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polycarbonate with a low nitrogen content, and the

polycarbonates obtainable by this process.

The two-phase interface process has proved itself for many
years 1n the preparation of polycarbonates. The process
renders possible the preparation of thermoplastic
polycarbonates for a number of fields of use, such as e.g.

data carriers (CD, DVD), optical or medical uses.

Polycarbonates can in principle be prepared by the two-

phase interface process or the melt process.

By the two-phase interface process, they can be prepared
completely continuously, as is described e.g. in EP-A 1 249

463.

In continuous process variants by the interface process it
has been found in particular that the polycarbonates
prepared contain a small amount of nitrogen which has been

incorporated into the polycarbonate.

However, the properties of the polycarbonate, in particular
the properties which are important for use in the field of
data carriers, are adversely influenced by this

incorporated nitrogen.

many years in the preparation of

grocess variants by the interface praocess it 25 has been found
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However, the properties of the polycarbonate, in particular 30 the
.properties which are inportant for use in the field of data carriers, are

adversely i@f Lysnggd, by this incorporated nitrogen. WQ2-.2004/,983449
PCT/EP2003/01£881R%22P0Iycarbonates prepared by a discoﬁt?nugusﬁg?o%%ss are

conventionally free fromnitrogen, but continuous variants are frequently
desired for cost reasons. 5 Polycarbonatés prepared by the nelt process are
conventionally also free fromnitrogen, but these materials have other

di sadvant agesi ysueBoR8t 8spraphi-ah Egngealseéntﬂﬁaeﬁer rofBBgcarhonat es,
ol i goners and %ranched struc?ures. O There was therefore the object of

provi di ng aceonpleienryllgoArfAubusmt Wbt phase, i hter faceiprosesgainaiphbch the
content of_jnc I 0 nitro is reduced to contents of between
20 and 3 ppﬁ%81§£€§9%$§gyZQESggg%nEEEPgﬁgi ﬁﬁésg%ﬁ'of the Applicant, in

whi ch the apparatus arrangenent of the process according to the invention

is already described, are to be regarded as _the closest prior art. However,
no docﬁrineP%%y%?;bgyaBﬁFyprepared by the melt process are

conventionally also free from nitrogen, but these materials
have other disadvantages, such as e.g. a high content of
monomers, monocarbonates, oligomers and branched
structures.

10
There was therefore the object of providing a completely
continuous two-phase interface process in which the content
of incorporated, bonded nitrogen is reduced to contents of
between 20 and 3 ppm.

15
DE-A 42 27 372 and EP-A 1 249 463 of the Applicant, in
which the apparatus arrangement of the process according to
the invention is already described, are to be regarded as
the closest prior art. However, no doctrine at all or only

20 an indication that the nitrogen content is critical or of
how this would be counteracted is to be found in the prior

art.

It has now been found, surprisingly, that polycarbonate is
25 obtained continuously in a very good product quality -
measured by the content of incorporated nitrogen - if the
metered amount of catalyst is not allowed to fall below a
minimum amount of 0.012 to 0.05 mol of catalyst per mol of
bisphenol employed.
30
Particularly good results are achieved if this catalyst
metering is used in combination with the reactor

arrangement of "circulating pump reactor" - comprising a



20 an indication that the nitrogen content is critical or of howthis would
‘be counteracted is to be found in the prior art. It has now been found,
surprisingl §0 20r&f0638tgcarbonate is 25 obtai ned conti rAFGUEPAPOBOIABFErYy good
product quality - neasured by the content of incorporated nitrogen - if the
nmet ered anount of catalyst is not allowed to fall below a mninmum anmount of
0.012 to 0.05 nol of catalyst per nol of bisphenol enployed. 30
Particularlx good results are achieved if this catalyst netering is used in
conbi nat i oAt he¥RBaPE8Et Ui thafr ahgeHeAt 1BY PEPPcUPaPi AgdpdRperéaetor "

conprising a,J WO 2004/ 063249 BCTLEF2003/ 014881 3 heat exchanger with a
circulating punp loop and detention tank - plus detention tubes. This is

particularly surprising since to reduce the 5 nitrogen content the expert

Id attenpt.to,d h t.of the nit ly th
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the lipit valdeogdl dbgtPhesent appkieakb@ndprevifes aopreeessstornthe
amount of the nitrogen source, namely the catalyst. A
maximum and not a minimum value would therefore be expected

as the limit wvalue.

10 The present application provides a process for the
continuous preparation of polycarbonates which contain
small amounts of bonded nitrogen by the method of the
continuous two-phase interface process from diphenols,
phosgene, chain terminators, catalyst and optionally

15 branching agents in a mixture of aqueous-alkaline phase and
organic solvent phase, characterized in that the metered
amount of catalyst is not allowed to fall below a minimum
amount of 0.012 to 0.05 mol of catalyst per mol of
bisphenol employed.

20

This process preferably comprises the following process

steps:

25 1. Continuous bringing together of the organic phase and
the aqueous phase in the circulating pump loop of a
circulating pump reactor, during which an emulsion
forms, optionally using a mixer, wherein the organic
phase is a solvent which is suitable for the

30 polycarbonate and already contains the phosgene and
the aqueous phase comprises water and a mixture of

alkali metal hydroxide solution and phenolic



conti nuous preparation of polycarbonates which contain small anmunts of
'bonded nitrogen by the method of the continuous two-phase interface process
f rom di phen®? 200448384 2ne, chain termi nators, catal yst BEAERAIOBONARPY 15
branchi ng agents in a m xture of aqueous-al kali ne phase and organic sol vent
phase, characterized in that the neteredg4 anount of catalyst is not allowed
to fall below a m ninum anount of 0.012 to 0.05 nol of catal yst per nol of
bi sphenol enpl oyed. 20 This process_preferably conprises the follow ng
process steps: 28TRONEBAFi AHOBBIBRPhgPRY PBEePRErL&éf "PREPEFFSRkI &SpRase and
t he aqueous phasgnhhnthergihgdbating punp loop of a circulating punp
reactor, during which an emulsion forns, optionally using a m xer, wherein
the organic phase is a solvent which is suitable for the 30 pol ycarbonate
and al ready contaﬁn;egge phosgene and the aqueous phase conprises water and
a mxture of al KaFf “het al hydr oxi de sol uti on and phenolic WO 2004/ 063249
PCT/ EP2003/ 014881 4 conponents (bi sphenol and optionally nonophenol as a
chai n ternigator),

a temperature of less than 60°C, preferably 55°C -
25°C 1s established in the circulating pump reactor,
the circulating pump reactor provides an average dwell
time of at least 2 minutes, preferably between 2 and

10 15 minutes, and a part amount of the emulsion formed

is removed continuously from the circulating pump

reactor via the detention tank,

and
15
3. the part amount of this emulsion removed is then
pumped through tube reactors which are equipped with
mixing and detention zones and provide a total dwell
time of between 2 minutes and 40 minutes, preferably
20 2-30 minutes,
wherein
1) the ratio (expressed in moles/mole) of metered
amount of phosgene to the amount of phosgene
25 theoretically necessary to react all the
bisphenol and phenol is between 1.12 and 1.22,
preferably between 1.13 and 1.20,
2) phosgene solution and bisphenol solution are
30 metered here within the circulating pump reactor

directly after the detention tank, before the
pump, 1into the circulating pump loop, optionally

via a mixer, and the chain terminator can also be



wherein 5 2. a tenperature of |ess than 60C, preferably 55C - 25C is
"established in the circulating punp reactor, the circulating punp reactor
provi des aMOaiH4pe32dfel | time of at |east 2 minutes, PE/EPRPEIPY4A458t ween 2
and 10 15 mnutes, and a part amount of the enulsion forned is renoved
continuously fromthe circulating punp gseactor via the detention tank, and
15 3. the part amount of this emulsion renoved is then punped through tube
reactors which are e%%i pped with mxing and detention zones and provide a

total dwell time of VetWeEH 2HHhHES arid A0 FFiiAs &IMHriéfd &y 20 2- 30

m nutes, wherein 1) Jhe Jating (cﬁ&%rceciiﬁQrit% mles/uml 8)e Lfr Bt ered anount
of phosgene to the anbunt of phosgene 25 theoretically necessary to react

all the bisphenol amg¢eplenol is between 1.12 and 1.22, preferably between
1.13 and 1.20, 2) phosgene solution and bi sphenol solution are 30 netered
here within the circul ating punp reactor

5 3) within the circulating pump reactor alkali metal

hydroxide scolution is topped up on the suction
side of the pump in an amount of 15 - 40%,
preferably 20 - 35% of the total amount to be
topped up,
10
4) within the circulating pump reactor bisphenol A
and phosgene solutions are metered into the
circulating pump loop according to 2) such that
the part amount removed at the detention tank
15 corresponds to the total amount of solutions

metered in,

5) further alkali metal hydroxide solution (85 -
60%, preferably 80 - 65% of the total alkali
20 metal hydroxide solution to be topped up) and
optionally chain terminator are added into the
part amount removed from the detention tank,
directly before introduction into the tube
reactor, and
25
6) after a further 1 - 20 minutes, preferably 1 - 15
minutes dwell time in the tube reactor, the
catalyst is added in a ratio of at least 0.012,
preferably 0.012 to 0.05, particularly preferably
30 0.012 to 0.04 and very particularly preferably
0.012 to 0.03 mol of catalyst per mol of
bisphenol employed.



directly after the detention tank, before the punp, into the circulating
punp | oop, Qgtion via a mxer, and the chain termnator can also be WO

|
2004/ 063249"PET? ﬁfé%‘é‘? 014881 5 conveyed into this ci rréal %Ay PdRPL | oop or

optionally directly into the tube reactors, see 5), 5 3) within the
circulating punp reactor alkali netal hydroxide solution is topped up on
the suction side of the punp in an anmount of 15 - 40% preferably 20 - 35%

of the totah gmpunt o Be.topped,up, 10, 4) yithin,the; chrgylating pump
react or bisp%eno A and pﬁosgene sol' utfonsare netered”i'nto t he" Y
circul ati ngtpunp hoopraccoddingthe 2)osuchrébatont be paeteandunbnr enoved at
the detention tank 15 corresponds to the total anmount of solutions netered
in, 5) furtherlaPfkarf fefarlaldroxPeRPsbPatioh- (85 - 60% preferably 80 -
65% of the total alkali 20 netal hydroxide solution to be topped up) and
optionally chain term nator are added into the

5 A circulating pump reactor comprises here a circulating

pump loop, a pump for pumping the reaction emulsion in
circulation, metering points, optionally designed as
mixers, for the organic phase (solvent containing phosgene)
and aqueous phase (alkali metal hydroxide solution and

10 diphenol component), a heat exchanger and a detention tank,
which is equilpped in parallel with a removal possibility

for continuous removal of a part stream.

For better understanding, the "circulating pump reactor” is

15 also shown in diagram form:
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circulating pump conditions described in EP-A 1 249 463,
4, 1. 1-25.

Surprisingly, a polycarbonate with a nitrogen content of

3

to 20 ppm is obtained by employing the process according to

the invention.

Suitable diphenols are those of the formula HO-Z-OH, in
which Z is an aromatic radical having 6 to 45 C atoms,
which can contain one or more aromatic nuclei, can be
substituted and can contain aliphatic radicals or

cycloaliphatic radicals or hetercatoms as bridge members.

Examples are

dihydroxydiphenyls,

bis- (hydroxyphenyl)-alkanes

bis- (hydroxyphenyl)-cycloalkanes
bis-(hydroxyphenyl) sulfides
bis- (hydroxyphenyl) ethers

and nucleus-alkylated and nucleus-halogenated compounds

thereof.

These and further suitable other diphenols are described
e.g. in US-PS 3 028 365, 4 982 014, 2 999 835, 3 148 172,
275 601, 2 991 273, 3 271 367, 3 062 781, 2 970 131 and 2

999 846, in DE-A 15 70 703, 20 63 050, 20 63 052 and 22 11

3

of a



For better understanding, the "circulating punp reactor” is i5 also shown

‘in diagramform det~ tank alkali to the tube reactor Heat ex- organic
phase, chaWe0ofo68R4¢ont ai ni ng phosgene (optional) |PCF/ER20QqUE3d881 phase,
cont ai ni ng bi sphenol A and alkali '- - alkali punp L WO 2004/ 063249

PCT/ EP2003/ 014881 7 A tube reactor heregconsists of mxing and detention
tubes and is connected downstream after the renoval point of the detention
tank of the circulating punp reactor. A preferred enbodi nent of the process
accordi ng t8°fhef5enaleReFBATI SPEBiAilfediBy adheti AgSt 8nehénnPEefi A§ rates
and circul agi ggspunp conditions described in EP-A 1 249 463, p. 4, 1.

1- 25. Surprlsingfy, a polycarbonate with a nitrogen content of 3

Preferred diphenols are:

5
2,2-bis-(4-hydroxyphenyl)-propane (bisphenol A) and 1,1-
bis- (4-hydroxyphenyl)~-3,3,5-trimethyl-cyclohexane (TMC-
bisphenol).
It is to be emphasized here that the process according to
10 the invention can be employed practically for all known

diphenols.

The diphenols are employed in the process according to the
invention in aqueous-alkaline solution, the concentration
15 of diphenols here being 10-20%, preferably 12.5 to 17.5%,
and the amount of alkali 1.0 to 3.0 mol of alkali metal
hydroxide solution per mol of bisphenol, depending on the

solubility of the bisphenol employed.

20 The phosgene is employed in organic solvents in a

concentration of 7-10%, preferably 8-9.5%.

Suitable chain terminators and branching agents are known
from the literature. Some are described, for example, in
25 DE-A 38 33 953. Preferred chain terminators are phenol,
cumylphenol, isooctylphenol and para-tert-butylphenol. The
chain terminators can be metered in the pure form or in

various concentrations as a solution in organic solvents.

30 Preferred branching agents are trisphenols and
tetraphenols, as well as 3,3-bis-(3-methyl-4-
hydroxyphenyl)-2-oxo-2, 3-dihydroindole. The branching



10 to 20 ppmis obtained by enploying the process according to the
‘invention. Suitable diphenols are those of the formula HO-Z-OH, in which Z
is an aronafq @0P&Mi68atd having 6 to 45 C atonms, 15 whi GETERR?OEBMIEBRHL one or
nore aromatic nuclei, can be substituted and can contain aliphatic radicals
or cycloaliphatic radicals or heteroatoms as bridge nmenbers. Exanples are
20 di hydroxydi phenyl s, bis-(hydroxyphenyl)-al kanes

bi s- (hydr oxyphenyl ) -cycl oal kanes bi s-( hydr oxyphenyl) sul fides 25

bi s- (hydr oxyphehy| oot hefs %%dmﬁE%F%ﬁsl%IRQ?aE%Hea drRueFels- RaFogenat ed

compounds  theceof ra 3018658 andofuriberisubighlh ecotbhepedighenols are
described e g. in USPS 3 028 365 4 982 014, 2 999 835, 3148 172, 3 275

601, 2 991 273, 3 271 367, 3 062 781, 2 970 131 and 2 999 846, in DE-A 15
70 703, 20 §3 Oég,hZ 6%.852 8 dtZg lerWDQOO4{0£3%é8 gCTégP28g3é9%§881 8
956, French® Pat &ht "ENERT 7 cat P oRt 19869 518 aRd ' DESACE89C 330885

5 are employed as the alkali metal hydroxide solution, and
alkaline earth metal hydroxide solutions can optionally
also be employed. Agueous sodium hydroxide solution is
preferred. The concentration of the NaOH in the agueous
sodium hydroxide solution corresponds to that of the

10 commercially obtainable alkalis, that is to say is between
20 and 60%, preferably between 30 and 50%, and sodium
hydroxide solution which is obtained directly from the
amalgam or membrane process, ideally the membrane process
of chlor-alkalil electrolysis with concentrations of 50 or

15 32% respectively, 1is very particularly preferred.

All the percentage data in the present context are to be

understood as wt.%, unless explicitly stated otherwise.

20 Possible catalysts are in principle all the catalysts known
for the preparation of polycarbonates by the two-phase
interface process, such as e.g. tertiary amines. N-Ethyl-

piperidine and triethylamine are preferred.

25 The organic phase contains solvent or a solvent mixture
which dissclves polycarbonate. Suitable solvents are all
the known solvents which are capable of dissolving
polycarbonate to the extent of at least 5 wt.% at
temperatures of about 20°C, and mixtures thereof.

30
Methylene chloride, tcluene and monochlorobenzene are

preferred, and methylene chloride and mixtures of methylene



Preferred di phenols are: 5 2,2-bis-(4-hydroxyphenyl)-propane (bi sphenol A)
"and 1, 1- bis-(4-hydroxyphenyl)-3,3,5-trinethyl-cycl ohexane (TMC- bi sphenol ).
It is to be"CRPASIE324P here that the process accordi ng BCE/EPROOBHE4BRVent i on
can be enployed practically for all known diphenols. The di phenols are

enpl oyed in the process according to thejginvention in aqueous-al kal i ne
solution, the concentration 15 of diphenols here being 10-20% preferably
12.5 to 17.5% and the anount_ of alkali 1.0 to 3.0 nol of alkali netal

hydr oxi de s%@%??b%ep%?dn%?n%?h%?éﬁﬁ%ﬁﬁﬁ?edé%e%d?ﬁ@l%nOfh%o=§8|HBFF?ty of the

bi sphenol egpl gyed; 295 The ?QP@Qeﬁﬁ %@.EQPégyggti8u9£9§9iﬁré@é¥§88$ ina
concentration of 7-10% preferably 8-9.5% Suitable chain term nnators and
branchi ng agents are knowmn fromthe literature. Sone are described, for

exanple, in -A 38 33 953. Preferred chajn termnatgrs ar enol
cunyl phenol ¢ %@d%%%%?%%%%%l8a%%dp%?a-?ﬁ? §B%?¥Yp?%%%??nT e§ éﬂgigg'&’
ter m nat or si gadsbgo NeseE@dovart hge pafiei FOr R QEL1Hn . Varhoysi coneeatrasi ons as

a solution in organic solvents. 30 Preferred branching agents are
tri sphenol sPandPt @Y taphendl 3SCagsaey | aasunst 30hi al k3l kefAypl4nydroxide

solution to dissolve the diphenols once at the start, and
moreover carrying out a first topping up of the alkali
metal hydroxide solution before the heat exchanger, and
10 then carrying out a second topping up of the alkali metal
hydroxide solution, optionally together with the chain

terminator, before the tube reactors.

The polycarbonates can be processed to any desired shaped
15 articles in a known manner, it being possible to add the

conventional additives for thermoplastic polycarbonates,

such as stabilizers, mould release agents or flameproofng

agents, fillers or glass fibres, before or during the

processing.
20
The polycarbonates obtainable by the process according to
the invention can be employed industrially in a known
manner as any desired shaped articles or also as sheets and
films, for example in the automobile sector or in optical
25 uses, 1in particular also in optical and magneto-optical
storage media.
The following uses may be mentioned by way of example but
without being limiting:
30

1. Safety panes, which as 1s known are necessary in many
areas of buildings, vehicles and aircraft, and as

shields of helmets.



,hydr oxyphenyl ) - 2- oxo- 2, 3-di hydroi ndol e. The branchi ng WO 2004/ 063249
PCT/ EP2003/ 014881 9 agents can al so be netered in the pure formor
vari ous cd%%@ﬂ??@??%ﬁg as a solution in organic solveﬁ£5/3§@8?ﬂﬁﬁﬁ9hrOX|de
sol ution or potassium hydroxide solution 5 are enployed as the al kali netal
hydr oxi de solution, and alkaline earth hetal hydroxide sol utions can
optionally also be enployed. Aqueous sodi um hydroxi de solution is
preferred. The concentration of the NaOH in the aqueous sodi um hydroxi de
solution corresponds to that of the 10 comrercially obtainable alkalis, that
is to say i3, betmesducZlo@nsr 605419y ef erahtyi bet yeesx 30rands 50% and sodi um
hydr oxi de sol ution which is obtained directly fromthe analgam or nenbrane
process, ideally the nmenbrane process of chlor-alkali electrolysis with
concentratigns of,50,00:dp S2BIGIRRGLINEIYs |Sederyopatipylarlyspreferred.
Al'l the percentage data in the present context are t def stood as
wt. % binl ess expEPaicemTtst%m €do bt hef o sexa@0l oSt bl & gat abystvstare in
principle all tqﬁ talysts known for the preparation of polycarbonates by
t he two- phase %%e process, such as e.g. tertiary am nes. N Ethyl-
pi peridine and triethylamne are preferred. 25 The organi c phase contains

solvent or a solvent m xture
4. Production of light-transmitting sheets, in particular

hollow chamber sheets, for example for covering
10 buildings such as railway stations, greenhouses and

lighting installations.

5. Production of optical data stores.
15 6. For production of traffic light housings or traffic
signs.
7. For production of foams (see, for example, DE-B 1 031
507) .
20
8. For production of threads and wires (see, for example,
DE-B 1 137 167 and DE-A 1 785 137).
9. As translucent plastics with a content of glass fibres
25 for lighting purposes (see, for example, DE-A 1 554
020} .
10. As translucent plastics with a content of barium
sulfate, titanium dioxide and/or zirconium oxide or
30 organic polymeric acrylate rubbers (EP~-A 634 445, EP-A

269 324) for the production of light-transmitting and

light-scattering mouldings.



whi ch di ssol ves pol ycarbonate. Suitable solvents are all the known sol vents
‘whi ch are capabl e of dissolving polycarbonate to the extent of at least 5
W. % at tefpePat{te@d4df about 20C, and mi xtures ther ediCT/BRROGB{ Hi4B8he

chl oride, toluene and nonochl orobenzene are preferred, and nethyl ene
chloride and m xtures of nethylene WO 2004/ 063249 PCT/ EP2003/014881 10

chl ori de and nonochl orobenzene in a ratio of 20:80 parts by w. to 75:25

parts by wt,_ are ﬁartic | ar | pé%ferred., A EH of between_ 9 and 14

preferably bét weBRr 9PECARAT131 00T 5PFEC LT @B 18 hedt 69Br "PHECEREFr eSFEACt i on.
This is effeCtedasPYf@HpéQXmFgeEh@eﬂ§P§§§@éYsa”DPBEy@BrEbKQEbs”EEQh a

hydr oxi de solution to dissolve the di phenols once at the start, and

nmor eover carryi ngoouenh ffrgtaseppihgeapvbichheralikakbl lyneddithodrdkide

sol ution before t _exchanger, ~and 10 en .carryin t a ond

t oppi ng up of théeglgFggﬁi a}(rgr% ng hy Po%?dé %%Pﬂtiboaﬁs,e&lop(fﬁgo%g?ltyo%s%et her with
the chain termwaignt, beterestberbubenteactors. The pol ycarbonates can be
processed to any desired shaped 15 articles in a known manner, it being
possible to add the conventional additives for thernoplastic

pol ycarbonai s, rsHCHr88ustabh! bzebseimRYl dopelease agRpLicAtsf! ageproofng

particular lenses for photographic and film cameras

(see, for example, DE-A 2 701 173).

10
13. As light transmission carriers, in particular as light
conductor cables (see, for example, EP-A1 0 089 801).
14. As electrical insulating materials for electrical
15 conductors and for plug housings and plug connectors.
15. Production of mobile telephone housings with improved
resistance to perfume, shaving lotion and skin
perspiration.
20
16. Network interface devices.
17. As a carrier material for organic photoconductors.

25 18. For production of lamps, e.g. searchlight lamps, as
so-called "headlamps", diffuser panes or internal
lenses.

19. For medical uses, e.g. oxygenators, dialysers.

30

20. For foodstuffs uses, such as e.g. bottles, utensils

and chocolate moulds.



agents, fillers or glass fibres, before or during the processing. 20 The

. pol ycar bonat es obt ai nabl e by the process according to the invention can be
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optical 25 uses, in partlcular al so in optical and magneto-optical storage
nmedi a. The follomﬁng uses may be mentioned by way of exanple but without
being limting: 30 1. Safety panes, which as is known are necessary in nany

areas of bujidings, vehiclesand aisehaffo and as m&@'%@&@%@&s WO

2004/ 063249 PCT/ EP2003/014881 11 2. Productlon of toils, 1n particular ski
foils. 3. Producticls oa‘anIbwbn’mﬂrdumgsax( sau:uﬁ,orsmrﬁﬁ,e fQJS ebarmatent 2 964
794), for exanple 1 to 5 | on ter ott Produc n
|i ght-transnitting &Heet sgpaﬁh rfaaa Y cut ae O%I%V\(f%ha%tear eﬁq%l[%nd? or exanpl e
for covering 10dmﬂﬂchg@smswmm@gbléuﬁuwb@ﬁgai|ons, gr eenhouses and
5
22. For sports articles, such as e.g. slalom poles or ski
shoe buckles.
23. For household articles, such as e.g. kitchen sinks and
10 letter-box housings.
24. For housings, such as e.g. electrical distribution
cabinets.
15 25. Housings for electric toothbrushes and hairdryer
housings.
26. Transparent washing machine portholes with improved
resistance to the wash solution.
20
27. Safety glasses, optical correction glasses.
28. Lamp covers for kitchen equipment with improved
resistance to kitchen wvapour, in particular oil
25 vapours.
29. Packaging films for medicaments.
30. Chip boxes and chip carriers.
30

31. For other uses, such as e.g. feed stable doors or

animal cages.



lighting installations. 5. Production of optical data stores. 15 6. For
production of traffic |ight housings or traffic signs. 7. For production of
foams (see, " 8PO4P&Apt%, DE-B 1 031 507). 20 8. For prPSH(RﬁzPB?ﬁ)&FB?Jhreads
and wires (see, for exanple, DE-B 1 137 167 and DE-A 1 785 137). 9. As
translucent plastics with a content of glass fibres 25 for lighting

pur poses (see, for exanple, DE-A 1 554 020). 10. As translucent plastics
with a content Jgf arijum sulfate, titaniumdioxide ﬁndéor zi£coni um oxi de
or 30 organi ¢ pof yTRF ¢ aeF YAt e ribbet SEUERE A 634 4485 CEPLA ©5B9 324) for
the productpess&ft lighéntiansmbttingrang: 1ightisgattering noul dings. WO
2004/ 063249 PCT/ EP2003/014881 12 11. For production of precision injection
noul di ngs, such as, for exanple, lens holders. Polycarbonates with a
content of glass fibres which optionally additionally contain about 1 - 10
wt. % MOS2, based on the total 5 weight, are used for this.



12. For production of optical apparatus conponents, in particular |enses
.for .photographic and filmcanmeras (see, for exanple, DE-A 2 701 173). 10
13. As lig r i.ssion carriers, in particular as |i cabl es
(see, for 2&%%8?@%ﬁéggad 0 089 801). 14. As eIectricaf%?h?ﬁﬁggﬁﬁggggterials
for electrical 15 conductors and for plug housings and plug connectors. 15.
Production of nobile tel ephone housings Wth inproved resistance to
perfune, shaving lotion and skin perspiration. 20 16. Network interface
devices. l7pxiscoBegarrier material for organic photoconductors. 25 18. For
producti on UTéi%ﬁps, e.g. searchlight lanps, as so-called "headl anps"”,

di ffuser panes or internal I|enses. 19. For nedical uses, e.g. oxygenators,
di al ysers. ea9méPs fOr foodstuffs uses, such as e.g. bottles, utensils and
chocol ate . 2004/ 063249 PCT/ EP2003/ 014881 13 21. For uses in the

aut onobi | e sector where contact with
5 Via a T-piece, before the pump, 24,000 kg/h of an alkaline
bisphenol A solution which contains 15 wt.% BPA and 2.1 mol
of sodium hydroxide solution per mol of BPA and, via a
further T-piece, 1,840 kg/h of phosgene dissolved in 21,000
kg/h of solvent, which consists of 50 wt.% methylene
10 chloride and 50 wt.% monochlorobenzene, are metered into a

circulating pump reactor.

To maintain the alkalinity, 348 kg/h of 32% sodium

hydroxide solution are metered in and the reaction mixture
15 is passed back to the pump via the heat exchanger and the

detention tank, the above substance streams being metered

in.

The temperature is 38°C.
20
A part amount of the emulsion which is as high as that of
the raw materials flowing in is fed before the metering
points for BPA and phosgene from the detention tank to a
further pump and pumped through a tube reactor. 1,064 kg/h
25 of sodium hydroxide solution (32 wt.%) and 703 kg/h of a
solution (20 wt.%) of p-tert-butylphenol, dissolved in the
solvent mixture (50 parts methylene chloride and 50 parts
monochlorobenzene), are metered into this stream. After a
dwell time of 10 min, 29 kg/h of N-ethylpiperidine (0.0163
30 mol per mol of bisphenol A) in the form of a 5.2% solution
in the solvent mixture (50 parts methylene chloride and 50

parts monochlorobenzene) are metered in and the emulsion is



fuels and | ubricants may occur, such as, for exanple, bunpers, optionally
.in the formof suitable blends wth ABS or suitable rubbers. 5 22. For
sports artiglesq,,sHsh,4s €.9. slalompoles or ski shoghuck] e 23g1 FOr
househol d articPés, sﬁch as e.g. kitchen sinks and 10 Ie? &£13701 ousi
24. For housings, such as e.g. electrical distribution cabinets. 15 25.

ter

0X housi ngs.

Housi ngs for electric toothbrushes and ha&frdryer housings. 26. Transparent

washi ng machi ne portholes with inproved

resi stance to the wash sol ution.

20

27. Safety ghagsgscnephigal ¢Qrrgeti eNngl as5€80r28y heBRscoYersfoenkit chen

equi pnment wth inproved” resistance to kitchen vapour, in particular oi
29puPgekagi ng filnms for nmedi canents. 30. Chip boxes and chip
30 31. For other uses, such as e.g. feed stable doors or animal

vapours.
carriers.
cages.

10

15

20

25

30

After a dwell time of a further 10 min, the emulsion is
separated in a separating vessel and the polycarbonate
solution is washed free from electrolytes by known

processes, e.g. by the centrifuge technique.

The polycarbonate solution is concentrated in evaporation
units and freed from residual solvent on a devolatilization

extruder.

The following analytical data are determined on the

polycarbonate granules:

YI = 1.33*

Eta rel = 1.196%*%*

Phenol. OH = 90 ppm***

Nitrogen = 8 ppm****

* measured in accordance with ASTM E 313

* x measured in accordance with ISO 1628/4

*** measured by UV spectroscopy at 546 nm after a colour
reaction of the phenol. end groups with TiCly

*x** megsured in accordance with ASTM D 4629 and DIN 51444

(determination of nitrogen by the Antek method).

Example 2

Via a T-pilece, before the pump, 27,000 kg/h of an alkaline
bisphencol A solution which contains 15 wt.% BPA and 2.1 mol
of sodium hydroxide solution per mol of BPA and, via a

further T-piece, 2,090 kg/h of phosgene dissolved in 22,950

25



_V\D 2004/ 063249 PCT/ EP2003/014881 14 The fol | owing exanples are intended to
illustrate the resent i nvention, but without limting it. WO 2004/ 063249
PCT/ EP2003/ L4884/ 06354 Exanpl es Exanple 1 5 Via a T- pi €6&8/ER38P3(%48%e punp,
24,000 kg/ h of an al kaline bisphenol A solution which contains 15 wt. % BPA
and 2.1 nol of sodium hydroxi de solutiar per nol of BPA and, via a further
T-pi ece, 1,840 kg/h of phosgene di ssolved in 21, 000 kg/h of sol vent, which

consi sts 50 wt,. % Iene 10 chl orij de an chl or obenzene, are
metered i nt]f)ggh (gf 1ng WP r 8ALT 67 ES TR wgé)n“t’%l h IE“F] %r?%?i nity, 348
kg/ h of 32%@%%@ dr oxighe, sohad oM G Sodiefed & Pe angtEheqr eaesi on

m xture 15 is passed back to the punp via the heat exchanger and t he

det enti on t&hkSUuldel mbovene ubstahee- streans being metered in. The
tenperature is 38C. 20 A part anount of the erul sion which is as high as
that of the raw materials flowng inis fed before the netering

5 To maintain the alkalinity, 445 kg/h of 32% sodium

hydroxide solution are metered in and the reaction mixture
is passed back to the pump via the heat exchanger and the
detention tank, the above substance streams being metered
in.

10

The temperature is 38°C.

A part amount of the emulsion which is as high as that of
the raw materials flowing in is fed before the metering

15 points for BPA and phosgene from the detention tank to a
further pump and pumped through a tube reactor. 1,135 kg/h
of sodium hydroxide solution (32 wt.%) and 740 kg/h of a
solution (20 wt.%) of p-tert-butylphenol, dissolved in the
solvent mixture (50 parts methylene chloride and 50 parts

20 monochlorobenzene), are metered into this stream. After a
dwell time of 9 min, 36 kg/h of N-ethylpiperidine (0.0179
mol per mol of bisphenol A) in the form of a 6.1% solution
in the solvent mixture (50 parts methylene chloride and 50
parts monochlorobenzene) are metered in and the emulsion is

25 pumped through a further tube reactor by means of a further

pump .

After a dwell time of 9 min, the emulsion is separated in a
separating vessel and the polycarbonate solution is washed
30 free from electrolytes by known processes, e.g. by the

centrifuge technique.



poi nts for BPA and phosgene fromthe detention tank to a further punp and
"punped through a tube reactor. 1,064 kg/h 25 of sodi um hydroxi de sol ution
(32 wt.9% afd2T080kg74? of a solution (20 wt.% of p-t@FTAHRIOY3[PAedd |

di ssolved in the solvent mxture (50 parts nethylene chloride and 50 parts
nonochl or obenzene), are netered into thiig stream After a dwell tinme of 10
mn, 29 kg/h of N-ethyipiperidine (0.0163 30 nol per nol of bisphenol A) in
the formof_a 5.2%solution in the solvent mxture (50 parts nethylene

chl ori de anSFPOPHIL IR T O obENzeht)CAEHetEred ih anPeRetEMul sion is
VO 2004/ 063243 DEHFRA00H OdAGR 1 J6: o pithedt (i ough 2 durdhers Lube:fgact or
by neans of a further punp. After a dwell time of a further 10 mn,

enul sion | ssxtrebparated in a separating vessel and the polycarbonate
solution is washed free fromelectrol ytes by known processes, e.g. by the
centrifuge technique. The pol ycarbonate solution is concentrated in
evaporat i onrhel O dini dvsi ranch i 4 eeeh d4 omdesi dual g sl MeHe @No@ digvol atilization

extruder. The follow ng anal ytical data are determ ned on the polycarbonate
granul es: I®lycarbonate granules:

YI = 1.32
Eta rel = 1.193
10 Phenol. OH = 70 ppm
Nitrogen = 5 ppm
Example 3
15 Via a T-piece, before the pump, 35,000 kg/h of an alkaline

bisphencl A solution which contains 15 wt.% BPA and 2.1 mol
of sodium hydroxide solution per mol of BPA and, via a
further T-piece, 2,700 kg/h of phosgene dissolved in 31,500
kg/h of solvent, which consists of 50 wt.% methylene

20 chloride and 50 wt.% monochlorobenzene, are metered into a

circulating pump reactor.

To maintain the alkalinity, 525 kg/h of 32% sodium

hydroxide solution are metered in and the reaction mixture
25 is passed back to the pump via the heat exchanger and the

detention tank, the above substance streams being metered

in.

The temperature is 38°C.

30
A part amount of the emulsion which is as high as that of
the raw materials flowing in is fed before the metering

points for BPA and phosgene from the detention tank to a



Yl =1.33* Etarel = 1.196** Phenol. OH = 90 ppnt** N trogen = 8 ppnt***
20 nmeasured in accordance with ASTM E 313 ** neasured in accordance with

| SO 1628/ 4 ¥* 2008483283 by UV spectroscopy at 546 nm afREEROY piAsel
reaction of the phenol. end groups with TiCl4 25 **** peasured in accordance
with ASTM D 4629 and DI N 51444 (determ bation of nitrogen by the Antek

net hod) . Exarrpl e 2 30 Via a T-piece, before the purrp 27,000 kg/h of an

al kal i ne bi SEE nol A sol ut,ion_which, contains

sodi um hydr %7 d85oP U PoR"SeP "HEF of "BBAIENG, t\L/1 8 56‘31‘: lptrher(1 %él eég/hZ 090

kg/'h of phosgeseddiussalvedxine220990 1V 2004/,063249AnBChEP2G03/ @¥4881 17
kg/ h of solvent, which consists of 50 wt.% nethylene chloride and 50 wt. %
nonoch|orobéﬁ%éﬁéonaﬁéonﬁﬁeﬁédOﬁnpotgrtcbpéuﬂabﬁﬁ@lpuﬁﬁSﬁ@éaﬁ@rln5t$6

meintain theoalkalini by, 445:ka/ AL -32% sodi um shudraxide sekutin are
metered in and the reaction nixture 1S passe ack to the punp via the heat
exchanger addefihetime of 7 min, 55 kg/h of N-ethylpiperidine (0.026

mol per mol of bisphenol A) in the form of a 5.1% solution

in the solvent mixture (50 parts methylene chloride and 50

parts monochlorobenzene) are metered in and the emulsion is

pumped through a further tube reactor by means of a further

10 pump.

After a dwell time of 7 min, the emulsion is separated in a
separating vessel and the polycarbonate solution is washed
free from electrolytes by known processes, e.g. by the

15 centrifuge technique.

The polycarbonate solution is concentrated in evaporation

units and freed from residual solvent on a devolatilization

extruder.
20
The following analytical data are determined on the
polycarbonate granules:
YI = 1.29
25 Eta rel = 1.194
Phenol. OH = 80 ppm
Nitrogen = 3 ppm
Comparison example 1
30

The polycarbonate is prepared as described in EP-A 1 249
493 (check 16.10.2002 Le A 34 952) example 3. 28 kg/h of



,detention tank, the above substance streans being netered in. 10 The
tenperature_is 38C. Asfart anount of the enul sion which i; as h} h as that
of the rawhaPetiP4re? lowing inis fed before the net@FFH&QOR%(%éP?&S for
BPA and phosgene fromthe detention tank to a further punp and punped
t hrough a tube reactor. 1,135 kg/h of stdi um hydroxide solution (32 wt.%
and 740 kg/h of a solution (20 w.% of p-tert-butyl phenol, dissolved in

the solven i Xfure 0 parts ne_ch i de an 0 r 20
nnnochlorob%%§%$é5§e%§§l%§tLéé%fﬁiP%éfhg%rs+$%a%f Q&g geggﬁdézl?r?ine of 9
mn, 36 kg/theodrdd et hyl pi peridine (0.0179 nol per nol of bisphenol A) in
the formof a 6.1% solution in the solvent mxture (50 parts nethyl ene

chl oride and 50 parts nonochl orobenzene) are netered in and the enulsion is
25 punped through a further tube reactor by nmeans of a further punp. After
a dwell tinme of 9 mn, the emulsion is separated in a separating vessel and
t he pobycarbonatel sobung omnd by washedda3 dreedérormehedt ool yhes by known

processes, e.g. by the centrifuge technique. W 2004/ 063249
BT/ EP2003/ B kEA2 P 48e e §rihu1 L8
YI = 1.4
Eta rel = 1.196
10 Phenol. OH = 90 ppm
Nitrogen = 30 ppm

Comparison example 2

15 As described in example 1, but the following amounts are

metered:

31,000 kg/h of BPA solution, 2,460 kg/h of phosgene, 523
kg/h of NaOH 32% in the circulating pump loop and 1,320

20 kg/h of NaOH 32% after the circulating pump loop, 857 kg/h
of butylphenol solution (20%) and 24 kg/h of N-

ethylpiperidine (0.0104 mol per mol of bisphenol A) (4.8%

solution).

25 The following analytical data are determined on the

polycarbonate granules:

YT = 1.45
Eta rel = 1.193
30 Phenol. OH = 70 ppm

Nitrogen = 35 ppm



.The pol ycarbonate solution is concentrated in evaporati on units and freed

from residual gg&oggg%on a devolatilization extruder. Zﬁh 80%1‘%’1
32

anal yti cal Taf ternined on the pol ycar bonat e gF§H

Eta rel = 1.193 10 Phenol. OH = 70 ppm N trogen = 5 ppm Exanple 3 15 Via a
T-pi ece, before the punp, 35,000 kg/h of2lan al kaline bisphenol A solution
whi ch contains 15 wt. % BPA and 2.1 nol of sodi um hydroxi de sol ution per nol

of BPA and, r J=pkece, 2,700 kg/h of phosgene dissolved in
31,500 kg / Siafiolh dREnTe écon5| sts of 50 wt. % net hyl ene 20 chl ori de and
50 wt. %rmnochl orobenzene are netered into a circulating punp reactor. To
mai ntain the al kalinit 525 kg/h of 32% sodi um _ hydroxi de sol ution are
metered in ahd e Her o tjr%ne%ﬁ%tﬂd‘?e 28U T stlb%sg‘éjdl‘[’)‘éh?gt%mPH%tﬁu%ew a the

heat exchangef.ang. the detention tank, the above substance streans being

nmetered in. The tenperature is 38C. 30
5

27,000 kg/h of BPA solution, 2,135 kg/h of phosgene, 416
kg/h of NaOH 32% in the circulating pump loop and 1,190
kg/h of NaOH 32% after the circulating pump loop, 740 kg/h
of butylphenol solution (20%) and 21 kg/h of N-

10 ethylpiperidine (0.0105 mol per mcl of bisphenol A) (4.6%

solution).

The following analytical data are determined on the

15 polycarbonate granules:
YI = 1.38
Eta rel = 1.196
Phenol. OH = 75 ppm

20 Nitrogen = 42 ppm

The experiments clearly demonstrate that, surprisingly, if
the metering of catalyst falls below the minimum this leads
to a higher content of nitrogen in the polycarbonate.

25



A part anount of the enulsion which is as high as that of the raw materials
flowng in i e the netering points for BPA a omt he
det enti on tavﬁ)kfzﬁgzl/g%%%gzoom 063249 PCT/ EP2003/ 014881 19%?%}’?@%‘?&%%{} and
punped t hrough a tube reactor. 1,540 kg/h of sodi um hydroxi de sol ution (32
wt.% and 966 kg/h of a solution (20 wt.29 of p-tert-butyl phenol, dissolved
in the solvent mxture, are netered into this stream After a 5 dwell tine
of 7 mn, 55kalily ol Ngt hyl pi peridine (0.026 nol per nol of bisphenol A)
in the formof—=a 5 1%sofution in the solvent m xture (50 parts nethyl ene
chl oride and 50 parts nonochl orobenzene) are netered in and the enulsion is
punped throuph a further tube reactor. b‘i means of atfurth r 10 punp. After
a dwel | time'of 7MHA°Theenttsi o S Separdt e Th- B separ ati ng vessel and

the pol ycarbonat e S0} ¢t +1hd Se wVaghesh e fi oshel Bcifiobyt £So bYyokngwn
processes, e.g. by the 15 centrifuge techni cgé. The pol ycarbonate sol ution
is concentrated iTh etEvr &Y ofhe Urt ERCAm fFeed o @ds duad—Rivksent on a

devol atilization ;gxtruder. 20 The folloying apal ytigal data are; determ ned

on the

terminators, catalyst and optionally branching agents
in a mixture of aqueous-alkaline phase and organic
solvent phase, characterized in that the metered

10 amount of catalyst is not allowed to fall below a
minimum amount of 0.012 to 0.05 mol of catalyst per

mol of bisphenol employed.

2. Process for the preparation of polycarbonate by the
15 phase interface process according to claim 1,

characterized by the following process steps:

a) continuous bringing together of the organic phase

and the aqueous phase in the circulating pump

20 loop of a circulating pump reactor, during which
an emulsion forms, optionally using a mixer,
wherein the organic phase is a solvent which is
suitable for the polycarbonate and already
contains the phosgene and the agqueous phase

25 comprises water and a mixture of alkali metal
hydroxide solution and phenolic components
(bisphenol and optionally monophenol as a chain

terminator),

30 wherein

b) a temperature of less than 60°C is established in

the circulating pump reactor, the circulating



.pol ycarbonate granules: Yl = 1.29 25 Eta rel = 1.194 Phenol. OH = 80 ppm
Nitrogen = 3 ppm  Conpari son exanple 1 30 The pol ycarbonate is prepared as
described i¥° |§|9%(°f’3g§% 493 (check 16.10.2002 Le A 34 %§855P23MPI*E%S. 28
kg/ h of WD 2004/ 063249 PCT/ EP2003/ 014881 20 et hyl pi peridine (0.0107 ol per
nmol of bisphenol A) are netered. 5 The Z®l1ow ng anal ytical data are

determ ned on the polycarbonate granules: Yl = 1.4 Etarel = 1.196 10
Phenol. OH = 90 ppm Nitrogen = 30 m , Conparison_exanpl e, 2. 15 As_descri bed
1 exampl e 1, but the YOl | out e ansunt e e rererbat - She bbo" KB7 hbr BPA
solution, 2,460 kg/h oiaphosgene;td23ankgd hoaft NatrhB3R2% f nthdeecwnl sldbat i ng

punp | oop and 1, 320 , ,
formed i1s removed continuocusly from the

circulating pump reactor via the detention tank,

5
and
c) the part amount of this emulsion removed is then
pumped through tube reactors which are equipped
with mixing and detention zones and provide a
10 total dwell time of between 2 minutes and 40
minutes,
wherein
i5 1) the ratio (expressed in moles/mole) of
metered amount of phosgene to the amount of
phosgene theoretically necessary to react all
the bisphenol and phenol is between 1.12 and
1.22,
20
2) phosgene solution and bisphenol solution are
metered here within the circulating pump
reactor directly after the detention tank,
before the pump, into the circulating pump
25 loop, opticnally via a mixer, and the chain
terminator can also be conveyed into this
circulating pump loop or optionally directly
into the tube reactors, see 5),
30 3) within the circulating pump reactor alkali

metal hydroxide solution is topped up in the

circulating pump loop, after the detention



,20 kg/h of NaCH 32% after the circulating punp | oop, 857 kg/h of
01
14

b,ut yl phenol__sql ut 09 and 24 kg/h of N ethylpi per| dine (0O 04 nol per
nol of bi sp%eﬁ%?4 ,&)63"(4519 8% solution). 25 The foll ow ng PSR aﬁpff’é%/ﬁl Bta are
determ ned on the polycarbonate granules: Yl =1.45 Eta rel = 1.193 30

Phenol. OH = 70 ppm N trogen = 35 ppm 24

tank but before the pump, in an amount of 15

- 40% of the total amount to be topped up,

4) within the circulating pump reactor bisphenol
5 A and phosgene sclutions are metered into the
circulating pump loop according to 2) such
that the part amount removed at the detention
tank corresponds to the total amount of
solutions metered in,
10
5) further alkali metal hydroxide solution (85 -
60% of the total alkali metal hydroxide
solution to be topped up) and optionally
chain terminator are added into the part
15 amount removed from the detention tank,
directly before introduction into the tube

reactor, and

©) after a further 1 - 20 minutes, preferably 1
20 - 15 minutes dwell time in the tube reactor,
the catalyst is added in a ratio of at least
0.012 mol of catalyst per mol of bisphenol
employed.

25 3. Polycarbonate obtainable by the process according to

claim 1.

4, Shaped articles and extrudates of polycarbonate
according to claim 2.
30
5. Optical data stores of polycarbonate according to

claim 2.



