-1- TITLE OF THE | NVENTI ON Process for the Preparation of Polycarbonates and
Diaryl Carbonate RELATED APPLI CATI ONS This application clains benefit to
German Pat ent Application Nos. 10 2008 008 5 841.2, filed February 13,

2008, and 10 2008 038 031.8, filed August- 16, 2008, which are incorporated
herein by reference in their entireties for all useful purposes. BACKGROUND
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1 1, Secon diti on, 1988, pages 651-692, and finally by Dres. U Gigo, K
Kircher and P. R- Miller, "Polycarbonat eI‘{EF)) carbonates]" in Becker/Braun,
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which both the m1x1ng of the orgamc and aqueous phase and the upstream

oligomerization step or the formation of the chloroformate of the monoaryl compound

are effected in a special pump.

The polycarbonate preparation by the phase boundary process has already been
15 described by Schnell, “Chemistry and Physics of Polycarbonates”, Polymer Reviews,
Volume 9, Interscience Publishers, New York, London, Sydney 1964, pages33-70;
D.C. Prevorsek, B.T. Debona and Y. Kesten, Corporate Research Center, Allied
Chemical Corporation, Morristown, New Jersey 07960: “Synthesis of Poly(ester
Carbonate) Copolymers” in Journal of Polymer Science, Polymer Chemistry Edition,
20 Vol. 18, (1980)”; pages 75-90, D. Freitag, U. Grigo, P.R. Miiller, N. Nouvertne',
BAYER AG, “Polycarbonates” in Encyclopedia of 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,
25 Polyester, Celluloseester [Polycarbonates, Polyacetals, Polyesters, Cellulose Esters],

Carl Hanser Verlag Munich, Vienna 1992, pages 118-145.

Furthermore, the phase boundary process for the preparation of polycarbonate is also

described in EP-A 0 517 044 or EP-A 520 272



O/ | +2n H20 For the preparation of polycarbonate by the phase boundary
process, the phosgenation of a disodiumsalt of a bisphenol or a m xture of
different bisphenols, initially 5 introduced into aqueous al kaline sol ution
or suspension, is effected in the presennce of an inert organic solvent or
sol vent m xture which forns a second organic phase in addition to the
aqueous phase. The resulting oligocarbonates mainly present in the organic
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t he pol ycarbonate is isolated therefromby various working-up stepdHifhe
pol ycarbonate synthesis and the diaryl carbonate synthesis can be carried
out continuously or batchw se. The reaction can therefore be effected in
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tubular reactors, pumped circulation reactors or stirred tank cascades or combinations
thereof, it being ensured by use of the abovementioned mixing members that aqueous
and organic phase separate as far as possible only when the synthesis mixture has
completely reacted, i.e. no longer contains any hydrolyzable chlorine from phosgene or

chlorocarbonic acid esters.

20 The first step for the synthesis of the oligocarbonates is carried out according to the
prior art, for example in a pumped circulation reactor; cf. for example
EP 1249 463 Al, US 2004/0158026 A1, US 6,613,868 B2. In the pumped circulation
reactor, the mixing of the introduced phosgene with likewise introduced disodium salt
of a bisphenol (or of a mixture of different bisphenols) and the first oligomerization

25 steps are effected. Resulting chloroformate groups react with terminal phenolate groups
present to give growing oligomers which contain different terminal groups (phenolate
or chloroformate or species mixed from the two). A certain proportion of bisphenol
introduced is still present in unreacted form in the mixture. It is true that the pumped
circulation reactor has advantages in that metering and concentration variations cannot

30 continue unabated to the end product but rather an equilibrium of variations is achieved



distributions result for parameter settings which are advantageous on the
industrial scale. A further disadvantage is that punped circulation
reactors are relatively bulky 5 assenblies. The preparation of diaryl
carbonates (such as, for exanple, diphenyl carbonate) is wusually effected
by a continuous process, by preparation of phosgene and subsequent reaction
of nonophenglbaciaifxipbapgeairciilafdn iafidtbr f£ed ¥Ldischangd MahPreseacaaireal kal i
and a nitrogen catalyst at the boundary. 0 Na 0 Cat. 1~ OO+ 2 NaCl 2 +
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15 The | ai d-open application US-A-4 016 190 describes a preparation process

for diaryl asembbighat es which is operated at tenperatures above 65C. In this
process, the pHis initially set low (pH =8 to 9) and then higher (pH = 10

to 11). Optid zati f.. the j ty. of ] X1 and
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t he productys@dly efReedivyetconfinu@d grétkdd 99 §9epkatiobRT 20688k AR subbdqitiO82 A2
and EP784048 Al. For the preparation of diary! carbonate by the phase

boundary preastigs of mesophsnelsgad #hpesnein amingr selvent iy thepressace elialkyyandm sal t
of a nonophengql or Xt ur di fferent nonophenols, in an aqueous

al kal i ne sc?l“d&?%ﬁq °8?aﬁ>é33§"rp?8ﬁté’?%’ﬁi,a?%t-s effected in the presence of an inert
organi ¢ solvent or solvent m xture which, in addition to the 25 aqueous
phase, forms a second organi c phase. The result®ng aryl chl orof ormates
present nmainly in the organic phase are converffed with the aid of suitable

catal ysts to dj Near borfat es, Htssol ved. i no organi c phase. The organic
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The preparation of diaryl carbonates, for example by the phase boundary process, is
described in principle in the literature, cf. for example in Chemistry and Physics of
Polycarbonates, Polymer Reviews, H. Schnell, Vol. 9, John Wiley and Sons, Inc.
(1964), pages 50/51.

15 The laid-open application US-A-4 016 190 describes a preparation process for diaryl
carbonates which is operated at temperatures above 65°C. In this process, the pH is

initially set low (pH = 8 to 9) and then higher (pH = 10 to 11).

Optimizations of the process by improvement of the mixing and maintenance of a
narrow temperature and pH profile as well as isolation of the product are described in

20 EP1219589 Al, EP1216981 A2, EP1216982 A2 and EP784048 Al.

For the preparation of diaryl carbonate by the phase boundary process, the
phosgenation of an initially introduced sodium salt of a monophenol or of a mixture of
different monophenols, in an aqueous alkaline solution or suspension, is effected in the
presence of an inert organic solvent or solvent mixture which, in addition to the

25 aqueous phase, forms a second organic phase. The resulting aryl chloroformates present
mainly in the organic phase are converted with the aid of suitable catalysts to diaryl
carbonates, dissolved in the organic phase. The organic phase is finally separated off

and the diary! carbonate is isolated therefrom by various work-up steps.



and/ or diaryl carbonates is carried out, for exanple, in a

punped-circul ation reactor; cf. for exanple EP 1 249 463 A, US

2004/ 0158026 Al, US 6,613,868 B2. In the punped-circulation reactor, the
m xi ng of the introduced phosgene w th.li-kewi se 5 i ntroduced sodi um salt of
a nmonophenol (or of a mxture of different nonophenols) to give aryl
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then suitab e sodiumchloride electrolysis. A disadvantage
of the ozodohgwintagess thapurhpddsciputrties sedctory ercyrelakipan dulky. asEmdrleswas
therefore a need for a continuous phase boundary process for the preparation
of palycarbopate or diaryl carbonate, by nean f ich.the pollution of the
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plants and necessitate commplicated purification operations.

Thus, WO 03/070639 Al describes removal of the organic impurities in the wastewater

20 by extraction with methylene chloride.

Usually, the sodium chloride-containing solution is freed from solvents and organic

residues and then has to be disposed of.

However, it is also known that, according to EP 1200359 B1 (W02000078682 Al) or
US-A-6340736, the purification of the sodium chloride-containing wastewaters can be
25 effected by ozonolysis and is then suitable for use in the sodium chloride electrolysis. A

disadvantage of the ozonolysis is that this process is very expensive,

There was therefore a need for a continuous phase boundary process for the preparation
of polycarbonate or diaryl carbonate, by means of which the pollution of the
wastewater resulting from this process with diphenol or monophenol can be further

30 reduced. Furthermore, it would be desirable if polycarbonates having narrower

molecular weight distribution were obtained in such a process without it being possible,



plug flow behaviour). In the preparation of diaryl carbonates as well, this
process prevents substantially unabated concentration variations of the
aryl chlorofornmate up to the end product. 5 Surprisingly, it was found that
a significant reduction in the di phenokser nonophenol pollution of the

wast ewat er can be achieved if both the m xing of the organic and aqueous

phase and gdhextRple BRFFoREINGANES VA#bRS0SIoRANEY ulabated RS IHeRAMpedther @bor m ¢
acid formation are effected in a special punp by the phase boundary process

for the ppbdicar bdrmvisfurpdt thearémraitoasf diaryli carbonatcarpvrbs this. praebsant ageousl y,
in this process tgo 10. concentration variations de . not continue unabated to
the ond pr Stuatts sgoamday pammestroolehuitBbn Fandihs 8P iR ary FD B RERaFapat ne
advant ages yferfdhfodit@Wn process according to the prior art which elimnates
di sadvant ages thereof. It is known that an increased di phenol and/or

monophenol pollution of the wastewater requires, as_a counterneasure, an
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such an increase in the phosgene and sodi um hydroxide addition. This is

advant ageodermatian ere effdcted in aopecial puownnthe phasicrioundary praass fButhener nore, t he
anount of ar%l %hl or.of.or mat e decréfleas s due to 1Lihe nor e ;20 ?ﬂ‘.fi Ci entt reaction
in the preBSPAANSR ObPOlSSHORIE e GRRPRIear Y1V AOKSEOIRIY-dYE TIRTOSE Wb qui r es
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uret hane by-products. EMBODI MENTS OF THE | NVENTI ON An enbodi ment of the

present i neesirdiogto eanysntior seiaing advsorageneidhe kyoywn epwessageerdingso the

pol ycar bonat.e or a.copol.ycar honat e, _or di | . carbonate.by the. phas
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branchi ng agent, conprising (a) continuously mxing of an organic phase and

an aqueous ipease jin thaipbiosgeng amd sodpmbgdrosideradditing imoslet teequmpdefe tlabl e for sai d
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al kal i solad/bPMonogienol pollution of the wastewater in the process according to the
invention, it is therefore also possible to avoid such an increase in the phosgene and
sodium hydroxide addition. This is advantageous, inter alia, from an economic point of
view. Furthermore, the amount of aryl chloroformate decreases due to the more
20 efficient reaction in the preparation of polycarbonates and diaryl carbonates, which
requires a lower amount of amine catalyst and thus leads to a reduction in the urethane

by-products.
EMBODIMENTS OF THE INVENTION

An embodiment of the present invention is a process for continuously preparing a
25 polycarbonate or a copolycarbonate or a diaryl carbonate by the phase boundary
process from a diphenol or a monophenol, phosgene and a catalyst, optionally in the

presence of at least one chain terminator and/or branching agent, comprising

(a)  continuously mixing of an organic phase and an aqueous phase, said
organic phase comprising a solvent suitable for said polycarbonate or

30 copolycarbonate or diaryl carbonate and phosgene and said aqueous
phase comprising said a diphenol or a monophenol, water, and alkali

solution;



(b) reacting said di phenol or nonophenol and said phosgene in the presence
of a catalyst to give a polycarbonate or a copol ycarbonate or an aryl
chloroformate or a diaryl carbonate or a m xture of an aryl chlorofornate
and a diaryl carbonate; and 5 (c) reactibng sai d pol ycarbonate or

copol ycarbonate or aryl chloroformate or diaryl carbonate or m xture of

aryl chlorof or ngjie apdchh@éald diphéh? BahRnbphendl mt&phdsgéda indd greeenad al kal i

solution and optionally a chain term nator and optionally a further
catal yst; wherein saptia casalystriagire apolycagbdnate(ai)a copdlysatbanateacat ol in (b) are
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for said organi c phagg aaRrARaARhARNGR for said aqueous phase and
optionally conprises entrances for a catalyst, a chain 15 termnator, a

branchi ng agent gcl)andééﬁgthg%%i/% g@g@a{rb&{alf@&f co?%y\:’&tjbeﬂat@?ijﬁcﬁl@ﬁ&n@f@o@xi t for

sai d pol ycarbonate or co onate or a chlorofo te or rary(
carbonat e or m xt ur ediatylaasbonath lod rikiaraeitaeylathibrofoamyte and diraplataebonatdrint her
enbodi ment of the present invention js the above proces wherein, a further

catalyst is used in eesactozoviwmnabﬂ%m%mnwqm@nﬁfYé%@rﬂm VB on i s
t he above process, V\,Q]?c[%gt{b %ﬁ%gfﬁ)ﬂﬁ@catﬁggp” ses entrances for additional
a 3 [

al kali solution and eas ne exit said polycarbonate or copol ycarbonate
or aryl chlgroformate or diaryl carbonate, or m xt 0 ryl chl orof ormat e
and"dar 1 "HSRO R Eoni el B s By Rara feop i iptbLasE e Rbdin FBHRPe ¢ he
aboveopr oceggreifkigd glupsai d punp 25 has one or nore rotors. Another

enbodi ment of the present invention is the above process, wherein said punp

is thernostatable reﬁ‘esta%ﬂ&%ﬁ%fdrt e§l£to£—‘£c%rﬂ;§rirﬁi 18 100 C. Anot her enbodi nent

of the present invention Is tite above process, erein said punp is
t hernostatable to .a tee s?trta%tére f from1l5 Cto 80 C. -7- Another enbodi nent
of the present fnv‘ém RS P E R Gbove process, wherein said punp is
thernostatable to a tenperature o% from25 C to 65, C. )
- comprises an entrance for said organic phase and an entrance for said
aqueous phase and optionally comprises entrances for a catalyst, a chain
15 terminator, a branching agent, and/or additional alkali solution and at least
one exit for said polycarbonate or copolycarbonate or aryl chloroformate or

diaryl carbonate or mixture of aryl chloroformate and diaryl carbonate.

Another embodiment of the present invention is the above process, wherein a further

catalyst is used in (c).

20 Another embodiment of the present invention is the above process, wherein said pump
comprises entrances for additional alkali solution and at least one exit said
polycarbonate or copolycarbonate or aryl chloroformate or diaryl carbonate or mixture

of aryl chloroformate and diaryl carbonate.

Another embodiment of the present invention is the above process, wherein said pump

25 has one or more rotors.

Another embodiment of the present invention is the above process, wherein said pump

is thermostatable to a temperature of from 35 °C to 100 °C.

Another embodiment of the present invention is the above process, wherein said pump

is thermostatable to a temperature of from 15 °C to 80 °C.



Anot her enbodi nent of the present invention is the above process, wherein
said diphenol is of fornmula 5 HO-Z-COH, wherein Z is a divalent organic
radi cal having 6 to 30 carbon atons and which contains one or nore aromatic
groups. Anot her enbodi ment of the presemnt. invention is the above process,
wherein said diphenol is hydroquinone resorci nol, dihydroxybiphenyls,

bi s(hydr oxy - I
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Anot her en@g%kgﬁqgopﬁn&m% present invention is the above process, mhereln
said diphenol 1s 4,4"-di hydroxybi phenyl, 2,2-bis(4-hydroxyphenyl)- 1

-phengl propane, 1, 1-bis(4- hydroxyph%ﬁy_ (ﬁﬁenyl et hane,
2, 2-bi's(4- hydroxyphenyl)propane (bi sphenol "A (BPA)),

2, 4- bi s(4- ph 4- hyd ) | ) -

2- probjf]b rox ngéﬁ%ﬁ%P“ﬁPwr?% I§Q¥W§%ﬂﬁgﬁfﬁt@”%VHP%%%ﬁﬁﬁﬁBﬁ?%?%ﬁane, 20
bi s(3, 5-di @t By}nope-g}ggl@gg gyl ) met hane, 2, 2-bis(3, 5-di met hyl -

4- hydr oxyphenyl ) pr opane, gm??) 5-di et hyl - 4- hydr oxyphenyl ) sul phone,

2, 4-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) - 2- net hyl but ane,
1, 3- bi s[ 2- (Byoshedembdipent of thy resryiihesnyion ivthe abewe irbesss.omesrein said

2- hyd d ht hal
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2, 2- bi s(4- Mhmxwmnwl)eﬂie-rscémﬁwdrbﬂnhnnbdbkemmmévlﬂhﬁirbxmfﬁnﬂmdmwaenyl) N-
met hyl pht h haI i mdine or

1 1. bis.(4bi %ﬁ‘ﬂﬂ&&bﬁ@ﬂw Bhigtiget ot PRk R DR e i EarSs Ty
é\gféheéoe% bl HhoRIRAREs biKECmAfud dCorUEaRiBGEARY, MOSr S T

hal ogen, onllyldedoctheduoleustor halphtnatdteomth€hucleas. C9- al kyl radi cal

15 Another embodiment of the present invention is the above process, wherein said
diphenol is 4,4'-dihydroxybiphenyl, 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,

20 bis(3,5-dimethyl-4-hydroxyphenyl)methane, 2,2-bis(3,5-dimethyl-
4-hydroxyphenyl)propane, bis(3,5-dimethyl-4-hydroxyphenyl) sulphone,
2,4-bis(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane, 1,3-bis[2-(3,5-dimethyl-4-
hydroxyphenyl)-2-propyl]benzene, 2-hydroxycarbyl-3,3-bis(4-hydroxyphenyl)-
phthalimidine, 3,3-bis(4-hydroxyphenyl)-1-phenyl-1H-indol-2-one, 2,2-bis(4-hydroxy-

25 phenyl)-1-phenyl-1H-indol-2-one, 3,3-bis(4-hydroxyphenyl)-1-methyl-1H-indol-2-one,
2,2-bis(4-hydroxyphenyl)-1-methyl-1H-indol-2-one, 3,3-bis(4-hydroxyphenyl)-N-
methylphthalimidine, 3,3-bis(4-hydroxyphenyl)-N-phenylphthalimidine or 1,1-bis-(4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC).

Another embodiment of the present invention is the above process, wherein said

30 monophenol is of formula (I):



or al koxycarbonyl radical. Another enbodi nent of the present invention is
t he above process, wherein said 5 nonophenol is phenol, cresols,
p-tert-butyl phenol, p-cunyl phenol, p-n-octyl phenol, p- isooctyl phenol,

p- n- nonyl phenol, p-isononyl phenol, p-chlgarophenol, 2,4- dichl orophenol,

p- bronophenol , 2,4, 6-tribronophenol, nmethyl salicylate, or a mxture

t her eof . Anot her enbodi nent of the jprgsent invention is the above process,

wherein said punp 10 in (a) and/g (B IZ)'{I: centrifugal punp. Another
enbodi nent of the present inventiag th bove pr @gess, wherein said
centrifugal punp is a peripherakzﬂ*:: punp. Anot her “enbodi ment of the

present invention is the above process, wherein said punp is designed

o 00 Meh RO RGP ShioRko. Y Lok GRS cREAREh B, AP cael RAGIRC!

enbodi nent e pr nt’ion 1s cont’i nuously” preparing
pol ycar bonat elkexydditnyl radivabonat e by the phase boundary process, wherein
said punp - operates according to the stator-rotor principle; - is

t hernostatabl e; and - conprises at |east one entrance for an organi c phase
and at | eadynogiee empodigient ahibe PresentdRvegaB sUEC BhasProgsst s IB §818di ment  of

e PSS AR R DR T R DR T,

conprises €n nces ‘for ter agen

al kal i solisgotQiphensldpa-ealygiheasl, pasutonylphams,tp-cileropkédol fN4- pol ycar bonate or
copol ycarbonate or aryl chloroformate or diaryl carbonate or m xture of
aryl chl or dickiaraphengh@-kipmephenpb 2646 tiabramephonebtmethylshadatseona BixtiRe

pr esent inYﬁg&hon is the above punp, wherein said punp continually effects
(1) the m xing of said organic phase and sai d aqueous phase, -9- wherein
sai d organi c phase conprises a solvent suitable for said polycarbonate or
copol ycar bogwtler embddiaient of e bessahtanddition iomhe abeveritdcsai whereii eaidpupipas e
conprises a diphenol or a nonophenol, water, and al kali solution, and (2)
t he rlfacti dm(endar tb) igia perdriBigabPumpi d nonophenol and phosgene to give a
pol ycarbonate or a 5 copol ycarbonate or an aryl chloroformate or a diaryl

carbonate of, o M XhHlichedt offi lpresglt{'tl iRVQHOR TRhE 18OV &L@JSX,' wikRLiRAa! ©-

centrifugal pump 1s a peripheral wheel pump.

Another embodiment of the present invention is the above process, wherein said pump

is designed according to the one-chamber or multichamber principle.

15 Yet another embodiment of the present invention is a pump for continuously preparing

polycarbonate or diaryl carbonate by the phase boundary process, wherein said pump

- operates according to the stator-rotor principle;
- is thermostatable; and

- comprises at least one entrance for an organic phase and at least one

20 entrance for an aqueous phase.

Another embodiment of the present invention is the above pump, wherein said pump
further comprises entrances for a chain terminator, a branching agent, and/or an alkali
solution, and a catalyst, and at least one exit for polycarbonate or copolycarbonate or
aryl chloroformate or diaryl carbonate or mixture of aryl chloroformate and diaryl

25 carbonate.

Another embodiment of the present invention is the above pump, wherein said pump

continually effects (1) the mixing of said organic phase and said aqueous phase,



Anot her enbodi nent of the present invention is the above punp, wherein said
punp is a centrifugal punp. Another enbodi nent of the present invention is
t he above punp, wherein said 10 centrifugal punp is a peripheral wheel
punp. BRI EF DESCRI PTI ON OF THE DRAW NGSgFigure 1 is a schematic di agram of
the principal of the peripheral wheel punp having a rotating internal

appar at us. ki 2 W : r i

pol ycar boné@ g%glﬁ ?azﬁg#%n?ccgj{% E%@%ﬁseﬁ%ﬁl&eét%&ﬁ% ggcg Sﬁ%"%&@b [I)]rgicoecoerss using a

peri pheral copsletarbamip: ¢ djatyecatBonate andsghHoepariciand Ssiduguéous phe qongpiacsd | on of
I b di I honat th h b [

Per ! pher al SpheE?! GrapORIPRACl YRSt cEd kB ApIgR 2B At oA BER FERk] gur e 3 1 s

an experi mgg set L4 ] nate using a 20

state of {Tﬁ@ hgb?l Ogltsg@sﬂ%@%&g({lra%g gﬁggﬁﬁoggfgpg%&ﬁg&{ag%%gr ative exanpl e)

Figuré 4 i gopolscdiboratd or seirvichddrofdimagl crasligyngrieoracudrad mdureedatydr UR 2

used in the conparative exanple. Figure 5 is an experinental setup using a

peri pher al CW%@PHWW%Q@&II&PMH@%- the invention. 25 DESCRI PTI ON OF THE

| NVENTI ON The present invention therefore relates to a process for the

cont i nuous A% LG I es . e85, - i.aryl

car bonat s ‘B TR SRadt of BRGNS i he BB WERS LR SRRt Y

monophenol ,a eheidaeiieumpd at | east one catal yst, -10- optionally in the

presence of at |east one chain term nator and/or branching agent, _

characterized in that,K (a) a mxture of the %rﬁl%gm c and aqueous phase is

produced coHithangmOPgimeng gl thg pEesantInyekion 1T GAREY Y+ PHNRWVICEHB 2i8ne sol vent
suitahl e f . I iaryl carbonate and all or sone of the
phosé@ne a(r%gm%lﬁgag %%ggiyg@hgragévﬁegﬁnﬁ% t he di phenol (s) or nonophenol (s),
wat er and al kali solution, (b) a reaction of the diphenol (s) or

nmonophenol (s) and phosgeBBIERKESGRIRTEONOIHTHE DRAVGINGS bonates or to give
aryl chloroformates or diaryl carbonates or a mxture of aryl

chl or of or e d diaryl carbonates, . . ) .
n%tigtﬁe ??s a séhen%ltic dﬁlgram o}\ 'Slse principal of the peripheral wheel pump having a

rotating internal apparatus.

Figure 2 is a schematic setup for the preparation of polycarbonate or diaryl carbonate

15 by the phase boundary process using a peripheral wheel pump

Figure 2a is a schematic setup for the preparation of polycarbonate or diaryl carbonate
by the phase boundary process using a peripheral wheel pump with downstream pump

circulation reactor

Figure 3 is an experimental setup used for the preparation of polycarbonate using a

20 state of the art glass pump circulation reactor UR 2 (comparative example)

Figure 4 is a schematic setup of the glass pump circulation reactor UR 2 used in the

comparative example.

Figure 5 is an experimental setup using a peripheral wheel pump according to the

invention.
25 DESCRIPTION OF THE INVENTION

The present invention therefore relates to a process for the continuous preparation of
polycarbonates or copolycarbonates or diaryl carbonates by the phase boundary process

from at least one diphenol or monophenol, phosgene and at least one catalyst,



10 (c) the oligocarbonates or aryl chloroformates and/or diaryl carbonates
are then reacted in at |east one reactor with addition of further alkal
solution, optionally chain termnator(s) and optionally at |east one
further catalyst, characterized in thatighe continuous m xing of the organic
and aqueous phase under (a) and the reaction to give oligocarbonates or

aryl chlor 8{)@6%?‘1’?t}\%ﬂﬂéﬁhcéjbiszﬁYéaspﬁ{e%ﬁﬂitt@ﬁnin%r W&Fbrﬁﬁ&hiﬁ%&‘ge‘ﬁﬂf ected in
one or nore punp(s I ch operates or operate according to the stator-rotor
princi pl e chaagerizxen thaer nost at abl e and has or have in each case at | east
one entrance for the organic and the aqueous phase and optionally further
entrances {Hr aaGgikairysf the ORginit il RjueRisPhasedd plodabedédiginagesy, tiknd/ or
additionally alkali_ solution and at |east one exit for_ the

ol i gocar bonat e- etsanisi phasgcataining|at leastoms selvaritsaitahla fon the aelyerberatedtt ure. In
t he process accqrding.,t I,.nv ' r [ ' ol ycar bonat e
or digryl carbgﬁblégﬂgﬁa#gﬁgfnéggéhgﬁfﬁ%émgﬂggﬁFggﬁ%gépgg§g%ﬁ¥hining

sol uti on which @gfbintng the Uiiendl(HOLERNEFENBRs) @6t hedlalkali Soldaymst ream al kal |
chloride electrolysis. 25 The punp(s) used according to the invention are

bref erabl v (4es! aneshianseudl dithdndIbE mARBCRATDA Bfosfl bRk ambero prEnci pl e

The organi ¢ ‘phase may al rea contaln so or all requi red phosgene
before the m xiotigossrtidnateher aggieo usyl phlasdornitef @rdidylyycarbdmmtesogamigtuphase

al ready contains thg tot%l annug;.of requi red phosgene, including the
phosgene excess °fiddchigeriormatesanddigrylgrbongtssirne i ntroducti on of the
phosg{ene into the organi c phase in the preparation of -11- polycarbonate can
be eflfect edc)i n geesdingsarbpnatesyer alylfehtarptonnatee sediediary! pribsemercargdwd,  based

par i cul ar 1y pr arAag et R SRR B AR LB BB, o

phosgene into tBﬁaiﬂﬁﬁﬁﬁhﬁoﬂ@i)%ﬂ_obﬂpﬁﬂ?d@le@@t&fr@tﬂx@h‘erQﬁtaWsﬁry| 5 carbonate
can be effected in gaseous or liquid form The excess of phosgene used,

based on ”&ﬁarﬁ#gfriﬁ(/i ih twgaﬁa@ﬁg@{sﬁnﬁ fthémggﬁggp%hueo*ag Hfs@'ﬁn&?ﬁﬁ'}j 100

nol % particu pretera ween and The pH of the ‘aqueous
phase shouladd bie rkaypionite giveeligbéabomesroange chlprefbematd yndietdieghcarBorateand 12,
whi |l e _option II]}; met%ring_further al kal i sol_:_ tion once or several tines 10
during anduBferdP) AR &tsHES rone SrEBEiPHEPSAYNIEN i t shoul d be 10 to 14 after

the addition of ‘ o
- operates or operate according to the stator-rotor principle

- is or are thermostatable and

- has or have in cach case at least one entrance for the organic and the aqueous
phase and optionally further entrances for a catalyst, chain terminator,
20 branching agent and/or additionally alkali solution and at least one exit for the

oligocarbonate-containing or aryl chloroformate/diaryl carbonate mixture.

In the process according to the invention for the preparation of polycarbonate or diaryl
carbonate, at [east some of the alkali chloride-containing solution which occurs in the

process can be recycled to a downstream alkali chloride electrolysis.

25 The pump(s) used according to the invention are preferably designed according to the

one-chamber or multichamber principle.

The organic phase may already contain some or all of the required phosgene before the
mixing with the aqueous phase. Preferably, the organic phase already contains the total

amount of required phosgene, including the phosgene excess used, before the mixing.

30 The introduction of the phosgene into the organic phase in the preparation of



catal ysts. The phosgene netering is effected before the mxing with the
aqueous phase, conpletely or partly directly into the organi c phase. Any
portions of phosgene can also be netered into the agueous phase before the
m xi ng with the aqueous phase or into tpe-15 resulting enul sion after the
m xing with the aqueous phase. Furthernore, can the phosgene either

conpt €t el ¥ pBiyeRBbhdY AP IBIEIEHn kB of FENE KEth AR LSS SRR Aerd\ed

synt hesi s ture o ases | S part-stream prefera ei ng recycl ed
bef ore t he basddintthosumbf d&tdalbhmbls us&h g pne&lraﬂy Yetpreeh @raal (190 ntdh% conpl ete

phosgene neteri ected befo m xing with the aqueous phase,
directly iﬁf‘%‘ct‘ﬁgy ’i;f%‘l”{?/ between ‘F"ﬁ{gbmﬁﬁﬁ/" t hese enbodi nents, the pH ranges
descri bed above should be maintained, if appropriate by nmetering of further

sodi um hydrgx tﬁtfba%@tléﬁ bOHe 950%5@&0 #elo %an%a@@ﬁl @F prepad@ibalof tiiafRS OF

correspondi ngly netering further diphen ate) solution or nonophenol (ate)
sol ut bon. [katbenits ean bdneffeoeﬂbmrgswue or haqgjé foms tTheexoess of phosgene ulsfed

appropri at by co r. dil ut 25 The s s of at es from
di hydr oxydi 3$E§1I°a‘lt8 ﬁ‘H‘g ?Eh %‘Pﬂﬂlhglj“)l%llsegf lsd’ir%fgﬂ?%’ge@at”%hlamy ﬁDnophenoI s

and phosge ic KAbly BRILAM LS anm8lept hermi ¢ reaction and is carried
out inat ﬁnpgral?glp%ran e of -5Cto 1‘(510C, preferably of 15C to 80C, very

particularly preferably of 25 to 65C. It is therefore necessary for the
punp(s) uséddeatafitte aguepos phese shwddbe bcptﬁmthetdﬂeilinni: xangyy, préfrabig betheempst r eam
ol i goneri zatJ roformat tloqto betherrmtatable to a

t org1 tep.or chl
Cenmer at ur & oAd Benie pptienally Tagtenig, £ RRCe L STYCRA] (37
pref qpabl y dum't% andPified e &sgé& mQ@Hﬁ‘Q dm& lptho%m v t001r4 aelr Wﬁddmomr e,

at nospheri c pressure or rat nospheric pressure can be enpl oyed. The
punp(s) usedtabssording to the invention can be desi gned for system
pressures up to 350 bar and 450C. They are therefore suitable for 5 use in

Fanges of | aneteBametoss ENFAR QOB ALY BPHbE Y afaleBS Bh 10 bar . ar o
ol al ity of PRRIGESL Ay geetEL @EP%%%?@?@%%‘% THEPESE AR ¢
chl ori nat ede mydiecrod attd»quupmmsfmaamlbeforelhb oibdhg erithrtie¢ Apeeys phase ht mtoidt hyl ene,
1, 1 1 -t rrés%mn%re?r?&lggr? aelfter the mlxmrg Iw%try t?tcr: gg&e%%? gha%g dFurthermore, can the
phosgene either completely or partly be metered into a recycled part-stream of the
synthesis mixture of both phases, this part-stream preferably being recycled before the
addition of catalysts. Particularly preferably, the complete phosgene metering is
effected before the mixing with the aqueous phase, directly into the organic phase. In
20 all these embodiments, the pH ranges described above should be maintained, if
appropriate by metering of further sodium hydroxide solution or alkali solution once or
several times or correspondingly metering further diphenyl(ate) solution or

monophenol(ate) solution. Likewise, the temperature range must be maintained, if

appropriate by cooling or dilution.

25 The synthesis of polycarbonates from dihydroxydiarylalkanes (diphenols) or of diaryl
carbonates from monophenols and phosgene in an alkali medium is an exothermic
reaction and is carried out in a temperature range of -5°C to 100°C, preferably of 15°C

to 80°C, very particularly preferably of 25 to 65°C.

It is therefore necessary for the pump(s) used according to the invention for the mixing
30 and the upstream oligomerization step or chloroformate formation to be thermostatable

to a temperature of -5°C to 100°C, preferably of 15°C to 80°C, particularly preferably



chl orobenzene and m xtures thereof. However, it is also possible to use
aromati ¢ hydrocarbons, such as benzene, toluene, m/p-/o-xylene, or
aromatic ethers, such as anisole, alone, as a mxture or additionally or as
a mxture with chlorinated hydrocarbong?-dichloronmethane and chl orobenzene
and m xtures thereof are preferred. 15 Another enbodi ment of the synthesis
uses sol vegrgsuhigdsedo not di ssol ve but only partly swell polycarbonate. It
is therefore al so possible to use nonsolvents for polycarbonate in
conbination with solvents. In this case, it is also possible to use, as

sol vents, $spersdiegor soluenter solvenaniziue ABOPREE e PresiHER OBSIDE NGRS ur an,
1,3- or orns t he
second or ggﬁelsgurgﬁgrgge 8&8&% (il"fllL e{t%)b%h@?%ﬁg%% cgcggdrnzé){ tﬁ@ﬁnv@?ﬂrélﬁ@dﬁ eneral fornul a
HO Z- OH i desibiedfolsyskend prbstbLiy to®50dat end 45°CaThéaate m@r@fot@sﬁablembon
atons, which contains one or nore aromati c groups. Exanples of such
conpoénds Whe e brapd p@cessarnlowt he process according to the invention are
dlhydroxydlarylalkanes such as hydroquinon 25 resorcinol,

di hydr oxyb
bi Jh;ﬁﬁx'y‘gﬂ]%ﬁ’*ﬁ e PR O J@h?ﬁ%@%ﬁ% 508 LipRP fag particularly

b|s(hydroxpﬁﬁﬁﬁbbhﬁﬁ@&kﬁltbﬂebmudﬁnmymhﬁﬁyl)ketones
bis(hydroxyphenyi)sulphones bi s( hydr oxyphenyl ) sul phoxi des,

a,a'-bis(h roxyphenyl ) di i sopropyl bepnzenes

bi s(hydrox oAy %ma}hcamﬁ@son&ﬁaﬂfeawda%ge%W&@Bﬁl%ﬁ)ww@ al kyl at ed,

0t phensl o SHBle SHIEGN blcCmBRC dd MBHR S Ahpl o e RieRe, R LB o
| - phdfyl pr dpﬂmﬂ'omﬂzthaﬂs it grbethytinoxly bl eriphipmethaye, lot,dariehlorocthane and

2,2-bis(4-h henyl.) pr opan bi sphenol . A ( BPA)
2 4- b: :g 4- ﬁf)/ %p y ) tu?es tﬁer(eofl ?I%wever it 1s E(llSO p0231ble to use aromatic

2- met hyl b | :
2. 2 bi o( 3 ToRReTO PR %‘%%&S&%ﬁeny:W%Eéﬂﬁ“’%@?é@?‘&*&n@%%é P phenyi )
5 nmet hane, aRis@lebalefd a5adnivrirdiyd addlitiondl ey phemyt therwiplacdoritdtsd 3, 5- di net hyl -
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1, 3- his[ 2- |
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3, 3- bi s(4- Ipyﬂiym;eﬂrppﬂ))qamdnaﬂel Im:dihamfore also p0551ble to use nonsolvents for

3, 3- bi s(4- hydroxyaryl) - -1 H e, 10 . )

2, 2- bi s( 4- wy@ a%%rr)@omm onwtflﬁﬂmnt% Th S e i is afso pssible tRyE%- 3y phenyl ) -

solvents, solvents soluble in the aqueous phase, such as tetrahydrofuran, 1,3- or

1,4-dioxane or 1,3-dioxolane, if the solvent partner forms the second organic phase.

20 Suitable diphenols are those of the general formula
HO-Z-OH

in which Z is a divalent organic radical having 6 to 30 carbon atoms, which contains
one or more aromatic groups. Examples of such compounds which can be used in the
process according to the invention are dihydroxydiarylalkanes, such as hydroquinon,
25 resorcinol, dihydroxybiphenyl, bis(hydroxyphenyl)alkanes,
bis(thydroxyphenyl)cycloalkanes, bis(hydroxyphenyl)sulphides,
bis(hydroxyphenyl)ethers, bisthydroxyphenyl)ketones, bis(thydroxyphenyl)sulphones,
bis(hydroxyphenyl)sulphoxides, a,a'-bis(hydroxyphenyl)diisopropylbenzenes,
bis(hydroxyphenyl)phthalimidines and compounds thereof which are alkylated,

30 alkylated on the nucleus and halogenated on the nucleus.

Preferred diphenols are 4,4'-dihydroxybiphenyl, 2,2-bis(4-hydroxyphenyl)-



3,3,5-trimethyl cycl ohexane (bisphenol TMC). Particularly preferred di phenols
are 4,4' -di hydroxybi phenyl, 1, 1 -bis(4-hydroxyphenyl)- phenyl et hane,

2, 2- bi s(4- hydr oxyphenyl ) propane (bi sphenol A (BPA)),

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

1, 1- bi s(4- hydr oxyphenyl ) cycl ohexane, 15

2- hydr oxycqr_@éln }%ﬂgmhg,sl(,ﬂ_btg{ﬂ.h?&ﬁéﬁ?ﬁ{@ﬁy])nﬂ{&lp&maﬂ&,di ne, 3, 3- bi s(4- hydr oxypheny
|)- 1-phenyl-| H§rI ndol - 2- one

2, 2- bi s( 4- Ry2ibisidrhydrayyphenyprepare-(bisphangbA-(BPon) 2.4-bis(4-hydroxyphenyl)-

3, 3- bi s(4- hyd - 1-gef hyl.- | Hi ndal+ 2- - bi s 4- henyl ) -
N R G T A e
3, 3-bi s(4- Wﬂbﬁ@ﬁi&ﬂﬂyg%h)%{r?) Ryl pdpank,i id(gisndimaets -4, hyliroxyphenyl)-

- bi s(4- hydr oxt\;phenyl ). , 3, 5-trinmethyl cycl ohexane ébi sphenol TMC). These
and f dr t hermeghaneaBlebis(B Srdimsthy l4rly dsesphebdprorane, is@plimethylr US- A 2 999

oon 2. ood wiEohenyidiohs S AR s R g ens DB S50 703,
DE-A 2 063 1@@15[33@,5&dﬁn&Bgéilﬁg%rg%lﬁngl)algmgﬁ@o@@&%-A 3 832 396, the

French 25 patent FR-A 1 , In the nmonograph by H Schnell, Chem stry
and Physi csl,bbis(4bydrevyiisnaerslohexanss d-divdipserbPlibl i shers, New York 1964, page

28 et seq.; 02 et .and by. G , Legrand . T. ndl, er ndbook
of Pol ycar 90?‘33@4%%‘?%8%@@@@”3‘%@%& 305;9}“*7&?@8?‘?&&1%@’@?lag? T(z'_ 0, page
72 etjpseq. 2,ztbtsttﬁh9@f§£¥a?§1)11h@ypmnad@tz-@ﬁb ARCIOT Bis(P hiy@ok{ishehpyent i on of
honopol ycar bonat es, on é 30 one diphenol is used; in the case of the

pr epar at i ord,aédomdthytsyclphexanci(bsphenobhMéD. copol ycarbonates, a plurality of
di phenols is used, it of course being possible for the diphenols used, as

- ( e q . hesi v
be. cont ant At R E R ARl AL &L M SR 1 RSB B Rwbe; <
handl i ng anfhenft®aRd 2,2-Bis{dRubxyphehd #6Ssdne Ak ghendl AWABRAW,t h raw material s

which are as pure _as possible. Particularly suitable nonophenols for use in
the novel phooEehSdinethrleddydrosyphansl)p®pany, dull-bis@Hyydroxypbpmlcyalphexapgy, whi ch

R 1S YA 00RRy g R R Y bR LEANGHTRe iR lhe 3R Ehj alfySRngh <Y
1-phenyl-1H-indol-2-one, 2,2-bis(4-hydroxyphenyl)-1-phenyl-1H-indol-2-one,
3,3-bis(4-hydroxyphenyl)-1-methyl-1H-indol-2-one, 2,2-bis{4-hydroxyphenyl)-
1-methyl-1H-indol-2-one, 3,3-bis(4-hydroxyphenyl)-N-methyl-phthalimidine,
3,3-bis(4-hydroxyphenyl)-N-phenyl-phthalimidine and 1,1-bis(4-hydroxyphenyl)-

20 3,3,5-trimethylcyclohexane (bisphenol TMC).

These and further suitable diphenols are described, for example, in US-A 2 999 835,
US-A 3,148,172, US-A 2,991,273, US-A 3 271 367, US-A 4,982,014 and US-A
2,999,846, in the German laid-open patent applications DE-A 1 570 703,
DE-A 2 063 050, DE-A 2 036 052, DE-A 2 211 956 and DE-A 3 832 396, the French
25 patent FR-A 1 561 518, in the monograph by H. Schnell, Chemistry and Physics of
Polycarbonates, Interscience Publishers, New York 1964, page 28 et seq.; page 102 et
seq., and by D.G. Legrand, J.T. Bendler, Handbook of Polycarbonate Science and
Technology, Marcel Dekker New York 2000, page 72 et seq.

In the case of the preparation according to the invention of homopolycarbonates, only
30 one diphenol is used; in the case of the preparation according to the invention of
copolycarbonates, a plurality of diphenols is used, it of course being possible for the

diphenols used, as well as all other chemicals and auxiliaries added to the synthesis, to



al koxycar bonyl radical. 10 Phenol, al kyl phenols, such as cresols,
p-tert-butyl phenol, p-cunyl phenol, p-n- octyl phenol, p-isooctyl phenol,

p- n- nonyl phenol and p-isononyl phenol, hal ophenols, such as p-chl orophenol,
2, 4-di chl orophenol , p-bronophenol and 214, 6-tri bronmophenol, or nethyl
salicylate are therefore preferred. Phenol is particularly preferred. In the
context of ybhgnthMyfidd With (R ikPutitiePditlihAhgl Fork KiRf €A bphtheRisPRarldlidlgbsd 0ood as
15 neani ng sodi um hydroxi de sol ution, potassium hydroxi de sol ution or

m xt ur es oftordgesalthoughittis dedizableyto prosk avithishy maserialsrvhichraox htipurees ut i on. I n

t he preparatiqﬁ of diaryl carbonates, the alkali used for the formation of
the phenolP§t%'fray be an al kali solution with hydroxides fromthe series:
Na, K, Li hydroxide. Sodium hydroxide solution is preferred and is used in
the novel PaARARSIy2YitH1ehtmapheholsSforuselntig /R ploceRatdpiolkeifgid sol uti on.
The al kali hydroxide or the alkali solution used nmay have been prepared,
for exanpl dormbya (lhe anal gam process or the so-call ed di aphragm process in
t he case of sodi um hydroxi de or sodi um hydroxide solution. Both processes
have | ong been used and are fam i to the person skilled in the art. In
the case of sodi um hydroxi de so y— bt prepared by the di aphragm 25
process is preferably used. The’dquebus phase in the process according to
the invention for the preparafion o pol ycar bonagrgs contai ns al kal
solution, one or nore diphenols and water, it being possible for the
concentrat i;ponhf this aqueous sol ution, based on the sumof the - 15

di phenol s, calcul ated not as sodiumsalt but as free di phenol, to vary

B 2506 by Ruot g eradeRaiien s WA o RRph Gt ¢ B CERBRPRIGSPRE o0 7,

particul arly prafiexasryonyl Blicatoncentration of this aqueous solution, based
on the sum of the diphenols, may vary 5 between 3 and 8% by wei ght for

pol ycar bonat es havi n‘gl an Mv of greater than 45 000 gnol -1 and between 12 and
22% B¢ wei dhengloalkplphenody. seruascsesolsy prigft-Rutyinhenel, pa5mybphepel. pass. 1n the

case of hi | it t he

coi ut 1 ons. SARIERRE BINELIANRGL b AR ERAP B Nor TpcRE BESRAls, "0

sodi um hyduéikadeclloragphbis s2,unidhisiophendl p-trashobkerss el 2 4, sribrembgienvlor as a
correspondi ng 10 a%ueous al kalii solution. The concentration of the alkal

sol ution desandy! saiqykue argtherefore pistastedr Bhanehisgrrtiquarlyi p5pHSE- sol uti on

strived for but as a rule it is between 5 and 25%

In the context of the invention, alkali solution is preferably to be understood as
15 meaning sodium hydroxide solution, potassium hydroxide solution or mixtures of these,

particularly preferably sodium hydroxide solution.

In the preparation of diaryl carbonates, the alkali used for the formation of the
phenolate may be an alkali solution with hydroxides from the series: Na, K, Li
hydroxide. Sodium hydroxide solution is preferred and is used in the novel process

20 preferably as a 10 to 55% strength by weight solution. The alkali hydroxide or the
alkali solution used may have been prepared, for example, by the amalgam process or
the so-called diaphragm process in the case of sodium hydroxide or sodium hydroxide
solution. Both processes have long been used and are familiar to the person skilled in
the art. In the case of sodium hydroxide solution, that prepared by the diaphragm

25 process is preferably used.

The aqueous phase in the process according to the invention for the preparation of
polycarbonates contains alkali solution, one or more diphenols and water, it being

possible for the concentration of this aqueous solution, based on the sum of the



by wei ght, preferably 5 and 10% by wei ght, based on 100% strength al kal i
solution, or 1is chosen to be nore concentrated and then diluted with water.
In the process with subsequent dilution, alkali solutions having
concentrations between 15 and 75% by 15i1swi ght, preferably 25 and 55% by
wei ght, optionally thernostated, are used. The alkali netal content per

nol e of di H%@H&ls'cﬁlc‘am% [S&“ultnrkﬁlt%%lf 'H;Cﬁ'éércﬁpﬁgnof *ﬂ@vﬁgﬁﬁ'@f@ pblput as a
rule is fromOoO 0

25 no f al kali/nole di phenol of* al kal i / nol
of di phenolbgtwepn éfand 86%yby weight, pErttculaﬂyEpra:feiabbszeaWkai 3 Ambl o bfy veiigitenol and,

in the par | ar r ef, case V\/ne e. bi spheno as, the sole
Lli phenolo #’ g%to[t@ Vf’lgfﬁ Cﬁg?e YRS 59 ‘R‘QP: egrlyfpaﬁﬁ"@d yh%fﬁi%ff’ﬂ)@’ #Hphenol is
used, theS%o LSRR!aY gods%eﬁhtaﬁrb émp@lefshﬁof%@é &i?hédotlsyn%fy wdhphenol s is

very greatly epen ent on anount o al kal'i used however be
advantageobstvieon Bawmd 3foby erézhs fryolyearbooatps hzwungan m i gnmmhan but

preferably sol havi hen eac dlssolv in a abl e
DRl sy man A Betech hemhia’e - 4Pty - S b bl en Ab oot

m Xin rat| olvethe
di phe%ol (5)49r(])g)t§ %?Lésg hlzal% Eaggbﬂﬁggﬂrﬁgﬁ%&ﬂag@%ﬁ :p[ﬁlt1 d%ggﬁgﬁgﬁ}@g%ﬁ{@g%&pr ovi ded

wi t h addi t itlensollutaink alhe. alkdlehwirexsde useddor dlpsodmag stesliplopnobst egt sddiom sol i d

di phenol or generally in scale or prill m ar, from nolten d| henol . In
the case o#‘yg’@dl‘{?rﬂfﬁﬁ?ﬁ‘ﬁ%k& dggi H}aéfrheHS??f{’é‘ﬁogé T B asghcorfegond 9&all et al

hydr qyi de @éé)u?ﬁlkta %01% lﬂﬁ‘l heS@hEidiQfon BF&Q%%'h\é%l\an'H@Xe Y)ﬁ REGHbe
é I’ ane

pr epar ed, r exanpl e e amal gam process or the so-
process. Bondtnpammesléths di}ﬁwmllsomyoh seived ﬁﬁd)uaa:da arle 1tf13bettmeem 5 1amd P$le person

skilled in the t he e of so xi de sol ut | that repared
by the ment¥arfe fmre&%blﬁanér@%ebYam%ﬂhg%ﬁH el 00V FreRBth-adk A ip4uionH o | on

and/ or t he ;aéRakis RASE cohbhudlonNGE Bhdeitchelt B Rafer ARARERcest i OTP! St ely
al k ]fl

or partlylnthe ormo e correspondi ng a met al I'ts or dialkali
metal sal tsabsefuerit Hﬂutmrepﬂaaatsnbmmi haliigs gdncerrdtionabetsieet h@amcbéi%lbgn b) can

oni arbaal t B eI 8nd 537 B0y dm PRI HeTROS s B APpEa e
Pt bl AR A e o B R TSRS O SR Oy £
cat al yst | s rukdsfiom 0.2%nmodvehlkpli/acdsst diplicbbtoadb§ mas oflalkali/bYosdipkagl,h by
wel ght - sol lf)&'éfgrgbly from 1.5 to 2.5 mol of alkali/mole of diphenol and, in the particularly
preferred case where bisphenol A is used as the sole diphenol, from 1.85 to 2.15 mol of
20 alkali. If more than one diphenol is used, these may be dissolved together. Since the
solubility of diphenols is very greatly dependent on the amount of alkali used, it may
however be advantageous to have not one solution comprising two diphenols but
preferably two solutions having one diphenol each dissolved in a suitable alkali
solution, which are then metered separately so that the correct mixing ratio results.
25 Furthermore, it may be advantageous to dissolve the diphenol(s) not in alkali solution
but in dilute diphenol solution provided with additional alkali. The dissolution
processes may start from solid diphenol or generally in scale or prill 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
30 prepared, for example, by the amalgam process or the so-called membrane process.
Both processes have long been used and are familiar to the person skilled in the art. In
the case of sodium hydroxide solution, that prepared by the membrane process is

preferably used.

In such an aqueous solution and/or the aqueous phase, the diphenol(s) is or are present



Here, onium salts are understood as neani ng conpounds such as NR4X, where R
may 10 be an al kyl and/or aryl radical and/or an Hand X is an ani on.
Phosgene can be used in process step b) in liquid or gaseous formor in
solution in an inert solvent. In step-pj.of the novel process, preferably
used inert organic solvents are, for exanple, dichloronethane, toluene, the

various di cemngre?ayc Efig@g@?%e%hﬁbPa{e%ﬁeﬁmﬁafﬁgqm%etaﬂ&ngm ghnheneene and

chl or ot ol uene ane 1s preferably used. The reaction for step b)
is preferalhls.ef fected continuously and particularly preferably wth a plug
flowwith little back- m'xi ng This can therefore be effected, for exanple,

in tubular reactors h e two a s and
organi ¢ phd8&E pre%atwqégz]lry ‘ﬁ‘i‘tqs é’f’é‘% ﬁaﬂ b??qﬂi tff"eacgf geéiéy‘?igﬁys ‘ni xers
and/ or, forgXaABitfary PUHRS, NAKIfpditndd @ RaRA 4R, wlb&g@wﬂ,e eihaRalRs, the
reactlon accordi ng to step b) i's particularly preferably effected in two

st ages. | n antid-éthylpipesidageroprefdreblpredder red process, the reaction is started
by conbining the starting nmaterials phosgene, the inert solvent, which

f bl ti.all I f t dth
ronophenol IRt PUASSARET hEF jro Ry < St S RERBIEAING | n t he
al kal i sol léttﬂg@%lﬁcrkdlné B@m%béﬁﬂ:ul%ﬂ roferlr e ThE ShEARRCS ubdd 'R théné&é@?ﬁﬁbslsy in the

range of 2 s ds to 30 second particularly preferably in the range of 4
seconds to préi’@ﬁblgeasdn@sﬁ%'ktequkhbsfw’eight §dlutgin. st age i s preferably established
by the ratio of alkali solution/nmonophenol/ phosgene so that the pHis in

t he range 11.0 to .12. 0, preferabl 11.2 to uIarI eferably
115" £o 1 There findorn Sairg o o Y maben c sty sy BT B

pref gpably H&%%Ykﬁg&i/opﬁgl fa‘&?ﬂaﬁéﬂd/oﬁnefflﬁﬁ@ﬁ i¥ aRghidw 35C, by C00| l ng | n the
second stage of the preférred process, the reaction is conpleted to give the

diaryl carbonate. The residence tine in the preferred process is 1 mnute
to 2 hour s,Phosgsihe caibbg used inipregessstepob)lin tiguid ongasgpup forni eunagplwiopiedrer abl y 3
mnutes to.30 mnutes. In the second 5 stage of the preferred process,

regul ati on N Y8t ed by pernanent nonitoring of the pH (is preferably
nmeasured online by nmethods known in principle in the continuous process)

and corres Hﬁ@fébrwoame%wwbcégé préerably @édm &lgmc%lvaktkaﬁel for@kathpien. The

anount of added alkali solution is in particulafr adjusted so that the pH of
t he react i alichlgrortethage,itnluehe thewarnds dichbesshateaged cidotoprapase campainds, 7.5 to
10.5,, prefe rticu ref rablc}/82t093 The

bly 8 to 9. ery p
reaction t ?%"t“ﬁ?‘b@ %‘% @i%o%‘%ﬁ P% b%“‘?t{éane i¢ plefcrably e
The reaction for step b) is preferably effected continuously and particularly preferably
with a plug flow with little back-mixing. This can therefore be effected, for example, in
tubular reactors. The thorough mixing of the two phases (aqueous and organic phase)

can be realised by installed orifice plates, static mixers and/or, for example, pumps.

20 In the preparation of diaryl carbonates, the reaction according to step b) is particularly

preferably effected in two stages.

In the first stage of the preferred process, the reaction is started by combining the
starting materials phosgene, the inert solvent, which preferably initially serves as a
solvent for the phosgene, and the monophenol, which is preferably already dissolved
25 beforehand in the alkali solution. In the first stage, the residence time is typically in the
range of 2 seconds to 300 seconds, particularly preferably in the range of 4 seconds to
200 seconds. The pH of the first stage is preferably established by the ratio of alkali
solution/monophenol/phosgene so that the pH is in the range of 11.0 to 12.0, preferably
11.2 to 11.8, particularly preferably 11.4 to 11.6. The reaction temperature of the first



kept preferably below 50C, particularly preferably bel ow 40C, very
particularly preferably bel ow 35C, by cooling. The paraneters or

expl anations nentioned in general or nmentioned in preferred ranges in this
application can, however, also be arbityarily combined with one another,
i.e. between 15 the respectlve ranges and preferred ranges. In the

preferred B&g@%ﬁfelpgfi%fégﬁ'@g%ﬁ%ag@ Bﬁ%}nﬁﬁ“ v B e¥éral91 PRRRAL 28 bgﬁ&ﬁﬂfg”e |'s used

in the nola e m)nophen step b).
The solvent is adm xed so that the diaryl car bonate is present inabto
60% st r engtlh t}ﬁ:cslemdckmagemfe]ﬁeepmfdmed%@odess tit5%cionan gerhpleeiduo igme,theacﬂihafﬂ t he
reaction. 20 Suitahle catalysts, e process, accordi ng%éo t he ntion
for the pré’ﬁ%’f’ "l‘tFo cIrsigenfcyime w&ﬁ%aﬁ' e DEPRESH ISe BInMT 1P 4 RS- & e’%i‘ Ynes,

such as,
N- et hyl pi perl gfﬁ hr?%{ Ir‘{y{ygyperl rek&dﬂ&lgﬂlgﬁgg’ %ﬁ)@ﬁ%#f\@a g%ond

N- n- pisopy| piagebf memefeqa@pﬂrcam ;egahmnm iseffestridtty, pesmeatenamonftoring eftaepHe,
t et rabut yl ammo ium and tetraet hyl ammoni um 25

tribut ben yl anmmo
hydr oxi de, lﬂﬂf‘%f!ﬂaglé’ mpgsyrRdRnling a%@fﬁpma@ Bripgipleap fhs {og8PYBEr at e, and
the phosp feTelal] d?t?%" RPN um
conpounds. eggg]agggglg%ﬁjgﬁdlﬁ aajglgscrl %ﬂg ;g I%’CEE cal phase %ouncrilary catal ysts

in the |itaafcahtsfaddad alkalvottion & ihyaaicalak ad!]hﬁediﬁtdtlﬁt thefpdhof thareattort he
person skilled in the art. The catalysts can be added indiyvjdual L}é as a
m xture or TFBHEY e served PraerLTagea 1 the sengs of dex'9i 10, PicleaBlY ks

accongl ng %%giﬁﬁéelﬁ%(ﬁ‘b}e?u%tp?%ti A 1pheal 29 oRE re?tg}r%fcg &?@u ﬁﬁ&‘?t&%eq@ by

rreterl ng aft on of "phosgene 1's nless oni um
conmpound - ldepepreﬁmylbatiw@(P@hm@chﬂm Mpbﬂdw%@@, Varx puttieslad§ oni um - 18
conmpounds is or are used as catalysts. In the case of such an oniumsalt
catal ysi s, Prefgabby katowsPdr. YgoRERr i ng of the phosgene is preferred. The

met eri ng of the catalyst or of the catalysts can be effected in the absence

of a solve t he

sol vent s o?lt}%e e orgéa%l&géx%@%a{ﬁn%enﬁog%ﬁ B%E%b%érr ﬁt@wdéﬁg%g&ﬁgg@e?or as an
agueous solthik applicafion ¢dnch@aser, Qfsotbherhn&&llpéorhblhéd with oagheleras. betweat al yst
for exarrpl the netering thereof can be effected in aqueous solution as the
amonifum séh?@sl?"-i%ﬂé@f‘g%apﬁp&‘é@ﬁél rapgeef erably mneral acids, in particular
hydrochloric acid. Wth the use of a plurality of catalysts or the netering

of portiong, ﬂf Oﬁr@ﬁn%ﬁ?%cesﬂ%?é}[&}grgéaén?&nadﬂﬁ?&ryl e drleS BBl DG dRA BRedur es

at different ation
molar ratio 1:2 to 1:2.2 in relation to the monophenol in step b). The solvent is admixed

so that the diaryl carbonate is present in a 5 to 60% strength solution, preferably 20 to

45% strength solution, after the reaction.

20 Suitable catalysts for the process according to the invention for the preparation of diaryl
carbonates are preferably tertiary amines, such as, for example, triethylamine,
tributylamine, trioctylamine, N-ethylpiperidine, N-methylpiperidine or N-
isopropylpiperidine or N-n-propylpiperidine, quaternary ammonium salts, such as, for
example, tetrabutylammonium, tributylbenzylammonium and tetraethylammonium

25 hydroxide, chloride, bromide, hydrogen sulphate or tetrafluoroborate, and the
phosphonium compounds corresponding to the abovementioned ammonium
compounds. These compounds are described as typical phase boundary catalysts in the
literature, are commercially available and are familiar to the person skilled in the art.
The catalysts can be added individually, as a mixture or alongside one another and in

30 succession to the process according to the invention, optionally also before the
phosgenation, by metering after the introduction of phosgene is preferred, unless an

onium compound - i.e. ammonium or phosphonium compound - or mixtures of onium



10 tinmes can also be carried out. The total anmount of the catal ysts used is
between 0.0001 and 1.0 nol % preferably between 0.001 and 0.2 nol % based
on noles of nonophenols used. For the formati on of the nonophenol ate,
preferably 1 not of alkali/nole of nongghenol to 5.00 not of al kali/nole of
nmonophenol , particularly preferably of 1.1 to 15 2.5 not of al kali/nole of

nonophenol éoilpbﬁﬁals is Drgredised ab eéthl%ts HhQH@@a%@%fé’(ﬁ:lﬁ adlidm k41ppathibgs sol i d
phenol or from nolten phenol. The“alkali hydroxi de used or the”alkali

sol ution raﬂﬂlthm\mlcbe@memrmg@rfdmb phiosgerexaprefatedoVhe meteaimglod) dre q@tacb:(ﬁégs or the

-cal | ed t f hydr oxi d di
hyar oxi de <OILF AT SeBiun b EfestBlindBe ARGEce o bsbh meb iR aRaRE fami 11 ar to
the person lﬁiéfekdb@ptuersordaﬁt &' dne olfrfhet $eveaf df%@o:?ﬁnm% PehdeTh Mg egbsehdt i on,

that prepared by the diaphragm process is preferably used. In such an
aqueous sol&ymﬂmmsamc%‘@n aqh@ataqublaus IpHhisesense Dﬁ@emobhamy gmnes gs @r are

t t he, f f t di al k salts.
r e pr octay e PR o pierinddatrer i DB REeHre RO RBRR RS hsed f or
m xi ng the a:ﬁﬁo@ﬁxﬁﬁs@lt% tIRPEL FAAHERYSS, P&@ér@bl?%néﬁaﬁadi&sﬁr{ s«ﬁmahﬂ IGRREMIRL | ON

step or aryl chloroformate preparation step. A plurality of punps can be
used i n paradidWah theruse lo€ aiphutalty of aftalystaloe thefroetedagpatpartionseesbamtall n t he

case of the use of a plurality of pu t hese can connec both in
paral Lol o Sbefabs Wit msrracsohl 2 5 or RosafiSs o at para ol

woul dje prghes Efhisd b LgedbACERSI0RE ﬁ%ﬁhm thcdf1Fsth DYRANS bORveeh DDOFUND
perfornms the 30 function of a mxing unit for mxihg the organic and aqueous
phase for tael b epdteapicterablybetweeo0rifd od &diZhgoBmbasedon moks of unct i on of the
reacti on space for thé?(fynt hesis of the oligocarbonates and the function of

the conti nuBQeeRERRlS Y of the reaction material. - 19 The punps used
according to the invention operate according to the stator-rotor principle.

As a resul tpoithe Rﬁﬁlﬁh&ﬁ'b?‘{he%tﬁfo%}{edo?até ’}Jréf@f!t‘ﬁﬁﬁﬂniombpalkﬁﬁn{o@@&ft ion mxture
via shearing during the mxing o wo phases. The resulting enul sion

has a suf f i mbsoyteyol tbér(@anphdsaékdmunt&a]fynwmphMI papidutaniy prefectblyoof chm t ake

pl ace at thj ase . boundary. 5 .1n the c f the punps used accqrding to

Phe'  hoent | b3 ol RE cpsaisnals ot mogornenal s Resc s disneltEo DR SR ah S0 by <

rotors are peesebhdrd] b oﬂn%fﬁén hefd. ’Tﬂ@alﬁkl‘irﬁydrb%dew&i &%ﬁ@ﬁﬂlﬁh Sl ality

of rotors, these are preferab unted on the same rotor ax he punps

used accor dnaghse tdee prapasml fmrexmmplepb;eﬂxematmﬂgancmtcssfﬂng}&i sopeadipd. | n
diaphragm process in the case of sodium hydroxide or sodium hydroxide solution. Both
processes have long been used and are familiar to the person skilled in the art. In the

20 case of sodium hydroxide solution, that prepared by the diaphragm process is

preferably used.

In such an aqueous solution and/or the aqueous phase, the monophenol(s) is or are

present completely or partly in the form of the corresponding alkali salts.

In the process according to the invention, one or more pump(s) are used for mixing the
25 organic and aqueous phase and the upstream oligomerization step or aryl chloroformate
preparation step. A plurality of pumps can be used in particular on the industrial scale
for capacity reasons. In the case of the use of a plurality of pumps, these can be
connected both in parallel and in series. Connection of a plurality of pumps in parallel
would be preferred. In the process according to the invention, the pump performs the
30 function of a mixing unit for mixing the organic and aqueous phase for the preparation
of a corresponding emulsion, the function of the reaction space for the synthesis of the

oligocarbonates and the function of the continuous transport of the reaction material.



preferred enbodi nents, these are centrifugal punps whose rotor has a

peri pheral 10 design (peripheral wheel punp). In further preferred

enbodi ments, these are centrifugal punps whose rotor has a radial design
(radi al wheel punp). Punps which operat.gg9.according to the principle of the
peri pheral wheel punp are particularly preferred according to the

i nvention. fmgauﬁﬁﬂl HARdnP YRS of- of are
known to the person Eﬁ%lle&n?n théﬁgﬁnbﬂg?aﬁggfaggg%géng%#42h§%8239 Al) and
are 15 comenimsiple.|As aveiltablpertictlae emrgmﬂ iptreduskd snic Mm’emnqm rusceue awcor di ng

toth t h
Eobod mont chipare SingBe Bibxinof e AR o S80nRE SSRlar R it o o
doubl e Canoﬁ@?he bhrl?(ﬁlndﬁtry%ost}fétto%ﬁhﬁlm l%hamnlcanTm pamwlg 5th agnaef the

princi pal peri pheral wheel punp having a Trotating internal "apparatus
20 The abbreviations used in Fig. 1 represent 1 phosgene/solvent feed
streanm 2 fehldhswsea)ﬁ?ﬂmfpmstsgéa@domhhg ttethsmwmmnb@mmham@gm ution or

di | ut 3 d | on ed st rream ( NaOH
Foed st rcani ety e e A SHE.F RS R PR PO ULPE Ao AP i at us S
bl ades on tﬁh@ cé&kﬁ‘%‘ﬁl&ah@t(ﬁfrﬂﬁh ﬂ&@@hﬁtﬂﬂéferalﬁlyﬁﬂnbﬁﬁﬂs@bh% s%ﬂ@%@sk aklé, reaction
i nfl ow side (suction side) RA reaction outflow side (pressure side) P

static housThﬁgplUﬁp&lkﬁedpecrqrquhgrt(athemmwllormrqprvferdbl)r eanarifugal pumpesr al  appar at us
The peri phera static .housin gheéél a rotating

ooy Ph bR tertl ot AR atebentittued ppiily BN KSR REBRIe 2t s

wheel Jo and gesgdnl(periHerQvheehRnS). Iﬂ<fd’r@1§ &fe%dfeh%ai‘rﬁ&ﬁa kibst BR piFid»g from
the suction side to the pressure sid peri pheral punp can create

rel ativel y pumps whesssotoebag fnradmbrdemat (r@dlak/wheh:l sumb). Punmn'dpmmmtarmunt s and
a conpact desi for f.l ow p . Durin he trans nsport ed
reaction m ?&Cﬁ&ié"%@t%gﬂn‘flwg (‘Erﬁgeo%e?péerdﬁ the?an}ptagggﬂileHy Bre(f r,J‘dr eaction
mXxture tragIBRRtER thdidvestiéd. Sabh 8ddt9f IandTﬁeem@a@gﬁweeaﬂdﬁctﬁ@f@@fe i's
effected by inpulse exchange in that he liquid flow ng at greater velocity
in the bl aders kobwh e thegieron skllled in the art (cf. for example DE 42 20 239 Al)and are

15 commercially available. The principle of such a pump used according to the invention

is shown by way of example and schematically in Fig. 1. Embodiments with single or

multiple can enclosures, such as, for example double can enclosures, are suitable.

Fig. 1: The schematic diagram of the principal of the peripheral wheel pump having a

rotating internal apparatus

20 The abbreviations used in Fig. 1 represent
1 phosgene/solvent feed stream
2 feed stream of aqueous/alkaline sodium bisphenolate solution or sodium

monophenolate solution

sodium hydroxide solution feed stream (NaOH feed stream)
reaction mixture removed

rotating internal apparatus

blades on the rotating internal apparatus

circulation channel

reaction inflow side (suction side)

30 reaction outflow side (pressure side)

*Ugﬁﬁm;c-&:.w

static housing of the peripheral wheel pump with rotating internal apparatus

The peripheral wheel pump shown in Fig. 1 has a static housing P, a rotating internal



gives up the energy to the liquid rotating at |ower velocity in the

circul ation channel. The punps used according to the invention are
thernostatable, i.e. having an inlet and 10 outlet for a thernobstating
liquid. The flow space for this thernospa@ting |liquid and the reaction space
for the reaction material are separated from one another in such a way that

no mass {1 g5kt i SlallsdCetih PRI SFGRARIE WARBY of8S RURGorS e

accordi ng I nven , as a fee e reaction space, at |east
one ent r anchanme! Kaesultiagsthefediont nethe hgasigframdhd hietibi gide do fegsessaredidet | east

one exit f 15 the ol i gocarbonate:-cont.aining reaction m xture (in the
pol ycar bonﬁihepswglbeaﬁla%%%n P G HERETS SRR R et T he 1

step in th r At LG : I
ebodi ment S aRRRAALE AR At o Ellow phird; Dhting Ut GiSht 8
di pheol ( attmhsmeied réaation mixmnoipdienal thabidesSlgiMes ap itardergptio dreatdcgiohor chai n
termnators . and branching agents are preferred. The cataly Is preferably
added o o TS FREARTSHIHIE Iy IRURn GYenB: L9 HIETS MREaSAs SHRUFAPY ¢

exenpl ar r e : ' | tionis
Shown | n Frapie haRlER ol RO R HAMONAE R YRy REERY IR AR BEUIED ey of
exanpl e w tdivesapaheleriedgy foethalighidronatingl avinstr edoeitvialthe cieatdtonshandébr e or

| ess than two dwell reactors can al so be connected downstream Fig. 2:
Schemati c tup for the preparation of polycarbonate or diaryl carbaonate by
the 25 ph?ﬁ@ P&Hm%d‘aﬁ“{)acﬁi?’@é%@ tﬁgmﬁnwwﬁi{wpmt%e@f- having amfglet and

abbr gy ati | LGk 2 21 r . eam 2
Feed e et o o b B o e L S e
monophenol ataztisnkpicedor tBO réaction siatesablang sefursted fiotdeomainoticoin fuekd vatyr eam
(NaOH feed stream 1) 4 reaction mxture renmoved 5 second sodi um hydr oxi de

sol uti on fdBa nemmass tapsiaicsanstaleoplaee Y featexchange gatbhain terminator in the

preparation of polycarbonate or catalyst in the preparation of diaryl

carbonat e g&w@ﬁuﬂ‘@glu@@ acc%rcﬁﬁ"é R 48 InvERHREEIVR NG Pee MRERL 4B spcd bt Fladl 1 €

m xer VR actor
one entrance in each case for the organic and the liquid phase and at least one exit for

15 the oligocarbonate-containing reaction mixture (in the polycarbonate preparation), or
for the reaction mixture formed in the 1* step in the diaryl carbonate preparation (cf.
Fig. 1). In preferred embodiments, further entrances for additional alkali solution and/or
diphenol(ate) solution or monophenol(ate) solution and optionally for chain terminators
and branching agents are preferred. The catalyst is preferably added to a downstream

20 dwell reactor at a later time. A schematic exemplary setup for such a reaction procedure
according to the invention is shown in Fig, 2. The diagram in Fig. 2 is to be considered
merely by way of example with regard to the number of downstream dwell reactors.

More or less than two dwell reactors can also be connected downstream.

Fig. 2: Schematic setup for the preparation of polycarbonate or diaryl carbonate by the

25 phase boundary process using a peripheral wheel pump

The abbreviations used in Fig. 2 represent

1 phosgene/solvent feed stream
2 feed stream of aqueous/alkaline sodium bisphenolate solution or sodium
monophenolate solution
30 3 first sodium hydroxide solution feed stream (NaQH feed stream 1)
4 reaction mixture removed

5 second sodium hydroxide solution feed stream (NaOH feed stream 2)



VR2 dwel| reactor 2 (optional) W heat exchanger DEH pressure boost punp
10 TG separation vessel Wsubsequent wash In a further enbodi nent of the
process according to the invention, a punp circulation reactor, instead of
a dwell reactor, can also be connected-gipwnstream of the punp used
according to the invention. This enbodi nent of the process according to the

invention 5 woul defafyRrhMatoR Sy ARt Rard Al 88lyehibBeate bAbitalysQH ikt be used by

connecting a punp used according to the invention upstream w thout

f ar-reachi ng conveprsparasorodf ditmy] pdrbonate (dpgbmglyequi red. A schematic

exenpl ary syetup foermiuch a reaction procedure according to the invention is
shown in Fi‘g. 2a. Y& agramin Fig. 2ais to be regarded nerely by way of
exanpl e Wi tply regarger{ etal @hBYHRGLp Of downstream dwel| reactors. Mre or |ess
20 than two dwell treactors can al'so be connected downstream |n a process
vari ant wi t9T t he pstafpe wixecul ati on reactor connected downstream of the punp
used accorc{}gﬁg to é}h?e)l i nvention, the starting materials, such as, for

exanpl e, di ph®WeH 2198 d| uti on or monophenol ate sol ution or the first

sodi um hydrgyj de f@gd rabiopaMbptRinkl)er be added conpletely to the punp or
optionally fed proportionately firstly 25 to the downstream punp circul ation

reactor. FiWI 2a: Bmhexdiangerset up for the preparation of polycarbonate or
di aryl car te by the (g)hase boundary process using a peripheral wheel
punp with st r eBIFSPHRPCOSEPYBR ati on reactor The abbreviations used in

Fig. 19a inyaslditi o&pggiﬁ%?%gepsed in Fig. 2 represent 30 2' optional feed
stream of a proportion of aqueous/al kal i ne sodi um bi sphenol ate solution or

sodi um nond@henol asubsepient wash 3' optional feed streamof a proportion of the
first sodi um hydroxide solution feed -22- stream (NaOH feed stream 1) EG

gﬁ\r{rgl ? E):. a S tp,{fgﬁnl}ﬁ\fgg%gh@l%?Pgﬂ}gpﬂ&gﬁg zlljclcgllE -ilggntortﬁg ?ntvglrltion'?\g p(ljlinspccri]r%{xgiﬁog ump S P
reactor, instead of a dwell reactor, can also be connected downstream of the pump used
according to the invention. This embodiment of the process according to the invention

15 would have the advantage that existing plants could be used by connecting a pump used
according to the invention upstream without far-reaching conversions of the plants
being required. A schematic exemplary setup for such a reaction procedure according
to the invention is shown in Fig. 2a. The diagram in Fig. 2a is to be regarded merely by

way of example with regard to the number of downstream dwell reactors. More or less

20 than two dwell reactors can also be connected downstream.

In a process variant with the pump circulation reactor connected downstream of the
pump used according to the invention, the starting materials, such as, for example, the
diphenolate solution or monophenolate solution or the first sodium hydroxide feed
stream, either be added completely to the pump or optionally fed proportionately firstly

25 to the downstream pump circulation reactor.

Fig. 2a: Schematic setup for the preparation of polycarbonate or diaryl carbonate
by the phase boundary process using a peripheral wheel pump with downstream pump

circulation reactor

The abbreviations used in Fig. 2a in addition to those used in Fig. 2 represent

30 2 optional feed stream of a proportion of aqueous/alkaline sodium bisphenolate
solution or sodium monophenolate solution

3’ optional feed stream of a proportion of the first sodium hydroxide solution feed



The residence tinme of the reaction mxture in the punp used according to the
invention is preferably 20 seconds to 10 mnutes, particularly preferably
30 seconds to 5 mnutes and very particularly preferably 30 seconds to 3

m nutes. For regulating the nol ecul ar wepght of the polycarbonate, the
addition of one or nore 10 nDnofunctionaI chain term nator(s), such as

phenol or al kyl ghenR\(RaOHTeRPdtidagt] 4r phenol, p-tert-butyl phenol,
i sooctyl phenol, cunyl phenol, the ch orocarboni c acid esters thereof or acid

chl ori des dﬁSanbmde@mmbn@eac]ds or mxtures of these chain terninators
may optiongﬁ y be req’if d Su chain termnators are optionally either fed
to the reactt on AP P[?y‘ﬁ?é??g? Taryl al kane(s) or added to the synthesis at

any desiredyfb5 tdllﬁa%glbhﬁl@ the synthesis as |ong as phosgene or
chl orocarbonic acid termnal groups are still present in the reaction

m xt ube, i ® the puagpeonmairi@nimgithe cindubatiodes and chl orocarbonic acid esters
as chain termnators, as Iong as sufficient phenolic termnal groups of the
| abl e. Preferab m' nat or

I ti I
o ter m nat oSttt ot b B ana GE da By e oo dibe O edregich e
where or “h?ﬁre?&atﬂ?%%&ﬁdkﬁ) T@mhﬂﬂ&eParHEﬁﬁﬂjﬂbréf&thE/% £k YS s liagenot yet
been netered e ey can ered in beforeé the catal yst, together

with the cadeV?S’tPMc:qbabapﬂe&lrawhéBet@ndsw Imengesne way, in the preparation
of pol ycar bonat es, one or nDre branching agents or mxtures of branching
such

t ti h
b anchi ng. dgErE s theRaBCHEr wednl L RAMAERL e TRt Bddin oS Rl o, 25
trispmenol Snorﬁﬁ’ﬁch@ﬁﬂ%ﬂi‘ﬂ't@rrmﬁ@tbﬁtsﬁ bhPrds Rendfor hlk'lytph@ﬁolﬁ ghipagrufexyl i c acids
or mxtures of the E thenols or of the acid chlorides are used as

br anchi ng a@emlsp tefEle na@f lsem’cyiohtmﬂé aiviptsnel, the dulernedibergc agénstersand

havi h
ohl or gl uciTBRot of ae%oq%f%ﬁ?él%io St Sy B BT hd MRS 8 5 cne
4, 6- di met hytbmdndtofRrthay épstioayly eéyd@lhﬁeafls)uaﬁ RhaR forminator? arCoptionally either fed

tr| (4- hydr oxyphenyl ) benzene,” 1, -tri (4-hydroxyphenyl)ethane, tri(4-
hydr oxyphertgr It})eph@qiyahrmﬂh@;hgdroxydlarylalkane(s) or added to the synthesis at any desired

st ik Sl e A AR IS oL Bh RS onic aeidbiemmine) gigthne. - 23-

Exarrpl es 0far@§th?15re§€n't {iHihe reRABH nRATROUNGS c8dd drakd Ki@ehiBFiadicHang agents are
2, 4- di hydr oxybenzoic acid, trinesic acid, cyanuric chloride and

3, 3- bi s( 3- rebtdugdarbonihyadd estyrstae nball)l i@mmerz,, d%—ldmglmwﬁﬁmdulmenolﬁacmmall arly
preferred bgr gxppcsryf A £ gl.ﬁtrh%gs po ryrener hre. ava1 ab‘?e th %lbly, how g\rfe(%xl%g cham tc?rmma?or
or terminators are added after the phosgenation at a place or at a time where or when
20 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.

In the same way, in the preparation of polycarbonates, one or more branching agents or

mixtures of branching agents can optionally be added to the synthesis. Usually,

however, such branching agents are added before the chain terminator(s). For example,
25 trisphenols, quarterphenols, acid chlorides of tri- or tetracarboxylic acids or mixtures of

the polyphenols or of the acid chlorides are used as branching agents.

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-
hydroxyphenyl)-hept-2-ene, 4,6-dimethyl-2,4,6-tri(4-hydroxyphenylheptane, 1,3,5-
30 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-hydroxyphenyl)methane.



5 2,3-di hydroindole and 1, 1, 1 -tri(4-hydroxyphenyl)ethane. Suitable

catal ysts for the process according to the invention for the preparation of
pol ycarbonates are preferably tertiary am nes, such as, for exanple,
triethylamne, tributylamne, trioctylamine, N-ethylpiperidine,

N- net hyl pi peri dine or N-iso/n- propylpiperidine, quaternary anmoni um salts,

such as, ?emgt thhg&fﬁa oﬁﬁggmdfﬁbleta%%mn@eagémh gfgmoni um  or

tetraet hyI a |um y r oxi brom de, hydrogen sul phate or

tetrafl uor @%dﬁb’érox‘g’lbﬁﬂlzbhﬁlcmj mpbﬁmamm cyamrmlﬁmsdmdrk&pmﬁhm@ydé t he
aboverrentl Co These conpounds are described in the
literature mt"i/’%é(b' 'ﬂ’é%g%b‘ﬁﬁﬁ%ﬁ atal ysts, are conmmercially avail able
and are famliar to the person skllled in the art. The catalysts 15 can be

added to th”art%?&%eﬁﬁ@@bfﬂn@ﬂmk% &rﬁ?aﬂe@Vﬁﬁis(?ﬂletﬂ')‘/@-m&iy‘aﬁﬁiybb(enﬁ)ﬁ}@xm Xture
or side by side and in succession, optional %ar; So béeforé the phosgenati on,

but méteri rigbdﬂrwdmnndoﬂmm@hbégefrbhydmmdmoyloai re preferred, unless an
oni um conpound - i.e. anmoni um or phosphonl um conpound - or mxtures of
oni um conp case. 0 um sal t

catal'yst s, Sl BadrEsh e P et teRdFnitu R By efir ey ERetfed The

metering of polyR@rteahtas éﬁ%tpr%ra@fy fehfirf ahtley Sush 82 Tol&afiplC Gi@By1aginguch, in an
i nert solvent preferably a solvent” or one of the solvents of the organic

phase in thebutpl@hymartmﬂamuwyh& ﬂbglpmerldmeat@] raqhglpusnémetmﬂ\bmo/nkn t he case
of the use of el’tltﬁ% n%ﬁnes as a.cat { %r exanpl e, the netering
t her eof ca PR RPFLEREAYAITHGAGHOLET ¢ Cgérls Phes nium salts thereof
Wi th gci ds,tetpib%tﬁﬁxﬁ&bmum ﬁ‘ﬁlﬁﬁ#lb@ﬁiﬂénmbﬁhuﬁﬁb? te%aﬁgla&ﬁnmaﬁ%moqmec aci ds.
Wth the use of ‘a plurality of cafalysts or the netering of portions of the
t ot al anourchlosideclarpmiiges hydiogen sulptate outegaflwirgborpiosaiddhe phaspbamiogy out
different neteri n(%fco rocedures at .different places and atWHJS erent tines.

1

The total &RBWRER {ng 19 4pc apyeppertiond AmARIYN G6HPY w51 %
preferably Bnfdbubd e H@crﬁ)ecpﬁlrthé fitth A ileVas RYRESR ﬁ)ﬁ@geybouﬁdeg? cﬁﬁlﬁtsnﬁ’&% based on

nol es of di phénol s used. In the context of the invention, olligocarbonates
are prefer a;bhyndrhek}}eamllab}wemgamafaahharfto thmupeason(skjl]ed(ih the amd?hercat@lysils) - 24-
ecf f1’5 cl -] cargl lbz: add]eld to Ithe~pr5Lésl§ acc:golrdi\ng (t)o &e‘]u%ve(r)ltiyg ?—ndividually, as a mixture or side
by side and in succession, optionally also before the phosgenation, but 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
20 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 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
25 hydrochloric acids. With the use of a plurality of catalysts or the metering of portions of
the total amount of catalyst, it is of course also possible to carry out different metering
procedures at different places and at different times. The total amount of the catalyst

used is between 0.001 and 10 mol%, preferably 0.01 to 8 mol%, particularly preferably

0.05 to 5 mol%, based on moles of diphenols used.

30 In the context of the invention, oligocarbonates are preferably those of the general
formulae (I), (IT) and/or (III),



(rry +d ~Il a + NaOO 00 JUONa (II'l) inwhich u represents 0 or
an integer froml to 20, preferably represents O or an integer from1l to
12, particularly preferably represents 0 or an integer froml to 8, 5y
represents an integer from1l to 20, prefgérably from1l to 12, particularly
preferably from1l to 8 and z represents 0 or an integer from1 to 20,
preferably represents 0 or an integer \ ffromlto 12, particularly preferably
represents 0 or an integer from1l i
average nol ecul ar weight M o ol .10 preferably up to 3500
g/ mol, very particularly prgbemnal ) | . The average nol ecul ar
wei ght averages stated in the context of this appl Ication are weight
averages (Mr) which were determ ned by gel perneation chromatography (GPC)
usi ng pol ycarbonate as a standard. The detection of the eluate signal can be
effected, for exanple, by using\the refractive index or by UV absorption in
the region 15 of for exarrpl s } Fromthe punps, the

tu

ol i gocar bonat e- contarnr ) rg. or r of or mat e- and/ or
di aryl carbonat e- contgiT 3 I rSreondens€dg n at | east one
reactor with addition of further al kal i so “ution, optionall%achain
termnator(s) and optionally at |east QPe further catal yst to give

pol ycarbonates or reacted to give -25- aryl carbonates. In preferred
enbodi ments, this reaction is effected in a cascade of a plurality of

daction are any

tirre t ubul ar
reactors, punp._ ) jggpr-- .nd opQi nati ons
t her eof (cfnaPor €xanpl € Fi@. " wor ki ng up tHenat |east
two- phase reaction mixture still containing traces, preferably less than 2
ppm of chlorocarbonic acid esters which, |s reacted in the pol ycar bonat e
preparation, settling is allowed for ph se separation. The aqueous al kaline
phase is op}qu1 |1y recycled wholly or partly to the polycarbonate synthesis
as

desired reactor

u represents O or an integer from 1 to 20, preferably represents 0 or an integer

from 1 to 12, particularly preferably represents 0 or an integer from 1 to 8,

5 y represents an integer from 1 to 20, preferably from 1 to 12, particularly
preferably from 1 to 8, and

z represents 0 or an integer from 1 to 20, preferably represents 0 or an integer

from 1 to 12, particularly preferably represents 0 or an integer from 1 to 8.

Such oligomers preferably have an average molecular weight My, of up to 5000 g/mol,

10 preferably up to 3500 g/mol, very particularly preferably up to 2000 g/mol.

The average molecular weight averages stated in the context of this application are
weight averages (M,,) which were determined by gel permeation chromatography
(GPC) using polycarbonate as a standard. The detection of the eluate signal can be
effected, for example, by using the refractive index or by UV absorption in the region

15 of for example 254 nm.

From the pump or pumps, the oligocarbonate-containing reaction mixture or aryl
chloroformate- and/or diaryl carbonate-containing reaction mixture is condensed in at
least one reactor with addition of further alkali solution, optionally chain terminator(s)

and optionally at least one further catalyst to give polycarbonates or reacted to give



10 an aqueous phase or fed to the wastewater working up where sol vent and
catalyst fractions are separated off and optionally recycled to the

pol ycarbonate synthesis. In another variant of the working up, after the
organic inmpurities have been separated-@ff, in particular from solvents and
pol ymer residues, and optionally after a certain pH has been established,

for exanpl ihy @aﬁ%rfate@ nIn‘HreféH@«!i eAbobicHs! s RAEtHN 9 @ffeété@msa%éscdc@ ofa

separated off and can d, for exanple, to the chloralkali electrolysis,
whil e the phoakiyud rq:ﬁ@azrecmmleoqgtl|1msmiebysmmbletra@kors@ntherqagnqrcaletaomat e

t hesi s. k t he at | t - ph t | et el
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traces, preiRhabbyrdabides, LARRdE tRAGH & coffbiatichd 9,@%9(&%%;;%3&& ng is
allomed for phase separatlon Aqueous al kal 1 ne phase Is 20 fed, optionally

conpl ét el y aoFigadjtly in conbination with wash phases, to the wastewater
wor ki ng-up, where solvent and catal yst fractions are separated off by

stripping d tionally . recycled into.the carbanate synthesis. In
ahot her varihmorane BRane dhdraRr e inse Bepupn Pl e RlRRk RS
particul ar eM8Rt Rshah 8 3bal, ﬁﬁ&hlé@%m@aﬁé,amdf@tées \k)ﬁi%ﬂ isRRaE@IEHeOf f and
optionally after ‘a certain pH has been established, for 25 exanple by

addi tion ofpomcarhwhﬂeqmmramndwtﬁmg 1$aallmwe§dbwhaoﬁsep@reélepaﬂm aﬂ!lleotftSf and can be
fed, for ex 0.t he ct;.[lor al éa Iect%@yés % eous phase
i s optionald IHFQE?SII%BPQQS‘ Pt ¥r°i58 LT Qé?f%o“a h"’gn Yafi ¢ phase
cont aigni ng AhguaRisyhasnrad & Gk “ﬁl'st%{v& er%ﬂaﬁ ﬁb%h‘é?é“so‘l%f‘arﬂﬁcd%ﬂtf' ed in

vari ous ways known to t he person skil he art for renoving the
al kal i ne, ifoastions 80 separated aff;andopummﬂlamoyatelddﬂshe pzx}mrlaﬁm@rsymhesmrln rmr e

settling processes onal rted b assages thr set

Canks. |9t | gt grest B8 ukibe Sp b aior P SR AR iy ReroRSebt ofhase
-26- neas Urﬁ?amchﬁar A QdnkyarR&loMand e eaﬁd%ﬁﬂ%hﬁﬁy AfferWakAlinipH BACH
separation s or some separation steps, In certain circunstances with the
use of actibgen ostahdahsd fer fmamphﬁgby adshiver of sodtlmehyxl'rgandacsolphalséhts!ealﬂls cont ai ns

propostions of t eou i ne ine. lLets an t he
cat al Vst(s)sep%?tﬁgpffﬁg gﬁ?@t e%‘&?’g thBFhIPF?éEai Sﬁt s, éﬁ“ 5 phase,
the organi GqREARHhERs BELNBINTE] BR%KG0 Me R L%Iﬁ?dna{elsgﬁﬁle%t h dilute acids,
m neral aci ds arboxyfic acids, hydroxycarboxylic¢ acids and/or sul phom C

acids. Aqueous mneral acids, in particular hydrochloric acid, phosphorus
aci d, phosphmorkiagiug thy at ledsk twi-ghasofeactien migtofedmpleelyredated iadhe diaeyl
concentrati O%O%Ltetp?gpsa?at%%l a%ﬁ sﬁﬁ cg}ltgining at most traces, preferably less than 2 ppm, of
aryl chloroformates, settling is allowed for phase separation. Aqueous alkaline phase is
20 fed, optionally completely or partly in combination with wash phases, to the wastewater
working-up, where solvent and catalyst fractions are separated off by stripping and
optionally recycled into the diaryl carbonate synthesis. In another variant of the
working-up, after the organic impurities, in particular solvents and catalyst residues,
have been separated off and optionally after a certain pH has been established, for
25 example by addition of hydrochloric acid, the salt solution is separated off and can be
fed, for example, to the chlor-alkali electrolysis, while the aquecus phase is optionally

recycled to the diaryl carbonate synthesis.

The organic phase containing the polycarbonate or diaryl carbonate can then be purified
in various ways known to the person skilled in the art for removing the alkaline, ionic

30 or catalytic contaminations.

Even after one or more settling processes, optionally supported by passages through

settling tanks, stirred tanks, coalescers or separators and combinations of these



preferably be in the range of 0.001 to 50% by weight, preferably 0.01 to 5%
by weight. 10 Furthernore the organi c phase can be repeatedly washed with
desalinated or distilled water. The separation of the organic phase,
optionally dispersed with parts of the-26rgani c phase, after the individual
wash steps is effected by neans of settling tanks, stirred tanks,

coal escer s fdasgRPaftpAbBal Bl b soidld 18H8etét in WREGSn BE@SWp&&tion step 8t NY _
possible to neter in the wash water between the wash steps, optionally with
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carbonate fromthe solution can be effected by evaporation of the solvent
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the | nvent (sfeply Sindb? iabie SROAODE SRRy BT bRty BRI R el568h 055
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subsequently preﬁar ed therefromin excellént quality. The use of the diaryl
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Vol . 9, John Wley and Sons, Inc. (1964) or US-A- 5 340 905. The isolation
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t he sal vent means. of .tenper at ur vacuum,or a heated eptrainjng gas.

O hert Sol TGO NG AN B ErRAst™. 0 oL ARy AR PPt o

preci pi t atiQfh skeph br 48 tH@%ﬁﬁﬁ%%Eid@,%r@ﬁereﬁb'[&ed@&ilé’éaaihbﬁe"ﬁﬂﬁ‘en%Qh Whi@nhand
possi bly also the isolation of the ©polycarbonate are effected by distilling

of f the solpodymer soptionnnbased.an sppendilydeiadded ity dregepahisirivle, gas, lpbosphorie " f | ash
process" is used. Sthch a blogess i S known to ghe ersan
acid or phosphorus acid, which can optionally also be used as mixtures, are preferably
used here. The purified polycarbonate solution thus obtained should preferably contain
20 not more than 5% by weight, preferably less than 1% by weight, very particularly

preferably less than 0.5% by weight, of water after the last separation process.

The isolation of the diaryl carbonate from the solution can be effected by evaporation
of the solvent by means of temperature, vacuum or a heated entraining gas or

preferably distillation.

25 The diaryl carbonates prepared by the process according to the invention are
distinguished by particularly high purity (GC >99.95%) and very good
transesterification behaviour, so that a polycarbonate can be subsequently prepared

therefrom in excellent quality.

The use of the diaryl carbonates for the preparation of aromatic
30 oligocarbonates/polycarbonates by the melt transesterification process is known from
the literature and is described, for example, in Encyclopedia of Polymer Science, Vol.

10 (1969), Chemistry and Physics of Polycarbonates, Polymer Reviews, H. Schnell,



skilled in the art and is described, for exanple, in "Therm sche
Trennverfahren [Thermal separation processes]", VCH Verl agsanstalt 1988,
page 114. If instead a 10 heated carrier gas is sprayed together with the
solution to be evaporated down, the terpy-"spray evaporation/spray drying"
is used, which is described by way of exanple in Vauck, "G undoperationen

chem scher \Ward ghneRaIEHARIYonk BAS(F9QN S &IS-ADS 3ah 9oshem cal process
engi neering]", ‘Deutschér Verlag fur Gundstoffindustrie 2000, 11th edition,

page 690. Al these processes are described in the patent literature and in
15 t ext booKeasudationeofftherpolyearbenate fiemphe sdwtiarkéan| heckfiented by earporai@m eferoval

of the solvent b enperature (distilling of or the technically nore

o fective fHesva bEFRanEHReboihowarbie eBa hhufd el e (ifvatol

obt ai ned. Ieth&\® ard, lfeSdkaRiIE Btal PAKVABAD pREWIthANS are repeatedly heated
under slightly superatnospheric pressure to tenperatures above the boiling

poi nt under atnospheric pressure and these 20 sol utions superheated rel ative

t o at fosphdf ihe cpneansratien af ke phbsatbenate soltipmans! ppsvibbisabo ke isalgionmnidkes ur e,

e.g. atnospheri ressure. | .be advant ageous_.t o ure that the
concent r at if§ Cé{cbggﬁts ,meo?ﬁﬁcﬁe%qy@}(t]]&% 8& tﬁen%oq?e Oéjglgfmﬁlfygg SyUpg s %(ﬁg e

super heat i Rgparidh, tHeabms NA&AHré@sHE s LS. Ba&gﬁﬂﬂwéssng Rh@iRR) Me bersehoose a
two- to four-stage process. The residues of the solvent can be renoved from

t he hi ghly skdledémthezreandisdgssaibbddon example, el Therminghe Srnaveréahren t her

directly fr the nelt. by neans,, ted extr cf.for. exanple BE-A
266 901, TR Pastion RS ous B teusgr RIS pgit 14! st 38T
evapapgat or shehefl carriRF g£i8 IpfaGedFipéther whH tHeZdlutiohab bt 8gafordid @WARARGELRHS,
strand evaporators or friction conpacting (cf. for exanple EP-A 0 460 450),

opti onal | y “aprap evaporaticadupray dmingt’ isusedivhigh i degeripdrity, wayuelexamphd inr ogen or
car bon di oxi.de, . W, th the us 3Q o vacuyu c for exanplge EP-A 0 039
oo epa o gk @irutigbrubtel Semithel Yol REHTRC Basie S s BRRRE ot
crystal | i zaht@ital ﬁfocesfs%%i%am@]g DAt dheV &b 0P GrurRYteRd B RUdpoN tRf t he

resi dues of the solvent by heating in the solid phase (cf for -28- exanple
US- A 3 986 <28®n, pireSI20AH3hSEProccTive s desutieddn shet pacend titkrathes andpar at uses

required faqr this rpose .ar escribesg.' .the |ljterature and are famliar
to thu pergwgo@?iagaé% %Saﬁuﬁﬂzog}ﬁ?eri‘)&l l:l!ffgﬂ% t%®“granul es can - if possible
- be obtained by direct spinning of the nelt and 5 subsequent granul ation
or by use abn finfRARSDBe SAVEMASTtEMbERMINi&iNiSPo diBe te@hnighyembRd in air or

under liquid, generally water. |f extruders are used, additives can be
eftective flash process, highly concentrated polycarbonate metts are obtained. In the
flash process, polymer solutions are repeatedly heated under slightly superatmospheric
pressure to temperatures above the boiling point under atmospheric pressure and these
20 soluttons superheated relative to atmospheric pressure are then let down into a vessel at
low pressure, e.g. atmospheric pressure. It may be advantageous to ensure that the
concentration stages, or in other words the temperature stages of the superheating, are

not chosen to be too large but preferably to choose a two- to four-stage process.

The residues of the solvent can be removed from the highly concentrated polycarbonate
25 melts thus obtained either directly from the melt by means of vented extruders (cf. for
example BE-A 866 991, EP-A 0 411 510, US-A 4 980 105, DE-A 33 32 065), thin-film
evaporators (cf. for example EP-A 0 267 025), falling-film evaporators, strand
evaporators or friction compacting (cf. for example EP-A 0 460 450), optionally also
with addition of an entraining agent, such as nitrogen or carbon dioxide, or with the use
30 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 expulsion of the residues of the solvent by heating in the solid phase (cf. for



added to the polycarbonate nelt before the extruder, optionally with use of
static mxers or by side extruders in this extruder. Alternatively, the
pol ycar bonat e sol uti on can be subjected to a spray evaporation. 10 During
sprayi ng, the polycarbonate solution, opgionally after heating, is either
sprayed into a vessel at reduced pressure or sprayed by nmeans of a nozzle

with a heatgdmpRITSN 3 996369, DE-A D0 55 8IANThAL JPbLetes LA the a@smuée@ssel at
at nospheric pressure. In both cases, powders (dilute) or flakes

( concent r atregi)iredffot thes popyswere deseribdst iaithebteratenpand aregtaonliarite theqensoont r at i on
of the poly sol.ution, fromwhich the |ast residues of the solvent 15
opt i onallysgﬁLeglﬂgVemfo be renoved as above. Thereafter, granules can be
obtained by nmeans of a conpoundi ng extruder and subsequent spinning. Here

too, additipdsafsonaesiileednalOy@RsHaN Reotsldarhy dirddiSpinging R eeymélt atd t he
extruder itself. Oten, it nay be necessary to pass through a conpacting

step foor t Habsgghenteramdatideror byfuse ef dischargeaxtuders Aroowivhightspinning s ow bul k
density of the powders and, fl akes. Alterpnatively, th .ymer._can be
subst ant | a1 R SE PEoF aER Bl Eise A R R Bistre ) SR e B
concent r at egidePtohahbRRAbENAe hl&t'&fbr@ﬂleaﬁ@!uﬂé@ﬂlt)ﬁﬁnaﬁy Ras@k\beshaté or
pol ycar bonate. The nonsol vents act as precipitating agents. Here, it is

advant ageouwixefsiardyy sids extiuders smtilig extirdent of the nonsol vent and optionally
also to allow waiting tinmes between the additions of the batches of

nonsol vent . , | t al.so be advant ageous to use 25.different nonsolvents. For
exanpl e al |‘%‘ﬁ‘§flé}§% Ptlz:%qlf%c(ﬂral?%getqoﬁx‘%wycfp%@%@bdﬁcic?d g’na Spﬁ%yr R Pn'hept ane,

i sooctane ahugCIpPEN@ TR peth€RbGato sohtin, ftionhRy af%iEalifg, iSEkaRRhyed et hanol
or isopropanol, ketones, such as, for exanple, acetone, or mxtures of these

are used dstog esssgliat redieryl prggsuresorisprazed byimengs efrenguziecwith 8 eatethcarder a rul e
the polyner solution is s|low ad.d§d to thg rec"gitati ng, g_gg(gé The

pol ycar bon a3 B 1IN0 H: &R 4T _aIB’rl %?B%?é%lf_a ngfij %erIFSeS_E a _(‘f?sieﬁ’ed in
the case ofpdviiRrsS@ilak) v ARk A drRBntale ) e dict JotRBer ¢ Bb@Rlel Opehding B HRduced.
According to other processes, precipitation and crystallization products or

anor phous| ycongg@ntragioh pfithicipetymersdlitios, faere vdrishsthallast resuluesnof thasolyentt i cl e form

by p i ng over vapours aof .one or, nore nansolyents for | rbbonate, with

st mul Pancou@taals e BRieds, PEREngTes abpyes ABREnlsT Lamyr seLbeoblang B o

further congdensedalcempbMiRtift ShAIdeMEaBERucNRiptHif:. Hebe tdohfddpfivdager s

optionally have different termnal groups (phenolic and chain termnator 5

ends), the desenthedabpve gavdwenddod tethe petiphery or wsbe extruder itself. Often, it may be
necessary to pass through a compacting step for the polymer powder before the

extrusion owing to the low bulk density of the powders and flakes.

20 Alternatively, the polymer can be substantially precipitated from the washed and
optionally still concentrated polycarbonate solution by addition of a nonsolvent for
polycarbonate. The nonsolvents act as precipitating agents. Here, it is advantageous
first to add a small amount of the nonsolvent and optionally also to allow waiting times
between the additions of the batches of nonsolvent. It may also be advantageous to use

25 different nonsolvents. For example aliphatic or cycloaliphatic hydrocarbons, in
particular heptane, isooctane or cyclohexane, alcohols, such as, for example, methanol,
ethanol or 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 slowly added to the precipitating agent. The polycarbonates thus obtained

30 are processed to granules as described in the case of the spray evaporation and additives

are optionally introduced.

According to other processes, precipitation and crystallization products or amorphously



The addition of additives serves for increasing the duration of use or
inproving the colour stability (stabilizers), sinplifying the processing
(e.g. denoul ding agents, flow inprovers, antistatic agents) or adapting the
pol ymer properties to certain |loads (inmpact nodifiers, such as rubbers;

fl ameproofing agents, colorants, glass fibres). 10 These additives can be

added to t hgig@icy PrédudB! dre bvSiallizdd &l fie-PartitRIBINBY 8&@ er U@RIuELSE dRext ur es

or in a plurality of differént mxtures. This can be effected directly
during the drsuirampnseleits foe pplybarhenate rwidf simultansous heptioe bgloantegdass n a

so-called _compounding step..Th ditives t.he..m xtures therepf can be
2dded as a CORTAN nPdpEHS Bg ARGuRRGT st ot T O RE R BES (o
Anot her  metfi@dligfmdrs bpfidmlyihavd Siffeidnt Uaill gript BiHRAbIEN AR Haillexhint@s Of
mast er bat ches of the additives or additive mxtures. Suitable additives are

descridbed, ¢nds), thedem eolid-phaspadendensasioniivuseRl asti cs Handbook, John Mur phy,
El sevier, Oxford 1999", and in "Plastics Additives Handbook, Hans Zweifel,

: i.ch " e 20, | f sui.t ahl i Oxi .
Stabi | zor oridagp af el TR ol lae RS R RS B B e Ble
hydr oqui nortﬁﬁo@@&bﬂityydt@diﬁibrs)bsiﬂfpm,uh@ag@ioceggﬁgF\#fga rdebripul diyglagentsl adbwd

t hi odi pheny!l ethers, al kylidenebi sphenol s, and S-benzyl conpounds,
hydr oxy benzigipagvess, anlisiatit agentshpoadapiing theyohanerpeepoytiesdo epdain deads (impagth ne

conpounds, acyl.am nophenqgl.s. esters of (3-(3,5-di 25
Cerbobut yi AR RPNy BRSrgiEe SamEhReRhe poEnt S eiobnid plas fibres).
O0-(5-tert-butyl -4-hydroxy-3- nethyl phenyl)propionic acid, esters of

| - (3, fy di cyTheabRadHivet-day Be udqend palyept MBit endiddlslly @b@étherah any
3,5-di-tert-butyl -4-hydroxyphenyl acetic acid, am des of (3-(3,5-di-tert-
but yl - 4- hydd%K?%W@ﬁyﬁef oFf opt pleraditnef diffescnt magsheest Fhip syrnles gffestaddiggént s,

secondar nti Qxi dant.s osphi tes hosphoni t.es hospho s and
hoonnanys, Sinsdi¢ GPiEn cLMR BN b ARG RRNRR ! ERra R AP RIRRRIES Yant s or
heat st abi | doagfotnding sRpIBRE SRS RI tHeaRixtBOhBRON S Alddd a3@solR)oSphanes,
general ly those in which the organic radicals conpletely or partially

conpri se oprelsrably g5 pavsdari arue seklaio shapelpmenaik ahrothgunethed ef @ewepheid ng

f I d far. | i i f | i , f
RO T e B e T e
phosphat es mxt@es. phosphites.

Suitable additives are described, for example, in “Additives for Plastics Handbook,
John Murphy, Elsevier, Oxford 1999”, and in “Plastics Additives Handbook, Hans
Zweifel, Hanser, Munich 20017,

20 Examples of suitable antioxidants or heat stabilizers are:

alkylated monophenols, atkylthiomethylphenols, hydroquinones and alkylated
hydroquinones, tocopherols, hydroxylated thiodiphenyl ethers, alkylidenebisphenols,
O-, N- and S-benzyl compounds, hydroxybenzylated malonates, aromatic
hydroxybenzyl compounds, triazine compounds, acylaminophenols, esters of B-(3,5-di-
25 tert-butyl-4-hydroxyphenyl)propionic acid, esters of f-(5-tert-butyl-4-hydroxy-3-
methylphenyl)propionic acid, esters of f-(3,5-dicyclohexyl-4-hydroxyphenyl)propionic
acid, esters of 3,5-di-tert-butyl-4-hydroxyphenylacetic acid, amides of p-(3,5-di-tert-
butyl-4-hydroxyphenyi)propionic acid, suitable thiosynergistic agents, secondary
antioxidants, phosphites, phosphonites, phosphonates and phosphanes, benzofuranones

30 and indolinones.

Preferred antioxidants or heat stabilizers are organic phosphites, phosphonates and



Suitable light stabilizers (UV absorbers) are, for exanple, 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- hydroxyphenyl)-1,3,5-t[P@;ines or substituted
benzotri azol es; substituted benzotriazoles 10 are particularly preferred.

Pol ypropyl epe_qgl ycol s al.one or. in.copbination.with, for exanple, sulphones
or sul phogjﬁroﬁ; gsesage%e{%%& tspieelpfqg%h{ﬂgé’r%@écdr aflga%rcg{}?ﬁett‘?lﬁﬁﬁﬂng@ag}ﬁ/ _
gamre- r ays .compéis€opithaly BestigftedParoinalE sadi@is. be used individually or in
conmbi nations and are added in said forns to the polyner. 15 In addition,

processing auxiliaries, such as denoul ding agents, such as, for exanple,
deri vat i veSustpble eamplersnerngeatstiyr keavy setalagndoler aateadizatiay ofgragapialkali

e nsed arBniorr G AP a PG i PRORR RSO o oy

wei ghts, basg@hedphitke nass of the conposition. Suitable flame-retardant
additives are phosphate esters, i.e. triphenyl 20 phosphate, resorcinol
di phosphoric_acid esters, brom ne-containing conpounds, such as brom nated
phosphor i c Satpble dighestabilisgs (¥ abeerbers) yectar boamiles2-6hd pol ycar bonates, and

preferably.salts of uor | hat ed ni g sul phoni ¢ aci ds ui. t ahbl e i npact
odi 11 ors” SR SefPEHECRBRES FhAfCka ARl GRondt aB ¥ BPe e or
met hyl net hasubstiaii® ben2bid We RIS Cachy1RY, seR all H RidEER d Wi fesg6 i@k, o2mal ei ¢
anhydride, ethyl acrylate and butyl 25 acrylate rubbers with grafted-on

met hyl net fadroxyphenybrl.$6yiriaziaessarrsybsitited bengotrigzatesy pbptitniedibengptdazolsgane and
acryl.ate networ slvvilth %{T?fdt ed-on nethyl nethacryl ate or

st yr dNe- ac T BEHILPeEII ¥ er nore, col orants, such as organic dyes or

pi gnents and i norganic pignments, IR absorbers, may be added, individually,

as a m xt Ul ropylerRAUTR N4 lb AR oMIntddNBirlibh Wi, for exafpB agghdnebses, (hol | ow)
gl ass spheres or inorganic fillers. -31- Polycarbonate nmelts which were
produced byuipbehamidenasoftabihzerpeinteaisedto pgverd dapogmbly agneanayfe spun in
strand formthrough a die head and cooled with gas, e.g. air or nitrogen,

i i qud or al | . ahd | i.dified d b
or anul at ea 1O EpeERIAR SRk PRI oF B bbb B R o e

present, fah siid g4AiRbehe flyReF Otating roll, in air, under inert gas, such as
nitrogen or argon, or under water. Depending on the design of the apparatus

colum-1ike granul es having a round i
15 In addition, processing auxiliaries, such as demoulding agents, such as, for example,

derivatives of long-chain fatty acids, may be added. For example, pentaerythrityl
tetrastearate and glyceryl monostearate are preferred. They are used alone or as a
mixture, preferably in an amount of 0.02 to 1% by weight, based on the mass of the
composition. Suitable flame-retardant additives are phosphate esters, i.e. triphenyl

20 phosphate, resorcinol diphosphoric acid esters, bromine-containing compounds, such as
brominated phosphoric acid esters, brominated oligocarbonates and polycarbonates,
and preferably salts of fluorinated organic sulphonic acids. Suitable impact modifiers
are butadiene rubber with grafted-on styrene-acrylonitrile or methy! methacrylate,
ethylene-propylene rubbers with grafted-on maleic anhydride, ethyl acrylate and butyl

25 acrylate rubbers with grafted-on methyl methacrylate or styrene-acrylonitrile,
interpenetrating siloxane and acrylate networks with grafted-on methyl methacrylate or

styrene-acrylonitrile.

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,

30 glass fibres, (hollow) glass spheres or inorganic fillers.



or elliptical cross section and rough or snooth surface formare fornmed. The
cut edges nmay be snooth or have a glass-like fracture with broken cut edges
or remai ning residues on the cut edges. G anules which are fornmed as
uniformy as possible and have 10 as fewir-emai ni ng projections as possible
on the cut edges are desirable. Furthernore, the dust fraction in the

granul es Shﬁﬂy&r’tﬁﬁla{‘@rﬂélt@&hicﬁ‘%@@pﬂﬂﬁ@édbdﬁsolﬁﬁ&f &ff tﬁ@#}bﬂyprﬁ:lrg% 100 ny/ kg of
granul es. The di aneter of the granule particles should be between 0.5 nm

and 10 mm qwmnélbgy:mlbc sp8 imsfrapchfaringbitoasigh y dpy kefad raatd keyol8d wathgzamm.g. Whi | e
the Ilength.of t. ranue artlc es s Id be an

preferably %%?%Eﬂg 953 5o l}ﬂ'ﬁ‘ » SHETE Wﬁfé’f gqﬁg?tbeeﬁq(i@é&iedfgaﬁ%%cag? Ny,
preferably hetwaes ﬂ&mﬁwr&ﬂlywaﬂa@g th%&)ré’\ﬁr%%ufté}’s'vﬂn&{ arip@iBiefor Of the
average dianmeter in the case’of an elliptical cross section, to length is

0.8 td 1.2 examphs, eh@rroedng s0ll ig playundesinhe\gasn guch asatitroganf oradogant, ot under e
particul arl err ar ters are subject to e .di strihutions,
Gt e buti oteRh DR endi bl FeamanhiraMaiics eubugs ERines i ng

di mensi ons @senaﬂlcumrwﬁm&l RRERUEA 6r sn%ah Sikgace $OInD BicTBrm&H, aMULatdagls and the

subsequent transport or the conveying of the granules wth gas or liquid
and the subseybesnosther hge a glass-bkeafraopurafwitr brakeri wtlegge:sror rbroammgeni zat i on

process, shoul.d be desi gned that, ip spite f atl C r buil d- up
P osent. ageppesn B Surbees Mapiy i bich el hiBeCin bt TsSiBH Sigeve
surfage, styaed - %ﬁ? r%f }ﬁ’ﬁﬁ:c@(‘insgfs‘;}‘)'akglﬁe SHthAGR edgéé%'i’e 8SirabR’ FEYRIRLR, dust,

abrasion materi a machi nes, aerosol -ITke [ubricants and ot her
| i qui ds ancthedmtsfraimmnn/wdae granhlwshhouid be kqﬂlasrt@)vayptbssmte postsiablyybelrsed. The

present app|| on_likew se rel ates t he pr epar.ed e process
according t SRR ﬁ@ﬁ%@ebaf @ﬁﬁr@u&r@%@ hwﬁﬂt %%l&g
accordi ng tﬂn{zﬁﬁl'orﬁﬂﬁﬂ)fe?&aﬁ'l?"leto% A, pfculdR ?Féféx%l vseeogﬁapwmre dguiti on,

preferably even one narrower "t han t e prepare cor to the prior art
by the phaslengibufitdrrgraprepasisles Bhafiébabétyeet hang b ymreymeteddly peteparzd by the

pr oce accor to the i nti on hav nonun to 1.6
( depe ing ‘H’ﬁldét Iﬁg’ ¢nd I',l}?s‘i"‘ilghﬁ?et‘f’??é‘ ‘E’cﬂ“@é@r%r?&?tl@@%bn?éeﬁéfa@ﬂg a“F‘n:é)
pol ycar bo“%ﬁﬁuﬁé %%E@Qtl@%?g{aqx?é?& Snk H&rhg@/&g&w (Bt cadd drahlef rpt!TCQr
exanpl e e production of exfrudates” an d| ngs, 1 n particular
t hose for ugesssectidet®lenhpthris ﬁa%rte r1t2 ac pecferval, yng arahiles havihy airatid dfeabantela of
optical applications, such C?

are particularly preferre These parameters are subject to size distributions,

distributions as narrow as possible are preferred, i.e. granules having dimensions as

20 uniform as possible.

Cooling, spinning, granulation and the subsequent transport or the 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
25 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

cooling systems possibly used.

The present application likewise relates to the polymers prepared by the process

according to the invention.

30 The polymers prepared by the process according to the invention have a narrow
molecular weight distribution, preferably even one narrower than those prepared

according to the prior art by the phase boundary process. Preferably, the polymers



exanpl e, sheets, multi-wall sheets, glazings, diffuser screens, |anp
coverings or optical data stores, such as audio CD, CDO-R(W, DVD, DVD-R(W,
mnidiscs in their various read-only or recordable and optionally al so
rewitable enbodi nents. Exanples of furtber applications, but wthout
limting the subject of the present 10 invention, are: 1. Safety screens,

whi ch are khgmfed By R pr&Q9$ ARErdifly FRRY ieBRch RiveRUidndhifGienity NOFI1Gl189.6and
aircraft, and as visors of helnets. 2. Sheets. 3. Bl ow noul’ded bodies (also
see US-A 2 (dependig)on tho visesatypifehelpalpcasbayalds prepatsllwat er bottl es. 4.
Transparent sheets, such as solid sheets, in particular holl ow chanber

ar senhouses VR GHeIn g Ry hordie R e i A SBle, KR B RS
CDs, CD- R(\thé prddebion SMRUMAMES and RBuMings Ah pasticand tidde fsuls atipent

devel opnents. 6. Traffic |light housings or traffic signs. 7. Foanms having an
open cl osadpaputiaseravery nartiiqwarh is thaareaebopticg! apmplicatiamst sichasl faf res (see

| DE-A 11 37,16,/ 9. . Li ti L A , ti || ith t he. f
L oo T b cdable S, Byl hfcts AR g RG s BB, PR bovellpb ot Afietts S o
formul at i ongat£Qbted sakRds Aalib @D, -RIAH eDFMI DOV D IR (W8 A e Ot H8ir vaislisor

zi rconi um oxi de or organic polyneric acrylate rubbers (EP-A O 634 445, EP-A
0 269 324) rat-onlyerpecoadabld o apftionaliinalparesmitable dmbpdimentscat t er i ng shaped
articles. 30 11. Precision injection-noul ded parts, such as holders, e.qg.

| ens hol dergs; ol rbonat es conprisi | ass f,ibres and,an optionally
add t 1 onar o o/ RRG MBp G5 RTR e Gy TR sl SnE RSB aced” on
the tgyal npybfdioagdarer €a) are optionally used here. -33 12. Opti cal
instrunment parts, in particular |enses for photographic canmeras and cine

gg?ﬂ::f ]S PE; 2312(7%@%%%%1%)6%59 %&)c#g %o&rﬁ ?d@é’qeaﬁiirémin’]ﬁéﬂyaarez-isrbm{laiinﬁéfl ar
vehicles and aircraft, and as visors of helmets.

2. Sheets.

3. Blow-moulded bodies (also see US-A 2 964 794), for example 1 to S gallon

15 water bottles.

4. Transparent sheets, such as solid sheets, in particular hollow-chamber sheets,
for example for covering buildings, such as railway stations, greenhouses and
lighting systems.

5. Optical data stores, such as audio CDs, CD-R(W)s, DCDs, DVD-R(W)s,

20 minidiscs and the subsequent developments.
Traftic light housings or traffic signs.

Foams having an open or closed optionally printable surface.

Filaments and wires (see also DE-A 11 37 167).

oo e

Lighting applications, optionally with the use of glass fibres for applications in
25 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.
30 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.



lighting strips. 5 14. Electrical insulation materials for electrical
conductors and for plug housings and connectors and capacitors. 15. Mbile
t el ephone housings. 16. Network interface devices. 17. Carrier materials
for organi c photoconductors. 10 18. Lighis, headlight lamps, |ight diffuser
screens or inner lenses. 19. Medical applications, such as oxygenators or

di al ysers. 20-12F|9?ﬂceﬁ919§' ittﬁ%%ébrf]gﬁﬁo%lﬁ%lgﬁsteg Lfc(;ﬁ'ﬁjhog{%g R anPgk £QGQ ate

moul ds. 21. Applications in I've sector, as glazings or in
the form of bl endanerus {(PEABE7 85 [ B3pers. 15 22. Sports articles, such as
sl al om pol es or. skii boot fasteners, 23. Househald articles, s as kitchen
sinks, wash badi kight frapgmaissien media, Marﬁ%w{jgﬁf&ﬁ A ‘B&%gaﬁ

di stributor boxeg htﬁ%stﬂf@m ngs for electrical devices, such as

t oot hbrushes, hai = ers, coffee nmachines, nmachine tools, such as drills,
cutter§, planest. Brdtrkahimsuldfio? mateviakifongectecdlicoadyaost ahd feplugZhousisat et y
goggl es, sungl asses, corrective glasses or |enses thereof. 28. Lanp
coverings. 29. PARkEJINAEIOFS AGLAPHHOTSChi p boxes, chip supports, boxes for Si

waf ers. 25 31. : i L such as ani mal shed doors or ani nal
cages. Surpri SII ng y,ﬂe?ﬁgﬂ)ﬂfﬁlgtrl\len%ﬁgspol | ution or nonophenol pollution of the

wast ewat er couléd Nealh@k imterfaeeddeséodsby the process according to the invention.

The use of punps having a, triple function as m xing unit, reaction space for
the ol i goneriZafaBier sHagerialy fog pyganiophetespadysdere and/ or diaryl carbonat e

prepapgt i on stle&?%ghg% h§9d1%§ﬂbé§§rs§19%{ﬂ@if¥us9?§tr&ﬂ% oPfBr AfRSr 1 bed in the

literature for ase rocess tor the preparation of
pol ycar bonat eslMedicat ypplicatihenaichus oXhg:nplogesandialysarent i on  therefore
furthernore relates to the use of one or nopre punp(s). for the continuous

prepar ati on of2G&pydapmisatens. sHchdr RpiHes.capdksriaang ghpcelpie melde boundary
process, the '2?14ApBHEQ?1(0§1}> in the automotive sector, such as glazings or in the form of blends

with ABS as bumpers.
15 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.
20 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.

25 31. Other applications, such as animal shed doors or animal cages.

Surprisingly, the diphenol pollution or monophenol pollution of the wastewater could

also be reduced by the process according to the invention.

The use of pumps having a triple function as mixing unit, reaction space for the
oligomerization step or aryl chloroformate and/or diaryl carbonate preparation step and
30 conveying unit has not been described in the literature for the phase boundary process
for the preparation of polycarbonates or diaryl carbonates. The present invention
therefore furthermore relates to the use of one or more pump(s) for the continuous

preparation of polycarbonate or diaryl carbonate by the phase boundary process, the



operating according to the stator-rotor principle, being thernostatable and
havi ng at |east in each case one entrance for an organi c and an agueous 5
phase and optionally further entrances for chain term nators, branching
agents and/or additionally alkali soluti3agn, catal yst and at | east one exit
for the oligocarbonate-containing mxture or aryl chloroformate- and/or
diaryl carhgaste-containing mxture, characterized in that, in this punp or
t hese punps, both the continuous m xing of the 10 organic and aqueous

phase, the organi Cog%ﬁﬁ%&&'a}cﬁhgiﬂe%atdrﬁ%?Pﬁg{l?iPI%?' vent suitable for the

pol ycar bonate or di arbonate and sone o of the phosgene and the

aqueous phase cont %Ei'ﬁi Q]ﬁ’er&%@ta&ibf%hﬁ'ao' (s) or nonophenol (s), water and al kal i

solution, and the reaction o e di phenol (s) or nonophenol (s) and phosgene

to give oligocarbonates por aryl .chloroformates and/ or.diaryl carbonates are
effected. 15 The pg‘ﬁiﬁ@gﬂ %@ﬁd?eﬁf@%‘@ﬁ BW%B%FQFBP‘){%@W@ ording to

the inyention are Ipﬁ?'iet:ﬁa@ tibRAIy! ik tRertSBran(ed Fo dHaHORIMAUIRS brd@hinbcul arl'y
preferably peripheral whee purrps, are particularly suitable for this

purpose. Al the ragesteacdsr alitomaledlkabcvlation eatahet npbatdeasstiohyexiefoer ence in
their entireties for all wuyseful gﬁgr 0Ses.

20 Wii.le there is shown and
described certain SHe¥i§acAROOPRIGEP nE’e’F?‘B‘ES‘(S"f/‘ioi’iGngrl ﬁElor‘it}ﬁU’éﬁlF'l %}ﬁ’{or}ﬁ?afﬁk Il be

mani fest to those %Eligohﬁg,goﬁtamﬁ%gﬁ,hukhat various nodifications and
rearrangenents of the parts may be madé without departing fromthe spirit

and scope of the underlying inventive concept and that the sanme is not
limted to chaetqred ircthagin flos pumper thiese ingysn bethdhelegtinupesdmixdy EHMPLES | n

or O or omeBnE 26d afuoun plasL i BT i B Al e BRERRLE Y, TS
| nf | uence oforkiepdtiarbHRAIiAHg) ePbdriR: drflSBHel R AIIOF il hospaeiaAk tRUNP

prepared with known reactors, Such as punp circulation reactors or nozzles,
was i nvest i gpieeds phashcotthiong thedipbentlst at mpeephenolfs), Bates and alkgssolutBs, | n al |

exanpl es, the, reactj.on S carri out contipuously in an emul sion
compri o1 ng. Sngreastioh ol B ol of fisS B e DA RigrGRE "oE et hyl ene
chloride anglixfR¥fBMates or aryl chloroformates and/or diaryl carbonates are effected.

15 The pumps already described above for the process according to the invention are
suitable for this use. Centrifugal pumps, particularly preferably peripheral wheel

pumps, are particularly suitable for this purpose.

All the references described above are incorporated by reference in their

entireties for all useful purposes.

20 While there is shown and described certain specific structures embodying the
invention, it will be manifest to those skilled in the art that various modifications
and rearrangements of the parts may be made without departing from the spirit
and scope of the underlying inventive concept and that the same is not limited to

the particular forms herein shown and described.
25 EXAMPLES

In a continuous phase boundary process, polycarbonates were prepared by means of
different reactor concepts in each case. In the experiments, the influence of the use
according to the invention of the special pump prepared with known reactors, such as
pump circulation reactors or nozzles, was investigated with otherwise identical reaction

30 settings.



wei ght of chl orobenzene. The chain term nator used was p-tert-butyl phenol
(BUP). The catalyst used was n-ethyl pi peridine (EPP). The pol ycarbonate
solution obtained after 5 the agueous phase had been separated off after
passi ng through the dwell cascade conpgfsing the four reactors NRL to NR4
in Fig. 3 and 5 was washed acidic with hydrochloric acid and then washed

neutral by [ARRERarRplcs tRCrea @ Ras A abridd Sl cobl@ionsly ah hit eshuedreiompHthg
pol ycar bonat e sol uti ons washed in this manner were dried and were then

concentr at étﬁtftmné\a&pb’lea't maviurgfof 5A% yoweight of neghplees ehlprdmand SWh byhe 10

dual | t t 100C | te.
oS ol or bRt R Y e R sk s -fe- by PRER I BYR R o' ©
settings: cbﬁly@t sdeh evRInaétRyIpHletitline TEPPY) WH?B@U&rhSﬂeﬁe §olﬂﬁd$h 6&a1%9@aﬂfé}| of
bi sphenol Al h), Na bisphenol ate content 5.0% by wei ght of

b| sphénol attke advgeescphase adebeen@mratﬂépgwﬁebpa%m tlsr@ugh thervactl caswdggene 72.18

0.73 mol/h 737 S f 50% b i ght of
met hylene CRIBPFiE TR sty NG T NRUGR FI: opdiseht et 83NNy oxi de
sol ution: J@rodhtib aciiaet teanhkd nddbAl BY nvRhgbE disd se ghﬁgﬂs whased on the
total weight of the sodium hydroxide solution, for 0 dissolving 136.5 g of

bi sphenol ~Aem@wdalingd Woyh@@@@ﬂrbﬂﬂatﬂrﬁoémw@s washaskin this snaoner wgegrigd h:  NaOH

content: 44%hb sodi um
hydr oxi de. <87 g HHEh EticeRra & RV rutiDEanat ARl Mo HmSat g heSt ol vent
m xt upe S0:r&fdual s¢ieéiliy & vaklol d@1@7(7veﬁ/ah10((°0116@ i2the/polyebrbe@hteent 50: 50) 25
Phosgene/ bi sphenol A: 122 nol % of phosgene, based on the anount of

bi sphenol A EPP/ bi sphenol A: 1.0 nol % of EPP, based on the anmount of

bi sphenol An all puenples gheproredure wagetieited with orfollpwingdreantiontsettiagunt  of

bi sphenol A Reaction tenperature: 34C 30 Polycarbonate content: 15.0% by
wei ght of pol ycaidisiggieaolatiasvbdionnthrheghpot $il0.3 ghi(0!508 adol biibispladnat M),

di ssolved in aboverrentl oned solvent Addition of the chain term nator after

the first react oya tisghenqlgle contpnt:i 1o % by tveéehe RANA bispranalale drasehmen Bkt ected i n
al I exanpl es i nSUEReBhhe BRhtich

15 e Phosgene: 72.18 g/h (0.73 mol/h)
o Solvent: 737.7 g/h (solvent mixture of 50% by weight of methylene chloride
and 50% by weight of chlorobenzene)
» Sodium hydroxide solution: 113.9 g/h; NaOH content: 44% by weight of
NaOH, based on the total weight of the sodium hydroxide solution, for
20 dissolving 136.5 g of bisphenol A
o Sodium hydroxide solution after first reactor: 49.5 g/h; NaOH content: 44% by
weight of NaOH, based on the total weight of the sodium hydroxide solution
¢ Chain terminator BUP: 3.594 g/h (in 140.2 g/h of solvent mixture 50:50)
e Catalyst EPP: 0.677 g/h; (in 6.2 g/h of solvent 50:50)
25 e Phosgene/bisphenol A: 122 mol% of phosgene, based on the amount of
bisphenol A
¢ EPP/bisphenol A: 1.0 mol% of EPP, based on the amount of bisphenol A
* BUP/bisphenol A: 4.0 mol% of BUP, based on the amount of bisphenol A
e Reaction temperature: 34°C
30 ¢ Polycarbonate content: 15.0% by weight of polycarbonate, based on the total
weight of the solution, dissolved in abovementioned solvent

¢ Addition of the chain terminator after the first reactor



conparabl e relative viscosity (Tl,ei) was achieved for the end products.
Exanple 1 (conparative exanple): Polycarbonate was prepared according to the
experinmental setup in Fig. 3. Aglass 5 punp circulation reactor UR 2
according to Fig. 4 to which a dwell ca86ade of four stirred tanks
(postreactors NRL to NR4) for the postreaction are connected was used. In

t he_ [ Ddi Vi duRl addBRGF IS0 cHah?teﬁhinﬁfdr R&s %ff@é’f&l\hﬁal}/\@{aﬂnﬂési iﬁ%ﬁclbé/w'ﬁ?m&w M In
addition, two gear punps with notor Mwere fpresent before and after the
o

| ast post r egotperabRelativg visspsipyHamn was eclievedtipoie cposyanes. i n t he
abovenenti oned sol vents and sodi um hydroxi de 10 sol ution were fed

conti nuously. to .t u irculatiqn reactor in the abovenentioned anobunt
and back-mlyg%aan%qifg%ﬁgﬁéifvﬁgﬂ%"ﬂe Valve V7.3 open. The stirrer used in the

punp circul ation reactor was operated at 1000 revolutions/mn. At the outl et
of the puriplgaftmbeiwarpregred sicordifietorthact jepimeital betap inBig, 8 4¢has ged
continuously framthe punp circulation reactor, mxed with a chain

t er mi Mat or wERP §iEcalasignireactrrtUiR Zagenringso Figs ddeavhigh ¢ dwell sascadecf fodinks, shown

in Fig. 3, f. I e, C | i
bost r aact or e s SRRHERR6H N oTORa (R BRI ROL R col et dEMADLLl 1o,
setup as I nh&kAREal keamﬁs,ulseeﬁinib%telehﬁﬁtswdweri\/éhBymsorglvps@dddiimn,tthe punp

circulation reactor UR 2 so that back-m xing was ruled out. As _a result, the
20 punp ci résar eempnvite moterrMuyrere praserdtbe e andiafies thiolaptenosheacsardNRENmpl e 3

(accor ding G RS ale MEEE M SR LhE AU CLEC WAL BERBLEL LR 2

i n Exanpl e a peri ral ording

Qt hermi se, sohgiofavee GdRhiNERISE! to3RE plinpaiFcilsesh @actor in tRXaemedtidmell. Fi g.
5). Na bi sphenol ate sol uti on, phosgene 1 n the abovenentioned 25 sol vents and
sodi um hydramquaearsbbaskitaixeddy sirpdatinowith valya MA3 epere Abe plifigy ukd indhe he
abovenenti gned. anount and. m xed by th ating. peri.pher.al e rovi ded
wth bl aqdarnyAREBopRPRi SR oleedd 1 O P RBRE BT B TR 0

di schar ged plﬁgmitdmmsﬂrya&drpmetrmtibﬂhﬁkﬂuﬁr wa ditdHargddrantiiiouely irh khea chai n
term nator and passed into the dwell cascade of four stirred tanks, shown
in Fig. 5, musip eirralgtiostreastert mbred Witea glipie tarminpser and pagsed inte thendwalhi r d

. rRl- b h he. | ith I d
Dol ychs bonaPeags ek et artakS e b FinSapt it elifR g hBuibian st wicn
bi sphenol Ao {RAfird postreactor NR3.

Example 2 (comparative example):

The same experimental setup as in Example 1 was used, but the valve V7.3 was closed
in the pump circulation reactor UR 2 so that back-mixing was ruled out. As a result, the

20 pump circulation reactor UR 2 functioned as a normal nozzle.
Example 3 (according to the invention):

Instead of the pump circulation reactor UR 2 in Example 1, a peripheral whee! pump
RM according to Fig. 1 was used. Otherwise, the same experimental setup was used as
in Example 1 (cf. Fig. 5). Na bisphenolate solution, phosgene in the abovementioned
25 solvents and sodium hydroxide solution were fed continuously to the pump RM in the
abovementioned amount and mixed by the rotating peripheral wheel provided with
blades. At the outlet of the pump RM, the reaction mixture was discharged
continuously from the interior of the pump, mixed with a chain terminator and passed
into the dwell cascade of four stirred tanks, shown in Fig. 5, for the postreaction. The

30 catalyst was fed to the third postreactor NR3.



Tab. 1: BPA content in the Exanple wastewater MV U Tire] [pprn by weight]
/mol 1 238 19 182 1.54 1.215 2 675 19 111 1.69 1.214 3 48 19 353 1.51
1.218 5 The relative solution viscosity Tire, was determ ned in

di chl oronet hane as solvent at a concenifation of 5 g/l and at a tenperature
of 25C using an Ubbel ohde vi sconeter. The BPA content in the wastewater was
det erm ned 1y BR&Gs OF rédikCvandesdid teldk Polyicaibohaid Dbaidedaint She Sctlukibh aF i on
with the BPA. The results show a substanti'al reduction of the wastewater

pol | ution whe tesBHAg wiastewates withtbisphenelcs BBMANG to the invention of the

speci al punp conpared with the conventional preparation by neans of the
punp ci rcul,gti qo reactor or sinple nozzle. Wien the phase boundary process
is carried ElR according to the invention an increase in the phosgene and
sodi um hydroxi de sol ution addition for conpleting the conversion of the

di phenol is fhereforg notBpacessntin the process carried out|f accordimng to

the invention Exampibher ef or eyakffwaiere econgmi ogl than agcor|di ng to the
known processgs. 'i:l'ﬁje nonunidﬁrg%e%hﬂ\hich i “neasure of theqﬁﬁoadness

of the ITD|ECU—ﬁ'|“—50€r:"|L G-St+1 ot ot —thReTT '4,.|| Hyearbgngte;—coul d
al so be slightdy Pdﬁred_canpaLegMb& P ¥ Z ihﬁﬂabﬁfﬁim)m
processes. -38- CRAIMG 1. A pro8&ss for conti A8l v| prie®9rijngla214

pol ycar bonat el or 8 copol ycarbonat4® or a di aryl 1@388nat .8y tlhe ighigse
boundary process from a di phenol or a nonophenol, phosgene and a catal yst,
optionally in the presence of at |east one 5 chain term nator and/or
branchi ng agent, conprising (a) continuously m xi ng of an organi ¢c phase and
an aqueous Pieasktive seldtiorovigeosity nphasedatemnprédsinidichdoronicthane assalvenbhea f or sai d

pol ycarbonate or_.co ar hopat e or .di ar.yl,car.bona hosgene and said
aqueous pHELCESHBHER Bglk éaag iaﬂa gﬁ"ﬁﬁebﬂ%&ﬁgréﬁﬁﬂ‘%ﬁ%mg%ﬂggﬁﬂ _ e’?erand al kal i
10 sol ution;

The BPA content in the wastewater was determined by means of HPLC and UV

detection (245 nm) after calibration with the BPA.

The results show a substantial reduction of the wastewater poliution with BPA with the

10 use according to the invention of the special pump compared with the conventional
preparation by means of the pump circulation reactor or simple nozzle. When the phase
boundary process is carried out according to the invention an increase in the phosgene
and sodium hydroxide solution addition for completing the conversion of the diphenol
is therefore not necessary. The process carried out according to the invention is

15 therefore also more economical than according to the known processes. The
nonuniformity N, which is a measure of the broadness of the molecular weight
distribution of the resulting polycarbonate, could also be slightly reduced compared

with the products obtainable by known processes.



(b) reacting said di phenol or nonophenol and said phosgene in the presence
of a catalyst to give a polycarbonate or a copol ycarbonate or an aryl
chloroformate or a diary] carbonate or a m xture of an aryl chlorofornate
and a diaryl carbonate; and 15 (c) reacig hg sai d pol ycarbonate or

copol ycarbonate or aryl chloroformate or diaryl carbonate or m xture of

aryl chloroformate and diary] carbonatgeajyis a reactor with additional alkali
solution and optionally a chain term nator and optionally a further

catal yst; wherein said continuous mxing in (a) and said reaction in (b) are
effected ih a 2Aorpessp fongieatieiquslygirepasing polwmeehoanedr acopelarargonate etve

stator-rotor prijnciple: - .1S.ther tatable: a - GO ;S an entrance
dﬂaﬁ acgrgiogﬁtg bgﬁhe ﬁﬁ?arsgﬁ n rprg’)gti:sa rPl%m a ARG o??e

for said organicC e aqueous phase and

optional |y conpiichephenbl, pADGRAe hid a SaiBlg§abednall R it theipheser&e dfek Manainer . a
branchi ng agent, and/or additional alkali solution and at |east one exit for
sai d pol ycar bonghain grmitsie apdar bomshiag sectdr sampising of ormate or  di aryl
carbonate or m xture of aryl chlorofornmate and diary] carbonate. 2. The
process of claif)l, whemabuslynfisinglo€an oegaaicymitisd adismediueous(phpse, 3aid The
process of claim1, wherein said pu conprises._entrances for additional 30
al kali solution and g{gaplggglpseoqp@i}gﬁ% %%ﬂlﬁ%ﬁ?‘%g‘réﬁbﬁad BolyrarbeRiE 9t ar bonat e

O oo o, MR (LSBT oAl g

chl oroformate and diar carbonate.” 4. The pro

punp has one or norephateompriSing bind apligheaskoraf mohaphendl, wateerandnlkabi d punp is
thernpstatable to a te]rrﬁerature of 5 from-5Cto 100 C 6. The process of

cl ai nt’5, wherein sai &P'BYp is thernostatable to a tenperature of from 15 C
to 80 C. 7. The process of claim®6, wherein said punp is thernostatable to a
tenperature of (Wronteasting said dephenol pomenofhraoharslsakphyfsgenedh ghelpresehes ei n

said diphenol Is of ]:)P 4 E%{ldl?/st tU%vZe-a%lycarbonate or a copolycarbonate or an aryl

chloroformate or a diaryl carbonate or a mixture of an aryl chloroformate

and a diaryl carbonate; and

15 (¢}  reacting said polycarbonate or copolycarbonate or aryl chloroformate or
diaryl carbonate or mixture of aryl chloroformate and diaryl carbonate in
a reactor with additional alkali solution and optionally a chain terminator

and optionally a further catalyst;

wherein said continuous mixing in (a) and said reaction in (b} are effected in a

20 pump, wherein said pump
- operates according to the stator-rotor principle;
- is thermostatable; and

- comprises an entrance for said organic phase and an entrance for said
aqueous phase and optionally comprises entrances for a catalyst, a chain
25 terminator, a branching agent, and/or additional alkali solution and at least
one exit for said polycarbonate or copolycarbonate or aryl chloroformate or

diaryl carbonate or mixture of aryl chloroformate and diaryl carbonate.
2. The process of claim 1, wherein a further catalyst is used in (c).

3. The process of claim 1, wherein said pump comprises entrances for additional

30 alkali solution and at least one exit said polycarbonate or copolycarbonate or



wherein Z is a divalent organic radical having 6 to 30 carbon atons and
which contains an aromatic group. 9. The process of claim8, wherein said
di phenol i s hydroqui none, resorcinol, 15 dihydroxybi phenyls,

bi s(hydr oxyphenyl ) al kanes, bi s(hydroxyphenyl ) cycl oal kanes,

bi s( hydr oxyphenyl ) sul phi des, bi s(hydroxyphenyl) et hers,

bi s( hydr oxyphenwty kRlces¥8ematl o diavd carbibnatt BE Mk thfd b fa@N®Soroformate and
bls(hydroxyphenyl)sulphOX|des

ct, ct' -bis(hydr Kyﬂh@dymﬁwtlsopropylbenzenes 20
bls(hydroxyphenyl)phthal|nldlnes or the compounds thereof which are

al kyl at ed, aI kylﬁ%% 5fhc('i’a1ﬁ1uf:| q%?el %ld ﬁl,ng)gr%ggbgg %la tx%‘?or ucl eus. 10. The

process of clal Wivet €i hShid" Raw6l roxy i phenyl ,

2, 2- bi s(4- hydr oxyphenyl ) - 1- phenylpropane 1, 1- bi s(4-

hydr oxyphersyl ) phgie pr&iebodtslaim 2, \ﬂi@éiﬂsﬁiﬂ@nﬁmwphﬁmbsﬁmﬁbﬁa@ete(lblbamhﬁ:nﬁl A 25
(BPA)), 2,4- blSé4 hydroxyrhqﬁyl) 2- et hyl but ane,

1, 3- bﬁs[Z ( 4- hy diogxypife Hy propyl ] benzene (bisphenol M, 2,2-bis(3-

met hyl - 4- hydroxyphenyl)propane bi s(3, 5- dlnethyl 4- hydr oxyphenyl ) net hane,

2,2-bis(3,5 - i d
4- hydroxyphenyl Qé}ocﬁa(s)%%fj{]%ﬁyﬂbl s%%’ﬁlg& H?,P*ei“’ ﬁst ra g’fgg % #y]fe)ratyr Zfoqf

2- et hyl but ane, fﬂaniBibPG[t&S()BCS di net hyl - 4- hydroxyphenyl) 2- propyl ] benzene,
2- hydr oxycar byl - 3, 3- bi s(4- hydr oxyphenyl )pht hal i rri di ne, 3, 3-bis(4-

hydr oxyphenyl ) - 1- phenyl - i.ndol - 2-ane, 2, 2-bi s hydr oxyphenyl ) - 1- phenyl -
1H i ndol - 7gne éw@rfzﬁeﬁﬂw@ @H;w)ipfmm Pmﬁaﬁ%dv agmprsature of_ b g ( 4
5 hydroxyphenyl é-%nggbé?i ki ndol - 2-one, 3, 3-bi s(4-hydroxyphenyl) - N-net hyl -
pht hal i m di ne, 3,3-brs ﬁydr oxyphenyl ) - N- phenyl pht hal i mi di ne or 1, 1-bis-(4-
hydr oxyphenyl ) -3, 3, 5-tri net hyl cycl ohexane (bi sphenol TMC). 11. The process
of cll@ m 1,8 wherlkieprazsdoimaephenadrein saidfdighenoiik af (drjnula / \ OH F2 (1), 10
wherein R is hydrogen, hal ogen, or a branched or straight-chain Cl- to

C9-al kyl radical or al koxycarbonyl maolizceH, 12. The process of claim 11,
wherei n sai d nonophenol is phenol, cresols, p-tert-

wherein Z is a divalent organic radical having 6 to 30 carbon atoms and which

contains an aromatic group.

9. The process of claim 8, wherein said diphenol is hydroquinone, resorcinol,
15 dihydroxybiphenyls, bis(hydroxyphenyl)alkanes,
bis(hydroxyphenyl)cycloalkanes, bisthydroxyphenyl)sulphides,
bisthydroxyphenyl)ethers, bis(hydroxyphenyl)ketones, bis(hydroxy-
phenyl)sulphones, bis(thydroxyphenyl)sulphoxides,
o,o'-bis(hydroxyphenyl)diisopropylbenzenes,
20 bis(hydroxyphenyl)phthalimidines or the compounds thereof which are

alkylated, alkylated on the nucleus, or halogenated on the nucleus.

10.  The process of claim 8, wherein said diphenol is 4,4'-dihydroxybiphenyl,
2,2-bis(4-hydroxyphenyl)-1-phenylpropane, 1,1-bis(4-
hydroxypheny!)phenylethane, 2,2-bis(4-hydroxyphenyl)propane (bisphenol A

25 (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) sulphone, 2,4-bis(3,5-dimethyl-4-hydroxyphenyl)-



but yl phenol , p-cunyl phenol, p-n-octyl phenol, p-isooctyl phenol,

p- n- nonyl phenol , p-isononyl phenol, p-chlorophenol, 2,4-dichlorophenol, p 15
br onophenol , 2,4, 6-tribronophenol, nmethyl salicylate, or a m xture thereof.
13. The process of claim1l, wherein sai40punp in (a) and/or (b) is a
centrifugal PUWP. 14. The process of claim13, wherein said centrifugal

punp is a peri phapghyh@ge, 1, PBiEP2- (ﬁﬂdﬁﬁethﬂit@hﬁd@ﬁﬁﬂﬁnﬂﬁ zc;.lbr@p Henzider ei n

said punp is designed according to the one- t 1 chamber

principle. 16. Afpfdl’%}’fi@‘b)’bbﬁthlﬂ&thydtwiym@gﬁphthghlmﬂl%érihblﬁ@t-e or diaryl
b b h
cccording to  noveBaTaReyGHoRREY I RERRRA 85 S S SRR s R P R G .

conprises at qutﬂtin@@lemaé,mgﬁsg(zf Hydr@?yphléﬂﬂﬂul%ﬁhﬂsﬁ{aﬁ&bl@toﬂeeagtblqlﬂe
entrance for an aqueous phase. -41 iE#Of claim 16, wherein said

punp further co hﬁdf%ﬁﬂleém)flamé@y 1-{ Brindol-Ztvag. A (- herexyphany-Bnekihsly agent

pol yoar bonat ¢ oPRBIIGREARERSEnERO Ry s SRR e BT U b bonat o

or mxture of ahydrogiRnohS BiemamdStidhytane GibsHabETME)18. The punp of
claim17, mhere|¥ sa?% pggp contlnugf?y effec?ﬁ (1) the mxing of said

organi c phase and sai d aqueous phase, wherein said organic phase conprises
a sol vent 3di t afhe prasesssaticdpipol, WF%%@@Q@PP@leSﬁ@WM or diaryl
carbonat e and phosgene and sai d agueous phase conprises a di phenol or a 10
nonophenol , water, and al kal i solu, \ and (2) the reaction of said

di phenol or said nonophenol and pf ne (§ip gi ve a pol ycarbonate or a

copol ycarbonate or an aryl chl oroka dte or a di ar¥l), carbonate or a m xture
of aryl chloroformate and diary® carbonate. 19. The punp of claim 18,
wherein said punp is a centrifugal punp. 15 20. The punp of claim 19,

wher dn sai d cerihetdinak hpdurgen, habgpirar ahedthedvestaightehpin C- to Cg-alkyl

radical or alkoxycarbonyl radical.

12.  The process of claim 11, wherein said monophenol is phenol, cresols, p-tert-
butylphenol, p-cumylphenol, p-n-octylphenol, p-isooctylphenol,
p-n-nonylphenol, p-isononylphenol, p-chlorophenol, 2,4-dichlorophenol, p-

15 bromophenol, 2.4,6-tribromophenol, methyl salicylate, or a mixture thereof.

13.  The process of claim 1, wherein said pump in (a) and/or (b) is a centrifugal

pump.
14.  The process of claim 13, wherein said centrifugal pump is a peripheral wheel
pump.

20 15.  The process of claim 1, wherein said pump is designed according to the one-
chamber or multichamber principle.
16. A pump for continuously preparing polycarbonate or diaryl carbonate by the
phase boundary process, wherein said pump
- operates according to the stator-rotor principle;

25 - 18 thermostatable; and

- comprises at least one entrance for an organic phase and at least one

entrance for an aqueous phase.
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17.

18.

19.

20.

-41 -

The pump of claim 16, wherein said pump further comprises entrances for a
chain terminator, a branching agent, and/or an alkali solution, and a catalyst, and
at least one exit for polycarbonate or copolycarbonate or aryl chloroformate or

diaryl carbonate or mixture of aryl chloroformate and diaryl carbonate.

The pump of claim 17, wherein said pump continually effects (1) the mixing of
said organic phase and said aqueous phase, wherein said organic phase
comprises a solvent suitable for said polycarbonate or copolycarbonate or diaryl
carbonate and phosgene and said aqueous phase comprises a diphenol or a
monophenol, water, and alkali solution, and (2) the reaction of said diphenol or
said monophenol and phosgene to give a polycarbonate or a copolycarbonate or
an aryl chloroformate or a diaryl carbonate or a mixture of aryl chloroformate

and diaryl carbonate.
The pump of claim 18, wherein said pump is a centrifugal pump.

The pump of claim 19, wherein said centrifugal pump is a peripheral wheel

pump.



