WD 99/ 02579  wo 99/02579 o PEUTARI/NEEE63 A
process for produci ng pol yearbonate The present invention relates to the
production of thernoplastic polycarbonatesihy the known transesterification
method in the nelt, fromdiphenols, carboxylic acid diaryl esters and
optional |y brapching nophenol s, at tenperatures between 80
and 400[ er r] C ‘Rgosess 1or RIOCHEINS DOIVEELRONAO0 mbar and 0.01 mbar, with the
use in conjunction of catalysts, which is characterised in that

N-al kyl -substituted piperidines or Nalkyl-substituted norpholines

conprising C2 . ' t : ot

subst i tuent s, ISR s hidiiohles Y oo R BF Beroffesec M Nafbobles by he

catal ysts in dmow thardéstérifitatib® methoddi the melk,dom Aiphérols Rasboailid Aid Hiaryl

10-[err] noles, per nole diphenal. The preferred N al kyl pi peridines are

N- e]E hyl pij pﬁ{ i Fnsﬁ'@s; and Wﬂbpbrwmw Agengirndier menophensla, Bt isEipFERKes between ]
referre a : ine an

Rl-i sopr opyl norép%)‘ﬁ)‘{n@. efh@é@rgn%%egg&wgé%@?o %glll a{rh%oo\i\?”l\i- rg?&?%?ﬁ)@ﬁgl on,

toget her or i nconjimetGsoftvatalysiewhithtis ¢hataesepisédinitht Dahlikglrsubstitbted pipeiides or

N-containing catal ysts is known fromUS-PS 5 434 227, wherein piperidine
and N- et hyl noNpliol-suhstitited momphelines spmprising C2 +Gn N-alkyl substityents; prsfasatly Co-
produced in thf L ' examples. As | t
her mal 1y and*“éiﬁ%@@t?%besﬁwgﬁm@%ﬁ ABHROR GRS el SRR REBTRA
whi ch are obt ainpefuatsky 10fao P00 anis, prefeetbll 6 0o 102 mole Ry ile dipBenol.
di stingui shed by their |ight inherent colour and by high |ight
transm ssion, even after |ong-termthernal Ioadin%.tl Mor eover, they are
2

subst anti al | y Theeprefercath dhalkylpipdridioés etes N-ethylpipending.c Nepropylpipetidise | dnd Nnd
are naturally solvent-free. t he, se f.the ptocess according {0 t
present i nve%tlﬁ?m?pﬁme'i“ﬁ?‘?n @%&?f&ﬁ?@ﬁa@ﬂm‘é@h@mﬁﬁl ﬂﬁ\/\gféléy&mﬂﬂﬁlxgh‘t‘es FIE
the pol ycar bonghsvimdhHoind SR NSprépythéipholfife. Pranchi ng agents of formul a
(1)

Y

These may be used on their own or in combination, together or in succession.

The melt transesterification method using N-containing catalysts is known from US-PS
5 434 227, wherein piperidine and N-methylmorpholine are cited (column 12, line 44).

Polycarbonates produced in this manner (comparative examples 1 and 2) are less

resistant thermally and exhibit yellowing phenomena.

In contrast, the polycarbonates which are obtainable by the process according to the
invention are distinguished by their light inherent colour and by high light transmission,
even after long-term thermal loading. Moreover, they are substantially free from
unwanted defects in the polycarbonate itself, and are naturally solvent-free.

In the sense of the process according to the present invention, the term "substantially
free from unwanted defects in the polycarbonate" means that the content of branching
agents of formula (I) '



[ERR] in.the pbwsasdgnate has a val ue after conpl ete saponi fpcaatrsnssend
determ nati on by HPLC of not nore than 300 ppm preferably not nore than
100 ppm Diphenols which are suitable for_the production of the

copol ycarbonates used according to the invention are those of general
formula (11) wherein X, R and n have the sane neaning as in formula (1).
Sui t abl e di phenol s are described, for egR@®pl e, in US Patents 3 028 365, 2

999 835, 3 062 781, 3 148 and 9 014, gm\DE- CS 0 703 and 2 063
050, and in the NMONOHGHE @ o) ai Nyvsops of (i)
. Pol ycarbonat es”, Intersci8ae f s, Ne rk, SR Preferred

dlphenols |nclude 4,4 - dlhyq-nypheny&Q 2 2- b|SGéﬁ-hydro4,Phenyl)-propane,
4- bi s- (4- hydr oxyphenyl ) - 2-n€t hyl but ane, 1,1 N

-b|s (4- hydr oxyphenyl ) - cycl ohexane,

2, 2-bi s- (3- et hyl - 4- hydr oxyphenyl ) - pr opane,

2,2-bis-(3- chIo -4- hydr oxyphenyl ) - pr opane,

bi s- (3, 5-di net¥ -l-hydroxyphenyl) nmet hane,

2, 2-bi s- (3, 5-di net hyl - 4- hydr oxyphenyl ) - pr opane, 2, 4-bis-(3

, 5-di nmet hyl - 4- hydr oxyphenyl ) - 2- net hyl butane, 1,1 -bis-(3

, 5- di met hyl - 4-Xydr ox g heCyalRylidene ariegolaaikylidene, B or a single bond,

- bi s- (4- hydroxyphenyl ) -3, 3, 5-tri net hyl cycl ohexane,

R = CHj, Cl, or Br, and

n =0,1or2,

in the polycarbonate has a value after complete saponification and determination by

HPLC of not more than 300 ppm, preferably not more than 100 ppm.

Diphenols which are suitable for the production of the copolycarbonates used according
to the invention are those of general formula (II)

R), R),

wherein
X, R and n have the same meaning as in formula (I).

Suitable diphenols are described, for example, in US Patents 3 028 365, 2 999 835,
3062 781, 3 148 172 and 4 982 014, in DE-OS 1 570 703 and 2 063 050, and in the
monograph by H. Schnell, "Chemistry and Physics of Polycarbonates", Interscience
Publishers, New York, 1964.



1,1 -bis-(4-hygoosyprenyl )-3-nmet hyl cycl ohexane, 1,1 PCT/EP98/03863
- bi s- (4- hydroxyphenyl ) -3 , 3-di net hyl cycl ohexane, 1, 1

- bi s- (4- hydr oxyphenyl) - 4- net hyl cycl ohexangg .

2, 2-bi s- (3, 5-di chl oro-4- hydroxyphenyl ) - propane, and

2, 2-bi s- (3, 5-di brono-4- hydr oxyphenyl ) - propane. Exanples of particularly
preferred di phenols include: 2,2-bis-(4-hydroxyphenyl)-propane,

2, 2-bi s- (3, 5- ddpRLRY ighehyd iRRdRhenyl ) - propane, 1, 1
- bi s- (4- hydr oxyphenyl )-cycl ohexane, 1,1
- bi s- (4- hydr oxdfphiimydrexyphny; t r i met hyl cycl ohexane, 1,1

2brzsbl(ésl ?Zdwﬁg%‘%‘l - éxgeéﬁ%ﬁcl ohexane.
1, 1- bis-(4- hy%gﬁ@@%%ﬁ?ﬁlﬁ% e?i?éﬂﬁbne cycl ohexane are particularly

preferred Any “m xt nti oned di phenol s can al so be used.

-4 - The pol ychl-lbm@t—lgdrmqrph&ql)dg&cldbcxateel y branched in a controlled manner
by the use of s of br ents. Sone suitable branching
agents are: phi-&od 430@%‘}’ -hydroxyp en;lf)-pgop

e o T
: ?r 5i 'zr ih;/((jfro)f(lwis-QXS-mllilﬁamDA-hgdmgy;ﬂxenﬂ)-hethamri - (4- hydr oxyphenyl ) - et hane,

tri henyl ) - phenyl net hane
2, 2- bi s[ 4, 4- b|£ wﬁsﬂ dhbydrosphensilRiPpans; opane,
2,4-bis-~(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane,

1,1-bis-(3,5-dimethyl-4-hydroxyphenyl)-cyclohexane,
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
1,1-bis-(4-hydroxyphenyl )-3-methylcyclohexane,
1,1-bis-(4-hydroxyphenyl)-3,3-dimethylcyclohexane,
1,1-bis-(4-hydroxyphenyl)-4-methylcyclohexane,
2,2-bis-(3,5-dichloro-4-hydroxyphenyl)-propane, and
2,2-bis-(3,5-dibromo-4-hydroxyphenyl)-propane.

Examples of particularly preferred diphenols include:
2,2-bis-(4-hydroxyphenyl)-propane,
2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-propane,
1,1-bis-(4-hydroxyphenyl)-cyclohexane,
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
1,1-bis-(4-hydroxyphenyl)-3-methylcyclohexane.

2,2-bis-(4-hydroxyphenyl)-propane and 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-
cyclohexane are particularly preferred.

Any mixtures of the aforementioned diphenols can also be used.



2, 4- bi s- { 4- hydworgpieny! -i sopropyl )- phenol , PCT/EP98/03863
2,.6-bi s-(2-hydroxy-5'-net hyl -benzyl) - 4- net hyl phenol ,

2- (4- hydroxyphenyl) -2-(2, 4-di hydr oxyphenyl }-_pr opane,

hexa- (4- (4- hydr oxyphenyl -i sopropyl ) - phenyl )-ortho-terephthalic acid ester,
tetra- (4-hydr

tetra-(4-(4- hmﬁ%@%% E%’Bg%ﬁ?’}bffﬂﬁ?}?ﬁ 8@}:@%%@&&0?& manner by the use of

, 4-Di s- (4, 4" bl AR ST BrRR g dgerB! $9the sti@BRG nchiipthgeits akezul arl y
[err]-tris-(4-hydroxyphenyl)-1 ,73,5-triisopropyl benzene.” Ot her possible
br anchi ng agermhdoraghicin?, - 4- di hydr oxybenzoic acid, trimesic acid, trinmesic

acid trichlorigde,..c I,Lc chlaride nd
, 3- bi s- (3- et h@%‘ﬂﬁn@&%ﬁ;bﬂé@a}yﬂ%E%M)%pmnﬁ%roi ndol e. The 0.05 to 2
mole % W th regRaakhi bRy q@@f@g h&é@q, branchi ng agents which are
optionally use‘gé'?n co%%n’ctigc#\ an B’E used etpogg’t her with the di phenol s.
(Cj:gir g(éX)c/:l[ ic i’icitB,léaIie(?dlyHmMyph?wBFlﬁazm{eht hg. pr;asent }nVﬁnt i f)n are
i-C6-Clerr] a esters, prefera e diesters of phenol or
al kyl - subst i ti’éa'%ﬁéﬁﬁa@xgﬁmbiﬁ henyl carbonate or dicresyl carbonate
for exanple. 4G dp&g,}g ' 204 lRSier s are used in -5 - an anount of
1.01 to 1.30 #g]e(gg@rpr ie‘é@@l@e%? 2 toe’l. 15 noles, with respect to 1 nole
of bi sphenol . 2,2-bisjdibds-(eh ein cléhemylprapariepn conponents, nanely the
oy y¥Fprap

di phenol s and the, carboxylic¢ acid diaryl esters, are as free as possible
from al kali ara4Biskdrieoxyphenylisapeopyl)-phenol,

2,6-bis-(2-hydroxy-5'-methyl-benzyl)-4-methylphenol,
2-(4-hydroxyphenyl)-2-(2,4-dihydroxyphenyl)-propane,
hexa-(4-(4-hydroxyphenyl-isopropyl)-phenyl)-ortho-terephthalic acid ester,
tetra-(4-hydroxyphenyl)-methane,
tetra-(4-(4-hydroxyphenyl-isopropyl)phenoxy)-methane,
1,4-bis-((4',4"'-dihydroxytriphenyl)-methyl)-benzene, and particularly
&,oc’,a"—tris-(4-hydroxyphenyl)—1,3,5-tn'isopropylbenzene.

Other possible branching agents are: |

2,-4-dihydroxybenzoic acid,

trimesic acid,

trimesic acid trichloride,

cyanuric chloride, and
3,3-bis-(3-methyl-4-hydroxyphenyl)-2-0x0-2,3-dihydroindole.

The 0.05 to 2 mole %, with respect to the diphenols used, of branching agents which

are optionally used in conjunction can be used together with the diphenols.

Carboxylic acid esters in the sense of the present invention are di-C¢-C; aryl esters,
preferably the diesters of phenol or alkyl-substituted phenols, namely diphenyl

carbonate or dicresyl carbonate for example. The carboxylic acid diesters are used in



Pure carboxyl iwoaojogk76li aryl esters ‘or diphenols of this typePCIEHI&03863
obt ai ned by recrystallising, washing or distilling the carboxylic acid
diaryl esters or diphenols. In the processgaccording to the invention, the
content of alkali and al kaline earth metal ions, both in the diphenol and

1 e, £2r POk e O 5k gRARHHY G 1SR P S 0P

aromatic di hydy hegstpounds and the carboxylic acid diesters are then
react ed under the usual condensation polynerisation conditions known from
the literature. For exanple, these conditions conprise the nelting of the

ic dih d d of the,. b | i i d, di
Cempor at ures of SBopArY enviird et die feBcticn epBPIRIEGS F9eht e apheRie and Jhe
preferably 120 @ﬁ@@h&ﬁrdlgyl eé&@garéugrﬁaé'asgbmeﬁ%m McA1Phid AkalideCeapthHOWY. S

preferably 0.2 ours.” The catalysts according to the invention or
conbi nat i ons dfurt herteadytit yeeids dearyloestérs cort diphémols 06 ehisi type ccan bee obthieed by
before nelting or tQ . the nmolten starting materi.als.. An qligocarhopate is

t hen produced ﬁe%(ﬁ‘iaﬁﬁ@gaﬁ"@ﬁlﬂ{‘g er 3}8@3\%&39 cé‘%ﬁw{ﬂﬂ?‘%ﬁﬁrﬁ ﬁét%ﬁsa?rb%R{}]?nfog" &id
di ester by disgllli : Jalal-! , ' Gl Bshth

I ncreasi ng th(saﬂh%E g&r%%%a%ﬁ%&@%o{@g\% nglat8 b}’i tg@é{) ﬁtgmp%q?g%l?g%(ﬁat e |ésjl proglgg:atlad
during the condasath inthp dipherol adtin alie cdrboxybiy abidrdiligt esterc sleadd have dealue
tenperature to 240 to 4000C and by reducing the pressure to 0.01 nbar. It
may al so be adfaf@eRs, however, to conduct the condensation

polynerisation in two or nore steps. The oligocarbonates produced as the
intermediate step in the course of this procedure have average nol ecul ar

wei ghts Mv of BROBrddactish 60the Poloéaptichateycdn’ Bencaied dup ir neOfep. dFhedaioatatit ned
by neasuring the relative solution viscosity in dichloronmethane or in -6
- dihydroxy compounds and the carboxylic acid diesters are then reacted under the usual

condensation polymerisation conditions known from the literature.

For example, these conditions comprise the melting of the aromatic dihydroxy
compound and of the carboxylic acid diester at temperatures of 80°C to 250°C,
preferably 100 to 230°C, most preferably 120 to 190°C, under normal pressure, within
0.1 to 5 hours, preferably 0.25 to 3 hours. The catalysts according to the invention or
combinations of the catalysts according to the invention can be added before melting or
to the molten starting materials. An oligocarbonate is then produced from the aromatic
.dihydroxy compound and the carboxylic acid diester by distilling off the monophenol,
by applying a vacuum and increasing the temperature. Following this, the polycarbonate
is produced during the condensation polymerisation step by further increasing the

temperature to 240 to 400°C and by reducing the pressure to 0.01 mbar.

It may also be advantageous, however, to conduct the condensation polymerisation in

two or more steps.

The oligocarbonates produced as the intermediate step in the course of this procedure
have average molecular weights My, of 3000 to 24,000, preferably from 5000 to 20,000,

as determined by measuring the relative solution viscosity in dichloromethane or in



m xt ures. of eogwalosasgyynt s by wei ght* of phenol / o- di chl or obenz ®CI/EPSBDINE3 ar e
cali'brated by light scattering. The tenperature for the production of these
ol i gocarbonates is between 100 and 290[erl@. preferably between 150 and

280[err] C. The nonophenols forned during the transesterification to produce

RS R R R e s e

condensati on pgly; Ec%ﬁélji@t? e tehpehire ToA EHOPRIIAtioAPSS €Red loYig¥datBonates is
further addition of the catal ysts according to the invention to the

ol i gocar bonat ebetwgenf 100t dndr2907(C maefeiahly hetrseanchHfeaand 280%C. (Theasanopbenniofosmed C,
preferably to 250 to 320[err]lC,.. and at. a pressure of <1 00 nmbar, to 0.01

nbar. In the s tg? “@?%Stﬁ?%‘i?ggg tQ, progp 1599, OHFW\%ﬁﬁI%%YCgtWeaPP % fon
of the aromatig giRe B%YicTSRON) Brefidshly RS0CABRASY] mbaaCi d di ester can be
conducted continuously or batch-wse, for exanple in stirred vessels, thin

filmevaporators, falling filmevaporators, stirred vessel cascades,
extruders, kneaders, sinple plate actors and high-. viscosjty.pl at
reactors. The ﬁh"o?éﬁ"?aébcﬁ’&?ey’é aﬂ“?f%\‘fﬁ‘i §¥ °8’F‘£ OB RS ?‘sﬁ%%?fcsi{hﬁgoll%Scﬂrﬁ%“ate’

i nvention shoug; | '8 GHAEn B 6 hidlyseloaiiiglo 4R {080 §0nE00
preferably fr;%rﬁlfg,ﬁllége;ﬁ?‘og , 000, asng}gt erm ngg by rreasglcj){roi ng the relative
sol uti on vi scodigogarbonat, by fartherbicreasiag dhe temperatire te2300th 40035 prefemblytte 26¢
wei ght of phenol /o-di chl orobenzene i.ch calibrated by Iight
scattering. | ntoaddiG o af%PrteFﬁyFer°fI#18ﬁ?nhaﬁFPZ¢-§hF‘%%l our as mentioned above,
t he pol ycarbonates produced according to the invention preferably have a

| ow term nal OH group content of <1200 ppm are stable towards hydrolysis,
and are di sti nuthshsese etheetbesss according @o they irivestion, Ithe) geactiorof fier amimatic

stability. Ml ecular weight regulators, such as al kyl phenol s )
(i sooct yl phenofihydrosuegmpavad snd the eapboxilin acisl diester eath he pendugied centinpouslyiog

t he known manngr. .( EP 3 5 i n.or t L4y ty L h i r
mol ecul ar wei glﬁa}tcsl-l(-meb]&&{ heéig%mgley n“'g r%ﬁ'&d Qfeéshﬂ] thﬁl 711t e%l)toraqgrg, %ﬂlﬁng film
evaporators, stirred vessel cascades, extruders, kneaders, simple plate reactors and high-

viscosity plate reactors.

The aromatic polycarbonates of the process according to the invention should have
weight average molecular weights of 18,000 to 60,000, preferably from 19,000 to
40,000, as determined by measuring the relative solution viscosity in dichloromethane or
in mixtures of equal amounts by weight of phenol/o-dichlorobenzene, which are

calibrated by light scattering.

In addition to their light inherent colour as mentioned above, the polycarbonates
produced according to the invention preferably have a low terminal OH group content of
<1200 ppm, are stable towards hydrolysis, and are distinguished, as mentioned above,
by their long-term thermal stability.

Molecular weight regulators, such as alkylphenols (isooctylphenol, t-butylphenol,
cumylphenol) for example, can be used in the known manner (EP 360 578) in order to

limit the weight average molecular weights My, of the polymers.



-7- Fillers angofe8jopd7er Ci ng substances tan be admi xed with tpeT/EP98/03863

pQl ycar bonat es produced according to the invention, in order to nodify the
properties thereof. Amongst others, the fokl ow ng adjuvant substances are
suitable as such: stabilisers (e.g. WV, thermal and ganma ray stabilisers),

anti-static agents, flow.enhancers, denoul di,n ent fl.a ret ar.dant

pi gments, fin lilerdiaﬂld'é’d‘—f???‘ﬁg (SYplanges) cfn B? Gﬂ@g?ag@ﬁéﬁ@eg(?ly%mgﬁ l&’?(ﬂg%
aryl phosphite 1@5]‘%518 : ; i Albngstoleigy| i C
acid esters, ha %ge c%gﬁgﬁ%’gﬁﬁeﬁﬁgﬁ@%&ug@kﬁﬁ g{tﬁﬁwand nﬁiss and
carbon fi bres.thdiislowing adjovdne substinyesars suitableas suchh stabidiisérs éeig WY htheteal and
pol ycar bonat es according to the jinvention, e.g. polyolefines.

pol yur et hanes, 8359ng 48, i@ .Sefq)hé‘gté'sté‘}ﬂﬁ%ﬂpﬁﬁo‘g@ﬁ%eﬁgﬂ?éaﬁﬁﬁamﬁbﬂ?rﬁ%

fini shed polyc {ap%@% ﬁgg&ﬁgﬁggﬁa?m‘%@ LRGEST ﬁ@oﬁiglpoaan&g}e,gadmﬁ%n@qg@d,

dependi ng on the req n another step of the process according to
t he inventi on. phdspldtesephosphatéssardl phospianes, ibw ralecubati weighthmrimxlylic acidestersy s
for special applications by the incorporation of blocgks, segnments and
conononers by $OBPP ,s,sglt@.ch@mwglp%@fslamnﬁmban%g% nal OH
groups, aromatic and aliphatic polyesters conprising termnal OH and
carboxylic acid groups, polyphenyl ene sul phide bl ocks conprising term nal
OH groups, or KNRERESBHeepslyBrisdan hlso bk adraixed withithgpsélpcatbonates ttopding sthe The
pol ycar bonat es whi ch are obtai nable according to the invention can be
processed in tinventiopvmgnokyelelings pobmratianeh PakYstreAgs to form any desired
noul di ngs. The pol ycar bonates which are produced according to the invention
can be used conmercially for the usual areas of application, i.e. in

el ectronics, iThdsBGubdthricdd Bt prefetadly addbdi 10 thetfiishee Hoblearbeans i dohventional
nanely for exanple as a support material for data storage nedia, for ribbed
panel s for covpworessingunjts buscandbe addedadensnding gn ithetrequirements; incanether gep ef the
appl i ances.

process according to the invention.

Moreover, it is also possible to modify the polycarbonates for special applications by the
incorporation of blocks, segments and comonomers by condensation, e.g. silane blocks
comprising terminal OH groups, aromatic and aliphatic polyesters comprising terminal
OH and carboxylic acid groups, polyphenylene sulphide blocks comprising terminal OH
groups, or polyphenylene oxide blocks comprising terminal OH groups.

The polycarbonates which are obtainable according to the invention can be processed in

the known manner and on known machines to form any desired mouldings.

The polycarbonates which are produced according to the invention can be used
commercially for the usual areas of application, i.e. in electronics, in the building sector
and in motor vehicle construction, namely for example as a support material for data
storage media, for ribbed panels for covering purposes, or as a housing material for

electronic appliances.



Vid 99/ 02579 wo 99/02579 ' PCT/PicR&o8/65%63 - 8
- ,Exanpl es Conparative exanple 0 114 15 g (0.500 nol es) bisphenol A and
113. 45 g (0.530 nol es) di phenyl carbonate_gere weighed into a 500 m

t hree-necked flask fitted with a stirrer, internal thernoneter and a

Vi greaux colu 30 cm netal -coat ed) and bri dge. The apparatus was freed
from at m)sphe;%%en by applying a vacuum and flushing with nitrogen (3
times), and the m xture was heated to 150[err]C. The resulting phenol was
distilled off at 100 nbar. At the sane tine, the tenperature was increased
to 250[ err] C. @Gomparativeexamplelle vacuum was enhanced to 10 nbar.
Condensation polynerisation was effected by reducing the vacuumto 0.5 nbar
and increasing the tenperature to 280[err]C. A solvent-free pol ycarbonate

was obtained, i 9.‘30?‘ g&%ﬁgﬂ/ls}ﬁﬁerﬁ)@ |AGh®1 1348 %Oﬁﬂ 339 1?151&) diPBenyl carbonate

(di chl or onet hane ZgFerr The cont ent branchi'ng agénts of
formula (1) i nwel’eavqglie;imaoladﬂam threodecked flasisfitie?] witina stitner, mtmﬁltlnarmﬁ]ﬁﬁml ue

ol Lgfdﬁf"séﬁ%"“af\t&r%’auiz%%‘@@e@%:éﬁ?r el pod b T eomerfcY fesddron
{her momot o aniiaRiEte DRV o) ppite gatun abd AkHihy W@ Rl £ igkl) Sig0e

appar atus was thixe@d was hoated fOEIOPE! Tl resuyitsgplivyobywsad dastﬂl;:da)ff/adoo ﬂml:mndAt the
flushing with nitrogen (3 tinmes), and the m xture was heated to 150[err]C

0.125 [err]| (saﬂ@oume,n@péewergtu&waaumréeasw i 2p@pefiert b hs%ﬁhremuum WRBS

same 11, ¢ ne b G o dfhel CEASskiy, PhBHskifin hs Yropl? o Rk, E°

vacuum was vacuum to 0.5 mbar and increasing the temperature to 280°C. A solvent-free
polycarbonate was obtained, which had a relative solution viscosity of 1.193
(dichloromethane, 25°C, 5 g/l). The content of branching agents of formula (I) in the
polycarbonate produced was 12 ppm. The phenolic OH value of the polycarbonate was
980 ppm.

Comparative example 1

114.15 g (0.500 moles) bisphenol A and 113.45 g (0.530 moles) diphenyl carbonate
were weighed into a 500 ml three-necked flask fitted with a stirrer, internal thermometer
and a Vigreaux column (30 cm, metal-coated) and bridge. The apparatus was freed from
atmospheric oxygen by applying a vacuum and flushing with nitrogen (3 times), and the
mixture was heated to 150°C. 0.125 pl (5*10* mole %) piperidine, with respect to
bisphenol A, was then added and the resulting phenol was distilled off at 100 mbar. At
the same time, the temperature was increased to 250°C. After 1 hour, the vacuum was
enhanced to 10 mbar. Condensation polymerisation was effected by reducing the
vacuum to 0.5 mbar and increasing the temperature to 280°C. A solvent-free
polycarbonate was obtained, which had a relative solution viscosity of 1.201
(dichloromethane, 25°C, 5 g/l). The content of branching agents of formula (I) in the
polycarbonate produced was 15 ppm. The phenolic OH value of the polycarbonate was
870 ppm.



enhanced to 10wobem2s7@ondensati on pol yrmerisation was ef f ect e®CIYERIBEB3R63 ng
the vacuumto 0.5 nbar and increasing the tenperature to 280[err]C. A

sol vent-free pol ycarbonate was obtai ned, whi.ch had a relative solution
viscosity of 1.201 (dichloronethane, 25[err]C, 5 g/l). The content of
branchi ng agents of formula (1) in the polycarbonate produced was 15 ppm
The phenolic OH value of the polycarbonate was 870 ppm -9- Conparative
exanpl e 2 The @pmpaeitive ex@apR2 i N conparative exanple 1, except that 1.97
[err]1 (4*10-[er] nole % piperidine were used. A solvent-free

pol ycar bonat e was obt ai ned, which had a relative solution viscosity of

1. 204 (dichl or.anet han 25[err] C vordRE C r b S
of formla (I )ﬁ?%PrPﬁ%F“beol”i‘);cﬁsr H%??é’%l’g?‘ag(r‘)S)&G‘é'& m%ggﬁe%%‘ﬁ?nﬁ'ﬁﬁgr@hiedr%“?’%a@«
val ue of the pRhuRRORER!BelES sSRENtHRE poariobate wat bbtalfedg whith30d avelatisd
bi sphenol A and 113.45 g (0.530 nol es) di henEI5 carbonate were weighed into

a 500 ni t hr eesoluionedsdosias kf fi20¢ ddichioromethane; 25,5 Bk dihgzgontent phuFBERIAE and
a Vigreaux colum ( cm tal s coated) and brj t eed
from at mspher?@nﬁﬁg@ﬂnﬁlﬁ o 9‘? rp&iyga%?gg%ﬁ tl?f%qlilg&fmgs- Lllﬁr@%\?\na’[.% ﬁll%tn\rggéednﬁ( 3
times), and th@alﬁgaqttﬂéﬁolmd}ﬁ@t%gggpﬁﬁo[err]c 0.34 [err]l (5*104 nole %
N-et hyl pi peridine, with respect to bisphenol A was then added and the
resulting phenol was distilled off at 100 nbar. At the sane tine, the
tenperature V\C@E incgaased to 250" C. After 1 hour, the vacuum was enhanced
to 10 nbar. i on pol ynmerisation was effected by reducing the vacuum
to 0.5 nbar and increasing the tenperature to 280'C. A solvent-free

pol ycar bonat e was obt ai ned, which had a relative solution viscosity of
1.285 114.15 g (0.500 moles) bisphenol A and 113.45 g (0.530 moles) diphenyl carbonate

were weighed into a 500 ml three-necked flask fitted with a stirrer, internal thermometer

and a Vigreaux column (30 cm, metal-coated) and bridge. The apparatus was freed from
atmospheric oxygen by applying a vacuum and flushing with nitrogen (3 times), and the
mixture was heated to 150°C. 0.34 pul (5*10* mole %) N-ethylpiperidine, with respect to
bisphenol A, was then added and the resulting phenol was distilled off at 100 mbar. At
the same time, the temperature was increased to 250°C. After 1 hour, the vacuum was
enhanced to 10 mbar. Condensation polymerisation was effected by reducing the
vacuum to 0.5 mbar and increasing the temperature to 280°C. A solvent-free
polycarbonate was obtained, which had a relative solution viscosity of 1.285
(dichloromethane, 25°C, 5 g/). The content of branching agents of formula (I) in the
polycarbonate produced was 20 ppm. The phenolic OH value of the polycarbonate was
240 ppm.

Example 2

The procedure was as in example 1, except that 2.74 pl (4*10° mole %) N-
ethylpiperidine were used. A colourless, solvent-free polycarbonate was obtained, which
had a relative solution viscosity of 1.260 (dichloromethane, 25°C, 5 g/l). The content of
branching agents of formula (I) in the polycarbonate produced was 6 ppm. The phenolic
OH value of the polycarbonate was 290 ppm.



(di chl or.omet hawe99R%7err]C, 5 g/1).' The' content of branchi ng PEFEPOS/03863
forrula (1) in the polycarbonate produced was 20 ppm The phenolic CH val ue
of the polycarbonate was 240 ppm Exanpl e @-The procedure was as in exanple
1, except that 2.74 [err]l (4*10-3 nole %9 N ethyl piperidine were used. A
col ourl ess, solvent-free polycarbonate was obtained, which had a relative
solution viscosity of 1.260 (dichloronethane, 25[err]C, 5 g/l). The content
of branching dpamipledf fornmula (1) in the polycarbonate produced was 6 ppm
The phenolic OH val ue of the polycarbonate was 290 ppm -10- Exanple 3
The procedure was as in exanple 2, except that the batch was pol ynerised
for 1.5 hours e LB L | i

pol yreri sat i orﬁeﬁ%ﬁe-%%lagm%%&ﬁé%?’\%ﬁ%%ﬁg% HS%F‘Q’E%?% nat eéﬁ}sr 1(') }tloelllimned,
whi ch had a r et 800%Einsth¢ fihal tep\of tleointisnsationl petfer{saiio | A lightesolomrne, solvent-
25[err]C, 5 g/l1). The content of branching agents of formula (1) in the

pol ycar bonat e fi€opRlycabangls was [S’BFﬂneqlhéNh&ﬁbeh@fgiacr Vg olpiogs viggpsity of 1.299

pol ycar bonat e ?(—_? o) . as |

except that 4*(%%)?&3%% éz/o r%%pé?‘%rag%trgét [ nehﬁv\%ls e@ﬁgg@?ﬁéﬁmgp%ﬁ_ A
sol vent -free polycarbohate ptaziuvaiswaidl (ppradTheplientlihOH valuccdfahe polycaboratdwas
viscosity of 1.264 (dichloronethane, 25[err]C, 5 g/l). The content of

br anchi ng ager?tsgpﬁm-fornul a (1) in the polycarbonate produced was 13 ppm
The phenolic OH val ue of the polycarbonate was 340 ppm Exanple 5

Example 4

The procedure was as in example 1, except that 4*10” mole % N-propylpiperidine was
used as the catalyst. A solvent-free polycarbonate was obtained, which had a relative
solution viscosity of 1.264 (dichloromethane, 25°C, 5 g/l). The content of branching
agents of formula (I) in the polycarbonate produced was 13 ppm. The phenolic OH
value of the polycarbonate was 340 ppm.

Example §

The procedure was as in example 1, except fhat 4*10° mole % N-ethylmorpholine was
used as the catalyst. A solvent-free polycarbonate was obtained, which had a relative
solution viscosity of 1.259 (dichloromethane, 25°C, 5 g/l). The content of branching

~ agents of formula (I) in the polycarbonate produced was 5 ppm. The phenolic OH value
of the polycarbonate was 330 ppm.



The procedure weeas7dn exanpl e 1, 'except that 4*10[err] nol PCHEP9S/ 03863

N- et hyl nor phol i ne was used as the catalyst. A solvent-free polycarbonate
was obtai ned, which had a relative solution viscosity of 1.259

(di chl oronet hane, 25[err]C, 5 g/l). The content of branching agents of
formula (1) i thel gl ycar bonat e produced was 5 ppm The phenolic OH val ue
of the polyca was 330 ppm - 11 - Exammle 6 The procedure was as
in exanple 1, except that 4*10-3 nole % N propyl norphol i ne was used as the
catal yst. A solvent-free pol ycarbonate was obtai ned, which had a _relative
sol ution vi scdBietpyocstlure wesas {ndgxempler b eueaphhat 4’21@?@&17 & Neprepylmorphaling wag ent

of branching agepts_.of faorpula {1) in the polycarbonat.e pr c pm
The phenolic d%“gﬁ Hg %?faaﬁﬁ'e‘&p%ﬁﬁ%té %eoﬂ(g %??R’/%Iée?ﬂﬁ %’gﬁfm%x@ﬂ%}f ggd%aaﬁvegays
7 days shiitida Wscosity of 1.239 @divilotonttifiant,” 25%6))i5SE1)0Thé lcorieft MMbrahéiigs
t hi ckness 4 mm anneali ng(ﬁa)t 140[err]C 1 (conparative) 83 82.5

82. 2 agentts of formylarfPdn she padycartwmats produced was $pprg. The phenolic Ol vatue
81.0 1 £ i 8% 2 " 0 m85. 6 85. 3 85.1 2
85. 6 of ghe pplycarbonate was 330 gpm. 84.7 3 86
85. 8 85. 3 85.1 4 85.3 84.9
84.5 83.8 5 85. 8 85 2 84 .5
84.1 6 Example 85.[9 days Gdays 14 dags 7 21 days83. 9
Light transmission at 420 nm, layer thickness 4 mm, annealing at 140°C

1 (comparative) 83 82.5 82.2 81.3

2 (comparative) 83.5 82.9 81.7 81.0

1 86.2 85.6 85.3 85.1

2 85.6 85.0 84.8 84.7

3 86 85.8 85.3 85.1

4 85.3 84.9 84.5 83.8

5 85.8 85.2 84.5 84.1

6 85.5 85.0 84.7 83.9




-12 - C.ai n5 W0 9902579 process for producing thernopl asti c polPCTmPISRSERS by
t he " krown transesterification nethod in the nelt, from-diphenols,

carboxylic acid diaryl 5 esters ang -opti onal ranchi ngagent s
and/ or nmonophenol s, at tenperatures between 80 and JW” m

pressures bet s’LOOO nmbar and 0.01 nbar, with the w#se; me”/on of
catal ysts, ch rised in that N-al kyl -substituted piperidi'nes ok

N-al kyl - substituted norpholines conprising C2-Cl2 N al kyl substituents are
used as catalysts in amounts of 10-[err] to 10[err] noles per nole 10

di phenol .- 2. ¢y A %Oggb%éssa%lorﬁb&l&h{gg thérfioPlabtic Chalyebiateie by thd hidown
catal ysts conpri sing -C8 N-al'kyl substituents are used as catal ysts. 15
3. A process acdomséstayification method, inghemelty &ois dighenls, ratboxsiltie hgidtdiaryl

conprising_C2-C5 N-aJ kyl substituents,are used catal ysts. 4. A

p][ ogess ﬁpéor di ngt teat:g %ﬁ?ﬁu??ig&‘?ﬁm%ge@ ?rb@gfﬁ? ;ﬂlﬁvf%%%gg%nt
0 ranchi ng agent patwéén' 0 end400°€ at Hekvdan 1000 OtnbaP Ak DDA B4
ppmin the polycarbonate, after conplet elgse?poni fication and determ nation

by HPLC. with the use in conjunction of catalysts, characterised in that N-alkyl-substituted

piperidines or N-alkyl-substituted morpholines comprising C,-C;2 N-alkyl
substituents are used as catalysts in amounts of 10 to 10 moles per mole
10 diphenol.

2. A process according to claim 1, characterised in that catalysts comprising C,-Cg
N-alkyl substituents are used as catalysts.

15 3. A process according to claim 1, characterised in that catalysts comprising C,-Cs
N-alkyl substituents are used as catalysts.

4, A process according to claim 1 for producing polycarbonates having a content of
branching agent structure of formula (I)
20

COOH

®), ' R), R), R),

of not more than 300 ppm in the polycarbonate, after complete saponification

and determination by HPLC.



