;e3e,\*], YXXYZ@\ 6\ T*] zd HWD 02/ 26862 PCT/ EPOL/ 10562 Use of

copol ycar bonawved2/kbegs2pr esent i nvention provides the use of sCraEPsrmsexk
resi stant and inpact resistant copol ycarbonates with particularly good | ow
tenperature properties and good 5 ageing stability for apﬁ),I ications in

whi ch particularly good |ow tenperature pyoperties and/ or' m,mﬂmmmmmIng
stability are required, for exanple for autonobile constr t er nal

applications, as well as new copol ycarbonates per se. For aut-gsedile
construction and other external applications attenpts have | ong been 10
made to find Aeat are as resistant as possible to chemcals
and preferably transparent, and that on the one hand are resistant to | ow
tenperatures and on the other hand have a high ageing stability.

Pol ycar bonat eBheapresdny rveatidy ptovides Itke ade dfsirebeonpek afsistans and impact hesistanend t o

fracture and 15 to | ose their notch-'lrrpa(gci strengt h. Pol ycarponates exhi bit
in addition afopebycaibgpaige vath temsaialyuged HeVolFrinFEAtyTea BEOPFTIES sid gROd

t enper at ir e, - agej ng..ef fec - de : r i

tompor at br o, GBI RBHE! KEChoidRhoR R WRA R CRAR P eRBlae oy
strength is Zftopérgad bhd/antlhigh egking dtaboy henkuquiréd, ebr akample Hoghmeaiobilg

Ther nopl asti cs Pol ycarbonat es, Pol %(acet als, Polyesters, Cellul ose Esters",
Carl Hanser \ewsiectiomesiesternalppniicationieds Well ps neppoepolyparbppateg pense. i o as a
result polycarbonates al so becone brittle. 25 Copol ycarbonates based on

4, 4" - di hydr oxydi phenyl and 2, 2-bi s(4-hydroxyphenyl) propane are al ready
known from JPFér dulom@BR, confteuctiog aflé sthet betdrmiahagphctions abidthptsthayve WngHhedn’ O
938, US 5 532 324 and US 5 401 826 as being particularly resistant to

chemi call8, hempdstaingd aplycahonatesuthat 1aye pe Jaustprisps passible ipi ¢ghemmeals apdi n

conpari son to rggeﬁﬁﬁgghﬁb'géﬁg VR4 }tﬁ%ﬁ tt%%%é‘iﬁhﬁ’%%ar%ﬁstﬁﬁ’{ tgﬁ&vft{/ﬁﬁ%@\%eg apd

bi sphenol t heP ical properties and transparenc

there is no i#fliheathedRad hadlela High hfeengddthilityar t that these copol ycar bonat es
have particularly good | ow tenperature WO 02/ 26862 -2 PCT/ EPOL/ 10562
properties, quite apart fromwhether these polycarbonates have a speci al
ageing Polycarbonates are typically brittle at low temperatures, i.e. they tend to fracture and

15 to lose their notch-impact strength.

Polycarbonates exhibit in addition after storage at temperatures below the glass
transition temperature, an ageing effect that depends on the storage time and
temperature, as a result of which the high energy level in the notch-impact strength is
20 significantly reduced (Bottenbruch et al., “Engineering Thermoplastics
Polycarbonates, Polyacetals, Polyesters, Cellulose Esters”, Carl Hanser Verlag,
Munich, Vienna, New York, 1996, p. 183 ff.), i.e. as a result polycarbonates also

become brittle.

25 Copolycarbonates based on 4,4'-dihydroxydiphenyl and 2,2-bis(4-hydroxyphenyl)-
propane are already known from JP 5 117 382, and are described in EP-A1 0 544
407, US 5 470 938, US 5 532 324 and US 5 401 826 as being particularly resistant to
chemicals, heat stable and particularly flame-resistant, while having in comparison
to commercially available polycarbonate formed from pure bisphenol the same
30 mechanical properties and transparency. However, there is no indication at all in the

prior art that these copolycarbonates have particularly good low temperature

L
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stabiliity. The object was accordingly to find a transparent polycarbonate
that on the owe oas$25 has i nproved | ow tenperature strengt RCTERPELIISE t O
pol ycar bonat e of pure 2, 2-bis(4 hydroxyphenyl)propane, and on the other
-hand has an inproved ageing stability conbined with inproved stress-crack
behavi our. It has now surprisingly been fpund that the copol ycarbonate
according to the 10 invention when stored below the glass transition
tenperature of the copol ycarbonate does not exhibit any ageing effect that
depends on the storage.tine and tenpperature, with the result that the high
energy | evel PRPEHES fBHEHNARHEEM M‘P@ﬁbﬁ?‘?sf’ é’o:f\;@f’%oﬁ%t&s JAve tah%’ec‘a} ageing

pol ycar bonat eg,lgnot becorme brittle. 15 This unexpected agei ng behavi our
of the copol ycarbonate according to the invention is particularly inportant
for practical applications. Many applications involve constantly
alternating thernal stressea. he {o ol ycar bopat e cording tq the

i nvention t huSPTOMEE!Wastaceorqingsy okt a{tﬁ%s(paﬁggpgy% onalfpbat b therne haad ¢
strengthsat | . i j ot n
Storage Bt t BRI incralih dehEl SRR ppOERbRIE SPhE RS e
account of agieydigxyphémd)psopahbieamt esehd other drahd dras semc mptone ygding atabdityo t he
use of copol ycarbonates that are conposed of 0.1 nole %to 46 nole %
preferably 1l1carghinedyyith igaroyed alress-ragk bghayaeuri cul ar 26 nole %to 34 nole %
of conpounds of the fornmula (1), 25 H30 R~ Rz WO 02/ 26862 -3
PCT/ EPA / 10562 wherein RL to R4 independently o f one another denote H,

Cl- C4-al kyl, pheRyhow ssupsiiditigly estephfonyd that tel ogmilycafbophter akebydilg to the

C, -C4-al kyl or halogen, and particul arl ¥ragr_e,f erably all denote the sane

radi cal 10i n pavention whensteyied belopv the glass trapsition isHcEatR A Lhe copplysadongte o
99.9 nole %'t 9 ] o 0 ;
par i cul ar et BfiotnPhEil Bifecl bt ol ¢, Rltade et titbudls, o

O ~ \ X ~ ~ Huith e fBSull thaRtheWigh &iefgyRevéldn B hdatctepapute sirdngtiofs rotamedand her

denote H, CH3, Cl or Br, and X denotes C | -C5-al kyl ene, C2-C5-al kyl i dene,
C5- C6- cycl oal tegpehisarbosateside netyheresas Rijiticdene, as nmonomers, as materials in
areas in which particularly good | ow 15 tenperature properties and thermal
stability are required.

15 This unexpected ageing behaviour of the copolycarbonate according to the invention
is particularly important for practical applications. Many applications involve
constantly alternating thermal stresses. The copolycarbonate according to the
invention thus constitutes a material that has a very good notch-impact strength at
low temperatures, but which does not lose this property on storage at temperatures

20 below the glass transition temperature on account of ageing effects.

The present invention accordingly relates to the use of copolycarbonates that are
composed of 0.1 mole % to 46 mole %, preferably 11 mole % to 34 mole % and in
particular 26 mole % to 34 mole % of compounds of the formula (I),

25

R\ R

30 Rz R



Most particularly preferred and thensel ves covered by the present invention
are copol ycarwoanesszconposed of 34-26 nole % especially 3Be2Eromiose®s in
particular 32-28 nole % nore especially 31-29 nole % and particularly
preferably 30 nole 20 of nononers of the formula (1), in each case

suppl enented by a conpl enentary content of _nononers of the fornula (I11).
The percentage data given for the bisphenol nononers refer to the total
content, defined as 100% of bisphenols in the polycarbonates. A pure

bi sphenol A 25 po] ycarbopat.e wou| d .t hen consist of 100% Qf bi enol A. The
car bonate pr o%B‘i’rFinoﬁaftPo]ﬁﬂ é“a‘}eBG‘PAeBﬂ&cqfdo@sﬁ%‘?t eroﬁeq%q [ e@"pé'a@ggrlgﬁéyﬁed in
this connecti : f.er | referr j y
preferred ar eﬁlgé tﬁgegr 8&1@3’ ershla ?Jrﬁgﬂtl’ﬁ#g%fea!b%&hg’ g? ?’ &r égf hgggéﬂ’ Eg:ﬁ(F gérlrﬁgﬁ 1y
preferred or prefrabdarili cddnatd \ther @her rredicd) inopposutar oHs os peti.-bust] and
herei nafter. WO 02/ 26862 -4 PCT/ EPA /10562 The definitions, quantitative
rati os and ex{MASTPRIAY ARMBES: hBoile’ MRl PAmele vpPrefFrally 85 mele % &169 anges
my howeyer a3 Bend AbANE:R ABR %30 chinidl 9118 BARBARIS of tE-foith the
respective ranges and preferred ranges. They apply as appropriate to the
end products as well as the precursors and internediate products. 5 It has
now surprisingly been found thg& such copol ycarfEBnat es on the one hand have
particularly good | ow tenperatuneg properties, @and on the other hand al so

have particul arly good agei ng prg i es. ¥ may I herefore be used as
moul ded articles everywher eH@he g POIYRE known () to now are
i nadequate as regards 10 their pyepe , for exanple in the

el ectrical sector as well as ipethe constructi ogésector, for coverings or
gl azinglOin particular in the gehi cle sector as films, sheets, fittings,

mountings or housing parts, but also in the optical sector as |enses and
data storage devicess ,asswell a ticles of, daily, use,..and, nmor
specifically ‘(X/E%YF’él ?‘r’rﬁ? el(’}d?ﬁ?élﬁﬁﬁ[y %ft:%’l‘?)fi F?qtg}ero‘aer%?sﬁstqacg:ltod ]%I*ué'lﬂfi(?gl s
conbi ned at t§{gofaMe dPCl-uilent,t h @RedalkonddRMPe cucil§cRARRAL T escand/ or
ageing stability are requiréd. In addition they may al'so réplace ot her

mat eri al s i n eyelalkytidenes as nomameps lay cmtdrmaineacdsanevinoly phitichlerly gobé dow used
on accoypt of their insufficient |owt erature, properties. 20 Good | ow
t enper atdre picBPEFAYIE roperiss qad thergg taj’dnﬁ%aﬁ‘?ﬁﬁu‘trgithe i nvention to mean
for exanple, but not exclusively, a good | ow tenperature toughness, since
conventional polycarbonates at | ow tenperatures undergo brittle fracture in
t he not ched- bisfost pmictlatle girefe@bd laods thempevest covesedabe thingesatt dadermioacarei ng

to the invention to be tenperatuyr | ow - 10C, preferably below -20C nore
preferably be?wxcsﬁe}la%gg)mw@' ngﬁ"gglf‘&olﬁ/%ﬁéﬁe& Wﬁéﬂdﬁpl_e edn@agicular
especi al |y betnwe ;700 g fl8l3 15108 b el agel 0t fof
under st ood accordlnﬁ)g tﬁdq?ﬁeelgﬁr%vean ion 30 teo%ﬁggﬂgj?lggﬁgggﬁ%%%%bj&ﬁ%%tﬁ
excl usi ¢ély, of goadmomtaththenfoantlasf), emgath adseesuppleinted/ R68@Bdmplementary

content of monomers of the formula (II).

The percentage data given for the bisphenol monomers refer to the total content,
defined as 100%, of bisphenols in the polycarbonates. A pure bisphenol A
25 polycarbonate would then consist of 100% of bisphenol A. The carbonate

proportion from carbonic acid esters or halides is disregarded in this connection.

Preferred, particularly preferred or most particularly preferred are polycarbonates
that have the preferred, particularly preferred or most particularly preferred

30 compositions specified hereinafter.



PCT/ ERPOL/ 10562 tenpering, since conventional polycarbonates after tenpering
becone brittlwoandesshus tend to exhibit fracture and cracki pgI/EPens6i ng i s
understood according to the invention to nmean storage at tenperatures 5
bel ow the glass transition tenperature of 155C, the tenperature range
preferably being from40C to 140C, particglarly preferably from 60C to 140C
and nost particularly preferably from80C to 140C. Preferred conpounds of
the formul a (I) are 4, 4" - di hydroxydi phenyl (DOD) and 4,4' 10

di hydr oxy- 3, 3 tetra(tert.

&Y Py ar oxbh Rgess diintkte ok e B ieitra AP v ygeneral terms or

4, 4" - di hydr oxydiBhey rabed et 16§ BEL bt BIERed with th

4, 4" - di hydrox% |rp§enym‘|Ioge Fr)ra tll%(vzvlj3 arafy preferred. Preeerv‘Fledor%:eozﬁlﬁ)ouerrldlse of

the fornul a (bdtyvear the 2espedtive(rdngey dnd pygidresdyangrso fhae apply is djfpropriate to the
bi s(4- hydroxyphenyl )-3,3,5-trinmethyl cycl ghexane_ and

1, 3- bi s] 2- ( 4- Wd}rg %@;ﬂ\y?l} aszth5 pgﬁgwspﬁéwgéﬁtgrmedlate products.

1, 1- bi s(4- hydroxyphenyl) - 1- phenyl et hane,

1, 1- bi s(4hydr oxyphenyl ) - cycl ohexane, in particul ar

2, 2- bi s( 4- hydit by pbve Butprisingpateen (foursipthesuch Appalpchrbonates on the one hand have

1, 1- bi s(4- hydroxyphenyl)-3 3,5-trimethyl cycl ohexane (bi sphenol TMC), and
most parti cul BATHSHInTGEePAHPY EmMpemtue ARRPRHiSsy Hite AY | ﬁ’p?tg‘?fah@dZ@ls? Biagphenol

A. On
b1 nary copol iy aanlt BEod SR fosddefSihep Rlertic b Py bR Btefy |
25 Simlarly mv@mﬂ@mr:b thke potgcattmnanek &anh)uprrwyndaze ares Bdegiiatehad Rgards

formati on of binary copol ycarbonates, as well as several conpounds of the
formul al@r1). thwnepr@a%x Jrofiles,hforf @?Wl%lén(‘lh)? elpeirieal| gectpayasomalloas|iy ®ent ain
| mpurities dug, Lo, & {Eﬁhf%?' v 1 19 Sf 1&1‘1‘9[“ Ve SeROIEEE or o

Iy K

desirabl e and soug ese e s are enpfo ed in

as high a st aﬁlms;fshw lﬂtﬁng?s$ nmﬁhgﬁ 6r housi/l’@ MsZB&&aso ﬁ1 FPBpoEEQHeM&QB The
production of polycarbonates and copol ycarbonates is generally known in the
literature, alesdsandidais stapgy ¢ayiasatasoonk asapiicien eiglajlyivge.tand maas speciftoally di ng

to the inventj 5 Acc 19 779,the prod
ol ycar bonat RS IBRRFERRyR PP RE ridte i doraieBr SRR pemse
fornulai§l) phimkeariaPhyod dvws niickie RBFeriTBY shdddesdefigCadbiNtyams eshired. e t he
phase interface process and the honobgeneous phase process.

addition they may also replace other materials in which conventional polycarbonates

have not hitherto been used on account of their insufficient low temperature

properties.

20 Good low temperature properties are understood according to the invention to mean
for example, but not exclusively, a good low temperature toughness, since
conventional polycarbonates at low temperatures undergo brittle fracture in the

notched-bar impact test.

25 Low temperatures are understood according to the invention to be temperatures
below —-10°C, preferably below -20°C, more preferably below -30°C, most
particularly preferably below —40°C and especially below —50°C.

Good thermal stability and ageing stability are understood according to the invention

30 to mean for example, but not exclusively, a good notch-impact strength after



10 For- the production of polycarbonates according to the phase interface
process referwoanresyg be nade for exanple to "Schnell", Chercsimryl/aos6R
Physi cs of Pol ycarbonates, Polyner Reviews, Vol. 9, Interscience
Publ i shers, New York, London, Sydney 1964 and to Pol yner Reviews, Vol. 10,
"Condensation Polyners by Interfacial andsSolution Methods", Paul W
Morgan, Interscience Publishers, New 15 York 1965, Chapter VIII, p. 325 and
EP 971 790. In addition it is also possible to produce polycarbonates by

t he known pol ycar honat e producti on roc ss in the nelt (so-called nel
transesteri {1 CEPPBRS pfrlmeeg%l)venmaérpo GAROREES BEEF BPeEiR mfceme Pritie @ad 19 64

6401 or Dﬁhﬁ@teﬁdgg %g]ra]l%%%ctul'é"mﬁ% Ctkluggn 20 transesteri f| cati on processes

(acet ate process an ester process) are described for exanple in
US-PS 3 494 885, 4 386 186, 4 661 580, 4 680 371 and 4 680 372, in EP-A
261 20, 26121, 26684, 28030, 39845, 91602, 97970, 79075, 146887, 156103,
234913 and 24BgvRering ifandergigod aoqapding fo ggnsion f¢ meap Sipragy Al tepupergiures

copol ycaebon ul ar
nerght) Dot wesno o) et T RHSE Sy b DL 4 e ke B SpasCES
determi ned bybeirgasioi #Q°C he 140Gt pavicidalyupiefsrably Soas i609Cito 1dDeb aad anedt hane
or in mxtures of equal anmpunts b ht of phenol / o-di chl or obenzene,

cal i brated bypartigiHarlysprgfarehly figm @%’Cﬂqé Bdfycar bonat es according to the

i nvention can be processed in the conventional way at tenperatures of 240C
to 380C, preferably 260C to 360C. Suitable WO 02/26862 _7_ PCT/EPOL/ 10562

moul ded arti CPl%selﬁaCboﬁﬁ@ah@s &fathe tf@rrrﬁﬂ@d?l@ﬁm e rulaydfa;owipﬂmy Obyand4act i on
C

nmoul di n extrusi on. Mul ded articles and extrudates t he

copol yc 29 bon aglbxdra&téﬁdﬁﬁgtetfé(tﬁlﬁebqtmﬁbmqn&h are %s@lh&df@é}“bﬂhwl -BR85,pr esent

ol ubl 6 i1 sl Q&ebtﬁilh%ﬁﬁ‘én??”%ﬂ“%?ﬁﬁé By berb B ot SR e RPRRN V one

chlori de, and4ma&ih dﬁ@p@@aﬁﬁmafrlgrprgxﬁm)l e in a known vvay into cast
films or sheets. e co ination of properties such as thermal stability,

good | ow t enmper ature 10 properties, ageing stability and resistance to

h | | h 0l b d i
b oad range. of <Lt atgney SHE SRR IS freclemive SRS GoRf st o5
according to pib@-hyay&Riphey1)-58!suenettylc g%ﬁf}ﬂk%mepm'l% bRl @MhyRsoyPhéiPpun are

required in many areas of bui T di ngs, vehicles and aircraft, as well as
hel met shi el d&-prapyl]peungoet i on bfl- Hls(|4+lsfdraers/pbmyb)l-l-ph@1yiethaml s. 3.1,1Ppis@uct i on

of bl ow nmoul ded, artic e for exanpl e. 94). 4.
Product i on of%( B‘&ﬁf@é@ *Ufeet & |W"|b i c?regf’ls@'édg%@ ‘?35%}” fts,
for exanple f@iispﬁ@f(cﬂrAﬁﬂncbll'ﬂ ﬁb@Q?dWhéﬁyl)r BB |sW@iioth IR RMRRURE®isPRbhol
lighting installations. . Production of traffic I"i ght housi ngs or road
si gns. TMC), and most particularly preferably 2,2-bis(4-hydroxyphenyl)-propane

20 (bisphenol A).

One compound of the formula (I) may be used, with the formation of binary

copolycarbonates, as well as several compounds of the formula (I).

25 Similarly one compound of the formula (II) may be used, with the formation of

binary copolycarbonates, as well as several compounds of the formula (II).

The educts of the formulae (I) and (II) may obviously contain impurities due to the
synthesis. A high degree of purity is however desirable and sought after, and

30 accordingly these educts are employed in as high a state of purity as possible.



6. Production of foans (see for exanple DE-AS 1 031 507). 30 7. Production
of fibres andwbimasgks (see for exanple DE-AS 1 | 37 167 and PET@EB01L105&5
137). WO 02/ 26862 PCT/ EPOL/ 10562 g 8. As translucent plastics materials
with a 'glass fibre content for |ight technol ogy purposes (see for exanple
DE-OS 1 554 020). 5 9. Production of precgsion injection-noul ded snall
parts, such as for exanple | ens nountings. For this purpose pol ycarbonates
are used that contain glass fibres, which optionally may additi onal |y
contai n about referred,to.the total ht 0.

b oduct i on_of THpPiodiptih e Polvetboasrand fpopkfibatirhf faabiydhppn i e

phot ogr aphi ¢ GRIRERS afd'ds als'o”&zﬁ'ﬁé@roﬂﬁ c6§€§>oﬁ@ih Xﬁ‘l”ﬂieeczggs SR ofdinf ko 1ths) -

11. As light-transnission carriers, parti cha as |1 ght-conducting

cabl es (see fmvemicanpl e EP-AL 0 089 801) 15 12. As electrical insulation
materials for electrical |eads and for plug housings as well as

pl ug- and- socket connectors. 13. As carrier material for organic

phot oconguct 0iscordfle 14 DEEDRIL Y 9FY 91% érlr@cmeﬁfn!l bgp& carﬁo&teshseghmﬁt Qlth
scattered |ight pané . 15. For medic applica . g. oxygenators,

di al ysi s equi qhamammmlohﬁof Ronorhers dstthé fforamhd (Ic)qxrefembly m. gxluthmt, tahe snore
utensils and chocol ate noul ds. 7 For i cations E}Eﬁﬂe aut onobi | e
sector where HSH ‘&E Y @FtoRangded glpgaqeurg}quﬁﬁtpgoqﬁsy 'E)‘i: Or3PEeNSOUSFRRAsE hor t
articles, suc]{)}. g% sfor exanple slalompoles. WO 02/ 26862 -9 PCT/ EPOL/ 10562
19. For house old articles, for exanple kitchen sink units and letter box
housi ngs. 20. For housi ngs, for exanple electrical distribution cabinets. 5
21. For ot her | i cations, such as for exanple stall-feeding doors or

ani mal d8ges. cPrn heaproduciion of i nok¥carhopatse aseEQidingete ﬁ]?f‘olﬁhﬁsﬁe“}ﬁ‘?féﬁ?e NRIOERSE | ar
wei ght ar Omat} erélpcepﬂla Cé%l}ﬁmt Bt Qiar}éﬂi1§5f8”"§£}£1'eﬁ'“ Cﬁaﬁ{s %U%Fdr :@yp?sefoer f ed

preferred thicknesses ween 1 an 0 um “ard par
t hi cknesses bpélyegborkfesaRblEé Reviewse Vidll 95 Iniisaienes Pubiistives, NewaXbed,| y or
biaxially stretched in a _manner known
London, Sydney 1964 and to Polymer Reviews, Vol. 10, "Condensation Polymers by
Interfacial and Solution Methods", Paul W. Morgan, Interscience Publishers, New

15 York 1965, Chapter VIIL, p. 325 and EP 971 790.

In addition it is also possible to produce polycarbonates by the known polycarbonate
production process in the melt (so-called melt transesterification process), which is
described for example in DE-OS 19 64 6401 or in DE-OS 1 42 38 123. In addition,

20 transesterification processes (acetate process and phenyl ester process) are described
for example in US-PS 3 494 885, 4 386 186, 4 661 580, 4 680 371 and 4 680 372, in
EP-A 26120, 26121, 26684, 28030, 39845, 91602, 97970, 79075, 146887, 156103,
234913 and 240301 as well as in DE-A 1 495 626 and 2 232 997.

25 The copolycarbonates may have molecular weights M,, (weight-averaged molecular
weight) between 10,000 and 60,000, preferably M, of 20,000 to 55,000, determined
by measuring the relative solution viscosity in dichloromethane or in mixtures of

equal amounts by weight of phenol/o-dichlorobenzene, calibrated by light scattering.

30 The polycarbonates according to the invention can be processed in the conventional

way at temperatures of 240°C to 380°C, preferably 260°C to 360°C. Suitable



per se, preferably in aratio of 1:1.5 to 1:5. 15 The filnms nmay be produced
by the known wetgeeéss2f or fil mproduction, for exanple by extcusmponioss2 a
polymer nelt through a slot die, by blowing in a filmblow ng nachi ne, by

t hermof orming or by casting. In this connection it is possible to use the
films as such alone. Conposite films withyother plastics filnms can of
course al so be 20 produced with them according to conventional nethods, in
whi ch connection all known filnms may in principle be used as partners

dependi ng on the desired application and fina] . propert rofile of the
Composi 1o 11 MPUACECHRITET BBE shothsag borprdured 4R 2 BROWE. TN CmesHOR
addition the a L i | i sed
i n other Iaye@gggir%ggﬂrs@psuc ﬁ)g'sq}qglﬁlgg]gnn% gtalﬂﬁ e%@@%srﬁggg%%@%&&%ﬁg
pol ycar bonat esccanling @i thgirtventidreare alse mbvared bptheqoeseni appliaatiomus t er mi nal

groups. These are introduced by chain termnators. Chain termnators within
the nmeani ng of 30 the invention are conpounds of the fornmula (I11)

WO
02/ 26862,- 10 P ' an o E ' ntly
of one a%ot heﬁ%ﬁ%‘?&éﬁﬁgégﬁ? %ﬁ%ﬁ% tpéér]g%%‘h{eaa 381%3%% gﬁ@i}f’ ﬁ%oé*'%gfﬁf/ép 5
C7- C34- al kar y¢hierindtét G3drogasbons,f €or exangle embiblylehe pétdodde, and tnydy pignot,
cunyl phenol, phenol or octyl phenol, preferably butyl phenol or phenol. 10
The pol ycar boPraeessediipy cxynplgiim a known wapdrtacast dime opshieets. 3. 6 nol e %
(referred to the di hydroxy conpound) of branching agents. Suitable
branchi ng agents are the conpounds containing three or nore functional
groups that aTke stmbélakien fal pfopeiviearsactak ehemod utdbilivy, gpodflewatehipetangse
with three or nore than three phenolic 15 OH groups, for exanple branching
agents 30ch aproperéicsmangeing stapitity, andgresighance, to shemicalsc enahles the copolymers
1,1, 1-tri-(4- n i sati | SCI le. Jxi:l i ar .
subst ances an%&égéﬁ@g&:%@v%@n g) ﬁ%gséodz%mh%é%d\fm&flﬁgg ﬁé‘p@g‘%%‘;t}&’%s?b%ﬁ?f{%lg
accordi ng to ippichtiomBIfii pdlycaciohales bevoadihg o theeivenib®RNIdees. Suitabl e
auxi liary 20 substances and reinforcing agents include, inter alias thernmal
and UV stabilisers, anti-blocking agents/flow auxiliaries, nould rel ease

agents, flanmeproof| agent s Lhgment.s. finely divided m neral fi.bre
Subst ances. e g, ab Ryl A sy ERG Bfiora A8 kel ftaty, ASES ol huldifis,,
nol ecul a5 wei ght  cagsl¥yArdcairtedft] a8 Siclra$ helnddt gkieldat ed conmpounds, salts,
chal k, quartz flour, glass and carbon fibres, pignments and their 25

conbi nations. Such conpounds are described for exanple in WD 99/55772, pp.
15 25, and in,"Pla tics.AchoftPi ves"e,. . E’af: ter and H Miller, Hanser

Publ i shers 1983. NbiSHelgm o H%res%(ﬂé\/ﬁ%é 5'°%or exanpl e pol yol efi ns,

pol yur et hanes, polyesters, acrylonitril e/ butadi ene/styrene and pol ystyrene
may al so be m xed with the 30 pol ycarbonates according to the invention.

3. Production of blow-moulded articles (see for example US patent A 2 964
20 794).
4, Production of light-permeable sheets, in particular hollow-cavity sheets, for

example for covering buildings such as railways, greenhouses and lighting
installations.
25

5. Production of traffic light housings or road signs.

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

30 7. Production of fibres and threads (see for example DE-AS 1 137 167 and DE-
OS 1785 137).



WO 02/26862 -11 PCT/ EPOL/ 10562 These substances are preferably added to the
fini shed pol ywertboesste i n conventional equi pnent, though depenaiPoigloser
requirenents the addition nay al so take place at a different stage in the
‘producti on process,. The follow ng exanples are intended to illustrate the
present invention w thout however restrigcging it. WO 02/ 26862 -12
Exanpl es PCT/ EP01/ 10562 Vari ous pol ycarbonates were synt hesi sed according
to the known nelt production processes, such as are described for exanple
in DE 4 238 123, and via the phase 5 interface process, such as descri bed
for exanple in "Schnell", Chem stry and Physics of Pol ycarbonates, Polyner
Reviews, Vol.g9, I|ALerffhRBse Pdéff+d Hiftrdals Noith YO HassL GBAORonteHTEY 1HeRP4,
and were conpared wt connergla y avai |l abl e Maktol on of conparabl €
viscosity. 10 The tecimiogyepusmisas (soeforiexamplictDE-ks] fbb82Hed in

di chl oronet hane at a concentration of 5 g/1 at 25C, calibrated by |ight
scattering. The flexural inpact test according to | SO 180/ 4A was used to

determing theyinp I i4in ERORIEmbued ON&cR A5IDH Blaigle 30
nol e %o? di te%dr o%fig tgﬁw%}%) n?ﬁg 70 %Peeogh%ﬁg% e’n%{c A vas pr oﬂ(]uced
i n the phase i nt erlkacmopntgss For Tkis purdost pblybahohatesasre 20edithedc@asain lgbass
termnator. The granules had a relative sol utii on Vviscosity of 1.

[ 98.
Exanpl e 2 A pol ycalitygharhick sptiomaHy mpysdditisnallusaptaimepou i lﬁowmé‘ Mol
bi sphenol A was ZﬁeRQRHHSQQtBQIRQ&ﬁPhase i nterface process.

Tert.-butyl phenol was used as chal®h term nator. The granules had a rel ative
solution viscosity of 1.341.

10 10.  Production of optical instrument parts, in particular lenses for photographic

cameras and film cameras (see for example DE-OS 2 701 173).

11. As light-transmission carriers, in particular as light-conducting cables (see

for example EP-A1 0 089 801).

15
12.  As electrical insulation materials for electrical leads and for plug housings as
well as plug-and-socket connectors.
13. As carrier material for organic photoconductors.
20
14.  Production of lamps/lights, e.g. headlamps or scattered light panels.
15.  For medical applications, e.g. oxygenators, dialysis equipment.
25 16. For foodstuff applications, e.g. bottles, utensils and chocolate moulds.

17.  For applications in the automobile sector where contact with fuels and

lubricants may occur.

30 18.  For sports articles, such as for example slalom poles.



WO 02/ 26862 -13 Exanple 3 PCT/EPOL/ 10562 A pol ycarbonate contai ning 30 nole
% of DOD and w9 oankss2% of bi sphenol A was 5 produced in thepoeEPo1/10562
transesterification process. The product had a relative solution viscosity
of 1.28. Conparison exanple 1 10 A polycarbonate containing 35 nole % of
DCOD and 65 nole % of bi sphenol A was prodgced in the nelt
transesterification process. The product had a relative solution viscosity
of 1.295. 15 Conparison exanple 2 A polycarbonate containing 25 nole % of
DOD and 75 nol e % of bi sphenol A was. prepared jn the pelt,
transesterifiEhti olﬁprp?ewgglﬁ Hicles, JB‘EGE‘EIHH]& 5“&@%?' ety and JRtter be%sity
of 1.295. 20 Corrpaﬁ(%lﬁﬁ&slexarrpl e 3 A pol ycarbonate containing 20 nole % of
DOD and 80 nole %o I'sphenol A was produced in the nelt
transesterification process. The product had a relative solution viscosity
of 1.295. 25 A conparison with commercially, available Makrolon is given in
Tabl es 1-2. 26nD obordwgsings, fauexpplegiestyiaa dissripiop cabipslsat eRel ati ve

sol uti on5vi scosi t yMakrol on 2808/ 581. 293Makr ol on 31081. 318Exanpl e

11. 298Exanpl e 21. 341Exanpl e 31.277Conpari son exanple 11.295Conpari son

exanpl e 21 . 298ConpRdér sther applitatiéns] buelBas Tabktaniple GalPRedia@dodts bheaniawil ut i on
vi scosities Pol ycarbonat eNot ch-i npact strength according to | SO 180/ 4A23C

[ kJ/ nmR] - 40C [ kJ/ n29a88HC [ kJ/ n2] - 60C [ kJ/ n2] Makr ol on

2808/ 5890z8s9s7sMakr ol on 310895z11s8s8sExanpl e 182z56258z60zExanpl e
267z67z65z66zExanpl e 354z60z38z42zConpari son ex. 1Not

measur ed35z 262 paionaa filme nmey .be2ploduseda e ik B iNat makralir eskigs Canhatit son
ex. 3Not neasuredl4sNot neasuredll s Table 2: Conparijson of the
not ch-i Aact Relyesepnatesed thamventiong Thenfilmsdaye greferred thicknesses of between 1

and 1500 pm, and particularly preferred thicknesses between 10 and 900 pum.

The films obtained may be monoaxially or biaxially stretched in a manner known
per se, preferably in a ratio of 1:1.5 to 1:5.
15
The films may be produced by the known methods for film production, for example
by extrusion of a polymer melt through a slot die, by blowing in a film blowing
machine, by thermoforming or by casting. In this connection it is possible to use the
films as such alone. Composite films with other plastics films can of course also be
20 produced with them according to conventional methods, in which connection all
known films may in principle be used as partners depending on the desired
application and final property profile of the composite film. A composite of two or

more films can be produced.

25 In addition the copolycarbonates according to the invention may also be used in

other layer systems, such as for example in co-extruded sheets.

The polycarbonates according to the invention may contain various terminal groups.
These are introduced by chain terminators. Chain terminators within the meaning of

30 the invention are compounds of the formula (III)



= brittle fracture z = tough fracture WO 02/ 26862 PCT/ EPOL/ 10562 - 15
Table 2 showswblwe,2eseperi or | ow tenperature toughness of thePCT/EP01/10562
copol ycarbonates according to the invention of Exanples 1-3 at -60C.
St orage condi ti onsExanpl e 1Makrol on 280846 hours at | 35C52x8s7 days at
135C54z20 days at 135C52z2 hours at 150C53z24 hours at 150C53z 5 Table 3:
Conparison of the notch-inpact strengths according to | SO 180/4A in [kJ/ n2]
s = brittle fracture z = tough fracture 10 As can be seen from Table 3, the
copol ycarbonate according to the invention exhibits a significantly changed
property profile also after agei n@R' Pol ycarbonate formed from pure
bi sphenol A already exhibits brittjfle fracture behaviour after a storage
time of 46 hours at 135C, wheregs lT\ge tough behaviQur of the 15

copol ycarbonate can still p@-ebs 8 even after (B ays. Moreover the
copol ynmer, even when stored at Az8c/fol | owed by a notched-bar inpact test,
still exhibits a good tough fRacture W€haviour. WO 02/ 26862

PCT/ EPOL£10562 - 16 Patent Clains 1. Use of thernoplastic copol ycarbonates
conposed of 0.1 nole %to 46 nole % preferably 11 nole %to 34 nole % and
in particul aeré‘remDRe I%ztrml R4 ﬁaymh@ep%ldn‘ntlgoanﬁ)onmdﬁothér daeoté Al nuption@lly, Rv
i~3 HO-C~ ~~~ ~~CH ~ to R4 |ndependently of one anat her

denote H, Cl -@Uﬁleﬁyq:l Cp}t‘?&kbﬂf"}’c@éllll%]t i@ edlsndgn Cobshavbdancxample dubh y H,
Cl-C4-al ky' pghe 3l 1|9§J1‘pﬂ9n adtﬁ%ﬁ%h&{ Uﬂr%l)}yotpéc 1%@9&1 gl%lfératﬂg%ﬁtﬁ phé}%lsa”e

radi cal ,

99.9 m)le %t@rlﬁ&nﬂple % preferably 89 m)le %to 66 m)le % and in
partlcular 74 nole %to 66 nole % of conpounds of the formula (I11) Rs 20
Ho ~ ~ *0Rfi 7 OH 25 wherein R5 to R8 independently of one another denote

H Ci3, CL or 'Eﬁf 301293'@1 g%r}g f ? #lkuﬁmﬁ KRLERE of G702 Pb 'dik d/ep'gferre

C5- C6- cycl oal ene, as nononers, as "

areas in whi Cihepﬂhy‘zdr ’ff aénhyolgﬁwflwmhﬁmeﬁﬁsur&ntabmp&rawﬁﬁg a@d{ts)ﬁrealﬁel ng
stability are require . Use of the copol ycarbonates according to
claim1 for esarepavads amytmwag, thiee or more functional groups that are suitable for

polycarbonate production, preferably those with three or more than three phenolic
15 OH groups, for example branching agents such as are named in EP-A 708 130, p. 4,
preferably 1,1,1-tri-(4-hydroxyphenyl)ethane and isatin biscresol.

Auxiliary substances and reinforcing agents may be mixed with the polycarbonates
according to the invention in order to alter their properties. Suitable auxiliary
20 substances and reinforcing agents include, inter alia: thermal and UV stabilisers,
anti-blocking agents/flow auxiliaries, mould release agents, flameproofing agents,
pigments, finely divided minerals, fibre substances, e.g. alkyl and aryl phosphites,
phosphates, phosphanes, low molecular weight carboxylic acid esters, halogenated
compounds, salts, chalk, quartz flour, glass and carbon fibres, pigments and their
25 combinations. Such compounds are described for example in WO 99/55772, pp. 15-
25, and in "Plastics Additives", R. Gichter and H. Miiller, Hanser Publishers 1983.

Moreover, other polymers, for example polyolefins, polyurethanes, polyesters,
acrylonitrile/butadiene/styrene and polystyrene may also be mixed with the

30 polycarbonates according to the invention.



3. Use of the copol ycarbonates according to claim1 for fil ns. WO
02/ 26862 PCT/&BQ228362 - 17 4. Use of the copol ycar bonat es aCtrdellrlgmto
claiml1 for optical applications. 5. Use of the copol ycarbonates according
to claim1l for nedical and foodstuffs 5 applications. 6. Use of the

copol ycarbonates according to claim1l inhe autonobile sector. 7. Use of
t he copol ycarbonates according to claiml in the electrical sector. 10 8.
Copol ycar bonat es according to claim1l, characterised in that they are

conposed of 3 nmol e % of of t as as a
cogl ement ar yﬂﬁﬁ% anges ﬁ‘ﬁrpéﬁfénﬂgpyoé?dﬁa &0 ther Hﬂ"f@g ngjcarb%ngte if Sonvantional
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comparable viscosity.

10 The relative solution viscosity was measured in dichloromethane at a concentration

of 5 g/l at 25°C, calibrated by light scattering.

The flexural impact test according to ISO 180/4A was used to determine the impact

strength.
15

Example 1

A polycarbonate containing 30 mole % of dihydroxydiphenyl (DOD) and 70 mole %

of bisphenol A was produced in the phase interface process. Tert.-butylphenol was
20 used as chain terminator. The granules had a relative solution viscosity of 1.298.

Example 2

A polycarbonate containing 30 mole % of DOD and 70 mole % of bisphenol A was
25 produced in the phase interface process. Tert.-butylphenol was used as chain

terminator. The granules had a relative solution viscosity of 1.341.
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10" o!! 10% ngrﬁauceaq{otﬂég‘m(ﬂ)t transesterification process. The product had a relative solution
viscosity of 1.295.

Comparison example 2

15
A polycarbonate containing 25 mole % of DOD and 75 mole % of bisphenol A was

prepared in the melt transesterification process. The product had a relative solution

viscosity of 1.295.

20 Comparison example 3

A polycarbonate containing 20 mole % of DOD and 80 mole % of bisphenol A was
produced in the melt transesterification process. The product had a relative solution
viscosity of 1.295.

25

A comparison with commercially available Makrolon is given in Tables 1-2.
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Comparison example 3 1.286

Table 1: Comparison of the solution viscosities

Polycarbonate Notch-impact strength according to ISO 180/4A
23°C [kJ/m?®] | -40°C [kJ/m?] |-50°C [kJ/m?*] | -60°C [k)J/m?]
Makrolon 2808/58 90z 8s 9s 7s
Makrolon 3108 95z 11s 8s 8s
Example 1 82z 56z 58z 60z
Example 2 67z 67z 65z 662z
Example 3 54z 60z 38z 427
Comparison ex. 1 Not 35z 26s 20s
measured
Comparison ex. 2 Not 19s Not 13s
measured measured
Comparison ex. 3 Not 14s Not 11s
measured measured

Table 2: Comparison of the notch-impact strength and softening temperature
s = brittle fracture

z = tough fracture
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Table 3: Comparison of the notch-impact strengths according to ISO 180/4A in

[kJ/m?]

s = brittle fracture

z = tough fracture

As can be seen from Table 3, the copolycarbonate according to the invention

exhibits a significantly changed property profile also after ageing. Polycarbonate

formed from pure bisphenol A already exhibits brittle fracture behaviour after a

storage time of 46 hours at 135°C, whereas the tough behaviour of the

copolycarbonate can still be observed even after 7 days. Moreover the copolymer,

even when stored at 150°C followed by a notched-bar impact test, still exhibits a

good tough fracture behaviour.
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1. Use of thermoplastic copolycarbonates composed of 0.1 mole % to 46 mole
%, preferably 11 mole % to 34 mole % and in particular 26 mole % to 34

5 mole % of compounds of the formula (I),

1 3

R R
"o Q Q S
R? R

10

wherein R! to R* independently of one another denote H, C,-Cy-alkyl,
phenyl, substituted phenyl or halogen, preferably H, C;-Cy-alkyl or halogen,

15 and particularly preferably all denote the same radical, in particular H or tert.-
butyl, and complementary amounts, i.e. 99.9 mole % to 54 mole %,
preferably 89 mole % to 66 mole % and in particular 74 mole % to 66 mole
%, of compounds of the formula (II)

RS 7
20

HO X OH @

RS R®

25 wherein R® to R® independently of one another denote H, CHj3, Cl or Br, and
X denotes C;-Cs-alkylene, C,-Cs-alkylidene, Cs-Cs-cycloalkylene, Cs-Cq-
cycloalkylidene, as monomers, as materials in areas in which particularly

good low temperature properties and/or ageing stability are required.
30 2. Use of the copolycarbonates according to claim 1 for external applications.

3. Use of the copolycarbonates according to claim 1 for films.
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7. Use of the copolycarbonates according to claim 1 in the electrical sector.
10
8. Copolycarbonates according to claim 1, characterised in that they are
composed of 34 to 26 mole % of monomers of the formula (I), as well as a

complementary content of monomers of the formula (II).



