WD 01/,05867 PCT/ EPOQ 06377 -1 Pol ycarbonate and noul ded bodi es thereof The
present invent ivﬁé‘of/@ésﬁﬂi es to a novel polycarbonate and its USREEr@N06377
materiral for the production of noul ded bodi es and sem -fini shed products,
especially for 5 transparent applications]-such as data stores or audio
conpact disks, sheets, nulti wall sheets, filns, |anp housings, panes,
especi ally panes for notor vehicles, headlanp |enses, but also for

el ectrical applpofaibsiate and Siddddbodibd Ghereote Preparation of aromatic

pol ycarbonates ™y the nmelt transesteriiication process is 10 known from
the literature and is described, for exanple, in the Encycl opedi a of

Pol Sci Vol . 10 (1969 Chem st d Physi f Pol tes,
Pol yrer Revi eveleprosEh R PRION atesgo aratyel DPDEYORAe Shds upes S g Tohha,
starting fr OmtﬁlEly}Qéﬂc%&, of e BBER ahd ééﬂ.ﬁniﬁ%dB?E&ﬁc@%sﬁa@ﬂghg&e

descri bed pol ycarbonates contai ning end groups ot her han phenol .
pol ycar borfat es trahsparent dipplications, rsych as Hita 36@redsBaltiv eompactrdisia) sheetspoarndsed

content of erroneous structures as conpared with fhe pol ycarbonates_,

synt hesi sed i n V&) §heehh, films, aamaganlas{ngg,ueweﬁapm@ﬂx b, T JBRI0R YERGS: as
regards nelt LLoLt L agol our. 20 The
obj ect was, thzfreg#igljrng ,léi-{sgé, gg{/%?%%&%yf%%lr%ﬁgﬁ§gﬁg&§egﬁl};§@a's for their

preparation, having greater stability. The object has been achieved by the
synt hesi s of pol ycarbonates having a markedl 25 reduced concentration of

erroneous st r ucihgmseparation of acayagtic polyearhanates b dhe weli tpsestepificationprocess is
| ow branciy ng, @P%@Q&aﬁ%'lﬁera@}% TRy i d\%%cl?ilgﬁ ,?fop %Q%gge, %@%ﬁ%&%ﬁhgﬁ%

transesterification process an avl ng avera

M., of from 20QHyhé& $elkn&d)OVolr ed q1989)y CHeaiikthpQAdt Phystéd o8, BlYcarbaifagd, On

di phenols, chain term nators of fornula SI
Polymer Reviews, H. Schnell, Vol. 9, John Wiley and Sons, Inc. (1964) and, starting

from DE 1 031 512, in some patents.

uq

15 In EP-B-360 578 there are described polycarbonates containing end groups other
than phenol. The polycarbonates obtained according to EP 360 578 have a markedly
increased content of erroneous structures as compared with the polycarbonates
synthesised in solution. As a result, such materials have disadvantages as regards

melt stability, thermostability and constancy of colour.

20
The object was, therefore, to develop polycarbonates and a process for their
preparation, having greater stability.
The object has been achieved by the synthesis of polycarbonates having a markedly
25 reduced concentration of erroneous structures.

The present invention provides solvent-free, low-branching, thermoplastic, aromatic
polycarbonates prepared by the transesterification process and having weight-
average molecular weights M, of from 2000 to 150,000, preferably from 4500 to

30 55,000, based on diphenols, chain terminators of formula (I)



WO 01/,05867 PCT/ EP00/ 06377 -2- R HO (I) R R' wherein R, R and R' may
each i ndepende +§ ?{?{he others represent He optionally branched

Cl - C34-al kyllcs’g Y 9 , C7-C84 al karyl or C6-C34-aryl, and, W’F%Wgﬂv 5
branchi ng agents, characterised in that structural elenments of fornmula (I1l)
HO Z(COOH)-OH (1'1) have a value after total saponification and HPLC

determ nation of less than 10 300 ppm préferably from0.03 ppmto 250
ppm Z being as defined for formula (VI) and the acid group being in the
ortho position relative to a hydroxy group. As conpared w th pol ycarbonates
m s-structured in the usual manner, the, polycarbonates according to the
invention exhibit a substantially incrgased 15 hydrolytic stability and an
i nproved critical thickness, with othg conpar abl e nechani cal and
thermal properties. The pol ycargs ,éﬂg ording to t{g,e i nvention are
prepared in the nelt from di hydroxy)CagpQunds, dicarbonates, chain

term nators and, optionally, brandRing 20Rdgents. Chain term nators within
the context of the invention are those of formula (I) R HO(l) RR WO
01/ 05867 PCT/ EPO0/ 06377 -3 wherein RR R and R' may each independently of

the others represent H. optiqgnall hranched O - CG34 al kyl /cycl gal cyl,
C7-C34 al | car &w%s:rm@j & 3&; Q|rpa)f éarchelggq.pﬁp ntly ofct:hse ot?lersyrepregent ?—I, opu%nally
branched C,-C,,-alkyl/cycloalkyl, C,-C,-alkaryl or C4C,,-aryl, and, optionally,

5 branching agents, characterised in that structural elements of formula (I)

HO-Z(COOH)-OH (I

have a value after total saponification and HPLC determination of less than
10 300 ppm, preferably from 0.03 ppm to 250 ppm, Z being as defined for formula (VI)
and the acid group being in the ortho position relative to a hydroxy group.

As compared with polycarbonates mis-structured in the usual manner, the
polycarbonates according to the invention exhibit a substantially increased

15 hydrolytic stability and an improved critical thickness, with otherwise comparable

mechanical and thermal properties.

The polycarbonates according to the invention are prepared in the melt from

dihydroxy compounds, dicarbonates, chain terminators and, optionally, branching

20 agents.

Chain terminators within the context of the invention are those of formula (I)
Rl

HO ()



Q:n butyl phenol, m n-butyl phenol, p-n-butyl phenol, 5 o-isobutyl phenol,

m i sobut yl phenol sobut yl phenol, o-tert-butyl phenol,

mtert-butyl ph‘é’l‘?oql%séf"t ert-butyl phenol, o-n-pentyl phenol PCT/EP00/06377
m n- pentyl phenol, p-n-pentyl phenol, o0-n-hexyl phenol, m n-hexyl phenol
p- n- hexyl phenol, o-cycl ohexyl phenol, m cycl ohexyl phenol

p- cycl ohexyl phenol, 10 o- phenyl phenol, mphenyl phenol, p-phenyl phenol ,
0-i sooctyl phenol, mi sooctyl phenol, p-isooctyl phenol, o0-n-nonyl phenol,
m n- nonyl phenol , p-n-nonyl phenol, o-cunyl phenol, m cunyl phenol ,

p- cunyl phenol ,whéteﬁﬁRthMidOReﬁﬁb' eath ﬂﬂlébéddﬁhﬂbheﬂﬂie others adphéseit Hbeﬁﬁdnallﬂﬁ
2,5-di-tert-butyl phenol, 2,4-di-tert- butyl henol, 3,5-di-tert-butyl phenol,

2, 5-di cunyl phebianched G-Gi-elkyl/cysesiian], Ca pwélmlyqﬂfes -ary}, fonexamglphenol |
3- phenoxyphenol, 3-pent adecyl phenol, 2-pentadecyl phenol,
4- pentadecylphenol 2- phenyl phenol , 3-phenyl phenol , 4- phenylphenol, 20

trityl phenol, Zxutitpl PﬁéﬁdlrﬁlnhMitﬂBﬁ&iUl p- &hh{ym{eﬁaul net hyl phenol , al so

benzotri azol e derivatives of the general formula (I1l) Re HO Ra Rb (I 1)
R Rd Rc 35 whe+issbntylzhenol, Ri-isabwtylphentdf p-sobiutylphenolf or R, R and R and
chroman compPouRqS: Bu phanol, 1a-tert bubyighenot; p-tett batyphenot, O ' 1 O
o-n-pentylphenol, m-n-pentylphenol, p-n-pentylphenol,
o-n-hexylphenol, m-n-hexylphenol, p-n-hexylphenol,
o-cyclohexylphenol, m-cyclohexylphenol, p-cyclohexylphenol,
10 o-phenylphenol, m-phenylphenol, p-phenylphenol,
o-isooctylphenol, m-isooctylphenol, p-isooctylphenol,
o-n-nonylphenol, m-n-nonylphenol, p-n-nonylphenol,
o-cumylphenol, m-cumylphenol, p-cumylphenol,
o-naphthylphenol, m-naphthylphenol, p-naphthylphenol,
15 2,5-di-tert-butylphenol, 2,4-di-tert-butylphenol, 3,5-di-tert-butylphenol,
2,5-dicumylphenol, 3,5-dicumylphenol,
4-phenoxyphenol, 2-phenoxyphenol, 3-phenoxyphenol,
3-pentadecylphenol, 2-pentadecylphenol, 4-pentadecylphenol,
2-phenylphenol, 3-phenylphenol, 4-phenylphenol,
20 tritylphenol, 3-triphenyimethylphenol, 2-triphenylmethylphenol,

also benzotriazole derivatives of the general formula (III)

R, HO R,
/N\
_N Ry {0
N
Ry Re 'R

25 wherein R, to R; are as defined above for R, R' and R",

and chroman compounds such as



*/ ~\"/ OH OH and preferably high-boiling phenols such as trityl phenol,
cunyl phenol, pent adecyl phenol or chromans, 5 or also in the

conmpounds t hat W%/%3884abl e of transesterification under the P@@ﬁ?h@@??’
condi tions, such as, for exanple, carbonates, oxal ates, o-carboxylic acid
esters or the like, wth preference being given to the free phenols or the
carbonic acid diesters of formula (1V) R4-00-0-121.0/ . \ (IV) RR 10
and formula (V) R RRh RR 15 wherein RL, R and R' correspond to those
of fornmula (1). Phenols or "transesterification-active substances can be
added to the synthesis individually or in the formof a mxture. Preferred
m xtures are thosesw O A phenyl carbonate. It is possible to add the
phenol or the p carfyrng conmpound at any tine during the reaction,

preferably at thge beQi nnlng of the reaction, and_the I tisgancan be
s

.v -

anmount of carbonic acid ¢ is from 100 to 1/

OH and

preferably high-boiling phenols such as tritylphenol, cumylphenol, pentadecylphenol

or chromans,
5
or also in the form of compounds that are capable of transesterification under the
synthesis conditions, such as, for example, carbonates, oxalates, o-carboxylic acid
esters or the like, with preference being given to the free phenols or the carbonic acid
diesters of formula (IV)
RO
o]
(oo
R Rll
10
and formula (V) .
R .
R" R
Oj_o V)
R R"
Rl
15 wherein R, R' and R" correspond to those of formula (I). Phenols or

transesterification-active substances can be added to the synthesis individually or in
the form of a mixture. Preferred mixtures are those with diphenyl carbonate. It is
possible to add the phenol or the phenol-carrying compound at any time during the

reaction, preferably at the beginning of the reaction, and the addition can be divided



nol % . preferably from 103 to 120 nol % based on the di hydroxy conpound. For

t he preparatiop of %ycar bonates by the process according t ' tion
it ist 5 possi eolf“gg se a chain termnator or a m xture of gg&@ri’g Ip%sﬁgi n

term nators, so that there may be present as an end group in the

pol ycar bonate according to the invention henol but al so phenol together
wth other chain termnators. From0.4 to" 17 nol% particularly preferably
from1l.3 to 8.6 nol % (based on the di hydroxy compound), of chain

term nator are preferably added. The addition may take place either before

the 10 reacti o eéverdlqoriior3l The tétaPhpuktlsfl dagbonie ati@ asster 36 frobh 190I@XB0
conpounds within the context of the invention are those of formula (V)

HO Z- OH (V1) 180i%, mifesably friom W3 taldtmal%, baseil eathedibydrgxy eempemde 30
carbon atons which may contain one or nore aronmatic nuclei, my be
substituted and may contain aliphatic or cycloaliphatic radicals or

al kylaryl's or pgt ﬁé‘iar?ﬂﬂfﬂﬁn%f pBlycABBn B BE 1R prétdsi5@oRlifs tdthe dhvehEioR His

conmpounds of formula (VI) are” hydroqui none, ‘resorcinol, _
di hydr oxydi phepessible tdouse-g ¢thaitr texmjpiatonydr Ja-mixitere ©f se@Bal chain terminators, so that

bi s- (hydro henyl ) - cycl oal kanes, . bis-(hydro enyl) sulfides, . .
b o Lt ooy P g b resent 3058 end, giana 15 T aRpioRboits hedrding 16 Bie invention
bi s- (hydr oxyph S . I | 0
o1/ ofs 8>é7 PC¥;’ EE%%J/(% %ﬂ%léd)ﬁlge%ol RBetBbSwith bie? tHAN ehtlinatsie! FX 0850 1Mhol%,

particularly preferably from 1.3 to 8.6 mol% (based on the dihydroxy compound), of
chain terminator are preferably added. The addition may take place either before the
10 reaction or wholly or partially during the reaction.

Dihydroxy compounds within the context of the invention are those of formula (VI)

HO-Z-OH VD)
15
in which Z is an aromatic radical having from 6 to 30 carbon atoms which may
contain one or more aromatic nuclei, may be substituted and may contain aliphatic

or cycloaliphatic radicals or alkylaryls or hetero atoms as bridge members.

20 Examples of dihydroxy compounds of formula (VI) are
hydroquinone,
resorcinol,
dihydroxydiphenyls,
bis-(hydroxyphenyl)-alkanes,

25 bis-(hydroxyphenyl)-cycloalkanes,
bis-(hydroxyphenyl) sulfides,
bis-(hydroxyphenyl) ethers,
bis-(thydroxyphenyl) ketones,
bis-(hydroxyphenyl)-sulfones,

30 bis-(hydroxyphenyl) sulfoxides,



a, a' - bi s- (hydroxyphenyl)-diisopropyl benzenes and their nuclear-al kyl ated
and nucl ear - hydr ogenat ed conpounds. These and ot her suitabl e _di are
descri bed, forwé’séﬁ{‘?ﬁ*fﬁé, in US-A 3 028 365, 3 5 148 172, 3 2?&@‘%@&8‘4}%
991273, 3 271 367, 3 062 781, 2 970 131 and 2 999 846, in GCerman

O fenl egungsschrift 1 570 703, 2 063 050, 2 063 052, 2 211 0956, in French
Pat ent Specification 1 561 518 and in the ®mnograph "H Schnell, Chenistry
and Physics of Polycarbonates, Interscience Publishers, New York 1964". 10
Exanpl es of preferred di phenols are: 4,4'-di hydroxydi phenyl,

2, 2-bi s- (4- hydg s WokPpipe)Rliisopropylbenzenes
2, 4-bis-(4-hydr oxymgyl )?g- rrg{)hyl b%tgjr,]e,

1, 1- bi s- ( 4- hy dansikthein ongiegrealicylatiad andoyclea-hydrogenated compounds.
1, 1- bi s- (4- hydr oxyphenyl ) - 4- met hyl cycl ohexane, a,a'-bis-(4
hydr oxyphenyl ) - p-di i sopr opyl benzene,

a,a’' -bis-(4- hy‘i‘ﬁé&é%ﬂﬁi‘%ﬂﬁéﬁ"f&biy HBRNORAE RERABEE f le, in US-A 3 028 365, 3
bi s- (4- hydr oxyphenyl) sul folﬁe, b(lhg-(4- hydroxyphe’nglli 3xr?emtpheérllne, 20 ’

1, 1- bi s- ( & hy dt48y i 8rd15)6(, 3 991 TBNRLRY B6YA 062%8HE 970 131 and 2 999 846, in
%: 3: E: g g ii ﬁ;,g'%g%{m o éﬁg@%@d rggé(c}':ﬁgﬁnoﬁ%' *8{322%25 050, 2 063 052, 2 211 0956, in French
1, 1- (4- hydr oxy y%-- | ©41h . " :

b o (4 ol oxy BRESHCIRAAGNY R1168and in the monograph "H. Scnell, Chemistry and
4, 4" -t hi obi sphPhyslics of Polychibon4tés, iytersoies¢d Publishers,-Néw Napt1994") et hane,

1, 1- bi s- (4- hydr oxyphenyl ) -1-(2-napht hyl )et hane, 2, 3 -dihydroxy-3
- (4- hydroxyphenyl )-1,1, 3 -trinmethyl- | Hinden-5 -0 1,

10 Examples of preferred diphenols are:
4.4'-dihydroxydiphenyl,
2,2-bis-(4-hydroxyphenyl)propane,
2,4-bis-(4-hydroxyphenyl)-2-methylbutane,
1,1-bis-(4-hydroxyphenyl)cyclohexane,

15 1,1-bis-(4-hydroxyphenyl)-4-methylcyclohexane,
o,o'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene,
o,o.'-bis-(4-hydroxyphenyl)-m-diisopropylbenzene,
bis-(4-hydroxyphenyl)sulfone,
bis-(4-hydroxyphenyl)methane,

20 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
2,2-bis-(2,6-dimethyl-4-hydroxyphenyl)propane,
2,2-bis-(4-hydroxyphenyl)hexafluoropropane,
1,1-(4-hydroxyphenyl)-1-phenylethane,
bis-(4-hydroxyphenyl)diphenylmethane,

25 dihydroxydiphenyl ether,
4.4'-thiobisphenol,
1,1-bis-(4-hydroxyphenyl)-1-(1-naphthyl)ethane,
1,1-bis-(4-hydroxyphenyl)-1-(2-naphthyl)ethane,
2,3-dihydroxy-3-(4-hydroxyphenyl)-1,1,3-trimethyl-1 H-inden-5-ol,

30 2,3-dihydroxy-1-(4-hydroxyphenyl)-1,3,3-trimethyl-1H-inden-5-ol,



30 2, 3-di hydroxy-1-(4-hydroxyphenyl)-1,3,3-trinethyl-IHinden-5-0l, WO

01/ 05867 PCT/ ERQQ/ -7
2,2',3,3 -tet ra"ﬁ‘ga%éys 3',3 -tetranethyl -1, 1' -spirobi[ PCT/ERO006377

1H i ndene]-5,5 -diol. Particular preference is given to resorcinol, 5
1, 1- bi s- (4- hydroxyphenyl ) - 1- (1- napht hyl ) et hane,
1,1-bis-(4-hydroxypheny|)-1-(2-naphthy|)erﬂéne,

2, 2- bi s- (4- hydr oxyphenyl ) pr opane,

a, a' - bi s-(4-hydroxyphenyl)-p-diisopropyl benzene,

a, a' - bi s- (4- hy @283 eenildrorB, 3181, Bagrapyh i epiobiflllH-indene]-5,5'-diol.
1, 1- bi s- (4- hydr oxyphenyl ) cycl ohexane, 1, 1-bis-(4-hydroxyphenyl)-3, 3,
5-trinet hyl cycl ohexane, bis-(4-hydroxyphenyl)di phenyl net hane,

4, 4" - di hydroxydj.phenyl . A5 |{..i sible to use both one di phenol of -

formula (VI), %aﬁcui%rpﬁ%f%ﬁeg%elgg‘heg’%%- pol ycar bonat es, and several diphenols
of formula (VI )resopitd), f or mati on of copol ycarbonates. Low branching w thin
the context of the invention nmeans that the content of formula 20 (I1) in

t he pol yca¥ bonal bbise(¢-hydvaxyphenyl) bf1-naphthyhethpoesi f i cati on and HPLC

determ nation aqf. L ess .t han 300 referabhly fromO0.03 ppmto 250 ppm
The pol ycar bon;lrle'blsééf‘by OXYp ﬂ’é’&ggh'ﬁapj‘%% Pate and control | ed manner by
the use of smalj pbANAHYFxIphé 2 to 3.6 mol % (based on the dihydroxy
compound) of 25 branchi ng”agent’s. "Suitabl e branching agents are the
conpounds whi chx,al-kis<dihydivxgplienyl)tprdiisopmpyitenzeme, of pol ycar bonat es and
contain three or ng,re fua{ctional gr oups, ef erably those containing three

or nore than t Hheedishahyiroxyphenylandusonropyibengenest suitabl e branchi ng
agents ar g 1,1-bis-(4-hydroxyphenyl)cyclohexane,

1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
bis-(4-hydroxyphenyl)diphenylmethane,
4,4'-dihydroxydiphenyl.

15 It is possible to use both one diphenol of formula (VI), with formation of homo-
polycarbonates, and several diphenols of formula (VI), with formation of

copolycarbonates.

Low-branching within the context of the invention means that the content of formula
20 (Il) in the polycarbonate has a value after total saponification and HPLC
determination of less than 300 ppm, preferably from 0.03 ppm to 250 ppm.

The polycarbonates can be branched in a deliberate and controlled manner by the use
of small amounts of from 0.02 to 3.6 mol% (based on the dihydroxy compound) of
25 branching agents. Suitable branching agents are the compounds which are suitable
for the preparation of polycarbonates and contain three or more functional groups,

preferably those containing three or more than three phenolic OH groups.

Examples of suitable branching agents are

30 phloroglucinol,



0 phlJoroglucinol, r WO 01/05867 PCT/ EPOQ 06377 - 8-

3
4, 6-di net hyl - ,0-tI1-(4-hydroxyphenyl) hept ane,
1,3,5tri-(4- ﬁvg’rogé?%/%henyl ) benzene, 1,1,1 -tri- (4- hydroxyphgﬁ}/‘/rE)Pooe/?qﬁyne,
tri-(4-hydroxyphenyl ) phenyl net hane, 5

2, 2- bi s-[ 4, 4- bi s(4- hydr oxyphenyl ) cycl ohexyl ] pr opane,

2, 4- bi s- (4- hydr oxyphenyl -i sopropyl ) phenol',8 -

2, 6- bi s- (2- hydr oxy- 5- et hyl benzyl ) - 4- met hyl phenol ,

2- (4- hydr oxyphenyl ) - 2- (2, 4- di hydr oxyphenyl ) pr opane,

hexa- [ 4- ( 4- hyd4,6¥dimb&1PyizAL&@D(@WWG@M}M&MJ erephthalic acid ester, 10
tetra-(4-hydroxyphen nmet hane,
tetra-[4- (4- hytsdx oxypbemd)bgnzesBenoxy] et hane,

1,4-bis-[4,4":di.hyd [ n hyl ] benzene,

a,a' ,a"-tri s(h’iﬁ%‘r’@%@f’ﬁ?&%%% rii sopropenyl benzene,

I sati nbi SCFeSOhi-(ﬂ-%rcﬁeﬂtp&@ﬁyﬁlﬂ)ﬁh&lﬁiethan&, 4-di hydr oxybenzoic acid, trinesic
20°1,1, 1-

acid, cyanuric acid. 1, tri-(4- hydroxy%enyl ) et hane and
i sati nbi sér eso?.2ehie[$hbbis(¢-hyduoryphenpheiciahexylipropaneal yst for the preparation

phosphont um SaPtan-GotTGRETATHoGERB M wi th ot her Sultabl e catal ysts

For 25 examl -k fEAIARRAS MobbUAY Ahcitiighetsl, ormil @ (1), such as.
2—1(4-hydroxypheny1)-2-(2,4-dihydroxyphenyl)propane,
hexa-[4-(4-hydroxyphenyl-isopropyl)phenyl]jorthoterephthalic acid ester,

10 tetra-(4-hydroxyphenyl)methane,
tetra-[4-(4-hydroxyphenyl-isopropyl)phenoxy]methane,
1,4-bis-[4',4"-dihydroxytriphenyl)methyl]benzene,
o,o’,a"-tris-(4-bydroxyphenyl)-1,3,4-triisopropenylbenzene,
isatinbiscresol,

15 | pentaerythritol,
2,4-dihydroxybenzoic acid,
trimesic acid,

cyanuric acid.

20 1,1,1-tri-(4-hydroxyphenyl)ethane and isatinbiscresol are particularly preferred.
As catalyst for the preparation of the polycarbonates according to the invention there
may be used phosphonium salts, optionally in combination with other suitable
catalysts which do not lead to erroneous structures such as formula (IT), such as, for

25 example, other onium compounds.

Phosphonium salts within the context of the invention are those of formula (VII)



Phosphoni um salts within the context of the invention are those of formula
(M) WO 01/05867 PCT/EPOO/ 06377 -9 R4 x- R---~ -R3 (VIl) '
Rl- 4may be t heWOMISYY different Cl-Cl8-alkyls, C6 Cl4 aryl SPEEQQ@‘%I?’%
aral kyls or CS C6 cycloal kyls, preferably nethyl or C6-Cl4-aryls,
particularly preferably 5 nethyl or phenyl, and X nmay be an anion, such as
a sul fate, hydrogen sul fate, hydrogen cartfbnate, carbonate, acetate,
boranate, hydrogen phosphates, a halide, preferably a fluoride, chloride
or brom de, or an al coholate of the fornula OR wherein R may be C6-C4-aryl
or C7-Cl12 aral kyl, preferably phenyl. 10 Preferred catal ysts are
t et raphenyl phosphoni um fl uori de, et r apzenyl h?§phonium
t et raphenyl boranate, particularly|preferpply tletraphenyl phosphoni um
phenol ate. 15 The preparati on of t{heRpet Bonat es aceggding to the
invention is carried out, for exgnple, ps foljows: in the first step, the
di phenol s, the carbonic acid diestlfers, tRee catalyst and, optionally, the
al kyl phenol s and branchi ng agents are neltedat tenperatures of from 75C
to 225C, preferably from 105C to 235C, particularly preferably from 120C
to 190C, under normal pressure within a period of from0.1 20 to 5 hours,
preferably fromO0.25 to 3 hours. Then the olkgocarbonate IS prepared by

1

appl yi ng a vacwherelrR ‘maasbee sarme vediferent Gi-€1h3lkylenBy Cogry BeCriondptlbrisl by

pol ycondensa i Bh G-+ PRI irelerERpardRd) 8° i Crar Bo SRR GRtepabips

and at a BresspfefhyPlor phényll™8Ad X may be an anion, such as a sulfate, hydrogen sulfate,
hydrogen carbonate, carbonate, acetate, boranate, hydrogen phosphates, a halide,
preferably a fluoride, chloride or bromide, or an alcoholate of the formula OR

wherein R may be C,-C ,-aryl or C,-C,,-aralkyl, preferably phenyl.

10 Preferred catalysts are
tetraphenylphosphonium fluoride,
tetraphenylphosphonium tetraphenylboranate,
particularly preferably tetraphenylphosphonium phenolate.

15 The preparation of the polycarbonates according to the invention is carried out, for
example, as follows: in the first step, the diphenols, the carbonic acid diesters, the
catalyst and, optionally, the alkylphenols and branching agents are melted at
temperatures of from 75°C to 225°C, preferably from 105°C to 235°C, particularly
preferably from 120°C to 190°C, under normal pressure within a period of from 0.1

20 to 5 hours, preferably from 0.25 to 3 hours. Then the oligocarbonate is prepared by
applying a vacuum and raising the temperature by removing the monophenol by
distillation. In the last step, the polycarbonate is prepared in the polycondensation by
raising the temperature further to from 240°C to 325°C and at a pressure of < 2
mbar.

25



25 WD 01/ 05867 PCT/ EPOO/ 06377 -10 In the preparation of polycarbonates by
the nelt transesterification process, the reaction of the bisphenol and
the carbonic aVPPIEF%dt er may be carried out continuously ofCI/EPG0/06377
di sconti nuously, for exanple, in stirrer vessels, thin-layer evaporators,
falling filmevaporators, stirrer vessel cascades, extruders, kneaders, 5
sinpl e di sk reactors and high-viscosity dil8k reactors. Isolation of the
pol ycar bonat es according to the invention is |likewise carried out in a
known manner, for exanple by renoving, spinning and granul ating. 10 The
pol ycar bonat esh@&&ogﬂhégﬁ&f’ of Hd1ycaitRRhi® byCAR Ral QraiSdseificalien ocees!@eul ar
wei ghts MWV of approximately from 2000 to 150, 000, preferably approximtely
from 4500 to fehctivd0 of Mié bisisplendktand nfhee darbomic t avad rdiesien weys bk utdrned out
viscosity in dichloronethape or. in &ixé)gres of equal ,anounts by wei ght of
n

phenol / o- di chfWIBBYIKIEN, Esaopppuaus i ﬁwengénﬁ"ﬁr | Ye§PRlS, s BRI ng.
15 The pol ycar | ' ' h Ee iR el
group content%ﬁ%&%’?@gﬁ]{g?ﬁggle}v&%rgttﬁﬁéf gﬁﬁ%:‘/gﬁelcgérés%&gg’dgtern%shﬁe@; ’
phot onet r § usi gifhpld diklerdactorst adidhaghviecasite diskGeadosrs.pol ycar bonat es accor di ng
to the invention can be processed thernoplastically in the usual manner at
tenperatures of from 260C to 320C. Moul ded bodies and filnms of any kind

can be produceg | l.ni-ection. Al NG90 ; 3 .
extrusi on. 2. Aol et BEHbLTAMRR P odoBliRE K B2 iR R Rcan TR 12
sol ubl e in sol MesBmaned?, B exiploby Aahéing) spinalipl MdpFanulfingexanpl e

nmet hyl ene chl oride, and can therefore be processed, for exanple, in a

known manner to cast filns. Accordingly, the invention also provides a

process ler t h%hg {)o BLBLhR% ggco}d}ﬁ?g {ooﬁ\fe invention can have weight-average molecular

ey

weights M,, of approximately from 2000 to 150,000, preferably approximately from
4500 to 55,000, M, being determined via the relative solution viscosity in
dichloromethane or in mixtures of equal amounts by weight of phenol/o-
dichlorobenzene, calibration being by means of light scattering.

15
The polycarbonates according to the invention have the usual OH end group
contents known from the literature, which can be determined by photometry using

titanium tetrachloride.

20 The polycarbonates according to the invention can be processed thermoplastically in
the usual manner at temperatures of from 260°C to 320°C. Moulded bodies and
films of any kind can be produced in a known manner by injection moulding or by

means of extrusion.

25 The polycarbonates according to the invention are readily soluble in solvents such as
chlorinated hydrocarbons, for example methylene chloride, and can therefore be

processed, for example, in a known manner to cast films.

Accordingly, the invention also provides a process for the preparation of the low-

30 branching polycarbonates according to the invention, characterised in that there are



30 branchi ng pol ycarbonates according to the invention, characterised in
that there are WO 01/05867 PCT/ EPO0/ 06377 -11 used as catal géi@BEﬁﬁ‘ng um
salts of forrmWQ“(l&%qW in concentrations of from 10-2 nol t ,
based on 1 nol of diphenol, optionally in conbination with other suitable
catal ysts which do not |ead to erroneous structures such as formula (I1),
such as, for exanple, other onium conmpound$- 5 In order to inprove the
properties, auxiliary substances and reinforcing agents can be added to

t he pol ycarbonates according to the invention. The follow ng, inter alia,
are to be takegkeli dsOcAMAYPSH PIRIsPhoriimasalts Us forfmuBd (VILP i Sconédn@atiansx of iffgm es,
moul d-rel ease agents, fireproofing agents, pignments, finely divided
mnerals, fibr tﬁ]’gmnhtoelﬁ)'%mm,l, Hased 00 lerwinof diphiekgl, optienallyyin qemthipdtioncwith
phosphat es and phosphanes, .l.ow no] ecul. ar - i ght carboxyli¢c acid esters,
hal ogen corrpou‘i’ntggr, sg’é‘i‘aq%,caéﬂﬁ"ft%,wﬁ\ﬁgrfl% ‘b‘?}\\:\\ﬁ‘?ﬁ E‘bl%@"?eo%sn&&ﬁ% SS9 A,
pi gnents and Cfb@ﬁuﬁa(i ,%Eh%]g&e&lfam Q,Bﬁfer&ﬂhbﬁ% ouh®y, exanpl e polyol efins,
pol yur et hanes, polyesters and po ygtyrene, 15 y al so be added to the

pol ycar bofiat es according to the invention. Excellent properties are

achieved with that, material even in . noul d?.d bodi es. @ﬁc% ngly, the
present i nvent Ioprdekiosngrows ths prgperfies, guxiligry substapess, TGS aggpts can
sol vent -fr ee, i : ' : ' ' : . he
o otueti on of oINS tRAOAIRARRS SRR IR nidiybR U ARG el qid)

transparent agmeltd batdken $nto sundidastichedsauch: Gtabilisers, flowianxitiarips thould-sdiease
sheets, nmulti-wall sheets films, la housi ngs, . panes, especially panes
for notor vehi 3§8E, ﬁmﬁa‘%&ﬁ&"@ﬁﬁs@&nm yfingly divided manegals, fibraws matsriplsaforons

or house jgui | ding 5122 S 3P PholprlteE KPR and Phosphanes, low-molecular-

weight carboxylic acid esters, halogen compounds, salts, chalk, quartz powder, glass

and carbon fibres, pigments and combinations thereof.

Other polymers, for example polyolefins, polyurethanes, polyesters and polystyrene,
15 may also be added to the polycarbonates according to the invention.

Excellent properties are achieved with that material even in moulded bodies.

Accordingly, the present invention relates also to the use of the low-branching,
20 solvent-free, aromatic polycarbonates according to the invention for the production
of moulded bodies and semi-finished products, especially for transparent
applications, such as data stores or audio compact disks, sheets, multi-wall sheets,
films, lamp housings, panes, especially panes for motor vehicles, headlamp lenses,
but also for electrical applications or house building.
25



Exanpl es Conparison Exanple 1 5 45.60 g (0.2 nol) of bisphenol A 47.08 g
(110 nol % basg sphenol A) of diphenyl carbonate, IA;
based on bi sphg’??cﬂ(mi%"of boric acid and 2.12 g (5 nol % baseggmﬁg%&ég enol
A) of 4-cunyl phenol are weighed into a 500 mMl three-necked fl ask equi pped
with a stirrer, an internal thernmonmeter and a Vigreux colum (30 cm
mrrored) with a bridge. The apparatus i s lreed of at nospheric 10 oxygen by
appl ying a vacuum and flushing with nitrogen (three tines) and the mxture
is melted at 180C and stirred for 30 mnutes. Then 36.5 ng (0.03 nol %
based on bi spherahphs of a 15% amoni um hydroxi de solution and 0.5 ng
(0.003 nol % 5aseg on bi sphenol A) of sodi um hydrogen carbonate are added
and stirring is continued for a further 30 m nutes. The tenperature is
raised to 210C.and the vacuum i s increased to 200 nbar and the phenol
that fornms is g@%ﬁ@ﬁ—'&ﬁ’-@éﬁ—fllation. After one hour, the tenperature is
rai sed to 240C and after 20 mnutes the vacuumis reduced to 150 nbar.
After a further 20 mnutes, the pressure is |owered to 100 nbar and

mai nt ai ned f or 4260 g (.2 ewl) dhbisphanel A; 4308 & (19 meldacbased ®n LiSphenal A @f 30
m nutes. The t ture I S r.ai 270 he va uum s 20 r.educed
Lo o bar antipben cimenes, 3 Reuflof Fhobp vaked tn biRBReT HEL bt Borke efifl @B ¢ <
are summari se 2

my (0.004 nol %gl Sﬁég%’%ﬁgsp eno ‘ﬁ“’g"’ %étts%tra fe‘%@?gﬂosp oél(ﬁljﬂrg %E gfiate

(which is net etlmeh—netkedl fiafle equippedoWithiaxsiniret,r a6 inddrnalcthemn@ometergarkD a Wi ghéux
phenol , based on the m xed erstal) ar added i nstead of

t et r amet hy| anmBHPEH (P58 Pgored)h iyl Weegthe eppaseHa e fierd af Atmespheria are
not addeq86Theo§fg%Hl ﬁ}s aﬁﬁl?inﬁumdlﬁr?%a rhu-gﬁﬂlgewilﬂl rﬁ@oé’ég Hljnlegﬁﬁﬁzs) and the

PCT/ EPOQ' 06377
mixture is melted at 180°C and stirred for 30 minutes. Then 36.5 mg (0.03 mol%,

based on bisphenol A) of a 15% ammonium hydroxide solution and 0.5 mg (0.003
mol%, based on bisphenol A) of sodium hydrogen carbonate are added and stirring
is continued for a further 30 minutes. The temperature is raised to 210°C and the
15 vacuum is increased to 200 mbar and the phenol that forms is removed by
distillation. After one hour, the temperature is raised to 240°C and after 20 minutes
the vacuum is reduced to 150 mbar. After a further 20 minutes, the pressure is
lowered to 100 mbar and maintained for 20 minutes. Then the pressure is reduced to
15 mbar for 30 minutes. The temperature is then raised to 270°C, the vacuum is

20 reduced to 0.5 mbar and stirring is carried out for a further 2 hours. The results are

summarised in Table 1.

Example 1

25 As Comparison Example 1, but 4.9 mg (0.004 mol%, based on bisphenol A) of
tetraphenylphosphonium phenolate (which is metered in in the form of mixed crystal
containing 30 wt.% phenol, based on the mixed crystal) are added instead of
tetramethylammonium hydroxide. Sodium hydrogen carbonate and boric acid are
not added. The results are summarised in Table 1.

30



-13- Exanple 2 45 66 g (0.2 nol) of bisphenol A 47.13 g (110 nol % based
on bi sphenol A di phenyl carbonate, 4.9 ng (0.004 nol %

bi sphenol A) o 03/°§¥Fraphenyl phosphoni um phenol ate (which i Eéﬁ@?g%}aﬁ nin
the formof m xed crystal containing 30 w. % phenol, based on the m xed
crystal) and 2.12 g (5 nol % based on bisphenol A) of 4-cunyl phenol are
wei ghed into a 500 nl three-necked flask-18quipped with a stirrer, an
internal thernoneter and a Vigreux columm (30 cm mrrored) with a bridge.
The apparatus is freed of atnospheric oxygen by applying a 10 vacuum and
flushing with pidmpeen (three times) and the mixture is nelted at 150C
The tenperaturée is raised to 190C and the vacuumis increased to 100 nbar
and the phenol that forms is rem)ved by di stiIIation After 20 m nutes,

the t t d d 60 )

A rer CTRo T ot £ub6 0% P e nsleo &S Az/13 g 1Y Balsh, bt SR witheRBL KTRE; 15

ninutes the v S chrboh#te €49€Gn, é‘zomaamolo hebaeeat W bispHensl Rgalggd to
a&gusﬂw cad §o &0 % 3p §

280C and the pressure Is reduced to nbar after 15 m nutes. After a
further 15 m ntetreghenylpbosphonimnephenoktd (which mimet&ed (h incthe £orhuoifmmed3fystal

m nut es. Theresults re rlsdlnTbIel Ex 0.2
nol ) of bi spheffRtAAINE ‘%g’ﬂ%m‘@ %%ﬁe%ﬁyﬁf?]ggﬁgﬁollz 2> B\Ol nyl
car bonat e, 4AIR[T91!~ () (W a] 1 g

t et raphenyl phOSphOS%I um phe o%(é:t e @n@harlgsﬁé? ter e %ns(blbnmt ﬁ}ge g?cnlgegfﬂarsnkxed

crystal cont aequipyged3@itiva $tinpdre an|intehiad ehermonicler andxe Vigreys tadlym (80 3nf)S g
(5 nol % based 25 on bi sphenol A) of 3-pent adecfyl phenol, are weighed into a

500 ni t hr ee- nBdEeEd) Wik R bridge, iscappaitug infreed of abmosphsric gryesdy WLYiAS Aet er
da Vi N
freed of 10 mos el élifﬁlgséﬁﬁbvvﬁla%&?é@éﬂ%* o) g R Grix i IRARLR 50°C

nitrogen (threghé teimferatareds tdiedd XDOﬁ(}?aﬂ(BthH&hélﬁﬂl itindred¥ed to 100 mbar and the
phenol that forms is removed by distillation. After 20 minutes, the temperature is

raised to 235°C and the vacuum is reduced to 60 mbar. After 15 minutes, the

temperature is raised to 250°C and after a further 15 minutes the vacuum is

15 increased to 5 mbar. The mixture is then heated to 280°C and the pressure is reduced

to 0.5 mbar after 15 minutes. After a further 15 minutes, the mixture is stirred at

300°C for a further 30 minutes. The results are summarised in Table 1.

Example 3
20

45.66 g (0.2 mol) of bisphenol A, 47.13 g (110 mol%, based on bisphenol A) of
diphenyl carbonate, 4.9 mg (0.004 mol%, based on bisphenol A) of
tetraphenylphosphonium phenolate (which is metered in in the form of mixed crystal
containing 30 wt.% phenol, based on the mixed crystal) and 3.05 g (5 mol%, based
25 on bisphenol A) of 3-pentadecylphenol are weighed into a 500 ml three-necked flask
equipped with a stirrer, an internal thermometer and a Vigreux column (30 cm,
mirrored) with a bridge. The apparatus is freed of atmospheric oxygen by applying a
vacuum and flushing with nitrogen (three times) and the mixture is melted at 150°C.
The temperature is raised to 190°C and the vacuum is increased to 100 mbar and the

30 phenol that forms is removed by distillation. After 30 minutes, the temperature is



The tenperature is raised to 190C and the vacuumis increased to 100 nbar
and the 30 phenol that forns is renoved by distillation. After ) es,
the tenperat ur ¥QQ/05#§701/ 05867 PCT/ EPO0/ 06377 - 14 rai sed to?’%%%owa%ﬂ*
after a further 30 mnutes it is increased to 300C. The vacuum is slowy
reduced to 0.5 nbar and the m xture is stirred for a further 30 m nutes.
The results are summarised in Table 1. 5 ®xanple 4 1141.47 g (5 mol) of
bi sphenol A, 1113.94 g (104 nol % based on bi sphenol A) of diphenyl
carbonate and 122.5 ng (0.004 nol % based on bi sphenol A) of

t et r apheny! phospQan YRR GRRlaAELa EiMber 50 finktBd RESRIcidAsdd o 1306°¢. OTHB wcuwnx ed
crystal 10 containing 30 w. % phenol, based on the m xed crystal) are

wei ghed into aisslowlyadduced e AiSmabar alth ¢hecmixture iestiries for @ futthst 36 minsteh dihiec
oxygen by applying a vacuum and &Eulshi ng with nitrogen (three tines) and
the m xture isT4PB{§ G SHMAGSRE 1 ®benperature is raised to 190C and the
vacuumis increased to 100 nbar and the phenol that forns is renoved by
distillation. After 60 mnutes, the tenperature is 15 raised to 235C, and
after a furtheExdthplke 4utes the vacuumis slowy reduced to 60 nbar and
stirring is carried out for a further 15 mnutes. The m xture is then
heated to 250C and after 15 mnutes the pressure is lowered to 5 nbar for

ashort time. e ef BS8Iach O GigBPAL 1875006 T fiohs, BRed 8 phedion bt

term nator Formula ( oh Vvi'scto

cunyl phenol / phaiphlenyO3arboddte arfdxdnRl5e nig E8A0P| ol bayddploanbisphérhoA) 76X
1.160 Exanple 2 cunyl phenol /phenol 25 1.122 Exanple 3 .
pent adecy!| phenéitraphetydphogphoniumg phenolate (which is metered in in the form of mixed crystal

10 containing 30 wt.% phenol, based on the mixed crystal) are weighed into a stirred
container. The container is freed of atmospheric oxygen by applying a vacuum and
flushing with nitrogen (three times) and the mixture is melted at 150°C. The
temperature is raised to 190°C and the vacuum is increased to 100 mbar and the
phenol that forms is removed by distillation. After 60 minutes, the temperature is

15 raised to 235°C, and after a further 30 minutes the vacuum is slowly reduced to 60
mbar and stirring is carried out for a further 15 minutes. The mixture is then heated
to 250°C and after 15 minutes the pressure is lowered to 5 mbar for a short time. The

results are summarised in Table 1.

20  Tablel
Chain terminator Formula (IT) [ppm] | Solution viscosity

Comparison cumylphenol/phenol 303 1.142
Example 1
Example 1 cumylphenol/phenol 70 1.160
Example 2 cumylphenol/phenol 25 1.122
Example 3 | pentadecylphenol/phenol 86 1.161
Example 4 phenol 12 1.124




Exanple 4 phenol 12 1.124 WO 01/05867 PCT/ EP0O0/ 06377 - 15 - -- 1 111111
FEEUIT 1l 11211111111 Patent Clainms © ° s 1. Solvent-free

| ow br anchi ng, WOPMOBSH| astic, aromatic pol ycarbonat es prepaF‘e‘E’EBQ/""E“RF
transesterification process and having wei ght-average 5 nol ecul ar wei ghts
MWV of from 2000 to 150, 000, preferably from 4500 to 55 000, based on

di phenol's, chain termnators of fornula ¢1f-R . HO b+ erein
R, R and R' nay each independently of the others repr m“!mmu
optionally branched C,-C34 al kyl/cycl oal kyl, C7-C34- al‘mﬂm“ ryl,
and, optional | patelf €RGimsNg agents, characterised in that strictd

eIerrents of formura (1T) HOZ(COOH) -OH (I1) 15 have a val ue after t ot al
saponi fication and HPLC det erm nati on of Iess than 300 ppm Z being as

T e SR S L
characterised in th@.gg g(g @‘%Qrﬁéiﬁésteﬁﬂ&ﬁ St Ees%' k¥d GHverags to
han 30% of the

t he extent of nore reacte groups oI ycar bonat es
accordi ng5t o one of mbleeulab oweighte M, ofnﬁuim:lZ&(DOTm ISQ,BOQ,hrmefemdbéy ifeomal 4500 tthat

structural elements_of formul a ave.a val ue af tQ
saponi fication and m@’gé{% q&%h%ﬁ ?hauﬂeemnet%%fgﬁwla @50 ppm

R'

HO )

wherein R, R' and R" may each independently of the others represent H,

10 optionally branched C,-C,,-alkyl/cycloalkyl, C,-C,,-alkaryl or C-C,,-aryl,
and, optionally, branching agents, characterised in that structural elements of
formula (II)
HO-Z(COOH)-OH an
15

have a value after total saponification and HPLC determination of less than
300 ppm, Z being as defined for formula (VI) and the acid group being in the
ortho position relative to a hydroxy group.

20 2. Polycarbonates according to claim 1, characterised in that the end groups
consist of alkylphenol end groups to the extent of more than 30% of the

reacted end groups.

3. Polycarbonates according to one of the above-mentioned claims,
25 characterised in that structural elements of formula (II) have a value after
total saponification and HPLC determination of from 0.03 ppm to 250 ppm.
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4. Process for aration of th ol ycarbopat es
according to t‘&@ﬁyﬁ%}‘gﬁt ion, charactetis®edtn®hat phosphoni uht YEFR006377,
used as catalyst. 5. Process according to claim4, in which the catalyst is
used in concentrations 5 of from10'2 mol to 10'6 nol, based on 1 nol of
di phenol . 6. Process according to claim4-&¢-5, characteri sed in that the
catalyst is tetraphenyl phosphoni um phenolate. 10 7. Use of the

| ow branchi ng, solvent-free, aromatic pol ycarbonates according to the
invention for the prrostss fdiﬂh@freﬁﬁﬁh&edfth@%%raﬂi&&@?ﬁlycﬁﬂi&h&t@@ﬂcco&hﬁgHﬁt S,
especially for transparent applications, such as data stores or audio
conpact disks, sheettBe inventian, oharacterised insthat phasphoniumsaltsars usessas catatyss.,
especially panes for notor vehicles, headl anp | enses, but also for

el ectrical 15 applications or house bui | di ng.

5. Process according to claim 4, in which the catalyst is used in concentrations
5 of from 102 mol to 10 mol, based on 1 mol of diphenol.
6. Process according to claim 4 or 5, characterised in that the catalyst is

tetraphenylphosphonium phenolate.

10 7. Use of the low-branching, solvent-free, aromatic polycarbonates according to
the invention for the production of moulded bodies and semi-finished
products, especially for transparent applications, such as data stores or audio
compact disks, sheets, multi-wall sheets, films, lamp housings, panes,
especially panes for motor vehicles, headlamp lenses, but also for electrical

15 applications or house building.



