-1- Polycarbonates with rearrangement structures, cyclic and linear oligomers
and improved flow properties This invention provides compositions having
improved theological properties based on polycarbonate with rearrangement
structures and cyclic and linear oligomers,-and shaped articles 5 and
extrudates of these polycarbonate composmons The process for
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pubf) @atggs_erEé}A 0517 044 WO 2006/072344 and EP A 1609 818 and
documents cited there describe, for example, the interfacial and the melt
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andd FrAmd9,659. 15 Itis known that low molecular weight constituents
(oligomers, cyclic structures or additives) in thermoplastics lead to a
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Thus describes the use of cyclic aromatic carbonates as flow
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aromatic polycarbonates. It has now been found, surprisingly, that
1polydririeraeicang csiioris dbarotandveotiraseeszdydizadeintagesstertiration process is
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are present, and the polycarbonates preferably have a narrower molecular

15veigh %%W%Qpldv@n%lmﬁ %‘é E?ﬂ%@%g%ﬁ&’gmg Y iiMymiERes br Bhisiives) in

v KR BB A IO 1, R BRI o o erer

Thus, EP-A 0953605 descrlbes the use of cyclic atienecarbonates as flow improvers and agents

e act as inherent plasticizers.

for improving the shape transferability of lineaomatic polycarbonates.

It has now been found, surprisingly, that polycadie compositions do not have these
20 disadvantages to the same extent and at the samaééve lower melt viscosities, i.e. show better
flow properties and therefore improved processirgperties in injection moulding if the content
of oligomers - sum of linear and cyclic oligomers +educed and moreover certain amounts of
sometimes polyfunctional rearrangement structuoesiéd from carbonate structures are present,
and the polycarbonates preferably have a narrowaeaular weight distribution, i.e. a lower
25 inhomogeneity factor U = (Mw/Mn) - 1. This is alie more surprising since higher and non-
reduced oligomer contents are known to lead to @mpravement in flow. Furthermore,
polyfunctional rearrangement structures are knosviead to branchings and therefore to higher
melt viscosities and a broader molecular weightrithistion, which is accompanied at the same

time by undesirable poorer flow properties.
30 The present invention therefore provides

polycarbonates with one or more structures of greegal formulae (1) to (1V)



polyfunctional rearrangement structures are known to lead to branchings and
therefore to higher melt viscosities and a broader molecular weight
distribution, which is accompanied at the same time by undesirable poorer
flow properties. 30 The present invention t erefore provides polycarbonates
with one or more structures of the general ormulae (Dto(IV)-2-Cx () 002

x 000axYl-axa000 ~ x 0 0- (IV) in which the phenyl rings
independently of one anotheg po- or disubsfituted by C,-Cg- alkyl

or halogen, such as chlorine or bro preferably C,-C4-alkyl, in particular
methyl, and X 5 has the meaning given in the case of formula (1a), wherein
the amount of structural units (1) to (IV) in total |s in general 50 to 900 ppm,

based on the underlying pol more gontaining in total
linear and cyclic oligomers irfa a o n To 2 wt.%, based on the
total composition, wherein the linear?o @omers are those of the formulae (V)
to (1X) -3- O H_0- ZOO\ 1 (V)
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in which the phenyl rings independently of one &potcan be mono- or disubstituted byC-
alkyl or halogen, such as chlorine or bromine, gnably G-C,-alkyl, in particular methyl, and X

5 has the meaning given in the case of formula (1a),

wherein the amount of structural units (1) to (i)total is in general 50 to 900 ppm, based on the
underlying polycarbonate, and furthermore contajriim total linear and cyclic oligomers in an

amount of from 0.1 to 2 wt.%, based on the totahgosition, wherein the

linear oligomers are those of the formulae (V)I¥ (



n=1-6 0 H_0- Z-O JnO- Z -OH (VI) n=1-6 OIL%OLhO (V Il) Z-0 O\ n=1-6
~I\(VII) H_O-Z-On0On=1-6 (I X) Z-O nO n=1-6 wherein the amount of
structures (V1) and (IX) is less than 0.001 wt.%, and the cyclic oligomers are
those of the general formula (X) 10 0 W_5 wherein n is an integer from 2 to
6 and Z represents a radical of the formula (la) -4- -R R X Rz R2 (1 a) in

which
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n=1-6
wherein the amount of structures (VIII) and (IX)aéss than 0.001 wt.%,

and the cyclic oligomers are those of the generanhfila (X)

(0]
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(X)

5 wherein
nis an integer from 2 to 6 and

Z represents a radical of the formula (1a)



R'and R 2 independently of one another represent H or C,-C3-alkyl,

preferably H or C,-C4-alkyl, particularly preferably hydrogen or methyl, and 5

X represents a single bond, Cr to C6-alkylene, C2- to Cs-alkylidene or Cs- to
C6-cycloalkylidene, which can be substityﬁe_d by Cr to C6-alkyl, preferably
methyl or ethyl. In the context of the present application, the structural units

of the formulae (1) to (IV) are also called rearranrgement structures for
simplification. The strucftirsl s are deyivegkand result from the diphenols

or diphenol mixtures em plon of the polycarbonate. Thus
e.g. in 10 the case of bisphenorA as the diphenol, the phenyl rings of the
rearrangement structures aRé unsubstitutedR“The cyclig gligomers of the

general formula (X) contained in the polycarbonate compositions according

to the invgntion are preferably contained in amounts of from 0.2 to 1.2,
particularly preferably 0.2 to 1.1 and very particularly preferably 0.3 to 1

wt.%, 15 The cyclic stryctures contained in the campasjtions hav:
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occur. The linear oligomers of the general formula (V) to (VII) contained in the
PpolyCacpmsates ecrmgEsitions G Cortkiyigre, BetonVaritididesne qreéfeoaliygycloalkylidene,
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and very particularly preferably 0.4 to 0.9 wt.%. The rearrangement

structyres defi In-Yarou ratios with respect, ¢
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amount thereof being determined by means of HPLC -5- H. |i 0 o-
unsubstituted.

The cyclic oligomers of the general formula (X) tained in the polycarbonate compositions
according to the invention are preferably contaiimeé@mounts of from 0.2 to 1.2, particularly

preferably 0.2 to 1.1 and very particularly prefdye0.3 to 1 wt.%.

15 The cyclic structures contained in the compositioage essentially, i.e. to the extent of more than
95 %, ring sizes where n = 2 to 6. Preferably, simps where n = 3 and/or n = 4, particularly

preferably n = 3 occur.

The linear oligomers of the general formula (V) ({@ll) contained in the polycarbonate
compositions according to the invention are prdfigraontained in amounts of from 0.2 to 1.2,

20 particularly preferably 0.3 to 1.1 and very pariigly preferably 0.4 to 0.9 wt.%.

The rearrangement structures defined above occuarious amounts and ratios with respect to
one another. Their amount can be determined byl toyarolysis of the polycarbonate

composition.

In the degradation for analysis purposes, the lasleoular weight degradation products of the
25 formulae (Ia) to (IVa) characteristic for the pedliar rearrangement structure are formed, the

amount thereof being determined by means of HPLC



HHoloHova( 00,HOHO0010(111a) ,H JOy 00000 HO1OH
(iva) wherein the phenyl rings can be substituted as stated above in the
description of the formulae (1) to (IV) The amount of compound of the
formula (Ia) released by this procedure is typlcally 50 to 800 ppm, 5
preferably from 70 to 700 ppm, particularly preferably from 100 to 600 ppm
and very particularly preferably frgm 100 to 550 ppm. The amount of
compound of the formula (11a .@- by this procedure is typically O
(below the detection limit of & ppm)to 00 ppm, preferably from 0 to 90
ppm, particularly preferably from 0O o 80 ppm and very particularly preferably
from 0 to 70 ppm. 10 The amount of compound of the formula (1lla) released
by this procedure is typically 0 e limit of <5 ppm) to 60
ppm, preferably from O to 50 ppm, p P ably ffom 5 to 40 ppm
and very particularly preferably from 50 30 ppm. The amount of compound
of the formula (IVa) released by this procedure is typically 0 (below the
detection limit of <5 ppm) to 300 ppm, prefbr bly from 5 to 280 ppm,
particularly preferably from 1 ofz very partlcularly preferably
from 10 to 260 ppm. He

(o)
H. O O O O _H (va)
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wherein the phenyl rings can be substituted asdt@bove in the description of the formulae (I) to
(V).

The amount of compound of the formula (la) reledsgthis procedure is typically 50 to 800 ppm,
5 preferably from 70 to 700 ppm, particularly prefdyafrom 100 to 600 ppm and very particularly
preferably from 100 to 550 ppm.

The amount of compound of the formula (lla) relebbg this procedure is typically 0 (below the
detection limit of <5 ppm) to 100 ppm, preferabigm 0 to 90 ppm, particularly preferably from
0 to 80 ppm and very particularly preferably frortoGr0 ppm.

10 The amount of compound of the formula (llla) rekzhdy this procedure is typically 0 (below the
detection limit of < 5 ppm) to 60 ppm, preferabigri 0 to 50 ppm, particularly preferably from 5
to 40 ppm and very particularly preferably frono530 ppm.

The amount of compound of the formula (IVa) releblsg this procedure is typically 0 (below the
detection limit of <5 ppm) to 300 ppm, preferabilym 5 to 280 ppm, particularly preferably from
15 5to 270 ppm and very particularly preferably frathto 260 ppm.

For simplification reasons, the amount of structuréthe formula (1) to (IV) is equated with the

amount of compounds of the formulae (la) to (IVagased.

Preferably, the polycarbonates have the followirtgpmogeneity factor, the inhomogeneity factor

for various molecular weight ranges being as foiow



For simplification reasons, the amount of structures of the formula (1) to (IV) is
equated with the amount of compounds of the formulae (Ia) to (IVa)
released. Preferably, the polycarbonates have the following inhomogeneity
factor, the inhomogeneity factor for various molecular weight ranges being
as follows: -6- for low-viscosity PC according to the invention having an
average molecular weight (weight- average) of from 18,000 to 22,000 g/mol,
Uis 1.08 to 1.18, preferably 1.10 to 1.16, for medium-viscosity PC according

to the IRVRRECA AR BEIRPAYBEAQEHRRIRRIMRIP R (WRIGRE RAXEIRPSI&GEnt (weight-
fromaggreater than 22,000 to 26,000 I%gln Uis 1.18to 1.60, preferabt%l.Z

to 19887298 BicTRgH] BetePeAf 104 1%6 Ty Biedeiahly bré&anty 1.20

to 1.45. for high-viscosity PC according to the invention having an average _
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g/maletdds) b2hoia §réateprriarablyod. 2526 6O/ voarticslasly. poetesadiybl. 230 to 1.55,

to 1.50:An0YeRATIGUIBHH PLSTARY AP AR {0y fah-viscosity

PC according to the invention having an average molécular weight (weight-

average) of greater than 30,000 g/mol and preferably less than 50,000 g/mol ,
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conpesiticng aeeataing s el ipyentieerw ik rsairese ihesd o 1.45,
rearrangement structures and reduced content of oligomers (cyclic and

18neq)) el hg Hvanting e melriahDRYeA A6kl MaiRMweight (weight-
molecular wejght dlstrlbutloné(r%elatlvely low mh@r%)rﬂe‘ﬁ{bn?% factor U), £0 to 1.95
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additiygs. The polycarbonate compositions according to the invention with
reduced cyclic carbonate contents 20 and rearrangement structures and

having arelatively:famrow FHQ'%%%BB%‘(%F@%@%F?%@% (FELIRIYWAN, comprise the

inhomogeneity factor U) are prepared by the melt transesterification process

. { on p .
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preserotol ammariaabiphaleosphianveiy salis@sckialysigt distribution (relatively low

inhomogeneity factor U), aromatic dihydroxy compdsinare transesterified in the melt with

carbonic acid diesters with the aid of particulatatysts and optionally further additives.

The polycarbonate compositions according to theritien with reduced cyclic carbonate contents
20 and rearrangement structures and having a rehatimairow molecular weight distribution

(relatively low inhomogeneity factor U) are prephiey the melt transesterification process from

aromatic dihydroxy compounds with carbonic acidsties in the presence of ammonium or

phosphonium salts as catalysts.
Diphenols which are suitable for the preparatiopafcarbonates are those of the formula (1)
25 HO-Z-OH 1)

in which Z represents a radical of the formula (1a)



Diphenols which are suitable for the preparation of polycarbonates are those
of the formula (1) 25 HO-Z-OH (1) in which Z represents a radical of the
formula (la) -7- R _ R X Rz R2 (1 a) in which R' and R2 independently of
one another represent H, C,-C3-alkyl, pre_ff;r_ably H or C,-C4-alkyl,
particularly preferably hydrogen or methyl, and 5 X represents a single bond,
Cr to C6-alkylene, C2- to Cs-alkylidene or Cs- to C6ggycloalkylidene, which
can be substituted by Cr to G6>2 preferab gthyl or ethyl. Preferably, X
represents a single bond, met |so?|6ro defie, cyclohexylidene or
3,3,5- trimethylcyclohexylidene, particularly preferably isopropylidene or
3,3,5- trimethylcyclohexylidene.REO Examples offSuch di@ggroxyaryl
compounds are: dihydroxybenzenes, dihydroxydiphenyls, bis-
(hydroxyphenyl)-alkanes, bis-(hydroxyphenyl)-cycloalkanes and
nucleus-alkylated compounds thereof. Dihydroxyaryl compounds are

generall own or can be prepared by generall WN process .q. WO
OO G B A R B 4 e P S SRy e aih o ECrelion
dipHerildairReecteianly ByCryeae opmehiy. @#ydroxyphenyl)-propane (BPA),

bis-(4- hydroxyphenyl)-3,3,5-trimethyl-cyclohexane and

2,4 diepdiseydiplsenpid. hoislp@s Siikyte s eCeith €-alkgidithg dnogy aryls-cycloalkylidene,
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compounds to form copolycarbonates. The latter is of importance in particular
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20 Instead of the monomeric _ _ _
oligBtBe By IR e evEetRRinantRAEFHRMted BYTHRRING GROIDIY S GIso 16 335
emplioyabyaydogestairiemg . compound.

10 Examples of such dihydroxyaryl compounds are: dibygbenzenes, dihydroxydiphenyls, bis-
(hydroxyphenyl)-alkanes, bis-(hydroxyphenyl)-cydkames and nucleus-alkylated compounds

thereof.

Dihydroxyaryl compounds are generally known or banprepared by generally known processes
(e.g. WO 2006/072344, EP-A 1609818 and literatitexicherein).

15 Preferred diphenols of the formula (1) are: 2,2{Bihydroxyphenyl)-propane (BPA), bis-(4-
hydroxyphenyl)-3,3,5-trimethyl-cyclohexane and -4lifhydroxydiphenyl.

It is possible to use either one dihydroxyaryl compd to form homopolycarbonates, or various
dihydroxyaryl compounds to form copolycarbonatele Tatter is of importance in particular if

products having particular combinations of progertre to be prepared.

20 Instead of the monomeric dihydroxyaryl compoundsy Imolecular weight oligocarbonates

predominantly terminated by OH end groups can laéssemployed as the starting compound.

The dihydroxyaryl compounds can also be employedh wiesidual contents of the
monohydroxyaryl compounds from which they have bpepared, or the low molecular weight
oligocarbonates can be employed with residual ecast®f the monohydroxyaryl compounds

25 which have been split off in the preparation of theggomers. The residual contents of the



The dihydroxyaryl compounds can also be employed with residual contents

of the monohydroxyaryl compounds from which they have been prepared, or

the low molecular weight oligocarbonates can be employed with residual

contents of the monohydroxyaryl compou_géj_s 25 which have been split off in

the preparation of the oligomers. The residual contents of the -8-
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par ula refera upt rticularly, p. up to 2 % (see
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raw_materials, chemicals and auxiliary substances added to the synthesis,
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The |ar g%a nates whi h are swtﬁb e for the reactgJ n with the
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R" 10 wherein R, R' and R" indep endentI%/ of one another can be identical or
differénam Féﬁf%'éféﬁ% WYaPoyErSWRREHANYBrusMEl Ehectivdigyyaryl compounds are
C,-@dsaatkyterfdrow@62C34-aryl, and R can furthermore also denote

-COO-R™, wherein R"™ represents hydrogen, optionally branched C-C34-alkyl,
C7-C34- alkylaryl or C6-C34garyl. Such diaryl carlppnates are described, for
example, in EP-A 1 609 8187 [

carbonate, 4-tert-butylph

4-(1- methyl -l- phenylethyl) phenyl phenyl carbonate and
di-[4-(1-methyl-I-phenylethyl)-phenyl] carbonate. Diphenyl carbonate is

1partisieaily Bréteprst RY irdeigrfesabbohemeseoaiea & liteeinployetifaient and represent
resiﬁlytﬁbg@mtemarm|mmmgraxwadlc;%m9mwmmm,vwlﬁ'tg:n h@Yurthermore
hay g e B RS R TGS ST s Pl SR INY Br MY e, -alkyl, C-Car

alkylaryl or G-Csg-aryl.

Such diaryl carbonates are described, for exampleP-A 1 609 818. Preferred diaryl compounds

15 are diphenyl carbonate, 4-tert-butylphenyl phengtbonate, di-(4-tert-butylphenyl) carbonate,
biphenyl-4-yl phenyl carbonate, di-(biphenyl-4-garbonate, 4-(1-methyl-1-phenylethyl)-phenyl
phenyl carbonate and di-[4-(1-methyl-1-phenyletipiEnyl] carbonate.

Diphenyl carbonate is particularly preferred.

The diaryl carbonates can also be employed witlhdwet contents of the monohydroxyaryl

20 compounds from which they have been prepared. &bielual contents of the monohydroxyaryl
compounds can be up to 20 %, preferably 10 %, qudatily preferably up to 5 % and very
particularly preferably up to 2 %.

Based on the dihydroxyaryl compound, the diaryboaates are in general employed with 1.02 to
1.30 mol, preferably with 1.04 to 1.25 mol, partaoily preferably with 1.06 to 1.22 mol, very
25  particularly preferably with 1.06 to 1.20 mol peolnof dihydroxyaryl compound. Mixtures of the

abovementioned diaryl carbonates can also be erploy



compounds can be up to 20 %, preferably 10 %, particularly preferably up to
5 % and very particularly preferably up to 2 %. Based on the dihydroxyaryl
compound, the diaryl carbonates are in general employed with 1.02 to 1.30
mol, preferably with 1.04 to 1.25 mol, partlgularly preferably with 1.06 to 1.22
mol, very 25 particularly preferably with 1.06 to 1.20 mol per mol of
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to c@‘?ﬂ%@'dp"\?@#&?ﬂ% end groups. It is represented by the foIIowmg general

formula (3): R O-H (3) R. 6R 5 wherein R, R' and R" have the meaning given

for R and R2 in the case of formula (I&®. Phenol is preferred, i.e. all the

radicals in (3) represent H. In this c , @ monohydroxyaryl compound

which has a boiling point above th no&hydroxyétﬂ/l compound

which was employed for the prepr Rhe diaryl carbonates used is to

be chosen. The monohydroxyaryl compound can be added at any point in

ime W the Eﬁlﬁrse &%%the rﬁaactlon It |s\PreH)a %QI& adt ed at thffstartlof 1 Phenol
teadliGhCOr, HowaVer;: alse at & me&es@e%i pom N the 'course ofthe proc enol is
Thepeefateas o¢ fﬁééhﬁ(ﬁmh@)@d@ﬂf@@?ﬁwund can be 0.2 - 20 mol%,

preferably 0.4 - 10 mol%, based on the dihydroxyaryl compound. The end
grompsmﬁm@imxﬁo@vmdemearsir@mmﬁaWI odieratedidge pant sabove that of the
Mo YRR ICRMPAHRAPRARG LN hﬁ/@@% f\&%ﬂbﬂmr{@@.ww carbonates used

monohydroxyaryl compound on which the diaryl 15 carbonate chie
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10n tinfehe trcitourtesafrdferablsctitied|aishmtetéthd ke adidedathtbwestartagsfotlae any desired
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The end groups can also be varied by co-using iyldiarbonate based on a monohydroxyaryl

compound having a higher boiling point than the afgm@roxyaryl compound on which the diaryl
15 carbonate chiefly employed is based. Here alsodiduwgy| carbonate can be added at any point in
time in the course of the reaction. It is prefeyabtided at the start of the reaction or, however,
also at any desired point in the course of thegsscThe content of the diaryl carbonate based on
the higher-boiling monohydroxyaryl compound in tle#al amount of diaryl carbonate employed

can be 1 - 40 mol%, preferably 1 - 20 mol% andipaldrly preferably 1 - 10 mol%.

20 Ammonium or phosphonium salts, called onium saltthe following, are employed as catalysts in
the melt transesterification process essentiah&ihvention. Phosphonium salts are preferably

employed. Phosphonium salts in the context of tlvention are those of the general formula (4)

R® ()

wherein R can be the same or different-C ralkyls, G-Cys-aryls, G-Cys-arylalkyls or G-Ce-
25 cycloalkyls, preferably methyl orsC,-aryls, particularly preferably methyl or phenyhdaX can



1

can be 1 - 40 mol%, preferably 1 - 20 mol% and particularly preferably 1 - 10
mol%. 20 Ammonium or phosphonium salts, called opium salts in the
following, are employed as catalysts in the melt transesterification process
essential to the invention. Phosphonium salts are preferably employed.
Phosphonium salts in the context of the invention are those of the general

gofrfnb@|%1r€43nfoﬁill%élh%9, Iﬁyafdiﬁe(?mh@reﬂm%ﬂ@l I&?ﬂ(ﬁ@b@%ﬁ@mﬂwnate or a halide,
ifferent C1-C- s, C6-Cl4-aryls, C7-Cl5-aryla r Cs-C6- 25

cycB IR TR R B el TR R an pe o

or phefyiaaitkX earCeoyeleadsy| apiaraklicrng8%hydroxide, sulfate, hydrogen

sulfate, bicarbonate, carbonate or a halide, preferably chloride, or an alkylate

or aPgdimilefiyherédermadacaCiystwheeeiletRgaEmBphar@er0dhmrnde, Get@pranylahgdphonium
or Qﬁltﬁﬁd%d%k%trﬁfﬁwf&{ﬂﬁ%ﬂﬂ%ﬂbdmp PR arbn RERSTFREPALRIATS #Héholate being
tetraphenylphosphonjum chloride, tetraphenylphosphonium 5 hydroxide and
tetrgEHQHEj(\ B'S %FB%(iUm phenolate, tetraphenylphosphonium phenolate

being particularly preferred. They are preferably employed in amounts of

frond NRY &6 RETEEFABY pRIPRIRYEST iSRS 7]/ ediBot thaplaPEMat ! dihydroxyaryl
prefemabbyinl gracicats pbfederab in tonbOrsrobikab UidHer calalysts can be used

as a co-catalyst in addition to the onium salt of the abovementioned 10 type,

in ordehte tacipasectihensnsed 8f theopelivtandifasalior. cesedn@uge Hivementioned

Ika}line-actira §al.ts of alkali metals gpd alkaline earth metals, such as
e, Inor %E O InNcrease the speeq o hF P% eneatlorc‘i. .
ydt)gjmdes,a oxides and aryloxides of lithrum, sodium and potassium,

preferably hydroxides, alkoxides or aryloxides of sodium. Sodium hydroxide
e 53T e P TG PP ARG AR LG Fabf dpetes, such as

2,2 idr¢zidard rakgxnes pich enylexidesl 6 TiEuandsom@ndf paiastivenaotigfgrablitshydroxides,
of alitaliinatals Andaikalnesanth. reetiimas & SaeRtNshrReRSatR e most preferred,
range of o1 {0,500 pgb, preferably = o, 100 ppb and most peferably 5 o

2007ppb,n "each case Calculated as sadiu B2&d on the polycarbonate

to be formed.
15
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2

3

The amounts of alkaline-acting salts of alkali netnd alkaline earth metals as a co-catalyst can
be in the range of from 1 to 500 ppb, preferabty 300 ppb and most preferably 5 to 200 ppb, in

each case calculated as sodium and based on greagmnate to be formed.

The alkaline-acting salts of alkali metals and ktiaearth metals can already be employed during
the preparation of the oligocarbonates, that isalp at the start of the synthesis, or, however, can

0 also be admixed only before the polycondensatioorder to suppress undesirable side reactions.

There is also the possibility of adding supplemenganounts of onium catalysts of the same type

or of another type before the polycondensation.

The catalysts are added in solution, in order toicaharmful excess concentrations during the
metering. The solvents are compounds inherentdcsylstem and process, such as, for example,
5 dihydroxyaryl compounds, diaryl carbonates or mauinbxyaryl compounds. Monohydroxyaryl
compounds are particularly preferred, because ¢hgop skilled in the art is familiar with the fact
that dihydroxyaryl compounds and diaryl carbonaksady readily change and decompose at
slightly elevated temperatures, especially underatttion of catalyst. The polycarbonate qualities
suffer by this means. In the industrially importématnsesterification process for the preparation of

0 polycarbonate, phenol is the preferred compouneégn®his also necessarily already suitable



The alkaline-acting salts of alkali metals and alkaline earth metals can
already be employed during the preparation of the oligocarbonates, that is to
say at the start of the synthesis, or, however, can 20 also be admixed only
before the polycondensation, in order to syppress undesirable side reactions.
There is also the possibility of adding supp ementary amounts of onium

catajysisf the @eaalgettw@rem assihetBmRBAIvvUNSROEABIRNSAHEA! as a mixed

The a aggled in solutlon n order to avoid harmful excess
)Qv g CFno U{hneq the P
conc n rations during me er ng. e solvents are compounds inherent to

the system and process, such as, for example, 25 d|h droxyaryl compound
dior) VAR A O RS  NS oo RS RAEHS 1 G191 25,000 1o 50,000,

conppeferaddy e (earic 4080 prefecvidly eetaydd, (00 pe:ssm@grm mntheradeisrmined by

gam@a@\gggmgeafgggcg}%@tygé%mm compounds and diaryl carbonates
already readily change and decompose at slightly elevated temperatures,

esPeRialy AR EAG RIS e&ﬁ@rﬁ&{%&%’ﬁ?BP&%t%H@'Eh%SarﬁHﬁﬁ%qu each case

LS
this means. In the mdust,#%lall égortant transesterification process for t

oroEalIER B DN EFARN SO P RASRRY oAb BOREASHERY s the Na
alscaecgssatilysaneadyt suitabteoskl efbalkalliadives cztaly stepaferaltly cwedriginate, for

te”%RQr%Pbélpéi‘é’ﬁﬂhrﬂBLHW F?B%Wﬂ@‘?ﬁw‘%@t@l%ﬁ%m%@ﬁ%% REYRR %H]amrr?onlum salts.

uring the preparation. The Welgﬂtavera ge molecular weights of

henol
ﬁorfdar%%marassar ing Eénlélra?&%r(‘)o%‘t BGb0 %f@?ﬁ&%@oﬁéﬁst&%b@(f@mamed in
partict: ladynpreferaluly otig 080 ty 84:000 gimcipantaneatei@sminee ibstaba@ROsed. The

aga&%ﬁé?ﬂ@@ﬂ%ﬁ@&@%ﬁéen?%i&r%QEssT HRPAYGHERIBIE R LR ROEHR ﬁBﬁrVﬁrf%npartrcularly

extremely low content of cations and anions of in each case less than 60

ppbprﬁ 85%?%?3?3 tﬁ@rs)p%pé?ﬁb particularly preferably < 20 ppb (calculated as

the Na cation), cations present being those of alkali and alkaline earth

met’éi‘éor\‘/?im@%&ﬁeo‘ﬂﬁﬁ‘r&fé‘r?o‘ih(@f IBIRr 92 GRSRARL PRI RIS pR\RAuivalent amounts
1 nateralshiser anddiee qahas g phvsphac aieganilaesaitsotherBurther ions,

such as Fe, Ni, Cr, Zn, Sn, Mo and Al ions and their homologues, can be

contaiReshial theoiaw rmﬁeﬁi%%%WiG&aéﬂi@éWQﬁ@Qé@%m&i%fmim are thus the

materralﬁof the m% IIaF%ﬂC seﬁlirI Thaereccbntentb fth s |onsr %ta |srOC Sces such as
than ?ppm pre era Iy €3S than .ILy pm an icul rlyyrfre era ?y 1855 fRan

0.5 [sshistallization, distillation, reprecrprtatronlwrwashrng and the like.

The process according to the invention for the @ra&fion of polycarbonate by the
20 transesterification process can be discontinuousalsp continuous in design. When the
dihydroxyaryl compounds and diaryl carbonates,anatily with further compounds, are present as
a melt, the reaction is started in the presencéhefcatalyst essential to the invention. The
conversion or the molecular weight is increasednateasing temperatures under decreasing
pressures in suitable apparatuses and devicesrimvat of the monohydroxyaryl compound split
25  off, until the end state aimed for is achieved.dBpice of the ratio of dihydroxyaryl compound to
diaryl carbonate, of the loss rate of the diaryboaate via the vapours determined by the choice
of procedure or installation for the preparatiorthe polycarbonate, and of compounds optionally
added, such as, for example, a higher-boiling mgdidxyaryl compound, the nature and

concentration of end groups is determined.

30 There is no limitation and restriction with respeot by what manner and method, in what

installation and by what procedure the processaiised out.



Anions which are present are those of inorganic acids and of organic acids in
equivalent amounts 15 (e.g. chloride, sulfate, carbonate, phosphate,

phosphite, oxalate and others). Very small amounts, which can only be

achieved by using very pure raw materials,.are thus the aim. Raw materials

of such purity are obtainable e.g. only by purification processes such as
recryséadlizatipineeiilatio R peepternitaianandties@shing @epehiadike Ehgeratures, the

ProGess. agcording Lo the, lvantion for dhe prepgration of Ré’é%?ea}ﬁ?c%ﬂéﬁer%}éﬁﬁﬁ between

20 fransesterication pr&lcess cah be discontintous or also continuous

design AERVREY/ GRPEPERY &Y dohibaiyhery RanElaplieatbonate’hepiRAtiaRLs added.
withafy tbeidnn RO WaklsibRy eaRr esRNbashe mafeditfieastien isnstaded itstiRosen render
@resg acg ot eﬁ?t%%sets?esrﬁ%gﬂglln t&iﬁh‘%&?ﬁé‘%“‘éﬁg-rg 1§ ERBVE 3ORE B onydroxyaryi
molecular weight is increased at increasing feniperatures under decreasmgy
pre$SIRAH shltediie apparatuses and devices by removal of the

monohydroxyaryl compound split 25 off, until the end state aimed for is
achieetenperehigie aktHea it refrifiepdsoxganyBedBPpousr (1. diadgdr pressures of from

carhenateasbibe lessoatsnaf Hraeqligry! carbonate via the vapours determined
by the choice of procedure or installation for the preparation of the

PolycariaRaies RAQLFOIROMINS RRINALYnafded SHEH s R SHATRIGeGuality.

higher-boiling monohydroxyaryl compound, the nature and concentration of

1& nngtre?eL#B%i,st gt‘ééﬂ?frﬁ‘ﬁo%swroT ggsreig}?’ éﬂg I[i)rrnitaﬂcgp %pdarr%%ﬁgfgonsvgﬁhracterized in that
respect to {/W _at manner and metho ,.In W at_ mgtaﬁ ation ana by w%at
pro®8E e TREEFHHYESX YA PABRRBIES 1O Tthe IR RAIRE nApHO Y s plseifaher reactants

limitatiza, ansigstictiamnsth, respeat et denpataiurate theorofgasengsyandmpound

the sis.tsed, i a t esterificati ti

por e S B emperaures

optiGREIRPAR S BRMETEr SALEA NS SURSIIC AT LOMERBREST0GEIBI Vg NbifgP4Y! up to the
1%he tiespearateres, pressures and catalysts chosen render 5 possible a melt

transesterification with correspondingly rapid removal of the monohydroxyaryl

compeuAsispY! abhalAedeMprl atHEes LYakPS &MURINIACRSE e MgeResAlstages are,

180 to 3%0 C, under press rﬁs of from 15 par bsolute to 0.01 mbar
rding fo the course of the process, hea eg&a,npressure—re ease apparatuses, separators,

acc

absoTute.
columns, evaporators, stirred tanks and reactorstloer commercially obtainable apparatuses

which provide the necessary dwell time at seletdetperatures and pressures. The devices chosen

20 must render possible the necessary introductidreaf and be constructed such that they meet the

requirements of the continuously increasing medtosities.

All the devices are connected to one another viagsy pipelines and valves. The pipelines

between all the equipment should of course be ag ak possible, and the curvatures of the lines

should be kept as small as possible in order taddawonecessarily prolonged dwell times. In this
25 context, the external, that is to say technicah&revork conditions and requirements for assembly

of chemical installations are to be taken into acto

For carrying out the process by a preferred contisuprocedure, either the reaction partners can
be melted together, or the solid dihydroxyaryl comnpd can be dissolved in the diaryl carbonate
melt or the solid diaryl carbonate can be dissolvethe melt of the dihydroxyaryl compound or
30 the two raw materials are brought together as &, medferably directly from the preparation. The
dwell times of the separate melts of the raw malkgriin particular those of the melt of the

dihydroxyaryl compound, are set as short as passibh the other hand, the melt mixture can



A continuous procedure is usually chosen, because that is advantageous for

the product quality. 10 Preferably, the continuous process for the preparation

of polycarbonates is characterized in that one or more dihydroxyaryl

compounds with the diaryl carbonate, op_tiggally also other reactants added,

using the catalysts, after a precondensation without the monohydroxyaryl
COW@Hnﬂn&m@@d:&@@@ﬁ&@%[@tm@ﬁtéﬁﬁ@&ﬂ@ﬁ%@ﬂ@%?tﬁ%‘i@nbecause of the
evaporator stages at temperatures. increasing stepwise under, pressures ,
dectre e e R (R et ek i e UMM rptorials
The_devices, apparatuses and reactors suitable for the individual reaction
eva&%%?%téﬁ SRSt BETIARY 18 TARVES IR ot HREBRECAL fligyfnelt 1s heated to the
exchetgenstepresstres.rdiedse sipparhthsasdsipanacns)t podaesador the preparation of
£VapQRiPEenally r_ﬁgn‘iaﬂ . #%%%ﬁr@hﬂstkﬁwmé&w QBIBHMARIE this is 180 to
app Jét&ésjes fWh'C|h £68V|d§ B g.necessary (ilwe tng@ ﬁé sg&ect%? . ¢ from 15 t
tem§ aturRE R Hressifed’ The HAGEE S URIZERSBY mlstrddrepsQgp el from 15 to
the P ceissareiriaddition 0F Meat waadtios o dteestathedvitiesyiibethydroxyaryl

the capdlRENRMSaTaIBCeMbYeaUBh: RGeRR DaBaIl scasite sirdbphgric pressure, but
dev}ces are copnected to %ne another via%)%m r%,sgﬂ'ﬁglinre%%ng valves. The

. ?r technica reas?lnﬁ,] also “under _In rea(a e % Rressure in industrial
pipelines betweenh a eequments ould Of course pe as snort as

1poskighilatiprptiae cuhrtarédsiuife lines should be kept as small as possible
in order to avoid unnecessarily prolonged dwell times. In this 25 context, the
extdrimaintianisttcesay deehedcakdrarfiswvartuocomdigonb e peseaeimbicts ifoset at 100 to

assefhb! SREEER) BSIBIRHPBERIRLIR, Dé iR AHBICREFMIRL QY GEANIRY the entry

out thge}é%rocess by a preferred continuous §rocedure, either the reaction

partBICEEH S ATt S EtEr SPRE SanaANR I AP O pBERGaRAsERton the
dissuldeadyiartheotieeyhddoboerie evapitrale theitboiiendisatd gdrbmsate édartsedwell time of

1€lissplved ip Baenmelt afdbeorinysticeydicampaw ditr ABdhe iR id%bn and under the
materials are brough%to ether as a melt, refera%directle)f frorg the
W S

preparktiaie STHE Awaft aATes SR LUFaile \FATHEEE (e’ FRRiateifafs Shond vacuum

partibarabehobe ofersuraedf ofitise igirgdioRRrynesiapdhng0 dre Bt awahadnd directly
as prssier Imdartber Bandrdhe-naetidniissd oan prddrdwehlongeustc, particularly

corespongingly 't%"&itf) %%;“Rez{asﬁﬂ{a%ﬁe"%iéh%‘&Aﬁﬁé%%é% ‘He%'%ﬁé’. 24583 N hyaroxyary!
Iowgre meYtlng poin of the raw material mixturée compared wit Ffﬁe
20ndigrmrauadforaedrialgvaporated with the monomelispsésent. After a dwell time of from 5 to
30 min in a bottom product receiver, optionally lwgppumped circulation and under the same
pressure at the same temperature, the reactionmaiig released into a third vacuum chamber, the
pressure of which is 30 to 150 mbar, preferablydb020 mbar, and directly thereafter is heated to
a temperature of from 220 to 280 °C, preferably @270 °C, particularly preferably 240 to 260
25 °C, in a suitable device under the same pressugee also, the hydroxyaryl compound formed is
evaporated with the monomers still present. Aftelwell time of from 5 to 20 min in a bottom
product receiver, optionally with pumped circulatiand under the same pressure at the same
temperature, the reaction mixture is releasedarfiarther vacuum chamber, the pressure of which
is 5 to 100 mbar, preferably 15 to 100 mbar, paldidy preferably 20 to 80 mbar, and directly
30 thereafter is heated to a temperature of from 5800 °C, preferably 260 to 290 °C, particularly
preferably 260 to 280 °C, in a suitable device uride same pressure. Here also, the hydroxyaryl

compound formed is evaporated with the monomelistisent.

The number of these stages, 4 by way of example, hean vary between 2 and 6. The

temperatures and pressures are to be adapted iaggtpiifithe number of stages changes, in order



Thereafter, the catalyst, preferably dissolved in phenol, is admixed and the

melt is heated to the reaction temperature. At the start of the industrially

important process for the preparation of 5 polycarbonate from

2,2-bis-(4-hydroxyphenyl)-propane and d_iRQ@nyl carbonate, this is 180 to

220 C, preferably 190 to 210 C, very particularly preferably 190 C. At dwell

timeglatﬁ‘&%maﬁg@raehﬁé r:lagglﬁrefﬂéa}my 3@&&@%@“&@@%@ f&:ﬁﬁmilgﬁhiﬁ/ed in these

established without ryl .co u rm ing removed. .T

ron T R L M LA Pl A T B STR e By betveer

readdifst@ltdQinder increased pressure. The preferred pressure in industrial

10 installations is 2 to 15 bar absolute. The melt mixture is released into a

firstNecoligocetiandie prite qaegstnie waywhichnigpét ad 10eItemt0d frdva] to 20 min in a

prefesably fhdad FecERRMhaoRIN WiiestnHaaremtieh imbaaied againie thRssure at the

entr% tent1 erature in a syitaple e\qfe under the same %)re%surg. Dur{\%g thftn biected t

rele 34Ty OPRTAIDIT ﬁ?e'”r?@%l %%Jﬁ%i/ RS A R REP I EDAP ST ARRT i iy Piected to

moroTE1e Somgeesasion kaetian divedltimalofPeRmrbin 80BN ¢ il tisutesbnpreferably

progdyetiressiver, @m@'}ﬁgé’swiég pudRed @@S‘fﬁﬂ%ﬁwqﬂqi@rm(;,mwell times of

pressure at the same te atur e reaction mixture is released into a

SR LR TR RE Bl TR AR SRR o3 B rom 112
1prefepSoRyEerasly 30 ibdr2arthdipeletly niebiebagiosldated to a temperature

of from 190 to 250 C, preferably 210 to 240 C, particularly preferably 210 to

230TG¢ imedt eatéiy ehtlerdagarrisl eroligh Sartie grsssd résddsine @l ¢hd molecular weight in

hydgopyai 20.CaMReKRdIREmEd i QYARSrAIREVII NS Menopes i 280 to 320 °C,

present. After a dwell time of from 5 to 30 min in a bottom product receive
0

B R PSR P AR AP PR S B L S R A5 o, over
tempheeltimes widrrea b dm Hkuire feefelalisgdlisionanthing vdousnvsitieamisetst at the level

18he ReessHe RF whichigsigda 130 mkearprefesallypédrdigOimBan ans, particularly
direct(la\( thg&e f}lgr isfggeated to atemperature of from 220 to 280 C,
| 4%

prei%ra%rl?/ 39 é particularly preferably 240 to 260 25 C, in a suitable

device under the same pressure. Here also, the hydroxyaryl compound
formiB8 TUNEHMRS AR BV RASHES TRRSHS M S SEIPR e ARG FUNG(REd HrAedpasket reactor

fronordisr 28antan. in a bottom product receiver, optionally with pumped
circulation and under the same pressure at the same temperature, the

reagtienvagistiiserisniciaanethiote s furbes vasuamipbay beidtedepasweiell up. This
2&% hé%%;ﬂ@i 6?31 rﬂsé’ao i;ag%i?é’c%ﬁé%ré‘&'%ylé IR AQ0TRA . BRAISHIAIN BIFiR @8I & ubstance
recovered. This can be carried out, for examplectordance with German Patent Application no.

10 100 404. Recovery and isolation of the monohyghioyl compound split off in a very pure

form is a matter of course from the economic andlagical aspect. The monohydroxyaryl
compound can be used directly for the preparatib@a dihydroxyaryl compound or a diaryl

25 carbonate.

The disc or basket reactors are distinguishedahttiey provide a very large, constantly renewing

surface to the vacuum over high dwell times. Thecdor basket reactors are constructed

geometrically according to the melt viscositiestlté products. Reactors such as are described in

DE 44 47 422 C2 and EP A 1 253 163, or twin screactors such as are described in WO A
30 99/28 370, for example, are suitable.



30 thereatfter is heated to a temperature of from 250 to 300 C, preferably 260

to 290 C, particularly preferably 260 to 280 C, in a suitable device under the

same pressure. Here also, the hydroxyaryl compound formed is evaporated

with the monomers still present. The number of these stages, 4 by way of

example here, can vary between 2 and 6. The temperatures and pressures

are tadeR@arisshaesondinahng mﬂmmblet@aw ehigangasoragddandlthe finished
to optain comparable [esullz. &*r‘]‘vaere' 'SCOS% fineRligomeric carbongts 18 rse design
achleved in tiese stages Is etween 1.04'an T% Bré era B’Fﬁ/qbetween g8 g
andolﬂg?'W@GFWBﬁéfé?aW'%éﬁﬁéén 1.06 to 1.10. The oligocarbonate

produced in this way is conveyed, after a dwell time of from 5 to 20 min in a

5 béteotimurtd soitablecivaseriafstiton aitpduittiop urd red asitisesioraatuisumislitdes, pumps and
§?mﬁlﬁé§s§1‘é:j héH- FU&r@i@ﬂt@e@rﬁtﬂﬂ@tW&a@r'rﬂ:ﬁ ti@ﬁltd;|3s$h|&4¢\éép9@tqr4f71 or 1.4541
sta is asket reac cted to a further co ati

ma G s S R e e MR
to 28ereaahmaed lﬁhéwﬁfésl@flﬂofﬁm% 10 tyBehaticpreserably 21t3.40LMhBAhtpgblUssel 2001,
dWQMeﬁIﬁ’{fv‘SsﬁﬁhE’Qfﬁjé’s‘éIt‘Wags'En@mﬂrﬁfﬁﬁmmgﬁﬂmfﬁhﬂ&&@hwwhe non-rusting

reache§ arel; VI%COSI%%E%%W%%%%%%NES 0 Ié%r%z,erabdy tf]fellﬁ tb é%i éll?_l\fst (()elt process

partlcuﬁarly pre%%raliﬁ e melt’leaving thiS reactor 18 roug
18he BeyipsefwAg AHS¥D SRYWZEE"Eend molecular weight in a further disc or
basket reactor. The temperatures are 270 to 330 C, preferably 280 to 320 C,
partitel adiy grdieratel pR80dd GiOMCihtrepre SsutenisvBnOilirtbeB enbamtional additives and
prefeiahbhl- 2u0s2nebareqy chusiig) &m%.ﬁw&%ﬁgﬁ&;ﬁ%}'radeﬁﬁiﬁr&bﬂwe inhibitors

75 to 150 min. The rel. viscosities are set at the level 15 necessa%/ for the

env?§§8éjd“8§8 RdyRoR g1 PYYIHIAERIBTAT 961038 P ﬂ?ﬁﬁ?er"es to prolong
prefdrabbeiul 1i8t(e .34y dTdigsis 0 tiarefatienbiizesiskoprasctorscolodisgability (e.g. heat

15CaGI VN MHohs camiperbinang Q@@k‘ﬁﬂfm d@@ﬁ@mfﬁ\ﬁ&mma{ﬁ@% improve the

vapours from aII the process stages are femo d|re a/ coll cted a
k propelr't,] antistatics), roye ra: e visua |m pression (e g.
worked 'Uup working up’is as a ruIe canted st| ation'in order

to alteve ehlghineritieenist m@nwb@tanéégptrémréwwmgs(jarpb@mhétﬂesses (impact
Out,igHIBXRAMREly0iREEO TAMFRIVITH SarpafR FARteR PR IGatONIIes and carbon fibres).

Everything can be combined as desired in ordedjosa and achieve the desired properties. Such
20 additional substances and additives are descrilgedre”Plastics Additives”, R. Gachter and H.
Muller, Hanser Publishers 1983.

Suitable heat stabilizers are, preferably, trig-@;tert-butylphenyl) phosphite (Irgafos 168),
tetrakis(2,4-di-tert-butylphenyl)[1,1-biphenyl]-4diyl  bisphosphonite, trisoctyl phosphate,
octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)piopate (Irganox 1076), bis(2,4-

25 dicumylphenyl)pentaerythritol  diphosphite  (Doverpho S-9228), bis(2,6-di-tert-butyl)-4-
methylphenyl)pentaerythritol dihosphite (ADK STABEP-36) or triphenylphosphine. They are
employed by themselves or in a mixture (e.g. IrgaB800 or Doverphos S-92228 with Irganox
B90O0 or Irganox 1076).

Suitable mould release agents are, preferably apeythritol tetrastearate, glycerol monostearate,

30 stearyl stearate or propanediol stearate. Thegrapoyed by themselves or in a mixture.

Suitable light stabilizers are, preferably, benaawles, triazines, benzophenones, cyanoacrylates,

cinnamic acid esters or oxalanilides. They are egga by themselves or in a mixture.



10 100 404. Recovery and isolation of the monohydroxyaryl compound split
off in a very pure form is a matter of course from the economic and
ecological aspect. The monohydroxyaryl compound can be used directly for
the preparation of a dihydroxyaryl CompOLil’éd or a diaryl 25 carbonate. The
disc or basket reactors are distinguished in that they provide a very large,

con$t@@ﬂ>a6@nwa%dswaaméosmma@waammrablm @Wﬁlﬁém’i& imeN@idlisty or in any

or byskel reaciors ateconsirusied. opamolicali aceording.g

melt. .
Viscosities 8% roduc S'9Reaclors Such as are descrs e(? @’ﬂﬂgﬁoﬁﬁn of the
Cc2 aﬁlurﬁnqmqtggr@eﬁem SrofReeiB® seseerANIEg HPE-described in WO
A 30 99/28 370, for example, are suitable. -15- The oligocarbonates,
inclidihg wenyelawtimaldditilas\veoid)atidiligoaasbosestes nakid rdsetfigridferhin be added to the

@Okiﬁf pmeaﬁﬁét%@a?&@dr%tqgwwgs@/mm er@ta%%'ﬁﬁﬂ?&iyﬁ&w%t@ﬁng is the use
the most divers n or displace of specific desi

P RS B R ERh R R T B RR HE ACINE Tatess

pipelines, pumps and 5 flttlngs are non-rusting steels of the type Cr Ni (Me)

18/1Td?e§ﬁéHb§£aécﬁs PraprasralyAsied (SR EERINSSEP I OV EpRgntional units, but they
Stahischlsis el MegstaGabiderTstade irs shS tpetBadbcdSs EGRR phlarirachatanakccording to
Ni-haserallays of the C type, such as e.g. 2.4605 or 2.4610 (Stahlschliissel

2001, Verlag: Stahlschlussel Wegst GmbH, Th-Heuss-Stralle 36, D-71672

ar, n-rusti eels are used u € a
ool SRR AR IRl EE I SRR SR EPRERAAMERE o wureny

- boisde COTHE boYocrBlastise Mamd@aﬁmmﬁé%wsr@b@%mmmﬁ%l-

further conventional additives and additional substances (e.g. auxiliary and
reinforibity s (shetanhoes pedtds)aidd ideatofative iefaisitoesidssoedingecetiver be added to the
inveRtiane rTrh&t&\@ﬂiB%@ffaWiH)é%@l@éM@QﬁiHﬁﬂ@r%%@ﬁ%%@%X@ﬁ t8uitable inhibitors

prolong the useful I|fe (ﬁq g sus\gr de datlon stalrlllzers)é1 mgr%ke pKa value of
eat €.

the EGI6Gr s?a%]ﬁl?y scia% |zers Séalrr%ﬁ trB? cessing

1notihg relekios %lgéliﬁé)eﬂ@w @raﬁtﬁaﬂ@@) SirpfsHslée théhanse. ﬁﬂlﬁm@b@(@pgnent is or esters
antigiaties hrimprvathriiamerreelie trflesasadhe isuatdBRyasHeiiGase tadri

Orggnic, colpning aaent gePe%mE“Ji?)eoéc"f‘ada%%‘o%%dyd“c?rrP OREMES I hs of < 20 ppm,
partlcular Stresses (im
preferably < 10 ppm, part|cularly preferably < Snppnd very particularly preferably 2.5 ppm.
When the desired molecular weight is reached, gtealable amount of P is in the 1 ppm region.
20 Needless to say, the molar amounts of inhibitorcWwhare to be employed according to the

invention are below the molar residual amountsadlyst to be assumed from the P value.

Examples of suitable acid components are: orthgphoric acid, phosphorous acid,
pyrophosphoric acid, hypophosphoric acid, polyphosig acids, benzenephosphonic acid,
sodium dihydrogen phosphate, boric acid, arylbaroacids, hydrochloric acid (hydrogen
25 chloride), sulfuric acid, ascorbic acid, oxalicddbenzoic acid, salicylic acid, formic acid, aceti
acid, adipic acid, citric acid, benzenesulfonicdadoluenesulfonic acid, dodecylbenzenesulfonic
acid and all other phenyl-substituted benzenesigdfarcids, nitric acid, terephthalic acid,
isophthalic acid, stearic acid and other fatty acatid chlorides, such as chloroformic acid phenyl
ester, stearic acid chloride, acetoxy-BP-A and bghehloride, and esters, half esters and bridged
30 esters of the abovementioned acids, such as, fomgbe, toluenesulfonic acid esters, phosphoric

acid esters, phosphorous acid esters, phosphoiticeaters, dimethyl sulfate, boric acid esters,



modifiers, finely divided minerals, fibre substances, quartz flour, glass fibres
and carbon fibres). Everything can be combined as desired in order to adjust
and achieve the desired properties Such 20 additional substances and
additives are described e.g. in "Plastics Additives", R. Gachter and H. Muller,
HanserPublishers 1983. Suitable heat stabilizers are, preferably,

tris-§Adhalnt@y tabid%'ﬂ@%”éﬁ‘l)ﬂﬂhﬁ@%b’iﬁp@@ﬁf@&v@@%sate acid under the influence of water,
tetrakl (2,4-di-ter bIS s hon te trisoctyl
et AR xypﬁaﬂ B lbsRery

(Irganox 107 3 bis 2 4 25 dlcum I hen pentaerythritol diphosphite
(DOCEAH5E S8y 16 BPRIE LGN Fo DR MR EaBRStrRRgFonorous acid

dihaspiitegADKCSaNB PHERBEFIatip ey prgpinsie. adidsy denzengploystionic acid,

Dy tE@dﬂ&@"éﬂﬁ/%ﬂ%ﬁ ’ESHE%{@ Ghdfiganay, B%Q@@B&%%é“ﬁ@@fo% WRRLBMiBic acid,
Irg nox B90u§ or Ir }076 uitable r Iease gents

pre ‘?%ﬁ{}e% H{H‘ér? |tEﬂ YERERILAV58C I’y§8 SIS f"ét%c'%ﬁ”&eae\'rﬁther phenyl-
steaelinNgstbearrislteiarateisTAGY ahiksapiosedibyafrsmisalvdpbensil ester, stearic

MiXHée cﬁu'Ha@l@digbuzysmhmé%ﬁ@rrﬁopr@fﬁfm@@@?gma@é@{@@ &Ha&inﬁfed esters of the
benz henone (%:yanoac%lﬁttes cmnamll%at % Igsters 0 alanll es. The

are em Si?end%' mséf’ves or |n 4 Fiktare. e86'ad ?vé$ Ostﬁjhonc Hcid esters,
1%ddﬁi@ﬁam@@b§t%ﬁ\@é§té@nﬂﬁ@mé'ﬁ P@'ﬂ@mym@reﬁﬂﬁ inciAergalfa6idiasieiy and other

desmﬁp@sﬂémeﬁmrsg@ﬁéaé@if&er@ndnaﬁxtwf@wa@ﬁd@aaﬂi@mar &irefityodyliRgosphate,

|soI%1i %{‘n8fékhe4?° @Eor after melting of granules in a so-called

compounding ste his context, the addltlves and additional substances or

mixtures thereof can be added to the 5 p mer melt as a solid, that is to saty

as & [SORERSt SUtaRle BRI REs RS RS RIRIRRIR YL Yhen (lginTag acids selected from at

maseesbatehesnppuniktures of masterbatches of the additives or additive

mixtures. These substances are preferably added to the finished
1polygarbonateedorenivegntional units, but they can also be added at another

stage in the preparation process of the polycarbonate, according to

requirements. 10 Suitable qgidltn@s are described, for example, in Additives

for Plastics Handbaggk, John ngﬁﬁﬂse Oxﬂwd
Additives Handbook, el Hyé\, 0Ricis

RZ R

in which

R' independently represents hydrogen or-Ogralkyl, preferably GCgalkyl, particularly
preferably unsubstituted,&Cs-alkyl, very particularly preferably &C,-alkyl, wherein alkyl can be
20 substituted by halogen, in particular hydrogen ethml,

R? and R independently of one another represent hydrogeiGs@lkyl or C,-Csp-alkylcarboxyl,
preferably G-Cs-alkyl or Gs-Css-alkylcarboxyl, particularly preferably £ ¢-alkylcarboxyl, in
particular hydrogen, G-alkylcarboxy! or Gs-alkylcarboxyl, or

the radical

25 O



Inhibitors (quenching agents) for deactivation of catalyst residues can
moreover be added to the polymer melt in the pure form, dissolved in an
inert solvent or as a masterbatch. Suitable inhibitors are acid components,
such as Lewis or Bronsted acids or esters,@f strong acids. The pKa value of
15 the inhibitor should be not greater than 5, preferably less than 3. The acid
compsegnt is or esters thereof are added in order to deactivate the reaction
mixture, that is to say in the ideal case to bring the reaction to a complete

haltgThe agidrempRRaRhiR AR RIGeNcentrations of < 20 ppm, preferably
< 10 ppm, patrticularly preferably <5 ppm and very particularly preferably <

2.5 ppm. %&}g&l‘% t8&%ﬁl&%‘%r‘ﬂ%&{%,ﬁ?&%&%@@ﬁ?ﬁ%ﬁﬂaﬁ gefggiable

amount of e 1 ppm region. eedless to say, the molar amounts of

inhibitor which are to be employed according to the jnvention are below the, =~

molPHSUALA PR A SSTUERA 6 BRLE RAERRIRFRRE S e byrophosphoric acic
Exarpriwaitiicabkeideid benzpoerimsphpsicortaeidphdigpiaetid adienzenesulfonic  acid,
phognhorausasid, ophegpkymsic asids PRPhAsPEGRCIdther  phenyl-substituted

pol)gohos horic acids, benzeneph s;&honica [ sopium ih rogen . .
enze eslljll onic_acigs anéeste s, halt est esters o ﬁya oveme ned acids, such
phosphate, ydrogen

ofic acid, arylboronic aci s,%rf/ rachloric amEI
chicd €y’ SKXARRtcadriverssoHoR G eikld GRS a BRPSB aeibieSiRiR, RMIBIREQSIcAcid esters,
formigoagidnrcatie etk adipitrreidoBposeatidyiaanzanasidlignierasidinfluence of water,
woluenssulipnic s dadeayinsnzancsulipnigeped and all other
phenycl-su stituted tPenz nesulronic acids, nitric acid, terephthalic acid,
isophthalic acid, stearjc acid and other fatty acids, acid chlorides, such as _
chiofSROMRILCHEH JHEIR TP fRrsialg 4 é&%%‘?ﬁ%“ﬁa & RORBBPER A PYrophosphoric
benzoyl diforiesualfthiestsrd, Ihellfenstuttoainddsiidgbyl®Dzesesdfofith@cid and all other
agoyﬁf?ﬁ%@gt@@:%‘%@éﬁ&aﬁﬁw SKQQWdI%Jﬁ‘dtt@B#Wh %B{%P@i%@d?i%r%@&!sesters of the
phosphoric acid esters, phosphorous acid esters, phospharic acid ester o
Cim T L Lee B St hrer, 1 7 Ao SRRy e s iR gosphorc aci
1zongstrignts which generate acid under the influence of water, such as
triisooctyl phosphate, Ultranox(r) 640 and BDP (bisphenol diphosphate
oligdheeiolloWiref @rineit g as shiel & ancithd6)ripoemants viathipretentext are
ortho-phosphoric acid, phosphorous acid, pyrophosphoric acid,
hypophosphoric acid, polyphosplypric acids, benzeephosphonic acid, 5
sodium dihydrogen phosphate, bfric acid, arylborohic acids, benzoic acid,

salicylic acid, benzenesuylifori¢-agidotolu sulforii¢ asj
dodecylbenzenesulfonic|ia n@albotheroohenyl- O

~sg (6)
o)

The acid components can be metered into the cotiosh solid, liquid or gaseous form. In a
preferred procedure, the acid component is contisiycadmixed homogeneously into the product
20 stream which is to be freed from monomers in theparation process directly after the end
molecular weight aimed for has been reached, irrotd start the evaporation of the residual
monomers immediately thereafter. In a particulprgferred procedure, the addition of additive to
improve individual properties of the product isrged out after the metering of acid and the
reduction of the residual monomer content, andoiscombined with the step of reduction of the

25 residual monomer content because additives whiehvalatile in the vacuum essential for the



substituted benzenesulfonic acids, acid chlorides, such as chloroformic acid
phenyl ester, stearic acid chloride, acetoxy-BP-A and benzoyl chloride, and
esters, half esters and bridged esters of the abovementioned acids, such as,
for example, toluenesulfonic acid esters, phosphoric acid esters, 10
phosphorous acid esters, phosphoric acid esters, boric acid esters,

arylpfiiishasiiestessdand miremaotpame isdvhrehganar ate agidundeiethRcessary
influence (t)r]; vater, suc s triisooc%lnphoaphate, Ultranox(r) 640 and BDP.

h
once 10 in.the. mer are o. use . ..
Prelperre swtarﬁe n IBR(B/I'S are pri gedsesters of organic sulfur-contalnlng

acids selected from at least one compound 15 a) of the formulaé?% R SaofJ

C "B BAPANEE) AR RIRIRIRRY RitfisHdRd TR s ERYBI fehegpetered in are
C,-C20-alkysopiafesalh a0 etkydnpastimekydjlypresferably unsubstituted
C1-Cé6-alkyl, very particularly preferably C,-C4-alkyl, wherein alkyl can be 20
substitizigd by\wmiggar, inopartiidardoydsogaaratneidydrdd@sandr& dhemically inert and
indepg gg[glya%gpe another represent hydrogen, C1-C6-alkyl or
C4-C30-alkylcarboxyl, preferably C,-C,-alkyl or C6-C25 alkylcarboxyl,

particul referably Cg C~-alkylcarboxyl, in .particular hydrogen,

7 R AR 5P, ST P AR ressur or rom o
whereff R Ga efrscbboleimeRfiorsl frediffitpiitrapriaianty Bemntedefldfroand also
to Bwat@feralpliy 4R & indIpasticvias Oofl ystalRatiicrhasy peafpsiedpassihleccur in the

15l CICIpg\:r |rcn a?rnr()ar[)](t:sés%re% %rrtehBFQtJ%PeftW 8&'&%&'%%%%“@%%9?8%9 %18' 'not reduce the quality,

depending on the profile of requirements of thedpo to be prepared.

Solvents are, in addition to water, alkanes, cykbizes and aromatics, which can also be
substituted. The substituents can be aliphaticjoajiphatic or aromatic radicals in varying
combination, as well as halogens or a hydroxyl grétetero atoms, such as, for example, oxygen,
15 can also be bridge members between aliphatic, aljplmatic or aromatic radicals, it being
possible for the radicals to be identical or digie: Further solvents can also be ketones andsester

of organic acids, as well as cyclic carbonates.

Examples are, in addition to water, n-pentane, xahe, n-heptane and isomers thereof,

cyclohexane, toluene and xylene, methylene chloridthyl chloride, ethylene chloride,
20 chlorobenzene, methanol, ethanol, propanol, butandl isomers thereof, phenol, o-, m- and p-

cresol, diethyl ether, dimethyl ketone, polyethgagiycols, polypropylene glycols, ethyl acetate,

ethylene carbonate and propylene carbonate.

Water, phenol, propylene carbonate, ethylene catieosnd toluene are preferably suitable for the

polycarbonate process.
25 Water, phenol and propylene carbonate are partlgyeeferably suitable.

Static mixers or other mixers which lead to a hoemapus mixing in, such as, for example,

extruders, are suitable for effective mixing intkeé inhibitor.

The polycarbonates according to the invention cansbbjected to a residual degassing of

monomers (e.g. diphenyl carbonate, phenol, BPA) st oligomers and small rings after prior



5 polyphosphoric acids, benzenephosphonic acid, benzoic acid,
benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid and
all other phenyl-substituted benzenesulfonic acids and esters, half esters
and bridged esters of the abovemenfioned, acids, such as, for example,
toluenesulfonic acid esters, phosphoric acid esters, phosphorous acid esters,

phowhmim&wé@&stﬁr&cmiimh@{u@ﬁmp@wﬁtsmg@ﬁefﬂt@ aaduengdetished with or

nfluciaee ol Waler 10.5uch as lisanctylphpsphiats, LANOND 40200 e

BDP" urty partlcu ar%/ Srererred r°82215|e acld componen
ortho- %hos horic acid, yro hosphoric acid benzenesulfonlc acid

toluéh fcaBBIt?a BEDIBENSS RTRiesRP 8t 4 L Giri Particular those for use in
phethryltalbsatatédmehebtﬂfanmzam@seammne@thaﬁ exterdnartd thedgeadtion.
esters of the abovemenfioned acids, such as, for example, toluenesulfonic
mcid-rtdersf and plrosphsuictacidedits esiharss divertglfomenglovwibdokipbtheuch as, among

fom&”QrgG)/\)gté/relSXtﬁ)@srt'EH@HXrQﬁ?@JS@ SQIQINHB@T]QG%Q‘JF Qr{ ;(}9 tIéULEQ -II;QI?OW sheets, for

d components can be metered into the composition in solid, liquid or
gas@éﬁjgpﬂSrFHr. ‘@Wﬂﬁbfé‘r‘i@ﬂ%ro%@ﬂﬁ%,SEF}BOHER%%%%ﬁBﬁt"@”EB%tiPﬁi@'@é!?”s traffic
adntigtechhosimggemenai§ily sidosthfegonedusting Casttgamcaieheeh sptodzdfrpeatable surface,

frorwm@vinég?ggéemﬁé@a RIOSPEEA WW&“EBEB#aﬁWs’H&'&S%%Ybres for uses

weight aimed for has been reached, in order to start the evaporation of

esithia? HRORER S ARl AR S AL Emeﬂww%%fate ‘S ttanium
prociézite atnéoa ddition of @dditivedgameproyeméndiyide aliprersefEiRrAdf €34 445, EP-A 0

ProgestdsAa6r e AL BHEK E%%&F@ﬁi%@f@ﬁ&ﬁ&%@lﬁmﬁ%&'%@&% ﬁhj%cﬂon moulded

residual monomer content, and is not combined with the ste[i of reduction of

the P TesHthAMBAIIIEY Edhtsh? NIoiSe R 4R RUXGAIRANAIRS VHIKLRARF filres and an
vacaptnredgexdéioit teeatelg of ddlittid foaff theddyitudinitiedhased ontére tated moulding

18re ¢hppskifiiyltie agivaki the NesRRaPBuipmeatts, in particular lenses for photographic
and film cameras (DE-A 27 01 173), light transmgten particular light conductor cables (EP-A 0
089 801) and lighting panels, electrical insulatinaterials for electrical conductors and for plug
housings and plug connectors as well as capacitwbile telephone housings, network interface
devices, housings for hard disks and data storaggerss, carrier materials for organic

20 photoconductors, lamps, searchlights, diffuserestseor internal lenses, medical uses, such as
oxygenators, dialysers, foodstuff uses, such aeptableware and chocolate moulds, uses in the
automobile sector, such as glazing or in the fofrhlends with ABS as bumpers, sports articles,
such as slalom poles, ski boot buckles, househdides, such as kitchen sinks, wash basins,
letterboxes, housings, such as electrical distionuboxes, housings for electrical equipment, such

25 as toothbrushes, hairdryers, coffee machines, madbiols, such as drilling, milling and planing
machines and saws, washing machine portholes ysgieises, sunglasses, corrective spectacles
and lenses thereof, lamp coverings, packaging filmp boxes, chip carriers, boxes for Si wafers

and other uses, such as fattening stall doorsioracages.



concentrations in the polymer are often used. The acid components are

preferably added in liquid form. Since the amounts to be metered in are very

low, solutions of the acid components are preferably used. 5 Suitable

solvents are those which do not interfere with the process, are chemically

inert and evaporate rapidly. Possible solvents are all organic solvents having

a bailip@meint under normal pressure of from 30 to 300 C, preferably from 30

to 250 C and patrticularly preferably from 30 to 200 C, and also water - which
alserﬁécl@%%e%ﬁsﬁ&f 99&%@&.%&9@ cyw@tmwg&éwﬂ|ﬁboqﬁ%ﬂﬁym%nde at a

10 particular processes are pref era&[]}/ chosen. A@% residues which remain do
not FRARE R lai 2bepend H@ﬁ'%’ﬁ%’ gquirements of the

product to be prepared. Solvents are, in addition to water alkanes,
cycibketena RH 1Al CY] Wﬁﬁ:ﬁ%ﬁe&lﬁ bR @W@tﬁhtﬁﬁr fl“ﬁepéu%%ﬁu@ﬁtg'ﬁerence
gandeenekphaticucycloed phatmiymaronmelimradigédadtivangingne mbinationgne chloride

as wall A Nalngens Araumaiaxy) r%QHF?ct?a'ﬁ‘é’d&ﬁ“%?détﬁﬁﬁ fsy for example,

oxygen, 15 can also be bridge members between aliphatic, cycloallphatlc or

aro at| radlcals ith mg Vposs: Hﬁ the radlc Is to Qe |den | or. d|ff?rent
ro el"tIeS ITI S(_‘I?S{g e oe)ér{re eermlne various ﬁm%eratures in
Furth&r so VRS Can es an ers organlc acids, as we

cychic aniiiatesorEsiamiples eqelanradiitioPfe WeERe nplpreineaie heamapies are dried

n-heptareaacbizemgistnemd, idr\alo pervien alkansanthyyrage raeentated in
1&h|0|’|d et%yl chloride, ethylene chloride, 20 chlorobenzene, methanol,

ethano propanol butanol and isomers thereof, phenol, o-, m- and p cresol,
diethyl ether, dimethyl ketone, poI lene glycols, polypropylene glycals,
Ciy BSOS S SO e By TS DiSRBTEEm e (i pobmer is
propﬂem@a&adbnmmeaféihyrenfeacamma’tleeaMMUJ@n@@tmapeém@ldlyféanam filtrate is

for %c@ﬁl’b&%@cﬁb@%}ﬁe@@%é%rﬁe\ﬂ(ﬁl@fs @M@WPW@@%I@@M@%‘@ determined
are aﬁﬁ%arl}/ QJrefgr?bltY suitable. Static mixers or other mixers which lead

ormaogeneous mixing |n such as, for example, extruders, are suitable
for effective mixing in of the inhibitor. The p @égarbonates according to the

LihvertisHEH B b it dBREG g S RES RIl &I B 98ing of

The polycarbonate sample is saponified with sodinethylate under reflux. The saponification
solution is acidified and concentrated to drynd$® dry residue is dissolved with acetonitrile and

the phenolic compounds (la to IVa) are determine&#iBLC with UV detection.
The polycarbonate composition PC1 was preparecdhielaiprocess as follows:

20 8,600 kg/h of melt mixture consisting of 4,425 kigdiphenyl carbonate/h (20,658 mol/h) and
4,175 kg of bisphenol A/h (18,287 mol/h), with adwh of 0.52 kg of the phenol adduct of
tetraphenylphosphonium phenolate with 65.5 % ofrapdtenylphosphonium phenolate/h
(0.786 mol/h; that is to say 0.0043 mol%) dissolwedt.5 kg of phenol/h are pumped from a
reservoir through a heat exchanger, heated to @%hél led through a dwell column under 12 bar

25 at 190 °C. The average dwell time is 50 minutes.

The melt is then passed via a release valve is&parator which is under a pressure of 200 mbar.

The melt flowing out is heated again to 190 °C falbing film evaporator, which is likewise under

a pressure of 200 mbar, and collected in a receMer a dwell time of 20 minutes, the melt is

pumped into the next three stages of similar canbn. The conditions in the 2nd / 3rd / 4th
30 stage are 100/ 74 / 40 mbar; 220 / 225 / 273 @228 10 / 10 minutes. The oligomer formed has



monomers (e.g. diphenyl carbonate, phenol, BPA) and short oligomers and

small rings after prior -20- or simultaneous deactivation (quenching) of

catalyst residues. This can be achieved with or without an entraining gas,

e.g. nitrogen, in the last reactor or a subs??uent degassing unit. The present
application also provides extrudates and shaped articles, in particular those

for useiinidésityananesent srRolapowbig: A REIaiRa RIGUIERGRS MG COFBRARILANIE is under
according to tcperlnr\é%ntbce)ri] %(I::cl)% S of use can be: safety screens, shields for
helmects iIRYS, Biow mou dangs suc?‘u as among others, water bottles,

transparent sheets, such as solid sheets or, in particular, hollow sheets,

e 07 Ao I BET OGR4 SRR BB B A o iRy weiont
instattztiohs) gaffisdighthdesiregstor atedfic Sigvisddobanovenartyvath penfdr20 minutes.

glosagh I%Pt{ﬁ’s!?c%ﬁ,bfy%”ité‘@*eﬁw f%%urﬁ'ér@%@é%&ﬂd wires (see also DE-A 11
37 167), lighting uses, optionally using glass fibres for uses 10 in the

ransiGeRhSRCIPL. c%ﬁ&‘e?@gﬁrﬁ fRrmuatians MR RFENt of barium sulfate

and/or titanium dioxide and/or zirconium oxide or organic polymeric acrylate
rubhe P-A 0 634 445 EP-A 0 _269 3 oductlnoft spare
ot AR P o £ S oG B ST SIER BCh i to DPC
e.g.fPé'ﬁé)ﬁ'ORj@‘#E*SFﬁCiﬁi!,Cbé@@ H@IM@MWH' QT&@WM@@ and an
optionally additional content of 1-10 wt.% of molybdenum disulfide (based on
the Bstal RIOUIBDY Al CSrApositon)aieo piemalhsubade pplycattegaiprmmpositions were
102 ShiineaiHalleneerfgroebatographic and film cameras (DE-A 27 01
173), Ilght transmltters in partlcular light conductor cables (EP-A 0 089 801)

and-ll 8&{5 én(? %QMJ{HQ%S#?#E&%‘H&C%W{HQ %8\/3 experiments,

and \gs an ug connectors as well as capacitors, mo
teleb‘ﬁb'ﬁlé‘%ohhﬁnﬁgnﬁémo?k |Fﬁ%rff%{lﬂ§”2fé\9lc8§‘%‘b‘ﬂ'§1n$%?‘?f§rod8i§[@'%ﬁﬁh and the
datanstonagensitg fenns, (¢ adreerepratetedsfonofgmnitage photoconductors,
lamps, searchlights, diffuser screens or internal lenses, medical uses, such
as oxygenators, dialysers, foodstuff uses, such as bottles, tableware and
chocolate moulds, uses in the automobile sector, such as glazing or in the
form of blends with ABS as bumpers, sports articles, such as slalom poles,
ski boot buckles, household articles, such as kitchen sinks, wash basins,
letterboxes, housings, such as electrical distribution boxes, housings for
electrical equipment, such 25 as toothbrushes, hairdryers, coffee machines,
machine tools, such as drilling, milling and planing



machines and saws, washing machine portholes, safety glasses, sunglasses,
corrective spectacles and lenses thereof, lamp coverings, packaging film,
chip boxes, chip carriers, boxes for Si wafers and other uses, such as

fattening stall doors or animal cages. -21-

@amples The relative solution

viscosity also called eta rel, was determined in methylene chloride at a
congghiration of 5 g11 at 25 C using an Ubbelohde viscometer. The content
of phenolic OH was obtained by IR measurement. For this purpose the

difference 5 betwgen arsotution gk 2 gof potymggim 50 mtof rggtlyter pCs
chiorighe and pure methylege chigsids. Wagimepssirpd apdshe| diiapence comp.
extinction at 3582|cm’' was detegrmined| The flgw properties (melt visc S|ty) of
the glelyeher melts|is defer2hied at2%ariousa8MpetaBhies M22bcapilRas 1317  1.323
rheometer in accardange with ISQ 11443 _The pnlyr‘a rhonate Qamnlp are
drie¥"beforehand|overr iﬂ;ﬂ’@ﬁ% 1355 or t‘rﬁsﬁﬁbrp&éﬂrn tﬁ%?togamples Yhes9| 12823
shegr ratesins—are sta % EiglUMhbd?flg _})IU SE0H te : otved Vg'i'348 36.983
methylene chloride. The predominant ¢ontent of the polymer is precipijtated
ouf by addition of acetohe2ghe|undissolvegicantemts areiftteied off andithe | 1.88
filtrate is _concentrated to dryness. The dry residue is dissolved with THE and
the BRgoANGRsNEr: determined by HPLC with UV detection. 15 Determination
of tﬁé“f@élf?éngement structures (I to IV): The polycarbonate sample is
sappniftechwith-so Fh"l lg"th‘y'l t’c‘ééii“lu t %?,UA T lg: S ﬁ(‘ﬂ"é fieq uu&"‘ SGI'u'ti""i/éS <5
ac|ditied and congentrated to dryness. The dry residue is dissolved wit
acefanitrile and thegmhenglic compoundsdla to 1¥3) are setermiaed by HELC| <5
with UV detection| The polycarbonate composjtion PGl was prepared in a
meltliBrocess as follwws; 29 8,608%g/h ot elt mieture| cdBsistingof 4,428%g | <5
of di rate/h {20 658 1 mnllh\ and 4175 I(n fbh hIQI’\ enol A/h
(18,'§§7 mol/h), witRRRgithn of 082 kg Sthe phiohol addPiet of <0 170 | <5
tetrapiyspyphosptonium phenotate with65.5 %6 of tettaphenytphosphonium
phemelatalion(0.786 mol/h; that fis to say 0.0043 mol%) dissolyed in 4.5 kg of
phegpllvang pumped from a
\Y
n=1to 6
total % 0.290 | 0.003 | 0.230| 0.010 0.20(¢ 0.060 0.220 0.053
VI
n=1to 6
total % 0.042 | 0.008 | 0.034| 0.009 0.034 0.009 0.042 0.008
VI
n=1to 6
total % 0.680 | 0.009 | 0.560| 0.071 0.59( 1.030 0.430 0.860
Cyclic
structures X
n=2to 6
total % 0.610 1.140 | 0.570| 1.180 0.62( 1.270 0.630 1.440
VI
n=1to4
total % <0.001| 0.84 <0.001 0.74 <0.001 0.042 <0.001 0.0p7
IX total % |<0.001| 0.038 | <0.001 0.02 <0.001 0.001 <0.001 <0J/o01




reservoir through a heat exchanger, heated to 190 C and led through a dwell
column under 12 bar 25 at 190 C. The average dwell time is 50 minutes. The
melt is then passed via a release valve into a separator which is under a
pressure of 200 mbar. The melt flowing oy is heated again to 190 C in a
falling film evaporator, which is likewise under a pressure of 200 mbar, and

collected in a recegiver. After a delptimie of 20[mpEwites, the njgids pumped [ pcs
intptagenext threg stagesof simitamponstasctiqreonpe coaditiansinpthe Z2@y/ | comp.
3rad / 4th 30 stagelare 100/ 74 [ 40 mbar; 220/ 225 /273 Cand 20/10/10
min8t&s oThe oIigorg]er formed has -224 a rel. viscosity of 1.08. All the vapours ]
are P8O Bressurérequitdrs infda coldmn whiés undé? vactdh and &R  2-3€
removed-as-condensates. Thereafter, the oligomeris subjectedtoa
condensation reaction tp give a higher molecular weight product in a
supsrguent disc reactor at 290|C under 0.7 mbar over a dwell time of 120
miputes 28 The regl. visgosity is|1.257. The vapours are condensed. The
vapours are condensed in the yacuum|unit and subsequently| Polycarbonate |
copiositions PC3,#%€5 and PC7 are préffared 4falogoBeR to PEP the BPR34 1,542
to l%" ratio-bein "d‘Ls*ig steh-that hx’;‘l@igfe%i;cosigg“ tatpl-are 1247 1456
obl:alned. PC2, P(Zfaé(lg and Péggare comparison examples in which the” '
polygrbonate compasifians Weras10 obtsned byithe integtacial ggocess. 1085 1,310
data of the polycarbonate compositions prepared in accordance with the
abp¥e0experiments Paagldding thélgonteritsdof reafangerdkht |str@étures aAd3 951
oligomers determined and the inhomogeneityfactor U are reproduced in the
followifg Table 1:|-285TaBfk 1: PS% pCAPCe| PR Typd®Bcl cdiip. pc877| 645
compsCS comp R CoRpp- sl 1.25¢ 1255328253886 1385 1293 500
1.317 1.323 Mn 10,622 9,386 11,621 10,141 12,322 11,489 12,825
5,000 Pas | 129 137 158 164 168 175 250 219
Melt
visc. 300 °C
50 Pas 412 653 752
100 Pas 359 401 436 470 617 731
200 Pas | 204 244 348 397 427 459 566 672
500 Pas | 198 232 309 356 370 403 467 531
1,000 Pas | 178 205 263 300 305 330 371 448
1,500 Pas | 163 183 227 258 259 277 312 365
5,000 Pas | 97 104 121 131 131 136 165 167
Melt
visc. 320 °C
50 Pas - -
100 Pas 223 304 415
200 Pas | 128 132 190 221 238 262 295 395
500 Pas | 126 130 178 213 223 246 263 357




Mw 24,219 23,664 27,156 26,084 28,752 31,348 36,983 U 1.28 1.52 1.34
1.57 1.33 1.73 1.88 Rearrangement structures la ppm 91 <5 363 <5 298 <5
375 <5 happm 13 <556 <5 35 <550 <5 Mappm<5<517<512<515<5
Wa ppm 14 <5 255 <5 103 <5 170 <5 Oli pmer distribution type V - IX V

n=
6t
%
to

tot

10

15

1 to 6 total % 0.290 0.003 0.230 0.010 0.200 0.060 0.220 0.053 VI n=1to
ptal % 0.042 0.008 0]034 0.00233.034 0.009 PEA2 0.008 Vipasl 106 total | pcg
01§86 0.009 0.360 0.0F¢10.5960ipP30RIE430(Q&AP. Oychic stizeetipres RAT=2| comp.
6 total % 0.610(1.140 0.570 1.180 0,620 1.270 0.6301.44Q Vllin=1to 4
0l 9920.001 0.84Re8.004190.74 B8 001 86342|<3Y01/0.69F 216 216 301
1,500 Pas| 112 115 148 173 167 192 194 266
5,000 Pas | 70 76 91 102 100 108 112 137
Melt
visc. 340 °C
50 Pas - -
100 Pas - -
200 Pas 118 136 129 145 177 277
500 Pas | 64 80 113 128 126 142 166 257
1,000 Pas | 64 79 106 122 117 133 148 224
1,500 Pas | 62 77 98 115 108 123 136 200
5,000 Pas | 52 58 68 78 74 82 80 112
Flow spirals cm 26.5 25 255 25 26 25 22 20

It can be seen from Table 1 that PC1, PC3, PC3&W containing oligomers and polyfunctional
rearrangement structures, show in each case lovwat wiscosities at comparable solution
viscosities, even at high shear rates, that isajobetter flow properties and therefore improved
processing properties in the injection mouldinggess, compared with the comparison products
without these structures. This effect is likewisserved in the measurement by means of the flow
spirals. This is surprising, since rearrangemenictires of higher functionality usually lead to

branching and therefore to higher melt viscosities.

Furthermore, the inhomogeneity factor of these petslis significantly lower compared with the
comparison polycarbonates PC2, PC4, PC6 and PC8piia of polyfunctional rearrangement

structures (branchings), i.e. there is a narron@eaular weight distribution.

In all cases, polycarbonates PC1, PC3, PC5 andae@itding to the invention have significantly
lower contents of cyclic structures than the cqroesling comparison examples PC2, PC4, PC6
and PC8. Nevertheless, better flow properties efptblycarbonates according to the invention are

found in each case.



IX total % <0.001 0.038 <0.001 0.02 <0.001 0.001 <0.001 <0.001 -24- PC2
PC4 PC6 PC8 Type PC1 comp. PC3 comp. PC5 comp. PC7 comp. Sum of
oligomers % 1.63 2.03 1.39 2.04 1.44 2.41 1.32 2.39 Melt vise. 280 C 50
Pas 744 742 883 925 1,334 1,542 100 Pag 413 468 718 737 837 898 1,247
1,456 200 Pas 402 467 670 711 766 839 1,085 1,310 500 Pas 356 417 554

593636 @35@3;3@5 du r%@%l?&ﬁﬁ@@eﬁﬁ&%i@l%% %%t5§7y%53t&r5%d relatively
Pas %Tg 283 %ﬁlgf%G 3g0 39(r3 490 SOe%sﬁgg: 0 Pas 129 37 15% 64 168 {9 ?s of cvelic
250°T8 FASH Ve b0 L 56 B5s " 7" ‘E%S%"H? S BRG AP WG ot Y
6175799tum4ﬁ|&§12@492194v§&85397 427 459 566 672 500 Pas 198 232 309

356 370 403 467 531 1,000 Pas 178 205 263 300 305 330 371 448 1,500
PasThe3p0B8aAN A8 28D RNY 30 2IER6HVEND00 P &7 04 a2dghBitah8y adGower MW

65418 hMSHt \isRe32hEnddRi@Ry factor U) in smitof the presence of polyfunctional

rearrangement structures.



100 Pas 223 - - 304 415 200 Pas 128 132 190 221 238 262 295 395 500
Pas 126 130 178 213 223 246 263 357 -25- PC2 PC4 PC6 PC8 Type PC1
comp. PC3 comp. PC5 comp. PC7 comp. 1,000 Pas 119 123 163 191 193
216 216 301 1,500 Pas 112 115 148 173,167 192 194 266 5,000 Pas 70 76
91 102 100 108 112 137 Melt vise. 340 C 50 Pas - - 100 Pas - 200 Pas 118
13628445 177 277 500 Pas 64 80 113 128 126 142 166 257 1,000 Pas
64 79 106 122 117 133 148 224 1,500 Pas 62 77 98 115 108 123 136 200
5,000 Pas 52 58 68 78 74 82 80 112 Flow spirals cm 26.5 25 25.5 25 26 25
22 20 It can be seen from Table 1 that PC1, PC3, PC5 and PC7, containing
olig C r ch case
o e B A B 7 chear
rates, that is to say better flow properties and therefore improved 5
processing properties in the inio ulding process, cempared with the
comparison products without these structures. This effect Is likewise
observed in the measurement by me&an$ of the flow spirals. This is
surprising, since rearrangement structures of higher functionality usually lead

to branching and therefore to t@iggh ﬁd Furthermore the
inhomogeneity factor of thes e’gﬁgﬁe ¥ lower compared with

the
5

in which the phenyl rings independently of one &potcan be mono- or disubstituted by@-
alkyl or halogen, such as chlorine or bromine, Arftas the meaning given in the case of formula
(1a),

wherein the amount of structural units (I) to (i)total is 50 to 900 ppm, based on the underlying

10 polycarbonate,

furthermore containing in total linear and cyclilgomers in an amount of from 0.1 to 2 wt.%,

based on the total composition, wherein the

linear oligomers are those of the formulae (V)X (



10 comparison polycarbonates PC2, PC4, PC6 and PCS8, in spite of
polyfunctional rearrangement structures (branchings), i.e. there is a narrower
molecular weight distribution. In all cases, polycarbonates PCI, PC3, PC5
and PC7 according to the invention have lgnificantly lower contents of cyclic
structures than the corresponding comparison examples PC2, PC4, PC6

and PC8. Nevertheless, better flow propertiesaf the polycarbonates
according to the invention are 15 féund in ¢ gase. -26- It has been found,
surprisingly, that the process always delive tuaIIy constaiipnd
relatively smalfiamouRtof éyclicStruetres, whereas the comparison
examples have higher contents of cyclic structures:-wish increasing viscosity.
The polycarbonates according to the invention furthermore have a
significantly narrower MW 5 distribution (lower inhomogeneity factor U) in
spite of the presence of polyfunctidhal rearrangement structures. -27- Claims
1. Polycarbonate with one or more]siructures of the general formulae (1) to
(IV) axRO~K 06 X020 )aCa 6 @O—XOH_oiioipW) 5

n=1-6

e Tl

H——o—z —O)H\ /©)< Vil

n=1-6

ﬂil BN jon®

n=1-6
wherein the amount of structures (VIII) and (IX)Jaéss than 0.001 wt.%,

and the cyclic oligomers are those of the generanhfila (X)

(0]
~79.0
O@
(X)

5 wherein
nis an integer from 2 to 6 and

Z represents a radical of the formula (1a)



in which the phenyl rings independently of one another can be mono- or
disubsfituted by C,-Cg- alkyl or halogen, such as chlorine or bromine, and X
has the meaning given in the case of formula (la), wherein the amount of
structural units (1) to (IV) in total is 50 to 9 g ppm, based on the underlying
10 polycarbonate, furthermore containing in total linear and cyclic oligomers
in an amount of from 0.1 to 2 wt.%, based on thg total composition, wherein
the linear oligomers are 'tigge ol\the for ex(V) to (IX) -280/0-Z -0O_ J~;
O (V) H_n=1-6 OH_O- @ @ n=1-6 \ (V Il) az~0-Jyo- O 0
Z-O u,nO n=1-6 O /\ (VIII) - -0-Z-0n0O r21=1-6 [ (1X) pO-Z-OnO0On=1-6
R R

in which
R' and R independently of one another represent H e€galkyl, and

5 X represents a single bond,;-Cto Ge-alkylene, G- to Gs-alkylidene or G to G-
cycloalkylidene, which can be substituted by © G-alkyl.

2. Polycarbonate according to claim 1, whereinahmunt of the compound of the formula (1) is
50 to 800 ppm, of the formula (Il) is O to 100 ppwhthe formula (lll) is 0 to 100 ppm and of
the formula (1V) is 0 to 300 ppm.

10 3. Polycarbonate according to claim 1, whereingblgcarbonate has the following inhomogeneity

factor:

for PC having an average molecular weight (weigigrage) of from 18,000 to 22,000 g/mol, U
is 1.08 to 1.18,

for PC having an average molecular weight (weiglet-age) of from greater than 22,000 to
15 26,000 g/mol, U is 1.18 to 1.60,

for PC having an average molecular weight (weigletrage) of from greater than 26,000 to
30,000 g/mol, U is 1.25 to 1.65,

for PC having an average molecular weight (weigletrage) of greater than 30,000 g/mol and
preferably less than 50,000 g/mol, U is 1.50 t&1.9

20 4. Polycarbonate according to claim 3, whereininhemogeneity factor is as follows:

for PC having an average molecular weight (weigigrage) of from 18,000 to 22,000 g/mol, U
is 1.10 to 1.16,

for PC having an average molecular weight (weigletrage) of from greater than 22,000 to
26,000 g/mol, U is 1.20 to 1.50,

25



wherein the amount of structures (VIII) and (IX) is less than 0.001 wt.%, and

the cyclic oligomers are those of the general formula (X) 0 0 W 5 wherein n

is an integer from 2 to 6 and Z represents a radical of the formula (la) -29- R -

R X R2 R2 in which R"and R2 indepenq%t_ly of one another represent H or

C,-Cg alkyl, and 5 X represents a single bond, Cr to C6-alkylene, C2- to
Cs-alkylideneifgsartfefadey alortye areyHv iehyepayBe ot uRsHtieddHan 126,000 to
C6'a"f¥6‘(§mp?ﬁ¥cﬁ ey a}g ace ding to claim 1, wherein the amount of the

compoun ofthe formura (1)'is750 to 800 ppm, of the formula (ll) is 0 to 100

ppm, of the formula gll is 0 to 100 ppm and of the formula (1V) is 0 to 300

ppm. 1% SR BOA ?éaQSdB?bﬁﬁ‘gg’o‘“@Q% OVeRHFERER o8 oS clibAGEPC 9/mol and
has theréfdlalingsntiemogeneiymtactos IaiSRELRving an average molecular

weight (weight-average) of from 18,000 to 22,000 g/mol, U is 1.08 to 1.18,

jor BCruah@aevacageingoleatiéan ieight (sueiglisiove rage) Dp bisnudraatsyphenyl)-
than 2&9&%?b%%@@9@9&/@%)%,?5%%&5%&-88&8&5&&‘%%@& YliBAEy and x

molecular weight (weight-average) of from greater than 26,000 to 30
g/mol |rqu)§n1q@g {B tj:_)é ) represents a single borehropylidene or 3,3,5-trimethylcyclohexyl.

6. Use of polycarbonates according to claim 1 fiergroduction of extrudates and shaped articles.
7. Extrudates and shaped articles obtainable frolycarbonates according to claim 1.

10 8. Use of polycarbonates according to claim 1 liergreparation of blends.



for PC having an average molecular weight (weight-average) of greater than
30,000 g/mol and preferably less than 50,000 g/mol, U is 1.50 to 1.95. 20 4.
Polycarbonate according to claim 3, wherein the inhomogeneity factor is as
follows: for PC having an average moleculgr weight (weight-average) of from
18,000 to 22,000 g/mol, U is 1.10 to 1.16, for PC having an average
molegiHakiveightdweight-average) of from greater than 22,000 to 26,000
g/mol, U is 1.20 to 1.50, 25 -30- for PC having an average molecular weight
(weight-average) of from greater than 26,000 to 30 000 g/mol, Uis 1.25to
1.50, for PC havm an average molecular wei t avera é?%gf reater _
tharT 0GOS ITAR e ) U (RHPo O ORI EFR 485 3 gt (minor
5. Pygbpearbbinalteracsarding tstethim 1, wherein Z is derlved from
2,2-bis-(4-hydroxyphenyl)- propane,

bis-(4- h dro henyl)-3 3 5-tri clohexa nd 4,4'-dihydroxydiphenyl
and )? é)I%]e Bé )3{0 (59}3 ,aéﬁlggg Y rg‘ﬁ%qgﬁbid ?é%tpropylldene or
3,3,5- trlmethylcyclohexyl 6. Use of polycarbonates according to claim 1 for
the production of extrudates and shaped articles. 7. Extrudates and shaped
articles obtainable from polycarbonates according to claim 1. 10 8. Use of
polycarbonates according to claim 1 for the preparation of blends. -31 -
Translator's note: The following errors have been found in the German and
amended in the translation [minor typographical errors are not listed]: 5 Page
15, line 31 - For "Propoandiolstearat” read "Propandiolstearat”




