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OF THE I NVENTION 5 The invention is directed to (co)pol ycarbonate resin and
in particular to branched (co)polycarbonates. SUMVARY OF THE | NVENTI ON A
process of preparing a branched (co)pol y’car bonate resin is disclosed. The
10 process entails using at |east-one conpound conformng to fornulae la or
b -HOHK HO/ \_.Ra OORa 015 ORRa / RY2)Pz 4 R2 R3 (C(R5)2
Pi  la 1b in which ZW@LWW@EMQ@@E A d&S| i near or branched
d-do-alkyl, R4 and R5 BaAJ¥INGIMBRO Vi 184EX or |inear or branched
d-Co-alkyl, pj and p2 mdependently of one anot her denote a whol e number
bet ween 3 and 10, ‘as a branc 0. .age o OUND OF THE | NVENTI ON
Aromati c pol ycar bonat es bel ong o8 ' t her nopl asti cs.

They 5  The invention is directed to (co)polycarbonate resin and in particular to branched

(co)polycarbonates.

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
1a 1b

in which

20 4
R! R? and' R? independen'tly denote linear or branched C;-C,¢-alkyl, R*
and R’ independently denote.hydrogen or linear or branched C;-Cy¢-alkyl,
p1 and p, 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.



are characterized by the conbination of the technol ogically inportant
_properties transparency, thermal stability and toughness. -2- In order to
.obtai n high nol ecul ar wei ght |inear polycarbonates by the phase interface
process, alkali netal salts of bisphenols are reacted with phosgene in a

t wo- phase m xture.. The.npl ecul.ar .weight .may be control l.ed by the anmount of
nonophenol s, i(ns?fgﬁr tgsotgf%mleggéﬁ%lf:%ulﬁrh‘gﬁgﬁt IB}EX"[ %c(lﬁ?’ ‘?a-cf)%%l}a@ S&H'g[ %iﬁ.‘aan t hese
reactions 5 pitefdck adceys, erkali wadtalahls bf BigHendlo ki RaGe@wethfpdbs®ele inlhi s may be
confirmed by termnal group analysis. For the production of |inear

pol ycar bonat 8%0-phase pExhasEhe molechlae weighbray be corirdiedhyetheragopet afnde f or
exanple to H , m.St I i | ycar bo Pol yner
Revi ews, Vol moggm}%{) iesr Ssu(czé\lH Zaﬁéir éﬁ%&%@?éﬁdr r\}v (%?"légirg%ﬁnp&leg?%? #tI%szld to

Pol yner Revi Emmcawylexclhﬁvely@nﬁdﬁpagmmm@ﬁime&r Thidymay b¥ edrifiagedby and

Sol ution Methods", Paul W Mrgan, Interscience Publishers, New York 1965,
Chapter VIII ,ten&naéawpfsalnyﬁ&us B 4,185,009, DE A 25 00 092 and JP B 79039040
a process is described in which, starting from m xtures of speci al

bi sphenols with chain term nators and isatin bisphenols as branching
agent s, branFbethe phodubtiombelindaapolyeirgbiatesin) tie phizenateefacamprpcdse obt ai ned by
reaction with phosgene in a phase interface _reaction. Capolycarbonates with
i nproved f1 oWBENsa 2y, he Brde forsrappisisit. Rehngll Adepy hysigeoli th i satin

bi scresolyas j - desori kel o . DE A
19913533h?1i g P{?égrﬁgf#\dg%égg%?gacsggﬁé?@é@é&éérgcelggf ;%ﬁléﬁsmf}%%t%e%g(r oduction of

whi ch there ap@t pI3df ahd goPalyiner REvipeb WEI 1 G “Ooadaibatigh Rgemes.by25 Branched
pol ycarbonates are disclosed in DE A 19 943 642, which on account of their
intrinsic vi suedacigl aad Sobsionaeteodsor Payd &V d¥organelnfessciense Rublidherhdew es.

York 1965, Chapter VIII, p. 325.

15 InUS 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 bisphenol 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 %. '



Thus, US B 5, 367, 044 descri bes bottles nade of branched pol ycarbonate in
which 1,1,1-tris-(4-hydroxyphenyl)ethane (THPE) is used as branchi ng agent
- in amounts 30 of 0.28 nole %to 0.36 le % -3 On account of their better '
flowability conmpared to |inear polycarbonates, branched pol ycarbonates are
particularly useful for applications in which a good f]ow of the polyner
melt at rel &1 @C@pyntmfghplsgﬁé@r flowebidity eorgpaseq tpdlinear polgcarpejtatesxanpl e in the
i njection | di Q ruct ur . carbo re 5
characteri g@&%ﬁg‘i‘ ﬁ(féliygargﬁl{a?%(sn%lé Bgﬁllfglggifut%?ﬁg%gggﬁle&ﬁég lgr}xgne@?é gé%d?ded as
Newt oni an  fflgw 6Sthe PoBmier andiw delpoval ¢ dighGhedrastepisaldspatie . edfaekimpld i n the
prior art and their production processes are however unsatisfactory as

regards t heilP thiisGEen BIQIBRE ofl eomplee Stryriurgs. sREpaRRdRMYGaRRANAtes @eat t ai nabl e
degrees qf L r . ted. . 5}{2% i t ds, above a
certain gon%@g{l?{aéb?%in@ @glrdgﬁkgggl&aﬁ}%%ﬁlagé n?rgnl gsf%%é&lqﬁa{gtﬁﬁegjtgglgﬁrrence of
undesi rabl e fggdls.particles. Hi ghly 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

Perren o B bradtny B0 et PAGID BN P SRR AR S b et
bonat es. and brocesaes Tor therr. bradatLon chat Gvord those df sadvant ages
onat es _an _
i & GlLEeRSPINg ARSI ABEnt s of

This obPectiaVe thafifadventagn Patien !gg@igep15§iegrﬁ g R/ AR énts of the
general  foryulagranthifs a8 REdS hBIveQ@ AR cdilcediraton, toefrth, @‘ﬂiich 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 cohcentrations of
15  branching agents are used. A highly viscous agglomerate is formed, which is also

referred to as a jelly.

DETAILED DES CRIPTION 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 RR '5)2)Pz R2 R3 P1 1a 1b 25 in which -4- Rl, R2 and R3 independently
one of the others denote |linear or branched Cl1-Cl o- al kyl, preferably |inear

“or branched O -Cs-al kyl, particularly preferably |inear or branched

Cl- C6-al kyl, 5 R4 denotes hydrogen or [frear or branched d - Clo-al kyl,

preferably Ilp gr or . branched O -Cs-alkyl, particularly preferably hydrogen
or |inear orR',B’anéREdndeperantly ye 0f1ﬂ%§ oétm@@@tqﬂytp@og@bramheﬂ%éam or

branched C i C Iar net hyl , pl
and p2 |ndepa§(n§éﬁlltr gbl g%lier a hé(d J%ekeﬁ";fl pv%ﬁ[?({dar{r}yu% fb@%ﬁ&%‘én 3 and 10,
preferably betneed G- (Béllﬂkﬁ, part| cuI arI y preferably 3 or 4. 15 In particular

structures of the general formula (I a) that are derived fromresorcinol
are preferably used. A branching agent of the structure (Ic) that is derived

from r cp ol LSt: ' ak| . OH 20 H
(ONO) 25 clt wa@é}lg eggl su%grr1 Pgllug\g%?gr P%é&{cfﬁ%nla{: |asnp>(;:lbémec%d%hﬂ‘?a%%{ t he
pol ycar bonat es obbmandhed Clk@gvﬂkylopmlcmaﬂy pyif&ablyityidaseator liagdr drow and

el evat ed shear rates than those obtained thus far (with otherw se
conpar abl e ol ecupraichgdiCgtes-gky. nechani cal

R® denotes hydrogen or linear or branched C;-C¢-alkyl, particularly
10 preferably hydrogen and methyl,

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



30 properties). This is particularly inportant for the production of
relatively large -5- injection-nolded parts such as for exanpl e autonobile
"panels. As a result it is easier to f[%[ the nol ds using conventional

i njection nolding machi nes. These branchi ng agents according to the

invention may,L be prepared from 5 resorcinol derivatives or hydroqui none
derivati ves Rif§UREmpied Paghs quehas iopexasnnip peemopye panedy 2% afstEiWift h acet one

in an aci d- cakal yseM WEAGHS A% g% Abnal $8RIEmBldidd At al -, J. Org.
Chem 1997, 6% 737- 7426). The Isl n?ﬁvecs?sn%?ﬂjt enbr anchi ng aréehts maybe carried
out for exanple as a 10 condensation reaction of |inear or branched Cl1-d o

al kyl ket ones_.or -Cl2 cycl oal IE%/_I ket ones, preferabl Iiegffar or branched
Cl- C8 al kyl kERSSRO@nghingseems aeprdipg FAhr kiegHes may be PreRaredriIgm pr ef er abl y

- linear ors brpghed] drivaivéd Amyhﬁ'&qlg%%e defivdave S ENGHRA! Jnd ikghones with
Cl- C10, preferably Cl1-C8, particularly preferably d-C6 al kyl-substituted

resor ci nol dempleat ¢age forexamypkirwithuacetone iden avidtdatedgsed meaction (e ol ar sol vent s,
preferably tol uene | enes hal Qgen rbons, particularly

pref erably t%ﬁaﬂﬁ%Pdﬁz%‘i}leéﬁ]eg’? Oﬁ%s(ﬁ%ﬁé%?&f{%ﬁ@’ﬁ%}ef erably toluene,
preferably with the assistance of an acidic catalyst, particularly
preferably an acidic ion exchanger, concentrated sulfuric acid or

concent r at edThysimdehisof ithe brenahing 2gests mair bd camtied dyt fpr efammbhya an aci dic ion
exchanger, or _caoncentrated sulfuric aci spect.al | referably an acidic
i on exchihge o,n(ag?saﬁg%célfté?rh? NCaT O EF%%CQ%gé‘fmﬁwﬁk%‘”éﬁgf ?8'8{’3 particul arly
preferably bgiiweniand, fefeabl fRharRabidnchdEC]-T; akyBetnapbychegween 0 and
150C, with a substoichionetric amount of resorcinol derivative or

hydr oqui nonecyséealkpdkdtonest partieslarhepigéarblydingar astranchesSt-Cy allglketonepr ef er abl y
ot oot 1 Lol BGLIEHLAOIS RUFLELSbbhrghuetcl bt AT, oo
C;-Ce 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 aéid,
20 especially preferably an acidic ion exchanger, at temperatures preferably between
0° and 180°C, particularly preferably between O° 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



been produced using the branching agents according to the invention, as well
as the correspondi ng production processes. The branched pol ycarbonat es
produced using the branching agents agfprding to the invention and

contai ning the 30 branching agent structures derived fromthe conpounds of
the fornmulae la and/or -6- I b are represented b f exanmpl e Qut not

excl ust vel y Ty HBvseHed BY Was R A PEgot et VB 5 D6 e BOEEES 25 0 O
---4-[0- D O-2a)fdiths)> E-O0 0 O 10 2b  wherein the radical OD-Oor OEO
denotes arbitrary di‘phenolate radicals in which -D and -E- independently
of  one another is an aromatic radical with 6 to 15 40 C atons that may
contain one or nore aromatic or condensed arqQmatic nuclei, optionally
cont ai ning heteroatons, and is optionally s tituted with G -Cl12 al kyl
radi cal ssor hal ogen and may c i1 Cat Dph@t n Ocat s, cycloaliphatic

radi cals, aromatic nuclei or heteroatons as bridge nenbers, and in which k
denotes a whol e nunber between 1 and 4Q00, preferably between 2 and 2000,
particularly 20 preferably between 2 and®000 and nost particularly
preferably between 2 and 500 and especially preferably between 2 and 300,
and m n and o in each case denoge independently of one another nunbers
between 1 and 4000, preflferably bgtween 1 and 2000, rtigularly preferably
between 1 and 1000 and—HﬂBt{}pdD Of-eff al® 4+-and 500, and
especiahby preferably between 1 n

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;-Cy5 alkyl
radicals or halogen and may contain’ aliphatic radicals; cycloaliphatic radicals,
aromatic nuclei or heteroatoms as bridge members, and in which k denote’s 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 N
between 1 and 2000, particularly preferably between 1 and 'lOOO and most
particularly preferably between 1 and 500, and especially preferably between 1
25 and 300, -O-D-O- and -O-E-O- may independently of one another also denotea
radical Va, Vb or Vc¢, preferably Va and Ve, particularly preferabiy Ve, derived

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



25 and 300, -O-D-0- and -O-E-O nmay i ndependently of one another also
denotea radical Va, Vb or Vc, preferably Va and Vc, particularly preferably .
~Vc, derived fromthe branching agents_®f the forrrul ae la to 1c, -7 0- p /
'\ - R4 044 (CR5)Pz RR3 R3 Va (C(R5)2) pi Vb 0 0 Vc wherein t he
radicals R3, R4 and R5 as well as pl and p2 have the neanings nentioned
above and whereby a third |inkage, a branching of the polynmer chgin, then
occurs at this site.,. 5R R _ fo~ X2 9 10 Rz (3) Preferred d
units of the branched polycaf onat
i nvention are derivec\fr
t he bracketeg struct ube 3
Rl and R2 in ependently of—ohe anot her denote H, "N .new ranched Cl-C13

al kyl or al Kbxy-radi-fs hal ogen such as C or4B ly
substituted ary 3 radical, preferably H bf @ached
Cl-C12 al kyl rad

3 3 CR’

27 R Va R |, "

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.

R1
_{o
10
(3

Preferred diphenolate units of the branched polycarbonates and copolycarbonates
accordihg 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? independently of one another denote H, linear or branched C;-C,3 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;-C;; alkyl radicals,



particularly preferably Hor C-C8 alkyl radicals, and nost particularly
preferably H or nethyl and X denotes a single bond, -S®2-, -CO,-0, -5-, a

"C to C6 alkylene radical, C2 to C5 alkylidene radical, C5 to C6 '
cycl oal kyl i dene radical, which nmay be Substituted by C, to C6 al kyl,
preferably methyl or ethyl radicals, or 5 denotes a C6 to Cl2 aryl ene

radi cal t hatParigplabt prefeadily Hoy Coregelkyladigals nandynes articylapypreierablings

al . ngs
3000, pr of er T JRRRl AR BEEN s el P S B T B o er S0 ¥ netween 2 and

1000 and nosdlkyladd ra@itkRIC, Yo 0% efkgliddieyradieilneeto Cs antbabofidandradeaneci al | y
between 2 and 300. 10 Particularly pref erablfy t he di phenol ate radicals in
t he for mul agViigh maydesghstiipted by &nitg £d atkyb mrefprblimetay) & cthynadierls ahat are

o0 TS eneoleS o Py LA S SHPLFAN & e Bl g oned ond

that also form asi I nclu oqui none,

resorci nol , oyt oxyddoplemiyip detebiasomd, yhdreix v aeadtgd ) alhlsknesnber

bi s- (hydr oxyphenyl ) cycl oal kanes, bis- (hydroxyphenyl)sul fides,

b1 5 ( hydr oxyBREREN § AR, Pisressin pavise) drBHyD R araIRbY prefersbly

bi s- (hydr oxy I 1 S= [ ) j '-bis-

(hydr oxyphenyl ﬂ%ﬁ%%%%gg@ﬁ@&ﬁ?%ﬁ8§%§@a§2¥P9§§¥¥H§¥$&ﬂﬁ%?§§?¥§Tﬁb|ated and
nucl ear 20 habedahabadecaopodd@l and al so '

a- 0- bi s- (hydr oxyphenyl ) pol ysi | oxanes. Preferred di phenols are for exanple
4, 4' - di hydr oxybi phenyl (DOD), 2,2-bis-(4- hydroxyphenyl)propane, (bisphenol

A, 1, 1-bi s-pds . | | i sahenol | TMD) ,
ASHE (4 h@%ﬁl@i‘%ﬂéﬁéﬁ* o %ﬁm diperdlaté FAdEal M meHitrANRX S hd B) aRNenol TN

2, 4- bi s- ( 4- hdattived yiphethy Ishitsblerdiphgn duthanee alsomdritionédihérgthabizy phenyl ) - | -

phenyl et hane, 1, 1-1, 4-bi s-[2-(4-hydroxyphenyl)-2-propyl]benzene, -

1, 3-bis-[2-(4- hydroxyphenyl)-2-propyl]benzene (bisphenol M,

2,2-bis-(3- nﬁiﬂﬂﬂles’lof dighenols_ that may be mentioned and that also form the basis of the

hydr oxyphenyl ) propane, ,2-b|s-(3-ch|oro-4-hydrox¥Ehenyl)propane,bls-(3,5-

15  general formula (3) include hydroquinone, resorcinol, dihydroxybiphenyls, bis-

(hydroxyphenyl)alkanes, bis-(hydroxyphenyl)cycloalkanes, bis-
(hydroxyphenyl)sulfides, bis-(hydroxyphenyl)ethers, bis-(hydroxyphenyl)ketones,
bis-(hydroxyphenyl)sulfones, bis-(hydroxyphenyl)sulfoxides, o,ot’-bis-
(hydroxyphenyl)diisopropylbenzenes as well as their nuclear-alkylated and nuclear-

20 _ halogenated compounds and also 0--bis-(hydroxyphenyl)polysiloxanes.

Preferred diphenols are for example 4,4°-dihydroxybiphenyl (DOD), 2,2-bis-(4-
hydroxyphenyl)propane, (bisphenol A), 1,1-bis-(4-hydroxyphenyl)-3,3,5- .
trimethyl-cyclohekane (bisphenol TMC), 1,1-bis-(4-hydroxyphenyl)-cyclohexane,

25  2,4-bis-(4-hydroxyphenyl)-2-methylbutane, 1,1-bis-(4-hydroxyphenyl)-1-
phenylethane, 1,1-1,4-bis-[2-(4-hydroxyphenyl)-2-propyl]benzene, 1,3-bis-[2-(4-
hydroxyphenyl)—Z-ﬁropyl]benzene (bisphenol M), 2,2-bis-(3-methyl-4-
hydroxyphenyl)propane, 2,2-bis-(3-chloro-4-hydroxyphenyl)propane, bis-(3,5-
dimethyl-4-hydrox yphenyl)methane, 2,2-bis-(3,5-dimethyl-4-

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



di net hyl - 4- hydr oxyphenyl ) met hane, 2, 2- bi s- (3, 5-di net hyl -4 30

hydr oxyphenyl ) pr opane, bi s- (3, 5-di net hyl - 4- hydr oxyphenyl ) sul f one,
" 2,4-bis-(3,5 -9- dinethyl-4-hydroxyphe05L)-2-nethyIbutane,

2, 2-bis-(3,5-dichloro-4- hydroxyphenyl) propane and

2,2-Dbis- (35d| 4-h en ro rt arly preferred

di phenol s i ndi %?%ydé?é'ﬁb?@xggﬁ%?ggwﬁg%%Bﬁsézyﬁp‘h%lﬂﬁ?f bt opane (bi sphenol
A), 4, 4" - di hydrexinik & 6D 2 -His-33 Bldibilofio-4-hydroxyphenyl

(4- hydr oxyphe}g{rrl )-2- r%Popyllga]nbenzene ?gl sph enoO My rgf(g-) lfing )Fr:?p%nedl met hyl -
hydr oxyphenyl ) pr opane, 1, 1-bis- (4 hydr oxyphenyl ) - 1- phenyl et hane,

2,2-bis-(3,5; dichl 4- n2e2-Dis-(3,5-dib -4-
hydr o;ipﬁen%fg%@ﬁ%ﬁr@%fﬁm@y@? éﬂ&%@ %ﬁg}l}g)zcégllsb(ﬁleiage andI 1r gmt;i s-(4
10 hydr oxy phiggitbypBedyl forbpaneebi e‘ﬁMFAWﬁ%adiﬁydr&l (OB 1,308

particularly preferred are 2, 2-Dbis-(4-hydrox heni ane (brsp enoI A)
4,4 -di hydroﬁyfmqwmbn)(lm)opyﬂbsnmng(lPlapf(@IloﬁMi ﬂbgﬂﬁ@ngﬂymahﬁr%pyl ] benzene

( bi sphenol i S 5-tri th C xane 15
( bi sphenol M 3‘?&?8“56?1’5%% 51 Q}{?‘Péifz%‘gy“ﬁ%’é’@)h&%i% Lt i R
one anot her , disRldr0HdroRgPARAYIYSap RN ADESs-835 Wlrbmast-copol ycar bonat es may be
enpl oyed. The di phenol s are known in the literature or may be obtained by

processes knxdioxyphemylifepanet bﬂebra:@ehx@eéym@nyléwampémq apd 1guhisdh- et al .

U | mann' New York 1991, 5 h
Edition, olﬁyﬁggﬁﬁgﬁghg kﬁﬂ&ﬁhc %rr? ﬁﬁ? 8nal conmpounds of the
fornulae (D (a and/or b) and/ or and (va) (Vb) and/ or (Vc) respectively
are used as so-call ed branching agents, pref erably anmpunts betmeen 0. 05
and 15 nol e %Osb%ﬂl‘il%ﬂlbapllefﬁrﬁd@%g adrly(fbhxdrpéymnwamrep%ea@&phﬁsoa

particularly,pr %o 1 ef DJ enols
enpl oyed. TheRr glsgﬁl%%aipl%nﬁl &5{%15 @5@ i nga{ogg%ie%y goi(:glfbtpgrlﬁer@e%]
(bisphenol M) and 1,1 blS (4-hydroxyphenyl)-3,3,5-trimethylcyclohexane
15  (bisphenol TMC).

The diphenols may be used alone as well as mixtures with on.er 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, 5t 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



rheol ogi cal properties of the polycarbonates obtained, which is expressed in
an® inproved flowability conpared to |inear types. 30 _10- The present
‘invention in addition relates to a pro_qus]_s for the production of branched
pol ycar bonat es and copol ycar bonat es of e formul ae (2a) and (2b),

characterized in that bi sphenaol.s and branchi ng agents a). and/or (Ib) are
di ssol ved i n%%ﬁémlrapﬂ%&} Weddpionirrigies A PEC Ssrfgégleé’cﬁg‘%blc%lﬂna car bonat e

source 5 SUC&aﬁ&eegegg%%nateysliao%wgﬁoﬁaeé Mftﬂeif&nana%odzx)emd (2bf) @ two-phase

m xture consistin an aqueous "al’kal i ne sol ution, an organi c sol vent and
a catal yst, charateizadhin/thanbisphienelsaodboanchingBigents €ka)tand/or (i awl so be carri ed
out in sever&l stages. 10 g(hg coqcentr tion of the bi sghenol s in the
aqueous al kaf'PipLveddn aaveys pikahng gpluieon andogre piacied WH) 3 caOPRRBIPURGE o

particul ay| ys&rl%&,gﬁ@s%we,% Li6nat disoffedRtla SBISEnt, RA] tiARE hixRFel erably 3 to
15 wt. % The aqueous al kaP| ne Solution consists of water 1 n which

hydr oxi des ofonaisiing bf aredqicsunalkaineablutionear ¢rigame Salventaand adiagdwt,ved.  Sodi um

and potassium roxi des ar %Bg)r ef eiéed. 15 V\hen1 uiji ng]ﬁpgos ene_as, carbonate
source the VBEIRERY AR 2FERG ©THOUAG £BY AR RLIAR A1S0 D6 ICTIeS oW B ¥ Gahi ¢ sol vent
is 5:95 to nages, Pr eferably 20:80 to 80:20, particularly preferably 30:70

to 70:30 and nost particularly. preferably 40:60 to 60:40. The nolar ratio
of bisphenol to phosgene is less than 1:10, preferably less than 1:6, 20

particul gflypreferably less than 1:4 and nost particul arl referably | ess
Than 190 THEE Gukedrbact B tirhendsde Rt pefuine shibnt 2k °°
copol ycar bongs 8%.%, peereraliy ol 0 W%, barveih 9 BrdferabRe ©F 3. % Alasetis 1.0 to
25 wt.% preferably 2 to” 20 w.% particularly preferably 2 to 18 wt. % and

nmost parti cub&tifylanhy preégrafplly\d tg 16ovt.%. 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 7
preferably 30:70 fo 70:30 and most particularly preferably 40:60 to 60:40. The
molar fatio 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 is 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 %.



15 wt.% 25 The concentration of the anine ‘corrpound referred to the anount
of bisphenol used is 0.1 to 10 nole % preferably 0.2 to 8 nole %

particularly preferably 0.3 to 6 nole_9 and nmost particularly preferably

0.4 to 5 nmole % -11- The carbonate source is phosgene, diphosgene or

tri phosgene, . preferabl hosgene. In the cas .éld;ere ho e is used, a
ol vent “nay BF FORERT SHEEe AR TReae RRP O R S BRE ey At r oduced
directly intgnhddgend emGhd Odde Whekdipidsgdne 1€ Giddak Yolasithesy spioaidsbd ri et hyl am ne
or N-al kyl piperidines may be used as catalyst. Suitable as catalysts are

trial kyl am nemitiasoand-theiphasgend may boingpdiefidrbrect] payte theyragtiop migiurabl e are
triethylam ne, tripropylamne, triisopropylamne, tributylam ne,
triisobutylam ne, N-nethyl piperidine, N-ethylpiperidine and N

propyl pi peri Gefiary dinst bdchitseri &b ylah@ia draN-2 My pdridid ha) BgeRataed

hydrocar bons such as nethylene chloride and/or chlorobenzene,

di chl or obenzeatelyst: rSugtableras atalysisarotriahiyanynesand frégimsthylaspingipymdinec

hydr ocar bons s u: s f exanpl.e taluene aor -xylenes . reaction
tenperature rfr’%});l%glé% rsglr%b-l%geggetﬁmmep?@rgpg%ﬁ/neo%%%]rgwy&nﬁarti cularly
preferably 1@butfarife, alisbbupsimpel Niseth@lpiperidiref BralylyiptA@ntand 80C. The
nol ecul ar wei ghts, Mwv of the branched pol ycarbonates and copol ycar 20
bonat es accoPHPXPiRGidRe | nvention are in the range from 6000 to 200, 000
g/ nol e, lqr ef erably between 6000 and 100,000 g/ nole, particularly preferably
bet ween 0, 000 and 80,000 g/ nole and nost particularly preferably between
12,000 and Baité®agoryahie sovehtererhiiegerayedipdnsatfong ehchpsrmahylenn
chr omat ographg/ and ) ) )

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 chromatbgraphy 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.

30



pol ycarbonate calibration). 25 Preferred, parficularly preferred or nost

particularly preferred are enbodinents that nake use of the paraneters,

conpounds, definitions and expl anationsyjjhat are nentioned- hereinbel ow as
preferred, particularly preferred, nost particularly preferred or
especially preferred, etc. 30 -12- The definitions aranet ers, conpounds
and expl anat TORSGTUEN: PHEmERGH SPmBPuds o par epdiens eRRD A B 6 eser i pti on
nmay however ~9ﬁe§&rdaefa1§gw% ARUASIFRAINAhoWdver al86 Be 3RabiABH as Hestred Rghween t he
respective ranges and preferred ranges. 5 The branched pol ycarbonates and

copol ycar bonanresnothesdred Peigveen therresnegientanges angepreliseredorniges] up in a known
manner and processed into arbitrary nolded articles, for exanple by
extrusion, injection nolding or extrusion blow nolding. The branched

pol ycar bonat €5e B cliensl yassdnara bes caotRationgtes Qcddi@ing iy lRtih@mtidd may al so
be m xed in a known way, for exanple by conpounding, with other aromatic
pol ycar bonat B ®adyaskedmigra lroyyraimpenes 6ng pepceysed Hio aiaray meldedr ot her

aromtic POl yERIE! e TGS REd P LSATIANA Ao AN CORRHE ALRBNAL

according to e inven 0 contaln uncti o anoutits the
addi tives conventionally used for these thernoplastic materials, such as
fillers, UV stabilisers, thernmal stabilisers, antistatics and pignents;. if
necessary t hdhebragches pRodxcarhpaates iapd copral yrarkqnaigaBeearding ta Hig/isyentige f | ame

i stang - ' ‘- agent s,
row | ot vertey BgbetfinbdHLEKE P ad 10k Rt B BBlnp BB dint BB S0°N
phosphites, plaspbabBearbohasphaiiesothdrairommd epall aterwaitghttes andioxythérc aci d

esters, hal ogenated conpounds, salts, chalk, quartz flour, glass and carbon
fibres, aromatic polyesters. '

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 théreof. Such cbmpounds 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 polycaibonates 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



pi gnents and conbi nations thereof. Such corrpounds' are described for exanple
in WO 99/55772, pp. 15-25, and in the corresponding chapters of "Plastics
Addi tives Handbook", Ed. Hans Zweifel, .53s Edition 2000, Hanser Publishers,
25 Muni ch). The branched pol ycarbonates and copol ycarbonat es according to
the inventio } ; ] ' I N ' and/ or
conventi onal q%%%ﬁ??{?% toggl?é ll“#ég]" %g‘%pl)%%gfs%} ?h](%l@e%’s%g%égﬁ%ﬁggtaﬁ{&%bﬁe

articl es/ ext rpafkds esd stiedtsu IbEy areciopver dsBshibrrs sabstasdyatleriaior

pol ycar bonat es,. pol yester carbonates and paql yesters_are _enployed. On
account of t 1@fifdl _épséqrtﬂ&eﬁlﬁ%sp@ 6y ErePlS itsa b PeR P ¥R £F Sas 13-
materials for,, H\%g 'hebvg%r'a% MS%%?& eQme%ragefflm@rlx d1RaEa$ ficftcﬂf aXxanpl e

aut onobi |l e pane and sheets. ey are however also suitable as substrate
mat er i al s5f ormoldgd partlin datomabile cageruntoi andsascianeals fdoco veragginehdadety CD- Rs,

DVDs or DVD-Rs, but may however al so be uysed for exanple as filns in the

el ectrical se€tier, Futherpessiienses &f the poayea %ﬁ@ﬁ??@f@agg‘% &‘Gé’EYeé‘Ho%nd as

panel s for cqyghid@s &Tbvtrilﬂgz safety sector. Further possible uses of the

pol ycar bonat es accorél ng to the invention include the followng: 1. Safety
panel s, which as is known are necessary in many areas of buildings, 10

- vehicles and aircr as well as helnet shields. 2. Producti BE gif films, in

ft,
particul ar sk fi IYEEtY Bangs Sftich #59A XBPWB PERSTETS AR Zrany s of Suldings exanpl e

US patentjp2 964 ZQfkiesfal afXRMPALwd 9@hdiRBt §iRelas.gal | on water tanks. 4.
Production of |ight-perneable panels, in particular hollow panels, for 15

exanpl e for cover iBrgdustiohdf figrss,Suphrtiaslar skilfibmy. st ati ons, greenhouses and
lighting i nStfl | atljrggluscﬁog ‘of E{o%vq%%tlée%naﬂ?gleso(%éei: Po?lexa(ljn%i[ﬂ% [ﬁ (p)a{t%%eZ é.g%rdi a.
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).
Production of threads and wires (see for example DE-B 1 137 167 and
DE-A 1785 137).

0 =N o W

20

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.



6. Production of traffic Iight housings or traffic signs. 7. Production of
foans (see for exanple DE-B 1031507). 20 8. Production of threads and wires
(see for exanple DE-B 1 137 167 and DE-4 1 785 137). 9. As translucent
plastics with a content of glass fibres for Iight technol ogy applications
(see for exanple I%E—A il 554 020). 10. As transl cegt $I astics with cont ent
of barium sul¥at e, "TPYCHAR QFPRTCH iNFEUmSEL DAL, B PHELA ATISHT 19X CHECBS 28 gani ¢
pol yneri c acryl at eafidBRRF R-A963#73)445, EP-A 269324) for the production
of light-perneable and |ight- scattering nolded parts. 11. Production of
preci si on injléet i oks gt dratistpiasios camsigshinopartiodardightisbrducting catfled (eg for For

t hi s purpose pol ycarbo d with a content of glass 30 fibres that
may optionally coﬁf‘ﬁﬁnﬁpeﬁﬁg‘d@pg? g@e)about 1to 10 wt.%of MS2 referred to
the total sweight. AddectdidallyinQelbtedd @RteRhls @6t diEtticdl BShdUSIRObndRrpRag 1N
particular | enses for canmeras and = canctorders (DE-A 2 701 173). 1§. As |ight
t ransmi ssi on carrihopsings andssecketeul ar |i ght - conducting cabl es (see for
exanple EP-A Q 08 1). 5.14. . el.ectrically insulating materials for
cllectri cal comduct 3packicn of Boogr TEPrRet bbidheshey MR 28 SESETalct Fon o
nobi | e tel ephone heuRinegsftdishiveand fReaved resistance to perfunme, aftershave
and sweat. 16. Network interface devices. 10 17. As carrier material for

or gani ¢ phot odend¥etyesk infgfacpdevieest i on of | anps, e.g. headl anps, .

light-di f1](0USi e pa&sezl:ﬁngrr mgtgﬁglrf%?!)rganic 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 slalom 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.



| enses, as well as long-range | anps. 19. For nedical applications such as
oxygenators and dialysis machines. 20. For foodstuffs applications such as
for exanple bottles, crockery and 15 chgcolate nolds. 21. For applications
in the autonobile sector; where contact with fuels and |ubricants may

orous et 3Bl OFoBHME AR OBAEA B L TPl )

exanpl e sl al om potggsor ski boot fastenings. 20 23. For household articles
such as for exanple kitchen sink units and | etterbox housings. 24. For
housi ngs such as for exanple electrical distribution cabinets. 25. Housings

for electric Qib"Eég r i ng machi ne
porthol es wi ?JRC?T%%‘? ove él?sg%} S arllllggfe ﬂ{aﬁggaa“etg‘gﬁ’é)g??%?%}w@% mgti ve

goggl es, ®pt inehticoire alsbiconegl dg siespre2t apivptiemveri ngs for kitchen
appliances with inproved resistance to kitchen vapours, in particular oi
vapours. 29. Packaging foils for nedicanents. 30 30. Chi p contai ners and
chip carrier exanpl e
stabl e doorsqgﬁkggwﬁﬁ eﬁ%@% $ﬁ%ﬁﬂ:qg%d%§?fﬁ§€ggggﬁo ®Hﬁ g%?%g&nade from
t he poIynerSramumeMn@ana:the 5 invention are al so covered by the present

application. The follow ng exanples are intended to illustrate the invention
wi t hout however restricting the latter.
10 EXAMPLES
Example 1
OH
0
Toluene Q O OH
2 + 2 B ana
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 suspénsion 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.



10 EXAMPLES Exanple 1 OHHOHO. OO OH f f Toluene 2 + 2 X OH Water 250 g

(2.27 nole) of resorcinol, 197.8 g (3.41 nole) of acetone and 1800 m of

tol uene were added to a vessel under nifgogen and honbgeneously dissol ved at
15 50C. 416 g of acidic ion exchanger (Lewatit K1221, Bayer Leverkusen) were
added and the §§gt|on m xture was then heated to 82C sunp tenperature (130C
bat h tenperatur After ca. 1 hour a slightly beige-cloudy suspension was

formed. The suspeh}snmwmaeoma:z FH(ZIS]‘DMSD)f&Iﬂ)mr(sﬂ}h)QQJO& (s, AM)eg.90¢0x! i ng, the
product was isolated fromthe reaction sol ut tration and dried

overnight in 20 A\ 20-6{94t(dyHduaP0-or8%(d 1}11@256@@1%%@ o0 (bf a white

e I o S MO o R g g
(d, 3H), ®.01-6. 04, G). 1H), 2.89-2.93 (d, 1H), 1.73-1.77 (d, 11-1), 1.57

(s, 3H), 1.14 (s, 3H), 0.66 5 (s, 3H). A 2D HVBC experinment confirms the
structure given under Exanple 1. Only one isonmer with an aromatic ring on a

quaternary C at omask3eaRc EPerifHen LGRS ﬂ{eoslﬂ?u.l:t%réjgtlgr? gk ijgmple 1.

Only one isomer 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 Examples 2 - 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



GC-MS after derivatisation as trinmethylsilyl derivative: in this connection
the expected TMS nol ecul ar wei ght of 516 is found as a single product peak.
15 Exanples 2 - 8 The syntheses of the_bhyranching agent under altered

conditions as regards the stoichiometric ratio of resorcinol to acetone are
carried out sir - 2 wil. . yields are given in the

fol |l ow ng tagl ?hk%%rlr%su%]r?gmlﬁkﬁgﬁﬂw&ng&%}gm Rati o wei ghed wei ghed wei ghed
wei ghed nol es 1on Toluene Yield No. out Exch. Yield % out g out nole out g

nol e Resoretpe-+—g—rRiH—g—Resereinral—Reseret-nrel—Acetonre—Aecetgnre—Acetenre—2 500
4.54 395/6 6| Bdoubt t 9 Amddnt833 ARod®Q0. 1 Qtd. OR4i681. 8P 0 29.5% (340g) 3|250
2. 27 197.%3 Weightd 0 | wefghef1 6| #8QBAG3 To 18m@es (3 )% TolRS0 | TieR7 %.g?.z?g B.41
1to 1.5/416 1890 14@usmdlgl | ButE75( 89 B@@.Cmol/log " [imk o 0} 8 12h E 00} 240
(2386. 4g)  1pReporringl ] FeFnop | Lo 9. NG 7INAS0IB. 6P 1 to 1.5 1664 8000 390
28. 6% 200.9 | (681.82g)
2 | 500 4.54 395.6 6.81 1to 1.5 833.3 | 4000
9  1295%
’ (340g)
3 | 250 2.27 197.8 3.41 1to 1.5 416 | 1800 63.16
18.6%
(340g)
4 | 250 2.27 197.8 3.41 1to 1.5 416 | 1800 140
41%
(2386.4g)
5 1750 15.89 593.4 10.22 1t00.6 1248 | 5400 240
10.1%
' (1363g)
6 | 1000 9.08 791.2 13.62 1to 1.5 1664 | 8000 390
28.6%
, ; (1363g)
7 | 1000 9.08 791.2 13.62 1tol.5 1664 | 8000 370
, 27.1%
(1363g)
8 | 1000 9.08 791.2 13.62 1to1.5 1664 | 8000 420
: 30.8%
Example 9

OH A HO HO

0 Toluene Q o] O OH
2 + 2 ————

- Water
OCH

37.31 g (0.27 mole) of 4-ethylresorcinol (Aldrich company), 23.52 g (0.405 mole)
~of acetone and 300 ml 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



7 1000 9.08 791.2 13.62 1 to 1.5 1664 8000 370 (1363g) 27.1% 8 1000 9. 08
791.2 13.62 1 to 1.5 1664 8000 420 (1363g) 30.8% Example 9 OH HOHO 0 QO .
OH Toluene OH Water 5 37.31 g (0.27 opge) of 4-ethylresorcinol (Al drich

conpany), 23. 52 g (0.405 nole) of acetone and 300 m of toluene were added

to a vessel ypdef .yl é@gﬁ& b%@%gﬂ%%@cﬂt%@?&&'&ﬂe ﬁ Qb Ve nfkunfp 50 g of

acidic ion ex anger ewat | ayer usen were added and the

reaction m xieflgleweshidirie ah&@b&dleumcwrerml) elnl this. watyr I3x¢ ofapald beliay ta yel | ow,
clear solution formed, and after 2 days a cl gud or ange soI ution with sone

preci pitate Peioneselidayersobgipad, W@lCht‘ﬁfiszeifﬁét@lhéF ax%%grecr@ﬁswaneoy
filtration. ﬁn%gﬁé Lﬁc[)gétfow@@eﬁ@f' e rp&t&%mg%}IQM{e@H&amﬂﬁ?RQ%r&r%m a 18-

brown crude product taln dthat was recrystaflise xture of
met hyl ene5 chho$0°d]etkmrdés1pmpmﬂmtrwzstdb&une(dl. 1). In this way 13 g of a pale
beige to yellow solid were obtained, which was recrystallised in a m xture
of nethylene chloride and petroleumether (1:1). After drying in a water

j et vacuum owgggi gbtg (54 g%mﬁptgeo N6t d&ieL gglwg&oduct was obtained. Yield: 7.0
g (14.5% of theory) ite l'gowcler. nalysis: 10 'H NVR (400 MHz, TM5,
DIVBO) S =19.02 (s, 1H) 8.92 (s, 1H), 8.75 (s,
Analysis:
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 (¢,

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) 6 = 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).
20
Example 10

25

28.4 1 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 1 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), 6.90-6.94 (d, 1H), 6.80 (s, 2H), 6.33-6.27 (d, 2H), 2.86-2.82 (d,

11-1), 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, 3Hp.. 15 A byproduct identified by

"H NVR (400 MHz, TM5, DI\/SO) (precipitate separated at the begi nni ng) has

thefollovmn 698
(s 20y, 5. omd o195 g Forn It pi Gy SipT e ool 8l

1.25 (s, 611)buty1 K&fol (-BT.Q‘P)(;}IS,ch§1|Ti)tern%ﬁat52<6116?1}%I RdddinZbokdBédde pro€edard. / Cﬂ" 28 4
1 of nmethylene chloride and 9 1 of chl orobenzene are added to a sol ution of

30 4096. 3 g (590 g43¢rBiote) oéphmg@p%éﬁ@cﬁddw arrd 1imgn 2 niggesatapd pf £3-4sodi um
hyd d o 0576 nol
O O 0° o 8 b1 FRR o A8 Wl QUL ROR (4710060 0570 ol e

Exanpl e 15 19-25%n§bc&ima§d@x(c@ s6m1210ma@ adiedBdwingaheplospehdione yfeet to
bi sphenol A) of Efﬂt ert.- butyl phenol &BUP as chal n termnator were added in
a one-stage [PB® l@ﬂé’ftheaé'@@g@latl%a% &hlmﬁwﬁhﬁgﬁéﬁé,%éné&@éﬂﬁ@%rl 1 hour

20 m nutes at I t he pH
oo te "t 6 pomdte B et bt O%MBQ’EQ by u%{lﬁygf#%lﬁ%a% iR Bt eG4
during the phbhsgac@in @iktudfig ﬁfrredCf@melhetul orhe(ﬁrgztrheppd“sesgmatﬁledmﬂmd f 1 ushi ng

with nitrogen, 24.7 m . (0.18 nole, nole % w th respect to bisphenol A) of
n- et hyl pi per |HH‘P?@(’&Fé‘CIélcfé'@HS%f%]é‘ﬁéh%/%quea‘ﬂﬁPhaﬁ?l%“q"éé‘(ﬁsf‘%n?ﬁuﬂ I$es stirred

for 1 ho S after
separati 28 t@g%%lgsﬁ‘g@ﬂgﬁ tﬁﬁg@g’gtae%d%f %sign% t}rll:ée%({l\r/e %g%gtb?(?lseeglz ﬂ? salts with
di still ed watppoducifstearrudepthamighgntdvepsratiateertrudyr. c3854r5op ehpa pearbdrate

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 ml 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:



product is extruded through an evaporation extruder. 3951.5 g of

pol ycarbonate are obtained. Analysis: 15 'H NVR content of branching
agent: 0.28 nole % content of chain tepginator: 3.28 nole % Rel ative
solution viscosity in nethylene chloride (0.5 g/100 msolution): 1.30 Gel
perneati on chromat ography (calibration wth BPA pol ycarbonate): 20

nol ecul ar wei ght Mv = 31786, non-uniformty D = 2.55) Exanple 11

Det er mi nat i oishedr Gragieni BTPSi ty asviecdsiin¢pdspn of the shear rate (ISO 11443).
25 The branched polycarbonate obtained - in-Exanple 10 is investigated

rheol ogically at 3000 The followi n§SHata are obtained: -20- Shear Gadient
[s'"] Viscosity [Pas] 851 100 727-,200 612 500 459 1000 343 1500 276
5000 134 Exanple 12 ]( npari son exanp?e) 5 For conparison purposes a linear
BPA pol ycarbonate (Mg( ol on 3108, Bager AG wth a nol ecul ar weight Mv =
31000 is used siml asr(I)Oy to Exanple 11.

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.



Shear Gradient [sl] Viscosity [Pas] 50 789 100 764 200 704 500 571 1000
448 1500 351 5000 172 As can be seen froma conparison of the viscosity
data of Exanples 11 and 12, 10 with thepsame nol ecul ar wei ght the nelt ‘
viscosity at 300C is |ess over alnost the whole range of the shear gradi ent
(except at vg;‘#?b%ﬁh? rates). At higher shear rates (injection nolding
appl i cations ed pol ycarbonate of Exanple 2 flows nore easily
than the conparison material. 21 Exanples 13 - 31 The foll ow ng branched

b ancni ng aotht TGRS BeAREoD a0t g PP R %%ppgﬂ‘%e%g%fe&gﬂﬁfép? e

'Vbl e % Rati oc&gbnt of MRloBrotaB Bﬁncl‘ﬁﬂ% aggrﬁs frc{maéiﬂang% . ara_ MinMy BUP from
Exanple 1 % Brch. Agt. Wi se. 6 304 1 0 12230 I4 5 0.7
7.1 1. 267 14% Bosge 2870
Mole %
Ratio Rel.
Mole % | Brch. Agt.
Ex. % BUP Soln. Tg (°C) Mw Mn
BUP from
% Brch. Agt. | Visc.
Example 1
13 3 0.5 6 1.304 147.7 36400 | 12230
14 5 0.7 7.1 1.267 144 1 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 3.3 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



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 141227700 7400 21 10 3 3.3 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 13 1.638 %ﬁflpns?r%ly?’ 1ﬂ-n3nezo§hé-e)2§ﬂfo%lé§§ccgﬁh% th tﬁe ﬁw%?mén $dreifide 3n¢4400 6830
27 5 0.6 8.33 1.257 147.4 27300 91 . 255 147.9 28300 9200

29 4 0.5 8 1.p3@ﬂerm5mtlhe3ﬁ85@1s]1h50@ere3ﬁhnﬂfeﬂe6uﬂthﬁ3&rmu:®ﬁbf15611}8 33100 11300
31 3 0.5 10 1.385 152.3 43700 15500 BUP = p-t-butyl phenol -22-

Surprisingly, in none of the exanples according to the invention were there
any probl enggapdifgzsynthesis that were manifested in the formation of a
jelly. Exanple Det erm nation of the viscosity as a function of the _
shear rat2 (1SO 11443). The branched pol ycar bonate obtained in Exanple 26 is

I nvestigated b rt]ceer9n|1r?a(:t‘llo(r:laof tHe v1gctom }Qgsca fL;m ion O ghewhg ratet(l%C?li F44%?t ai ned:

The branched polycarbonate obtained in Example 26 is investigated rheologically
at 300°C. The following data are obtained:

10
Shear Gradient [s] 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:



10 Shear
1000 91

G adient [s-1] Viscosity [Pas] 50 138 100 138 200 129 500 110
1500 80 5000 49 Exanple 33 Determ nation of the viscosity as a

“function of the shear rate (I1SO 11443).2315 The branched pol ycarbonate

obt ai ned

in Exanple 27 is investigated theologically at 300C. The follow ng

data are obtained: -23- Shear Gadient [s-'] Viscosity [Pas] 50 207 100 203

200 191
t he visc
pol ycarb

500 163 1000 137 1500 121 5000 73 Exanple 34 5 Deternination of

osi t $has GaadiemdsTlon of t VescobiepfPasht e (1 SO 11443). The branched
onaPe—eb%akﬂ%%—FH—E*aﬁp#e—28§$?—+ﬂvestigated rheol ogi cal ly
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 89
10 -
Example 35 |

A polycarbonate of 70 mole % of BPA, 30 mole % of 4,4°-dihydroxybiphenyl
(DOD), 0.3 mole % of the branching agent of Example 1 as well as 4.9 mole % of



at 300C. The follow ng data are obtained: Shear Gradient [s-1] Viscosity
[Pas] 50 420 100 385 200 328 500 249 1000 193 1500 165 5000 89 10
Exanpl e 35 A pol ycarbonate of 70 nole %pf BPA, 30 nole % of

4, 4" - di hydr oxybi phenyl (DOD), 0.3 nole % of the branching agent of Exanple

1 as well as %.,af - £ o | ' Lhat or was
produced in %_éesr? 'r?‘lHB}la}% e\I{%‘lyaS §§é é@ﬁ%&” %ﬁ#&é@g@%ﬁ%ﬁagu%gﬁ&%ﬁly&g?éﬂ@@ M.
28700 g/ nol eExdviple 10200 g/ nol e Vicar VSTB 120: 140C Al t hough 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

pur pose and Aggiksis:vari ations can be nade therein by those skilled in the art
wi thout departing fromthe spirit and scope of the invention except as it
may be lidmited by the clains. -25- WHAT IS CLAIMED | S:

Mw: 28700 g/mole; 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 Vexcept as it may be limited by the claims.



1. In the process of preparing a branched (co)pol ycarbonate resin the
_inprovenent conprising reacting at |east one nenber selected fromthe 5
group consi sting of conmpounds of the fopsulae la and/or Ib OH OHFt OO\
RA OOR4 104 ORR4 (C(RS)2)P2 RR3 (c(R)2 p} 1 ailb in which 15 R,
R2 and R3 i ngepn fpeptg. | i near or branched d-Co-alkyl, R4 and R5

i ndependent | %@Tﬂfg‘lt Isbr Iinear or branched d-d o-alkyl, pl and p2
i ndependently of one anot her denote a whol e nunber between 3 and 10, 20 2.

In the ph i nt erf for t t] | bonat i
the fmprovendnt  cURDEREIRGS PEaEpiing Hiahasot ORranetA bt o from the |
group consisting %%ﬁgeﬂeﬁ%&p?fsmrgf}ea&i%wie@a dn® n¥HsberReldSted #BnfIEl O HH O

| L R4 000 I\ R4
5 group consisting 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;q-alkyl, R*
and R® independently denote hydrogen or linear or branched C;-Cjq-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

25



RZ R3 (C(R5)2 PI 1 a 1b 3. The (co)pol ycarbonate prepared by the process of
Claiml. 4. A (co-)polycarbonate containing branching units which are
‘derived from conpounds of the fornul agpka and/or Ib according to claim 1.
5. A nolded article conprising the polycarbonate of daim4. 10

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

4, A (co-)polycarbonate containing branching units which are derived from
compounds of the formulae 1a and/or 1b according to claim 1.

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

10





