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Efficient concentration of the polycarbonate solution and vaporization of the residual contents of

solvents at low temperatures is therefore of utmost importance for obtaining polycarbonates with

15 improved optical properties.

There have been a variety of literature descriptions of the process for polycarbonate synthesis by
the interfacial process, for instance in Schnell, "Chemistry and Physics of Polycarbonates",
Polymer Reviews, Volume 9, Interscience Publishers, New York, London, Sydney 1964, pages
33-70.

20 In the interfacial process, a disodium salt of a biphenol (or of a mixture of different biphenols),
initially charged in aqueous alkaline solution (or suspension), is phosgenated in the presence of an
inert organic solvent or solvent mixture which forms a second phase. The oligocarbonates which
form and are present principally in the organic phase are condensed with the aid of suitable
catalysts to give high molecular weight polycarbonates dissolved in the organic phase. The organic

25 phase is finally removed and washed in a multistage process in order to remove residues of sodium
and catalyst. Typically, the organic phase contains, after the reaction, 10-20% by weight of

polycarbonate.

The polycarbonate subsequently has to be isolated from the organic phase. The common processes
for concentrating the polycarbonate solution and for isolating the polycarbonate are described in
30 the patent literature and in textbooks, and are familiar to those skilled in the art. The isolation of
the polycarbonate from the solution is preferably performed by vaporizing the solvent thermally or

by means of vacuum. In order to directly obtain the melt phase after the vaporization of the
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25 Above a particular concentration of polycarbonate (about 60% by weight), evaporation by flash
vaporization becomes more difficult as a result of the high viscosities. Evaporation up to about
60% is referred to hereinafter as preliminary evaporation. It is generally favorable to remove the
residual solvent with other processes, apparatuses and machines. These may be, for example,
vented extruders or vertical tubular devolatilizers. At the last stage, it is also possible to use strand

30 devolatilizers or foam devolatilizers in order to achieve particularly low residual contents.

In the evaporation of polycarbonate according to the prior art, usually excessively high apparatus

temperatures and excessively long residence times of the melt in the apparatus are employed, with
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polymer solution is introduced into a twin-screw extruder and foams therein. The gases are then

removed backward through the flights of the twin-screw extruder to a devolatilizing dome. In
general terms, such backward devolatilization is prior art and is described, for example, in the
textbook "Der gleichldufige Doppelschneckenextruder” [The Corotatory Twin-Screw Extruder],
Klemens Kohlgriiber, Carl Hanser Verlag, ISBN 978-3-446-41252-1, on pages 193-195. One
30 disadvantage of backward devolatilization is a limitation in the amount of solvent evaporated off
because the screw channels are relatively narrow and, as a result, high gas velocities are achieved,
which can lead to entrainment of product into the backward devolatilizing dome. Thus, a relatively
high proportion of residual solvent has to be evaporated out in the further stages of the extruder if

65 to 75% by weight polycarbonate solutions are introduced into these apparatuses and are to be



are descri BMS 08 1 1815 WQ-pat 52 and EP 1 165 302. In these two extruder

processes, what is called backward devol ajilization at the extruder
inlet is described. In this case, an optibhally preheated 25 pol yner
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with pressure retention is supplied to a vented extruder. The gases which form are then removed
from the extruder by forward and backward devolatilization. This process thus suffers from the
same limitations resulting from high gas velocities in the narrow screw channels as the processes
for backward devolatilization, and from local superheating at the screw flights in the presence of
30 dichloromethane. As shown by examples 60 to 65 in EP-A 1 510 530 for polycarbonate solutions,
the residual solvent contents are sometimes well above 1000 ppm, which is intolerable for most

applications.

EP 1 113 848 B1 described, for the last stage of the evaporation, a combination of pipe and strand
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is arranged at right angles on one of the first housing of the vented extruder, and that at least 70%,
preferably 100% of the cross section of the screws, open in the upward direction, is available as an

inlet orifice for the melt falling downward out of the downpipe devolatilizer.
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downstream process stage. Preferably, this apparatus conbination is
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i nvention, inert gas 1s I nject ed as an entrail ni ng agent I n one or

more housi ngs of the vented extruder. The evaporation in the
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extruder, 158]cheuss Jn*e%mﬁgﬁgq%eimtoa@o%&ﬂg&ﬁngg Br fAe iRk eeheand thus

t he terrperature and hence't product damag€, to be reduced.

The evaporation in the downpipe devolatilizer, said evaporation being upstream of the extruder,
15 allows the speed of the extruder to be lowered and thus the temperature, and hence the product

damage, to be reduced.

The downpipe devolatilizer used in accordance with the invention contains at least one heatable
shell-and-tube heat exchanger which is arranged vertically on a separator and is connected directly
thereto. The tubes of the shell-and-tube heat exchanger charged with polycarbonate melt open in
20 an unrestricted manner into this separator, which is in turn connected in an unrestricted and
unblockable manner via the lower cone directly to an extruder housing of the vented extruder, such
that the concentrated polycarbonate melt leaving the shell-and-tube heat exchanger can pass

directly into the vented extruder,

In a particularly preferred embodiment, the separator has, in the upper region, at least one exit
25 orifice for removal of gaseous vapors, at least one separation vessel, on the base of which melt
particles entrained by the vapor stream can separate out, and a vapor condensation unit. Beyond

the condensation unit, a unit for vacuum generation with pressure regulation may be present.

In a preferred embodiment, the downpipe devolatilizer consists of a shell-and-tube heat exchanger.
The polycarbonate solution is introduced through an exit orifice at the upper end of the downpipe
30 devolatilizer and supplied via a distributor plate to a multitude of tubes which are heated from the

outside. The heating is preferably effected by means of condensing steam, a condensing organic
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the downpipe devolatilizer additionally improves the overall performance of the vented extruder.

In a preferred embodiment, the inventive device is for devolatilization of polycarbonate solutions,
preferably from the interfacial process, comprising at least one organic solvent. In the context of
this application, the terms “polycarbonate solutions” and “polycarbonate melts” should be

25 considered to be equivalent.

The polycarbonate solution comprises preferably 65-95% by weight of polycarbonate, based on the

total weight of the polycarbonate solution,

The additional introduction of entraining gases both upstream of the downpipe devolatilizer and in
the vented extruder further improves the degree of removal of residual volatiles in the
30 polycarbonate melt in a gentle manner. The particularly volatile dichloromethane is almost
completely removed in this way before it comes into contact with the shafts of the extruder, as a

result of which the harmful influence of dichloromethane on the color is avoided.

In a specific embodiment of the polycarbonate residue devolatilization process according to the
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) y
wei ght, pr et algl yStﬁeé] st o \;f)gdﬂgbw%} gﬁ{nPH): 2.4605 (NiCr23Mol6Al) "and 2.4610
(NiMo16Cr16Ti). The polymer concentration at the inlet into the extruder is between 80 and 99%

by weight, preferably 90 to 99% by weight.

The vented extruder may be of single-shaft or multishaft design, preferably single-shaft, twin-shaft
25 or four-shaft, most preferably twin-shaft. The design of a multishaft vented extruder may be co- or
counter-rotatory, closely intermeshing or tangential, or, in the case of four or more shafts, a
combination of closely intermeshing and tangential. Particular preference is given to the design as

a closely intermeshing, corotatory twin-screw extruder.

In a preferred embodiment, it is possible, for example, to use screw elements for multishaft screw
30 machines with pairs of corotatory screw shafts and pairs of screw shafts which scrape one another
exactly, with two or more screw flights Z, with an axis separation 4 and external diameter DE,

where the sum of the flight angles of one element pair is greater than 0 and less than

A
2%—4Zarccos(ﬁ). Such screw elements are described, for example, in German
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Was
yet to be Riag oufice #ssigned, tp ﬁl@i $95qnd devolatilizing zone was preferably in the range from
0.3 to 10 kPa, and the absolute pressure generated at the devolatilizing orifice assigned to the third

25 and further subsequent devolatilizing zones was preferably in the range from 0.1 to 3 kPa, the
pressure preferably decreasing in each step. Each of the devolatilizing zones preferably has a
devolatilizing dome through which the vapors which form are removed. Between the different
devolatilizing zones of the extruders are arranged backup zones in which a pressure drop is
generated by neutral or backward-conveying elements, as a result of which the free cross section of

30 the extruder is completely filled. This enables different pressures in the gas space of the
devolatilizing zones. Preference is given to using kneading elements or backward-conveying screw

elements for this purpose.

In a preferred embodiment, the devolatilization in the vented extruder can be positively influenced
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purpose. BMR ALY LighleidNiBal 4 dihydroxydiphenyl, 2,2-bis(4-hydroxyphenyl)-1-phenylpropane,
25 1,1-bis(4-hydroxyphenyl)phenylethane,  2,2-bis(4-hydroxyphenyl)propane, 2,4-bis(4-hydroxy-
phenyl}-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) sulfone, 2,4-bis(3,5-
dimethyl-4-hydroxyphenyl)-2-methylbutane, 1,3-bis[2-(3,5-dimethyl-4-hydroxyphenyl)-2-propyl]-

30 benzene and 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC).

Particularly  preferred diphenols are 4.4-dihydroxydiphenyl, 1,1-bis(4-hydroxy-
phenyl)phenylethane, 2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxy-
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a kneadi ng pheryBprophe, volluwzlﬂlbzm)@)he@l)tycaihaiang agent 1, bbe@ppldiaaephenyl)-3,3,5-
shoul d prefera | ess than or equal to 390 rpm

be preferaﬁ@@ﬁgﬂ%gﬁ%S g@@%?“ﬁi@@» Downst ream of the devol atilizing
zone, additives and optlonally a streamof nolten polyner are al so
added, whi ¢h tiar @sé¢rbK E@indﬁolyharbditﬁteﬁ&hry ﬁiel‘cﬁlﬂﬁhdyll‘is asqif &Sﬁiél'cﬁseb&ﬂ' do@bﬂ@carbonates

zone. The pres ildu m Xi n

three-fli gﬁ?"ebaiéfpgﬁn‘;ljsp?réfl ‘?deﬂ IR B & ‘f%d ﬁi‘fvﬁg 0“6’1‘ CIE%P&S Tridu a§pigtants
desi g8 and ap@dtth G SnthREieiR! BAE Be E&tﬁnf&lﬂé&&ltﬁ ltheOidpuAl 88 @inat e bR REr own
10f i ght design . is associated with a reduction in the dianeter if the

precedi ng d¥¥RRsist hanflbneapdstassge orlthpugh ihisgissiralert ol Wishvery edsigntiallyjpdean raw
t her nopl astisraR! ycar bonat es obt ai nabl e by the process according to

t he invention have a residual content of volatile substances

(sol vent s, espeC|aIIy nmonochl or obenzene) of not nore than 2000 ppm

pr ef er abl y The gpanofinetipnalogpin fsrminptarspisaure e fregudah thef melpguby weightoryr example
ppm based gi0t e ARR hotorR egpaa@lw Eff)lhcnoTh -tér@mtﬂy@mldu&twrpﬂm haﬂﬁylphenol
content is not nore 1 preferably |ess than 1 ppm and

pr ef dPabl y chlexsarbepie eﬁeis tquf( @rr@ed ellorides mf onavaearbrapidy acigy, pn@nvu@s of these
suitable f Qhaih Ha?mﬁl o ol @ﬁg@d% {Plg tldxp&thkmﬁmﬂe% &&BXI% GPAL ﬂsbl?dﬂomdes
of pol ycarbonat e have en ‘descri many tinmes i

Sui t abl e diophlenaddsd at eny ¢tb¢r Pokd frpthe, S}'lhty@rsoqmmd@rhélat plwsgtmc longlilprocarbomc acid
di hydr oxydi, i Kk

bi s{ hydr Oxyg gﬁ%élai él%c 151 a}%/ g%ﬁ?e(?sﬁ th% a?Egl{d]%’{l(l)%(@rBhgrh Iil the case of the acid chlorides and
bi s( hydr ox yplhexghdnie tekrers s3s @hs(hmdmﬁx@phemmgymkﬂf@Mﬁsphmmhcendgnmpsofﬂw

2 coTB s nyROB ek e PRy ERSE Bl by B dotaro acced ater

ring-all cyItl&t;ﬂnds@mdlomangsﬁbair(ageﬁmb adieeanphoyeis: it hasanbny 1Bfigt, it the catalyst is
(2j|1 gf]&n gl( Z %gr:/tceﬂ) @;Wﬁggﬁ{} ng r%aglg ,|e iggd&baésl;?&e nygtered in before the catalyst, together with the
1, 1- bi s(4- hmd@abyphﬁnyknphenylethane,
2, 2- bi s(4- hydr oxyphenyl ) pr opane,
2, 4-bi s(4- oxyphen 2- neth | but s ) ,

. 3- bi s[ 2- dkﬁ*y vﬁ; ll%w nng alg 15?))% %ﬁ@ﬁ@% élge(nbingbtﬂpgﬁ GFe Wt}onally added to the
, 2- RS ( 3- synelidd) T4pibaEl %&iﬂh@gﬂékdﬂw QRIBR:, are added before the chain terminators. In
is(3,5-dineth 1 4 hydr oxyphenyl ) net hane, 2, 2-bi s
di met hy1- 4 SRFELd Squ)"‘B?rB'bf'dH]é or pgid chdorideg ofay ﬁwtracaﬁgpaﬂwﬂﬁﬁwl}mms of
sul fone, 2t RilgS 311055‘ oxddfrfﬁd hvd cioriaedr RX ¥RAESIH oﬁthgﬁdlhﬁ/dugdbt Whi€h have three or
1,3-bis[2-(3,5-dinmethyl-4 hydroxyphenyl& 2- pr opy -

more than three phenollc hydroxyl groups ‘and are suitab e as branchmg agents are, for example,

1
2
b

phloroglucinel, 4,6-dimethyl-2.4,6-tri(4-hydroxyphenyl)heptene-2, 4,6-dimethyl-2,4,6-

25 tri(4-hydroxyphenyl)heptane,  1,3,5-tri(4-hydroxyphenyl)benzene, 1,1,1-tri(4-hydroxyphenyl)-
ethane, tri(4-hydroxyphenyl)phenylmethane, 2,2-bis(4,4-bis(4-hydroxyphenyl)cyclohexyl)-
propane, 2,4-bis(4-hydroxyphenylisopropyl)phenol, tetra(4-hydroxyphenyl)methane.

Some of the other trifunctional compounds are 2,4-dihydroxybenzoic acid, trimesic acid, cyanuric

chloride and 3,3-bis(3-methyl-4-hydroxyphenyl)-2-0xo0-2,3-dihydroindole.

30 Preferred branching agents are 3,3-bis(3-methyl-4-hydroxyphenyl}-2-ox0-2,3-dihydroindole and
1,1,1-tri(4-hydroxyphenyl)ethane.

The catalysts used with preference in the interfacial synthesis of polycarbonate are tertiary amines,



30benzene o> ,81 S penat roxypheny1) - 3+3, 5-tri met hyl cycl ohexane

(bi sphenol TMC). BMS 08 1 181- WO nat ph?nyl)propane,

1, 1- bi s(4- hydroxyphenyl ) cycl ohexane and }

1, 1- bi s(4- hydroxyphenyl) -3, 3,5- trinethylcycl ohexane (bi sphenol TMC).

In the case of honopol ycarbonates only one di phenol is used; in the

case of copsneyiaay bdethyleminse\néb*mmmlihghemtyﬁmamﬂe N—sﬂﬂlpilmﬁdi@au Nagthglpigeridine,
' i.ke a ot h chem cal s added

di phenol's 9n T ylpl él g, qu 1 g ﬁl i t n’.1momun"1t gydromde
t he synthes 88 ey Be €6 fnﬂﬁ Aal ed™i ts t A ‘f &
originati ngh]bﬁd)em brbmide, Omﬂrog@ﬁﬁlilfhﬁﬁ IoS,teti’eﬁ]ildiobﬁlgteamﬂblﬁﬁlbd’naﬂ@rmnalhﬁlhOhl;@iﬁ)mde

it is desir subst a |aII clean ra terials.
The nonof ur‘i %‘?’n%fon\éxﬁ%lﬁﬁg\gp lﬁé%/ Grigr ‘?rétﬁ Gasthy, né“ roxide, chloride,
mol ecsl ar weinghd, hydrogenoX ardraetRilafBbordte, @hltwﬂmkﬁmhﬁh coﬁ@&gﬁk 8rkeéponding to

phenol , p-tert-butyl phenol, |sooctyl phenol , cunyl phenol
chl or ocar b&i TR ER SOmpRYREs, fThesg compouady.#e dpscrbed iBtheaaREs ddwgiedl dnterfacial

aci ds, or Rhgls esd ofe cbﬂﬁx%ﬁna@l?%{/eﬂlainl%%ﬁ@ DafiIRh o the p&sciiRAleh Gfint thhh@ catalysts
reaction either with the bi sphenoxi de or the bisphenoxides, or else

added at af§n 8¢ téfcdhis R syathesie indiidually ig, a mlﬁmed@rdelsmakonms@@n@oﬂwr and
chlorocarb QﬁEcgss% do;ﬂirégalgjr o e e gﬂds#naﬁ&{a % efgx@c ﬂr%txﬁe(?&ed additions

m xture, or, 1n the case 'of the aci [ ori des ocarbon
ested§ as eheithe intodictian of Bhosgene,|ulegs asonwih £pngpaynd oph ewoumc)f ewigm compounds

groups of the 13 Q?Ll}(ﬁg M W8 %gke ?Jefé?en@é § e%\y i, %ﬁ&fiﬂn Eéfﬁ;eqﬁg‘gle%éregaalagi{ion of

chain tern1nator Wever , are ad af t osgena
a site or ghosgerts Tiee aatwdyrst(s)von bfhmstgeden msulpﬂtaasem aringst $0dwge pl;efdnakﬂy thiagolvent
Al terpnativel

catal yst i Sg¥let c?lyctaﬁ)%nﬁg sg}tﬁesis Qli else e?sher} agueOus %’o%utmg,a%n lllati'l 8?‘58 oﬁ the tertiary

netered in cat
paral | el . khmirehas thamramwym sbltsammfmgthagﬂatp&fmbljammcdi b¢igs, a@eﬂﬁlly hydrochloric

m xt yces are tlonaII ed to e 20 synth Ty

oy AR o 2ot e R st O et s ire e D R pRre i gt grppun
general , tif Gemahﬁﬂ,di S of éliﬂlé?dea[sb b&dﬁ@ﬂﬁo?hdeﬂ@k&d1?&bﬁrmdﬂ&ﬁll g(ﬁfetﬁoﬂi at I‘c]liﬂ"eren_t (sj1tes or
t et racar boxyl.i.c aci ds, m, Xt ur es ol yp. S or e. aci

chl ori des, @ ‘%' ‘i?gtetﬂnessg 08“[1 apgnt (95(#15 E’étp %H’ﬁ\l/éo i%’i“@le/“ %"fse‘}rB‘F goles of
t han t hr ee bpiemelsusedydfceatil 0. @r@@%l%nﬂlo@rpeef&hulp alok & s#molt.anchi ng

agents are, for exanple, phloroglucinol

4, 6-di nmeth tri(4- hen hept ene-2, 4, 6-di met hyl-2, 4, 6-
25t ri (4- hyﬁ%@h’ﬁ@ﬁ%ﬁ%@ﬂ’%ﬁ‘é 7t 53659%%%%10 FHPEA e pHi51BGH2 e, ackion can
-tri @4- hy du@xerab @8 iidcted in stirred tanks, tubular reactors, pumped circulation reactors or stirred tank
et hane, tri (4- hydr oxyphen I)phenylnethane 2, 2 bi s(4, 4- bi s(4-hydroxyphe
nyl ) cycl oh&3sgades, or combinations theredf. By using the mixing units already mentioned, it should be
ensured that aqueous and organic phases separate as far as possible only when the synthesis
mixture has reacted to completion, i.e. no longer contains any hydrolyzable chlorine of phosgene

or chlorocarbonic esters.

25 After introduction of the phosgene, it may be advantageous to mix the organic phase and the
aqueous phase for a certain time before any branching agent, if it has not been metered in together
with the bisphenoxide, chain terminator and catalyst are added. Such a continued reaction time
may be advantageous after each metered addition. These continued stirring times are 10 seconds to

60 minutes, preferably 30 seconds fo 40 minutes, more preferably 1 to 15 minutes.

30 The organic phase may consist of solvent or mixtures of several solvents, Suitable solvents are
chlorinated hydrocarbons (aliphatic and/or aromatic), preferably dichloromethane, trichloro-
ethylene, 1,1,1-trichloroethane, 1,1,2-trichloroethane and chlorobenzene, and mixtures thereof.
However, it is also possible to use aromatic hydrocarbons such as benzene, toluene, m/p/o-xylene,

or aromatic ethers such as anisole alone, in a mixture with or in addition to chlorinated



propane, ZP RN O"nathenylisopropyl)pl&aenol

tetra(4- hydroxyphenyl ) net hane. Sone of the ot her trifunctional

conpounds are 2, 4-di hydroxybenzoi ¢ aci d; 18ri mesic acid, cyanuric

chl ori de and

3, 3- bi s( 3- net hyl-4- hydr oxyphenyl) - 2- oxo- 2, 3- di hydr oi ndol e.

30Pr ef er r ediydroeanigdns.ndnathenembadiment of the synthesis uses solvents which do not dissolve

i i ?' tsl(’ |3 ( g,gﬁh%—*)wg?h%dr %/ gl? ‘%ﬁi}? -it.zgﬁ/)égbtgér%fo%g% dr ol g.gl%l t%l%se nonsolvents for

especial ly pbrybaeb(hiﬂfeamcﬂ@bmhtidnbddiﬂyi;o&if&lﬁEThet Jollvafifis Yok in 1B aqueous phase too may be

quat of nhr y B RERRE N . (AR bER: AUk AR U AgOPB3 dben the sobven

chl or kde, @&Qﬁkﬂﬁmsh&d&ﬁg@&@@hégﬁ@eOr tetrafl uor obor at e,
tri butyl benzyl anmoni um hydr oxi de, chl oride, brom de, hydrogensul fate

or tetrafl groborate tetraeth¥lannnn|un1h ydroxi de, chloride, 5

br omi de, l’f F Goapleigiviteacted gf Iepst {binhpsic trrelion maxtare vdheh qoRiaing ish B SHpss T 2 prm)
conpounds GOIERERABEAIDEsER &Ner ASRAL YS FISP WPAtkSion. MRSKUEQRPAMNES phase is
are described_in the literature as typical interfacial catalysts, and
are commer @Puiblypassedicpaplerlyaidartiybrek ato thepalyrarbeesie Hinthskis by anchapgpus phese, or
art. The cafaly¥st® Gl feraddftbnt Owtdhe séua{t hegi c%tan,@fiwﬂnsuﬁ@ﬁt Yare Hano%d and
m xture or el se al ongsi de one anot her and successivel y, optlona

al so 1Bef or ecoyied. gnongfemamiiant of Bigtwoskupt eftesreovat ofjthy erganie lmeuréteectspemally of
addi tions roducti

omound. or et £ tolfncl RUKREL Gl Dllofl o8 ARERRUBSE F oo P pHor example
this case, bpr@lﬂmgeﬁnd@m sydyoxidm seloticad dhet sain whishorae teheuppiitde rfed example to the
addi tion of v ter

o i | ner hBAfRAE0 0L TAT: SRR Bhacte ARG G st B3 H 25 hesis
synthesis, or else as an aqueous solutlon and in the case of the
tertiary arffhmesgadc tphescapmurising thal D@yctaﬁena@fcawi thbn dei derifigdr &f direabi yof all
nlner | aci i drochlo ase Qf use
Coversl oo Pt fRARES'oF ahdtully AhRCH Sl nRS Th oladk Mg 8En Sigt e o more
anount of @hasalsgpetanomst sul]scomfanrscpwmﬂmai; sithp agsods|atkatine phadaemtfmkdroplets and the
di fferent neterin at dlf nt sit es or at . di rent ti

The Cornl amuish Sey el bule LI pRfpe o i Sou el o ppimalst Py itee of
mol es of bilgpbeadt SphE@Eﬂassmg efretigb katt1ig Qdnks 0st8redlafis, &Bﬂ&c@‘l’s &fr edepddhtyrs, or
0.05 to 5 nol % The cargpnate synt hesi.s a be gﬁrfor

cont i nuous FYmYPaipRt H’ﬁWP 5 WHRLCHSE NEET G BLinade o cs%wa&h YrSPRE fpgration

in sporredstepd)ksder ﬁdﬁm&@ﬁmﬂﬁﬁ:&t@ﬁr@zacm%ﬁ%sﬁ/bhﬁﬂh@ﬁﬂﬂ@n reactors or
stirred tank cascades, or conbinations thereof. By using the m xing

units alre nti oned, it shqul e ensured that aqueo and

or gani ¢ ph%&é’é SIPYEDL ppaglon g the ﬂﬁﬁ%% F‘I}F%“So‘f%ﬁ? @ﬁéﬁgatnrfep St HEsheg once or
M xture hasoremel ke wathCHRRY Rids Ofineral &idsNErbRPKEIcidEORYdRIxYSar®IXYlic acids and/or
hydrolyzable chl ori ne of phosgene or chlorocarbonic esters. 25After

i ntroducti SHIBIC PHES BTt IS Biverdy agBcoasvainealyatits eeeclly iydeochloric acid,

or gani ¢ phag&paisust H@ @qsﬁeﬁ@ a0l S EmixRiresPorGREE Akids. tTHchoﬁ&mﬁtﬁmadmese acids
branching agent, if it has not been metered in together with t

bi spRénoxi deouldiedn therraneriohB OOk to2A% tyareaghyoreferlly Add 5% by c‘vﬁlght

continued reaction tinme may be advantageous after each netered

addi tion. FhesGiGORed SRR Phdst id @/Qshted MERatBdif whil &ﬁﬁﬁ%‘?zﬂ ed B ﬁi@tﬂled water, The

m nut es, preferabfy 30 seconds to m nut es, nore pre era
m nut es. organic phase, optionally dispersed w1th portions of the aqueous phase, is rcmoved aﬁer the

individual wash steps by means of settling tanks, stirred tanks, coalescers or separators or
combinations thereof, in which case the washing water can optionally be metered in between the

30 wash steps using active or passive mixing units.

Between these wash steps or else after the washing, it is optionally possible to add acids,

preferably dissolved in the solvent which forms the basis of the polymer solution. Preference is



30The org %ﬂggéﬁgs%ﬂﬁ%§l€%h ist of solvent or m xtures of several

solvents Sui tabl e sol vents are chlorlnatgd hydr ocar bons (aliphatic
and/ or aromatic), preferably di chl or omet H trichl oroet hyl ene,

1,1, 1-trichl oroet hane, 1,1,2-trich|oroethane and chl orobenzene, and

m xtures thereof. However, it is also possible to use aromatic

hydr ocar bo rgiwes hete tasusilng rhzémge;n dhidride rges amd yhioephvyit @cieé or phosplicwomt dcizl, which can
et hers such nlso one, in a mxture with or in addition to
chlorlnate8 6@9 %% a%ﬁﬂﬁﬁﬁs 13 - hydrocarbons. Anot her

enbodi ment of the synthesis uses solvents which do not dissolve

pol ycar bon&hé, plrifiedneiheloy swhkh supplielitini the t snbseglient atedl ®OtHpOBSENIVe do@mpipe
use nonsolven s..for D carbona e I..n conbination wth solvents. The

sol vents udSe ?Hm?ﬁ@ %é%@%ﬂ?‘ﬁ 2840 may be sol ubl e sol vents such

as tetrahydrofuran, 1,3/1,4-dioxane or 1, 3-di oxol ane when the sol vent
S5part der f dlhmpolyl‘:keb(ﬁﬁléﬁ) obtaibed) By the Poeseaccartidg ¢ hgligtelioh ¢:@aetpeshidld with the
| east bi phasic reaction m xture which contains at s{ traces

by of ohEOFORAY BUHH S Lk Srne? PdEini0 66 aghivss b lpihe BoBgGr b giditon of

The aqueousdd@lialah®finpRASE sérSespo ﬁﬁ)ndmgyhepﬁé 606 (£QWpaekah ¥r wgraaatdnl shabilizers),
back into the polyc?¥bonﬁﬁﬂksynt esi s _as an_aqueous phase, ar el se

sent to wadt EHREPEreolF atab! g \kﬁ@}abaf@c}#‘&éﬁﬁ'?ﬂ%ﬁﬁﬁ teétnéﬂl%fFOEf@ﬁ%ﬁe&ﬁ@mldmg
are renovedsaid 1o a5Rened) ad- 1m%1{iv@tﬂ9{1§éqfroﬁéﬁfeb?€§ a&istﬁJTQOmﬁ%Wﬂarﬁé&ﬁfdancy,
removal of the organic inpurities, especially of solvents and pol yne

resi des, ahdntligngeohe Visualt igprassien §ag.absEanith ﬁ‘ﬁ?f?mé}f Pigmemg) tar dalagiustpiie polymer
for exanpl e by addi BQﬂ&HQ‘ gf&éay%ma%cﬁ@érytﬁ&& dlwaed ﬁﬁﬁe&alw}tb%s%gstames
be supplied, for exanple the chloralkalieléctrolysis 1S renove
while the alq%ré?dlw ;slﬁa%%bqr%anéﬁﬁrb@mﬁbw sent back to the synthesis. The
organi ¢ phase conprising the polycarbonate can then be purified to

free it of gl hnvll‘im?l%h%@e&ﬁi‘éﬁlgtpﬁl &ftall%ew {Nﬁﬁ reftl:rglﬂ:'eq ], ?a\{rlﬂkygﬂo%s a working
nature. The organic phase, even after one or nore p ade ‘separ at'1 ons,
still cont &awplproporti ons of the aqueous al kaline phase in fine
droplets, and the catalyst, generally a tertiary amne. The phase
separlgt I ongyg ﬁﬂ ﬂgléoﬁlﬂéﬁ s%uﬁﬁleﬁ) Elﬁ%ﬂﬁh%q J,la)fmggli(; 4 vQficdl E&?ell%@‘?dﬂe%ea‘% Qﬁtﬁlgnger
passing through”settling tanks, stitred tanks, coalescers or

separ at or s 2 whicle éntriendn it dowiverd dirgctiom Tiivi dill-endswbevheat rexchmnger is heated with
optionally r ti t d

OPtLOTAl | Y Mo AR 0 RRBLA 812 SO ASRR X NPT 2RI HR, W BSRE potms
rough sepasabiign e:qiandShmtcallicaiepmatuaqwml§ phaged dirbx&lyoal:@amtlm @haﬂe iThe gas
washed once re than.onc ute r.al .aci

car boxyl i c é%me rﬁ“ﬁ?@ﬁ“%@?ﬁafrﬂn%gétl %ﬁdéﬁ§d”e 6%?5ﬁ%%%g%?me7(ﬁﬂ“
Pr ef @0ence ekisudgi m&l’llstSOp[ﬁﬂdlelﬁU@hm mﬁ@ zcﬂleISdIS,theﬁtsedtt\@lahymhg(dﬁlﬁcg‘lbvﬁikh Qas a

aci d, phos hor horlc or. m es of fhes

The concontrairng Aot IR € rdbuioby hrife terkrere a8 Groh b s o
50% by wei grptstreapr of eeabdtydeQoltilizng &%d;)yutv@'blgm addedl vaddict adanmtﬁaﬁu 12 in the
organi ¢ phase s washed r ﬁ@tedl y wth demneralized or distilled

water. The *BfAJHRi T phase! PEFIGARIPPYR dP-stdraeyans emiopdbt maife Reymesgre also

aqueous phased, wisick aaened vafilies pdififeriséin/in bt red8@s Buiklup RS RkilBARS 140f
settling tanks, stirred tanks, coal escers or separators or

conbi_pati ons thereof in mhlch case the mashlnp wat er can optionally
be nmétered fgﬁreo%f}\%éﬁ VieWePt an inventive downpipe devolatilizer parallel to the shafts of the extruder.

The polycarbonate solution is introduced from above into the vertical shell-and-tube heat
exchanger {downpipe devolatilizer) 15 which is open in the downward direction and is heated
there. The vapors are separated from the concentrated polymer solution in the separator 16. The
vapors are supplied to the condensation through the vapor line 17. The concentrated polymer
30 solution predominantly hits the extruder shafts 20 directly, and to a smaller degree the cone 18,
whence it flows away to the extruder shafts under the action of gravity. The extruder shafts are

arranged in the extruder housing 19 which is open at the top.



30wash st epaitseng e tiadt,, passive mixing unitsz BMS 08 1

181-WO-nat - 14 - given here to using hydrogen chloride gas and
phosphoric acid or phosphorous acid, which can optionally al so be
used as m xtures. This purified solution is then supplied in the
subsequent step to the inventive downpi pe devol atilizer/vented
extruder cdibicnatplenwhiSilfodoyw etrye trillouateale migtrion &g why of hampleané sisould not be
accordi ng tq th inven&ign can be provided with the customary

addi tives C%?B#”aéffé? e¢&"and reinforcing agents) to alter the
properties. The addition of additives and adm xtures serves to
prolong the use tine (e.g. hydrolysis or degradation stabilizers), to
i nprove color stability (e.g. thermal and UV stabilizers), to
sinplify processing (e.g. denolding agents, flow assistants), to

i nprove the use properties (e.g. antistats), to inprove flane
retardancy, 10 to influence the visual inpression (e.g. organic
colorants, pignents) or to adjust the polynmer properties to
particul ar stresses (inpact nodifiers, finely divided mnerals,
fibrous substances, quartz flour, glass fibers and carbon fibers).
The invention wll be explained in detail below wth reference to
Fig. 1, which shows a working exanple. 15The pol ynmer solution is
supplied through a feed line 1 to the vertical shell-and-tube heat
exchanger 2 which is open in the dowward direction. The

shel | - and-tube heat exchanger is heated wth heating nmediumwhich is
supplied at 3 and renoved at 4. At the end of the tubes, the polyner
sol ution expands into the separation vessel 5 arranged directly above
the extruder. The gas released is renoved via the vapor line 6. The
product falls directly into the intake zone 7 of the 20 extruder and
is supplied through a sealing zone 8 to the first devolatilizing zone
9 which has a devolatilizing dome 10. These are followed by further
backup zones 8 and devol atilizing zones 9. Upstream of the |ast

devol atilizing donme, nitrogen is added via the addition point 12 in

t he kneading zone 11. At the addition point 13, additives and
optionally nolten polynmer are al so added, which are mxed with the
pol ymer streamin the pressure buildup and m xi ng zone 14. 25Figure 2
shows a view of an inventive downpi pe devol atilizer parallel to the
shafts of the extruder. The pol ycarbonate solution is introduced from
above into the vertical shell-and-tube heat exchanger (downpi pe

devol atilizer) 15 which is open in the dowward direction and is
heated there. The vapors are separated fromthe concentrated pol yner
solution in the separator 16. The vapors are supplied to the
condensati on through the vapor line 17. The concentrated pol ynmer



30 sol ut i o PP RO I T8 ts the extruder shafts 20 directly, and

to a smaller degree the cone 18, whence it flows away to the extruder
shafts under the action of gravity. The-dRtruder shafts are arranged
in the extruder housing 19 which is open at the top. BMS 081
181-WO-nat - 15 - The exanples which follow serve to illustrate the

I nventi on I[Bxamdlesof exanple and should not be interpreted as a
restriction. BM5S 08 1 181-WO-nat - 16 - Exanples The yel | owness

o Y R S S oy ST B (T PSR SuBhes o

rel ati ve vitscasistdyminsThdigjettihitémpetanirbeayd®@eosity of a solution of 0.5
g of polycarbonate in 100 mM 5of dichloronethane to the viscosity of

t he pure sqlvent. at. K 25C .Exanple 6.5.t/h of pol r bonat e re .
oo hted | RS aib s Ep ek e obs Pk RE et B e b et 100 mi
of pobycar koashieronthabfolle Webghtof &fe palt ovehtanzege and 1. 5% by wei ght
of nethylene chloride. The vented extruder used was designed as a
cl osely ingfrnEFhing, corotatory tw n-screw extruder
xample 1

6.5 t/h of polycarbonate were isolated in an inventive apparatus from a solution of 65% by weight
of polycarbonate, 33.5% by weight of chlorobenzene and 1.5% by weight of methylene chloride.
The vented extruder used was designed as a closely intermeshing, corotatory twin-screw extruder
10 and had a screw diameter of 178 mm, and a ratio of length of the extruder to the diameter of 48,
and was of two-ﬁight- design in the intake zone and the devolatilizing zones. The downpipe
devolatilizer consisted of 936 pipes of internal diameter 10 mm; the heating temperature of the
downpipe devolatilizer was 280°C. In an entraining agent zone, 13 kg/h of nitrogen were supplied.
The isolated polycarbonate had a relative viscosity of 1.295. The relative viscosity is the ratio of a
15 solution of 0.5 g of polycarbonate in 100 ml of dichloromethane to the viscosity of the pure solvent

at 25°C.

The residual chlorobenzene content in the isolated polycarbonate was 250 ppm and the
dichloromethane content was below the detection limit of 0.5 ppm. The maximum temperature at

the nozzle of the extruder was 394°C. The yellowness index of the polycarbonate was 1.57.

20 Comparative example 2

6.5 t/h of polycarbonate were isolated in an extruder with backward devolatilization from a
solution of 65% by weight of polycarbonate, 33.5% by weight of chlorobenzene and 1.5% by
weight of methylene chloride. The vented extruder used was, analogously to the inventive
example, designed as a closely intermeshing, corotatory twin-screw extruder and had a screw
25 diameter of 178 mm, and a ratio of length of the extruder to the diameter of 48, and was of two-
flight design in the intake zone and the devolatilizing zones. In an entraining agent zone, just as in
the inventive example, 13 kg/h of nitrogen were supplied. The isolated polycarbonate had a
relative viscosity of 1.295. The temperature of the polymer solution before the backward

devolatilization was 185°C. No downpipe devolatilizer was used here.

30 The residual chlorobenzene comtent in the isolated polycarbonate was 410 ppm and the

dichloromethane content was 0.5 ppm. The temperature at the nozzle of the extruder was 409°C.



10 and had B8O e anetat of 178 rrun, and a ratio of <l ength of the

extruder to the dianmeter of 48, and was of two-flight design in the

i ntake zone and the devolatilizing zones ! 7The downpi pe devol atilizer
consi sted of 936 pipes of internal dianeter 10 nm the heating
tenperature of the downpi pe devolatilizer was 280C. In an entraining
agent zone,Tht 3elkgvnhssofdemiof the gelycanemeteswappPl3i ed. The i sol at ed

pol ycarbonate had a rel ative viscosity of 1.295. The relative
viscosity is the ratio of a 15solution of 0.5 g of polycarbonate in
100 M of dichloronethane to the viscosity of the pure solvent at

25C. The residual chl orobenzene content in the isolated pol ycarbonate
was 250 ppm and the dichl oronet hane content was bel ow t he detection
limt of 0.5 ppm The naxi numtenperature at the nozzle of the
extruder was 394C. The yel |l owness i ndex of the pol ycarbonate was
1.57. 20Conparative exanple 2 6.5 t/h of polycarbonate were isol ated
in an extruder wth backward devolatilization froma solution of 65%
by wei ght of pol ycarbonate, 33.5% by wei ght of chl orobenzene and 1.5%
by wei ght of methyl ene chloride. The vented extruder used was,

anal ogously to the inventive exanple, designed as a closely

i nternmeshing, corotatory tw n-screw extruder and had a screw 25
dianeter of 178 mm and a ratio of length of the extruder to the

di anmeter of 48, and was of two-flight design in the intake zone and

t he devol atilizing zones. In an entraining agent zone, just as in the
i nventive exanple, 13 kg/h of nitrogen were supplied. The isol ated
pol ycarbonate had a relative viscosity of 1.295. The tenperature of

t he pol yner solution before the backward devol atilization was 185C.
No downpi pe devol atilizer was used here. BMS 08 1 181-WD-nat - 17 -
The yel |l owness i ndex of the polycarbonate was 2.3. BM5S 08 1
181-WO-nat - 18 - C ains



BMS 08 1 181-WO-nat . . . o
1. An appararUS“fUT"UEVUPatlI|2|ng sol vent - cont ai ni ng pol year bonat e
melts, characterized in that a downpipe 3 vol atilizer is conbined

with a vented extruder, said downpi pe dévblatilizer being arranged
directly above said extruder. 52. The apparatus as clainmed in claim
1, characterized in that vapor |ines are nounted on the downpi pe
devol ati | i Z8aims3. The apparatus as clainmed in claim1l1l or 2,
characterized in that the downpi pe devolatilizer consists of a

shel | -and-tub Ee %p&?%ﬁl@ af?lgggvofﬁﬁl\{il%so?veg{ & ?alxﬂllg%})(g;rcr?g%gaqg mvms c@l?racterlzed in

heated fromt aratus as n any
clains 1 to 3, clmrzacdbenplpeoﬂevoiatﬂizat ist b@nldmm}wutpea dewted adxtridez,esaid Slownpipe
heat ed by neans nS|n a condensi ng organic

heat carrier dSVOI 15?{5 alﬁegan%fﬂ?ﬂ%%‘)é’ﬁf?ﬁﬁ’gﬁid carrier. 5. The

apparatus as clal rred in any of clains 1 to 4, characterized in that

t he cénbi natian "Rhé appatkowd3i rémetbinal il | itmertcand ivelnt edboe ¥hdsutkemorsied on the
upstream of at |east. one f fther downpi pe 15devol atilizer. 6. The
appar atus as cl &°HBRPT ¥V lﬁbjlﬁ claims 1 to 5, characterized in that

the vented extruder is of two- or four-shaft design. 7. The apparatus
as cl ai med i n3.armpheappacdra emazlahn&d)in&laixﬁha:lfapcﬂﬁfaictkﬁﬁbdiiﬂ thah ik doRepiveddvertilizer

extruder is a closel nt.er.meshi ng, corot at crew extruder

208, The appar aHS ROl SHEGFI Shy <fianees tAtng Py GhapeovBF Fisdeated
in that the ext riugdemhe basidgeveral devol atilizing zones in conveying
direction. 9. A process for devolatilizing polycarbonate sol utions as

cl ai dlnan claine 1 to. 8, character din that a
pol y rbonate sgljhﬁtai’%atﬁ%ﬁi)i’lia’él?eﬁdné‘flylo &gﬂm‘b do oy Ghasacterize {ethpt thy gloyppipe

| east one pol ycaehnaake ib ﬁedwde@alh@a@s BY cdnlaensingts@amasy aalealﬁro@@%sﬁdeaﬂﬁig organic
in a second step, this pol ycarbonate solution is supplied to a

downpi pe devol atFica@er ?rr?yélf’ﬁ’ﬂﬁ Hatiapiq opgapls hssteameed ext ruder, said
downpi pe devol atilizer being arranged directly above the ext r uder

such g hat t hes palhy afarsb@ 0 tiadfedfigbdySor@iaiRCt dovs, bitRteting i 83t @6 combination of a
ext ruaer.
downpipe devolatilizer and vented extruder is upstream of at least one further downpipe

15 devolatilizer.

6. The apparatus as claimed in any of claims I to 5, characterized in that the vented extruder

is of two- or four-shaft design.

7. The apparatus as claimed in any of claims 1 to 6, characterized in that the vented extruder

is a closely intermeshing, corotatory twin-screw extruder.

20 8. The apparatus as claimed in any of claims 1 to 7, characterized in that the extruder has

several devolatilizing zones in conveying direction.

9. A process for devolatilizing polycarbonate solutions as claimed in any of claims 1 to 8,
characterized in that a polycarbonate solution comprising at least one organic solvent and
at least one polycarbonate is prepared by the interfacial process and, in a second step, this

25 polycarbonate solution is supplied to a downpipe devolatilizer in combination with a
vented extruder, said downpipe devolatilizer being arranged directly above the extruder

such that the polymer solution falls directly into the vented extruder.

10. The process as claimed in claim 9, characterized in that the solvent-containing vapors

formed in the downpipe devolatilizer are removed directly from the housing of the flash



BMS 08 1 18T- St Lt devol atilizer by nmeans of vapor |ines. 11.
The process as clainmed in claim9 or 10, ﬁharact erized in that inert
gases as entraining agents are inject ed"ilito and nixed into the

pol ymer nelt stream upstream of the downpi pe devolatilizer. 512. The
process as claimed in any of clainms 9 to 11, characterized in that

inert gas is i njdevtladizerbyemanaeinepg liageent i n one or nore housi ngs of
the vented extruder. 13. The process as clained in any of clains 9 to
12, characterj [ ' . C t i.on of. the. .
pol ycar bonat ei Ilz'ﬁ?lg p? ?‘?%Q?OSV\%EI%II%%&E ﬂﬁé%/%’l g?’ |P ?@z%?}a%tggﬁgtlﬁé}gﬁ S GoRAEs; as entraining
wei ght and 95% lagennedrgtjectetiitd and tixep e the polymecinelt sedmiupstesay adfihe downpipe
clainms 9 to 13, dchqr]g.cteri zed in that the polycarbonates obtained

have a residual “€8TVERE content of 20 ppmto 1000 ppm

5 12, The process as claimed in any of claims 9 to 11, characterized in that inert gas is injected

as entraining agent in one or more housings of the vented extruder.

13. The process as claimed in any of claims 9 to 12, characterized in that the input
concentration of the polycarbonate into the downpipe devolatilizer is between 60% by

weight and 95% by weight.

10 14. The process as claimed in any of claims 9 to 13, characterized in that the polycarbonates

obtained have a residual solvent content of 20 ppm to 1000 ppm.



