe%ﬁleﬁﬁl gfb&lé{ o{h% re%?ecsgntg(%lm arontia'lf%l chal'h %i%g%' %ltX mean

25 X
C5

R10



10 hydrogen or C1 to C6 al kyl, preferably hydrogen, nmethyl or ethyl and X1
nmeans carbon and m neans an integer from4 to 7, preferably 4 or 5, with the
proviso that, on at 15 | east one atom X, RL0O and RI'1 are simultaneously
al kyl . Di hydroxy conpounds which are stafed by way of exanple include

hydr oqui none, resorcinol, dihydroxybi phenyls, bis(hydroxyphenyl)al kanes,

bi s( hydr oxypharcphjays/to &kt Sa)mrgfblyy dr oxyphenyl ) sul fi des, 20

bi s( hydr oxyphenyl ) ethers, bis(hydroxyphenyl) ketones, bis(hydroxyphenyl)
sul fones, bi s(hydroxyphenyl) sul foxides, a,a'-

bi s( hydr oxyphenyl ) di i sopropyl benzenes, and the ring-al kyl ated and ri ng-

hal ogenat ed conpounds t Her and al so a, u-bi s(hydroxyphenyl)

pol ysi | oxanes. -10- Preferfed)di phenols are 4,4'-di hydroxybi phenyl (DOD),
4, 4" - di hydr oxybi phenyl et el (DOD ether), é, - bi s(4- hydr oxyphenyl ) pr opane
(bi sphenol A), 1,1-bis(4- hydroxyphenyl)-3,8235-trinethyl cycl ohexane

(bi sphenol TMC), 1, 1-bis-(,4- \nydroxyphenyl ) cycl ohexane,
2,4-bis(4-hydroxypheny|)Bé-neﬁhylbutane, 1,15

bi s(4- hydr oxyphenyl ) - 1- phenyl et hane, 1, 4-bi s[ 2- (4-hydroxyphenyl) - 2-
propyl ] benzene, 1, 3-bis[2- % hydr oxyphenyl ) -2-propyl ] benzene (bi sphenol M,
2, 2- bi s(3- et hyl - 4- hydr oxyphen Rr@pane, 2, 2-bi s(3-chl oro-4-

hydr oxyphenyl ) pr opane, bis{37% pef Ryl - 4- hydr oxyphenyl ) net hane,

2, 2-bi s(3,5- dinethyl -4-hydr oxXyphenyl ) propane,

bi s( 3, 5-di met hyl - 4- hydr oxypHgnyl ) spl fone, ©&)

2, 4-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) - 2- net hyl but ane,

2, 2-bi s(3, 5-di chl oro-4- hydroxyphenyTs) propane and

2, 2-bi s(3, 5-di brono- 4- hydr oxyphenyl ) propane. Particularly preferred
di phenol s ;are 2, 2- bi s(4- hydr oxyphenyl ) propane (bi spheno

wherein

R'® and R"}, individually selectably for each X', mutually independently mean

10 hydrogen or C, to Cg alkyl, preferably hydrogen, methyl or ethyl and
X! means carbon and

m means an integer from 4 to 7, preferably 4 or 5, with the proviso that, on at

15  least one atom X', R'® and R!! are simultaneously alkyl.

Dihydroxy compounds which are stated by way of example include
hydroquinone, resorcinol, dihydroxybiphenyls, bis(thydroxyphenyl)alkanes,
bis(hydroxyphenyl)cycloalkanes, bis(hydroxyphenyl) sulfides,

20  bis(hydroxyphenyl) ethers, bis(hydroxyphenyl) ketones, bis(hydroxyphenyl)
sulfones, bis(hydroxyphenyl) sulfoxides, a,o'-
bis(hydroxyphenyl)diisopropylbenzenes, and the ring-alkylated and ring-

halogenated compounds thereof, and also a,@-bis(thydroxyphenyl) polysiloxanes.



A), 4,4 -dihydroxybi phenyl (DOD), 4,4'-dihydroxybi phenyl ether (DOD ether),
15 1, 3-bi s[ 2- (4- hydroxyphenyl ) - 2- propyl ] benzene (bi sphenol M, 2,2-bis(3,5-
di met hyl - 4- hydr oxyphenyl ) propane, 1, 1-bi,s(4-hydroxyphenyl) - 1-phenyl et hane,
2, 2-bi s(3, 5-di chl oro-4- hydroxyphenyl)pré ane, 2, 2-bis(3,5-dibrono-4-

hydroxypheny pr opane 1 -Dbis(4-hydroxyphen cyclohe ane and 1, 1
b s Ca”  hyd: B ppherslea %%d@%y@@mﬂ R E R B S

bl sphenol  ageRODEEELRUR0EL AL e RS fart GBI AN LA AR e
(60 e, sk ettt Gnpt s B sk '
The di phenol g‘yg‘ﬁif Sé‘ﬂ')l%ﬁn"alz é‘ gelay %’Qé’%ﬁ\‘)g? '*nggﬁ agzre] not g_er: I Folr3
{aken Lo > moi b o EpIRRTHY  RSIaaE, hﬁ?‘%ﬁﬁﬁ"i‘?w yEngpe.d accordingly be
Acfgp(r)rl) Iyoc/ar bgp@t?gl]b?meac all3 jms{:Ze}r(_\‘t hyho&@heggb%—pmpg/@b&ﬁemu;ﬂ??éfgﬁrrc:E\é}a ab!{g 38 to
m)l%(rqel gt.é #%&rweﬂvgf‘gﬁygf%aﬁfé%l)ﬁ%ﬁ?és?g‘)s(%r%‘blﬂ% 1s used) of Pat | east
one further @Lygﬂggmke@@h@?aﬁ@ bis( 9B dirhdthyRAT erggﬂeHg@nf’eﬂ%@/ Db-bis(3,5he

di phenol s are he’l'i'terature” or oduced’ dsi n processes
known fromt rddméthybéﬂ-aydnoxyplmnyl)pﬂoq)ane)bw(r?pzﬁehmbﬂlyl 4 fydeodyphatyl)asiulfond ) | mann' s

Encyézg;) p%j 'a 52, -bls&dél airrrlétﬁyl 4CH}? oi%l%hyl\{gjmet%%ura%gg %% ](3 5- dlslcl'noro 4- vol . 19,

( hydroxyphenyl)propane and 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane.
Particularly preferred diphenols are 2,2-bis(4-hydroxyphenyl)propane (bisphenol
A), 4,4'-dihydroxybiphenyl (DOD), 4,4'-dihydroxybiphenyl ether (DOD ether),

15 1,3-bis[2-(4-hydroxyphenyl)-2-propyl]benzene (bisphenol M), 2,2-bis(3,5-
dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-1-phenylethane,
2,2-bis(3,5-dichloro-4-hydroxyphenyl)propane, 2,2-bis(3,5-dibromo-4-
hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)cyclohexane and 1,1-bis(4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC).

20
Very particularly preferred compounds are 2,2-bis(4-hydroxyphenyl)propane
/ (bisphenol A), 4,4'-dihydroxybiphenyl (DOD), 4,4'-dihydroxybiphenyl ether
(DOD ether), 1,3-bis[2-(4-hydroxyphenyl)-2-propyl]benzene (bisphenol M) and
1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC).
25

The diphenols may be used both alone and as a mixture with one another. For the

purposes of the present invention, polycarbonates should accordingly be taken to

mean both homopolycarbonates and copolycarbonates. Copolycarbonates

generally contain at least up to 50 mol%, preferably up to 45 mol%, particularly
30  preferably up to 40 mol%, in particular up to 30 mol% (relative to the total

number of moles of diphenols used) of at least one further diphenol selected from



The branching agents of the fornmulae (1) to (3) are preferably used in
quantities of between 0.05 and 10 nol % particularly preferably of 0.1-5
nol % very particularly preferably of 8 2-1 nmol % relative to the nunber of
nol es of di phenols used. 10 The pol yca bénates according to the invention
general ly have nol ecul ar weights (weight average) of 13,000 to 100, 000,
preferably ofmesg fmmulad gud/ond., Therdiphanels|ase kyows Epaythe lijergarei mmobe o 60, 000

g/ nol , determ . i Y | agai nst
ol year bonat BREE st B hroB G R o EMMIRE IER ol Sent€ 1 d5AEE, 2
present i nveegtdlQUlimdrinkeEnepelepéedib of BRlubttiabChemice$sV CH[ Netey @rkadotf i on of
branched poI%carbonates and copol ycar bonates, characterised in that

di phenols a th gt hﬂhg-%ﬁgnts of the formula (1) or (2) or (3) are

di ssol vedcin an aqueous 20 al kaline solution and are reacted with a source
of carbonate such as phosgene, optionally dissolved in a solvent, in a

t wo- phase m Shebfanphidpagetts bf thafarinulas (19 o) akdprefensbl g abddt in @nantities@f gani ¢
solvent and a catalyst, preferably an am ne contgé)und. The reaction may al so
A

b
be per f or med betwvesn 0i05And 19imelae panticulasly nrefsrad i omefe.gieBhenol s i ncl udi ng
the b hi ' oAl ] | | 25 W . %
brefor aply 2SPReBRHS prdfelabs ST Hfol RIS BOLURDE Lol 47 05 Ve, IF

particul arlydjphehsisakddy 3 to 15 wt.% The aqueous al kaline solution

consists of water, in which hydroxides of alkali or alkaline earth netals
are di sséfved. Sodi um and pot assi um hydroxi de are preferred. -12- \Wen

!,Ohos gene i's 4{EdoRTafbBRattPROAME 0 RY SfiRntid Serleilyhal¥ mbA I Wi UEOUS
(weight average) of 13,000 to 100,000, preferably of 15,000 to 80,000,
particularly preferably of 15,000 to 60,000 g/mol, determined by gel permeation
chromatography (GPC) calibrated against polycarbonate with bisphenol A as the
15  diphenol building block.

The present invention furthermore relates to a process for the production of
branched polycarbonates and copolycarbonates, characterised in that diphenols
and branching agents of the formula (1) or (2) or (3) are dissolved in an aqueous
20  alkaline solution and are reacted with a source of carbonate such as phosgene,
optionally dissolved in a solvent, in a two-phase mixture prepared from an
aqueous alkaline solution, an organic solvent and a catalyst, preferably an amine

compound. The reaction may also be performed in multiple stages.

25  The concentration of diphenols including the branching agents in the aqueous
alkaline solution is 2 to 25 wt.%, preferably 2 to 20 wt.% particularly preferably 2
to 18 wt.% and very particularly preferably 3 to 15 wt.%. The aqueous alkaline
solution consists of water, in which hydroxides of alkali or alkaline earth metals

are dissolved. Sodium and potassium hydroxide are preferred.



al kaline solution to organic solvent is 5:95 to 95:5 preferably 20:80 to
80: 20, particularly preferably 30:70 to 70:30 and very particularly
preferably 40:60 to 60:40. The bispheng%:phosgene‘nnlar ratio is | ess than
1: 10, preferably less than 5 1:6, particalarly preferably less than 1:4 and
very particularly preferably less than 1:3. The concentration of the
branched pol YWhanihesgens isnsedag bl sazboriaterrpurcs, thgaatiy by velums aflaquéawsent i on i s
1.0 to 25 wt .

o ..pref.erab 2t 0 Y i eul arl g r & 2 to 18
Wi 2% andver SIRgufE FUEARI -l sftenltys SOPE 4L Rty AELE B P 20 on of
the amine commamlgqirabiaw 3070 17030 avee e gardidalatly pyefefablydeehenol is 0.1
to 10 nol % preferably 0.2 to 8 nol-% particularly preferably 0.3 to 6

mol % and ver $0i#4r Thebisplranpl:phaspeteapplar gitig is lessthap|1ok0, prederablytessdhan source s
phosgene’Sd'gQ?gﬁﬁﬁ3@ﬁ§#%é¢§35§@§ﬂﬁ§rpﬁ%&ﬁ%@gh%g&ggﬁﬁfégﬁgﬁﬂyh%?@%% event

t hat phosgen use on y POSSI pense a sol vent
and the phosge)aheRyndeatratiér ofthe bthndhddesdlyoarbonates ah@ coAgdarohate’l Xt ur e.

Tertiary am nes such as triethylam ne or N alkyl Me“ di nes may be used as
the 20 cat algesrdingte gedyentionass1.8rel2a wtdb. meefaiabli o3Gyt Vapastcwardy sui t abl e
catal ysts. ' fﬂj &1 ar ) | I e, tributylam ne
triisobutyl aﬁér@fagw rre][!ﬁm 6‘1 dﬁ‘grﬁ%ﬁl}/#%&‘ﬂgﬂd %{9?&@6&89 ﬁg%ﬁ%gﬁ%&d

N- propyl pi peridine are particularly suitable. 25 O ganic solvents which may

be consi dered are hal ogenat ed hydrocarbons such as . nethyl ene chl aoride
and/ or chfor dbeseesratradonof the smanecompound relaiivs o pemintpducsd quantity @fes t her eof

oraromati ¢ ipydsQeateeTo 15 BreFRLIFIHR' Emol-9), VERSuRHy prbABRR.: - 13-
l‘ to 6 mol% and very particularly preferably 0.4 to 5 mol%.

The carbonate source is phosgene, diphosgene or triphosgene, preferably
15  phosgene. In the event that phosgene is used, it is optionally possible to dispense
with a solvent and the phosgene may be introduced directly into the reaction

mixture,

Tertiary amines such as triethylamine or N-alkylpiperidines may be used as the
20  catalyst. Trialkylamines and 4-(dimethylamino)pyridine are suitable catalysts.

Triethylamine, tripropylamine, triisopropylamine, tributylamine, triisobutylamine,

N-methylpiperidine, N-ethylpiperidine and N-propylpiperidine are particularly

suitable.

25  Organic solvents which may be considered are halogenated hydrocarbons such as
methylene chloride and/or chlorobenzene, dichlorobenzene, trichlorobenzene or
mixtures thereof or aromatic hydrocarbons, such as for example, toluene or

xylenes.



The reaction tenperature may be 5C to 100C, preferably 0C to 80C,
particularly preferably 10C to 70C and very particularly preferably 10C to
60C. 5 Alternatively, the polycarbonates according to the invention-may al so
be produced by the nelt transesterifrchion process. The nelt
transesterification process is described, for exanple, in the Encycl opedi a
of Pol ynmer Sthereaetiomtemperafiré¢ g dp 5°CohdA9%E, pyefarabilyFIfsioH°Cf

Pol ycar bonat es,. Pol yne Vi orchnel | ol .9 0 A and Sons,
Inc. (1964) %\.tlgh%prfgergﬁyg§¥tng Iq?a“trahve?%#lc\ﬂ?ﬁﬁ?ée&]répﬁf]ﬂgt%on process,
t he aromati cggicphenol s and branching agents already described for the phase

boundary process are nelt transesterified wth carbonic acid diesters with
t he assi stance of suitable catalysts and optionally further additives. 15

o e S iRl e bRl ARG B e SRR T
(7) R R . 1§ the melt transesterification process. The melt transesterification process is

described, for example, in the Encyclopedia of Polymer Science, vol. 10 (1969),

Chemistry and Physics of Polycarbonates, Polymer Reviews, H. Schnell, vol. 9,

John Wiley and Sons, Inc. (1964) and DE-C 10 31 512.

10

In the melt transesterification process, the aromatic diphenols and branching

agents already described for the phase boundary process are melt transesterified

with carbonic acid diesters with the assistance of suitable catalysts and optionally

further additives.
15

For the purposes of the invention, carbonic acid diesters are preferably those of

the formulae (6) and (7)

R
Oole Y
R R"
. | - o
R" R o ' |
< }/—O—”——O )
A R R"
R' - -

wherein

20

R, R'and R" are mutually independently H, C;-C34 alkyl, Cs-Cs34 cycloalkyl, C-
Cs4 alkaryl or Cg-Cj4 aryl.



wherein 20 R, R and R' are nutually independently H Cl1-C34 al kyl, C5-C34
cycl oal kyl, C7- C34 al karyl or C6-C34 aryl. -14- The follow ng may be stated
by way of exanpl e: Di phenyl carbonate, butyl phenyl-phenyl carbonate,

di - but yl phenyl carbonate, isobutyl phenyf-phenyl carbonate,

di -i sobutyl phenyl carbonate, tert.-butyl phenyl- 5 phenyl carbonate,

di -tert. - but Jhpleiywing atdydreatated by papiof exdmeplgl - phenyl car bonat e,
di - (n- pentyl phenyl) carbonate, n-hexyl phenyl -phenyl carbonate, di-(n-
hexyl phenyl ) carbonate, cycl ohexyl phenyl -phenyl carbonate,

di - cycl ohex ?ﬁﬂ% i 35

di - p%enyl phg% [ #%a(;?gr%ag@ Imf}g%hoegy 519%&#22%}8%%32%?1% r gﬁg{%,} bonate,

di -isooctyl phwbytylmenpleplengl canbomatey dpisehutylphenylarhonateatetiohatyéphenyl-

car bonat 63 hABDHFHERER CiHe T P APBO Akahaie: TR RPRGPAWDRA  car bonat e,

di-tert.-but | 4; PRl P :_&arbonat e,

di cunyl pheny?é?}gﬁgﬁ% d‘ggﬁ%{ﬁé@@?m :aglzbg?%tg’n%/ %lhygl?l};fflrn lglg#%’g!r:lﬁtbg@(é’)dl (&

phen og yph Ie nK Ihenlﬂpmr?yl)cc?rm:um?t eycldiexgl_ﬁphplgbdﬂmxmddtmrbdnl htegdtiilz)mhﬂlemglpBeM
ent adec enyl - phe carbonat e, di-(3-pentadec en car bonat e,

Pr1 ey phenyl SHRGRE P BReAR gLl crrboFishBr RN S b of o r oc

conpounds ar g4 W1-SRnPOeb Shatd, %f—lisobaygﬁlﬂ%%ﬂgﬁxﬁoh%,eﬁlyll)n}qﬁﬁé?ﬁllat €

di-tert.-butyl phényl tTarbohate, phenyl phen car bonat e,

di - phenyl1@hempbenyl 28rboaathodighayonylphyhqihearhdnapdy enylylphenylephenyl cadbonateny | phenyl
::ar bonatee. Did?-ggrrr]lwpher?yq rcE)lr r(])%;[lt%, rilasphﬁl%(lifglle%w- al{elnyl garrg(l;n%u’ (calg-haphthylphenyl
carbonate, di-tert.-butylphenyl-phenyl carbonate, di-(di-tert.-butylphenyl)
carbonate, dicumylphenyl-phenyl carbonate, di-(dicumylphenyl) carbonate,
phenoxyphenyl-phenyl carbonate, di-(4-phenoxyphenyl) carbonate, 3-
15  pentadecylphenyl-phenyl carbonate, di-(3-pentadecylphenyl) carbonate,
tritylphenyl-phenyl carbonate, di-tritylphenyl carbonate.

Preferred compounds are diphenyl carbonate, tert.-butylphenyl-phenyl carbonate,
di-tert.-butylphenyl carbonate, phenylphenol-phenyl carbonate, di-phenylphenol
20  carbonate, cumylphenyl-phenyl carbonate, di-cumylphenyl carbonate. Diphenyl

carbonate is particularly preferred.
Mixtures of the above-stated carbonic acid diesters may also be used.

25  The proportion of carbonic acid diesters relative to diphenols amounts to 100 to

130 mol%, preferably 103 to 120 mol%, particularly preferably 103 to 109 mol%.

The catalysts used for the purposes of the invention in the melt transesterification
process are, as described in the stated literature, basic catalysts such as for
30 example not only alkali metal and alkaline earth metal hydroxides and oxides but

also ammonium or phosphonium salts, hereinafter also designated onium salts.



M xtures of the above-stated carbonic acid diesters may al so be used. 25 The
proportion of carbonic acid diesters relative to diphenols anmounts to 100 to
130 nol % preferably 103 to 120 nol % particularly preferably 103 to 109
nmol % The catal ysts used for the purpbg%s of the invention in the nelt
transesterification process are, as described in the stated literature,

basi ¢ cat al yBrefergblyhonismfsalts 8@ vsedy ppitisulady poefesablyi wisphansumisalénd al kal i ne
earth nmetal hydroxides and oxides but al so anmoni um or phosphoni um salts,
herei nafter also designated oniumsalts. -15- Preferably, oniumsalts are

used, parti CPh@phyniBmedafs &tlthe §&B@Biﬂéﬁhﬁ@kibﬁmetﬁb§§6ﬂﬁ@fdtﬁiu&@@ls for the

pur poses of the invention are those of the fornula (8 R4 X ~ i +- R3
($) Ra 5 whgrein _Rl1-4 -+ndependently denote Cl-do alkyls, C6-Clo aryls,
C7-Cl10 aral kylI's or Rés- 6 Xycl oal kyl s, preferably nethyl or C6-Cl4 aryls,
particularly prslﬁf_e_rl__llg‘( thyl or 10 phenyl, and X denotes an ani on such
as hydroxi de, T te, h dr.ogensygy ate, hydrogencarbonate, carbonate, a
hal i de, prefdgrably czhl orilde, or an al koxide of the formula OR wherein R
may be C6- Cl4-aryl RSy czdci2 aral kyl, preferably phenyl. 15 Preferred
catal ysts are tetraphenyl phosphoni um chl ori de, tetraphenyl phosphoni um

hydr oxi de5 t et raphenyl phosphoni um phenol ate, particularly preferably

wherein

R™ independently denote C,-C, alkyls, C¢-C)g aryls, C7-C,¢ aralkyls or Cs-Cg
cycloalkyls, preferably methyl or Ce-C)4 aryls, particularly preferably methyl or
10  phenyl, and

X denotes an anion such as hydroxide, sulfate, hydrogensulfate,
hydrogencarbonate, carbonate, a halide, preferably chloride, or an alkoxide of the
formula OR, wherein R may be C¢-C)4 aryl or C4-C); aralkyl, preferably phenyl.

15  Preferred catalysts are tetraphenylphosphonium chloride, tetraphenylphosphonium
hydroxide, tetraphenylphosphonium phenolate, particularly preferably
tetraphenylphosphonium phenolate.

The catalysts are preferably used in quantities of 10°® to 10 mol, particularly

20  preferably in quantities of 107 to 10™ mol, relative to one mol of diphenol.

Further catalysts may be used alone or optionally in addition to the onium salt in

order to increase the speed of polymerisation. Such catalysts include salts of alkali

metals and alkaline earth metals, such as hydroxides, alkoxides and aryloxides of
25  lithium, sodium and potassium, preferably hydroxide, alkoxide or aryloxide salts

of sodium. Sodium hydroxide and sodium phenolate are most preferred. The



t et raphenyl phosphoni um phenol ate. The catal ysts are preferably used in
quantities of 10"8 to 10-3 nol, particularly 20 preferably in quantities of

10-7 to 104 nol, relative to one nol of éji phenol . Further catal ysts nay be
used alone or optionally in addition tol®he oniumsalt in order to increase
the speed of polynerisation. Such catalysts include salts of alkali netals

and al kal i neqeantitias abthalcgcatalystmaysbewyidhiotheirange &oRok o) ppbd prefsrhblyi des of
25 lithi di d t i f b h id | koxi
2oyl oxi de sape S B PREAR AN PR EB AR AL B BRI o o

preferred. Thesodlfin, quantities of the cocatal yst may be within the range

froml to 200 ppb, preferably fromb5 to 150 ppb and nost preferably from 10
to 125 ppb, in each case calculated as sodium 5 The nelt

transesterificati reaction,.of the ar tic diphenol, a t he,carbonic acid
o ere T s IRE MRt A R e forf SORE blofnalic AR ARThE PRRGRE O™ 1o
aromatic di pkigAMsteddid préferabhl Reforied il Svdkitffes € thé frstBlag€dhé Arothati® 5 hours,

preferably 0.25 to 3 hours, under_ standard pressure at tenperatures of 80
to 250C, pr efliphapelyand e carbomaandd disater preuneltedyin frie pdoyrs, prefarably®.2500C. Af ter

addi tion of {he,catal e, 10 oligocarbonate d r ed fr

aromatic dip oeﬁgP‘%ﬁh‘ﬂy@'ﬁ]%mé%F%Bﬁf%m%% tg%pgﬁaglé%se?f 83)yt8r2§§05§,i R{ﬁfef%gl ?T@r?ophenol
by distillatom@my, ?ﬂﬂh‘ﬂiaﬂ prefrablyUuz0 (6 990PC. IATte ald@tible bf Bietatadyssithd t he
tenperature (to up to 260C). This stage generates the rrag‘{llty of the vapor

fr om t hel®r oeligecarbumaterie prduegst fromithparamatin dinhenelsaind thedrbenic agidr age
ol eEul e o AW TR A e R Voo
28880| [ o- di cld Dk e113 ARE raisiag tHertahpétatiye (tb 4Pto 366¥C) EThis Glagé Berlddftes ange from
the majority of the vapor from the process. The resultant oligocarbonate has a
weight average molecular weight, My, (determined by measuring the rel. solution
15  viscosity in dichloromethane or in mixtures of identical quantities by weight of
phenol/o-dichlorobenzene, calibrated by light scattering) in the range from 2000

g/mol to 18,000 g/mol preferably from 4000 g/mol to 15,000 g/mol.

In the second stage, the polycarbonate is produced on polycondensation by further
20  increasing the temperature to 250-320°C, preferably 270-295°C and a pressure of
<2 mm Hg. The remainder of the vapors are removed from the process in this

stage.

The catalysts may also be used in combinations (of two or more) with one
25  another.

When alkali/alkaline earth metal catalysts are used, it may be advantageous to add
the alkali/alkaline earth metal catalysts at a later point in time (for example after

oligocarbonate synthesis on polycondensation in the second stage).



g/ nmol to 18,000 g/ nmol preferably from 4000 g/nol to 15,000 g/nmol. In the
second stage, the polycarbonate is produced on pol ycondensati on by further
20 increasing the tenperature to 250-320C, preferably 270-295C and a
pressure of <2 nm Hg. The renuai nder of I'the vapors are renoved fromthe
process in this stage. The catal ysts nmay al so be used in conbinations (of
two or nor e)Faithéyparpeses2 tizenmrobess achéingad) kel im('entiloal thaeeagtion bf thet al

catal ysts are used,,. it e advant a us t t he al aI|/aIk line earth
met al ~ cat al y¥P®ale dhﬂ%@%‘%& nr’ncf' ‘e(s?eB f polypprhpna Bmaé’g’c?ar bonat e
synthesi s on &Fﬂrbﬂé& RER BNy I0R pllEraB B @REnSIABEL Yor ex%pleﬁﬁrstlhg&-ta‘.?ﬂ{r poses of

t he process accordl ng to the invention,” the reaction of the aronmatic
di phenol andreatterscﬁhb@mppraorsdfaiilumgﬁlm evapoyathdsttmd tpdtmemobmaacb:snay be

perfornme dISC Qr ferabl t.i.nuousl. or exanple in
Stirred -t bieded; Smet S reeist it Y RESH Vi asiat or s

stirred- tank reactor cascades, 5 extruders, kneaders, sinple disk reactors
and high viscosity disk reactors. The definitions, par aneters, conpounds and

expl anat i onsTh¢ dd:fatiti@rrs, pdlrempteeseqmwnmbcandpprmtinns iStatqdriaftmImmdnal ranges
may, however, al.so ﬁ?]] one . anot he bet ween t he

particul ar rQ‘FfQBB“%[hﬂ‘ 15&@? &8 ravgﬁsmeéowwrmﬁ? a%ﬁa&* BEPPESr bonat es

and copol ycaﬁrmﬁ@faml@%owweenﬂﬁ ﬁahf‘cuw\fargegeﬂd Fmeaalwg%ed up in known
manner and processed into any desired noldings, exanple by extrusion,

i njecti ol ol ding or extrusion blow nolding. 15 Still other aromatic
pOI ycar bonat ‘i‘ﬁe grnag{:hed potl)t]c%;bo%;t%rsma}l &?}l'c}/ar S(}n% es %géot% irﬁgttg ame invention
may be worked up in known manner and processed into any desired moldings, for

example by extrusion, injection molding or extrusion blow molding.

15  Still other aromatic polycarbonates and/or other aromatic polyester carbonates
and/or other aromatic polyesters may be added to the branched polycarbonates
and copolycarbonates according to the invention in known manner, for example

by compounding.

20  Additives conventional for these thermoplastics, such as fillers, UV-stabilizers,

heat stabilizers, antistatic agents and pigments may also be added in conventional
( quantities to the branched polycarbonates and copolycarbonates according to the

invention; demolding behavior, flow behavior, and/or the flame resistance may
optionally be improved by addition of external mold release agents, rheological

25  agents and/or flame retardants (for example alkyl and aryl phosphites, phosphates,
phosphanes, low molecular weight carboxylic acid esters, halogen compounds,
salts, chalk, silica flour, glass and carbon fibers, pigments and combinations
thereof. Such compounds are described, for example, in WO 99/55772, p. 15-25,
and in the corresponding chapters of the "Plastics Additives Handbook" , ed. Hans

30 Zweifel, 5" edition 2000, Hanser Publishers, Munich).



and/ or other aromatic polyesters may be added to the branched pol ycarbonat es
and copol ycarbonates according to the invention in known manner, for exanple
by conpoundi ng. 20 Additives convention for these thernopl astics, such as

fillers, UV-stabilizers, heat stabilizets, antistatic agents and pignments
may al so be added in conventional quantities to the branched pol ycarbonates
and copol ycaf bohanekedpalysamhongtes and pepolycathonates accosding tahg dnvsaHam or, f 1 ow
behavi or, an I . ' ' ' v by

addi 11 on’ of - Sifcnely PiordpIRRh ARG Bes AR CORCKon L BB - ) e
retardants (6me pracspddeintl dayl desined moidingsheaapitess be updtbiaphgtappglicatiphwsphanes,

| ow nol ecul ar mejght carboxylic¢c acjid esters, halggen conpounds, salts,

chal k, sili cH Vhighpalreadydnowapplycarbanates, nobyester pargppatessandnplyestess #&t i ons

t hereof. $Suc 0 Was | ' : p.

15- 25, asﬁd Psnegf ﬁggcor rse%%g%glpﬁéﬁéﬁggt% %&%g ﬁﬁeélﬁﬁl ggg?}%ﬁgsa?%{é%ﬁqs\zfgg
Handbook" , frectioamsoldingZulatitelly larpé moktings| fon eXfiiple abitomsaive idlaringsdigr s,

Muni ch). -18- The hranched pol ycarbonates and copol ycarbonat es according to
the invent i ofheet Biodpetpal ey as. dioweyeraplsg switagterassh ateripls forepiical

convent i onal oA dicH SRedid Bion asqglc&ag{ggﬁﬁseﬁ_k“bvw%miﬁﬁ# Bfla Y Lnown

nmol di ngs/ ext rudate I 'n-any reatiohs 1'n whic

pol ycar bonat elso, foptyamsplerbeased anfitnesinahelelpattiyastaos aampldingssiadehiolee to this
range of properties, they are in particular syitable_ as materials for
i nj ect i ol noFRfsHYctien and dsehpet far epversdn aRlyappheations abhs Rolysartamaies ve gl azi ng
and sheet p : . | I rake, material s
For opti oal " "oHEhE o (hR Al g (RE i RrSMicl PR\ ffer gl stieh, °0 £ 7R
and may al sas isfknowaxaepéquireddn umag ageas bf buiklings, vdidcled ant airceaft, andas or, as
mol di ngs in }gehi cle . . . .
elmet visors; films, in particular ski films; blow moldings (c.f. for example US
patent 2 964 794), for example 1 to 5 gallon water bottles; light-transmitting
15  sheets, in particular cellular sheets, for example for roofing buildings such as
stations, greenhouses and for lighting systems; optical data storage media; traffic
light housings or traffic signs; foams (c.f. for example DE-B 1 031 507); yarns

and filaments (c.f. for example DE-B 1 137 167 and DE-A 1 785 137).

20  Polycarbonates may furthermore be used as translucent plastics with a content of
glass fibers for lighting applications (c.f. for example DE-A 1 554 020) or with a
content of barium sulfate, titanium dioxide and/or zirconium oxide or organic
polymeric acrylate rubbers (EP-A 634 445, EP-A 269324) for the production of
light-transmitting and light-scattering moldings, as substrate materials for organic

25  photoconductors, for the production of precision injection moldings, such as for
example lens mountings. In the latter case, the polycarbonates used are those
which have a content of glass fibers and optionally additionally approx. 1-10 wt.%
of MoS,, relative to total weight. The polycarbonates according to the invention
may furthermore be used for the production of optical instrument parts, in

30  particular lenses for still and video cameras (c.f. for example DE-A 2 701 173);

light transmission substrates, in particular optical fiber cables (c.f. for example



10 construction and as sheet for covers in safety applications. The

pol ycarbonates according to the invention nay be used for the production of
safety panels which, as is known, are_[rlgqui red in many areas of buil dings,
vehicles and aircraft, and as helnmet visors; films, in particular ski
filnms; blow noldin sgg)c.f. for example US  patent 2 964 794), faqr, exanple 1
to 5 gal | on Fard0 058301 slectricahinsula ﬂg;mafqriafﬁgfoaslegwéék@pdvﬁommif%ru| ar

cel lul ar she , 5@‘?}% (s ' ) . ations,
gr eenhouses gﬁ% SP%l?ertT Ighti né“é‘%é?‘é’?rg% {eo thlmél%%ﬂggtg?lsto 58‘2“‘%3%!?‘3%‘&& affic

| i ght housi ngsperfunte, aftéishavel apdswehto aawvork irfterfdcerdeeixesypdrepDEgB 1 031 507) ;
yans and filangnts (c.f. for nple DE-B 1 137 167 and, DE-A 1 785 137). 20
Pol ycar bonat gga%bﬂmﬂf&béhmseﬁﬁﬁlsm@% IRteRR lef}%eéri‘t‘ﬁﬁ\:fa%lﬂgl% mgdigel

cont ent FrReLSiof j Lng 5 &l Ikafionst ggple DEFA 1
554 020) Ogor %E\?Eésé dr%o%ftﬁgr?gg xg#&%g‘}r%’urﬁlg%ﬁ’ate,Shtﬁ??pa#mﬁﬁrwI}:ff %E(ﬁh?é giﬁd/ or

zi r coni um oxkexlmple bottlga,urockepoindaocalateangldsit amtamidtbeer appliERioas 6déred 45, EP- A
269324) for the productjon of  light-transmtting and |ight-scattering

mol di ngs, ascgla}séoim_ﬂ _ﬁ'elfép_eﬁv‘a}cgn SRAYRGHR SECDES IBREYARRIAQUEPERSs, for the
product i on- Obpipéieily$h Bt fofth 8¢ LhifibIdBLASG ABACH BRalErubtEKaTRE | ens
nmountings. Inthe Fatter case, the polycarbonates used are those which have
a content of agickssuth fxefos ezamiple slalcn gbley, shilbodtifasteriersy hapgehobd. artielgé) wt . % of

MbS2, relative to total wejght. The cay bonat es, according to the

i nvent i oh nﬁ‘}“hfaérf%’h?iaﬁtﬂl%kﬂg‘eﬂ§g&sﬁgﬁ?l%‘ﬁég?ﬁcé' fngs, yeh ef)?qr&mmlp st rument

parts, in 30 L i 7 ! i o j or exanpl e
e A2 701 19 e e o D e Bl d e Cal 11 ber

cabl es (c.f. hbasingsy tramdpareni ashif Aachifd podidlys with @oproveditesistesiot &i thag
materials for e!.ectri cal conductors an (fkets and connfect ors;
TS IO

d1 f.ar | ug. so
mobi | e tel ep ng égliuﬁa@ el%g]iaﬁsﬁﬁ’cﬂpé‘aa Fvasipr-correcting glasses; lamp covers for

cooking installations with improved resistance to cooking vapors, in particular oil
15  vapors; packaging films for pharmaceutical preparations; chip boxes and chip
carriers or for the production of other applications such as stall-feeding doors or

animal cages.

The moldings and extrudates obtainable from the polymers according to the

20 invention are also provided by the present application.

The following Examples are intended to illustrate the invention, but without

restricting its scope.



to perfune, aftershave and sweat; network interface devices; |anps, e.g.
headl i ght/spotlight |anps, diffuser disks or internal |enses and strip

| ights; medical 5 devices, for exanple genators, dialysers; foodstuff
applications, such as for exanple bottl%®s, crockery and chocol ate nol ds;
autonotive applications where contact with fuels and |ubricants may occur,
such as for exanple bunpers, opti onBKAMPEEShe form of suitable blends wth
ABS or suitable rubbers; sports articles such as for exanpl e sl al om pol es,
ski boot fasteners; household articles 10 such as for exanple kitchen sinks
and | etter bdxdstivelsoligionosscositics daterhated@nappof pelyact in ¢80 milbft ri buti on
cabinets; housings for electric toothbrushes and hair dryer housings;
transparent BERYIRBC fRlerdsat 2066t hol es with inproved resistance to the
washing sgl ution; safety glasses, optical vision-correcting glasses; |anp
covers for cooking installations with inproved resistance to cooking

vapor s, i n pdrhe melt aoluaiel ratt SMARPIs sletepanied gicagrdingl todSOdr 3phar maceut i cal
preparations; chip boxes and chip carriers or for the production of other
applications such as stall-feeding doors or aninmal cages. The nol di ngs and
extrudates o J; Inﬁ@@g- [ . [ ntion are
al so provideghﬁvﬂt gﬁ6?§22%$9§5%?#catl ﬁg&#ﬁéﬁﬁg??%&rﬁgggkéﬁ%?ggpare
intended to illustrate the invention, but without restricting its scope.
20 o R St e e bt okt S s e ment for 38 2 fhe”” PO Y

measurement temperature (in the following examples 300 C°).

(

VICAT temperature is determined according to ISO 306.

15  Notched impact strength is determined according to ISO 180/4A at room

temperature.

Yield stress, elongation and modulus of elasticity are determined according to ISO
527.
20

Tear strength and elongation at break are determined according to ISO 527.



The nelt volune rate (MVR) is determ ned according to |1 SO 1133. The
intrinsic nelt volune rate (IMR) is determ ned according to I SO 1133 10
but with the sanple being conditioned prior to neasurenment for 20 mn at the
measurenent tenperature (in the fol | owi-#d -exanpl es 300 C). { VI CAT
tenperature is determ ned according to | SO 306. 15 Notched inpact strength
is determ ne®xaogdedi ng to | SO 180/4A at room tenperature. Yield stress,

el ongati on and nodul us of elasticity are determ ned according to | SO 527.
20 Tear strength and el ongation at break are determ ned according to I SO
527. -21- Ex - " "

2. 4-bi o] 1 (ﬁmﬁgéyg?é‘;"ﬁﬁ%?&%’;%%%w fmetniphyliphensl (uisphenol o 1 on
Na* O1/ I/ O Na C~OH\ Ng' 1l ONa* OH HHO~/ OH OH 5 1712 g (5.00
nmol ) of bi sphenol A (BP¥ Ba er AG) are nelted at 190§/under a

HO

1712 g (5.00 mol) of bisphenol A (BPA, Bayer AG) are melted at 190°C under a
nitrogen atmosphere. 20.4 g (0.05 mol) of solid sodium bisphenolate (Na;BPA)



nitrogen atnosphere. 20.4 g (0.05 nol) of solid sodi um bi sphenol ate (Na2BPA)
-22- are then added. The phenol forned is renoved fromthe resultant nelt at
a bottons tenperature of 180-190C by distillation under a water jet vacuum
(15- 20 nbar). The batch preparation i sZ2epeated five tines and the crude
material, fromwhich the phenol has been renoved (after separation of a
total of 353ag:tth56ded5Thophmiol ﬁirmedlis):enioszedfmbiﬂnedesu]thﬂmeluallm material is
recrystalliz hr ee r ach case 38 uene with
75 ml of (co ?méieé?l?e&a l%ﬁ‘p]ﬁpogglyfllsl@aﬂ?n 4%y %“rJgLYa&uﬂnn@% pr oduct
wWith a tri Sp%ﬂﬂﬁar)?%%%fch%e;ﬁ%foﬂ%s répedfed fife ARle8 A the cHidesSmaRkEr i al s 10
extracted at 100C 1n 1 kg portions with in each case 3 1 of tol uéne.

Extracti on i ﬁoan&ﬁQhrthedhwl bas beenmemoved (afienseparations pbatitd o363 EOBAIST or

appr ox. qué)?ﬂ he og 4Itering it. The extraction residues together
yi el d 154 PN sthén sphenol content of approx. 85% The entire
quantity is agaln extracted twice with 4 1 of toluene at 100C and the
extraction residue is dried under a vacuumat 15 80C. 995.5 g of product are
obt ai ned wi t ha coadetreaterialfis mnzs%ltizeidsipniun@portiﬁhefromrihxpﬁecasb 38@0nnénf is fu

Cher increas i e rmre th 3 o 80C. After
dryi ng at 80%9]3%%?“)%73 Lﬁgg‘f @cat“‘o‘fc‘ ‘%Rﬂr% Oésr cry§)t8 Wened with a
content of trjrsRikeRSh a%sﬁ%n@f’/eon‘{@?ﬂt Bi"aﬁ%i 3PP DblaneAN TRIGh ALl jyi €l d of
11. 6% The remai nder consists of bisphénol A 20 Yield: 945 g (11. 6% of

t heoreti d6l) exfractedwaii H09°Gan gétgm@mms withaimagagls fase 310f Gduis. Ektre‘r’uon is

C{Ier Ivatisati %rér%rmecpgy stlmngw to uen sus%glgsll(\)/nagtl 19%°C E]reap%%(&e(ig min. and
then hot-filtering it. The extraction residues together yield 1540 g (moist) with a
trisphenol content of approx. 85%. The entire quantity is again extracted twice
with 4 1 of toluene at 100°C and the extraction residue is dried under a vacuum at

15  80°C. 995.5 g of product are obtained with a content of 94.2% trisphenol. The

trisphenol content is further increased by extracting once more with 3 1 of toluene
at 80°C. After drying at 80°C under a vacuum, 945 g of a beige powder are
obtained with a content of trisphenol of 97.9%, which corresponds to an overall

yield of 11.6%. The remainder consists of bisphenol A.

20
Yield: 945 g (11.6% of theoretical) of a white-beige powder.
| Analysis:
25 . GC-MS after derivatisation as the trimethylsilyl derivative: The expected

mass of 362 is here found as the product peak. Purity: 97.94% (1.79% BPA
identified as impurity).



mass of 362 is here found as the product peak. Purity: 97.94% (1. 79% BPA
identified as inpurity). -23- Exanple 2: 118 ml of nethylene chloride and 30
m of chl orobenzene are added to a nitrggen- inertised solution of 15.862 g
(0.0694 nol) of bisphenol A and 6.13 g'@ 153 nmol) 5 of sodium hydroxide in
118 m of water. 0.081 g (0.00022 nol or 0.32 nol % relative to bi sphenol A)
of the brancHExampde2nt from Exanple 1 and 0.3559 g (0.00237 nol or 3.4 nol%
relative to bisphenol A) of p-tert.-butyl phenol (BUP) as chain term nator
are added in a single-stage procedure. At a pH value of 13.4 and 20C, 9.6

n (0.1394 myl§ ndfof BRESUGRhRIRIe AHd 80 nd\6Tchidiében@eteSe Addel thalitro 9 In order
to prevent the pH value fromfalling bel ow 12.6, 25% strength sodiu

hydr oxi de sollllmlwd splytign 66 45.862 £ (06Hemph e hisphencdid ansk 6.3 gBAHS étoll)on of

h d,.fl 007 % | i
o bt sphinoPt Aisn b D8 Lt RACet 08L& AP LRP LR mblRet (71 ing 1 o
conti nued @flardveaWbisphéicl o) SFeR7rahi1af Aent e imgYs 1phaBASSO e O gani c

phase is acidified 15 W|th phosphoric acid and washed with distilled water

until neutrak0. 9%37staplt0rf3r‘b@01%Idagvegtodflsnh@wlo"a}mmtebmy@mbolaﬁm& af ter
0rSF, 1 L2 S LRuERA ORI Pl o A A LR BELS L 20 1o
m) | 21; U Z <r)l \lfvte :agﬁtko%i 936LRM 0. BIgA mEFy6f pRetgbiy At la@fe PGl et coBRS oFalhomar bonat e) :
10  In order to prevent the pH value from falling below 12.6, 25% strength sodium

hydroxide solution is added during the phosgenation. After completion of

phosgenation and flushing with nitrogen, 96.7 pl (0.0007 mol, 1 mol% relative to

bisphenol A) of N-ethylpiperidine are added as catalyst and stirring is continued

for 1 hour. After separation of the aqueous phase, the organic phase is acidified
15  with phosphoric acid and washed with distilled water until neutral and salt-free.

16.8 g of polycarbonate are obtained after precipitation in methanol and drying in

a vacuum drying cabinet at 80°C.

Analysis:

20
. Relative solution viscosity in methylene chloride (0.5 g/100 ml of
solution): 1.310/1.315
. GPC (calibration against BPA polycarbonate): molecular weight
Mw=31789, Mn=14010, dispersion index D=2.27

25

Example 3:

28.4 1 of methylene chloride and 9 1 of chlorobenzene are added to a nitrogen-

inertised solution of 4096.3 g (17.94 mol) of bisphenol A and 1584 g (39.6 mol)
30  of sodium hydroxide in 28.4 1 of water. 20.88 g (0.0576 mol or 0.32 mol% relative

to bisphenol A) of the branching agent from Example 1 and 91.92 g (0.612 mol or



Mr=31789, Mh=14010, dispersion index D=2.27 25 Exanple 3: 28.4 1 of
net hyl ene chl oride and 91 of chl orobenzene are added to a nitrogen-
inertised solution of 4096.3 g (17.94 nDI) of bisphenol A and 1584 g (39.6
nmol) 30 of sodium hydroxide in 28.41 of*ater. 20.88 g (0.0576 mol or 0.32

mol % rel ative to bisphenol A) of the branching agent from Exanple 1 and
91.92 g (0.612% nmi% rsfative 4o bisplenob A¥of pitert.Hweylpheriol §BHBhas chajn of

b7 ocedur o, AEVRTART 98 taen i 3 Mo rOt s g et PSR 14 BT BB gene o ¢

added over tB850c0 &ﬁoﬁbf%hd&‘sgéﬁe a8 ddddd @eﬂﬁie%mse'dfl(}fodﬁ{mdmﬁﬁlﬁit&m the pH
value fromfalling bel ow 25% strength sodi um 5 hydroxi de solution is

?Fdeg dur i ngIndrderdRgserentitiepd valne EpmcfaHinedelayn 126, 25{3’hé§?@ﬁhﬁmlgnanﬁ I
A
of "N et byt pi Prtpiff S6ilio % pdafd aletue PePBusecas A FAPIEoRBR: Mued For 1

hour. After pleRgémitiofRAndflushigg agthantisgddas¢ mit(08 8ahdaninfol@reRtive fo aci di fied
w t h phosphoric acid and washed with distilled water until neutral and

sal t-free. 1bisplienel Aé@f Negthylpipstiding are agded ins Qatélﬂétr@éﬁémltgﬂé contohgdt i s

extruded thr Vol |IZI xtrud 3460 car te are
obt ai ned (af foéan}?%égﬁ i ?tﬁ n?ﬁnﬁg?ql?eﬁﬁﬁﬁﬁagsg ée Oi%n §1% ?éamd?%éfat Ive
sol ution vi SWQﬁ'phM ymrlaa&fﬂwnameasﬁm th Aesti(10d Svatth LAGI ﬁsuuaf andSQltifideon) : 1. 34
MR 300C/ 1. 2k /10 mn

10 After solvent exchange for chlorobenzene, the product is extruded through a

devolatilizing extruder.
3460 g of polycarbonate are obtained (after discarding the first runnings).
15  Analysis:

. Relative solution viscosity in methylene chloride (0.5 g/100 ml of
solution): 1.34
. MVR 300°C/1.2kg: 1.7 ml/10 min
20 - IMVR 300°C/1.2kg 20 min: 1.7 ml/10 min
. Vicat VSTB 50: 153.2°C

Example 4:

25  28.41of methylene chloride and 9 1 of chlorobenzene are added to a nitrogen-
inertised solution of 4096.3 g (17.94 mol) of bisphenol A and 1584 g (39.6 mol)
of sodium hydroxide in 28.4 1 of water. 19.57 g (0.054 mol or 0.30 mol% relative
to bisphenol A) of the branching agent from Example 1 and 57.6 g (0.612 mol or
3.4 mol% relative to bisphenol A) of phenol as chain terminator are added in a

30  single-stage procedure. At a pH value of 13.4 and 21°C, 3560 g (36 mol) of

phosgene are added over the course of 1 hour and 20 minutes. In order to prevent



20 | WR 300C/1.2kg 20 mn: 1.7 m /10 mn Vi cat VSTB 50: 153.2C Exanpl e 4:
25 28.41 of methylene chloride and 91 of chl orobenzene are added to a
nitrogen- inertised solution of 4096.3 g (17.94 nol) of bisphenol A and 1584
g (39.6 nol) of sodium hydroxide in 28221 of water. 19.57 g (0.054 nol or

0.30 nol % relative to bisphenol A) of the branching agent from Exanple 1
and 57.6 g (tepibvalet from faing betsvd 2.6) 2% vength bodipdiydroxide ssflutigmanol  as

chain term najar, .are added in 30, single;sta rocedure. . pH val ue of
134" ana 21 Lo dRTe THOs oy firaBEla A R E e sl o of 1
hour and 20 with&iteszen) m.mhﬂgo.ls%mfﬁm{% reldfive foBisphenvieA yef Xir om fal i ng
bel ow 12. 6, 25% strength sodi um hydroxi de solution is added during the

phosgenat i onethylpinsridinsrase addedrs gatabisbangestiatingis continyad fonil hgur. vifteh ni t r ogen,
24.7 M (0.18 nol. 1 | % rel ative to bisphenal. A .of N-.ethylpiperidine are
added as oat pgation b5 TR athr s PredS sisrBiB RS i igies MiupR¥pRRE L ar o
of the aqueoatid RRds@shedhgitipdigaNédweRaRilintuisli s fshiedredi Afesddagphoric - acid
and washed with distilled water until neutral and salt-free. After solvent

exchange f orexshpageolor aklerabenzans, the prusuct is sxtnded theangh rdsuelatibizidevol atili zi ng
extruder. 10eq57“ 2.9 of polycarbonate are obtained (after discarding the
first runni ng’% . ‘Analysis: Relative solution viscosity in nethylene
chloride (0.5 g/100 m of 15 solution): 1.340 MR 300C¢/ 1.2 kg: 2.4 m/10
m n

10 3732 g of polycarbonate are obtained (after discarding the first runnings).

Analysis:

. Relative solution viscosity in methylene chloride (0.5 g/100 ml of
15  solution): 1.340

. MVR 300°C/1.2 kg: 2.4 ml/10 min

. IMVR 300°C/1.2kg 20 min: 2.2 ml/10 min

. Vicat VSTB 50: 149.6°C

20 Example 5:

28.4 |1 of methylene chloride and 9 1 of chlorobenzene are added to a nitrogen-
inertised solution of 4096.3 g (17.94 mol) of bisphenol A and 1584 g (39.6 mol)
of sodium hydroxide in 28.4 1 of water. 19.57 g (0.054 mol or 0.30 mol% relative

25  to bisphenol A) of the branching agent from Example 1 and 66.06 g (0.702 mol or
3.9 mol% relative to bisphenol A) of phenol as chain terminator are added in a
single-stage procedure. At a pH value of 13.4 and 21°C, 3560 g (36 mol) of
phosgene are added over the course of 1 hour and 20 minutes. In order to prevent
the pH value from falling below 12.6, 25% strength sodium hydroxide solution is

30  added during the phosgenation. After completion of phosgenation and flushing
with nitrogen, 24.7 ml (0.18 mol, 1 mol% relative to bisphenol A) of N-



| WR 300C/1.2kg 20 min: 2.2 m/10 mn Vicat VSTB 50: 149.6C 20 Exanple 5:
28.4 1 of nethylene chloride and 9 1 of chl orobenzene are added to a
nitrogen- inertised solution of 4096.3 g (17.94 nol) of bisphenol A and 1584
g (39.6 nol) of sodium hydroxide in 28281 of water. 19.57 g (0.054 nol or
0.30 nmol % relative 25 to bi sphenol A) of the branching agent from Exanple |
and 66.06 g ¢hyliiperidoie ae add:dasealabest aidadtirsieg iscobiispddefooll hayr. ftgphenol as

134 and 21 corasnsn o Hesmem Pare dhiksEyih e e Suateo vt PReRi se of 1

hour and 20 g#if4h@ washdd Withl8fstiflQ] WaRY @Mi1 neliRf Al sy, AfeMdlwdnti ng bel ow
12. 6, 25% strength sodi um hydroxi de solution is 30 added during the

phosgenat i onexokfange for shioraenzameothe praskigeis gxirodedsthebughagdevalgtilimngh ni t r ogen,
24.7 m ((jg) 18 no 1 nol%relative to bisphenol A) of N -26- ethyl piperidine
are added as %%} yst and stirring is continued for 1 hour. After

separation of the aqueous phase, the organic phase is acidified with
phosphoric acid and washed with distilled water until neutral and

sal t-free. AB7&Ygobbelyearbonsnieirgoftainedr(ati¢r discarding Sredirst mgnivge)duct i s
extruded through a devolatilizing 5 extruder. 3775 g of polycarbonate are
obtai ned (after discarding the first runnings). Analysis: 10 Relative

sol ution vi segalysi: i n methyl ene chloride (0.5 g/100 m of solution): 1.303

10
, . Relative solution viscosity in methylene chloride (0.5 g/100 m] of
solution): 1.303
. MVR 300°C/1.2 kg: 4.2 ml/10 min
. IMVR 300°C/1.2 kg 20 min: 4.3 ml/10 min
15 Vicat VSTB 50: 147.5°C

The melt index MVR states the number of grams of heated thermoplastic product
which, under the action of a defined force, pass through a standardised nozzle in
10 minutes at a specific temperature. In the present case, the force is 1.2 kg and

20  the temperature 300°C. In the case of IMVR, the sample is kept in the instrument
at 300°C for 20 minutes prior to extrusion. If any polymer degradation occurs
during this period, depending on the degree of degradation, higher values are
obtained than in the MVR test. After such exposure, the product is more highly
fluid and more material can flow through the nozzle. If, within the bounds of

25 measurement accuracy/the limit of error, the MVR and IMVR values are virtually

identical, this establishes the thermal stability of the material (c.f. Examples 3 to
5).



MR 300C/ 1.2 kg: 4.2 mM/10 min |IMR 300C1.2 kg 20 min: 4.3 mM/10 mn 15
Vi cat VSTB 50: 147.5C The nelt index MVR states the nunber of grans of

heat ed t hernopl astic product which, under the action of a defined force,
pass through a standardi sed nozzle in "40"m nutes at a specific tenperature.
In the present case, the force is 1.2 kg and 20 the tenperature 300C. In the
case of | M\WHExamplefanple is kept in the instrunent at 300C for 20 minutes
prior to extrusion. If any polyner degradation occurs during this period,
dependi ng on the degree of degradation, higher values are obtained than in

the MVR test24 M bEmethyldhe RKRPRIEGAD 12146 of cRIdESHenkdhe B¢ &1ded 96 b Yitrdgetti d and
nore material can flow through the nozzle. If, within the bounds of 25

measur ement medisediegintionsof 436612 @0 reol) of bispheaohyrnd 1d60 pAft maliafs ar e

(e 1 Ecpl S ilrogldb i 83 Rt nide2 15 S8 W or ReBlopbabidive T ae ana -
12.4 1 of chbj I@QFA?Bﬂth@rbeaIf&ﬂﬂ\gCﬁ bt feorh Fx@@RT and67.76 8 €073 &lolibt 956 of 4566
g (20 nol) of bisphenol A and 1 6(% (44 nol) of 5 sodium hydroxide in 36.5

1 of water. mel%zelatiyeptoddsphgnolat) of phenokss ghaialterminator are agdedhinariingle) of t he

b hi f | d.67,76 . | . | % rel ati
Lo bt sphanol e BPETE AT ERBPRr L e dt & He Taaip ol bhoBBingEE ' &t age
procedure. Ajddqedpkevidk d6urgé ofl B hburdid 2Imiauted IMborfer(td Prevehi the bHPMSOENe ar e

added over the course of 1 hour and 20 m nutes. |In order tg{ﬁ)revent the pH

val ue 101G r ofromdpllingdeloay b6.130% streunh sediemdrydraxids solutiopds addedalusigut i on i s
?dded duri "Othe phosgenation. After completion of phosgenation and flushing with nitrogen,
| 24.7 ml (0.18 mol, 1 mol% relative to bisphenol A) of N-ethylpiperidine are added
as catalyst and stirring is continued for 1 hour. After separation of the aqueous
phase, the organic phase is acidified with phosphoric acid and washed with
15  distilled water until neutral and salt-free. After solvent exchange for

chlorobenzene, the product is extruded through a devolatilizing extruder.

4020 g of polycarbonate are obtained (after discarding the first runnings).
20  Analysis:

. Relative solution viscosity in methylene chloride (0.5 g/100 ml of

solution): 1.320

. GPC (calibration against BPA polycarbonate): molecular weight
25 Mw=34441, Mn=11334, dispersion index D=3.04



t he phosgenation. After conpletion of phosgenation and flushing with
nitrogen, 24.7 m (0.18 nmol, 1 nol%relative to bi sphenol A) of

N- et hyl pi peridine are added as catalyst and stirring is continued for |
hour. After separation of the aqueous 'ﬁ&ase, the organic phase is acidified
wi th phosphoric acid and washed wth 15 distilled water until neutral and
sal t-free. APhwsical ptoperties ef dieqpudpcaftmmates htardibg he thegnvenbtienpr oduct i s
extruded through a devolatilizing extruder. 4020 g of polycarbonate are
obtained (after discarding the first runnings). 20 Analysis: Relative

sol ut i on Vi SeRhiedl braBeki oTHE: BhGHel IR 1cBrbond Hoh Bkaiiple 01 uti o) - 1 320
GPC (calibration agai nst BPA pol ycar bonate) : m) ecul ar wei ght 25 Ma=34441,
M=11334, di é‘fmdmdompaﬁmn@ﬂSOéﬂ%m\RTFEhym Lal propéfx82%s of the

pol vcar bonat t he invention: Mechani cal operties of the
branched pol %ﬁ@ﬁ%ﬁ%ﬁ%&?% Exampl e 3: Notched i rrpacp'?’ﬁ gth | SO 180/ 4A
RT [kJ/ 2] HxSAdGon Ys@lsg7stress | SO 527: 63 NNmmR Eggegation | SO 527: 6. 5%
Tear strength (1'SO 527): 61 NNnmR2 El ongation at break (ISO 527) 90%

Modul us of elTest stringth (18@G2327) 2201 Nmm2 5 Conpar abl WmEXanpl e 1 Branched

pol ycar bonat e, W t h _bi n _di phenol and isatingpjscresol as
br anchi ng agggrl?n% P%@fgvﬁfﬁg&ﬁ%%1 as chain terni nat0|98§°nd an MVR of 3.

Modulus of elasticity (ISO 527) 2201 N/mm*

( 5  Comparative Example 1

Branched polycarbonate with bisphenol A as diphenol and isatin biscresol as

branching agent (0.3%) with phenol as chain terminator and an MVR of 3.

Properties Comparative Example 1
Notched impact strength ISO 180/4 ART [kJ/m’]: 10x80z

Yield stress: 65 N/mm?

Elongation: 6.5%

Tear strength: 62 N/mm?

Elongation at break: 85%

Modulus of elasticity: 2304 N/mm*

10
Properties of the branched polycarbonate from Example 4:

Notched impact strength ISO 180/4A RT [kJ/m*]:  10x80z

Yield stress: 65 N/mm”
Elongation: 6.4%
Tear strength: 64 N/mm?
Elongation at break: 96%

Modulus of elasticity: 2316 N/mm?®



Properties Conparative Exanple I Notched inpact strength |SO 180/4 ART
[KI/nm2]: | Ox8Qz Yield stress: 65 NmmR2 El ongation: 6.5% Tear strength: 62
N nm2 El ongation at break: 85% Mdulus of elasticity: 2304 Nm2 10
Properties of the branched pol ycar bonat®® f r om Exanpl e 4: Notched i npact
strength 1SO 180/4A RT [kJ/n2]: | Ox80z Yield stress: 65 Nmm2 El ongati on:
6.4% Tear st rengt h: 64 Nmm®2 El ongation at break: 96% Modul us of

el asticity: ert es. o br hed pol ycarbonate from
Scanpl o 5 RoPeREnol fis beancbrd BRgHbes hoB Atk fio; no) - 10xv0s - vi el d
stress: - 64 NNmR Elongation: 6.4% Tear strength: 64 NNmm2 El ongation at

break: 109% Modulus of elasticity: 2295 N/n’gﬂ 5 Conpari son of Exanples 1, 4
and 5 accor dNoiched impactistrength 130 180/4A Kb blplamalt i vE0x79z

Yield stress: - 64 N/mm?*
Elongation: 6.4%

Tear strength: 64 N/mm?
Elongation at break: 109%
Modulus of elasticity: 2295 N/mm?

5  Comparison of Examples 1, 4 and 5 according to the invention with Comparative
Example 1 reveals an improved elongation at break with the other mechanical

properties being otherwise comparable.

Example 7:
10

The thermal stability of the products may be demonstrated with reference to

various branched polycarbonates similar to Examples 3-5 above.

Polymer according to Example 3:
15 MVR 300°C/1.2kg: 1.7 ml/10 min IMVR 300°C/1.2 kg 20 min: 1.7 ml/10 min

Polymer according to Example 4:
MVR 300°C/1.2 kg: 2.4 ml/10 min IMVR 300°C/1.2 kg 20 min: 2.2 ml/10 min

20  Polymer according to Example 5:
MVR 300°C/1.2 kg: 4.2 ml/10 min IMVR 300°C/1.2 kg 20 min: 4.3 ml/10 min

The results from the MVR and IMVR measurements show that the branched
structural elements are thermally stable.
25



Exanple 1 reveals an inproved elongation at break with the other nechanical
properties being otherw se conparable. Exanple 7. 10 The thermal stability
of the products nmay be denonstrated with reference to various branched

pol ycarbonates simlar to Exanpl es 3-5-3Bove. Pol ymer according to Exanpl e
3: 15 WR 300C¢/ 1.2 kg: 1.7 mM /10 min IMWR 300C1.2 kg 20 min: 1.7 m/10 mn
Pol ynmer accobDdiengitatdofrsfinistasitd as Wifhc3ion Gf théar kge (IBO41 M43) Gkewise | WR 3000/ 1. 2
kg 20 mn: 2.2 /10 mn 20 Polyner accqrding t le 5 MVR 300C/ 1.2
kg: 4.2 ni/|e9ahss 3 SARNYoe P madg yvigyregas :toﬁh‘%mﬁfslt‘%ﬁ&‘pn The results from
the MVR and | WR neasurenents show that the branched structural elenents
are thermally stable. 25 -30- Determ nation of viscosity as a function of
shear rate (ThOpsebddplasticityeletesminedrtelnivesdditicitally pneves thay theebramahepointsh r egar d

to ther stabili.ty: The pseudoplasticity determ ned bel ow additionally
P e i Rt et e vaE A Re et SEessnf finy SUBHOPCLAPRTEE Bt Bener mal st ) ess

and any suPPGRRehihgRH b @Park ot RfmeRY SN dcpURMortirafl Bhaficiing. har nf ul

Thus, no degradati branching structural unit occurs. e branched
pol ycar bonat stngifgral wetloécmrsexanpl e 3 is subjected to theol ogical 10
i nvestigation at 260, 280 and 300C. The follow ng data are obtained:

The branched polycarbonate obtained in Example 3 is subjected to rheological

10 investigation at 260, 280 and 300°C. The following data are obtained:

Shear rate [s'] Viscosity [Pas] /260°C /280°C /300°C
50 3537 1857 1034
100 2754 1518 882
200 2123 1220 724
500 1323 838 536
1000 884 582 394
1500 675 . 454 325
5000 198 154

These are typical values for pseudoplastic, branched materials.

15  Although the invention has been described in detail in the foregoing for the purpose
of illustration, it is to be understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art without departing from the

spirit and scope of the invention except as it may be limited by the claims.



Shear rate [s"] Viscosity [Pas] /260C / 280C / 300C 50 3537 1857 1034 100
2754 1518 882 200 2123 1220 724 500 1323 838 536 1000 884 582 394 1500
675 454 325 5000 _ 198 154 These are typical values for pseudoplastic,
branched materials. 15 Although the invention has been described in detai

in the foregoing for the purpose of_4jlustration, it is to be understood
that such detail is solely for that purpose and that wvariations can be made
therein by those skilled in the art without departing fromthe spirit and
scope of the invention except as it nay be limted by the clainms. -31- WHAT
IS CLAI WF 1sleLAMEs 1§ ocess of producing branched pol ycarbonate by the
phase boﬁgg;ry——prccess—éﬁe i nprovenent conprising using at |east one

conmpound conformng to fornula (1) HOONOH Rr. in which Rl, R2, R3 and R4
mut ual I'y |nde entl ote R7. mut
| ndependdnt | y id PE%F §ﬁdP é’é‘?ﬁj“&r“ggifa@f%ﬁg amlxﬂafioa?te B he“phate" bctincaly

process the improvement comprising using at least one compound conforming to formula

(M

in which
R', R?, R? and R* mutually independently denote C;-C), alkyl,
R’ R® and R’ mutually independently denote hydrogen or C,-C alkyl, or

R! and R?, and R? and R4, with the carbon atom to which they are attached, form a Cs-C)
cycloalkyl group, wherein the cycloalkyl group may be substituted said compound
characterized in that it is the crude, unpurified product of re-crystallization or melt

crystallization of bisphenol A or its derivative.

2. In the process of producing branched polycarbonate by the melt transesterification

process the improvement comprising using at least one compound conforming to formula

(M



R and R2, and R3 and R4, with the carbon atomto which they are attached,
forma C5-Clo cycloal kyl group, wherein the cycloal kyl group nay be
substituted said conpound characterized in that it is the crude, unpurified
product of re-crystallization or nmelt crystallization of bisphenol A or its
derivative. 2. In the process of prodycing branched pol ycarbonate by the
melt transesterification process the 1 nprovenent conprising using at |east
one conpound conformng to formula (1) -32- A..= R O™ R inwhich R, R2,
R3 and R4 nutually i ndependently denote G -C o alkyl, R5, R6 and R7 nutually
|ndependently denot-,hydro en-or Cl-Co alkyl, or R and R2, and R3 and R4,

i ‘ : ch'they are attached, forma C5-Cl0 cycloal kyl
group, mhere e syorell kyl--group may be substituted said conpound
characterize ' is.the crude, unpurified product of
re- crysta%b' 3 ’ -Cgfrystallization of bisphenol A or its
derivative’ 3. Of Claim | wherein said conpound is the
distillation producR v Q sphenol A streamfromits production. 4. The
process of d ai m 2 whg ai d conmpound is the distillation product of a

bi sphenol’ A strean1fron1|:. 2 %gyction.

in which

R', R% R® and R* mutually independently denote C;-C, alkyl,

R’, R® and R” mutually independently denote hydrogen or C;-Co alkyl, or

R! and R?, and R? and R*, with the carbon atom to which they are attached, form a Cs-Ciq
cycloalkyl group, wherein the cycloalkyl group may be substituted said compound

characterized in that it is the crude, unpurified product of re-crystallization or melt

crystallization of bisphenol A or its derivative.

3. The process of Claim 1 wherein said compound is the distillation product of a

bisphenol A stream from its production.

4. The process of Claim 2 wherein said compound is the distillation product of a

bisphenol A stream from its production.



