-1 H GHLY BRANCHED ( CO POLYCARBONATES HAVI NG | MPROVED FLOMABI LI TY FI ELD OF
THE | NVENTI ON The invention is directed to (co)polycarbonate resin and in
particular to branched (co)polycarbonates. SUMVARY OF THE | NVENTI ON A
process of preparing a branched (co)pol ycarbonate resin is disclosed. The
process entails using at |east one conpound conforming to formulae la or |Ib
in which 1b R, R2 and R3 independently denote |inear or branched
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| NVENTI ON Aromati ¢ pol ycarbonates belong to the group of industrial
thernopl astics. They are charact er| zed by the conbi nati on of the

t echnol ogi cal |y i mportant propeE , thermal stability and
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SUMMARY OF THE INVENTION

A process of preparing a branched (co)polycarbonate resin is disclosed. The -

10  process entails using at least one compound conforming to formulae 1a or 1b

15
ta 1b

in which

20
R',R? and R® independently denote linear or branched C,-C;¢-alkyl, R*
and R’ independently denote hydrogen or linear or branched C,-C;g-alkyl,
p1 and pz independently of one another denote a whole number between 3
and 10, as a bfanching agent.

25

BACKGROUND OF THE INVENTION
Aromatic polycarbonates belong to the group of industrial thermoplastics. They
are characterized by the combination of the technologically important properties

transparency, thermal stability and toughness.



*two- phase m xture. The nol ecul ar wei ght may be controlled by the anpunt of
nonophenol s, such as for exanple phenol or tert.-butyl phenol. In these
_.reactions practically exclusively linear polynmers are forned. This may be
confirmed by termnal group analysis. hor the production of Iinear

pol ycar bonates by the phase interface process reference may be nade for
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Sol ution thhods",@PauI svahbrgan, Inte?ggience B%%F?gﬁéﬁéﬁﬁﬁggﬁn ork 1965,

Chapt er VI 1 | twpph@emixure. UBheBnalet@sr @0ight DEy Ae 26nt611edd thndmdkhiBf79039040 a
process i s descri.bed in . which, stgrti ng from m xtures of speci al

bi sphenol s WCACRATAPES: UsP 3 folicsrOpleRbendlorich- ity phenod B thesereagions ng
agents, by angegballyicdRusGaHER piehaltye ROMKEATRONENAR JRY-hEq pht al ned by
reacti on. pol'y

reaction with phosgene in a phase interface caroonat es

Wi t h i npr ove@rminghgiobp analyhased on bi sphenol A and bi sphenol TMC with
isatin biscresol as branching agent are described in DE A 42 40 313. In DE
A 19913533 highly branched pol ycarbonates are described, in the production

of which theF& tB¢ BrodEsbrobi 18RARSA] Go PbonRRs WBAd ShaAk ANIEH ts. Branched
pol ycar bonat es arg di scl osed inI!s D%CA019 543@64% Wﬂ?ché(% rg%ggunt of their
i ntrinsic vistaeiceynay ke mada fobkerarhple toble SelmelinChemilryfand Phagies ofbot t | es.

Thus, U 67,044 d ib b I d f b hed | b i
ani oh 207, TP R AP EReNg o Pl erisere Pabkiven Nevbieni ng agent
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flowability conpared to |in€ar ycar bonat es,
Interfacial and Solution Methods”, Paul W. Morgan, Interscience Publishers, New

York 1965, Chapter VIII, p. 325.

15 In US B 4,185,009, DE A 25 00 092 and JP B 79039040 a process is described in
which, starting from mixtures of special bisphenols with chain terminators and
isatin bisphenols as branching agents, branched, high molecular weight
polycarbonates may be obtained by reaction with phosgene in a phase interface
reaction. Copolycarbonates with improved flowability based on bispheno! A and

20 bisphenol TMC with isatin biscresol as branching agent are described in DE A 42
40 313.

In DE A 19913533 highly branched polycarbonates are described, in the
production of which there are used oligomeric or polymeric branching agents.
25  Branched polycarbonates are disclosed in DE A 19 943 642, which on account of

their intrinsic viscosity are suitable for use as material for water bottles.

Thus, US B 5,367,044 describes bottles made of branched polycarbonate in which
1,1,1-tris-(4-hydroxyphenyl)ethane (THPE) is used as branching agent in amounts
30  of 0.28 mole % to 0.36 mole %.



“branched pol ycarbonates are particularly useful for applications in which a
good flow of the polynmer nelt at relatively high shear rates is desirable,
.i.e. for exanple in the injection nolding of conplex structures. Branched
pol ycarbonates are characterized by theiy. intrinsic viscosity and are no
| onger regarded as Newtonian fluids. The branched pol ycarbonates
previously d J } j I nd _t heir. roducti on processes are
however unsatélﬁg %@ﬁggﬁlfﬁg@%ﬁggﬁf}c&abﬁiﬁt&iqﬁm e OBQS%EIP% 53} yCﬁEP\?EatFEe di sadvant age

that the att bianelrdeotiegrenstes brelpannaiiiriusefig for dppli€fiond HEwhi®& Rlodbr anchi ng
agents | eads, abqve a certain concentration, to gelling, whichis

mani f est ed i AOVI9E hscrAlyenmelt afrelatiyelyivghhshearyatespadesitablesi.c. Mol aynpe anched
I b t ] i ith th uryent branchi ng agents
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concent r &t i octerafertzed bg hlidiginagBid Gsdsy dsdtke nd 16h @Rl o HHSE WIRREG QTN at e
is formed, ich is also referred to as a jelly. DETAI LED DESCRI PTI ON OF
THE | NVENTI G¥fe obj ect therefore existed of making avail abl e

| ong- chai n/ branched pol ycar- bonates and processes for their production
that avoi d these di sadvantages. This object is surprisingly achieved by

the use of bTbmihnctgdaobrutoniiet pRvirReedRbcritealmMteagior ba)anamkior (1b) la 1b
in which -4 R, R2 and R3 independently one of the others denote |inear or

br anched Cl-Efﬂ?é‘-lC“é’F‘W‘P“;esif’!s Sfechamvgr psqisiactory 4srragarie theCprafpctibRpr |
particul gyl yha‘%'é%@&i@ﬁvﬁntlah@%{ thgratta}?lraglg%ggr%escc}f b@gﬁc%l.@’ allrb limited. The

use of branching agents leads, above a certain concentration, to gelling, which is
manifested in the occurrence of undesirable gel particles. Highly branched
polycarbonates cannot be obtained at all with the current branching agents since
the reaction batch can no longer be stirred if relatively high concentrations of

15 branching agents are used. A highly viscous agglomerate is formed, which is also

referred to as a jelly.

DETAILED DESCRIPTION OF THE INVENTION

The object therefore existed of making available long-chain/branched polycar-

20 bonates and processes for their production that avoid these disadvantages. This
object is surprisingly achieved by the use of branching agents of the general

formulae (1a) and/or (1b)

25 in which



R4 denotes hydrogen or linear or branched CE-Cl0-al kyl, preferably |inear
or branched C -C8-al kyl, particularly preferably hydrogen or |inear or
.branched G -C6-al kyl, R5 denotes hydrogen or |inear or branched

Cl-C o-al kyl, particularly preferably hydrogen and nmethyl, pl and p2

i ndependent|y of one another denote a whol e nunber between 3 and 10,

preferably bet and 6 ticul.arl referahly 3 or 4 articular
structures o? ’\tl)ggé}'éjg%elpg?peflg‘?%loé'eﬁf%e ‘%h%?ﬁﬁ?%eﬁggﬁr\?é rqﬂFB‘?’F{ aé‘&w_ci nol
are pref er ablikyl pecferabhyllirRBEH mgn@ms@-@tmkﬁﬁpé{iemﬁ;ﬁff)ﬁfe{r&@ @t o S
derived from resorcinol and acetone is nost particularly p eferé%ly used.
1 c It was abzsckererisplkyl.,y found in this connection that the
pol ycar bonat es obtained have |lower nelt viscosities at both | ow and
el evated shear rates than those obtained thus far (with otherw se
conpar abl £ R’ ecubafotytiyabigenrd linBs 2B f@hedC LOGY Alk S Fref&ﬂb]@ lingar or
particularly inportant for the Frod_uctl on of relatively large -5
i nj ection-nol ded pnekedCichs-akkyk, partisnlaniylpsefambhnmidrogenpaiiekar orAs a resul t
it is easier to {jll.t | ds, usi ng conventional injection nolding
machi nes. These b?%%@ﬁ?ﬂgrggaﬁfk according to the invention nay be prepared
from resorcinol derivatives or hydroqui none derivatives and ketones, and
in the sinplest case for exanple with acetone in an acid-catal ysed reaction
(see for exBipl edmotgsinydrgenor lhear of bragehed Chenralidopartiedlaitg7- 742) . The
synt hesi §, of the ' n may pe carried out for exanple as a
condensatﬁl) on reac?{e@é&&@}zﬂ??ﬁg% Ei'idrmﬁif-'gﬁched Cl- C10 al kyl ketones or C5-C12
cycl oal kyl ket ones, preferably linear or branched Cl-C8 al kyl ket ones or
C5-C8

p1 and p; independently of one another denote a whole number between 3 and 10,

preferably between 3 and 6, particularly preferably 3 or 4.
15 In particular structures of the general formula (1a) that are derived from resorcinol

are preferably used. A branching agent of the structure (1c) that is derived from

resorcinol and acetone is most particularly preferably used.

20

25 1c

It was also surprisingly found in this connection that the polycarbonates obtained
have lower melt viscosities at both low and elevated shear rates than those
obtained thus far (with otherwise comparable molecular weight and mechanical

30  properties). This is particularly important for the production of relatively large



"cycl oal kyl ketones, particularly preferably Iinear or branched Cl-C6

al kyl ket ones or C5-C6 cycl oal kyl ketones with Cl-Cl10, preferably Cil-C8,
.particularly preferably Cl1-C6 al kyl-substituted resorcinol derivatives or
hydr oqui none derivatives in non- polar _solvents, preferably toluene,

xyl enes or hal ogenat ed hydrocarbons, particularly preferably tol uene or

I , st .particuylarl referably taluene, . preferably with the
ggsfgf chgo owj%ﬁog"ﬂogfi% %%F??P%é?s, 05_5¥”[W@5P%°WWEQF %b‘ﬁ?aé?FUIIdEﬁsdi c ion
exchanger, Cofie®d fiBtRImslds fubink Comfert oAl ifRAGS bR RFmAMgRQch! oric acid,

nost particularly preferably an acidic 1on exchanger or concentrated
sulfuric acid, especially preferably an acidic ion exchanger, at

t emper at uresprefterapl y between .0 and 180C,. particul arl referably
be{Tp ween 0 anrgﬁ?géencg?ﬁ'étagﬁrﬁ 850pHing [t eb‘?“@?@?‘gmay_bﬁ&%ﬁ %Or&nd_ 150C, with
a subst oixhi @E&tinoE d@MHNEs &FhydRRPIfInB AkrivAREs Y/ kéf@nég,r?ﬁ?%qrtﬁgu' none

derivative to ketone derivative of at nbst 1 to 2, preferably at nost 1 to
1.6, parti cutimplopt gasefareabinpleavithrastone ih @n icil-catdlyred peaesionisck fivient i on al so

Phe.br anchi i Bne S SRUGH ol oo Fd CIrg RO EE G748 wel | a8 the o

correspondi ng production processes. The branched pol ycarbonates produced
using the branching agents according to the invention and containing the
br anchi ng agklit systhegistol thesbrarahingagzentsaonat beecarerhouddsexaintlhas 4 or nul ae 1a

10 ) LB S B Rl SELLE, VY Y e
cycloalkylketones, preferably linear or branched C;-Cg alkylketones or Cs-Cg
cycloalkylketones, particularly preferably linear or branched C;-Cs alkylketones
or Cs-Ce cycloalkylketones with C,-C,g, preferably C,-Cs, particularly preferably
C1-Cg alkyl-substituted resorcinol derivatives or hydroquinone derivatives in non-

15  polar solvents, preferably toluene, xylenes or halogenated hydrocarbons,
particularly preferably toluene or xylenes, most particularly preferably toluene,
preferably with the assistance of an acidic catalyst, particularly preferably an
acidic ion exchanger, concentrated sulfuric acid or concentrated hydrochloric acid,
most particularly preferably an acidic ion exchanger or concentrated sulfuric acid,

20 especially preferably an acidic ion exchanger, at temperatures preferably between
0° and 180°C, particularly preferably between 0° and 160°C, most particularly
preferably between 0° and 150°C, with a substoichiometric amount of resorcinol
derivative or hydroquinone derivative to ketone derivative of at most 1 to 2,
preferably at most 1 to 1.6, particularly preferably at most 1 to 1.5.

25
The present invention also provides polycarbonates or copolycarbonates that have
been produced using the branching agents according to the invention, as well as
the corresponding production processes. The branched polycarbonates produced
using the branching agents according to the invention and containing the

30 branching agent structures derived from the compounds of the formulae 1a and/or



2a 00 40-D-011 im-+0OE-0 ~ --~0-0O 2b wherein the radical OD-O or O-E-O
denotes arbitrary diphenolate radicals in which -D and -E- independently
.of one another is an aromatic radical with 6 to 40 C atons that nmay contain
one or nore aromatic or condensed aromafgi-c nuclei, optionally containing
het eroatons, and is optionally substituted wth C1-Cl2 alkyl radicals or
hal ogen and J i i jcal 0al | tic radicals,
aromatic nuclmzixreg?ﬁh%{ngh}d? t\gégggés%agﬁj?édg@ n?r)ltee g@%‘%ﬁ%hgﬂﬁée\g\ﬁ@ﬁor@u&%not es a
whol e nunber(Zagamk&h) 1 and 4000, preferably between 2 and 2000,
particularly preferably between 2 and 1000 and nost particularly preferably
between 2 and 500 and especially preferably between 2 and 300, and m n
and o in each case denote independently of gne another nunbers between 1
and 4000, preferably between 1 and 2000, pafjtyicularly preferably between 1
and 1000 S%and nost particul arl y pref@rabr{ +-and 500, and
especially preferably between 1 and 300, -OD O and -OE-O may

i ndependently of one another al so denote radical Va, Vb or Vc, preferably
Va and Vc, particularly preferably Vc, derived fromthe branching agents
of the fornmulae la to |l ¢, -7 Va Vc wherein the radicals R3, R4 and RS as
well as pl and p2 have the neanings nentioned above @nd whereby a third

| i nkage, a branchi ng of e pol ymefjchain, ; then occyrs at] this site.
3 offlge goly Ak —0-E-0-1] |0
10

2b

wherein the radical O-D-O or O-E-O denotes arbitrary diphenolate radicals in
which -D- and -E- independently of one another is an aromatic radical with 6 to
15 40 C atoms that may contain one or more aromatic or condensed aromatic nuclei,
optionally containing heteroatoms, and is optionally substituted with C;-C,; alkyl
radicals or halogen and may contain aliphatic radicals, cycloaliphatic radicals,
aromatic nuclei or heteroatoms as bridge members, and in which k denotes a
whole number between 1 and 4000, preferably between 2 and 2000, particularly
20 preferably between 2 and 1000 and most particularly preferably between 2 and
500 and especially preferably between 2 and 300, and m, n and o in each case
denote independently of one another numbers between 1 and 4000, preferably
between 1 and 2000, particularly preferably between 1 and 1000 and most
particularly preferably between 1 and 500, and especially preferably between 1
25 and 300, -O-D-0- and -O-E-O- may independently of one another also denotea
radical Va, Vb or Vc, preferably Va and Ve, particularly preferably Vc, derived

from the branching agents of the formulae 1a to Ic,




'q Preferred diphenolate units of the branched pol ycarbonates and

copol ycarbonates according to the invention are derived from general
.structures of the formula (3), wherein the bracketed structure describes
t he basic di phenolate radicals, in whicly- R and R2 independently of one
anot her denote H, linear or branched Cl-Cl$ al kyl or al koxy radicals,
hal ogen such as O or Br, or an optionally substituted aryl or aralkyl
radical, preferably Hor linear or branched Cl-Cl2 al kyl radical Vb -8
particularly preferably Hor C1-C8 alkyl radicals, and nobst partfcularly
preferably H or t i and denotes a single bond, -SO2-,
a Clto C6 alkylene % C2 to C5 al kyliden radlcal, .
cycl oal kyl i depe radi c& h may be substitutgd by cr/ 6=l 1/l ,
preferably methyl di cals, or denotes 6" A1
that may optiOng ndensed with further 401118 i i ni ng
het er oat ons, whe i $. ane 488?)%%2
preferably bet 2000, particularly preferably hat ween 2 and 1000
and nost partlcularﬁ‘ D eferably bet ween 2 and 500 and @fF aIIy bet ween
2 and 300. Partlcularly pr ef erabl yvahe di phenol ate radi'c ,n the
formulae (2) and (3) are derived fromthe suitable dlphenols that are al so
ment i oned hereinafter. Exanplgs of di phenols that may be nmentioned and that
al so formthe basis of teneral formula (3) include hydroqui none,

resorcinol, dihydroxykipk 35, bis (h ydroxyphenyl)al kanes,
bi s- (hydroxydhenyl)cyﬁloa kafes, bis
0

Ve
wherein the radicals R?, R* and R® as well as p1 and p; have the meanings

mentioned above and whereby a third linkage, a branching of the polymer chain,

then occurs at this site.

R? -
0
A o
q
R? K2 0

3
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Preferred diphenolate units of the branched polycarbonates and copolycarbonates
according to the invention are derived from general structures of the formula (3),
15 wherein the bracketed structure describes the basic diphenolate radicals, in which
R' and R* mndependently of one another denote H, linear or branched C;-Cy; alkyl
or alkoxy radicals, halogen such as Cl or Br, or an optionally substituted aryl or

aralkyl radical, preferably H or linear or branched C;-Cj; alkyl radicals,



"(hydrox, yphen yl) sulfides, bis-(hydroxyphenyl)ethers,

bi s- (hydr oxyphenyl ) ket ones, bi s-(hydroxyphenyl ) sul f ones,

.bi s- (hydr oxyphenyl ) sul f oxi des, a, a'-bis- (hydroxyphenyl)diisopropyl benzenes
as well as their nuclear-al kyl ated and _gucl ear hal ogenat ed conpounds and

al so a-w bi s- (hydroxyphenyl ) pol ysi | oxanes. Preferred di phenols are for

Cbr phenol AP HHRGHEBINARE b (P sl A o SR B B e
(bi sphenol  TNGr,méthl-dnid$¥ (rofasdy xpipBemy,-3osy atoherans. a c, 1o

2, 4-bi s- (4- hydroxyphenyl )-2-met h .I%ut ane, 1,1-bi s- (4- hydr oxyphenyl ) -1 -
pheny! et hane#lkyleac ia,dzp%' tp éls(aﬂcyﬁﬁammglwﬁbﬁynq Cacpriopiyljdrenzatien],

> 50 o S1h2 (el YRR B QY RETERDR | BESRTEE hyhticals, o

2, 2- bi s- (8- chérone-CHpdl 9 xR mydi} A1RAMS; oftioRall Bodcore ARk firfher
ydr oxyphenyl ) net hane, 2, 2-bis-(3, 5-di nethyl -4 hydroxyphenyl ) propane,
bi s- (3, 5- di M¥CRRHC ZNEY ERTHID RS Ergaiems . onereip galepptes 3vi®le Burdbernet h yl - 4-h

ydr ox yphenyj ):.2= 2a2: bl s-{3, Bsdichl org-4 h

ydr oxyphenyl %%W%%ﬁ%p%%%&gb%q %lﬁts)]-y (b§ ,quc& i 2&}”&?&% %'ﬁ%)bﬂ@ﬁ?ﬁlﬁr opane.
Parti cul arl ybqweére? ued! 1@hheinabs puiclladg pfraaaggame\b@e@z 2ndP560 4l

hydr oxyphenyl ) pr.opane (bi sphenol A), 4,4 -di hydroxybi phenyl (DOD),

1, 3- bi s- [ 2- ¢REHFY bstypereAynd 380.pr opyl | benzene (bi sphenol ™ M,

2, 2-bi s-(3, 5-di met hyl - 4- hydroxyphenyl ) propane,

1, 1- bi s- (4- hydr oxyphenyl ) - 1- phenyl et hane, 2, 2-bi s-(3,5- dichl oro-4-hydrox
y- phenyl ) pr oRatieylay Brefiérablfy 3acodighdroldt® radti callyiel R SHpRanK (2 PerINB N 8re

1, 1- bi s- (4- hydr Oé%lphenyl )cycl ohexane and 1, 1-bis-(4 _

hydr oxypheny#9r1ved 3rom hejshiabls fiphencintiensre alseisgstiened hammiopftenvbst
particularly preferred are 2, 2-bis-(4-hydroxyphenyl) propane (bisphenol A),
4,4 -di hydr oxybi phenyl (DOD), 1, 3-bis-[2-(4-hydroxyphenyl)-2-propyl]benzene
(bi sphenol Mixamulesofldiphesio{sahityaayobeymbrtivte) a8d Thabalsé fared My lbayis bohexane

15 general formula (3) include hydroguinone, resorcinol, dihydrox ybiphenyls, bis-
(hydroxyphenyl)alkanes, bis-(hydroxyphenyl)cycloalkanes, bis-
(hydroxyphenyl)sulfides, bis-(hydroxyphenyl)ethers, bis-(hydroxyphenyl)ketones,
bis-(hydroxyphenyl)sulfones, bis-(hydroxyphenyljsulfoxides, oo -bis-
(hydroxyphenyl)diisopropylbenzenes as well as their nuclear-alkylated and nuclear-

20  halogenated compounds and also o-w-bis-(hydroxyphenyl)polysiloxanes.

Preferred diphenols are for example 4,4 ‘-dihydroxybiphenyl (DOD), 2,2-bis-(4-
hydroxyphenyl)propane, (bisphenol A), 1,1-bis-(4-hydroxypheny!)-3,3,5-
trimethyl-cyclohexane (bisphenol TMC), 1,1-bis-(4-hydroxyphenyl)-cyclohexare,

25 2,4-bis-(4-hydroxyphenyl)-2-methylbutane, 1,1-bis-(4-hydroxyphenyl)-1-
phenylethane, 1,1-1,4-bis-[2-(4-hydroxyphen yl}-2-propyl]benzene, 1,3-bis-[2-(4-
hydroxyphenyl)-2-propyl]benzene (bisphenol M), 2,2-bis-(3-methyl-4-
hydroxyphenyl)propane, 2,2-bis-(3-chloro-4-hydroxyphenyl)propane, bis-(3,5-
dimethyl-4-hydroxyphenyl)methane, 2,2-bis-(3,5-dimethyl-4-

30 hydroxyphenyl)propane, bis-(3,5-dimethyl-4-hydrox yphenyl)sulfone, 2,4-bis-(3,5-




"(bi sphenol TMC). The di phenols may be used alone as well as mixtures with
one anot her, and both honopol ycarbonates as wel |l as copol ycarbonates may
.be enpl oyed. The diphenols are known in the literature or may be obtained
by processes known in the literature (see for exanple H J. Buysch et al.,
U |l mann's Encycl opedia of |Industrial Chem stry, VCH, New York 1991, 5th

Edi tion, Vol 4 . by fy 4 pifuncti onal conpounds of the
formul ae (1) d a ayr%fjh/ %ftﬁg%ypg%dﬁg? Iﬁ%ﬁ@%%ﬁﬁg)z% %S)a%%’f@rrar?"%) respectively
are used as bydrogyphedylhprapaieiang 2:03Bist(3,5-dibeies-abliroxFphetiyppRpueen 0. 05 and
15 nmole % particularly preferably 0.1 to 10 nole % and nost particularly
preferably 0.2 to 5 nole %referred to noles of diphenols enployed. The

resul ting | opgriehalip B{:gfmigmoﬁqrﬁu&gf&%&gﬁéﬁ 2,5-91%9('49@ cal properties of

t he pol ycar bonat es 0Dt al ned, I'S express 'nan’ inproved flowability

conpar ed X o hydresypheyyp@mopaneXBispit@opAgsedtdihydrexybighan yinDadsh, { 3ans (&l ates to
a process fog &Fegrpﬁducti on of ~ branched pol ycarbonates and
copol ycar bontdr BErexyRhaRyli-drmtemdbepzegy (BisphenobM), 2.2 thas-Get-dimetbyl-4-n t hat

Lo R ) B B ot

al kal i ne sol ution "an e reacte Sour ce’stic “phosgene,
optionally ddiishlomfédhyi:lmxg—gmehy/lm*bparjem,a-liiys.ﬁ},ﬁlld&ﬁemﬁi@(t ure consisting of an

aqueous al kal i ne solutjon, an organjc solvent and a catalyst, preferably
0 }

an ani ne conpttifthP e R bﬁ'%ﬁﬁ‘%ﬁ"@%x%c&ﬂ?%‘p@éew 3R Islebisr@ st ages.
Lo 25wt oy e e R TS 0Ty 2 1o 18 . 6
and nost particularly preferably 3 to 15 w.% The aqueous al kal i ne
solution Conﬂogtt psart?c]:cularly preferred are 2,2-bis-(4-hydroxyphenyl}propane (bisphenol A),
4,4°-dihydroxybiphenyl (DOD), 1,3-bis-[2-(4-hydroxyphenyl)-2-propyl]benzene
(bisphenol M) and 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane
15 (bisphenol TMC).

The diphenols may be used alone as well as mixtures with one another, and both

homopolycarbonates as well as copolycarbonates may be employed. The

diphenols are known in the literature or may be obtained by processes known in
20 the literature (see for example H.J. Buysch et al., Ullmann’s Encyclopedia of

Industrial Chemistry, VCH, New York 1991, 5™ Edition, Vol. 19, p. 348).

Minor amounts of trifunctional compounds of the formulae (1) (a and/or b) and/or

and (Va), (Vb) and/or (Vc) respectively are used as so-called branching agents,
25  preferably amounts between 0.05 and 15 mole %, particularly preferably 0.1 to

10 mole % and most particularly preferably 0.2 to 5 mole % referred to moles of

diphenols employed. The resulting long-chain branching leads to certain

rheological properties of the polycarbonates obtained, which is expressed in an

improved flowability compared to linear types.
30




“wat er in which hydroxides of alkali netals or alkaline earth netals are
di ssol ved. Sodi um and pot assi um hydroxi des are preferred. \When using
.phosgene as carbonate source the volunetric ratio of aqueous al kaline
solution to organic solvent is 5:95 to fp:5, preferably 20:80 to 80: 20,
particularly preferably 30:70 to 70:30 and nost particularly preferably

40: 60 to 60: . ti.0. of Dbj sphenol t osgene..is lLess than
1:10, pref erg%'l Qrz%kg‘éé‘m?han“ ]rféﬁél,d&ﬁgrr ]i%%'ﬁfe%P P&OCS%S&PEB%Q ‘10393 0ifhan 1: 4 and
nost parti cubrandhedpoblcarabhtys hikBsopbiaarbbnies oflfie f&angRRapdcnLpf the
branched pol ycarbonates and copol ycarbonates according to the 1 nvention in

t he organi c {teasterized 1 hat yspisnolks a9g bpanchiogaents Pla) end/0(Ih 28% particul arly

preferably 2.. . 0 St rticul arl ref.erably 3 to 15 wt. %a.
The concentr%%%é#ﬁéﬁgg'f@gﬁg%@n%%oﬁ% Oﬁ]nadl%raé? E%/ﬁ?tgg W E{?f’élg%ﬂ?ﬁqﬁﬂur‘%ﬁ’f bi sphenol
used is G. 1 duohipha¥gendopRtRiligrddblved ira Edlvént Bl Lwh pHids Higular |y
preferably 0.3 to 6 nole % and nost particularly preferably 0.4 to 5 nole

% -11 The cwpshag ef ¥oigueeus dkyingsglinen, ai gaanigeelsesand picptabsgene,
referably t er hosge LS used, sol vent may
gpt i onal |y b@ggg%?ygréé“&ﬁd%ﬁ?gﬁ%ﬁo)ggeernegalr?%lyl%%%aiscr)\b? 8%‘3?8&8“&%38&?? into the

reaction m xdtagee. Tertiary am nes such as triethylam ne or
N al kyl pi peridines may be used as catalyst. Suitable as catal ysts are
trial kyl am nes and 4-(di net hyl am no)pyridine. Particularly suitable are

LT e SRRSO g
propyl pi peri2i we%, preferably 2 to 20 wt.%, particularly preferably 2 to 18 wt.% and most
particularly preferably 3 to 15 wt.%. The aqueous alkaline solution consists of
water in which hydroxides of alkali metals or alkaline earth metals are dissolved.
Sodium and potassium hydroxides are preferred.
15
When using phosgene as carbonate source the volumetric ratio of aqueous alkaline
solution to organic solvent is 5:95 to 95:5, preferably 20:80 to 80:20, particularly
preferably 30:70 to 70:30 and most particularly preferably 40:60 to 60:40. The
molar ratio of bisphenol to phosgene is less than 1:10, preferably less than 1:6,
20 particularly preferably less than 1:4 and most particularly preferably less than 1:3.
The concentration of the branched polycarbonates and copolycarbonates

according to the invention in the organic phase is 1.0 to 25 wt.%, preferably 2 to
20 wt. %, particularly preferably 2 to 18 wt.% and most particularly preferably 3 to
15 wt.%.

25
The concentration of the amine compound referred to the amount of bisphenol
used 1s 0.1 to 10 mole %, preferably 0.2 to 8 mole %, particularly preferably 0.3 to
6 mole % and most particularly preferably 0.4 to 5 mole %.




"Sui tabl.e as organic sol vent are hal ogenated hydrocarbons such as nethyl ene
chl ori de and/ or chl orobenzene, dichl orobenzene, trichl orobenzene or

.m xtures thereof, or aromatic hydrocarbons such as for exanple toluene or
xyl enes. The reaction tenperature may bel from -5C to 100C, preferably 0C to
80C, particularly preferably 10C to 70C and nost particularly preferably

10C to  60C THhG:rBRHaBC¥ufle 1¥‘?h&{§h§e d 09 en%%?t@ﬂh%@% t%h R YGQr bonat es and

copol ycar bonat es accordi ng Ion are | range from 6000 to
200, 000 g/ noplesgensr dn éwarimhqwhent\mesgeﬁemlsadoh & yapiohaly earticul arly

preferably betwe 0 and 80, 000 | e and. nost particularly
preferably b‘e‘flwggﬁnﬂé’edgﬁs%ﬁ?& maﬁd)fdeﬁogacggr He?tlﬁe@&wpﬁ%tlﬁgrnﬁé@% of gel
perneati on chromat ography and polycarbonate calibration). Preferred,
particularly preferred or nost particularly preferred are enbodi nents that
make use Sof TérBagyanznes sich as coipdanis or deflkpipipesidineanthyebeplsadag i ons t hat

are rrentloned her in | ow a referr d particularly preferred nost
particul arl y*® ad-‘!“éf %ﬁe B%Cf'éérsgwarm glkylagrpgsand 4-@imethylamino)ppedine.

definitions, peﬁ)ﬁ&ﬁm ﬁhtsableca‘? énﬁr@dtrfpi‘@ﬁ:{\}gxtnhqr% g{)gﬁ nﬁ general or in

preferred ranges in the description ma I'ned as desired
with one armbhe'ﬂammc,emsbbuweennd: mémed@mapmdme MNvethetpiperillipy &fdeNy ed ranges.
The branched ¥car§lonat es and copol ycarbonates according to the invention
may be wor ke BPH Rnown manner and processed into arbitrary nol ded
articlesy for exanple by extrusion, injection nolding or extrusion blow

nol di ng. The_ branched pol ycarbonates and copol ycarbonates according to the
i nvention  Suitable as organic solvent 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.

15 The reaction temperature may be from -5°C to 100°C, preferably 0°C to 80°C,
particularly preferably 10°C to 70°C and most particularly preferably 10°C to
60°C.

The molecular weights, Mw ,of the branched polycarbonates and copolycar-

20  bonates according to the invention are in the range from 6000 to 200,000 g/mole,
preferably between 6000 and 100,000 g/mole, particularly preferably between
10,000 and 80,000 g/mole and most particularly preferably between 12,000 and
70,000 g/mole (determined by means of gel permeation chromatography and

polycarbonate calibration).

25

Preferred, particularly preferred or most particularly preferred are embodiments
that make use of the parameters, compounds, definitions and explanations that are
mentioned hereinbelow as preferred, particularly preferred, most particularly

preferred or especially preferred, etc.




‘may al so be mixed in a known way, for exanple by conpounding, with other
aromati c pol ycarbonates and/ or other aromatic pol yester carbonates and/or
.other aromatic polyesters. The branched pol ycarbonates and

copol ycarbonates according to the invenj2on nmay al so contain in functional
amounts the additives conventionally used for these thernoplastic

materials, s ifibdd LLd Ser bi.lisers, .
antistatics gﬁgdﬁﬁdﬁgﬁﬁf Eéﬁfnf %%%@@Egl@ﬁtaﬁ% e%@?@%? g.‘;vgre' 1%%?{5\5@86?‘} t he
flowability pmfeiredranges if therdesergsion taydewiyr 8ksbe bambipd 8y &stiby waddi ng
external nold rel ease ents, flow inprovers and/or flameproofing agents
(e.g. al kyl St "p?ngg%?'ﬂ g reisel phianess, angipsefpredieanges. ow ol ecul ar

wei ght carboxylic acid esters, hal ogenated conpounds, salts, chalk, quartz
flour, glass and carbon fibres, pignments and conbi nations thereof. Such
conpounds’ ar Ehalersueliedgu] yearboaxtasmphdcopolycBoANES Bk 62din @b the Smatiodnd in the
correspondi n% cga ters of "Plastics Addjtives Handbook", Ed. Hans Zweifel,
5" Edition 2896° 1P 1B FimOSRdpNeR ARl RIRTessathim i ErRHEaRe Snokdady car bonat es

and copol yC4rhoRalfBeeRGHAL Y Bkt Rfed A EILAR o eg%igpefowmmd@@ th

ot her thernoplastic materials and/ or “conventio Ives, —na
processed i nto shaped nol ded articl es/extrudates and used everywhere where

al ready kno ol ycarbonat es, pol yester carbonates and pol yesters are

enpl oyed. meﬁ?ac TBﬁﬁ}echPpﬁcﬁ cpatht %W%F’%PW%S 297e7ding © Weinvgplien  n
particul @ afay athd bBRiREd @l Skdo¥n WIE foMHxE ) L Agind WifiToag) nol ded
parts, for exa'?rplle aut onobi | e Eangﬁs aﬁ{dﬁl??]egg{@ “@gl“ f‘ghﬁg\%\%\ger al so

sui t abl e as @OWELe pelpcarhomatésaingd/ofr other apmatialpoti@bar sirbomas dthratsuch as for
exanpl e CDS’argnREE‘stOIEF\{S eréor DVD-Rs, but may however al so be used for

exanpl e as fi 1ectrical sector, as nolded parts in autonobile
construction and as panels for coverings in the safety

The branched polycarbonates and copolycarbonates according to the invention

15 may also contain in functional amounts the additives conventionally used for these
thermoplastic materials, such as fillers, UV stabilisers, thermal stabilisers,
antistatics and pigments; if necessary the mold release behaviour, the flowability
and/or the flame resistance may also be improved by adding external mold release
agents, flow improvers and/or flameproofing agents (e.g. alkyl and aryl

20 phosphites, phosphates, phosphanes, low molecular weight carboxylic acid esters,
halogenated compounds, salts, chalk, quartz flour, glass and carbon fibres,
pigments and combinations thereof. Such compounds are described for example
in WO 99/55772, pp. 15-25, and in the corresponding chapters of “Plastics
Additives Handbook”, Ed. Hans Zweifel, 5™ Edition 2000, Hanser Publishers,

25  Munich).

The branched polycarbonates and copolycarbonates according to the invention,
optionally mixed with other thermoplastic materials and/or conventional additives,
may be processed into shaped molded articles/extrudates and used everywhere

30 where already known polycarbonates, polyester carbonates and polyesters are

employed. On account of their property profile they are suitable in particular as




"sector. Further possible uses of the polycarbonates according to the

i nvention include the following: 1. Safety panels, which as is known are
.necessary in many areas of buildings, vehicles and aircraft, as well as
hel met shields. 2. Production of films,13n particular ski filnms. 3.
Production of bl ow nolded articles (see for exanple US patentfz 964 794),
for exanple 1 ‘5 I § ' .

gt - por moaby aras sy 8 et AR FinkPitShocd part P64 EnBlk Ripropits
covering bui patielgmdshedis. ahayairt hayeadratsosnszblg eeanbeats egat@ids fdri ght i ng
installations..5  Production. of optical data storage nedia. 6. Production

of traffic |PRJHE! % SOrgE msdig sughas forexample GDs.ErldRse DVl SDYBRs (see for

exanpl e DE- td : e or exanpl e
DB 1 137 1h e Ry AL B lold B R e R B 11
content oJf gmakledpiits esautemobiiegtunstnetion ahd gy parsepplor catedriogs in hiesafenr exanpl e
DE-A 1 554 020? . ml1_.0. As tr.glnsl fgﬁ::{grné BI astics with a content of barium
sulfate, tit3ohnt BitRSTiPQSSIOIsAIsch /B POy BRRAAhA5SPdnede the GeRtOol yreri ¢
acryl ate rubﬁ@maeﬁﬁﬁbﬂoﬁﬁé: 445, EP-A 269324) for the production of

| i ght-perneable and |ight- scattering nolded parts. 11. Production of
precision injection-nolded parts, such as for exanple I ens holders. For

t hi s purpose, pol rbonates are used with a content of glass_ 30 fibres
that may optl'onal T3 CegRIS RN AHRITOSR SHBIESE B BN Jrougies

referredit o the t@hadledidiitcraft, 1€ well as helmet shields.

2. Production of films, in particular ski films.

3. Production of blow-molded articles (see for example US patent 2 964

794), for example 1-gallon to 5-gallon water tanks.
4. Production of light-permeable panels, in particular hollow panels, for
15 example for covering buildings such as railway stations, greenhouses and

lighting installations.
Production of optical data storage media.
Production of traffic light housings or traffic signs.

Production of foams (see for example DE-B 1 031 507).

© N o

20 Production of threads and wires (see for example DE-B 1 137 167 and
DE-A 1 785 137).
9. As translucent plastics with a content of glass fibres for light technology
applications (see for example DE-A 1 554 020).
10. As translucent plastics with a content of barium sulfate, titanium dioxide
25 and/or zirconium oxide or organic polymeric acrylate rubbers (EP-A 634
445, EP-A 269324) for the production of light-permeable and light-
scattering molded parts.
11. Production of precision injection-molded parts, such as for example lens
holders. For this purpose polycarbonates are used with a content of glass
30 fibres that may optionally contain in addition about 1 to 10 wt.% of MoS,

referred to the total weight.




"12. Production of optical instrunment parts, in particular |enses for
caneras and canctorders (DE-A 2 701 173). 13. As light transm ssion
.carriers, in particular light-conducting cables (see for exanple EP-A O
089 801). 14. As electrically insulatinggmaterials for electrical _
conductors and for plug housings and sockets. 15. ProductioP of HDbI|e 4

t el ephone hoysi n ! i Npr.ov sk stance t rfu aftershave an
smea?. 16. h@?mo?ﬁ“@ﬁ%&?ﬁﬁkﬂﬁg§dﬁgg@%mi9%%%g’%gﬁp#@;e ng¢ﬁ%ﬁnqﬁﬁ?’rgapic
phot oconduct ors. ddincoriie@slUBEi»op 701 1F3yPs, e.g. headl anps, |ight-diffusing
panels or internal |enses, as well as long-range |anps. 19. For nedi cal
appl i cat i onslduchAaligbbiaysmissinsaginas.dn aryispler hgtiondecting2@blekree foodst uf f s

appl i cations such € ttles, crockery and chocol ate nol ds.
21. For applicati%ﬁ@uﬁﬁt?ﬁgagﬁbggg'iIe sector, where contact with fuels and

| ubri cantss nt4 ocasitlecsically asulatng mutmalscobeleREEa,cod@iidieBahd Yor plug he form
of suitable blends with ABS or suitable rubbers. 22. For sports articles
such as for exanpl¥SHEsPRds¥&PEs or ski boot fastenings. 23. For househol d

articles suctx as I it [ unid s..and | etterbox Qusi ngs.
24. For hous%ﬂsrigs i@gﬂﬁﬁwéﬁo@&{%ﬁ@%Ihgg?dr{ggc%ﬁq% lg?prrl U I]e%ﬁtag%%f)nets. 25.
Housi ngs for el ecparfunad, afieehdderangiRegatand hai rdryers. 26. Transparent

washi ng machj nhe partholes with inproved resistance to detergents. 27.

Protective gdygl eXEWEE intelfaceSeyiéeti on gl asses.

10 17.  As carrier material for organic photoconductors.

18.  Production of lamps, e.g. headlamps, light-diffusing panels or internal
lenses, as well as long-range lamps.

19. For medical applications such as oxygenators and dialysis machines.

20.  For foodstuffs applications such as for example bottles, crockery and

15 chocolate molds.

21.  For applications in the automobile sector, where contact with fuels and
lubricants may occur, such as for example bumpers, optionally in the form
of suitable blends with ABS or suitable rubbers.

22, For sports articles such as for example stalom poles or ski boot fastenings.

20 23, For household articles such as for example kitchen sink units and letterbox

housings.
24.  For housings such as for example electrical distribution cabinets.
25.  Housings for electrical toothbrushes and hairdryers.
26.  Transparent washing machine portholes with improved resistance to
25 detergents.
27.  Protective goggles, optical correction glasses.
28.  Lamp coverings for kitchen appliances with improved resistance to kitchen

vapours, in particular oil vapours.
29, Packaging foils for medicaments.

30 30.  Chip containers and chip carriers.




"28. Lanp coverings for kitchen appliances with inproved resistance to
kitchen vapours, in particular oil vapours. 29. Packaging foils for

.medi canments. 30. Chip containers and chip carriers. - 15 31. For

m scel | aneous applications, such as forigxanple stable doors or anima
cages. The nol ded articles and extrudates made from the pol yners according
to the invegiio v, The
fol |l owi ng engnpl ng&;rir%éqa%l%? &n ag’%tﬁgatﬁ‘f gs'{@?tg ﬁﬁﬁﬁ\géﬂﬁ ?Jﬁ’ﬁ?sc&rt mm?l however
restricting the |laageer. EXAMPLES Exanple 1 OHOH A Toluene ~M- Water OH
250 g (2.27 nole) of resorcinol, 197.8 g (3.41 nole) of acetone and 1800 mi
of toluene were added to a vessel under nitrogen and honopgeneously

di ssol ved at e [ ol . Bayer

Lever kusen) 3§$Egkh&%ﬁ éﬁﬁd?ﬁggéﬁgﬁﬁggﬁ%%?iﬁg e ma§ t%&ﬁuﬁﬁéﬁéh to 82'C
sunp t enper ainuesionkBNale ciratrdd beriperaentr eplicAfaner ca. | hour a slightly

bei ge-cl oudy suspension was fornmed. The suspension was stirred for a
further 3 hours. After cooling, the

The following examples are intended to illustrate the invention without however

restricting the latter.

10 EXAMPLES
Example 1
HO
OH A HO
o o O
oluene
2 + 2 —_——
OH - Water

250 g (2.27 mole) of resorcinol, 197.8 g (3.41 mole) of acetone and 1800 ml of
toluene were added to a vessel under nitrogen and homogeneously dissolved at

15 50°C. 416 g of acidic ion exchanger (Lewatit K1221, Bayer Leverkusen) were
added and the reaction mixture was then heated to 82°C sump temperature (130°C
bath temperature). After ca. 1 hour a slightly beige-cloudy suspension was
formed. The suspension was stirred for a further 3 hours., After cooling, the
product was isolated from the reaction solution by filtration and dried overnight in

20 a water jet vacuum,

Yield: 140 g (41% of theory) of a white powder.




"product was isolated fromthe reaction solution by filtration and dried
overnight in a waterjet vacuum Yield: 140 g (41 % of theory) of a white
.powder. -16 Analysis: 'H NWVR (400 MHz, TM5, DMSO) 8 = 9.28 (s, 1H), 9.04
(s, 1H), 8.94 (s, 1H), 6.90-6.94 (d, 1H, 6.80-6.84 (d, 1H), 6.25-6.26 (d,
3H), 6.01-6.04 (d, 1H), 2.89-2.93 (d, 1H), 1.73-1.77 (d, 1H), 1.57 (s,
3H), 1.14 (sanakbis: 0.66 (s, 3H). A 2D-HVBC experinent confirms the
structure given under Exanple 1. Only one isoner with an aronmatic ring on
a quaternary C at GhNMRA4HhMHm TMS MGG 6 =29.08(s, 4 HIe9.0¢ (2 dH), 32 (dS af t er

ecton e o oo KPRAHL B SB6D it R 0 Gl e
Exanples 2 - 8 Theypyniohesesy Qi) ez Aranahing i t3fsfmqr4 @

conditions as regards the stmg hi'ometric ratio r esor cCi no’il to acetone
are carrised out sisp3arly to Exanple -17 1. The y| elds are given in the
follow ng table: Anmunt Amount Anmount Anount Rati o

wei ghedwei ghedwei ghedwei ghednol esl onTol ueneYi el d No. out gout ol eout

gout Resor ci nol / ExghprHaBeled pda-Rar ebhfiRa (Re S GhR Y AGaIRBLARIRAE §t Oneg

Acet one
Only one 1somer with an aromatic ring on a quaternary C atom adjacent to

an oxygen atom is detected.

10
GC-MS after derivatisation as trimethylsilyl derivative: in this connection
the expected TMS molecular weight of 516 is found as a single product
peak.

15 Examples2 .8

The syntheses of the branching agent under altered conditions as regards the

stoichiometric ratio of resorcinol to acetone are carried out similarly to Example




"200. 9(681.82g) 25004.54395.66.811 to 1.5833.34000 929. 5% (340Q)
32502.27197.83. 411 to 1.5416180063. 16 18. 6% (340g) 42502.27197.83.411 to
.1.54161800140 41% (2386.4g) 5175015. 89593. 410. 221 to 0.612485400240 10. 1%

(1363g) 610009. 08791.213.621 to 1.51664B000390 28. 6% (13630)
710009. 08791. 213. 621 to 1.516648000370 27.1% (1363g) 810009.08791. 213. 621

to 1.5166480D0%g0yi3fs 8% Evedhl the Polldwiftable:

Amount

Amount Amount Amount weighed Ratio Ion
No. weighed weighed weighed out moles ' Exch. Toluene | Yield Yield %
out g out mole outg Resorcinol/ ml g
. . mole 4
Resorcinol | Resorcinol | Acetone Acetone
Acetone
2009 | (681.82g)
2 500 4.54 395.6 6.81 lto 1.5 833.3 | 4000
9 29.5%
{340g)
3 250 2.27 197.8 3.41 lto 1.5 416 1800 63.16
18.6%
(340g)
4 250 2.27 197.8 3.41 lto 1.5 416 1BOO 140
41%
(2386.4g)
5 1750 15.89 5034 10.22 1w 0.6 1248 | 5400 240
10.1%
(1363g)
6 1000 9.08 791.2 13.62 lto 1.5 1664 | 8000 390
28.6%
(1363g)
7 1000 9.08 791.2 13.62 ltol.5 1664 | 8000 370
27.1%
(1363g)
8 1000 9.08 791.2 13.62 ltol5s 1664 | 8000 420
30.8%
Example 9
HO
OH A HQ
Toluene
2 t 9 )]\ —_—
- Water
OH
5

37.31 g (0.27 mole) of 4-ethylresorcinol (Aldrich company), 23.52 g (0.405 mole)
of acetone and 300 mi of toluene were added to a vessel under nitrogen and
homogeneously dissolved at 50°C. 50 g of acidic ion exchanger (Lewatit K1221,
Bayer Leverkusen) were added and the reaction mixture was then heated under

10 reflux. After ca. 1 day a yellow, clear solution formed, and after 2 days a cloudy
orange solution with some precipitate formed. After cooling, this precipitate was

removed by filtration. The filtrate was concentrated by evaporation, 29.0 g of a




"2 A Toluene - Water OH 37.31 g (0.27 nole) of 4-ethylresorcinol (Al drich
conpany), 23.52 g (0.405 nole) of acetone and 300 m of toluene were added
.to a vessel under nitrogen and honopgeneously dissolved at 50C. 50 g of
acidic ion exchanger (Lewatit K1221, BHyer Leverkusen) were added and the
reaction m xture was then heated under 10 reflux. After ca. 1 day a yellow,

cl ear sol utigRwnemmRg roemtdba;fr]?;%tazne@am WasGEEyshillis@d ANORILaReWri On with sone
precipitate formed. After cooling, this precipitate was renoved by

filtration. mn@yfqnﬁphl@uée wad pesoriewm ethat Edlbyn dhviapay d8igof,a 20 Beige of a - 18

brown crude duc hei ng, obt ai ned. t hat stallise m xt ure of
met hyl ene ¢ or| aﬂr%gP gu pas rf('cfy%l ’Sﬁ({f}/'taﬁflgt%)‘?gﬁr}b}’? a pale
bei ge to ye&meJ'ruesmd roRus akérdilNgd ARRESIRAS WwaeF et alubisedriiph@ M xture
of nmethylene chloride and petroleumether (1:1). After drying in a water

j et vacudm ot &Pt othe datiredpooducheageblizingd. pr oduct was obtained. Yield: 7.0 g
(14.5% of theory) of a white powder. Analysis: 'H NVR (400 MHz, TMS, DWVBSO
8 =9.02 (s, 1H, 8.92 (s, 1H, 8.75 (s, 1H, 6.90-6.94 (d, 1H), 6.80 (s,
2H), 6. 33- 6. 2ield:d.0 204.5%.086hedr Pof @dvhildPowde?. 15-2.45 (m 4H), 1.79-1.75
(d, 1H), 1.54 (s, 3H), 1.15 (s, 3H), 1.04 (t, 3H), 0.89 (t, 3H, 0.67 (s,
3H). A byproduct identified by 'H NVR (400 MHz, TM5, DMSO) (precipitate
separ at ed atAEQ%Qegi nni ng) has the follow ng structure:

10 'H-NMR (400 MHz, TMS, DMSO) & = 9.02 (s, 1H), 8.92 (s, 1H), 8.75 (s,
1H), 6.90-6.94 (d, 1H), 6.80 (s, 2H), 6.33-6.27 (d, 2H), 2.86-2.82 (d, 1H),
2.15-2.45 (m, 4H), 1.79-1.75 (d, 1H), 1.54 (s, 3H), 1.15 (s, 3H), 1.04 (t,
3H), 0.89 (t, 3H), 0.67 (s, 3H).

15 A byproduct identified by "H-NMR (400 MHz, TMS, DMSO) (precipitate
separated at the beginning) has the following structure:
'"H-NMR (400 MHz, TMS, DMSO) & = 8.84 (s, 2H), 6.98 (s, 2H), 5.97 (s,
2H), 2.42-2.50 (m, 4H), 2.0-1.85 (m, 4H), 1.46 (s, 6H), 1.25 (s, 6H), 1.07-

1.1 (1, 6H).
20
Example 10
25

28.4 | of methylene chloride and 9 1 of chlorobenzene are added to a solution of
30 4096.3 g (17.94 mole) of bisphenol A and 1584 g (39.6 mole) of sodium

hydroxide in 28.4 | of water made inert with nitrogen. 17.30 g (0.0576 mole or

0.32 mole % with respect to bisphenol A) of the branching agent of Example 1




"1H NVR (400 MHz, TM5, DMSO) 8 = 8.84 (s, 2H), 6.98 (s, 2H), 5.97 (s, 2H),
2.42-2.50 (m 4H), 2,0-1.85 (m 4H), 1.46 (s, 6H), 1.25 (s, 6H, 1.07- 1.1
(t, 6H). Exanple 10 28.4 1 of nmethylene chloride and 9 1 of chl orobenzene
are added to a solution of 30 4096.3 g1¢17.94 nole) of bisphenol A and
1584 g (39.6 nole) of sodiumhydroxide in 28.4 1 of water nmade inert with

it .17 . .32 mole %with t .to bi sphenol A
of 1 he br anchiy o olp e iR mole ey rfondt e g R o R of 5.4
mol e % wi t h hegiphedol (BUP) apitemolerMina@fr ward 8dded-in BWhylspaenadcedBEP) as chain

term nator were added in a one-stage procedure. 3560 g (36 nole) of
phosgene ar e3¥9deF05vee) af Meseeng@raqdesd @yerat heurPQ romutes ana pHmf 13.4

tenperature Mdd%ésggrella@urgrof@i"é.h%t é‘égﬁhﬁl_t'hélgi[iqx%lu%ltfgd Qgttfglli%lsi&wbﬁé.gw 12.6, 25%

sodi um hydr oxi utron was ‘a uring"the phosgen er

conpl eti dn 0I5% hediphdsgienadd sxtutesicwid adloil dgrivg il phbideagesh. Rfter’ M (0. 18
nole, 1 nole % w th respect to bisphenol A) of n-ethyl piperi dine are
added as cat@mRietioef the phosgenation ¢ad fughing &vitharisegens &4 7ol (01 8mawie. 1 The

or gani ¢ phasg _j 1 diLE i h )] id. after parating. the
aqueous p has@ol’fﬁ% %ﬁls}pll\ﬁg%eﬁgﬁ)%ﬂ Eeéhe?@] ‘Q);%ij%epg]@ﬂ%fn %]sr%l %rg :’":\}\ﬁia’t%haS d %[gbis??néﬂ wat er .
After repl acthagedchien sokvent shiyed fFdrarimhenTenergahie phpsead deitdificd vendt r uded

t hrough an evaporation extruder, 3951.5 g of pol ycarbonate are obtained.
Anal ysis:  PRORAOTICATERCT SEPapUcAF AguesyeRkase gno & wished ogesradfreef chain

term nat@f : & 2Rs WRh&islled water. After replacing the solvent by chlorobenzene the
product is extruded through an evaporation extruder. 3951.5 g of polycarbonate

are obtained.

Analysis:
15 'H-NMR content of branching agent: 0.28 mole %
content of chain terminator: 3.28 mole %
Relative solution viscosity in methylene chloride (0.5 g/100 mi solution):
1.30
Gel permeation chromatography (calibration with BPA polycarbonate):

20 molecular weight Mw = 31786, non-uniformity D = 2.55)

Example 11

Determination of the viscosity as a function of the shear rate (ISO 11443).
25
The branched polycarbonate obtained in Example 10 is investigated rheologically

at 300°C. The following data are obtained:



"Rel ative solution viscosity in nethylene chloride (0.5 g/100 ml solution):
1.30 CGel perneation chronmatography (calibration with BPA pol ycarbonate):
~nmol ecul ar wei ght Mv = 31786, non-uniformty D = 2.55) Exanple 11

Determ nation of the viscosity as a fungjion of the shear rate (1SO 11443).
The branched pol ycarbonate obtained in Exanple 10 is investigated
rheologically at 300C. The follow ng data are obtai ned: -20 Shear G adient
[s-']Viscosity [Pas] 50851 100727 200612 500459 1000343 1500276 5000134
Exanpl e 12 (Skaparidan [€Xanpl e) Facogonpasli son purposes a |inear BPA

pol ycar bonate (Makrolon 3108 Bayer AG w.th a nolecular weight Mv = 31000
is used sinmilarly to3xanmple 11. She®l Gradient [s-']Viscosity [Pas] 50789

100764 200704 50057%00 797
200 612
500 459
1000 343
1500 276
5000 134

Example 12 (Comparison example)

5  For comparison purposes a linear BPA polycarbonate (Makrolon 3108, Bayer
AG}) with a molecular weight Mw = 31000 is used similarly to Example 11.

Shear Gradient [s'] Viscosity [Pas]

50 789

100 764

200 704

500 571

1000 448

1500 351

5000 172

As can be seen from a comparison of the viscosity data of Examples 11 and 12,

10 with the same molecular weight the melt viscosity at 300°C is less over almost the
whole range of the shear gradient (except at very low shear rates). At higher shear
rates (injection molding applications) the branched polycarbonate of Example 2

flows more easily than the comparison material.



11000448 1500351 5000172 As can be seen froma conparison of the viscosity
data of Exanples 11 and 12, with the sane nol ecul ar wei ght the nelt
.viscosity at 300C is |ess over alnost the whole range of the shear

gradi ent (except at very |ow shear rat€x). At higher shear rates
(injection nolding applications) the branched pol ycarbonate of Exanple 2
fl ows nore epgahpleshanaghe conparison material. -21 Exanples 13 - 31 The
fol | owi ng branched polycarbonates, which are characterized by a higher
content of incorporated branching agents from Exanple 1, are prepared

simlarly o Exampl.e 2. le % Ratio Rel.. X, Mle.%RBrch, . Agt. % BUP
Soin. g {0 whEioBPRIk GdshelBofgrtouies wBiispe Sndeudld by dmighl¥
content of incorporated branching agents from Example 1, are prepared similarly

5 to Example 2.

Mole %
Ratio Rel.
Ex, | el | Breh. Agt % BUP Soln. Tg (°C) | Mw Mn
BUP from
Example 1 % Brch. Agt. | Visc,
13 3 0.5 6 1.304 147.7 36400 12230
14 5 0.7 7.1 1.267 144 29800 9870
15 7 1 7 1.215 140 23450 7223
16 10 1.5 6.7 1.172 132 20150 5380
17 12 3 4 1.162 129 22600 | 4740
18 3 0.7 4.3 1.44 151 66460 14000
19 5 1.25 4 1.361 148 57000 11800
20 8 1.5 5.3 1.219 141 27700 7400
21 10 3 33 1.288 139 59200 7800
22 5 0.7 7.1 1.283 148.6 31600 11500
23 3 0.8 3.76 1.548 154
24 3 1 3 1.638 154
25 3 1.2 2.5 1.794 151
26 8 1.5 5.33 1.21 144.8 24400 6830
27 5 0.6 8.33 1.257 147.4 27300 9100
28 6 0.8 7.5 1.255 147.9 28800 9200
29 4 0.5 8 1.322 151.1 36860 11500
30 4 0.3 13.33 1.307 150.3 33100 11300
31 3 0.5 10 1.385 152.3 43700 15500

BUP = p-t-butylphenol




"1330. 561. 304147. 73640012230 1450. 77. 1L.267144298009870

157171. 215140234507223 16101. 56. 71. 172132201505380 1712341.162129226004740
.1830. 74. 31. 441516646014000 1951. 2541. 3611485700011800

2081. 55. 31. 219141277007400 211033. 31. 288139592007800

2250. 77.11. 283148. 63160011500 2330. 83. 761. 548154 243131. 638154
2531.22.51.7 5341@%8&1- e 38 ek hPIE20ANE08 30 the invention were there any

2750. 68. 331. 257147. 4273009100 2860.87. 51. 255147. 9288009200

2940. 581. 32215blerd6 8 @E1sy5 310518 (i wB13m3agifesiuiin e B3RAOGL A0 11y.

3130. 5101. 385152. 34370015500 BUP = p-t-butyl phenol -22 Surprisingly, in
none of the exanples according to the invention were there any problens in
the synthesipxiliple 3pere manifested in the formation of a jelly. Exanple
Determ n%ti on ol € viscosity as a function of the shear rate (1SO 11443).

Determination of the viscosity as a function of the shear rate (ISO 11443).

The branched polycarbonate obtained in Example 26 is investigated rheologically

at 300°C. The following data are obtained:

10
Shear Gradient [s'l] Viscosity [Pas]
50 138
100 138
200 129
500 110
1000 91
1500 80
5000 49
Example 33
Determination of the viscosity as a function of the shear rate (ISO 11443).
15

The branched polycarbonate obtained in Example 27 is investigated rheologically

at 300°C. The following data are obtained:




"The branched pol ycarbonate obtained in Exanple 26 is investigated
rheologically at 300C. The follow ng data are obtai ned: Viscosity [Pas]
.Shear Gradient [s-'] 50138 100138 200129 500110 100091 150080 500049
Exanpl e 33 Determ nation of the viscosi2¥y-as a function of the shear rate
(1'SO 11443). The branched pol ycarbonate obtained in Exanple 27 is

I nvestigated rheologically at 300C. The followi ng data are obtained: -23
Shear Gradient [s-1 Viscpsity [ Pas] 50207 100203 200191 500163 1000137

1500121 5000¥tBaEkardiens (84 Viscosity [Pas]

50 207

100 203

200 191

500 163
1000 137
1500 121
5000 73

Example 34

5  Determination of the viscosity as a function of the shear rate (ISO 11443).

The branched polycarbonate obtained in Example 28 is investigated rheologically

at 300°C. The following data are obtained:

Shear Gradient [s™'] Viscosity [Pas]
50 420
100 385
200 328
500 249
1000 193
1500 165
5000 &9
10
Example 35

A polycarbonate of 70 mole % of BPA, 30 mole % of 4,4*-dihydrox ybiphenyl

(DOD), 0.3 mole % of the branching agent of Example 1 as well as 4.9 mole % of




"Determ nation of the viscosity as a function of the shear rate (I1SO 11443).
The branched pol ycarbonate obtained in Exanple 28 is investigated
.rheologically at 300C. The follow ng data are obtai ned: Shear G adi ent
[s-"]Viscosity [Pas] 50420 100385 200328 500249 1000193 1500165 500089
Exanpl e 35 A pol ycarbonate of 70 nole % of BPA, 30 nole % of

4, 4" -di hydr i P n tePmhafR heis ¢ Achi ; Exanpl e
1 as well agﬁ(‘%lﬁ?ﬂgmnlglmgkgzlof -2‘2} p-teathP. Bé%dﬁlf) dgﬁgltghglzﬁ ?L@ighﬁq?%?%le(ﬁg]tor was
produced i n Ixasiple lr way as described in Exanple 10. Analysis: Mw 28700
g/ nole; Mh: 11200 g/nole Vicat VSTB 120: 140C Al though the invention has
been described in detail in the foregoing for the purpose of illustration,
it is to be Nﬁﬁigjﬁt ood that such detail is solely for that purpose and that
vari ations can be nmade therein by those skilled in the art wthout
departing fromthe spirit and scope of the invention except as it may be

limted by e SkAdBrmole; Mn: 11200 g/mole
Vicat VSTB 120: 140°C

Although the invention has been described in detail in the foregoing for the purpose
10 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.




"-25 WHAT IS CLAIMED IS: 1. In the process of preparing a branched

(co) pol ycarbonate resin the inprovenent conprising reacting at |east one
.menber selected fromthe group consisting of conmpounds of the fornul ae la
and/or Ib OG-HR lain which Ib Rl, R25and R3 independently denote |inear
or branched Cl-C o-al kyl, R4 and R5 independently denote hydrogen or

| i near or brwgqulg.‘@Lgm@)Iigl pl and p2 independently of one anot her
denote a whol€é nu etween 3 and 10, 2. In the phase interface process
for the production of (co) pol ycarbonate resin the inprovenent conprising

t t t nb | ect f f
Compounds.of 1 he. POPRBIGRS & Hrer g = 3P (o TRborACR R D ar bonat e

prepared by the p[rﬁﬁx@iém@ﬁt cohiphiing reacfing BElcb& GhP Al YARE BOBAt € rBhARar ed by
the process of Caim3
5 group con51st1ng of compounds of the formulae 1a and/or 1b

10
1a 1b

in which

15
R], R? and R? independently denote linear or branched C;-C;¢-alkyl, R?
and R’ independently denote hydrogen or linear or branched C;-C;¢-alkyl,
p1 and p; independently of one another denote a whole number between 3
and 10,

20

2. In the phase interface process for the production of (co)polycarbonate resin

the improvement comprising reacting at least one member selected from

the group consisting of compounds of the formulae 1a and 1b




"5.A nol ded article conprising the polycarbonate of Claim4. 6. A nolded
article conprising the polycarbonate of C aimb5.

_26 -

3. The (co)polycarbonate prepared by the process of Claim 1.

4. The (co)polycarbonate prepared by the process of Claim 3.

5. A molded article comprising the polycarbonate of Claim 4.

10 6. A molded article comprising the polycarbonate of Claim 5.




