BRANCHED POLYCARBONATES 5 10 FI ELD OF THE | NVENTI ON The invention is
directed to aromati c pol ycarbonates and nore particularly to branched

pol ycar bonat es. BACKGROUND OF THE | NVENTI ON Aromati c pol ycar bonat es bel ong
to the group of engineering thernoplastics. They are distinguished by the
conbi nati on of the properties transparency, heat resistance and toughness
whi ch are significant in engineering applications. 15 H gh nol ecul ar wei ght
| i near pol ycarbonates are obtai ned by the phase boundary process by
reacting the al kali netal CED POIEE Nagosgene in the two-
phase m xture. Mol ecul ar the quantity of
nonophenol s, such as for exanple phenol or tert.-butyl phenol. These
reactions virtually exclusi VHELIYO¥ THE DNVENFVONTErS. This may be
denonstrated by end 20 group analysts. Wth regard to the production of

| i near pol ycHihiorention le}IT‘Eqﬁ@P iorasempaticopmiaronates gad more partieylady 0 i s nade by
way of exa Chem stry and Physics of Pol ycarbonates,

Pol yer Recﬁgggﬁgegkbééﬁgﬁﬁ%%rscience Publ i shers, New 25 York 1964 p. 33 et
seq. and to Polyner Reviews, vol. 10, "Condensation Polynmers by Interfacial

and Sol uti on Methods", Paul W Mbrgan, Interscience Publishers, New York
1965, cHépter VI11, p. 3%@@@% 092 and JP B 79039040
describe a pLAGRIR ﬁof&cﬂyoﬁgtes belong to the group of engineering thermoplastics. They

are distinguished by the combination of the properties transparency, 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



30 starting fromm xtures of specific bisphenols with chain term nators and
i satin bi sphenols as branchi ng agents, branched, high nol ecul ar wei ght

pol ycarbonates 1 -2 nay be obtained after reaction with phosgene in a phase
boundary reaction. DE A 42 40 313 desefi-bes copol ycarbonates with inproved
flowability based on bisphenol A and bisphenol TMC with isatin biscresol as

branchi ng aggRy be gbtbfned kS &ﬁi&%ﬁﬂgﬁ?ggér&% a{BlﬁEé Dound@§SehdioBIDE A

pol ycar bonat es, the production of i nvol'ves the use of oligoneric or

pol ymeri ¢ br4dh3 hydesgabrssopoicatbamrteggith guprovedflowalilib baseher

pol ycar bonat.gs ,whi ch, .virt t.hei r. pseudopl asti Gi. re suitable for
use as a wat Fp}t?B?f"Fénﬁé{SQb?%ﬁlm%“ﬂﬁlﬁ?t@%%?esﬁﬁﬁsa@'%%}l@/%@@ descri bes
bottl es made from branched pol ycarbonate, in which 1, 1, 1

-tris-(4- hydrogghegl%}et hane (THPE) is _used as the branching  agent in
quantiti ds oPEG 23983 8§83 descoibestuighly srosglinked giolycaehonates, theprednetionyofi n

conpari son w Linear .polycagrhonates I hed, .nol t re
especially OVB]?H%%‘?OZ% q ‘?eo‘r‘%é’gé’:ﬁ%%‘f’ ?%ﬂrs&(??ﬁl%ﬁﬁpgﬁnglggg aé’%ﬁ%\?ﬁ)g @flge&pol yner
mel t at rel ag42abitidis Grarshebpoly&irbnates witeh, b§dirtie 6f théie psendapipstrityyhen

i njection noldi n_? conpl ex structures. Branched pol ycarbonates are

di sti ngui shealesyitableton g ass weter howlamatesitlno | onger be consi dered Newt oni an
fluids. 20 In the prior art, high purity trifunctional products are used as
branchi ng agents. It would be advantageous to use trifunctional conpounds

whi ch car) beUBm§IB6® 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 c¢an be produced
straightforwardly and contain only bisphenols as secondary components, which do

not require troublesome separation.



straightforwardly and contain only bisphenols as secondary conponents, which
do not require troubl esone separation. -3 SUVWARY OF THE | NVENTI ON A
branched pol ycarbonate and processes for its preparation are disclosed. The
pol ycarbonate contains structural unitg conforming to 5 (1 a) in which R,
R2, R3 and R4 nutually independently denote Cl-C30 alkyl, R5, R6 and R7

mutual | y i ndependently denote hydrogen or C1-ClO al kyl, or R and R2, and
R3 and R4, with the carboniﬁMM[&ﬂlﬂMﬂﬂtaehed, forma C5-Clo
cycl oal kyl gr,0 er ej e_cycl oal k [ Lttt ed. 10

DETAI LED DE%CH&%‘%PF%"%E‘“?P@? ﬂfé&ﬁ?%?%éﬁ%gﬁ’%{mé‘é %‘ﬁ?“?é e Jgllr‘eose of

provi di ng | poigctrbanate dmaiahachcnehimits bonfateihg tand processes for the
production thereof which avoid these di sadvantages. This object has
surprisingly been achieved by the use of at |east one branching agent of 15
the general formula (1); -4 in which R, R2,-R3 and R4 nutual ly

i ndependent |y dgnote CRAC 8 preferably C1-C3 5 alkyl, particularly
preferably Cl - icularly preferably nethyl,.

™~ -

5 o o ‘ (1a)
in which R!, R?, R? and R* mutually independently denote C1-Cyg alkyl, R®, R®
and R’ mutually independently denote hydrogen or C;-Cyq alkyl, or R! and Rz, and
R® and R?, with the carbon atom to which they are attached, form a Cs-C1o
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



R5, R6 and R7 nutually independently denote hydrogen or Cl-C10 al kyl,
preferably Cl-Cs alkyl, particularly preferably hydrogen or G -C6 aIkyI,
very particularly preferably hydrogen, or 10 Rl and R2, and R3 and R4 may,
with the carbon atomto which they are attached, independently form C5-C10
cycloal kyl, preferably C5-C8 cycloal kyl,_in particular cyclopentyl or

cycl ohexyl, wherein the cycloalkyl ring may preferably be substituted by
Cl-C4 alkyl, in particular nethyl. 15 The above-stated al kyl substituents
may be |inear or branched. Particularly preferred conpounds are those of
the general e a (2), which are derived from bisphenol A derivatives and
in which R5, R6 and R7 have the above-stated neaning. OH 20 (2) -5 One very
particularly preferred branchi ng agent is that of the formula (3) H (3)

The conpoundgs: gk h a a 3 own e produced
5 using kno% ’3’ rﬁsﬁ%%%%@r H?rf?&: %b?’f‘rﬁlgﬁ @'}efer bl¥ (gsxarrpl e
descri bed i majkyl Refertbly (0Z] Ak@\Weryphitishladl eﬂaﬂab méapl,i ed
Cheni stry, 40(%5 . 247 (1B97) y s kA e 9iphéTatablyiménpl,

R’, R® and R” mutually indepcndently denote hydrogen or C,-Cyy alkyl, preferably

C1-C; 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-Cyo cycloalkyl, preferably Cs-Cg cycloalkyl, in particular
cyclopentyl or cyclohexyl, wherein the cycloalkyl ring may preferably be
substituted by C;-C4 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



Paryzkova, D. Snobl, P. Matousek, Wzk. Ustav Org. Synt., Chem cky Prunysl
10 29(1), 30, (1979) and in US 3,281,478 of Union Carbide Corp., New York
(25.10.1966). These branchi ng agents according to the invention nay be
produced from bisphenol A derivatives or bisphenol derivatives and sodi um
bi sphenol ates, in the 15 sinplest case-§or exanple with bisphenol A (BPA)
and sodi um bi sphenolate A (Na2BPA) in a nelt at tenperatures of 120 to
230C, pr ef erG yerit phrticolali Qesferrgbbiahchih@agent jsribftarfalid forthbl (B 210C, very
particularly preferably 160.to 200C, wth renoval of the elimnated phenol
(c.f. Exanple and, for &Anple, US-A 3 281 478). 20 Surprisingly, it has

al so been found thg dya product resulting fromthe production of the
branchi ng agent nf out further elaborate purification, as the
only appreciabl e crude product nerely consists of

bi sphenol . ThH{e“co
-6 synthesis of the branched
to batch and may, for exanplg
prior to use. One substanti al
branchi ng agent may be 5 used f'er tHe _synthesis of pol ycarbonates directly,
i.e. in the technical formin whic it‘pé produced, for exanple fromthe
distillation of BPA strea in BPA production, fromrecrystallization or
melt crystall.ization. Théaﬁranched pol ycarbonates furthernore exhibit the
thermal stability required for )

pol ycar bonates. This content varies from batch
rIl.y be determ ned by gas chronat ography

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



10 certain applications. The present invention provides pol ycarbonates
contai ni ng branching structures of the formula (la) which are derived via
the OH group from conpounds of the fornmula (1) 15 in which RL to R7 have
t he above-stated neanings. (1 a) Preferred pol ycarbonates are those

contai ning the branching structures of~®he fornula (2a) -7 (2a) in which
R5, R6 and R7 have the above-stated neanings. Particularly preferred

pol ycar bonat #ysthesie of thsdwancbed polycarhonates. Thissonienigvasies fiomubaich ® hfch he
f | 3 3 h | b i t i t.i b
EETEYENE I A A P ey

preferably phosgene and/or with 10 aromatic di carboxylic acid dihalides,
pref erably benzenedi carboxylic acid_ dihalides and/or wth diphenyl

car bonat e usPngsubstantialadvaiiegess agooedipglyradsei thef thebranshing agat aydet o t he

i nvention of ¢t f I 1 ree r o) ._and/or (3).
15 The p yclzliSF gg?{atﬁé&%@eé ésr%' ip(r%[ ¢ (%) obﬁgs &%@gﬁt 1|'ec5gn @%&%ﬁnﬁﬁ(}ﬁoﬁn&gst one

di phenol  rewhidhét i9brddaeed, @raxhmpledtom 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 1)

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

Preferred polycarbonates are those containing the branching structures of the

formula (2a)



-8 in which 5 each D independently of the other represents an aromatic
radi cal having from6 to 40 carbon atons, preferably from6 to 35 carbon
atons, especially from6 to 30 carbon atons, said radical optionally
containing hetero atons, and is optionally substituted by G -Cl2-al kyl,
preferably G -G o-alkyl, particularly pfeferably Cl-C8- alkyl, and/or by
hal ogen, preferably fluorine or chlorine, and is further optionally 10
containing aliphatic or,cygloalipRatic radicals. In the formula (4), D
preferably confBxms to figfmula (5 R8 (5) in which 15 R8 and RO nutually
i ndependently deng | kyl , C3-C38 al koxy, hal ogen such as O or
Br or in each case pstituted aryl or aral kyl, preferably H or
d -C12 al kyl ,~par srably H or Cl1-C8 al kyl and very particularly
preferably H orOnet X déhotes a single bond, -S®»-, -CO, -0-,
-5-, C1 to C6 al kylene, al kyl i dene or C5 to C6 cycl oal kyl i dene,
whi ch may be substituted with .al kyl, preferably nethyl or ethyl,
or further denotes C6 to Cl12 which nmay optionally be fused with
further aromatic rings contai ni ngyhet tons. 25

R’ ?a

(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)



X preferably denotes a single bond, C3 to C5 alkylene, C2 to C5 al kylidene,
C to C6 cycloal kylidene, -0-, -SO, -CO, -5-, -S2-, -9 or conforns to
formulas (5a) or (5b) (5a) (5b) 5 wherein RL0 and R', individually
selectably for each X1, nutually |ndepéFdentIy mean 10 hydrogen or C, to C6
al kyl, preferably hydrogen met hyl or hyl and X1 neans carbon and in neans
an integer from4 to 7, preferably 4 or 5, with the proviso that, on at 15
| east one atoﬁ?XiE%RiO—and RI1 are sinultaneously alkyl. Di hydroxy
conpounds which are stated by way of exanple include hydroquinone,
resorcinol, dihydroxybi phenyls, bis(hydroxyphenyl)al kanes,

bi s( hydr oxyphemydh) cycl oal kanes, bi s(hydroxyphenyl) sul fides, 20

bi s( hydr oxyphenyl ) ethers, bis(hydroxyphenyl) ket ones, bi s(hydroxyphenyl)

sul fones, bi s(hydroxyphenyl) sul foxides, a,a'-

S g MRS AR s P ISR MAh e 15

hal ogenat ed conpounds SO a, C
pol ysi | oxane®.carbbil akymd, @eefexdbli f@dﬂﬁmb%&aﬂaoﬂ,aﬂomsjiekpedradyﬂninpﬁww (DOD)
4, 4" - di hydr oxybbl phenyl et her (DOD et her), 2- bi s(4- hydr,.oxyphepyl ) pr opane
( bi s phenol op atolns, B#id radical optionally containing hetero atoms, and is optionally
substituted by C;-C;;-alkyl, preferably C,-C;¢-alkyl, particularly preferably C;-Cs-
alkyl, and/or by halogen, preferably fluorine or chlorine, and is further optionally

10  containing aliphatic or cycloaliphatic radicals.

In the formula (4), D preferably conforms to formula (5)

8 R®

R A
X
@— e
N I o
in which
15
R® and R’ mutually independently denote H, C;-C; alkyl, C;-C13 alkoxy, halogen
such as Cl or Br or in each case optionally substituted aryl or aralkyl, preferably H
or CI-C; 3 alkyl, particularly preferably H or Ci-Cs alkyl and very particularly
preferably H or methyl, and
20
X denotes a single bond, -S0O,-, -CO-, -O-, -S-, C; to Cs 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.
25
X preferably denotes a single bond, C; to Cs alkylene, C; to Cs alkylidene, Cs to
C¢ cycloalkylidene, -O-, -SO-, -CO-, -S-, -SO;-,



hydr oxyphenyl ) -3, 3, 5-tri net hyl cycl ohexane (bi sphenol TMO), 1, 1-bi s-(4-

hydr oxyphenyl ) cycl ohexane, 2, 4-bi s(4-hydroxyphenyl)-2-nethyl butane, 1,1 5
bi s(4- hydr oxyphenyl ) - 1- phenyl et hane, 1, 4- bi s[ 2- (4- hydr oxyphenyl ) - 2-
propyl ] benzene, 1, 3-bis [2-(4-hydroxyphenyl)-2-propyl] benzene (bisphenol
M, 2, 2-bis(3-nethyl-4-hydroxyphenyl)propane, 2, 2-bis(3-chloro-4-

hydr oxypheny ggﬁ@ i 2 H hyl - 4- hydr oxyphenyl ) net hane,
2,2-bis(3,5-$%#%%t yﬁ?ggh§%§é§§%%gﬁﬂl)propane,

bi s( 3, 5-di et hyl - 4- hydr oxyphenyl ) sul fone, 10

2, 4-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) - 2- net hyl but ane,
2,2-bis(3,5-dichloro-4- -exyphenyl ) propane and
2,2-bis(3,5-dibrono-4-hyd§ox phenyl ) propane. Particularly preferred

di phenol s are 2, 2- bi s(4-hygdroxyphenyl ) propane (bi sphenol A),

4, 4" - di hydr oxybi phenyl ( m 4,4 -di hydr ogbi phenyl ether (DOD ether), 15
1, 3-bi s[ 2- (4- hydr oxyphenyl/) \2- propyl ] benzene (bi sphenol M, 2,2-bis(3,5-

di met hyl - 4- hydr oxyphenyIR? ro@gne, 1, 1- bi s(4- hydr oxyphenyl ) - 1- phenyl et hane,
2, 2-bi s(3, 5-di chl or o-4- hydr oxyphenyl ) propane, 2, 2-bi s(3, 5-di brono- 4-

hydr oxyphenyl ) propane, 1, CHpi s(4-hydroxyphenyl)cycl ohexane and 1, 1-bi s(4-
hydroxyphenyl)-3,3,5-trinéthy wcl ohexane (bi sphenol TMC). 20 Very
particularly preferred €6q w@ % 2, 2- bi s(4- hydr oxyphenyl ) pr opane

(bi sphenol A), 4,4'-dihyddox hi-phenyl (DOD), 4, 4'-di hydroxybi phenyl ether
(DOD et her), 1,3-bis[2-(4chgdroxy ienyl ) - 2¢spy opy! ] benzene (bi sphenol M and
1, 1- bi s(4- hydroxyphenyl)-3, 3, 5-tripet hyl cycl ohexane (bi sphenol TMC). 25 The
di phenols may be used both alone &t as a mi xture with one another. For the

5
wherein

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

10 hydrogen or C, to C; alkyl, preferably hydrogen, methyl or ethy! 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(hydroxypheny!) sulfides,

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

halogenated compounds thereof, and also a,w-bis(hydroxyphenyl) polysiloxanes.



pur poses of the present invention, polycarbonates should accordingly be
taken to nmean both honopol ycarbonat es and copol ycar bonat es.

Copol ycarbonates generally contain at least up to 50 nol % preferably up to
45 mol % particularly 30 preferably up.to 40 nol% in particular up to 30
nol % (relative to the total nunber of Mol es of di phenol s used) of at |east
one further dhéhenol selected from-11 anong fornmula 4 and/or 5. The

di phenol s arfseferreddiphennis a4 'idiksdsexbiphspyl OBk 4.45dderdecxybipbemd processes
known fromt ' . I , Ulmnn's
Encycl opedi éalﬁgefr 'GPnggbér}p’gﬁ’i'gﬁg%hg@%);%@&ﬁg%%}sgﬁﬁg?‘) Eg_tb%!(%d. , vol. 19,
p. 348). 5 Hydrdxyphetlyl)3)3 dgeiniethydiycidhexdrer(bisphenol TMC) 1 (13is@4e preferably
used in quantities of between Q.05 and 10 | % partjcularly preferably of
0: -5 ol v R PhERDREIPRYe bl aBYJosmiomh) S mevibuar kv o the
nunber ok nul;gs. ' of_ 0y AF ( 9@% qaccording to the
I nventi o% g?ﬁgﬁﬁp?xﬁg%?% E%élﬁrgéri!havr\%i lgfgl’bgs[@?%\gl?g{?? ve?ggzg) of 13,000 to
100, 000, pr gfrepydjbepzent, 1L3-b)D-(4-hy&OxPflnyl)Zaptopgljbarzene (bisphend®y of 15, 000
to 60, 000 g/ , .determ ned by gel perneatjon, chyonmatography (GPC)
cal i brated a?@ ﬁ@'%&y}‘ég}yg‘ffﬁ% cwlﬁﬁoﬂﬂpg’pﬁ%&)"é‘ﬁhﬁ?'@he 15 di phenol
bui I di ng bl qﬁ,ﬁl_ 5 td; 1t t Do cess for
t he production og}{aﬁ%r&ia)ﬁcﬁege’aiﬁ(g’?adr@gﬁérgsﬂ}gﬁ (ﬁ;%{ ycar ghgtzg)és?ﬁ,@ .
char act er i sealimethyt-Adiydohixgpleenyl)propane, bis(3,5-dimethyl-4-hydroxyphenyl) sulfone,

10 2,4-bis(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane, 2,2-bis(3,5-dichloro-4-

hydroxypheny})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'-dihydroxybipheny! (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 moi% (relative to the total

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



and branching agents of the formula (1) or (2) or (3) are dissolved in an
aqueous 20 al kaline solution and are reacted with a source of carbonate such
as phosgene, optionally dissolved in a solvent, in a two-phase m xture
prepared froman aqueous al kaline solution, an organic solvent and a
catal yst, preferably an am ne corrpourrdl.l’The reaction may al so be perforned
in nmultiple stages. 25 The concentration of di phenols including the
branchi ng agsnong formulaet angineduJhe diphandls eredaowni foom the litetabire 5r may &
preferably 2 tq 20 wt. % particul arl ef.er apl to 18 % and_ very
ot cular | yPioAeRa e Priils R f RhaP bRITGROR & cordfnl v, BheHS
consi sts of wal.eUllmafinWBheytidhediaof IH@stedl Celtadtly, WCHI NS Yok e991Lh netal s
are dissol ved. Sodi um and potassi um hydroxi de are preferred. -12 \Wen
phosgene is ﬁib@d»,éfgl-tlﬂ@-@égbonate source, the ratio by volune of aqueous
al kal i ne 5sol ution 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 4%@91‘&&&11@9%&1& of thefdiinaledMplo: (B)'@e PesTerably wed fra§uadtities 6fss t han
1: 10, preferably less than 5 1:6, particularly preferably less than 1:4 and
very parti cubeiwesn §pspnd 3@ mplYoeparticwlarly preferablyied Odod sohtos ¥eryon of t he
branched pol o} b ' e invention is
10 to 25 w FORCHRIFhETR o DR0L R, GAETo R iR OBmbRSBET, | 7o' 05
wt . % and ver fiphévdis gs¢larly preferably 3 to 15 wt.% 10 The concentration of
t he am ne conpound relative to the introduced quantity of bisphenol is 0.1
to 10 nol®q preferably 0.2 to 8 nol-% particularly preferably 0.3 to 6
nmol % and ver ' r . . source is
phosgene, i SheBgsgt kel ing @ Moinblrioh Beerly Hive HiBle6AAP REEHS

(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 aqueoﬁs alkaline
solution consists of water, in which hydroxides of alkali or alkaline earth metals

are dissolved. Sodium and potassium hydroxide are preferred.



15 phosgene. In the event that phosgene is used, it is optionally possible
to dispense wth a solvent and the phosgene may be introduced directly into
the reaction mxture. Tertiary am nes such as triethylam ne or

N-al kyl pi peri dines may be used as the 20 catalyst. Trial kyl am nes and

4- (di met hyl ani no) pyri dine are suitabl elédatalysts. Triethyl anine,
tripropylamne, triisopropylamne, tributylamne, triisobutylam ne,

N- net hyl pi péVhai plosgdveds hwdmspmwdﬁ)mtmdrd%tbﬁ@mwwmmﬁeqms

particularly U|t 25 Or.gani c.so ered are
hal ogenat ed ® ‘i}’{ﬂ%‘h? %ﬁ?ﬂgﬁ"gve%ﬁiés 25 %F%%ﬁ?%@%qjor obenzene,
di chl or obe%@ﬂ&ularrllylpi&e%gbm\maﬁzmxo and Wb%cﬁlﬁﬂ& pedferably2r006miol C

hydr ocar bons, such as for ‘exanple, toluene or yl enes. -13 The reaction

t enper at ur e 68¢ApP. Bhe b@h@olm;‘zel}ﬂl@b}’ eﬁslpys trss théngd@; Pfeé%rﬂblﬁdﬁﬁséhﬂw

A ¢ or nat Pty efis O R e £t iR AR, resorkions B o e

produced by:3. I‘lelerasahéentraﬁ@s@sme biant ke padvrapicaa®s and dbply@ttonates
transesterifi cat ion process is _described, for exanple, in the Encycl opedi a

of Pol ymer 9esading to ths inventiop i0b§)o 25 wadprinseleablynditodf, Wt dspasticularly
e, ( 1964) PiogareBl 2ErfS WA B e/ barElAN ety ada LI, ¢ U0 process,
the aromati c di phenol s and branching
10 The concentration of the amine compound relative to the introduced quantity of
bisphenol is 0.1 to 10 mol%, preferably 0.2 to 8 mol-%, particularly preferably 0.3
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.



agents al ready described for the phase boundary process are nelt
transesterified wth carbonic acid diesters with the assistance of suitable
catal ysts and optionally further additives. 15 For the purposes of the

i nvention, carbonic acid diesters are preferably those of the fornulae (6)
and (7) R wherein 20 0 JL (6) (7) R-IR- and R' are nutually independently
H Cl1-C34 al kyl, C5-C34 cycloal kyl, C7- C34 al karyl or C6-C34 aryl. -14 The
fol | owi ng nekhelreactipn terpapgtugamaybe 85Citopl W Coprefeeably 024G tdBOFAL e,

but yl phenyl - phenyl. carbonat e. . di -hutyl phenyl car bponat o
i sobut y| phefgcy Hﬂmfgﬁ‘%ﬁ‘bﬁ%é‘? @i Ehod B&?{Haﬁhcé’:'ﬁiﬁ’ R EEn C to
tert.-butyl ggepyl 5 phenyl carbonate, di-tert.-butyl phenyl carbonate,

n- pent yl phenyl - phenyl carbonate, di-(n-pentyl phenyl) carbonate,
n- hexyl phenyl - phenyl carbonate, di-(n- hexyl phenyl) carbonate,

e (RN R VN T
by 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'
Oty
‘ "R R"
R" R o :
ALY o
, R R"
R’ S -
wherein
20

R, R' and R" are mutually independently H, C;-C34 alkyl, Cs-Cj4 cycloalkyl, Cs-
C34 alkaryl or C4-Cj4 aryl.



| Sooct yl phenyl - phenyl carbonate, di-isooctyl phenyl carbonate, n-nonyl phenol -
10 phenyl carbonate, di-(n-nonylphenol) carbonate, cunyl phenyl-phenyl
carbonate, di-cunyl phenyl carbonate, naphthyl phenyl - phenyl carbonate,

di - napht hyl phenyl carbonate, di-tert.-butyl phenyl -phenyl carbonate,
di-(di-tert.-butyl phenyl) carbonate, dl4unyl phenyl - phenyl carbonate,

di - (di cunyl phenyl ) carbonate, phenoxyphenyl -phenyl carbonate,

di - (4- phenoxVhfollpwingmapbe stated by vidy gfexhaglcy| phenyl - phenyl car bonat e,
di - (3- pent adecyl phenyl ) carbonate, trityl phenyl-phenyl carbonate,
di-trityl phenyl carbonate. Preferred conpounds are di phenyl carbonate,

tert.-butyl phy hyl%%hte?ﬁft%ﬁgriﬁﬁ-gﬁgﬂﬁl‘cﬁﬂJohatéPdﬂBUtﬁBﬁé}M caBbRanat e,

phenyl phenol - phenyl carbonatée, - nyl phenol 20 carbonat e,
cunyl phenyl - ishiutylphergil{pberat! e arbanate udivisgiigriphenyhedsborsmt e terDitpindplydnyl-car bonat e
i ticular)l .. Mxt f the above- t boni id
i ot er s my Py beagbsTateo e Syl PR pa sar e, BPCRRIDBRTRETE i oot ors
relative to gi-phiano hﬁ(@ﬁ@rﬂ%l})ﬁeﬂf@ cePbriaR nJh%Qg/l@Hér%q-pawl%%hyte,m nto 120

y 0

nol % particularly prefera 3to 109 nol The cat’al ysts used for the
pur poses of héxlphenydhcarbonite cyblohergilphenykhplanyt earbénate di-oyclolmxytpbssylar e, as

d i bed in t tated, Literat ] | yst h for 30 |
ot onl'y  al KEPOTAE: BheiRenrRaIEeaeBRlE: AP L SPOSRIREand ox | des but
al so_amoni uEh&dtyIBhESRPAER Y BhBBhAS, dihwo@{y}@{eh?rc@%&ﬁtegﬁsioﬁg@hel%loni um sal ts.

-15 Preferably, oniumsalts are used, particularly preferably phosphoni um

sal ts. PHbspphamylLearberiates di-grnemdphenol) sedbonait, eumylphenyhpheny! earbondivse of the

formula (8) <(li§3umy1phenyl carbonate, naphthylphenyl-phenyl carbonate, di-naphthy!phenyl

carbonate, di-tert.-butylphenyl-phenyl carbonate, di-(di-tert.-butylphenyl)
carbonate, dicumylphenyl-pheny! carbonate, di-(dicumylphenyl) carbonate,
phenoxyphenyl-pheny! 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, phenyiphenol-phenyl carbonate, di-phenylphenol
20  carbonate, cumylphenyl-phenyl carbonate, di-cumylphenyl carbonate. Dipheny!

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.



5 wherein RZ R 4 independently denote C -Clo alkyls, C6-Cmaryls, Cr-Clo
aral kyls or CS-C6 cycloal kyls, preferably nmethyl or C6-Cl4 aryls,
particularly preferably nmethyl or 10 phenyl, and X denotes an anion such
as hydroxide, sulfate, hydrogensul fate, hydrogencarbonate, carbonate, a
hal i de, preferably chloride, or an al kdRi-de of the fornula OR wherein R
may be C6-C 14 aryl or C7-C 12 aral kyl, preferably phenyl. 15 Preferred
cat al ysts arPeefermbiygphitmy sabts aspimsed; pantiatdrbr preferatl e phasphemyipdatisphoni um

hydr oxi de, tetraphenyl phosphoni um phenol ate, particularly preferably

t et r aphenyl phosphoni um phenol ate. The catal ysts are preferably used in

quANt 1 1 €5 Qoo sold 1 IR IpurrRaEA dfahd Ak bition?e BioBE 8F Bkl mhila ANt 1 L s of

10"7 to 10-4 nol, relative to o nol of diphenol. Further catalysts nay be

used al one og optional |y i'n-addition to the oniumsalt in order to increase
t he speed of|poly i sat] &n. Such catalysts include salts of alkali netals
and al kal i ne eag_t__b wetal s, such as hydroxi des, al koxi des and aryl oxi des of

25 lithium koBitnyant ppt assi ung) pr ef erabl y hydroxi de, al koxi de or

aryl oxide saJts ot _ sodium Sodi um hydroxi de and sodi um phenol ate are nost
preferred. The -16R%]ua ties of the cocatalyst may be within the range from
1 to 200 ppb, preferably fromb5 to 150 ppb and nost preferably from1l0 to
125 ppb, 5in each case cal culated as sodium

wherein

R independently denote Cy-C)p alkyls, C¢-Cyp aryls, C7-Cyg aralkyls or C5-C6
cycloalkyls, preferably methyl or C4-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¢-Cy4 aryl or C5-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 10”7 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



5 The nelt transesterification reaction of the aromatic di phenol and the
carbonic acid diesters is preferably perforned in two stages. In the first
stage, the aromatic diphenol and the carbonic acid diester are nelted in O
to 5 hours, preferably 0.25 to 3 hours,, under standard pressure at
tenperatures of 80 to 250C, preferably Eb to 230C, particularly preferably
120 to 190C. After addition of the catalyst, the 10 oligocarbonate is
produced f r ogvantidesefihe cocatalyssmaydie vtin therangs Homi ktoi&ﬁmpbdmre&r@ly by

rermovi gt heRRORRGleyiach Sl berabl OB LERMI X A, B SRR o 2

Hg) and rai si ng erature age genera es the
maj ority of hglﬁ)dmﬁ)or fromthe process. The resultant oI | gocar bonate has a
wei ght average nol ecul ar wei ght, MV (determ ned by nmeasuring the rel.
solution 15 viscosity in dichloronmethane or in mxtures of identical

b l'igh
dcatteri gy hFel HanRorer RS SRH RO BF ADERAERRNGAA AT IR A 11 0" r om
4000 g/ nol t@cldﬁle@&&s ig /praftrablypetfoemedmomd stdgegdn thefrspsthgec dicbmpombiic i s

produced on poI ycondensation, by, f rther |ncreaS| ng the_t erature to
250- 320C, pré P’éﬂila?g 1&St5¥@§§lﬁ?‘€ fFF?EHp T?SI nder of

the vapors aps h&iRudef srtﬁ{aa}c?grfegu?&ﬁscémh%}?ltg?és%f sattaggooch RefEAbl Bt S MRy

al so be used 11 conbl nati ons two or h one anot When
al kal i / al kal to2302@y pdrticeardy prefdrably 428 tat 20°Cs Adter addlmyohheambalyet,d@eous to

eal o Mt b IEesaitsBeis bBiaLee e Astremati Sy ARLHESI A 414 he second

stage). -17 giester by removing the monophenol by distillation by applying a vacuum (down
to 2 mm Hg) and raising the temperature (to up to 260°C). This stage generates
the majority of the vapor from the process. The resultant oligocarbonate has a
weight average molecular weight, M, (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).



For the purposes of the process according to the invention, the reaction of
the aromatic di phenol and the carbonic acid diester to yield the
pol ycarbonate may be performed discontinuously or preferably continuously,
for exanple in stirred-tank reactors, filmevaporators, falling film
evaporators, stirred-tank reactor cascddes, 5 extruders, kneaders , sinple
di sk reactors and high viscosity disk reactors. The definitions, paraneters,
conpounds arfFdr gxpuiRats ofithe piostdiceardinpao tiecineaitiondéeeeacivhofither i n
preferential ranges may, however, also he conbjgf mﬁ[h ne another at
PRICEY

will, i.e BesEdpheokmdthe prkpnic apddiesiardo peid be PR be10 The
br anched pOE)Xffgﬁlgéaflﬁ&%ﬁﬁmsggﬁr%ﬁ%ymgﬁﬁo& Bl in Rftell RUEN! T 0N MBY

be worked u nown manner rocessed | nto any re di ngs, for
exanpl e by eedctarsifim, evapgretwts, dallingfithh egapmraterst stirsdidetanib reavtonoasdadey, 15 Stil |

ot her argmati c pol ycarponate /or other ,aromati.c | yest er carbonates
and/ or ogherex'é\"fﬁ%g@ﬁa 5%91&55%3@ ﬁfé\?toﬁ%mﬁiil&%visﬁost'?(éﬁg?éﬁgﬂ@d pol ycar bonat es
and copol ycar bonates according to the invention in known manner, for exanple

by conpoundi ng. 20 Additives conventional for these thernoplastics, such as
fillers, UV-Tdefihitipes, parantetexs, compoinhdszadsxphnstiais atatal indbhpsseand pi gnent s

may al so be added in conventi.opal uantities to the branche ol ycar bonat es
ot copol yodPiiRendr EREfemg  Boes T naveNth ti bUENBP RNy or | 11 ow
behavi or, angj@er étf%ﬁllfie”."E@t“Fe%ﬁﬂ%ﬁaﬁ‘ﬁ&ﬂiﬁ&nge@%ﬂ%@éﬂeﬂﬁa‘)%ﬁg@f oved by
addition of external nold rel ease agents, Theol 0gical 25 agents and/or flane

retardanifls (for exanpl e al kyl and aryl phosphites, phosphates, phosphanes,
Fow mol ecul & Yol At SALERMAS fAa o dpdi5l St 30 5he S TR ron
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).



salts, chalk, silica flour, glass and carbon fibers, pigments and

conbi nations thereof. Such conpounds are described, for exanple, in W
99/ 55772, p. 15-25, and in the corresponding chapters of the "Plastics
Addi tives Handbook"” , ed. Hans 30 Zweifgl, 5 s edition 2000, Hauser

Publ i shers, Munich). -18 The branched 'plgl'ycar bonat es and copol ycar bonat es
according to the inventjon optionally blended with other, thernoplastics
and/ or conveHte Warghed palyearpenatesang copplyearbonatrsassurding o sheaimyertion; r ed

L dinas/ oxt ! ~ e oS "
Mol di Ngs/ ex @gf&ﬁ%@fme}?&d%ﬂ%%@r @.@Mncﬁﬁ&hhsg 3 X Eonvidtiony agfaufveg nown

pol ycar bonat yester carbonates "an yesters are used.” Dde to this
range of propeepressset gy aay desired meoldings/éxtrudates f thised asanyedpplications f or

andsheet | JPatiich dreadn ot pobRg ers, pAF e oD cs SRS PASBRTE S nat or [ ol s
for optiaal usg&t@u%%ﬂgﬁmeg’é%gz:?oﬁgggh t§§¥ I&]{Erin P : es%le%n&t?@fpforor DVD- R,

and may al so, for exanp ns I n ctrical sector, as
mol di ngs i n iugbtion molding retetivelyclargemal dnigs forsdxaatpld aomotier glazing aad et y
applications, The polycarbonates accordi to the invention may be used for
t he productis@ﬁetm@mt ehaiKe QST 0 suliable as %ﬁaﬁﬂﬁww@%ﬁapﬁﬁi n many
areas of builgi ' ' T8 Lp V] ; films, in
particul ar S(La?d ?lg\%%%ﬁg'aﬁv\’gﬁngfg?ﬁg?ﬁ@%ﬁ?’(gﬂggf@?’e&aﬂévgtj%’tdgﬁlﬁﬁ %’ 964 794),

for exanpl e dlsd, forsexgmipleo he wstidens fHhms in e eldctright sectormsmoltlingg il telddleet s, in
particu

lar cellular sheets, for exanple.for roofing, puildings such as

stat i pnsfb gr‘i—f’é‘ﬁ‘ﬁ%’é’g@é‘n ﬁﬂgl?eSF gﬁri".a?ﬁrf afsry prphcatioqst | %POIH%EO‘?EW age nedi a;
traffic i %onfaﬁigstbriﬂéin%nﬁtfrﬁ{lﬁﬁ Be 24881 thf fRIMcldn of sfafet%gﬁne?s‘(@m@ e DB
1031507); yarns and filanments (c.f for exahple DE-B 1 1 167 and DE-A 1
785 137). as is known, are required in many areas of buildings, vehicles and aircraft, and as

helmet 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



20 Pol ycarbonates may furthernore be used as translucent plastics with a
content of glass fibers for lighting applications (c.f. for exanple DE-A 1
554 020) or with a content of bariumsulfate, titani um di oxi de and/ or
zirconium oxi de or organic polyneric acrylate rubbers (EP-A 634 445, EP-A
269324) for the production of light-trgnsmtting and |ight-scattering
nol di ngs, as substrate materials for organic 25 photoconductors, for the

producti on recision injection noldings, such as for ., exanpl.e |ens
mount i ngs. ﬁf—ﬁ%&%@l&rel gal "ﬁ‘f&‘“ﬁ&%&?%ﬁ’éf Qtr{?é‘{e‘éP"QPgofs%Q 9T whi ch have
a content ofylgd @3getb 'aﬂc?EM%r@B{dbﬂ@@él{eﬁhoﬁg%ﬁh@rﬁm MnBPEPesisthndd Wt . % of

MS2, relative to total weight. The pol'ycarbonates according to the
invention raypeffume rfersbave el sysat} netvork imtefacedlevicessamps, @@ i cal i nstrument

ts, in 3 i | | \ Lill .and vyid LT |
Pe 2 701 radienspeyfbnyIRRRS A EGen ks praRPmal LoSh AT Bett it car T ber
cables (g.f -de_trféés,?&aéﬂahlﬁ)le ggfm&spdigﬁger&(}‘&dst@ﬁ applidafighs, sihsabs N9

materials for electrical conductors and for plug sockets and connectors;
mobi | e t el epixempledutilesgerovkary andrphapelate mekissawometive apphieationsavhers t er shave

and sweat; network.jnterface devices; |anmps,. e.g. headlight/spotlight |anps,
di ffuser di KR8t {W}"h?'ée?%?ﬂ%clpgﬂ%aé‘? T oRsup; Sk f“gﬁlrg’f aing‘PCfss devi ces, for
exanpl e oxygpishflsin tHé RrnTTsitat]1O BRAANvIth AWY bCsuithIe Tubbers Bpaies for  exanpl e
bottl es, crockery  and chocol ate nol ds; autonotive applications where

cont act wi t tarticled sichasi faresamplersiaompplesceki bootdasteneas; hbvseheldaritles bunper s,
optionally in the.form of i tabl.e bl s,with ABS or supitable rupbers;
apor s 107 isBph 8 or Sk kiFharsilng B IR BikdsonalSThal it ot Fohelabiter o
househol d ardldcticas dibibutien cASinétd hoRSMBPIR eldctrid Whthbhutkss Adthalretry@r boxes;
housi ngs, such as for exanple

housings; transparent washing machine portholes with improved resistance to the

washing solution; safety glasses, optical vision-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.



el ectrical distribution cabinets; housings for electric toothbrushes and
hai r dryer housings; transparent washi ng nachine portholes with inproved
resi stance to the washing solution; safety gl asses, opti cal

vi sion-correcting glasses; |anp covers ioor cooking installations with

i nproved resi stance to cooking vapors,”4n particular oil 15 vapors;
packaging filns for pharmaceutical preparations; chip boxes and chip
carriers or for the production of oﬁﬁ&ﬁh&ﬁi cations such as stall-feeding
doors or aninmal cages. The nol dings and extrudates obtainable fromthe

pol ynmers according to the 20 invention are also provided by the present
appl i cat i on. Rdlhtvd wllutivn vigokixpitleeméted onrtl £ @€ golymek il LBX mabe t he
invention, but without restricting its scope. -20 EXAMPLES Rel ative

sol ution vi seetbylepe phlodde at38°ked on 0.5 g of polyner in 100 M of nethyl ene
chloride@at 20'C. 5 The nelt volune rate (M/R) is determ ned according to

| SO 1133." The intrinsic nelt volune rate (I WR) is determ ned according to
| SO 1133 10ThainelwvblinichateMVR pislietenpinedadidrdingac I$Di1d83.t 0 measur ement for
20 mn at the nmeasurenent tenperature (in the foll ow ng exanples 300 C).
VI CAT tenperature is determ ned according to | SO 306. 15 Notched i npact

strength i's gl GEANSHREGAAL A MIVRSR dddniifePlccbRRNB 1o REPEFAL U €.

10 but with the sample being conditioned prior to measurement for 20 min at the

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 1SO 527.



Yield stress, elongation and nodul us of elasticity are determ ned accordi ng
to SO 527. 20 Tear strength and el ongation at break are determ ned
according to |1 SO 527. -21 Exanple 1. Synthesis of

2, 4- bi s[ 1- (4- hydr oxyphenyl ) - 1- net hyl et hyl ] phenol ("trisphenol™): 5 1712 g
(5.00 nol) of bisphenol A (BPA, Bayer -A})- are nelted at 190C under a
nitrogen atnosphere. 20.4 g (0.05 nol) of solid sodium bi sphenol at e ( Na2BPA)
-22 are thenggsifipi.1:The phenol formed is renmoved fromthe resultant nelt at
a bottons tenperature of 180-190C by distillation under a water jet vacuum
(15- 20 nbar). The batch preparation is repeated five tinmes and the crude

mat eri al , " ty.on of a
total of 353§MW%B§WW?&%@§H ?ﬁ?l S %&gééﬂ#ﬁgtﬁﬁgﬁ&%ﬂteri al is
recrystalllzed inthrge portions fromin each case 3850 ml of - toluene with
75 m of (conc.) acet| y/acid. Approx. 7 kg of (moist\/rystalline product
wth a trlspheno Rppr.ox. 45% are ob =30 P material is 10
extracted at 100 i ons“wi'#h-i n eac ol uene.
Extraction i [ cﬁngthete-l eTre 2 .100C for
approx. 15 m'f and t hen hot filteringNal he extraction res?dm t oget her
yield 1540 g (moist) with a trisphenol content of approx. 85% The entire
quantity is again extractedtvmce""'-'-- I :

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)



with 4 1 of toluene at 100C and the extraction residue is dried under a
vacuum at 15 80C. 995.5 g of product are obtained with a content of 94.2%
trisphenol. The trisphenol content is further increased by extracting once
nmore with 3 1 of toluene at 80C. Afterpxrying at 80C under a vacuum 945 g
of a beige powder are obtained with a content of trisphenol of 97.9% which

bi sphenol A o4t HE] Ty pniddl ims isferied T IETARImERREL 2, 00 | ier

?Ral ysi s: Z?d%rxfﬁem?érggndef1Sr?al9(§gtbyﬂ(;stﬁmtxbﬁanﬂeria(rjmithyjesirtqdm;d(d& vat |9 \7/6940/
t t t t 0

(ﬁ?‘éégé‘éf 2Bhen 1 ThecPaich rpATR QT 5 FReptsdgBva fe a3 vl mgteritbt hy | ene

ol 1 on of TEngRlciblhe GRLA PAE R EnBL el AREEonfhin B IIIRISBHITST) 5 of

sodi um hydr omobef phendl).ds odmbihedvat er. 0. 081 g (0.00022 nmol or 0.32 nol %

rel ative to bisphenol A) of the branching agent from Exanple | and 0. 3559 ¢
(0.00237 nol or 3.4 nol%relative to bisphenol A of p-tert.-butyl phenol

(BUP) as c ; - j t a pH
Val Uk of 13, o DR (s R e D o A Ll BVer The

course of 1 toluene with WSrmbmﬁ{eond,kncptiewidiApprexp}kg/af (mmoift) omfaﬁidel ng bel ow
126, 259 oL engt 00y 0t 0 2. SO 90 S Rer i bl e
10  extracted at 100°C in 1 kg portions with in each case 3 I of toluene. Extraction is
performed by stirring the toluene suspension at 100°C for approx. 15 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 | 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).



phosgenation and flushing with nitrogen, 96.7 gl (0.0007 nol, 1 nol %
relative to bisphenol A) of N-ethyl piperidine are added as catal yst and
stirring is continued for 1 hour. After separation of the aqueous phase,
the organic phase is acidified 15 wth 2shosphoric acid and washed with
distilled water until neutral and salt-free. 16.8 g of polycarbonate are

obt ai ned aftggaﬂgﬁq’,pi tation in nethanol and drying in a vacuumdrying
cabinet at 80C Analysis: 20 Relative solution viscosity in nethylene

chloride (0.5 g/100 m of solution): 1.310/1.315 GPC (calibration against

BPA pol ycarb ; |l ecul ar .wei 78 Mh=1401 | spersion index
b2 57 56" ExLRprboLmeB R s AT S0 mh TP Penlhe aft lded (3 S BEoBED ez ene
are added t oinerti¥ed k6lg€6h of 1862 S@065a! hidl) 6NbiephehBPA atd 6. 131 (R¥53Mb]) of

bi sphenol _ A and 1584 g (39.6 nol) 30 of sodi um hydroxide in 28.41 of water.
20.88 g (9. ogﬁwdmhw?mmdsmh’cﬁ ﬂﬁwam-\ﬂeOSItg:(Od?(éa%milorﬁ)32cmol%e br anchi ng

agent from . : 9 tive to

bi sphenol A;Eéﬁwﬁﬁ? {enrsﬁ&?lgﬁ#} ?%ﬂlgr?é%c?é%ﬁg&rgsﬁ% g%%m%%eglr %ﬁn%@%ﬁ re added in
a singl e- st agrOQ230ersl v 8.4 AblYardditivead biphénol A) 4f phert Butflpherdb GOUB) (36 ol )
of phosgene are added over the course of 1 hour and 20 mnutes. In order to

prevent the dHehaHl igEninpiopareaddedin pingerstege proceduresdt apbrvalusadild
and 20°C, 9.6 m] (0.1394 mol) of phosgene are added over the course of 1 hour.

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 moi% 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 methano! 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 I of water. 20.88 g (0.0576 mol or 0.32 mol% relative

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



5 hydroxi de solution is added during the phosgenation. After conpletion of
phosgenati on and flushing with nitrogen, 24.7 m (0.18 nol, 1 nol%relative
to bisphenol A) of N-ethylpiperidine are added as catal yst and stirring is
continued for 1 hour. After separatiarpgaf the aqueous phase, the organic
phase is acidified wth phosphoric acid and washed wth distilled water

unt i1 neut i 4 iheielyisd [PSioprtfloris 8 p-BOLSERADIRKENBIAS of Ghaifl O obenzene,

t he product 1s extruded at1"1"zi ng er. 3460 g of
pol ycar bonatternzinatoo teaiddedlin( afinge-stigs perceldurg. AtepHivabie afUddi ang2)1°C15

Anal ysi s: ti ' ' ' [ t hyl hl ori 0.5 g/100 m
o %ol ut i ong 00 &8 mobi4f riB6eshe Scapdel oy i sobhss o LB AR DOVRIE g 20
mn: 1.7 m/Qriidrio preVefahe YEMEIRGront BliRELERHR 6 24% stRength sddihnP! Mt hyl ene

chloride and 9 1 of "chl orobenzene are added to a nitrogen- inertised
sol uti on Sof hy@ieskide sphftion i9 addasl quring the plpisgerakion, Afiet cobpletipn(@9. 6 nol )  of

sodi um hydroxide in 28.4 f water. 19.57 4 | oy, 0..30 | % rel ative
Lo bi sphenol Pyessplionidius higken o hmERL e meTd mRle BE S o 612 o
or 3.4 mol %isghenbl Afoftl-cbiyipip&itihe bk aﬁ&e&iﬁ&iﬂlys@ﬁn&hﬁﬁﬂg‘iﬁwﬁkiﬁ@é@f are
added in a 30 'single-stage ‘procedure. At a pH value of 13.4 and 21C, 3560 ¢
(36 nol) of fophdsye ddtessepazativac thecaqueons phase, she ergamic pbase isgdddifigdni nutes. In
order to pr e\\{nft\ﬁnf)hés%ﬁoﬂc acid and washed with distilled water until neutral and salt-free.
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 m! of
solution): 1.34
. MVR 300°C/1.2kg: 1.7 mI/10 min
20 - IMVR 300°C/1.2kg 20 min: 1.7 ml/10 min
. Vicat VSTB 50: 153.2°C

Example 4:

25  28.41 of methylene chloride and 9 | 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 mo! or 0.30 mol% relative
to bisphenol A) of the branching agent from Example 1 and 57.6 g (0.612 mot 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



the pH value fromfalling bel ow 12.6, 25% strength sodi um hydroxi de sol ution
I's added during the phosgenation. After conpletion of phosgenati on and
flushing with nitrogen, 24.7 m (0.18 nol, 1 nol%relative to bisphenol A)
of N ethyl pi peridine are added as catalyst and stirring is continued for 1
hour. After 5 separation of the aque Pphase, the organic phase is
acidified with phosphoric - acid and washed with distilled water until

neut ral and thapH-vahedromifaling belowel 6, 25%¢ $teemgth fodiune hydroside sgkation is he

duct i t dth h a devqlatilizj truder.. 10,3732 f
DL yosr bonardey i B phbkeReidy At comfleth of b rRiop e ASEE Anal vsi s
Rel ati ve sol with fitrogks 2aSt M&G.IZ‘S ﬁ%l,hgrhsmr&hm,&b@@sph&o‘i [of®) M of 15

solution): 1.340 R 3000/ kg: 2.4 MU Omn [MWR300C1. 2kg 20 min: 2.2
m/10 mn ehypipendingagmdded 9s extalys apd stiping is comtugd forof haust Aftbrene chl ori de
and 9 1 @f chlorgbenzene are added,to a nitrogen-.j.Rertised sol ution of
2006, 3 g 3( 1 PRl ot OF Safieln BREE: e SpdheiaSg R isudi B ieh Bhahotibi I

hydr oxi de i nacfBarfilwikhedli@distiiRd Watér (ndil B&dralRhd Slt-Re A fiRIsObvem ative 25 to
bi sphenol A) of the branching agent from Exanple 1 and 66.06 g (0.702 nol or
3.9 nol % r el exchangetfor ¢ilenghenysne, Ahe prodptianextruded ghrangh & devealatilizang are added in
a singl e-sté'%(glgl grrocedure. At a pH value of 13.4 and 21C, 3560 g (36 nol) of
phosgene are 8 d over the course of 1 hour and 20 m nutes. In order to
prevent

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 m{/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 I 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-



the pH value fromfalling below 12.6, 25% strength sodi um hydroxi de sol ution
is 30 added during the phosgenation. After conpletion of phosgenation and
flushing with nitrogen, 24.7 m (0.18 nol, 1 nol%relative to bisphenol A)
of N -26 ethyl pi peridine are added as catal yst and stirring is continued for
1 hour. After separation of the aqueold® -phase, the organic phase is
acidified with phosphoric acid and washed with distilled water until

neutral and @hylpipkfidite af¥f 4dded aotatslpdt andxeimgde céminued Farldhemnzafier, the
product is extruded through a devolatilizing 5, ext r,ﬁjderg 3}7‘75 g .of
pol ycar bonat ¥PaHoR pt tie agerous pPhase. e oesants Rigse isaciditied with Rhespheyc  Anal ysi s:

10 Relative i L i i ﬁ?‘%‘ I 0O m of

sol ution): 1ac§tgéﬁﬁme§8\8@ﬁétgiéggv%%ﬂ% %ﬂn&qﬂ %R{%E)eg% kg 20 mn:
4.3 m /10 m exchidfge\forellordbdizend) thel grod it isTérarunded thronglex déwdRitdizaiges t he nunber
of granms of heated thernoplastic product which, under the action of a

defi ned f%rc@iﬁuﬁ%s t hrough a standardi sed nozzle in 10 mnutes at a
specific tenperature. In the present case, the force is 1.2 kg and 20 the
tenperature 300C. In the case of IMWR, the sanple is kept in the instrunent
at 300C for 305y ofifodyarhonaete aroottxined Giften distdrdagythefitsy nemigsYr adat i on occurs
during this period, depending on the degree of degradation, higher val ues
are

Analysis:
10
. Relative solution viscosity in methylene chloride (0.5 g/100 ml 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 m]l/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).



obtained than in the MVR test. After such exposure, the product is nore
highly fluid and nore material can flow through the nozzle. If, wthin the
bounds of 25 measurenent accuracy/the |limt of error, the MR and | WR
values are virtually identical, this establishes the thermal stability of
the material (c.f. Exanples 3 to 5). -277 Exanple 6: 24.1 1 of nethylene
chloride and 12.4 1 of chl orobenzene are added to a nitrogen- inertised

sol uti on of Ekfplg 66 20 nol ) of bi sphenol A and 1760 g (44 nol) of 5 sodium
hydroxide in 36.5 1 of water. 21.75 g (0.06 nol or 0.30 nol % relative to

bi sphenol A) of the branching agent from Exanple 1 and 67.76 g (0.72 nol or

3.6 ol % r914311Hﬂnéiﬁyl%hél%l@ﬂ@émﬁ?lpill@f‘ﬁﬂ&lob@:&eﬁé‘ﬁﬂe%dﬁé‘d f@dﬁﬂr@ erd’ € added
in a single- stage procedure. At a pH value of 13.4 and 21 C, 56 g (40

mol ) of phosgmchs@utlmdéldﬁﬁgém o) chh!ﬂp@enqifA anchbif0 sid mi) nf nutes. In

Sodr tm b oitbn bifoRil T 365 14Ruhen o e (hms] 8t I g elatyd oo "

conpl eti on afispHRRSIGL)G¥ith®Braating b ﬁ@ﬁl}l\kérﬁplé'lltahﬂgﬁr76g@4727m81‘or(306 18 mol, 1
nol % relative'to bIS henol A) o et h peri di ne are added as catal yst

and stirringnpe mbatmeﬁq bdsphmol :.k)lfvénheno ase @halrs@pamtqr@m afded rea siggleous
phase, the organic phas cl. di f nd washed w th
ot st 1 e eamareeli it AZEC YAl oG Hid DB doseg (ofmB of ¥ ectEienge 't o
chl or obenzengided Beernn@@htﬁée ofst lﬂv)ﬁrfaid&i gd nfifhited) 3R ores! &yﬂeeém khezprgamyt r uder .
4020 g of pol ycarbonate are obtained (after discarding the first runnings).
20 Anal yi§ s:from falling below 12.6, 30% strength sodium hydroxide solution is 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-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 m] of

solution): 1.320

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



Rel ative solution viscosity in nethylene chloride (0.5 g/100 ml of
solution): 1.320 GPC (calibration agai nst BPA pol ycarbonate): nol ecul ar
wei ght 25 Man=34441, Mh=11334, dispersion index D=3.04 28 Physical
properties of the polvcarbonates according to the invention: Mechani cal
properties of the branched pol ycar bonatZ8  r om Exanpl e 3: Notched i npact
strength 1SO 180/ 4A RT [kJ/nR]: 10x82z Yield stress |1SO 527: 63 N mR

El ongat i on |B@sisdl7properfiés offthe polytarbowrtés dcbSOirfrd)the MiveMiom? El ongati on at
break (1SO 527): 90% Modul us of elasticity (1SO 527) 2201 Nm®R2 5

Conpar ati ve Exanple 1 Branched pol ycarbonate wi th bi sphenol A as di phenol

and isatin byveeimsal rtie§ 81HR IbRehcREERSLy ddPbctidle Mbh ExRRPRO3; as chain
term nator and an M}Ig{l%ﬁe PI’OpeI’tCI esﬂ; a{atel ve Exanple 1 Notched i npact

strengt h ISd\fpmhﬁdlmwstfddyhﬂsibkw&AWJéﬂd/m]ress 65 IkRRD E ongat i on: 6. 5%

'Il\'l;aamrmst rengt Q’iqustreangol’:jb‘?:ngat I on at break: 85% Modul %%ﬁ;mxgi asticity: 2304

Elongation ISO 527: 6.5%

Tear strength (ISO 527): 61 N/mm’
Elongation at break (ISO 527): 90%
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 A RT [kV/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?



10 Properties of the branched pol ycarbonate from Exanpl e 4: Notched i npact
strength 1 SO 180/ 4A RT [kJ/ nR]:10x80z Yield stress: 65 NNmm®2 El ongation: 6. 4%
Tear strength: 64 N nmR El ongation at break: 96% Modul us of elasticity: 2316

N nm2 -29 Properties of the branched pal ycarbonate from Exanple 5: Notched

i npact strength 1SO 180/ 4A RT [kJ/ n2] ~29x79z Yield stress: -64 N m®

El ongation: 6. 4% Tear strength: 64 N mmR El ongation at break: 109% Mdul us of
el asticity: 2295 NmR 5 Conparison of Exanples 1, 4 and 5 according to the

i nvention wgth tive anpl e 1 reveals an igrproved el ongation at
break with tﬁﬁgp%ﬁ%%&ﬂﬁ@bﬁgﬁl?egﬁqucﬁ%ﬁgﬁgﬁo& &PRY %Pherwi se conpar abl e.
Exanple 7: 10 The thermal stability of the products may be denonstrated with
reference to various branchedopol carbonates sim|ar to Exanples 3-5 above.

Notched impact strength ISO 180/4A RT [kJ/m”): 10x79z
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/1.2 kg: 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 m1/10 min

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



Pol yner according to Exanple 3: 15 WR 300C¢/ 1.2 kg: 1.7 mll110 mn | WR
300C¢/1.2 kg 20 mn: 1.7 mM/10 mn Polynmer according to Exanple 4. MR

300C¢ 1.2 kg: 2.4 mM/10 min IMWR 300C/1.2 kg 20 min: 2.2 mM/1O mn 20 Pol yner
according to Exanple 5: MR 300C/ 1.2 kg): 4.2 mM/10 mn I WR 300C/ 1.2 kg 20
mn: 4.3 M/10 min The results fromtheOWR and | WR neasurenments show t hat
the branched structural elenents are thermally stable. 25 -30 Determ nation
of vi scosi t yDeternainftiorodfi vastosity ahefimctian ef (he&Q@atel(d80Q)l 144Kdikicsise enabl es a
statenent to be made with regard to therpml stabi)ity: The pseudoplasticity
det er mi ned bEPBIE AgHEmEhIg H’%mﬂg%mr‘f%&tﬁﬁnﬁégbﬂ&boi nts 5 are still
intact even after thernmal stress and any supposed inpurities in the

branchi ng agent used are not harnful. Thus, no degradation of the branching
struct ural ubhe pseadaplasticithdetomzined belopaddisionslbhprosesthatthe brtnch peiatsnpl e 3 i s
subj ected to rheol Qqi cal Q. nvestigatipn at 260,..280.and 300C. The

ol T owi ng deEG oGl g £ dorafles WAl <k end B ypoeieliBpuiBag Brco0 2800
300C 503537 1acdiragkAP st a 4AEAR 38R R0 OFike SRR 7RISR B 33 PeaRhHE

structural unit occurs.

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.
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pseudopl astic, 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 thosedkkilled in the art without departing
fromthe spirit and scope of the invention except as it may be limted by
the clai ns. WHATUSATLABMEBIMSED |S: 1. A pol ycarbonate conprising branching
structural units conforming to fornmula (I a) 5in which R, R2, R3 and R4
mut ual Iy i ndependently denote Cl1-Clo alkyl, 10 R5, R6 and R nutually

i ndependent | y denqt ﬁ%ﬂ; e VA ; ; R3 and R4,
with the carbon atgo%lto ﬁh}?%&o?fwg?ng%ﬁgﬂﬂa@cshgg@f%}?Pﬁ]ﬁg&fgc%}lgﬁg@cycl oal kyl
group, wher efanmuke(la)ycl oal kyl group may be substituted. 15 2. In the process
of producing branched pol ycarbonate by the phase boundary process the

i nprovenent conpri Si ng RRi IR at Iﬁast‘one‘conpound conformng to formula
(1) -32 OH R -

5 (e

in which
R! R% R®and R mutually independently denote Cy-Cq alkyl,
10 R’ R® and R mutually independently denote hydrogen or C,-Cyo alkyl, or

R! and R?, and R® and R?, with the carbon atom to which they are attached, form a

Cs-Cyo cycloalkyl group, wherein the cycloalkyl group may be substituted.

15 2, In the process of producing branched polycarbonate by the phase boundary
process the improvement comprising using at least one compound conforming to

formula (1)



(1) in which R to R7 have the neaning stated in claim1, as a branching
agent. 3. In the process of producing branched pol ycarbonate by the nelt 5
transesterification process the inprovenent conprising using at |east one
conmpound conforming to forrmula (1) OH (1) in which RL to R7 have the neaning
stated in claim1, as a branching agem32-10 4. An injection nolded article
conprising the polycarbonate of Claiml. 5. An extruded product conprising
the polycarbonate of Cgim].

’ ’ 'RS R x RG

(1)

in which R' to R” have the meaning stated in claim 1, as a branching agent.

3. In the process of producing branched polycarbonate by the melt
5  transesterification process the improvement comprising using at least one

compound conforming to formula (1)

M

in which R' to R” have the meaning stated in claim 1, as a branching agent.

10 4. An injection molded article comprising the polycarbonate of Claim 1.

5. An extruded product comprising the polycarbonate of Claim 1.



