TI TLE OF THE | NVENTI ON Phase Boundary Processes for Preparing Pol ycarbonates
BACKGROUND OF THE | NVENTI ON [ 0001] Pol ycarbonate preparation by a phase
boundary process has been 5 described by Schnell, "Chem stry and Physics of
Pol ycar bonat es”, Pol ynmer Reviews, Volunme 9, Interscience Publishers, New
Yor k, London, Sydney 1964, pages 33-70; D.C Prevorsek, B.T. Debona and Y.
Kesten, Corporate Research Center, Allied Chem cal Corporation, Morristown,
New Jersey 07960: "Synthesis of Poly(egter Carbonate) Copolyners” in

Jour nal of Polyner Science, Polyner Chem stry Edition, 10 Vol. 18, (1980)";
pages 75-90, D. Freitag, U Gigo, P.R Miller, N Nouvertne', BAYER AG
"Pol ycarbonates” in Encycl opedi a of Polyner Science and Engi neering, Vol une

1 1, Second Edition, 1988, papgsEadRiagANEENTIONally by Dres. U Gigo, K
Kircher and P. R Miller, "Polycarbonate [Pol ycarbonates]" in Becker/Braun,

Kunst st of f - Handbuch F’msaﬁqueéarb‘l&n@bsﬁ@kfor Pyapting Palydarbenakgscar bonat e,
Pol yacetal e, 15 Pol yester, Cell ul oseester [Pol ycarbonates, Polyacetals,

Pol yesters, Cellul ose Est n| ch, Vienna 1992,
pages 118-145. A phase bﬁﬁ‘?&??‘%ﬁ&@ @nﬁﬁ ”yﬁ%mg? epar ati on of

pol ycar bo i's al pgryees6ak d acﬁbﬂyoﬂﬂﬁ& hohg kd IERbeAN

EP0517044 n!:l European Pat eér?t%%ljblll cation E&BQPOZ?ZA t he ent| re

cont ents describetlhy Bfhmeh) ‘tﬂ*hem:eryandd’thpmcsadféﬁbl)hen’oenatei)’y%lgmerEewews 20 100021
For the preparatlon of polycarbonate_ by the phase boundary process t he

phosgenat i YoHes © énwrswa%%ﬁl@éh%rs d¥evy Ypiks bﬁ%‘??é‘la Systney 1404 tPagss Bt 7%i f f er ent
bi sphenol g, M@b@ &J W'ﬁ‘e%rﬁﬂ%cde@ el 68@% R&KR b'c%ﬁt&%&{ don or

suspenS| on, edmn resence an | ner orgdnic sol vent or

sol vent mofemidl @btp@fht&)@rmrrmosﬁpmw REGROTI0: mﬁ&sisr@f@a@(éste@n to the
aqueous phase. The resulting oligocarbonates mainly present in 25 the

organic pﬁ‘atslwnauebCQpIﬂﬂBﬁs’ém Joutrtal o holahner Sefiensei Rodptrher Cdanuﬂtwsﬁcttlmm gi ve high
S SR I R A RN N
(monof U”“A(ﬁ’,”%ly@ﬂﬁ&%és) in ER& RIpIGRLE Polymer Science and Engineering,
Volume 1 1, Second Edition, 1988, pages 651-692, and finally by Dres. U. Grigo,
K. Kircher and P. R- Miiller, “Polycarbonate [Polycarbonates]” in Becker/Braun,
Kunststoff-Handbuch [Plastics Handbook], volume 3/1, Polycarbonate, Polyacetale,
15 Polyester, Celluloseester [Polycarbonates, Polyacetals, Polyesters, Cellulose Esters], Carl
Hanser Verlag Munich, Vienna 1992, pages 118-145. A phase boundary process for the
preparation of polycarbonate is also described in European Patent Publication No.
EP0517044A and European Patent Publication No. EP0520272A, the entire contents of
each of which are incorporated herein by reference.
20 ]0002] For the preparation of polycarbonate by the phase boundary process, the
phosgenation of a disodium salt of a bisphenol or a mixture of different bisphenols,
initially introduced into aqueous alkaline selution or suspension, is effected in the
presence of an inert organic solvent or solvent mixture which forms a second organic
phase in addition to the aqueous phase. The resulting oligocarbonates mainly present in
25  the organic phase are condensed with the aid of suitable catalysts to give high molecular
weight polycarbonates dissolved in the organic phase, it being possible to control the

molecular weight by suitable chain terminators (monofunctional phenols}. The organic



-2- phase is finally separated off and the pol ycarbonate is isol ated
therefrom by various working-up steps. 100031 Conti nuous processes for the
preparation of condensates using phosgene - for exanple the preparation of
aromati ¢ pol ycarbonates or polyester carbonates or their 5 oligonmers - by

t he two- phase boundary process have as a rule the disadvantage that, for
accel erating the reaction and/or inproving the phase separation, nore
phosgene has to be wused than is requised for the product bal ance. The
excess phosgene is then degraded in the synthesis in the form of byproducts
- for exanple additional sodiumchloride or alkalicarbonate conpounds.
Typically, the phosgene excess of about 20 nol % based on 10 the added

di phenol apRase iissfinasl¢ defdaddted HE af@heipdHRMBORMOTSAEARE] herhdal by wirRagss for the
preparation of aromatic pol ycarbonates according to the prior art (cf. D

Freitag, Working-gosteps.R. Muller, N. Nouvertne, BAYER AG "Pol ycarbonates" in
Encycl oped] f Polymer Science and Engi neering, Yolume 1, 1, Second

Edi ti on, f@gélo pageégrgg‘i‘%‘@@?.cesse[sgﬁrothip%ﬁarétl?réﬂ%@f‘ THAGT U REPRRRRES
phosgene, gyindsasi) rof afidrh g ation of
t he dispefgioﬁﬁg%?§?§gﬁgﬁﬂ%§¥areé@%&%%egﬁg%?mhn&%ﬁgﬁggé¥ﬁ§@%3§§g@&mater
cont en§ i oligdneeror aihictwdihatd runddry ipistessamee ay £aileithaldisadvmmge tiek, fohai n

termnator contents in the waste water. Various nethods for reducing the
excess phaeglerasing the reggtivndad/or improying thej phaseaseparation oposrhasgens hes wis: 967

di scl oses t it can dvantageous for the phosgene . 20.yield.of a
process ff’?egﬁﬁqnds(g%?‘?gor 8%%“95%8"0&3%%‘?’(8?5&?38 G A (R %%Fﬁdﬁgﬁk phosgene,
Ina tUbeﬂéﬂgnﬁgﬁﬁmﬁ&sﬁﬁﬁ&ﬁ@?ﬁ%d&ﬁéﬂﬁRQ@ﬁﬁﬁeﬁH&ﬂo%ﬂ@&ﬁﬁ&kaQHe%Pe tank type.
The residencé tine in this tube should be between 0.5 and 15 seconds. The
phosgene elkakssbonhtetchmponelact ypoenliysthaphesgeinaexcd offebdat 2% eskdced phosgene

excess req}}%i res a di sadvant ageous phase ratio of O{;pgani c phase (i.e. oil)
to wat®r #5 adferdiphenokitnienred Jo1 thy sanginpers twephsssonrdds Piccsie haw phases

ot g AR N e SRR 1 ] o vel o
U. Grigo, P.R. Miiller, N. Nouvertne, BAYER AG, “Polycarbonates” in Encyclopedia of
Polymer Science and Engineering, Volume 1, 1, Second Edition, 1998, pages 651-692).
[0004] In a reduction of the excess phosgene, undesired secondary effects occur,

15 such as poor separation of the dispersion after the last reaction step, and hence increased
water content in the organic solution or increased residual monomer or chain terminator
contents in the waste water. Various methods for reducing the excess phosgene are
discussed in the literature.

[0005] DE-A 2 725 967 discloses that it can be advantageous for the phosgene

20 vyield of a process first to combine aqueous and organic phase, which contains phosgene,
in a tube and then to introduce said phases into a reactor of the tank type. The residence
time in this tube should be between 0.5 and 15 seconds. The phosgene excess of the
reaction is more than 10 mol%. This reduced phosgene excess requires a disadvantageous
phase ratio of organic phase (i.e. oil) to water in order to achieve an effective separation

25  of the two phases after the end of the reaction. Another disadvantage is the relatively long
residence time for the phosgenation.

[0006] EP-A-304 691 describes a continuous phase boundary process for the

preparation of polycarbonates. Here, an aqueous phase comprising diphenols and just the



100061 EP- A-304 691 describes a continuous phase boundary process for the
preparation of polycarbonates. Here, an aqueous phase conprising di phenols
and just the -3- anmount of al kalihydroxide required is conbined with a
phosgene-contai ni ng organic phase in a tube with the use of a static m xer.
The phosgene excess of 20 to 100 nmol %is very high and the residence tine
in the reaction tube for the first reaction stepis 10 to 75 s. Wth this
process, only prepolynmers having a nolecul ar wei ght of 4000 to 5 12 000

g/ nol can be prepared. [0007] EP O 517 044 A2 describes the reduction of the
phosgene excess by means of an annul ar hole nozzle and a fl ow tube, just
sufficient sodium hydroxi de solution being used so that BPA still remains
di ssol vecmonht ef ghabibrdrokde reyired escoobmsidivotht aphosgapetcaniaonng evigetic measur enent

of the chlorocarbonic acid ester.grou by. neans of an.ATR stal 10 and
Fequl at oSS Equ hDEes? At SriSBBFLR phr SRt ces e i {MEPEvent

overacl d'\fekfﬁigh | meE.rés'i‘cf‘enF@% liPfhe SQHSA ﬁ’xﬁe rdrid FRE fRG R stdpliS 1§ RAction
requires a pnase ratio of ol to water that forns a water-in-ol dlsper3|on
(oi |/ wat €15 P Magethisgird@sgbaBipeEpol Yindts RJving d heleceiar deigheoft400@td n the fl ow tube

is at |east several seconds. 10008] EP 0 520 272 B | discloses that a snall
phosgéne xX¥8gémelantye psaptedved 15 by splitting the stream of the BPA

Sol ut | on DG 073l R AT R et Buthion ! B sbline EXGRS BT | cast

20 mol % it HaRcharHAG r'iﬂz’éfe%@atfﬂ)%ﬂtub@,?ﬁslt§ufﬁb‘i%ht_@%ﬂiuhﬂhﬁir&i@é"‘s&lﬁ{%Béfl ha
mni mum residence tine of 3 s. Here'too, it is required that the dispersion
be a wat arsed so thai BP Alis8k emmsdinadissbhed dT'ld sprwasduagequoitestdompiicaedsgulatnsi st s,
inter alia, also in the greater effort 20 for netering a second BPA stream

[0009] A Yidumersugnegt of the chinisgdaaic agidesisr graupy pagansiodan 6/ Rysysidar bonat e

enpl ayi ng. t.he phase,boundar rocesses - where this was ssible at all -
was there 8rr%gUP%% Siug\sl%qgfme ntléée H‘agc(gfestg(?ﬂu? }Wdf%'c{)ehsgluélopé? r(%gn i sadvant ageous for

t he subsegdrdldiffk@Bas 8t thefeac®bn §dMRidPLBRARES, thisQERtioR st SB bRk REioOr
regul ati on technol ogy or |ong residence tines
of oil to water that forms a water-in-oil dispersion (oil/water phase ratio greater than 1).
The residence time in the flow tube is at least several seconds.
[0008] EP 0 520 272 B1 discloses that a small phosgene excess can be achieved
15 by splitting the stream of the BPA solution. Here, part of the BPA solution is mixed with
the phosgene solution via a nozzle so that, in this step, a phosgene excess of at least
20 mol% is used. The mixture then reacts further in a flow tube with a minimum
residence time of 3 s. Here too, it is required that the dispersion be a water-in-oil
dispersion. The disadvantage of the process consists, inter alia, also in the greater effort
20  for metering a second BPA stream.
[0009] A reduction of the phosgene excess in preparation of polycarbonate
employing the phase boundary processes — where this was possible at all — was therefore
achievable to date only with phase ratios disadvantageous for the subsequent separation
of the two phases, complicated metering or regulation technology or long residence times
25  ofthe reactants in the reaction apparatuses.

[0010] A reduction of the phosgene excess in the preparation of polycarbonate by

the phase boundary processes is, however, important in that such a process will ensure a



25 of the reactants in the reaction apparatuses. [0010] A reduction of the
phosgene excess in the preparation of polycarbonate by the phase boundary
processes is, however, inportant in that such a process will ensure a -4-
substantially small er phosgene | oss through subsequent destruction of the
excess and noreover snmall anounts of byproducts would result fromthis
destruction. BRI EF SUMMARY OF THE | NVENTI ON [ 00111 The present invention
relates, in general, to efficient cont4gnuous processes 5 for the
preparation of polycarbonate enploying a phase boundary process, and to the
use of a special disperser to mx the organic phase and the aqueous phase
in such processes. [0012] The various enbodi nents of the present invention
provi de prubsesidy Smﬁllewhp@g@npmssg‘ewghéubmser@dwtrmetwmfub@@mss dndr as

possible, and in ich the sa vantﬁggs @h. tﬁ prior .art do not occur. In
par ti cul aMOTeGYESHA ag‘ﬁ%ta. EEW{VQ Y5fS WHED frspll fam hisesifyedA™10 provi de
processes which can permt efficient subsequent separation of the two

phases. [0013] Surpri siggip: siiveRy GEndEtRaENTIDNRCESS for the
preparation of polycarbonate by a phase boundary processes, in which the

aqueous aji1llhe or gieipceseptimsmtian eclares @dgdnyrahpanficeht eondinapesseresdeef ore t he
reaction and the hosgenatlon step is carried out wwth a residence tine of
| ess thanfopths psepaff’éwwf BO acqr@w&qr@ﬂiomg@ﬁéﬂ%hﬁ%@i@ﬁépr@sesw@éé%t cWa&ed on the

sum of t h& a spety gr WJmﬁHH@?E&m%ﬁﬁ%& GR %qﬁré%lu% Rise lrﬁgtg;}_ﬂ Ei&:legseg rably 13

nmol % or par |cu Farl y n such

proc essesmﬁmor di NOrHeQafibgs Mdd%&n@@mﬁapﬁm& &v@ﬁttdnhﬁoﬂﬂ@&%@éssed igventi on,
nei t her conplicated netering by nmeans of two di phenol streans nor a a

conpl i catehich plpsgend ouesesnbotadyyed as fareg ppssdde, a@himghich thehdisadxantegeel y short

resi dence 20 tinme of the phosgene the reactjon apparatus, .the process
still hasOthh%pré‘H Oa&j’éofcﬁ’é ‘tl??étlc%o%’@H%eW‘EOJd'Bﬁ%P? 8 PFiel IRYGHRN ¢ e and

e O B S ENCEr R B LS athelenbinh oioghamcl Y Tor
of view sjooey the ffamislrrgy,of whdfBuidthCa P8 Eor@hd Srefamsdndgr ably imted
polycarbonate by a phase boundary processes, in which the aqueous and the organic

phase are mixed by means of a disperser before the reaction and the phosgenation step is
carried out with a residence time of less than 0.5 s, permits a reduction of the phosgene
15  excess, based on the sum of the dihydroxydiarylalkanes used, to 15 mol% or less,
preferably 13 mol% or less, particularly preferably 10 mol% or less.
[0014] In such processes according to the various embodiments of the present
invention, neither complicated metering by means of two diphenol streams nora a
complicated regulation technology is required. Owing to the extremely short residence
20 time of the phosgene in the reaction apparatus, the process still has the advantage that the
phosgene is converted in a short time and the remaining, reduced excess can be fed
substantially more rapidly for destruction. This has advantages from both a safety and an
economic point of view since the handling of the toxic phosgene is considerably limited
with regard to time and the loss of unconverted phosgene, i.e. phosgene added in excess,
25  and the resultant byproducts from the destruction of the latter are reduced.
[0015] The present invention therefore relates to a process for the continuous

preparation of polycarbonates with average molecular weight averages M,, of 15 000 —

200 000 g/mol by the phase boundary process from at least one dihydroxydiarylalkane,



with regard to tinme and the | oss of unconverted phosgene, i.e. phosgene
added i n excess, 25 and the resultant byproducts fromthe destruction of the
| atter are reduced. [0015] The present invention therefore relates to a
process for the continuous preparation of polycarbonates with average

nol ecul ar wei ght averages Mv of 15 000 - 200 000 g/ nmol by the phase
boundary process from at | east one di hydroxydi aryl al kane, -5- phosgene and
at | east one catalyst, optionally in the presence of at |east one chain
term nator and/or branching agent, characterized in that (a) a m xture of
the organic and aqueous phase is produced by continuously dispersing the
organi c phase in the aqueous phase or the aqueous phase in 5 the organic
phase i n phoggenpendatricast pree eatalymhi thlph‘%\b/eﬂ theriregensaref aaleaptems chisne sol vent

suitable for. the bonate me of the phosgene and the
aqueous dﬁﬁ@@a85ﬂlzrﬁ¥ Pﬁ@gﬁﬁﬁgﬁpﬁg?ﬁ?§WQﬁglkane(s) water and al kal

sol ution, between 2 th Rfnak, ToUNII ,Rgag added per
nole 10 of di hydro>2§d| arylﬁ(ﬂ'ﬁﬁane',:Bmos1 aﬁ Jﬁ%lo eSI sSp(P en regct ed in a
react or wdntingousBslispersirer the orzanic phmantltehqnecﬁhsgah&sO(rd)eeiqha)ws@amnmn m xture
is then allowed to react further with addition of further alkali solution

and opti ohaPISNEMERTE ip@disPArEor (s) in a further reactor, and 15 (d) further
condensation is then eff cted . bélp]addl rther, al ka }utl on and

optionally chain term nd orrga'jlc ¢ ?ntf"gé@tJ gﬁ%{ 085?%1"’% - ta}]i’l hé:ast one
further gaaGHRdhateaAQA0 br (R SNROPIIIBEC afi t he present invention includes a

continuous process for preparing a polycarbonate having a wei ght average
mol ecul ar wei ght M v of th&aquegustphas2@ninHHO dgiydnjxydlaméalbarm(ﬁé,s\satgonpn si ng

rﬁagt Ipﬂgs%] M ﬁvydlrl%g‘ééegl lég ],%Qild%g ?gte ari'l?allJ srtlalutlon elrx)lrgea%iggdcpeer%}:olf? catalyst
10 of dihydroxydiarylalkane,
(b) the mixture is then reacted in a reactor with a residence time of less
than 0.5 s,
(c) the reaction mixture is then allowed to react further with addition
of further alkali solution and optionally chain terminator(s) in a further reactor, and
15 (d} further condensation is then effected by addition of further alkali
solution and optionally chain terminator(s) and at least one catalyst in at least one further
reactor.
[0016] One embodiment of the present invention includes a continuous process
for preparing a polycarbonate having a weight average molecular weight M,, of 15,000 to
20 200,000 g/mol, the process comprising reacting a dihydroxydiarylalkane and phosgene in
the presence of a catalyst in a phase boundary process comprising:
continuously dispersing in a disperser an organic phase and an
aqueous phase to form a mixture, the organic phase comprising at least a portion of the
phosgene and a solvent suitable for the polycarbonate, and the aqueous phase comprising
25  the dihydroxydiarylalkane, water and an alkali solution present in an amount of 1.5 to 2.5
moles per mole of the dihydroxydiarylalkane;
reacting the mixture in a first reactor with a residence time of less

than 0.5 seconds;



continuously dispersing in a disperser an organi c phase and an aqueous
phase to forma m xture, the organi c phase conprising at |east a portion of
the phosgene and a solvent suitable for the polycarbonate, and the aqueous
phase conprising 25 the di hydroxydi aryl al kane, water and an al kali sol ution
present in an anmount of 1.5 to 2.5 noles per nole of the

di hydr oxydi aryl al kane; reacting the mxture in a first reactor with a
residence tinme of less than 0.5 secomls; -6- further reacting the m xture
in a second reactor with addition of a further anmount of an al kali solution
and, optionally, a chain termnator; and effecting further condensation in a
third reactor with addition of a second further anount of an al kal

sol ution and, optional | yurther c¢pgting the mkineg ige, se¢andirpast® vothessldition b t he

catal yst. 0171 ring. the dispersing of the organic phase in the aqueous
phase or %'#R?rﬁénougs?feaﬂg’ék%wgggmﬁﬁ“?’r?é’g?)‘?aélﬁn? @‘%@Eﬂmﬂ&?ﬁ&@ans of a disperser,
an of | -in-vater or a walsfecy fuRhds ShERSIRNIMa BN R ORHERioPdfa oI NO
understood as the organic phase. Preferably, an oil-in-water dispersionis
produced susridnfyrthdreandhiuapeli i aticali sBheibe nad loptiodatle, oclgdnicenph@sdanile 10

di spersed continuously in the aqueous phase by neans of the disperser.

[ 00181 ByPr@®nfheitthefRalNH- oi | -i n-water dispersion is one in which water forns

h i J il f . i | (di d
L1 oL 0, {C M MU FRSF s F I B >

phase, i “dil drop _ _ _
di sper si OghubSusGRBKEA WRNrni®peast %mhmm dispeRefBn ol NE-vexdr@F Balatdpli@se and
wat er the 1 nternal phase. 15 BRI DESCRI PTION OF THE SEVERAL VI EWs OF THE

DRAW NG $ibdigdrsidinmay be pyolueegt, sil g yndagogkds thagrgamie phadel Brafangplgenai | ed
descriptiaon, of the invention, y.be better, understood when read jn
conj uncti e élﬁ@ra%s'rm%fﬁwegﬁw%%. lsmmg-ﬂ’éeflrs@ify@ﬂ@ BganisRST ng in the
expl apat i - L1 Qn, LN raw ngs
Fepr onEnt S0 SORrBYAPH B paichEl Bt By nRR MR 0 ¢

[0018) By definition, an oil-in-water dispersion is one in which water forms the

external (continuous) phase and oil forms the internal (dispersed) phase, i.e. oil droplets
are distributed in water. A water-in-oil dispersion is consequently one in which oil forms

the external phase and water the internal phase.

15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
[0019] The foregoing summary, as well as the following detailed description of
the invention, may be better understood when read in conjunction with the appended
drawings. For the purpose of assisting in the explanation of the invention, there are
shown in the drawings representative embodiments which are considered illustrative. It

20 should be understood, however, that the invention is not limited in any manner to the
precise arrangements and instrumentalities shown.

[0020] In the drawings:
[0021] Fig. | is a schematic depiction of a disperser suitable for use in accordance
with an embodiment of the present invention;

25  [0022] Fig. 2 is a digrammatic representation of the disperser depicted in Fig. 1;
[0023] Fig. 3 is a digrammatic representation of a predisperser suitable for use in

accordance with an embodiment of the present invention;



k.

20 shoul d be understood, however, that the invention is not limted in any
manner to the precise arrangenents and instrunentalities shown. [00201 In
the drawi ngs: [00211 Fig. 1 is a schematic depiction of a disperser suitable
for use in accordance wth an enbodi rent of the present invention; 25
100221 Fig. 2 is a digranmatic representation of the disperser depicted in
Fig. 1; 100231 Fig. 3 is a digranmatic representation of a predi sperser
suitable for use in accordance wth -ah enbodi nent of the present invention;
-7- [0024] Fig. 4 is a digrammatic representati on of a honogeni zi ng nozzle
suitable for use in accordance with an enbodi nent of the present invention;
[ 0025] Fi 5 is a digrammatic representation of a disperser suitable for
use in a{gﬁ%ﬁ]dancemghs adryamaiGsatesrsHionsf athp@moperdziag nods sieblen; and 5

[ 0026] Fi 6.1S.a che .esentatio a single-hole nozzle used as
a di sper@e?s"' 1 AERAHBF e W‘ﬁ%em NGE'E‘B%% LLFI E&S\tl 'BF THE | NVENTI ON [ 0027]

As used hgpgi|n, th¢1g9'Srlgﬂld?g'raﬁl@lﬁﬂ'@repﬁserﬁﬁﬁm JrAQlispersee ﬁﬁﬁ‘tﬂ@%ﬂﬁ@mﬁnd used

i nt erchangeably with "one or nore" and | east one,"” unless the | anguage
and/ or 1(hcc¢mﬂare:xmldﬂmatﬂeyemb@ﬂ1mamtmf thrtl:lvteﬂem igeentiboconddi ngly, for exanple,

reference to "a pqlycarbonate” herein or pend d clainms can refer
to a i ndP®Yol ycarbbivdtas m%Feé’rﬁsﬁ%lﬁtl%h‘éfapg&ﬁi%g? BOR%R "e“seﬂd‘a?ti onal ly, all

nuneri cal therwi se specifically noted, are understood to be
nodi fi ed %ﬁkﬁgﬁ[b&ﬁk%éggﬁt " [0028] The organi c phase nmay al ready contain

sonme or all of the required 15 phosgene before the dispersing with the
aqueous phase. Pref erRBTHILED®RESCRIATION OESHIE ANVERAYOBont ai ns t he tot al

anount of ui red phosgene, including the phosgene excess used, before the
di sper si r{QOZ'ﬁoozg] Asiseq hereieihe singnlaptermpiéa ”piné 8@’r’nérei sypenymas gndjassdc phase
can be eflgtee?thangeagly with “one or more™ and “at least one,” unless the language and/or
10 context clearly indicates otherwise. Accordingly, for example, reference to “a
polycarbonate” herein or in the appended claims can refer to a single polycarbonate or
more than one polycarbonate. Additionally, all numerical values, unless otherwise
specifically noted, are understood to be modified by the word “about.”
[0028] The organic phase may already contain some or all of the required
15 phosgene before the dispersing with the aqueous phase. Preferably, the organic phase
already contains the total amount of required phosgene, including the phosgene excess
used, before the dispersing.
[0029] The introduction of the phosgene into the organic phase can be effected in
gaseous or liquid form. The excess of phosgene used, based on the sum of the
20  dihydroxydiarylalkanes used, is preferably only 15 mol% or less, particularly preferably
13 mol% or less, very particularly preferably 10 mol% or less. The excess of phosgene
used, based on the sum of the dihydroxydiarylalkanes used, is preferably between 3 and
15 mol%, more preferably between 3 and 13 mol%, very particularly preferably between
5 and 10 mol%.
25  [0030] The pH of the aqueous phase should be kept in the alkaline range,
preferably between 8.5 and 12, while optionally metering further alkali solution once or

several times during and after the phosgene metering, while it should be 10 to 14 after the

addition of catalysts. The further metering of the alkali solution can optionally also be



gaseous or liquid form The excess of phosgene used, based on the sum of the
20 di hydroxydi aryl al kanes used, is preferably only 15 nol % or |ess,
particularly preferably 13 nol%or |ess, very particularly preferably 10
nol % or | ess. The excess of phosgene used, based on the sum of the

di hydr oxydi aryl al kanes used, is preferably between 3 and 15 nol % nore
preferably between 3 and 13 nol % very particularly preferably between 5
and 10 nmol % 25 [0030] The pH of the-a&queous phase shoul d be kept in the

al kal ine range, preferably between 8.5 and 12, while optionally metering
further alkali solution once or several tines during and after the phosgene
metering, while it should be 10 to 14 after the addition of catalysts. The
further reffeeted irgthe formhef cermksionding furthes metezing epdinpirexydiariatianp solution ef f ect ed
in the fornhp @ {respondlng further netering of dihydroxydiaryl al kane

sol ution' F 4™ sol uti on [ 00311 The phosgene netering is effected

before thgo3pxi ng WhEBhé%@n@ﬂHt%Hh‘éns PRASE be GRTRE £EEhY WRk np@tqtutyusdl rectly
into the organi c phase ny portions of phosgene can 5 also be netered into

t he aqueqihssepbasgetobf cmmrtt)hhredtlg pes thiergganic phatc Ahhgodicspef sphicgemnafcher t he
di spersing. Furthermore, can the phosgene either conpletely or partly be
met er éd iakode metered e dhe agupqus §t1@56ézﬁf05¢ the Hesp%rng 196 81t ttw«. diggrsiongtiten ot h

phases. 4Rl Fighalihe THRAMAL CLeiatibeechElig: LagNELELIRTE higadilt | on o

catalysts descri Fs R xed with

t he phosgaeer kA Papisiiehd oPiltaYhheNHATRuRMH bbﬂnqma@dctﬁﬁ paf- sareartt feferably
abovenenti oned recycled part-stream after a residence time of |ess than 5

seconds, being rt:mled\h@fcphﬁ@addltmhef chial psts. De dncibpreolred preas ¢hapdastriticde
hosgene-cont ai pi n are m.xed direc into t

Doy i Phese S Pedadiith Re phe %%&me oA BaPERTE BB Bt e compl ot 6
phosggne tnatb%%mgmto%e@técgatﬁg 540808 U OO P16 RSYRQIS, Bpase,

directly 1nto the organi ese enbodi nent's e ranges

descr i bedhatvavighalds, mlemlatddlbb@aqt&bﬁtt ;ata@aedlth tHe pa.pggreﬁarcmamntg)brgmcepha@g of
further sodium hydroxide solution once or several times or correspondi ngly
net er i ng Aamized dingethpinenibe abevegnigredmecycled part-stream. Particularly preferably,

the complete phosgene metering is effected before the mixing with the aqueous phase,
directly into the organic phase. In all these embodiments, the pH ranges described above
15 should be maintained, if appropriate by metering of further sodium hydroxide solution
once or several times or correspondingly metering further bisphenolate solution.
Likewise, the temperature range must be maintained, if appropriate by cooling or
dilution.
[0032] The organic phase may consist of one solvent or mixtures of a plurality of
20 solvents. Suitable solvents are aromatic and/or aliphatic chlorinated hydrocarbons,
preferably dichloromethane, trichloroethylene, 1,1,1-trichloroethane,
1,1,2-trichloroethane and chlorobenzene and mixtures thereof. However, it is also
possible to use aromatic hydrocarbons, such as benzene, toluene, m-/p-/o-xylene, or
aromatic ethers, such as anisole, alone, as a mixture or additionally or as a mixture with
25  chlorinated hydrocarbons; dichloromethane and chlorobenzene and mixtures thereof are
preferred. Another embodiment of the synthesis uses solvents which do not dissolve but
only partly swell polycarbonate. It is therefore also possible to use nonsolvents for

polycarbonate in combination with solvents. In this case, it is also possible to use, as



Li kew se, the tenperature range nmust be maintained, if appropriate by
cooling or dilution. 100321 The organi c phase may consist of one sol vent or
m xtures of a plurality of 20 solvents. Suitable solvents are aronmatic

and/ or aliphatic chlorinated hydrocarbons, preferably dichloronethane,
trichloroethylene, 1, 1, 1 -trichloroethane, 1,1,2-trichloroethane and

chl or obenzene and m xtures thereof. However, it is also possible to use
aromati ¢ hydrocarbons, such as benzen®,- tol uene, m/p-/o0-xylene, or

aromatic ethers, such as anisole, alone, as a mxture or additionally or as
a mxture with 25 chlori nated hydrocarbons; dichl oronet hane and

chl or obenzene and m xtures thereof are preferred. Another enbodi nent of the
synt hesi ssolysets, soblentsispkiblehin ghe agiwequsphaiessish weteahydrolyrap, bar el y swel |

pol ycarbonate. It is, thereforge, al S0 possibl.e to use nonsol.vents for

Dol Yoar banGEEE WAL PR e FOISET GRTRSE s Thecoiganis PISE: ol so

possibl e ym3jse. aSundblc YYERIHaryBMEN! RereRhbthbnl AkiiBeRAUAQUS Phase,
such as tetrahydrofuran, 1,3- or "1, 4-dioxane or 1,3-dioxolane, if the

sol vent pafetradto ihtee aBa dsHiplsmobnate drogaoi the phraese fornfudd33] Sui t abl e

di hydr oxydi aryl al kanes - herei nabove and hereinbel ow also referred to inter
alia a&s diphenol - are those of th formula 5 HOZ-OH in which Zis

d
o 0 val el BFEAS a8 G e SO ALyl BEHEL T o

or nore aPor S Whi e'used in the

process  RGHRE fofftit @rdubs Exai®kiod fucRlcBmPbinad axdfian bk hdddiangSprogdish as
hydr oqui non, resorcinol, dihydroxybi phenyl, bis(hydroxyphenyl)al kanes,

bi s( hydr axcyplimgyd )heynventibk arethydidxydiasyldlkares spphantyldyeinpini desrcinol,
o1 o hy dr GUBREPINCtN pHOB oIRGB BN O T bk lelkangs
2l 1 2t o R R e R G LR e o™ P
Pr ef er r ecbigihixyrayphyeh Buiphahds psiedydioeyphedy s phy dides ydx'pheny |,
bis(hydroxyphenyl)diisopropylbenzenes, and compounds thereof which are alkylated,
alkylated on the nucleus and halogenated on the nucleus.
[0034] Preferred dihydroxydiarylalkanes are 4,4"-dihydroxybiphenyl,

15 2,2-bis(4-hydroxyphenyl)-1-phenylpropane, 1,1-bis(4-hydroxyphenyl)phenylethane,
2,2-bis(4-hydroxyphenyl)propane (bisphenol A (BPA)), 2,4-bis(4-hydroxyphenyl)-
2-methylbutane, 1,3-bis[2-(4-hydroxyphenyl)-2-propyl]benzene (bisphenol M),
2,2-bis(3-methyl-4-hydroxyphenyl)propane, bis(3,5-dimethyl-4-hydroxyphenyl)methane,
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, bis(3,5-dimethyl-4-hydroxyphenyl)-

20  sulphone, 2,4-bis(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane,
1,3-bis[2-(3,5-dimethyl-4-hydroxyphenyl)-2-propylibenzene,
1,1-bis(4-hydroxyphenyl)cyclohexyne and 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl-
cyclohexane (bisphenol TMC).

[0035] Particularly preferred dihydroxydiarylalkanes are 4,4'-dihydroxybiphenyl,

25 1,1-bis(4-hydroxyphenyl)phenyiethane, 2,2-bis(4-hydroxyphenyl)propane (bisphenol A
(BPA)), 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane,
1,1-bis(4-hydroxyphenyl)cyclohexane and 1,1-bis(4-hydroxyphenyl)-
3,3,5-trimethylcyclohexane (bisphenol TMC).



, 2- bi s(4- hydr oxyphenyl ) - 1- phenyl propane, 1, 1- bi s(4- hydr oxyphenyl ) phenyl et han
, 2,2-bis(4-hydroxyphenyl) propane (bisphenol A (BPA)),

4- bi s(4- hydr oxyphenyl ) - 2-net hyl but ane,

3- bi s[ 2- (4- hydr oxyphenyl ) - 2- propyl ] benzene(bi sphenol M,

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

s( 3, 5-di net hyl - 4- hydr oxyphenyl ) met hame,

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

s(3, 5-di net hyl - 4- hydr oxyphenyl ) 20 sul phone,

4- bi s( 3, 5-di net hyl - 4- hydr oxyphenyl ) - 2- net hyl but ane,

3- bi s[ 4003] 5- di mdthhsel and -fimglthr swiyableedilyy dre-dpar plpikhieshendeasmebhed, for

1, 1- bi s(4- hydr ox n cyC exyne and 1

b1 o ripabley piicm 3 09 455 UK MRS e 2h0baRe Usoh SHARST: 8y . [ 003s)
Egr ticul afdgh AUGHEUEH KBGO AEMAlIARGEN BltEnthpflicadbhy dr oxybi phenyl,

1, 1- bi s(4>hydr oxypise DE-Aphessyise; bane 2238 0bi, Ii-Ay dr oxssdany | ) pr opane( bi sphen
ol A (BPA)), 2,2-b|s(3,5-dinethgl-4-hydroxypheny|)pro ane, 1, 1

- bi s( 4- hyll-ox3 Bhesif, Jheatmhiaatenel B 1 £61 118, temanpdrapk Ptk Sghnell,
3,3,5-trinethyl | oh bi sphenol. TMQ) . - 100361 Th d furth
Suri onl & GRS A RrERaR RS deC b gt SEAbh & 1968 Us. A 2 609
835, US- 2 9 , 2 e U 2,014 and
US-A 2,9 S,E%%gal,g”ilﬁ"P?méeésfggre?r%%"ljag?g?gpgﬁt a%ght]%aﬁpp e Haddoofi 897, D 570 703,
DE- A 2 0&®IRafthonfESAicAcdafd ToRnol &, Ma2ce? DELISD Neandork IDBO Aage 832t 396, t he
French patent FR-A 1 561518, in the nonograph by H Schnell, Chem stry and
Physi cs df03531 ycar BiHgtcese ofithe piepapeancascadingite Hisrisvenienolor k 1964, page 28

et seq.; ,page 102 et seq. anﬁ.b D, rand, J..T.. Bendl Handbook of
Pol o bahaoSefaflaeS iy o fidsn Moiiof et wiesiPithe 2000, page 72
et seq. pFRBAibnlabedriigg ¢ES imenti&?owoﬁel@eﬁbérﬁ&s,a&@maqwgf to the invention of
10 honopol ycar bonat es, "only one di hydroxydi aryl al kane s used; in the case
of the plilephratiaoylalkewsridised, it of ¢duescibaingpbisdle 6dr thopol ycar bonat es, a
plurality of dihy r%xydianylalkanes is used, it of course being possible
for the dihydroxydiarylalkanes used, as well as all other chemicals and auxiliaries added to'the
synthesis, to be contaminated with the impurities originating from their own synthesis,
15 handling and storage, although it is desirable to work with raw materials which are as
pure as possible.
[0038] In the context of the invention, alkali solution is preferably to be
understood as meaning sodium hydroxide solution, potassium hydroxide solution or
mixtures of these, particularly preferably sodium hydroxide solution.
20 [0039] The aqueous phase in the phase boundary process for the preparation of
the polycarbonate contains alkali solution, one or more dihydroxydiarylalkanes and
water, it being possible for the concentration of this aqueous solution, based on the sum
of the dihydroxydiarylalkanes, calculated not as alkali metal salt but as free
dihydroxydiarylalkane, to vary preferably between | and 30% by weight, particularly
25  preferably between 3 and 25% by weight, very particularly preferably between 8 and
17% by weight based on the total weight of the aqueous phase. The organic phase in the

phase boundary process for the preparation of the polycarbonate preferably contains 12 to

22% by weight of polycarbonates with an M,, of greater than 45 000, based on the total



di hydr oxydi aryl al kanes used, as well as all other chem cals and auxiliaries
added to the synthesis, to be contamnated with the inpurities originating
fromtheir own synthesis, 15 handling and storage, although it is desirable
to work with raw materials which are as pure as possible. [00381 In the
context of the invention, alkali solution is preferably to be understood as
meani ng sodi um hydr oxi de sol ution, potassium hydroxide solution or mxtures
of these, particularly preferably sodium hydroxide solution. 20 100391 The
aqueous phase in the phase boundary process for the preparation of the

pol ycar bonate contains al kali solution, one or nore di hydroxydi aryl al kanes
and water, it being possible for the concentration of this aqueous

sol ut i on,wdhghtefl therorganec ghase, and pretferaleliy N tr 4009 by aveyghal destivadarlyqatferabbt ed not  as

al kal i netal .t but, as. free, dihydr,o i ar ane, to yar r ef er abl

Dot awen T13dhd0 200 B0 b ESafaeeioay S 3645 P06 3T B, btet SRl ord 2506 by
i ght, - i J 179 i.ght,.b d

the t of al Vo R A bites RIE LY UL of e ERRoMAials, i$ds BYnatfjdiugPaced On

boundary theraneat thosolithvhs priepdkai ydroxide dsbefpdisyslaingahat e pref erably
contains 12 to 22% by wei ght of polycarbonates with an Mv of greater than
45 0006, phydaoxdiaryalkarasas g-sediumysidghidesdr potssibindwaioxidshaer be used inr ef er abl y

12 to 40% wei ght, particul arl r r abl to 30%.b i ght ,.of

ol yoar bR S8Rt = efagotiing ool ksl BRutony desrheimiaad pbREAMslict ghe o
the or ganpftiBRasfendd Bn (HRRaEAIBN &R GNGIhE FACEDL I BAry RMGine S 1ufiBYsthifednecessary
to thernostate the solutions. The al kali hydroxide used for dissolving the
5 di hydr dryblitas yindk kdnbayween §andsidio byweyghe, gxéfelablyrs poit WSEbumetgpdr oxi de, may
be used in solidofornE&J a?,a correspondi ng aqueous al kali sol ution. The
concent r SO0 EregetaAlkali sobition; s ehosen@dedrore anaearyed ardAient r ati on of

5 and 25t BN S7E AP EF et Gl b SRR S00% ot r emot b
al kal i saloHédn@atioRbetvieeh NG28M 76% HBvIIBHtEpreRMBENLT afdeshonbd wehan 10 diluted
with water. In the process with subsequent dilution, alkali solutions having
optionally thermostated, are used. The alkali metal content per mole of
dihydroxydiarylalkane is dependent on the structure of the dihydroxydiarylalkane but as a
rule is from 1.5 mol of alkali/mole of dihydroxydiarylalkane to 2.5 mol of alkali/mol of
15 dihydroxydiarylalkane, preferably from 1.8 to 2.2 mol of alkali/mole of
dihydroxydiarylalkane and, in the particularly preferred case where bisphenol A is used
as the sole dihydroxydiarylalkane, from 1.85 to 2.15 mol of alkali. If more than one
dihydroxydiarylalkane is used, these may be dissolved together. Since the solubility of
dihydroxydiarylalkanes is very greatly dependent on the amount of alkali used, it may
20 however be advantageous to have not one solution comprising two
dihydroxydiarylalkanes but preferably two solutions having one dihydroxydiarylalkane
each dissolved in a suitable alkali solution, which are then metered separately so that the
correct mixing ratio results. Furthermore, it may be advantageous to dissolve the
dihydroxydiarylalkane(s) not in alkali solution but in dilute dihydroxydiarylalkane
25  solution provided with additional alkali. The dissolution processes may start from solid
dihydroxydiarylalkane or generally in scale or priil form, or from molten diphenol. In the

case of sodium hydroxide or sodium hydroxide solution, the alkali metal hydroxide used

or the alkali solution, respectively, may have been prepared, for example, by the



concentrations between 15 and 75% by wei ght, preferably 25 and 55% by

wei ght, optionally thernostated, are used. The alkali netal content per
nol e of di hydroxydi aryl al kane i s dependent on the structure of the

di hydr oxydi aryl al kane but as a rule is from1.5 nol of alkali/nole of

di hydr oxydi aryl al kane to 2.5 nol of al kali/nmol of 15 di hydroxydi aryl al kane,
preferably from1.8 to 2.2 nol of alkali/nole of dihydroxydi aryl al kane and,
in the particularly preferred case whéte bi sphenol Ais used as the sole
di hydr oxydi aryl al kane, from 1.85 to 2.15 nol of alkali. If nore than one

di hydr oxydi aryl al kane is used, these may be dissol ved together. Since the
solubility of dihydroxydi aryl al kanes is very greatly dependent on the
anount ofamglgas) progesear the sosaledaoembraes/procdse Bl arocessevipyedengigoeusedt one

| uti i si.ng, t di hydr,oxydi aryl al k . f |y t | uti
havi ng_ oo SRyt Porar BalE R ahER of eGP B S dm SRt O
sol uti 0n1th%irébﬁre€rb? tB@ﬁ@mBFah_@??d@eéGiQﬁﬂ’e?érzﬁWus%@. that the correct mxing
ratio results. Furfhernore, it nay be advahtageous to dissolve the

di hydr oxy@04y!| al kdme(ch)annqtedun salhti@ anddwithit dgoeousphasenthdi | ut e

di hydr oxydi aryl al kane 25 solution provided with additional alkali. The

di ssoPut iBdsryduedalkansty) 1SPAr¢ PresU LABPIEELY imayar Bfosryf Hikane or
general ly._ | rened bl f.0 . | ten di phenol. In the case of
sodi um hf&bg??’ﬁ@hgFﬁ‘sa%@fehér%sﬁl&a‘{rr@%”&)el' 'Iéét?‘lrﬁaﬁ%n the alkali metal hydroxide

used or [pod]al kal iIAnssptiehalBpradtRe@RtckME by dihi@¥x N BMelNeasspifepar ed, for
exanpl e, by the -12- amal gam process or the so-call ed nenbrane process. Both

pr ocessedglupiag éhelphaggebe éniroduestbn can e aareied auti b atrlongas phesgese 9ois dikict | ed i n t he

art. In the case of sodi um hydroxi de solutjop, that prepared by the
Tenbr ane GRSERES hechiotoraParis cHerdTe PEHRbI INGreSHhAM: ah aqueous sol Uti on

and/ ofy t 1Gogueous sARARE cokifs RorthdWALaXuSh Ayl AlHANSLAL B flerdliy Pr esent

conpl et el partly int rmof t correspondi ng a nme salts or
di al kal i tefited ansiaes, Such[800/i txakiplQplidtylahing, pibaglansies tisddamng, Nt
di hydr oxydi aryl al kane(s) after or during the phosgene introduction can be
carri ed cthylpiperidine, Nomgthatpipsiidengen &N-tsp/nFprepdpipetédine, quaternary ammonium
salts, such as, for example, tetrabutylammonium, tributylbenzylammonium, or
tetraecthylammonium hydroxide, chloride, bromide, hydrogen sulphate or
15 tetrafluoroborate, and the phosphonium compounds corresponding to the
abovementioned ammonium compounds. These compounds are described in the literature
as typical phase boundary catalysts, are commercially available and are familiar to the
person skilled in the art. The catalysts can be added to the synthesis individually, as a
mixture or side by side and in succession, optionally also before the phosgenation, but
20  meterings after the phosgene introduction are preferred, unless an onium compound - i.e.
ammonium or phosphonium compound - or mixtures of onium compounds are used as
catalysts. In the case of such an onium salt catalysis, an addition before the phosgene
metering is preferred. The metering of the catalyst or of the catalysts can be effected as
such, in an inert solvent, preferably a solvent or one of the solvents of the organic phase
25  in the polycarbonate synthesis, or as aqueous solution. In the case of the use of tertiary
amines as a catalyst, for example, the metering thereof can be effected in aqueous

solution as the ammonium salts thereof with acids, preferably mineral acids, in particular

hydrochloric acids. With the use of a plurality of catalysts or the metering of portions of



derivatives, the chlorocarboxylic esters are present in the reaction. 10
[0042] Suitable catalysts for the process according to the invention are
preferably tertiary am nes, such as, for exanple, triethylan ne,
tributylamne, trioctylamne, N ethylpiperidine, N nethylpiperidine or

N-i so/ n- propyl pi peri di ne, quaternary ammonium salts, such as, for exanple,
tetrabutyl anmoni um tri butyl benzyl ammoni um or tetraet hyl anmoni um
hydr oxi de, chloride, brom de, hydrogem3sul phate or 15 tetrafl uoroborate, and
t he phosphoni um conpounds corresponding to the abovenenti oned ammoni um
conpounds. These conpounds are described in the literature as typical phase
boundary catal ysts, are commercially available and are famliar to the

per son sKh¢ togad ainguitipd catalyst, theolpugk plse possinie mecagddutidifisranhmetpying hesi s

individual ly, as a..m xtyre or_si by side.and in successio ti,onal |y
o bet dresewE B agRcalfSs e S Brreiaiue RO Poplitie A5 et

I ntroductik gawaLE0.86 BARS f(ﬁr?lol,%ﬂ'Hr@f@l%b@rb.@lr'ﬂo%&@’mﬁgmwlaﬂy'Ipreﬁ'erabl axpum or
phosphoni um conpound - or m xtures oOf onium conpounds are used as

cat al yst s5 mblfo, tbhsedamsaoles ofsdiltydrexydomylaasalitedc at al ysi s, an addition before
t he phosgene netering is preferred. The netering of the catalyst or of the
cat al yst 083 be efperrrdtingthequplecular yeightthepddition ofame or pYo&f erabl y a

sol vent . gf., i Al a5 PO ubiPS AR GuBIIRR % bilibiS: fhycar bonat e

synthesis, or as aqueous solu e caSe Ftiary

ani nes as-RrtdAtAphenbl, idodtty phaiiy] @mylfiensEihe chRechhRAkidRkrdBeRbf @ct ed in
aqueous solution as the ammopnium salts thereof with acids, preferably

m ner al acidogh]oridas pemphaatterylihaidsor mivtures odticdschailf ehminherusay of a
plurality of tal ysts o he metering of portions of - 13 the total amount
of catal ﬁp{lpﬂfﬁ@ be W‘reéoéﬂci‘éﬁélpég%% ?B‘feéppflé]nft’lgret‘@efoﬁﬁfl ‘%&‘FFWB?H met eri ng
pr ocegur es: ak. di . t. Ol : i anount of
Phe ok ai upbingtRh DB SRS AR RLnE P RESH e dPSed digF b T 8 ol 0
par ti cul afhthedis & 10fghd phoSgdh ok Ohlofcambbitc abids@thii grovpesreafill present in

di hydr oxydi aryl al kanes used. 5 0043% For regul ating the nol ecul ar wei ght,
t he addi tthereagifongnixtuse, indrecashelibe anie eliloridds apth ahlaracarbanis aeigdress)s assuch as
phenol Orchgilnl%gnjnﬁrrl]eﬁgr%,l eﬁ;’lori\gnasps%hliciign hﬁ‘énoﬂﬁ‘ ?erllr(r)lklial groups of the resulting polymer

are available. Preferably, however, the chain terminator or terminators are added after the

15  phosgenation at a place or at a time where or when phosgene is no longer present but the
catalyst has not yet been metered in, i.e. they can be metered in before the catalyst,
together with the catalyst or parallel thereto.

[0044] In the same way, one or more branching agents or mixtures of branching
agents can optionally be added to the synthesis. Usually, however, such branching agents

20  are added before the chain terminator(s). For example, trisphenols, quarterphenols, acid
chlorides of tri- or tetracarboxylic acids or mixtures of the polyphenols or of the acid
chlorides are used as branching agents.

[0045] Examples of compounds suitable as branching agents and having three or
more than three phenolic hydroxyl groups are phloroglucinol, 4,6-dimethyl-2,4,6-tri(4-

25  hydroxyphenyl)-hept-2-ene, 4,6-dimethyl-2,4,6-tri{(4-hydroxyphenylheptane, 1,3,5-tri(4-
hydroxyphenyl)benzene, 1,1,1-tri(4-hydroxyphenyl)ethane, tri(4-
hydroxyphenyl)phenylmethane, 2,2-bis(4,4-bis(4-hydroxyphenyl)cyclohexyl]propane,
2,4-bis(4-hydroxyphenylisopropyl)phenol, tetra(4-hydroxyphenyi)methane.



p-tert-butyl phenol, isooctyl phenol, cunyl phenol, the chlorocarbonic acid
esters thereof or acid chlorides of nonocarboxylic acids or m xtures of
these chain term nators may optionally be required. Such chain term nators
are optionally either fed to the reaction 10 with di hydroxydi aryl al kane(s)
or added to the synthesis at any desired tine during the synthesis as |ong
as phosgene or chlorocarbonic acid termnal groups are still present in the
reaction mxture, in the case of the-a¢id chlorides and chl orocarbonic acid
esters as chain termnators, as long as sufficient phenolic term nal groups
of the resulting polyner are available. Preferably, however, the chain
termnator or termnators are added after the 15 phosgenation at a place or
at a tind00d#dre or Bxamplepabeertafinstionl conpamdpswwbletasbranching agedt al yst  has
not yet bee tered,in, .i.e they can be netered in before the catalyst,
Foget her A PA-THarabaTpis icth s FOF. PR cBlorflo st e BATe vy one
or nore i oL SH Qrgingaxd; of branching agents can optionally be
added to t@gﬁggﬁgﬁgggéﬁg&éﬁdﬁl cge\%ever, such branching agents 20 are
added bef[0047]t he clPartivutaelyprefatral frapchifgorgentx argd, B-pistI-methybdol s,
qgquarterphenols, acid chlorides o i etracarboxylic acids or m xtures

ft - t et
of the POl EIEPREDGFOBT 23S IOl M s ef xS ae T BRBRChi ng agent s,
0045 f d i bl. b hi . havi th
LT DB oL AR R AR B AR REANGILTR ROCRE R, BPRyaV! N9 three

4, 6- di metdylicatioft afe-wéibktdiverdBes AN WONQEY [k ehgiREd 8 i
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hydr oxy pheanymatbgrapten&PCh (Using poly¢adbdmpidrseaagdarteny| ) et hane, tri (4
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2, % Dl Coauenoy Rl HeaBRaDu) LRRRRGH. rehGiohah i INEaXKPOERM et hane. - 14-

anptfes o er trifunctio compoun e as branchi ng
agents  adeordingt6ltHe)aVaaxyh &Nz @inpeQirel ranké bMBSSC o a00°d, payiavlely ¢ chl ori de and
3, 3-bi s(3-net hyl -4- hydr oxyphenyl ) - 2- oxo- 2, 3- di hydr oi ndol e. [ 0047]
Parti cul arrcfyra;bi;ecffelrSP@@o B @Pﬁyrp@rt&g@nlwr%ferebls,@2%?(“5(036&‘%& hyl - 4
superatmosperic pressure having to be used, depending on solvent or solvent mixture.
[0050] The polycarbonate synthesis is carried out continuously. The total
15  reaction, i.e. conversion and further condensation, can therefore be affected in stirred
tanks, tubular reactors, pumped-circulation reactors or stirred tank cascades or
combinations thereof, the use of the abovementioned mixing members ensuring that
aqueous and organic phase as far as possible separate only when the synthesis mixture
has completely reacted, i.e. no hydrolysable chlorine of phosgene or chlorocarbonic
20  esters is present. [n a preferred embodiment of the process according to the invention,
step (b) is carried out in a flow tube. In such an arrangement, the extremely short
residence time of less than 0.5 s of the mixing carried out can be particularly
advantageously realized. In a further preferred embodiment of the process according to
the invention, step (¢) is carried out in a pumped-circulation reactor. In a further preferred
25  embodiment of the process according to the invention, step (b) is carried out in a
pumped-circulation reactor followed by further dwell reactors.

[0051] The two phases which form the reaction mixture, i.e. organic and aqueous

phase, are mixed according to the invention by means of a disperser. Suitable dispersers



5 hydr oxyphenyl) - 2- oxo- 2, 3-di hydroi ndole and 1, 1, 1
-tri(4-hydroxyphenyl)ethane. [0048] The average nol ecul ar wei ght averages
stated in the context of this application are weight averages (Mv) which
were determ ned by gel perneation chromatography (GPC) (using polycarbonate
standard). [00491 The synthesis of polycarbonates from

di hydr oxydi aryl al kanes and 10 phosgene in an alkali nmediumis an exothermc
reaction and is preferably carried outs-according to the invention in a
tenperature range of -5C to 100C, particularly preferably of 15C to 80C,
very particularly preferably of 25C to 65C, superatnosperic pressure having
to be used, depending on solvent or solvent m xture. 100501 The

pol ycar bomeaprefesabiy mezles of ft disperbersl i particart thesgovtly periiten profesed 15 r eact i on,
i.e. conversion and fL”t$ﬁ¥ cgndensa ion,.Cﬁn t herefore be affected in
stirred AR ofmpigring Judablp %SE?rS?TEuﬁﬁié‘a? & 1P BTOSEETACPYEERIP &i%r st rred

tank o35 Saml AbodiRlihl BAhE Bk IRERAD ort Ronio AL pliis: ApRUSTRRLONSd M X ng

menbers ensuring t organi ¢ phase a as possible separate
onl y whernnt vechalenhdve slescrib tfor exampis inclourppeah @htenr Radicaibn No.e. no
hydr ol ysabl e chl ori ne of phosgene or chlorocarbonic 20 esters is present. In

a pr ePer ridd 368189 and uresrean Ratept Ryblisatiog N £8il 7P 5E6, theentirpagamentdvnl step (b)
is carri e(‘jl }Qﬁlljriwiinh a. filéjwt;[ ggh Ielrgl bsur(éfé an arrangenent, the extrenely short
resi dence il He D FEUCHRURCH PEe B EIHCE i ng carried out can be

particul qopsa) advaryAKROHSIZYes R kdrZREmpleNfad shidl hBSNesPARiuBE sSREn&IRQdI ment  of
the process according to the invention, step (c) is carried out in a

punped- ciarifigk abizbes, L.efas hoazleslonsmodthri¢tmeezlgs ef erred 25 enbodi nent of the
process according to the invention, step.(b) .is carried out in a .
punped- cilP8A at i on NYogalet Btitablsiaceridiae b3/ the iveRden B bs thosalavenesa seeiis1] The
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[0054] The pressure to be applied can preferably be 0.001 to 1 MPa, particularly

preferably 0.001 to 0.5 MPa.

15  [0055] Fig. 1 describes a disperser preferred according to the invention and
intended for continuous operation. Via the feed 20, the aqueous or organic phase —
preferably the aqueous phase — is fed to the jet disperser 1 by means of pump 21 via line
22. Furthermore, via the feed 10, the respective other phase — organic or aqueous phase,
preferably the organic phase — is fed by means of pump 11 via line 12. After dispersing in

20 the jet disperser 1, the dispersion is passed into the corresponding reactor, preferably into
a flow tube (not shown in Fig. 1).

[0056] Fig. 2 shows an enlarged diagram of the jet disperser from Fig. 1. The
aqueous or organic phase is introduced into the pre-emulsion space 15 along arrow 22,
The respective other phase is introduced into the pre-emulsion space 15 in the direction

25  of the arrow 12 through the predispersing nozzle 13. 14 designates large droplets of the

phase which is dispersed in the other phase. After passage through the jet disperser, the

dispersion leaves the jet disperser in the direction of the arrow 5.



vari ous enbodi nents of the present invention are known to the person skilled
inthe art and include those described, for exanple, in European Patent
Publ i cati on No. 5 EP1368407A and European Patent Publication No. EP1599520,
the entire contents of each of which are incorporated herein by reference.

[ 0052] Suitable nozzles are, for exanple, fan spray nozzles, annular sl ot
nozzles, orifice nozzles, Lefos nozzles or snooth jet nozzles. [0053]
Nozzl es suitable according to the inveéfti on may be those having a specific
10 energy input of, preferably, 0.02e5 to 5.0e6 WL (watts/litre),
particularly preferably 0.5e5 to 1e6 WI. Apparatuses of this type are
known as jet dispersers, aperture plate dispersers or high-pressure
honogeni 489%7) [ 0054 owener, grieglsupessible theperpisldispdrsernviy afubstabtiiatiyoe 0. 001 to 1

MPa, particul ar refe 00 | describes a
0 Sper serlopFapelitte Bt BRI EREY PrOGRP T AR PRGBS Cont | nuous
operati Of,y; g"?aré % ﬁgrs%Qt ttfh%t@tgpeﬁ%&a@lrbo?ésggmcfea%a‘f‘ﬁe reqRfr&f €rably the
aqueous phasé -~"I's to t e | et disperser y neans of punp 21 via line
22. Furt heinber end thé diatrieeer beehd bbfks chinbe cabapaed Vi thegirbsurephias Such or gani ¢ or
aqueous phas preferably the organi ¢ phase - is fed b nmeans of punp | 1
via | iPne methodsof splewationears desgribed pdhe hisratue agd apdpawn tq ¢ PRSORY P %f sionis
passed |nt%1the correspondi ng reactor, preferably into a fIOM/tube (not
shown in 5 ”i [0056] Fig. 2 shows an enlarged di agram of the jet

di sperser 0@5’8}”1 F' 9.n éreféﬂb% enffod RdASs &Tthe_?_;ﬁrﬁ@é%ls gedRhBSEtd e iMbRRAYUCced into the
pre- enuIS|on space 15 along arrow 22 he respective ot her phase i's
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12 through redls ersing, nozzle 13. 14 deS|gnate | arge droplets of the
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[0059] Homogenization of the predispersion is subsequently effected, preferably
in a homogenizing nozzle, likewise at a pressure of not more than 2.5 MPa, preferably
from 0.001 to 0.5 MPa. In preferred embodiments of the process according to the
15 invention, the disperser accordingly contains a predisperser and a homogenizing nozzle,
[0060] Any desired nozzles, such as, for example, fan spray nozzles, annular slot
nozzles, aperture nozzles, Lefos nozzles or smooth-jet nozzles, and jet dispersers are
suitable as predispersers. Any desired nozzles, such as, for example, fan spray nozzles,
annular slot nozzles, aperture nozzles, Lefos nozzles or smooth-jet nozzles, and jet
20  dispersers are likewise suitable as homogenizing nozzles.
{0061] Fig. 3 shows a preferred embodiment of a predisperser 5 as used for the
preparation of a predispersion 9 from aqueous and organic phase. In the mixer 5, the
organic phase 2 is forced via a nozzle bore 11 into the aqueous phase | in a premixing
chamber 12. The organic phase 2 and the aqueous phase | are forced together through a
25  nozzle bore 13, with the result that a predispersion 9 is formed. Conversely, it is also
possible to force the aqueous phase 1 into the organic phase 2 in the mixer 5.
[0062] Fig. 4 shows a preferred embodiment of a homogenizing nozzle.

According to Fig. 4, the predispersion 9 enters the homogenizer (homogenizing nozzle) 7



| ower applied pressure. This is achieved by using a plurality of bores
and/or the bores having |arger dianeters so that the total area of al
bores is increased. The required nunber and the dianmeter of the bores can
be cal cul ated via the pressure drop. Such 5 nethods of calculation are
described in the literature and are known to the person skilled in the art.
100581 In preferred enbodi nents of the process according to the invention,
di spersers used are those in which thé7ergani c and aqueous phase are fed to
a predisperser preferably separately to a predisperser by one punp in each
case. The pressure of these 10 punps is in each case preferably not nore
than 2.5 MPa, preferably fromO0. 001 t 5 MPa. 100591 Honogeni zati on of
the pr edl\gl}j@h isiip Hhejfgrmy g L@&G’él?ﬁ"?%? aéq' F%rt?tS@de advberapd gp1igserti 4 haVWgnogeni zi ng
0022 o IEEEE Yordh, PREBRUIGerbn 09 RS IR D, M BccRUGRGL 2Dy from

0.001 to npreferre ments o rocessaccording to the

15 i nventqppBsiteten@, tHé 8REISIBA 1@@5@1@5@1& MHMpé}%UaSM aajepd@;ser@pesr&gﬂos@@d a
honogeni zing nozzle. 100601 Any desired nozzles, such as, for exanple, fan

spray noan&éAlQﬁdQMéﬂIsh@wrﬁﬂb@hWésOnap@mnhm$Kﬂ%gilé@pnmm@bSHmd@zﬂes or
SnDOtg_jﬁﬁ nozzl es, B L t dispersers are suitable as predispersers. Any
desired rSPETSEs caRalshbeYsed oy exanple, fan spray nozzles, annular sl ot

nozzles, gpgyjture @%%‘sﬁéwshghﬁ?&ré& Rl o PR é?sarq Afégggﬁe%ng jet 20

dlspersers are |ikew se suit e as honogeni zi n nozz Fig. 3
shows a phaded rseﬁircﬁmmaﬂﬂnrmmlr@hoﬁomhedirrswem s6ad tie cﬂgarhksﬂdasé Ofin thise
preparatlon of redi spersion 9 from aqueous and organi c phase. In the
m xer cthétlormfg hiteowp A shsouel an apeitee dlajg Aindo Msprecispsesing spacq hildet he
aqueous ph%§ iin a ani.c..ph and the
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resul fo t Rgfough H{e%ﬂéxﬁﬂgbﬁdt@dﬂarﬂj thils §udjd¥RA 10 @férﬂa’ﬁlﬁé% s\perslnfg is also possible to
force the aqueous phase | into the organlc phase 2 in the mxer 5. [0062]

Fig. 4 shbwmogenpradber Thadispdysidn freden ledfvesthh dispgsei thiongh teAdvetube Adcor di ng to
Fig. 4, Hﬂgdgéﬁgh% &é%h%&l% enters the honogeni zer (honogeni zing nozzle) 7
[0064] The present invention furthermore relates to the use of one of the
dispersers described above for producing a mixture of organic and aqueous phase in the
15  preparation of polycarbonate by the process according to the invention.
[0065] Those dispersers with which the mixture produced from organic and
aqueous phase is an oil-in-water dispersion are particularly suitable for this purpose.
[0066] Such mixing according to the invention of organic and aqueous phase by
means of such dispersers permits, inter alia, a substantially shorter residence time of less
20 than 0.5 s, preferably even less than 250 ms, of the mixture in the reactor of process step
(b) with continued high conversion in the reaction. A high energy input during the
dispersing of the two streams (organic and aqueous phase) has advantages in that very
small drops, preferably smaller than 5 pm, can be formed and the phosgene reacts in
times of less than 0.5 s, preferably less than 250 ms. This both permits the the use of

25  small apparatuses (reactors) for complete phosgene conversion and shortens the handling

time of this toxic reactant.



- 17 which is in the formof a jet disperser and consists of a tube and an
insert 16 having lateral nozzle bores. The predispersion 9 is forced

t hrough the nozzle bores. At the opposite end, the dispersion 10 exits the
jet disperser 7. Such a jet disperser is disclosed in DE-A 195 10 651. It
may preferably be one according to Fig. 2. In principle, simlarjet 5

di spersers can al so be used. [0063] Fig. 5 shows a preferred enbodi nent of a
di sperser, in which the aqueous phaseg2 is introduced in the direction of

the arrow 11 and the organic phase | in the direction of the arrow 10
t hrough an aperture plate 3 into the predispersing space 5. The
pr edi spersed two-phase m xture - also referred to as predispersion - is then

forced 10086 ough tthepitepdithesmeliphasgend exgess atithesensiuldjtecteaddionothe peockssr t her

di spersin %honnggnizatioq%f The d%@gersian 6 %Qeﬁ | eaves the di gperser
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15 prepar[@o68)n of pot workimpnathe régteihg lsOO@sshageeadcttbnngixtude ktile i nvent i on.
100651 Those_dispersers with which the m xture produced from organic and
aqueods pragmingstraess.gir¢feraphlnlatsdhandd e rafichirrasadopigracidasiess ssitlingilt abl e f or
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reactant .hydroxide solution, the salt is separated off and can be fed, for example, to the chloralkali
electrolysis, while the aqueous phase is optionally fed back to the polycarbonate
synthesis.

15 [0069] The organic phase containing the polycarbonate can then be purified in
various ways known to the person skilled in the art for removing the alkaline, ionic or
catalytic contaminations.

[0070] Even after one or more settling processes, optionally supported by
passages through settling tanks, stirred tanks, coalescers or separators and combinations

20  of these measures - it optionally being possible to meter in water in each separation step
or some separation steps, in certain circumstances with the use of active or passive
mixing members - the organic phase still contains proportions of the aqueous alkaline
phase in fine droplets and of the catalyst(s). After this coarse separation of the alkaline,
aqueous phase, the organic phase can be washed once or several times with dilute acids,

25  mineral acids, carboxylic acids, hydroxycarboxylic acids and/or sulphonic acids.
Aqueous mineral acids, in particular hydrochloric acid, phosphorus acid, phosphoric acid
or mixtures of these acids are preferred. The concentration of these acids should

preferably be in the range of 0.001 to 50% by weight, preferably 0.01 to 5% by weight.



-18- [0067] In spite of the small phosgene excess at the end of the
reaction, the process according to the reaction permts good phase
separation and both | ow water content in the organic phase and al so | ow
resi dual nonomer content in the aqueous phase. [0068] For working up the
reacted, at |east two-phase reaction mxture still 5 containing traces,
preferably | ess than 2 ppm of chlorocarbonic acid esters, settling is

al l oned for phase separation. The aquédus al kali ne phase is optionally
recycled wholly or partly to the pol ycarbonate synthesis as an aqueous
phase or fed to the wastewater working up where solvent and catal yst
fractions are separated off and optionally recycled to the polycarbonate
synt hesi Furtharmpie theerganis phase capfbetrpreatgdhiahasgedipyith desabipatedhar dptglledi ¢ 10

impurities_ ha been..separated off, in particular framsolwents and pol yner
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exanpl e phagdefdritRNin@fviRRMvER stépd Y GRdcEA by Fhdah BNserliR@aBRY, kiikrsd @FIRAT at ed of f
and can be fed, for exanple, to the chloralkali electrolysis, while the
agueous plrasscerssorepparanaldr gombatiasiof theste measprsyic beibg patsible wyméetlrai s. 15

[ 0069] The organi c phase containing the olycarbona}e_can then be purified
in vari dbeWady¥atrisineanghe washseensopptiorally with fhs uspal aftive PpPass¥fovi ng t he
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tanks, stdigsoRed irathk SolvERdnSRHET the PblyRRPIRIN 1S baRd, GAXBiislly®8added0 of these
nmeasures - it optionally being possible to neter in water in each separation

step or ddydrogenhloaide gas, phegpbori¢ arid er phaisphocisrasidysthinhoas oplieallyhsobse of
active or E?ssive nixing qgrbera - the organic Ehgse still cEntains
propor t i & & MRS AiFeRstE AR Lt Aere el PPIYREDBRBPIRYUOTIAY of t he
cat al yst (S)ainN & E8r i rSE: i f I j s phase,

t he d¥§aH?%m%ﬁgigmg?ﬁﬁégﬁ@ggﬁggﬁgﬂ?gﬁ%?ﬁggeg?éPQF?ﬁé%h%??%kﬁ?ﬁ%ﬁgyacids, 25
m ner al asiwdghtcarpeuyiculariapredaablinyels thay O bx welght, af wdser afiel/the lasiul phoni ¢

acids. Aqueous mneral acids, in particular hydrochloric acid, phosphorus
aci d, phospiaiancpraessg

[0071] The isolation of the polycarbonate from the solution can be effected by
evaporation of the solvent by means of temperature, vacuum or a heated entraining gas.

15 Other isolation methods are, for example, crystallization and precipitation.
[0072] If the concentration of the polycarbonate solution and possibly also the
isolation of the polycarbonate are effected by distilling off the solvent, optionally by
superheating and expansion, the term “flash process” is used. Such a process is known to
the person skilled in the art and is described, for example, in “Thermische

20  Trennverfahren [Thermal separation processes]”, VCH Verlagsanstalt 1988, page 114. If
instead a heated carrier gas is sprayed together with the solution to be evaporated down,
the term “spray evaporation/spray drying” is used, which is described by way of example
in Vauck, “Grundoperationen chemischer Verfahrenstechnik [Basic operations of
chemical process engineering]”, Deutscher Verlag fiir Grundstoffindustrie 2000, 1 1th

25  edition, page 690. All these processes are described in the patent literature and in
textbooks and are familiar to the person skilled in the art.
[0073] On removal of the solvent by temperature (distilling oft) or the technically

more effective flash process, highly concentrated polycarbonate melts are obtained. In the



or mxtures of these acids are preferred. The concentration of these acids
should preferably be in the range of 0.001 to 50% by wei ght, preferably
0.01 to 5% by weight. 19- Furthernore the organic phase can be repeatedly
washed with desalinated or distilled water. The separation of the organic
phase, optionally dispersed with parts of the organic phase, after the

i ndi vidual wash steps is effected by neans of settling tanks, stirred tanks,
coal escers or separators or conbinatiems of these neasures, it being
possible to meter in 5 the wash water between the wash steps, optionally
with the use of active or passive mxing nenbers. Between these wash steps
or after the washing, acids, preferably dissolved in the solvent on which

t he pol ynflash posicessi prlyner dohsiods areaepeaistiydeatied yndss shghdduperpipaisplegsic chl ori de
gas, phosphori cid or osphorus,.acid, which capn optionally also be used
95° i Xt ariessucs o Raneer e AP VB A iR G B eSO BUEE sl ut | on
thus 10 oBhgioRedipamestbd rdtifkes Qt*PrLo\éplﬁ-‘e?i'a sBurB Qfe t l%} élcﬂ@rﬂin?o% O%S é’}%f ght,
preferably |ess Phan 1% by welight, very particularly prefera fy ess than
0. 5% by viewghéssurefe.gatmssphéiepreisaee. [tasdy besrpattadeoontophonre sigut tHe0071] The

i solation of the polycarbonate fromthe solution can be effected by
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are effected by distilling off the solvent, optionally by superheating and
expansi omolycagbonae melth ktas lobpined egher dirsctiysiem tiBunblt by preetesfseinsdknown to the

L e IS 00 T RSl
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i's used, ah€bvapsratteser frRE0n BympRYin@{cf espemple EPAVAYeK450)Fpiedaper at i onen
chem scher Verfahrenstechni k [Basic operations of chemical process
engi neer i atgp] with Bsliticcdfen eytainmg agent, Vehiagisitrogdn ordagionideox@®0 0t with the
use of a vacuum (cf. for example EP-A 0 039 96, EP-A 0 256 003, US-A 4 423 207),
alternatively also by subsequent crystallization {(cf, for example DE-A 34 29 960) and/or
15 expulsion of the residues of the solvent by heating in the solid phase (cf. for example US-
A 3 986 269, DE-A 20 53 876). These processes too and the apparatuses required for this
purpose are described in the literature and are familiar to the person skilled in the art.
[0075] Polycarbonate granules can - if possible - be obtained by direct spinning of
the melt and subsequent granulation or by use of discharge extruders from which
20  spinning is effected in air or under liquid, generally water. [f extruders are used, additives
can be added to the polycarbonate melt before the extruder, optionally with use of static
mixers or by side extruders in this extruder.
[0076] Alternatively, the polycarbonate solution can be subjected to a spray
evaporation. During spraying, the polycarbonate solution, optionally after heating, is
25  either sprayed into a vessel at reduced pressure or sprayed by means of a nozzle with a
heated carrier gas, e.g. nitrogen, argon or steam, into a vessel at atmospheric pressure. In

both cases, powders (dilute) or flakes (concentrated) of the polymer are obtained,

depending on the concentration of the polymer solution, from which the last residues of



25 edition, page 690. Al these processes are described in the patent
literature and in textbooks and are famliar to the person skilled in the
art. [0073] On renoval of the solvent by tenperature (distilling off) or the
technically nore effective flash process, highly concentrated pol ycarbonate
nelts are obtained. In the -20- flash process, polyner solutions are
repeatedly heated under slightly superatnospheric pressure to tenperatures
above the boiling point under atnosphgric pressure and these solutions
superheated relative to atnospheric pressure are then | et down into a vessel
at low pressure, e.g. atnospheric pressure. It may be advantageous to
ensure that the 5 concentration stages, or in other words the tenperature

st ages ofthe spdventipeticnelly klig haverte basemovsh s abpveol isecafign granulps chube pr ef er abl y

to choose,a.twq- to four-stage ,process. 0741 The resi dues of the sol vent
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for exanple BE-A 866 991, EP-A 0 4115 10, -A 4 980 105, DE-A 33 32 10
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evaporators, . strand evaporators or friction coq§$cting (cf. for exanple
EP- A § 4evtusion owistp diedpmpuliadensitypfithe periars @ ##kean ent rai ni ng agent, such

as nitro r carhqon djoxide ,or . with.the .u f a,vacu f. for exanple
2. 0 040053, Ep AT PELEREES blur ey dhesipliRa oK AGIOLS 1 oo by
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expul sion of the residues of the solvent by heating in the solid phase (cf.
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are used, additives can be added to the polycarbonate nelt before the

ext r uder ,hepfang,asrsciape of ¢velahsranst aleahels, suchmp.fer exanplhynethadel, etheralders in this

ext ruder ., .
isopropanol, ketones, such as, for example, acetone, or mixtures of these are used as

precipitating agents here. During the precipitation, as a rule the polymer solution is

15  slowly added to the precipitating agent. The polycarbonates thus obtained are processed
to granules as described in the case of the spray evaporation and additives are optionally
introduced.
[0078] According to other processes, precipitation and crystallization products or
amorphously solidified products are crystallized in fine-particle form by passing over

20  vapours of one or more nonsolvents for polycarbonate, with simultaneous heating below
the glass transition temperature, and are further condensed to give higher molecular
weights. If the oligomers optionally have different terminal groups (phenolic and chain
terminator ends), the term solid-phase condensation is used.
[0079] The addition of additives serves for increasing the duration of use or

25  improving the colour stability (stabilizers), simplifying the processing (e.g. demoulding
agents, flow improvers, antistatic agents) or adapting the polymer properties to certain

loads (impact modifiers, such as rubbers; flameproofing agents, colorants, glass fibres).



[0076] Alternatively, the polycarbonate solution can be subjected to a spray
evaporation. During spraying, the polycarbonate solution, optionally after
heating, is 25 either sprayed into a vessel at reduced pressure or sprayed
by neans of a nozzle with a heated carrier gas, e.g. nitrogen, argon or
steam into a vessel at atnospheric pressure. In both cases, powders
(dilute) or flakes (concentrated) of the polyner are obtained, depending on
t he concentration of the polyner solug2en, fromwhich the |ast residues of
-21 the solvent optionally also have to be renoved as above. Thereafter,
granul es can be obtained by nmeans of a conmpoundi ng extruder and subsequent
spinning. Here too, additives as descri bed above can be added in the

peri pher i08801t o t hd'hesetaddiives ¢ands|addeddpitiegpolymer mely indbvidustls 5 toggthelo pass

t hrough a_conpacting step for ;th r_.powder fare, t ext rusi on

owi g to PRE PaH TS Rs I plbRRpRE AT PEERG: PRARREed fisBd The pol yrrer
can be SQﬁﬁ%ﬁﬁ&hﬁ@HM:RB@ﬁbﬂbFﬁE?QwﬁkPHﬂﬂﬂ@nwﬁ§@Qﬁ pidies @Ph sRBAlHY stil
concentrat ed 'pol ycarbonate sol uti on by addition o# a nonsol vent for

pol ycar bamatpeundiinestep ke laddirives ache mstpeethepdf @nibegddageatasolitiere, it is
advant ageous first to add a small anount of the nonsol vent and optionally
al so o ArFERbWEASTONESR Phissmalbtogae pRlamer eltLirthar giehagrolimterigris Hes of
nonsol Vel ok b B2 Bh &0 AR AN ARLAGEAURAL O 5oL BF SREAGAREkYENt - For
exanpl e al'rp atie or cycloali phatic y&rocar ons, 1 n particular %eptane,

i sooct ango@g1]cycl olsaxaieaddlieRhed describea@hforsxant ¢, i€ XA0WLiCes foEPRARNRG! , et hanol
or isopropanol, ketones, such as, for exanple, acetone, or m xtures of

these ar dlardbebkadohm¥latphpi ElagvisrgOatpedi BKieand.in DRinbtivg Addgives Bengliovkt i on, as a
pol yoar bORS VA HbEltst HEEh 208 pr ocbseed 1o aranul s ab described in the.
Cose ) o, SISt BNy G Cafp LIl o
product s MénopheAvld) hmyahmnﬁmyi;ﬂhbiﬁdlgdn’ymoqdmm add elkglaysitiadbdquednes)
fine-particle form by passing over 20 vapours of one or nore nonsol vents for
pol ycar bdnaeapbsrols hydraxyiaied thiediphenileaiber gllybilengbisphenols, O-, N- and S-benzyl
compounds, hydroxybenzylated malonates, aromatic hydroxybenzyl compounds, triazine
compounds, acylaminophenols, esters of B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic
15 acid, esters of B-(5-tert-butyl-4-hydroxy-3-methylphenyl)propionic acid, esters of p-(3,5-
dicyclohexyl-4-hydroxyphenyl)propionic acid, esters of 3,5-di-tert-butyl-4-
hydroxyphenylacetic acid, amides of B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic
acid, suitable thiosynergistic agents, secondary antioxidants, phosphites, phosphonites,
phosphonates and phosphanes, benzofuranones and indolinones.
20 [0083] Preferred antioxidants or heat stabilizers are organic phosphites,
phosphonates and phosphanes, generally those in which the organic radicals completely
or partially comprise optionally substituted aromatic radicals.
[0084] Suitable complexing agents for heavy metals and for neutralization of
traces of alkali are, for example, o- or m-phosphoric acids, completely or partly esterified
25  phosphates or phosphites.
[0085] Suitable light stabilizers (UV absorbers) are, for example, 2-(2°-

hydroxyphenyl)benzotriazoles, 2-hydroxybenzophenones, esters of substituted and

unsubstituted benzoic acids, acrylates, sterically hindered amines, oxamides, 2-(2-



the glass transition tenperature, and are further condensed to give higher
nol ecul ar weights. If the oligonmers optionally have different term nal
groups (phenolic and chain term nator ends), the term solid-phase
condensation is used. [0079] The addition of additives serves for increasing
the duration of use or 25 inproving the colour stability (stabilizers),
sinplifying the processing (e.g. denoulding agents, flow inprovers,
antistatic agents) or adapting the pobyoer properties to certain |oads

(i mpact nodifiers, such as rubbers; flanmeproofing agents, colorants, glass
fibres). -22- [0080] These additives can be added to the pol yner nelt
individually or together in any desired mxtures or in a plurality of
differ enthyld"rowplmsll) lThﬁéri@éIWSbeSléJBfiwtndéJdnzaﬂliimbs;lwabstiluﬁedgemme"idzel@i; ation of

t he pol yner or. ﬁ }L%rer %I ng of granules in a so-called conpounding step.
The addi t4'%REUGHaRICITetyr es t hereof can be added as a solid, 5 preferably

as_pouderjog] &S Mfyofbldie oBRLKTRe TPl confRLNET, PRI fficmet ering s the

use of rraste bat ches res mast er bat ches o tives or

addi ti ve duiphbbgses sulphdfilifesQuistabitizers agidbd iiséd $o preeerd dsmsgdi@doanid-raexanpl e, in
"Additives for Plastics Handbook, John Murphy, Elsevier, Oxford 1999", and
in" P|5ast[ﬂ&%7]Add| t iThese mm@uablllzmw banesied &nidividuatlyer in eambioatiorgo1” . 10

[ 0082] Exanples o% m atﬁ XI dants or heat stabilizers are: alkyl ated
monophendi™§ AKSS PRI RS RAYTET hy dr oqui nones and al kyl at ed

hydroqui ngpgs. t OQH’Q&ﬁﬁ&{ ?)roclays‘ﬂ{goﬁiﬁdl?ﬁﬂ@g shdM E@%’eﬁ’l@@ﬂﬂ LRSI Bch & Kot

i denebi sphenol s, O0-, benzyl conpounds, hydroxybenzylated

mal onat esaxampkenMrmanbgsdfoygbﬂnwﬂattymmmumg&)p aﬁaiadafomw@tmpounds
acyl am nophenol s, esters of 0-(3,5-di-tert-butyl-4-hydr oxyphenyl pr opi oni c

15 aci d, Restep#hriy! pmsiraipnd g:lmewlmrwearawr%prﬁ@mm BWéﬂW Y36 8lheni ¢ aci d,
<511 Ol o, PR I A TR LR A ORDAE 8 =
e T
phosphonathesphatgrgstrosphdipkssphbenaand estandnesinardniamitgd ¢omgroesds, such as
brominated phosphoric acid esters, brominated oligocarbonates and polycarbonates, and
preferably salts of fluorinated organic sulphonic acids. Suitable impact modifiers are
15  butadiene rubber with grafted-on styrene-acrylonitrile or methyl methacrylate, ethylene-
propylene rubbers with grafted-on maleic anhydride, ethyl acrylate and butyl acrylate
rubbers with grafted-on methy! methacrylate or styrene-acrylonitrile, interpenetrating
siloxane and acrylate networks with grafted-on methyl methacrylate or styrene-
acrylonitrile.
20 [0089] Furthermore, colorants, such as organic dyes or pigments and inorganic
pigments, IR absorbers, may be added, individually, as a mixture or in combination with
stabilizers, glass fibres, (hollow) glass spheres or inorganic fillers.
[0090] Polycarbonate melts which were produced by isolation of the polymer or
by compounding can be spun in strand form through a die head and cooled with gas, e.g.
25  air or nitrogen, or a cooling liquid, generally water, and the solidified strands can be
granulated in commercially available granulators with cutters which are present, for

example, on a rotating roll, in air, under inert gas, such as nitrogen or argon, or under

water. Depending on the design of the apparatus column-like granules having a round or
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20 [0083] Preferred antioxidants or heat stabilizers are organic phosphites,
phosphonat es and phosphanes, generally those in which the organic radicals
conpletely or partially conprise optionally substituted aromatic radicals.
[ 0084] Suitable conplexing agents for heavy netals and for neutralization of
traces of alkali are, for exanple, o- or mphosphoric acids, conpletely or
partly esterified 25 phosphates or phosphites. [0085] Suitable |ight
stabilizers (UV absorbers) are, for exéample, 2-(2'-

hydr oxyphenyl ) benzotri azol es, 2-hydroxybenzophenones, esters of substituted
and unsubstituted benzoic acids, acrylates, sterically hindered am nes,
oxam des, 2-(2 -23- hydroxyphenyl)-1,3,5-triazines or substituted

benzot ri sliptissl cresgisectionand soughwr empoth suifecs forr arefenmede Thagutpdgasetayr r ed.

[ 0086] Pql ypropyl ene gl ycol. | one or .in conbination with, fqr exanple,

0l phonedeoaf s Btk fetieelif Pl wih ket Bl P8 bSBainrtetdissordanage. by
ganmma-ra 0, -abi L : . ndi vi dual | y
O Cony B e B R & oS PR e '0ge) 1
addi t i on,repriaagysojadgionsxs posaibles ths votedass dedmithble NEurdgendérs, thedaedn as, for
exanpl e, derivatives of long-chain fatty acids, may be added. For exanpl e,
pent aer ytifetipy n the gragules shoslbbeliept 89 lowes ppssifle peeleiablitbeloyy 0Gmetkerfed. They

oL oo SIS, R Al B G BRSPSl P2, 10, 1%

wei ght, gAgEd ™ on conpos

addi ti vespreeRbRNORINAKE paSit@hly plef@abl{ 5it® B oY Whb@sphatiCer the€ kg NOl
di phosphoric acid esters, brom ne-containing conpounds, such as brom nated

phosphor i martaddsdhedd be between irand i @ chnoprefeably hotvater € aad @ miol| yelahbonat es, and
preferably salts of fluirinated ona?nic sulfhonic acids. Suitable inpact
modi fi er Vgl beavestid Bape AL Mew BisEraRly pFvgemf 1 aul Wmgtreapes wWBessra trile or

e, TR BB B SO R S BRI
met hacryl @8 & PP agtpréfeiied, agd gtaanlet hivifyg a fibF BSARY fagd patGeularly preferred.
These parameters are subject to size distributions, distributions as narrow as possible are
preferred, i.e. granules having dimensions as uniform as possible.
[0091] Cooling, spinning, granulation and the subsequent transport or the
15  conveying of the granules with gas or liquid and the subsequent storage, optionally after a
mixing or homogenization process, should be designed so that, in spite of any static
charge build-up present, as far as possible no impurities are applied to the polymer
surface, strand surface or granule surface, such as, for example, dust, abrasion material
from the machines, aerosol-like lubricants and other liquids and salts from water baths or
20 cooling systems possibly used.
[0092] The polycarbonates prepared according to the invention are suitable, for
example, for the production of extrudates and mouldings, in particular those for use in the
transparent area, very particularly in the area of optical applications, such as, for
example, sheets, multi-wall sheets, glazings, diffuser screens, lamp coverings or optical
25  data stores, such as audio CD, CD-R(W), DVD, DVD-R(W), minidiscs in their various
read-only or recordable and optionally also rewritable embodiments.

[0093] Examples of further applications, but without limiting the subject of the

present invention, are:



sil oxane and acrylate networks with grafted-on nethyl nethacrylate or
styrene- acrylonitrile. 20 [0089] Furthernore, colorants, such as organic
dyes or pignments and inorganic pignments, |IR absorbers, nay be added,
individually, as a mxture or in conbination with stabilizers, glass
fibres, (hollow) glass spheres or inorganic fillers. [0090] Polycarbonate
nmelts which were produced by isolation of the polyner or by conpoundi ng can
be spun in strand formthrough a die-bgad and cooled with gas, e.g. 25 air
or nitrogen, or a cooling liquid, generally water, and the solidified
strands can be granul ated in comrercially available granulators with cutters
which are present, for exanple, on a rotating roll, in air, under inert
gas, such a$. rﬁaf&tbgewelm \’d‘rlgibﬁre snowmdiebe raagiced. m[m@ehdureag drbiegdesi gn of
t he appar at us Gl pmm i.ke Hul es ha\ék%a round or -24- elliptical cross
section and ro{ B'I‘i es And et 20d & Xiwrs Pe formed. The cut edges may be
snmoot h or haveyge @l ass-like fracture with broken cut edges or renaining
residues on the cut edges. Granules which are fornmed as uniformy as

possi bl e and. IBve-msuldeVbodicaE@snsad HA0] 86t TRINSfonsxqpgis nd & galiont eeicut  edges
are desirable. Furthernore, the dust 5 fraction in the granules should be
kept a low a 055%& bl e, preferably bel ow 100 ng/ kg of granules. The

di anet er of t ranul artl | es ul d .be het n, 0.5, mm an 0 .nm

or of or abi . 4 (PR RS S af B RS I Bl BOMS R R e gt o
the granule RREhpE!IEScoVERMY Bl Q@nég%\éﬁﬁﬁraﬂw@?&aﬁ&ls eeloRb&A0hiyhdRt ween 2
and 8 mm and the weight between 10 and 50 ng, preferably between 15 and 30
ng. Granul es wygsesrati o 10 of dianmeter, of the average di anmeter in the case
of an elliptical, cross section, to Iength is 0.8to are referred and

granul es havi rigptigal gatag s@resatsyth as awdio JaPsi Ci- QFWQIS ppgpér RRYD-R¥Hese
par arrﬁ)lt ers arg s s!c?ﬁﬁd el sﬁﬁs%&ueq't ﬁé\felog)H}?hgns di stributions as narrow as

possi bl e are preferred, ranul avi ng di nensions as uniform as
possi bl e. [QOQﬁhfﬂGQIght]ﬁtgmn%pbmﬂamgmggg anul ation and t he subsequent transport

or the 15 conveying of the granules with gas or liquid and the subsequent
st orage, opfi aq)@n]sglaraflg en open or closed optionally printable surface.
8. Filaments and wires (see also DE-A 11 37 167).
9. Lighting applications, optionally with the use of glass fibres for applications in
15 the translucent area.
10. Translucent formulations containing barium sulphate and/or titanium dioxide
and/or zirconium oxide or organic polymeric acrylate rubbers (EP-A 0 634 445,
EP-A 0 269 324) for the production of transparent and light-scattering shaped
articles.
20 11. Precision injection-moulded parts, such as holders, e.g. lens holders;
polycarbonates comprising glass fibres and an optionally additional content of 1-
10% by weight of molybdenum disulphide (based on the total moulding area) are
optionally used here.
12. Optical instrument parts, in particular lenses for photographic cameras and cine
25 cameras (DE-A 27 01 173).
13. Light transmission media, in particular optical fibres (EP-A 0 089 801) and
lighting strips.

14, Electrical insulation materials for electrical conductors and for plug housings and



m Xi ng or honogeni zati on process, should be designed so that, in spite of
any static charge build-up present, as far as possible no inpurities are
applied to the polyner surface, strand surface or granule surface, such as,
for exanple, dust, abrasion material fromthe machi nes, aerosol-Iike

| ubricants and other liquids and salts fromwater baths or 20 cooling
systens possibly used. [0092] The pol ycarbonates prepared according to the
invention are suitable, for exanple,2§or the production of extrudates and
nmoul dings, in particular those for use in the transparent area, very
particularly in the area of optical applications, such as, for exanple,
sheets, multi-wall sheets, glazings, diffuser screens, Ianp coverings or
optical 25 datcamse@tqrse@dmmtom audio CDO, CD-R(W, DVD, DVD-R(W, m nidiscs

in their vaqgc&%%glﬂteelaa onhggor recordabl e and optionally also rewitable

enbodi nent s S furt her applications, but without liniting

the subj ect |ofNdREK 1H€eﬁ§@éﬁevic@¥ent' on, are: -25- 1. Saf ety screens, which
are known to be required in many areas of buildings, vehicles and aircraft,

and as vi soils Gridrehataids forﬂrgaﬁhegﬁbmcorﬁiucllal's)w- noul ded bodi es (al so see US-A

2 964 794), for exanple allon water 5 bottles. 4. Transparent
sheets, suchd ééglﬁﬁlhe%ﬂlglhé@ﬂ?s li t giffuperascieais Maneslgnsstanber sheets, for

cramle 1o SMEHLIS Mt iy S A RRa B0 LT,
o' Bl et o b sinsnm sz e 1o 1
optional | y Pt.iAypdibateons un flecaitom@iveFsicttanentls aapldzings esin(thedomi sObPEIsA 11 37
167). with ABS as bumpers.
10 22. Sports articles, such as slalom poles or ski boot fasteners.
23. Household articles, such as kitchen sinks, wash basins, letterboxes.
24. Housings, such as electrical distributor boxes.
25. Housings for electrical devices, such as toothbrushes, hair-dryers, coffee
machines, machine tools, such as drills, cutters, planes and saws.
15 26. Washing machine port holes.
27. Safety goggles, sunglasses, corrective glasses or lenses thereof.
28. Lamp coverings.
29. Packaging films.
30. Chip boxes, chip supports, boxes for Si wafers.
20 31. Other applications, such as animal shed doors or animal cages.

[0094] The invention will now be described in further detail with reference to the

following non-limiting examples.

EXAMPLES
[0095] The dihydroxydiarylalkane used is 2.2°-bis(4-hydroxyphenyl)propane
25  (Bisphenol A, BPA) and the solvent of the organic phase is a mixture of 50% by weight
of methylene chloride and 50% by weight of monochlorobenzene.

Example 1 (according to the invention):

[0096] The following were used as apparatuses for the individual process steps:
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9. Lighting applications, optionally with the use of glass fibres for
applications in 15 the translucent area. 10. Translucent fornul ations
cont ai ni ng barium sul phate and/or titanium di oxi de and/or zirconium oxide
or organic polyneric acrylate rubbers (EP-A 0 634 445, EP-A 0 269 324) for
the production of transparent and light-scattering shaped articles. 20 11.
Preci sion injection-noul ded parts, such as holders, e.g. |ens holders;

pol ycar bonates conprising glass fibre37and an optionally additional content
of I- 10% by wei ght of nol ybdenum di sul phi de (based on the total noul di ng
area) are optionally used here. 12. Optical instrument parts, in particular
| enses for photographic caneras and cine 25 caneras (DE-A 27 01 173). 13.
Li ght transm $5¢eas siemiiad, i nDispersecinlthg fooptofl empperiups plgte Bpelawith089 801) and

lighti .ips. 14. .El ical i i i als f | i cal
conduct orbediritng hayine B ot AL RIS b8 T S S @me RS 4 ors. 15
Mobi | e t el-piBRaHeIRe UREIRRSs of 155 anHeatM@'sKreid]'P_égp%ffL(ﬁ?ﬁarcii?g.i.’ZQﬁ/% fohlvel ALy, 1 er

materials for organi c photoconductors. 5 i ghts, headlight |afps, |ight

di f f user Xaneesidemr timmniarthd predispersing Spacdv/ied ﬁlbheqaﬂnldispaisirrgr(withaduhheas
oxygenators or dialysers. 20. Food applications, such as bottles, crockery
and cRoc aPsEwe Pl iy inoh8 bosgsgfi lehmimbdiameigr each with aopestorared plagttbieknessich as

o 1 93 5 Ao DY s BLEED 10 AFSH 08 RUTPST SR
articl es,disgeild asthk btheR N thSddWeSitreR 8bwhdtse, Asth 01224 feitBR¥% /e,
Process step (b): A pump-circulation reactor equipped with one metering
point for NaOH solution, a pump, a heat exchanger, an overflow container and a T-
10 shaped sampling point having a volume of 140 |, equipped with a pH probe and a
conductivity probe; redispersing is effected on entry into the pump-circulation reactor
Process step (¢): A discharge pump and a coiled-tube reactor having mixing
and dwell zones and a total volume of 60 |,
Process step (d): a further coil-tube reactor having the same capacity as in
15 process step 3, with a metering point for catalyst at the beginning of the reactor and a

total volume of 80 L.

Subsegquent phase

separation:  Separation vessel (size 415 m’ at a level of 50%).
[0097] The following streams were used in process step (a):
20 750 kg/h of BPA solution (15.22% by weight of BPA, based on the
total weight of the solution, 2.08 mol of sodium hydroxide solution/mol of BPA)
53.9 kg/h of phosgene
615.6 kg/h of solvent mixture comprising 50% by weight of
methylene chioride and 50% by weight of chlorobenzene
25 [0098] The following streams were additionally used in process step (b):
9.3 kg/h of NaOH solution with 15% by weight of NaOH
[0099] The following streams were additionally used in process step (c):

53.0 kg/h of NaOH solution with 15% by weight of NaOH,
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24. Housings, such as electrical distributor boxes. 25. Housings for

el ectrical devices, such as toothbrushes, hair-dryers, coffee nmachines,
machi ne tools, such as drills, cutters, planes and saws. 15 26. Washi ng
machi ne port holes. 27. Safety goggles, sunglasses, corrective gl asses or
| enses thereof. 28. Lanp coverings. 29. Packaging filnms. 30. Chip boxes,
chip supports, boxes for Si wafers. 20 31. Other applications, such as
ani mal shed doors or aninmal cages. [00941 The invention will now be
described in further detail with reference to the followng non-limting
exanpl es. EXAMPLES 100951 The di hydroxydi aryl al kane used is

2.2' -bi s(4-hydroxyphenyl ) propane 25 (Bisphenol A BPA) and the sol vent of
the organic phase is a AbAthgrreofaért-5ondpbynalspiytion Off1. 4% bhiyteeghe, ickdlgeritde and

50% by wei ¢ ht of non oben C din o the invention
£00961 i ARise PR e b SEUETL 6! ARt NG00 DRy RBEITRual process

st eps: L(Ha&ﬂg step (a): Disperser in the formof an aperture plate
nozzle wt L pre |sZersing (having an aperture plate with 5 bores of 2.5 mm
di anet er [ean09] wi t h The f@lRsWing at@chsplat edditiinaknessl idbrotesStepned):a pressure drop
of 0.2 bar at 5.2 nis f|OMlve|OCIt¥ 26 ms residence tine in the

predi Spersing space and 2§éd¢£@h@f@ﬁta 8t e steangth l{W@lﬁhtaSOflmlloﬂI@ér 5 aperture

pl at e havi i ane ch w

n mm di te h.a perfo g | ate
Phi ckneo e pibids ol oRairy somBrRRs e S Pient o Bl S8p6ts i or .0
ms) by vgyo,ggy QBRh bt Hobehzedl Spersed in the other, with downst ream fl ow
tube, with 0.2 s residence tine. Process step (b): A punp-circul ation
reactor €@0lped wilhh tomeeratetedn mheg)unmadmrcdlmm\iaﬁfbmdsthetmn 42°@unp, a heat
exchanger, an overfl ow container and a
(after the heat exchanger) and 45°C (before the heat exchanger). The temperature in the
10 coiled-tube reactor in process step {c) was 46°C, that in the coiled-tube reactor in process
step (d) was 45°C and that in the separation vessel was 40°C.
[00102] The dispersing direction was set so that the organic phase was dispered in
the aqueous phase.
[00103] A phosgene excess of 9.7% by weight was employed. After the phase
15 separation, the following values were determined:
BPA in water 1 ppm
Water content in the organic phase after settling 1.07% by weight
The low water content in the organic phase and the low residual monomer content BPA
in the waste water showed outstanding quality of the phase separation. In addition, the

20  dispersion showed good and stable separation behaviour.

Example 2 (according to the invention):

[00104] The apparatus employed was as under Example 1, except that the
dispersing direction was inverted, i.e. the aqueous phase was dispersed in the organic
phase.
25 [00105] The following streams were used in process step (a):
754.9 kg/h of BPA solution (14.76% by weight of BPA, based on
the total weight of the solution, 2.11 mol of sodium hydroxide solution/mol of BPA)
54.3 kg/h of phosgene



10 shaped sanpling point having a volune of 140 1, equi pped with a pH probe
and a conductivity probe; redispersing is effected on entry into the
punp-circul ation reactor Process step (c): A discharge punp and a

coi |l ed-tube reactor having mxing and dwell zones and a total volune of 60
|, Process step (d): a further coil-tube reactor having the sane capacity as
in 15 process step 3, with a netering point for catalyst at the beginning
of the reactor and a total volune 0f280 |I. Subsequent phase separation:
Separation vessel (size 415 nB8 at a level of 50%. 100971 The foll ow ng
streans were used in process step (a): 20 750 kg/ h of BPA solution (15.22%
by wei ght of BPA, based on the total weight of the solution, 2.08 nol of
sodi um hydr oxi de sol ut i &h¢-gbe/hofl sgipppt ngztuge qampisste Piobyssiehas. 6 kg/ h of
solvent m re i Si;ng,,90% b i ght .of nethylene chloride and 50% by
wei ght o#“‘ﬁﬁ%%ﬁ%@%@%ﬁ@d3@*@86@§§m¥ﬁ89?8$$6ﬁ?ﬁ9 streans were additionally
used in oo S_St e fllowing stieak@/ itrOhddNasaal 1§ Qcdlih QrbcidstsiepkBpo by wei ght

of NaOH [0099] The follow ng streans were additionally used In process step
(c): 53.0 kg/h of NaOH $d kg'h ofiNaWwtsoluEo6 byth eV gt wakhiNdORMOH 28- 35.1 kg/ h
of tert-but henol_ sol ution (11.4% by weight, in solvent m xture conprising

| /
50% by wdPBH7l of ndtheJeliang ffmsyere pllitallp yseddn gracesisterdr) or obenzene) .

001001 The fol | ow a | tep (d): 5
295 ka/ I of catalyer (et RS UAbERR Sl rE bl MNIERET T oer b 11

sol vent mi xture conprisidpg pAPefryrtwaiyiihendlfsolEbhy1 16498 bo Rlepiht AR s@nght50% by
wei ght of chl or obenzene.
mixture comprising 50% by weight of methylene chloride and 50% by weight of
chlorobenzene)
10 [00108] The following streams were additionally used in process step (d):
28.02 kg/h of catalyst (3% strength by weight solution of
ethylpiperidine in solvent mixture comprising 50% by weight of methylene chloride and
50% by weight of chlorobenzene.
{00109] The temperature in the pump-circulation reactor was between 42°C (after
15  the heat exchanger) and 45°C (before the heat exchanger). The temperature in the coiled-
tube reactor in process step (c) was 46°C, that in the coiled-tube reactor in process step
(d) was 45°C and that in the separation vessel was 40°C.,
[00110) A phosgene excess of 13.0% by weight was employed. After the phase
separation, the following values were determined:
20 BPA in the waste water 13 ppm
Water content in the organic phase after settling  2.5% by weight
[00111] In spite of the higher residual monomer content of BPA in the waste
water, high-quality phase separation was observed, with a water content in the organic
phase which was still very low. In addition, the dispersion showed good and stable

25  separation behaviour.



[ 00101] The tenperature in the punped-circul ation reactor was between 42C
(after the heat exchanger) and 45C (before the heat exchanger). The
tenperature in the 10 coiled-tube reactor in process step (c) was 46C, that
in the coiled-tube reactor in process step (d) was 45C and that in the
separation vessel was 40C. [00102] The dispersing direction was set so that
t he organi c phase was dispered in the agueous phase. [00103] A phosgene
excess of 9.7% by wei ght was enpl oyed30After the phase 15 separation, the
foll owi ng val ues were determned: BPA in water | ppm Water content in the
organi ¢ phase after settling 1.07% by wei ght The | ow water content in the
organi ¢ phase and the |ow residual nmononer content BPA in the waste water
showed o of the phase separation. In addition, the 20

VEEX 3ty
di spersi wed good .and st.able s ati on behavi qur. anpl e (according
to the i ﬁ@gﬁ?ﬁ)on) : q‘[‘%ﬁf@ﬁﬁ’ﬁ‘h?"‘&“ﬁb&%ﬁ% “é@bﬁh&sﬁg"wgﬁa%%ﬂ‘l‘ﬂn&ﬁ aEﬁarrpl e 1,
except t : i i i i as..| I 3 us phase
s di sper S T R e PPt s ™ Poame vr o
used in prsedgiggoskenct @) for thiking thgddyanit pRRA witl thé dqurodslphag®% by wei ght of
BPA, based on the total weight of the solution, 2.11 nol of sodium
hydr ox¥i dd08b3lit | on/Thsfolispwippatyeams pveze pygdin processssgéme - 29- 612. 2 kg/ h of

el ght of - chl or obenvene To8RaBIo HRe: 1Mol ¥ oS LA efRhnal 1y usec
N processie &ieidht of thd sSutieh, 1. 0f NEIQH 5Ly R xWiclsDIRSHARY orBPaNT Of NaOH 5
1001071 The follow ng streans were additionally used in process step (c):
53.7 kg/h of phosgene
641.1 kg/h of solvent mixture comprising 50% by weight of
10 methylene chloride and 50% by weight of chlorobenzene
[00114] The following streams were additionally used in process step (b):
9.8 kg/h of NaOH solution with 25% by weight of NaOH
[00115] The following streams were additionally used in process step (¢):
25.27 kg/h of NaOH solution with 25% by weight of NaOH
15 33.7 kg/h of tert-butylphenol solution (11.4% by weight, in solvent
mixture comprising 50% by weight of methylene chloride and 50% by weight of
chlorobenzene)
[00116] The following streams were additionally used in process step (d):
30.4 kg/h of catalyst (3% strength by weight solution of
20  ethylpiperidine in solvent mixture comprising 50% by weight of methylene chloride and
50% by weight of chlorobenzene.
[00117] The temperature in the pumped-circulation reactor was between 42°C
(after the heat exchanger) and 45°C (before the heat exchanger). The temperature in the
coiled-tube reactor in process step (c) was 46°C, that in the coiled-tube reactor in process
25 step (d) was 45°C and that in the separation vessel was 40°C.
[00118] A phosgene excess of 13.3% by weight was employed. After the phase

separation, the following values were determined:

BPA in the waste water 18 ppm



25.2 kg/h of NaOH solution with 25% by wei ght of NaOH, 35.3 kg/h of
tert-butyl phenol solution (11.4% by weight, in solvent mxture conprising
50% by wei ght of nethyl ene chloride and 50% by wei ght of chl orobenzene) 10
[ 001081 The following streans were additionally used in process step (d):
28.02 kg/ h of catalyst (3% strength by weight solution of ethylpiperidine
in solvent m xture conprising 50% by wei ght of nethylene chloride and 50% by
wei ght of chl orobenzene. [00109] The-Benmperature in the punp-circulation
reactor was between 42C (after 15 the heat exchanger) and 45C (before the
heat exchanger). The tenperature in the coiled- tube reactor in process step
(c) was 46C, that in the coiled-tube reactor in process step (d) was 45C
and that in the sep¥atenqonienyiegbeprearis phoeaftposttliog AM@EM@I@kcess of

13. 0% by | o ed Af t he,phase epar the follow ng
val ues weqﬁf‘ g@trg’%’,\ﬁiaﬁg’(ﬂ‘ ° I?Iﬁ%% Qf\g'g“@s\?d‘f ‘?Iaféa’ﬁ‘p teoBEEBnt ent i n
the Orgarih@or%%ts,ﬁl)%%tweeﬁ'e Righdr thaﬂgwgr WEJ%dbéécéﬁ@Lg%the]lg%%M-of@le% Bﬁg of the
hi gher resi dual noner ntent 0 Int waste water quality
phase sepatiatphase sspsratiys ¢arge dariatiohdinaheweperaticobétaniou md ihgaliiligasinc  phase
which was still very low.  In addition, the dispersion showed good and stable
25 separ dh¢ %ﬁﬁaqﬂ@%w&ﬂddltl%ﬁ)‘y@ﬁﬁﬂﬁﬁjatl ve exanple 3: [00112] Instead of the

di sperserg, .2 ngf%e in which the two streans (aqueous and organi c phase)
are intr o the punped-circulation reactor at opposite points was

used in gy S st eBr idhitb@g e X9 of he dRHEBM Gnd RSBuMk btehe aqueous
phase. 5 1001131 The following streans were used in process step (a): 744.2
kg/ h of BRAsgohtisn awnording. 16 8eechss stopi(gh furtier BfpArimioars edrocarried out in a
laboratory unit with a single-hole nozzle (according to Fig. 6), and both the phosgene
10 concentration and the droplet size of the dispersed phase in the dispersion were measured.
{00120] Fig. 6 shows the schematic drawing of the single-hole nozzle used as a
disperser for Examples 4-8. The small bore | of the upper part A has a diameter of
(.75 mm and the small bore 2 in the lower part B has a diameter of 1.05 mm. The
diameter 3 of the tube section in the upper part A of the nozzle is 2 mm and the diameter
15 4 of the tube section in the lower part B of the nozzle is 3 mm.
[00121] A 15% by weight BPA solution (based on the total weight of the solution)
having a NaOH/BPA molar ratio of 2.1 was used as the aqueous phase for Examples 4-8.
A mixture comprising 50% by weight of methylene chloride and 50% by weight of
chlorobenzene was used as a solvent for the organic phase, to which mixture various
20  amounts of phosgene were added in Examples 7 and 8. The reactants were dispersed in
the nozzle described above, the direction of dispersing and hence the preadjustment of the
dispersion (oil-in-water or water-in-oil) being determined by the inflows (the phase of the
vertical upper stream 5 is dispersed in that of the horizontal lateral stream 6). The
pressure drop over the nozzle was about 1.5 bar during the experiments. The reaction
25  mixture was then introduced into a measuring chamber via a capillary. The total
residence time in this measuring chamber was 200 ms. The chamber was equipped

alternatively with an ATR crystal for measuring the concentrations (phosgene,

chlorocarbonic acid ester and carbonate groups) or with a window for optical



[

the total weight of the solution, 2.13 nmol of sodi um hydroxi de sol uti on/ nol
of BPA) 53.7 kg/h of phosgene 641.1 kg/h of solvent m xture conprising 50%
by weight of 10 nmethyl ene chloride and 50% by wei ght of chl orobenzene

[ 001141 The following streans were additionally used in process step (b):
9.8 kg/ h of NaOH solution with 25% by wei ght of NaOH [00115] The foll ow ng
streans were additionally used in process step (c): 25.27 kg/h of NaOH
solution with 25% by wei ght of NaOH 153233.7 kg/h of tert-butyl phenol
solution (11.4% by weight, in solvent mxture conprising 50% by wei ght of
met hyl ene chl ori de and 50% by wei ght of chl orobenzene) [00116] The
following streans were additionally used in process step (d): 30.4 kg/h of
cat al yst degymygrtiemgf the pyrtigksisipgtdissighulion dre. drophad sige Hisirgiuper). dhde i n sol vent

m xture conprising 50% i ght aof methylepe chl oride, and . 50% wei ght of
Chi of oberDEREemeRs M e e aiaftbeoninudta Wit e RhnBett F1EG plageh ot or s
bet ween : (before the heat exchanger).
The tenpéekr%geargg%ﬁﬁqtﬁe}ﬁe quﬁbeegﬁ(ﬂ%g@rﬁggé%?lqiﬂg)cprocess step (c) was 46C,

that in t[0e122pi | ed-Thalbzameks tdarserved pricdelg S& r2diwtiap tHedropleissizZ5C and that in

t he separation vessel was 40C. %00118% A phosgene excess of 13.3% by wei ght
was enrpl dligdbutionthspughhabqyh By the dipgesenExanples hand §persed fog avantifiesg ter e

phase af ror 8ot s "olBEAGirThe Gt Bk s S 8 Rbrer cont ent of
BPA in theawaie water and the water content in the organic phase were
hi gher than were used according to the invention of the disperser. 1In the
_phase _se_;jﬁﬁbl&] on, |Aasadeeny sir¢aat woheut iphodghiee (d 8paman) anl dsteami cdugueans
I nstabil II:I['.II)/S f)hallsg (200 g/min) were combined, the direction of the dispersing having been
10  established so that a water-in-oil dispersion was formed. The size of the dispersed
droplets was 46 um (Sauter diameter, d32) on flow-through. The Sauter diameter is
known to the person skilled in the art and is described, for example, in Zlokarnik:
“Rijhrtechnik, Theorie und Praxis [Stirring technology, Theory and Practice]” Springer
Verlag 1999, page 232. It can be determined on the basis of known image processing
15  methods by means of micrographs and counting and measuring of the particles. Stable
phase separation took place after 4 s.
Example 5:
[00124] A solvent stream without phosgene (155 g/min} and a stream of aqueous
BPA phase (200 g/min) were combined, the direction of dispersing being established so
20  that an oil-in-water dispersion was formed. The size of the dispersed droplets was 53 um

(Sauter diameter, d3;) on flow-through. Stable phase separation took place after 2 s.

Example 6 (according to the invention):

[00125] A solvent stream comprising phosgene (190 g/min) and a stream of
aqueous BPA phase (220 g/min} having a molar phosgene-to-BPA radio of 1.09:1 were

25  combined, the direction of dispersing having been established so that an oil-in-water
dispersion was formed. A very fine homogeneous distribution of the drops was observed.
The size of the dispersed droplets was below the limit of resolution of 5 pm of the

microscope on flow-through, i.e. smaller than 5 pum (Sauter diameter, d3;). The diameter



5 the separation were additionally observed. Exanples 4-8: [00119] For
nonitoring the effect of the dispersing and the course of the phosgenation
according to process step (a), further experinents were carried out in a

| aboratory unit with a single-hole nozzle (according to Fig. 6), and both

t he phosgene 10 concentration and the droplet size of the dispersed phase in
t he di spersion were neasured. [00120] Fig. 6 shows the schematic draw ng of
t he single-hole nozzle used as a dispegrser for Exanples 4-8. The snall bore
| of the upper part A has a dianeter of 0.75 mmand the small bore 2 in the
| ower part B has a diameter of 1.05 mm The dianeter 3 of the tube section
in the upper part A of the nozzle is 2 mmand the dianeter 15 4 of the tube
secti on iaf thedroplotwevas S&mm Snip250 ns aftortht Hoivsws stpped. AG1afk] stapdibfeoby wei ght
BPA squt'oH @based on the tota% wei ght _of the solati n) havinq 1 NaOH' BPA
mol ar 1 attPoHEH: BPi CRalescgReoNk Pler AJha S M SHE PR sppEationtack A

m xture cpp@rising 50% by wei ght of nethylene chloride and 50% by wei ght of
chl or oberizene was used as a solvent for the organic phase, to which mxture
various Z00Eepunt s Bxbmpkedgeshewee it asalsthniiillyrsangl 8ke 6f tRdispersdhe reactants
were dispersed in the nozzle described above, the direction of dispersing
and hénceaitiedesph 8 dipersionEAMpYsing Raueols ansleargandhpliast is-nohbigaglkirabewt

Upper st rolsh v e U QOLFURR ot brE T o b S BRRGr&ushOZ et earm 6 - The
pressure grap MG oﬁﬁﬁea%ﬁﬂ i8 tw@aes%heé%fﬁpggteh@.rm%bmagtenﬁs ﬁg’@ng&fitﬁ@nt s. The

reaction 25 mxture was tHen introduce 0 a neasuring c er via a

capi | | ar yprioFbhee d¢fatddperseesiadendiaglyl soxprisingtyhdrsat e the wasend tiodh@adimnh, was 200 ns.
The chanber was equipped alternatively with an ATR crystal for neasuring
t he concetrdingsnieipyratigemd phosearow il dihydisxydigyialikasgt.er and car bonat e

grou W i ar. opt.ical -32- determ nation of the particle size
di st Pﬁ%u?‘éxa eh? .C%% g‘ o e "_WG% Fstributi on). The neasurenents were
ef f ect ed [pofdy) cont ipRU&UeHé Wadhddad fih AVedcBEIIQD i (BhdeBonGhOShdGt 6f t he

BPA used) to the organic stream (365 g/min flow rate of the organic stream). The phase

ratio of organic to aqueous phase was 1:1 (volume ratio). After residence time of 200 ms

in the feed line to the measuring chamber, phosgene was no longer detectable.

15 Example 8 (according to the invention):

[00128] Phosgene was added without excess (based on the amount of BPA used) to
the organic stream (360 g/min flow rate of the organic stream). The phase ratio of organic
to aqueous phase was 0.84:1 (volume ratio). After residence time of 200 ms in the feed
line to the measuring chamber, phosgene was no longer detectable.

20  Comparative Example 9:

[00129] An arrangement as for Examples 4-8 was used, but without the nozzle
shown in Fig. 6. The streams were combined via a T-piece. Phosgene was added in an
excess of 20 mol% (based on the amount of BPA used) to the organic stream (365 g/min
flow rate of the organic stream). The phase ratio of organic to aqueous phase was 1:1

25  (volume ratio). After residence time of 200 ms in the feed line to the measuring chamber,
10% of phosgene was detectable.
[00130] Examples 7-9 show that the use of the disperser leads to a potential

reduction in the content of unconverted phosgene.



val ves at the end of the chanber (stopped flow technique). [00122] The
Exanpl es 4-6 served nerely for nonitoring the droplet size 5 distribution
brought about by the disperser. Exanples 7 and 8 served for quantifying the
conversion in the reaction during the extrenely short residence tinme of 200
ms. Exanple 4: [00123] A solvent stream w thout phosgene (155 g/mn) and a
stream of aqueous BPA phase (200 g/mn) were conbined, the direction of the
di spersi ng having been 10 established3$4e that a water-in-oil dispersion was
formed. The size of the dispersed droplets was 46 m (Sauter dianeter, d32)
on flowthrough. The Sauter dianeter is known to the person skilled in the
art and is described, for exanple, in Zl okarni k: "Ruhrtechnik, Theorie and

Praxis [ 900+ing tétcwbbwprecmmmh%mdklﬂﬁémﬁh@éqt'tha;t,shar\ggwould/@fr| ag 1999,

page 232 n of . k e33|ng 15

et hods By et bormFbEIGs e ho e i ePuint RALTRAG BOTRE parti ol es.
Stable phasst ﬁf‘é%?a&"%dfe%%d? h%?orélfthaﬁrthlélnﬁrent@?ﬁ%bﬂuﬁrte&t@%@‘” A sol vent
stream wi t hout phosgene (155 g a stream of aqueous BPA phase (200
g/ mn) \A/qmetiomxlmrbhubedimehts&ils;tiasecttbuom 1saf1tedde;1pe|cevemgldulﬁiaagomwmﬂuh|tls=.'hed so 20
that an oil-in-water dispersion was f The size of the dispersed

dropl et s SREE 284s6ppe ghihed¥esgntdnntpn aﬁ%ﬁ” @hwhe&wpmﬁéﬁﬁﬁns St abl e phase
separation took place after 2 s. Exanple 6 (according to the invention):

[ 00125] A solvent stream conprising phosgene (190 g/mn) and a stream of
aqueous BPA phase (220 g/ mn) having a nolar phosgene-to-BPA radio of 1.09:1
were 25 conbined, the direction of dispersing having been established so
that an oil-in-water dispersion was forned. A very fine honobgeneous

di stribution of the drops was observed. The size of the dispersed droplets
was below the limt of resolution of 5 p.mof the mcroscope on
flowthrough, i.e. smaller than 5 p.m (Sauter dianeter, d32). The dianeter
-33-



of the droplets was 50 monly 250 ns after the flow was stopped. 1 s after
stopping of the flow, rapid coal escence took place. After a few m nutes,

st abl e phase separation took place. [00126] Exanples 4-6 showed that a
substantially reduced size of the dispersed 5 particles in a dispersion
conpri sing aqueous and organi ¢ phase is not brought about solely by the use
of a disperser but the surprising effect of the substantial reduction of
droplet size is observed only in the-pfesence of phosgene. The advant ageous
effect of the prior use of a disperser is accordingly surprisingly great in
t he case of the reaction, according to the invention, of phosgene with

di hydroxydi aryl al kanes. 10 Exanple 7 (according to the i nvention): [001271
Phosgene was added in an excess of €bARNYP% (based on the anount of BPA
used) to Fe org nic stream (365 g/mn flowrate of the organic stream. The
phase rat ¢ %? &dﬁlc to aqueous phase was 1:1 (volume ratio). After
residence tine of 200 ne in the feed line to the nmeasuring chanber,
phosgene was no | onger detectable. 15 Exanple 8 (according to the
invention): 1001281. Phoggemeinuas pastdeionpleparing epadpasbopb@dadinga t he anmount
of BPA used) to the organic strean1g360 g/mn flowrate of the organic
strean). Weghtsnerage matecwlappeighifdniod 15060 @q?ﬁ)é‘&% gﬁnds@ema%ceﬁﬁ <8)mp115(n\%o| une
ratio). Aft € Q measuri ng
chanber 50 aREhARESHishy TRy trend BoPus fub S’ aEfacs ilfivi S e o

[001291 A%uﬁ&ﬁﬁﬂgﬁaﬁQbméﬁsﬁg¥ Exanpl es 4-8 was used, but w thout the nozzle
shown in Fig. The streans were conbined via a T-piece. Phosgene was added
in an excess of 20 nol Yeitrasedy disptriieg anodisperse aBRrgansauipsetandtahe or gani ¢
stream (365 g/ fl.owrate of the org %HIC strean). The phase ratio of
organi c tad“ea‘dﬁg’}ﬂﬁ? 1D 8L RagurE, the 25 d) AYFEOMmREISigE a‘ lﬁ‘xP%térpoF‘lé’é‘l(ﬁéhfce t| me of

det ect abl g0 567 UL AREIOFRERN cARaFREIRE e aod il BhoBORER0RE T2 acs (o
a pot ent i@k dihydroxydiarylalkane, water and an alkali solution present in an amount of 1.5 to 2.5
moles per mole of the dihydroxydiarylalkane;
reacting the mixture in a first reactor with a residence time of less
than 0.5 seconds;
further reacting the mixture in a second reactor with addition of a
further amount of an alkali solution and, optionally, a chain terminator; and
effecting further condensation in a third reactor with addition of a
second further amount of an alkali solution and, optionally, a chain terminator, in the

presence of the catalyst.

2. The process according to claim 1, wherein the mixture comprises

an oil-in-water dispersion.

3. The process according to claim 1, wherein reacting the mixture is

carried out at a temperature of -5°C to 100°C.

4. The process according to claim 1, wherein reacting the mixture is

carried out at a temperature of 15°C to 80°C.



reduction in the content of unconverted phosgene. -34- [001311 It wll be
appreci ated by those skilled in the art that changes could be nade to the
enbodi ments descri bed above without departing fromthe broad inventive
concept thereof. It is understood, therefore, that this invention is not
limted to the particular enbodi nents disclosed, but it is intended to
cover nodifications within the 5 spirit and scope of the present invention
as defined by the appended clains. -38-CLAIMS What is clainmed is: 1. A
continuous process for preparing a polycarbonate having a weight average
nol ecul ar weight M of 15,000 to 200,000 g/ nol, the process conprising
reacting a di hydroxydi aryl al kane and phosgene in the presence of a catal yst
in a phase boundary process conprising: continuously dispersing in a

di sperser an organi.c ph nd..an ueous. phase t.o forma m.xture, the
organi ¢ phase conpri si ngﬁ‘glp ?ch%satc“gaﬁg??& WP g’le?eﬁ%m rf?ﬁgrsl%gjﬁémé{r’ilﬁe 4 sol vent
sui t abl e &HedtdiatRObimpaaReOst 82C anthd-fe aqueous phase conprising the

di hydr oxydi aryl al kane, water and an al kali solution present in an anount of
1.5to 2.5 noles per nole of the dihydroxydi aryl al kane; reacting the
mxture in a first reactor with a residence tine of less than 0.5 seconds;
further reacting t®e m ggﬁﬂ”é“??ﬁ agerdiag i clrign e Werain fercHaRibe i yNIUEF iSa furt her

anmount Ofca?rﬁ‘edat{%xkgtjajteﬁggﬁd{dré)gf %aﬁ,m%g;' onally, a chain term nator; and
urt

effecting er condensation rna third reactor wwth addition of a second
further amount of an alkali solution and, optionally, a chain termnator, in
the presence of the catalyst. 2. The process according to claiml1l, wherein
the m xture conpri ges  The process according to claim I, wherein the phosgene is present

in an amount of less than 15 mol% excess, based on the dihydroxydiarylalkane.

8. The process according to claim 2, wherein the phosgene is present

in an amount of less than 15 mol% excess, based on the dihydroxydiarylalkane.

9. The process according to claim 5, wherein the phosgene is present

in an amount of less than 15 mol% excess, based on the dihydroxydiarylalkane.

10.  The process according to claim 1, wherein the phosgene is present

in an amount of less than 13 mol% excess, based on the dihydroxydiarylalkane

1t.  The process according to claim 1, wherein the
dihydroxydiarylalkane comprises one or more selected from the group consisting of
4,4'-dihydroxybiphenyl, 1,1-bis(4-hydroxyphenyl)phenylethane, 2,2-bis(4-hydroxy-
phenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-
hydroxyphenyl)cyclohexane, 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, and

mixtures thereof.

12.  The process according to claim 2, wherein the

dihydroxydiarylalkane comprises one or more selected from the group consisting of



an oil-in-water dispersion. 3. The process according to claim1, wherein
reacting the mxture is carried out at a tenperature of -5C to 100C. 4. The
process according to claiml, wherein reacting the mxture is carried out

at a tenperature of 15C to 80C. -36- 5. The process according to claim 2,
wherein reacting the mxture is carried out at a tenperature of -5Cto

100C. 6. The process according to claim?2, wherein reacting the mxture is
carried out at a tenperature of 15C t3780C 7. The process according to claim
1, wherein the phosgene is present in an anmount of |ess than 15 nol %
excess, based on the di hydroxydi aryl al kane. 8. The process according to
claim2, wherein the phosgene isﬂyresent in an anount of |ess than 15 nol %

excess, beddaihdroxhivharydl Seftthasrgrahraxiphenyletinmng, p2digddydwasyr ding to
claimb5, erein th 0 e i.s . present .in.an anoynt, of |less than 15 nol %
excess, %ﬂ%59?’@5’2’“’%?H;gg'gﬁﬁiﬁ%{F@ﬁ%qer?gﬂ?@‘?“yi)@.mp?ﬁ%L1p1r'3‘5{a4§s according to
claim 1, wAghehinNERIRRGRNE, 1is(RhSaRRY pheh )3T AIRNGLyIRfcIbRR S BAN 13 Mol %
excess, gﬁ@egﬁgnn§ﬂ§?d|hydrbxydigryséﬁggﬁg ?1.’The pro%e%% ac%%? ing to

clai m 1, mixaresthere® di hydr oxydi aryl al kane conpri ses one or nore sel ected
fromthe group consisting of 4,4'-dihydroxybi phenyl,

1, 1- bi s(4- hydroxyphenyl ) phenyl et hane, 2, 2-bi s(4-hydroxy- phenyl) propane,

2, 2- bi s( 3, 5-di net hyl,- 4- r henyl,) propane. .1 -bi s(4
hydr oxyphenyl ) cycl gl 'exa%,g p?&%& accé{"dl)ng (S BEfS 5, wheré’m the

1, 1- bi s( Atikntes:8PNEIRYAS cotapPisds drfel dFRIIRY belaced dofent Aeyro@nébnsidting &ir es t her eof .

12. The process according to claim2, wherein the dihydroxydiarylal kane

conpr i sesténkhyironybiphesd] bttbed-hydmiphend)phemyletbarei 3,2 imgj4 dfydro3y-~
phenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-
hydroxyphenyl)cyclohexane, 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, and

mixtures thereof,

14.  The process according to claim 1, wherein the disperser comprises

one or more selected from the group consisting of nozzles and jet dispersers.

15.  The process according to claim 2, wherein the disperser comprises

one or more selected from the group consisting of nozzles and jet dispersers.

16.  The process according to claim 1, wherein the catalyst comprises
one or more components selected from the group consisting of tertiary amines,

quaternary ammonium salts, quaternary phosphonium salts, and mixtures thereof.

17.  The process according to claim 2, wherein the catalyst comprises
one or more components selected from the group consisting of tertiary amines,

quaternary ammonium salts, quaternary phosphonium salts, and mixtures thereof.

18.  The process according to claim 1, wherein the disperser comprises

a predisperser, a homogenizing nozzle and at least three pumps.



4, 4' -di hydr oxybi phenyl, 1, 1 -bis(4-hydroxyphenyl)phenyl ethane,

2, 2-bi s(4- hydroxy- phenyl) propane,

2, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) propane, 1, 1 -bis(4-

hydr oxyphenyl ) cycl ohexane,

1, 1- bi s(4- hydroxyphenyl ) -3, 3, 5-tri net hyl cycl ohexane, and m xtures thereof.
13. The process according to claimb5, wherein the dihydroxydi aryl al kane
conprises one or nore selected fromtR&-group consisting of

4, 4' - di hydr oxybi phenyl , 1, 1- bi s(4- hydr oxyphenyl ) phenyl et hane,

2, 2- bi s(4- hydroxy- phenyl) propane,

2, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) propane, 1, 1 -bis(4-

hydr oxyphenyl ) cycl ohexane,

1, 1- bi s(4- hydroxyphenyl )- 3, 3, 5-tri net hyl cycl ohexane,, apd m xtures thereof.
14. The process acggrdihBePﬂmﬁsé?ﬁggwg%hégg? ‘ﬁﬁ@“ﬂpgﬁﬂﬂﬁg?r86WﬁFF§es one
or nore : r : i St | es and j et dispersers.
15. The Eﬁ%ggéfﬂgéégﬁﬂﬁﬁgn@%ﬁgﬁgﬁﬁggfﬁ&%ﬁ?@ﬁ%PP g'disperser conpri ses one
or nore selected fromthe group consisting of nozzles and jet dispersers.
16. The process according to claim11l, wherein the catalyst conprises one or
nore conponents sel28ct ed e pesrsseciiBg e elais d.ovhasyn dic dignersensymplitehes,
quaternan% a ni um,sal t s .@yatergngt@hoﬁﬁPoniun1sa|ts, and m xtures

ther eof . APFCSHE h A IORIOE NZE AGAIG M3 1543 TS PUliREr ei n t he cat al yst
conprises one or nore conponents selected fromthe group consisting of
tertiary am nes, quaternary amonium salts, quaternary phosphonium salts,
and m xtures thereof. 18. The process according to claim 1, wherein the

di sperser conprises a predisperser, a honogenizing nozzle and at |east

t hree punps. -38- 19. The process according to claim2, wherein the

di sperser conprises a predi sperser, a honobgeni zing nozzle and at |east three
punps. 20. The process according to claim5, wherein the di sperser conprises
a predi sperser, a honogeni zing nozzle and at | east three punps.



