-1- Process for the Production of Polycarbonate The present invention
relates to a process for the isolation of polycarbonate produced by the
phase interface 5 process, by evaporating and degassi ng a sol ution of

pol ycarbonate in an organic solvent. The process for synthesising

pol ycarbonate by the phase interface process is described variously in the
literature, 10 for exanple inter alia in Schnell, "Chem stry and Physics of
Pol ycar bonat es”, Pol yner Revi ews, Volunel9, Interscience Publishers, New
Yor k, London, Sydney 1964, pp. 33-70. In the phase interface process the

phosgenat i q of a 15 cLiso 'urH S Iit nofofal lpi &er%ogna(toer a m xture of various
bi sphenol sy= S S SHe on) is carried out in
the presence of an inert organic solvent or solvent mxture that fornms a
second phase. The oligocarbonates that are forned, and that are present 20

nmai nly in tTe aResnt piasst g Y thden satRrSp gnsthdf suitabl e

catal ysts t.o f.orm high I i LSS il the
organic phafssec?lalthleo%gggfa |%1%F%%1I§£oe1¥éﬁiseqf |%oa#{?%/g&sggﬁg%}%?%%é%y%%%ar bonat e
nust then herdsaiat asy faamdie tigand deheseind he salruteitn nef hods f or
concentrating the pol ycarbonate solution and for isolating the

pol ycar bon®Rel Y @eraled i Hedh rPiF Hat¥nt Vet erature and in text books and
are known to the person skilled in the art. The 30 isolation of the

pol ycarbonate fromthe solution is preferably carried out by evaporating

t he sol ventThy phwatsangfar sypilye s ny goelycaiibhsatpe doestshe epgurses the - 2
interface process is described variously in the literature,

10 for example inter alia in Schnell, “Chemistry and Physics
of Polycarbonates”, Polymer Reviews, Volume 9, Interscience

Publishers, New York, London, Sydney 1964, pp. 33-70.

In the phase interface process the phosgenation of a

15 disodium salt of a bisphenol (or a mixture of wvarious
bisphenols) in aqueous-alcoholic solution (or suspension)
is carried out in the presence of an inert organic solvent
or solvent mixture that forms a second phase. The
oligocarbonates that are formed, and that are present

20 mainly in the organic phase, undergo condensation by means
of suitable catalysts to form high molecular weight

\ polycarbonates dissolved in the organic phase. The organic

phase is finally separated.

25 The polycarbonate must then be isolated from the organic
phase. The current methods for concentrating the
pclycarbonate solution and for isolating the polycarbonate
are described in the patent literature and in text books
and are known to the person skilled in the art. The

30 isolation of the polycarbonate from the solution is
preferably carried out by evaporating the solvent by

heating or applying a vacuum. This process requires the



use of a high boiling point (> 100C) solvent, for exanple chlorobenzene, in
order directly to obtain the nelt phase after the evaporation of the
solvent. In order to inprove the solubility of the polyner in the sol vent
during the 5 reaction, a mxture of one or nore high boiling point solvents
and the | ow boiling point conmpound dichloronethane is also used. Typically
the weight ratio of dichloronmethane te the high boiling point solvent is
about 1:1. ( 10 Another possibility is to inject a heated gas, in
particular steam in order to expel the volatile constituents. In this case

t he pol ycarbonate solution is. sprayed tog w t.h the rrier s and

pol ycar bonat&® i%gl%otfloﬁ’%%ojalssl%gs%? R g?spgé:{tg{)l VR at et - \ﬁéia"gjﬁisepensi on.
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as heating the residues of the solvent in the solid phase. The | ast nethod
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pol ycar bonate Sol uti ons are’ Tepea under slight excess
pressure todienperahet esnaboyethdehbohl bagl pog npoantl sbesensuper isated

solutions are then
1:1.
( 10
Another possibility is to inject a heated gas, in
particular steam, in order to expel the volatile
constituents. In this case the polycarbonate solution is
sprayed together with the carrier gas and polycarbonate is
15 formed as a solid, especially as a water-wet suspension.
Other isolation methods include crystallisation and
precipitation as well as heating the residues of the
solvent in the solid phase. The last method requires the
use of dichloromethane as solvent, whereby residual
20 contents of volatile constituents of about 2 ppm
( dichloromethane can be achieved. Residual contents of
dichloromethane particularly interfere in the polycarbonate
since dichloromethane in the working-up process with
residual moisture together split off hydrogen chloride and
25 can thus cause discolourations of the polycarbonate and

lead to corrosion of the equipment.

In the known methods for evaporation, or also flash

evaporation, polycarbonate solutions are repeatedly heated
30 under slight excess pressure to temperatures above the

boiling point and these superheated solutions are then

flashed into a vessel at a lower pressure than the vapour



flashed into a vessel at a | ower pressure than the vapour 3 pressure in the
solution. The evaporation or flash evaporation of the solvent may be
carried out using various nethods, equi prment and machinery, e.g. stripping
extruders, thin-filmevaporators or friction-conpaction devices. 5
Conventional methods for the apparatus-based evaporation of polycarbonate
solutions are known to the person skilled kn the art. For exanple the

super heated solution can be flashed into a heated coil evaporator that
termnates in a separator. In this connection it may be advantageous to 10

carry out the pracess,i i seysrals sl a0esn | Ay a00HL o pcpCEEsER are known in

which in s cases a nultistage concentrati e solutron is carried
out in vertéeamporshidh - afdehebso heatt exahangecsrrisd | ouordeingovachoeye
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thereby fre romthe solvent. The 20 di sadvantiage of the extrusion

evapor at$ onCowedmi foma 1 smettladds afioef t ket appadegassbageilseeaparatdion| 9t by
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( 10 carry out the process in several stages. In addition
processes are known in which in some cases a multistage
concentration of the solution is carried out in vertical

shell-and-tube heat exchangers.

15 In order to achieve particularly low residual contents
extrusion evaporators may be used for the last degassing
stage. In this case the polymer melt is formed in a
separator under a vacuum and elevated temperature into fine
strands and thereby freed from the solvent. The

20 disadvantage of the extrusion evaporation technique is that

( an effective degassing is ensured only by stable strands,
i.e. strands that do not break off in the equipment. The
stability of the strands is influenced by the viscosity of
the polymer solution. Too low a viscosity can lead to

25 strand breakages, which in turn means a restriction of the
operating parameters in terms of temperature and entry
content of residual volatile constituents. Apart from the
negative influence on the viscosity, too high an entry
concentration of volatile constituents has direct

30 deleterious effects on the degree of degassing that can be
achieved, since the mass transfer is determined purely by

diffusion. The surface available for the mass transfer is



30 deleterious effects on the degree of degassing that can be achieved,
since the mass transfer is determ ned purely by diffusion. The surface
avai l abl e for the nass transfer is 4 however fixed by the strand geonetry.
The necessary large area of the nelt distributor that is needed to produce
the strands requires in turn |arge expensive equipnent. 5 It is also known
fromthe prior art to carry out the |ast4 degassing step in the working-up
of polymers under foam ng (expansion) with or wthout entrainnment agents.
Met hods for the apparatus-based degassing of thernoplastic polyners that

are based t renciple,0 o] I I St i t.
However , tﬁ@%%gﬁ%?h%g§é§f§ n %%v%g%%ggagééggsggfagghghégcéggﬁg? gé?gélarge
amounts of gasahafethe mbktsdtstoiiedtoffthat ibahesdédli coeptrbiutewchesi dua
contents cannot be achieved.  Furtherpore, the nethods described in the
literature BFE2BFEehCANtFERi bl et s r 5P AsCABCRAL BEgRBULPERAT pol yner type
and viscosity, and as regards the entry concentration of volatile
conponents at the inlet to the respective degassing stage. EP-A 200 368
descri bes the fsaaldeghsswngfobmsthieepei@0 potyhersarnyaottotbéayasprocess.

The met hod iis based on_ the fﬁgt tha%.the anngnt ?f sol vent, in the,golyner

sol ution i@e%afﬁéP%d?FSPbéés. i EPentT'y 1Brge BB 48°t5 i ?Fa#%aﬁl Poani ng.
25 EP-A 914 (3Rpafl886h) PRSt AT ¥k NPianhsRar LAgLY i SALHEI BgefitBAr allbRHog8€ENt iNn a
pol yner solution followed by flashing, with foam ng, into a separator under

| ow pressufer The ppperatudebesrdedeghepénygsofistbiervopéparacerpenuety

volatile sokﬁggtgrgﬁ nggeoglghgfp;ggggggeag%n%gam degassing exist in

[ 10 the prior art. However, these methods often have the
| disadvantage that either very large amounts of gas have to
be suctioned off, or that sufficiently low residual
contents cannot be achieved. Furthermore, the methods
described in the literature are often inflexible as regards
15 throughput and polymer type and viscosity, and as regards
the entry concentration of volatile components at the inlet

to the respective degassing stage.

EP-A 200 368 describes the foam degassing of styrene
20 polymers in a two-stage process. The method is based on
( the fact that the amount of solvent in the polymer solution
is adjusted to be sufficiently large so as to initiate a

foaming.

25 EP-A 914 355 describes mixing a sparingly soluble
separating agent in a polymer solution followed by
flashing, with foaming, into a separator under low
pressure. The process described there is used to separate
readily volatile solvents with the aid of foaming agents.

30 The readily volatile separating agent is not completely

dissolved, but is dispersed.



30 The readily volatile separating agent is not conpletely dissolved, but
is dispersed. 5 DE-A 100 15 862 describes a nmultistage process for renoving
vol atile constituents from pol yam des. Before the | ast degassing stage
foam ng agents for this, e.g. nitrogen, carbon dioxide or water, are

di spersed using a static mxer 5 and thereby partially dissolved. The
polyam de nelt is then flashed in a vergical shell-and-tube heat exchanger
or in a loop evaporator or in a conbination thereof into a degassing
vessel under |ow pressure. Wre | oops onto which the nelt flows from above

ensure an gy epdedrest dence.LLDR,L0 ANt bs 8,beLt or.0e0Rss! ponsestbt. The

obj ect of ihvention 1s to provide a process for e 1solation

of pol ycar bpspsd €1 D& osbiseei byehibe phasepolphetfece ppetess, tha bhsch the
pol ycarbonate is obtained 15 dissolved in an organic sol vent. By neans of
t he processdegawriedi guade cbprBhts 3PeUbF atPF etRbfpoRedt shEbFEPFng | ess

than 250 pp f | g5 100 PR 308 0aT Lk eHbaL! ¥ aPEEf REQDLY | ess
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and di chl oronmet hane, the correspond] ng. unt eacted noners, e,g. BPA, and
their voIatFh%nofiﬁﬁﬂ%@slguﬂhV§§EHFﬁérg?egifﬁﬂéétu fid F@Frﬁﬁﬁpg?gﬁﬁ or

particul ar {he,pig6gssvaporhaobeccapablbecorbihgfP¥hngndi-eBEOs arBt hane
enployed in the reaction to 25 levels of below 2 ppmand to yield preferably
di chl or onet liegesEirg pesdatt undarailniwngrbessrehanWdrs ppepsobnto which
dichloronethﬁne. I@e procegs shoul d have a high f exibilitg.in tergs of

the me flows Irom above ensure all extéended residence time

( 10 and thus a better degassing result.

The object of the present invention is to provide a process
for the isolation of polycarbonate produced by the phase
interface process, in which the polycarbonate is obtained
15 dissolved in an organic solvent. By means of the process
low residual contents of volatile components totalling less
than 250 ppm, preferably less than 100 ppm and particularly
preferably less than 25 ppm, referred to the total mass,
should be achieved. Volatile components are understood to
20 1include solvents such as monochlorobenzene and
( dichloromethane, the corresponding unreacted monomers, e.g.
' BPA, and their volatile oligomers such as dimers, trimers
and tetramers. In particular the process should be capable
of removing dichloromethane employed in the reaction to
25 1levels of below 2 ppm and to yield preferably
dichloromethane-free product containing less than 0.5 ppm

of dichloromethane.

The process should have a high flexibility in terms of
30 throughput and polycarbonate type and viscosity and as
regards the entry concentration of volatile components at

the inlet to the respective degassing stage. Flexibility



30 t hroughput and pol ycarbonate type and viscosity and as regards the entry
concentration of volatile conponents at the inlet to the respective
degassing stage. Flexibility 6 neans in this connection that the

af orenenti oned paraneters and product properties can be altered in a plant
while mintaining the quality, w thout conplicated changeover of equi pnent
or downtinmes. In other words, a constant gquality 5 should be achi eved

i ndependently of the entry conditions. The present invention provides a
process for the isolation of polycarbonate produced by the phase interface

process froma solution in_an organj olvent - said process 10 LLSing
t he follomﬁﬂﬁa§§eb§:£b5f 89353?§%$3n£§?gtkgeo?gaﬁ?@egg 9%%? P8r8§§g?ﬁsa
content of ;pal yearhenapeopbrfPekocfl. BE WiteedSifiby ppPhhenahliyen xi ng the

melt obtained in step (a% with a foam ng agent, (c) degassing the nelt
obt ai ned froaiphpiahagoperoraplity(byibhoreearnglifatatl chaRE6aYRTI Alfet

openi ngs intq sepa I sse C psed._i Ln :
degassi ng a%%%?@?%%tt§Bs?§%thT¥§he %%I?pﬁé§2%8gg%dieiggéggénkhghggﬁgy
openi ngssi nthopadt bal ashtieasd ohdePehdeat2 kg/ bheandten ebhaytibhe.t he
inl et openings has a supersaturation wth volatile constituents of at |east

1 bar as well as a tenperature of 250 to 340C, wherein the pressure in the

separating 4f8Sel-ekind. Lnkn2doRbBloyIAeACa0aLRELO FBLERHLR) o0 e P ocess

according to th Invention t ution o ycarbonate 1 n an organic
of polycarbonate produced by the phase interface process

from a solution in an organic solvent, said process

( 10 comprising the following steps:

(a) evaporation of the organic solvent to obtain a content

of polycarbonate of 90 to 99.95 wt.¥%,

15 (b) optionally mixing the melt obtained in step (a) with a

foaming agent,

(c) degassing the melt obtained from (a) and optionally
(b) by feeding the melt through inlet openings into a

20 separating vessel,
characterised in that

in the degassing according to step (¢) the melt is

25 subdivided by the inlet openings into partial streams of
0.1 to 20 kg/hr and on entry into the inlet openings has a
supersaturation with volatile constituents of at least 1
bar as well as a temperature of 250° to 340°C, wherein the
pressure in the separating vessel is 0.1 to 20 mbar.

30
According to step (a) of the process according to the

invention the solution of polycarbonate in an organic



7 solvent (hereinafter sinply referred to as pol ycarbonate solution) is
first of all evaporated to such an extent that the content of pol ycarbonate
is 90 to 99.95 w.% The polycarbonate solution thereby obtained is also 5
synonynmously referred to as pol ycarbonate nelt. Step (a) nay be carried out
as a one-stage or multistage process, preferably a nultistage process.
Conventional nethods for evaporating pel yner solutions 10 according to step
(a) are known to the person skilled in the art. For exanple, the

super heated solution can be flashed into a heated coil evaporator that

term nates éBl@en@ePHé@éPﬁafé@re§§HBi§ PéféHEBdatBVQgeﬁélgéagﬁéﬁétged for
exanple in DE 1 921 045 A In this connection it may advant ageous not
to aIIom1theobonmeniras|6mrstagésalbreVﬂpOoahed tor dschhent erpentt thatst ages
of the supef eatin I aroe t.inste chopse t wo- stage to
Cour- st apetbe otaltent o feBerVEREEPBF CountipPll Fi BB- 30054 875 Abe")

addi tion pr?8§§§§§b§ﬁ§tgn§$MutBoﬂhtﬁéréb9rébgglﬁéacﬁﬂté@%bon of the

pol ycarbonate solution is carried out in vertical shell-and-tube heat
exchangebs. spnohympustesseferradsbaeagagesyaarbpaahgenploces§esp dpe

descri bed for e le in 9 835 744 Pol virer on rations of 90 to
99. 95 wt. % orY é%ngagﬁﬁe%eogéh?gvedoﬁg Bya 8 erB%g%Egg %anﬁgngfrons of

coi |l evaporptersrapty ahﬂhltaﬁdagabprbeahsexchangers are al so concei vabl e.
Starting fromthe pol ycarbonate nelt obtained according to step (a), a
pol ycarbonate with a | ow content of volatile 30 constituents is optionally

gfgg'?gg acegrdbad; bas! ABchBLs B4-ad9Lpe-actaaThag,Agenkoand sageor ding to

( 10 according to step (a) are known to the person skilled in
| the art. For example, the superheated solution can be
flashed into a heated coil evaporator that terminates in a
separator. An example of such a process is described for
example in DE 1 921 045 A. In this connection it may be
15 advantageous not to allow the concentration stages, or in
other words the temperature stages of the superheating, to
become too large, but instead choose a two-stage to four-
stage process, as described for example in EP 1 094 873 A.
In addition processes are known in which a pre-
20 concentration of the polycarbonate solution is carried out
( in vertical shell-and-tube heat exchangers. Such
processes, in some cases multistage processes, are
described for example in DE 19 835 744 A. Polymer
concentrations of 90 to 99.95 wt.% or above can be achieved
25 by such processes. Combinations of coil evaporators and

shell-and-tube heat exchangers are also conceivable.

Starting from the polycarbonate melt obtained according to

step (a), a polycarbonate with a low content of volatile
30 constituents is optionally obtained according to step (b)

by adding a foaming agent and according to step (c) in at

least one foam degassing step by splitting up the



| east one foam degassing step by splitting up the 8 polycarbonate nelt into
partial streans and also by reducing the pressure. A low content of
volatile <constituents is understood within the context of the present
invention to mean a concentration of the volatile 5 constituents of |ess
than 250 ppm preferably I ess than 100 ppmand particularly preferably |ess
than 25 ppm in each case referred to-tlge-total nmass. The volatile
constituents to be renoved according to step 10 (c) include the solvents of
the pol ynerisation reaction according to the phase interface process, in

particul ar ,gppoghbohgbengene andoreaidval arpulhs ghadhgllopgmethane. —The

mass fracti nonoc enzene ore t oan1 egassing  (step (c)),
i.e. on entrygduoingt bkei pressnoezzl e 15wotonhen5epﬁrabﬂ391WesseI is for

exanple less than 10% The entry content. of dj chl or onet hane referred to
t he mass, %n?B?tBQBHﬁIéslgggefﬁﬁﬂoa%ythFFhE ©p6SEFBKE Sg fBfits for the

polycarbona%f RLAAUEH, QR bR EBOM@aEOatBSnQ§ﬁ§98t§Bh|b%dtha Beaglle for
exanpl e eth %enzene toluene or 20 xylene, which if present also have to

be renoved tonkbwtuessisdaél lesat ehas. 250 apmutpcafeheb@glyeasbohanelﬂélt
contai ns residues _of npn rs,or _volati 0 proportipn is

| i kewi se reBH@eangyp?ﬁElﬁﬂ§8§%¥ REELFER gytéeg ngk nggtPBW 28 FRA<Brder to
initiate a gg9agi pgretrtherpotyeacbenat pagelt in step (c) and thereby
achieve a particularly effective degassing, sufficient solvent nust be

present in the polycarbonate nelt. The supersaturation of the

The volatile constituents to be removed according to step
{ 10 (c¢) include the solvents of the polymerisation reaction

according to the phase interface process, in particular
monochlorobenzene and residual amounts of dichloromethane.
The mass fraction of monochlorobenzene before the foam
degassing (step (c)), i.e. on entry into the inlet nozzles

15 of the separating vessel, is for example less than 10%.
The entry content of dichloromethane, referred to the mass,
is for example less than 5%. Further possible solvents for
the polycarbonate production are known to the person
skilled in the art, for example ethylbenzene, toluene or

20 xylene, which if present also have to be removed to low

( residual contents. In addition the polycarbonate melt

contains residues of monomers or volatile oligomers whose
proportion is likewise reduced by the process according to
the invention.

25
In order to initiate a foaming of the polycarbonate melt in
step (c) and thereby achieve a particularly effective
degassing, sufficient solvent must be present in the
polycarbonate melt. The supersaturation of the

30 polycarbonate melt with volatile constituents on entry into
the inlet openings is correspondingly at least 0.1 bar,

preferably at least 0.5 bar and particularly preferably at



30 polycarbonate nmelt with volatile constituents on entry into the inlet
openings is correspondingly at least 0.1 bar, preferably at |east 0.5 bar
and particularly preferably at 9 |least 1 bar. The supersaturation is
defined as the difference between the vapour pressure of all volatile
conponents on entry into the inlet openings and the pressure in the
separating vessel (hereinafter also 5 refferred to as separator or degassing
vessel ). The vapour pressure is the sumof the partial pressures of al
conponents present in the polyner nelt and depends on the tenperature and

the concenti@hseniobathe ypkatipersegishtiyants. 34@ifhg gycenss of the
degassing is largely independent of whether the supersaturation is
gener ated oRi{feyepne bssweent shpr¥apauri areReurel pfoplwhephatila addition a

foam ng agent i d,._Th t n he 15.concent.ration of the

vol atil e co%%%%éﬁ?gggsoaegﬁg%ggggég #éga? ge%hgp$§ﬁ§§F Bpgsgh e. If the
requi red vappgssupeesautiei seganatahgdveisaplly (hyreeshdues afissol vents in the
pol ycarbonate nelt, then the use of foam ng agents can_be dispensed wth.

20 1f a Buf FREFEREIaRBUAE BFP3BRVERt OFsIRERSERBIeESFRLI he TH6I Yy@BPBENat e
mel t, "e'e%%eégﬁréggguﬁhBrEQQUB? Phel grtiggvﬁgbs§h9@§ bf L99 low a

f oam ng ag I's a In order to create the necessary vapour pressure in
t he 25 pol yeamponahesnplktseAccandthgl pplymeenaeénbadinmdnpentist ba theocess
according to the invention the nelt obtained from ,
temperature and the concentration of the volatile
constituents.
t 10
The success of the degassing is largely independent of
whether the supersaturation is generated only by the
solvents present in the melt or whether in addition a
foaming agent is added. The temperature and the
15 concentration of the volatile components is decisive as
regards the vapour pressure. If the required vapour
pressure is generated simply by residues of solvents in the
polycarbonate melt, then the use of foaming agents can be
dispensed with.
20
( If a sufficient amount of solvent is not present in the
polycarbonate melt, i.e. if the vapour pressure of the
solvent alone is too low, a foaming agent is added in order
to create the necessary vapour pressure in the
25 polycarbonate melt. Accordingly, in one embodiment of the
process according to the invention the melt obtained from
step (a) is mixed with a foaming agent according to step

(b) before the degassing according to step (c).

30 The foaming agent is as a rule a readily volatile substance
with a high vapour pressure. The foaming of the

polycarbonate melt is initiated by the high vapour pressure



step (a) is mxed with a foam ng agent according to step (b) before the
degassi ng according to step (c). 30 The foam ng agent is as a rule a readily
vol atil e substance w th a high vapour pressure. The foam ng of the

pol ycarbonate nelt is initiated by the high vapour pressure - 10 of the
foam ng agent. The foam produces a |large increase in surface area, which is
advant ageous for the degassing. |In addition the partial pressure of the
resi dues of solvents or other volatile tdnstituents in the gaseous 5 phase
of the separator that are present in the polyner is reduced, whereby in
principle | ower residual contents of volatile constituents should be

achi eved. Acffbheai hgamieat aghrte | Ther Ebamaprgdused anlanget igasesse 10 an

inert liquid or a.mxture of jnert.gases_and/or |iguid anmpl es of
Suit abl e T ob FECERsht SFERe WREFBGRA 2eLPBhROSaNBxTHb . et SFOARELREne and
hel i um ParthcghaityonpPtgéepabt YavapeessGaeben dhexideianeBi brogen is used

as foam ng agent, and nost particularly preferably nitrogen is 15 used.
Wthin the seopenbs ohecpheserplahibat FoRstitwastal b £bandasenus t he

success of egassing._i Lonifi t i y f.the f egassi ng,
W th or gﬁt%%%?gt%g g%%i?%§%§%?8g Egggoéﬁ?n ég%ﬁ ,lbstégr nggégtggeveral
times in suge@asedN. whénebhi $ncpnnretipde LbrRenecessanylsupacsatyr aki on nust
be ensured in each degassing stage. |f necessary a foam ng agent according
to step (b)VAh§tbecaaaRat bersresegbA i 8aht achas¥PAg step (c). If the
degassing is carried out in 25 several stages care should be taken to ensure
that the overall residence tinme remains small in order to prevent

As foaming agent there is preferably used an inert gas or

( 10 an inert liquid or a mixture of inert gases and/or liguids.

| Examples of suitable foaming agents are nitrogen, carbon
dioxide, water, methane and helium. Particularly
preferably water, carbon dioxide or nitrogen is used as
foaming agent, and most particularly preferably nitrogen is

15 used.

Within the scope of the present invention it was also found
that the success of the degassing is significantly improved
if the foam degassing, with or without the addition of a
20 foaming agent, is carried out several times in succession.
( In this connection the necessary supersaturation must be
‘ ensured in each degassing stage. If necessary a foaming
agent according to step (b) may be added before each foam
degassing step (c). If the degassing is carried out in
25 several stages care should be taken to ensure that the
overall residence time remains small in order to prevent
undesirable discolouration or degradation. A short
residence time can be achieved by a suitable design of the
apparatus. If the foam degassing is carried out in several
30 stages, the individual stages need not necessarily be
carried out in exactly the same way. Depending on the

particular application, i.e. depending on throughput,



undesi rabl e di scol ouration or degradation. A short residence tine can be
achi eved by a suitable design of the apparatus. If the foam degassing is
carried out in several 30 stages, the individual stages need not necessarily
be carried out in exactly the same way. Depending on the particular
application, i.e. depending on throughput, - 11 viscosity of the product
and tenperature, the stages nay be carrjijed out differently as regards their
execution or splitting of the partial streans, anount of foam ng agent,
tenperature, and dianeter of the inlet openings. 5 The foam ng agent is

di stributed i ( It y.C atic m i
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pol ycarbonate nelts have been known for a long tinme fromthe prior art.
Static m xe¥R! Hrietrd bf yrhdiRA el sTFIRITE e YROWRE SMK FRXBINI VTR i s

described i il-dor Feil A I £ Aadk s Mschen in der
Kunststoff&%?ggﬁéﬁ%dﬁé'J% - eré?g$fﬁ%g?j?% gié%tvé@%r%%%%ér 11(43), 1992
Static rB8 xers according to EP 947 239 A or US 6 394 644 B may al so

preferably be used., Particularly preferred js an SMX m xer whose free
internal ~ diRfretAMIRG | QSR ofFy %ﬁ%#%@%ﬁj&nt%em R} W Hheesult of

various m xing, &l BB Se ddnwhi ch particubardy 29 preferably Lhesfrse

internal ditaneter decreases for exanple 1n a cascade manner or In stages in
t he directitome idistrdhut hen natérdassélowson hoHughe t heamixe@ragémt order to

i nprove the, dispersion and.dissol ution of the. . C o
P Conv ntfona modg fcat{%ns oP static mixers for mixing

{ 10 highly viscous polycarbonate melts have been known for a
| long time from the prior art. Static mixers preferably
have the structure of an SMX mixer, which is described in
detail for example in Arno Signer, Statisches Mischen in
der Kunststoffverarbeitung und -herstellung,
15 Plastverarbeiter 11(43), 1992. Static mixers according to
EP 947 239 A or US 6 394 644 B may also preferably be used.
Particularly preferred is an SMX mixer whose free internal
diameter varies along the length of the mixer as a result
of various mixing elements, in which particularly
20 preferably the free internal diameter decreases for example
( in a cascade manner or in stageg in the direction in which

he material flows through the mixer.

In order to improve the dispersion and dissolution of the

25 foaming agent in the polycarbonate melt, the pressure in
the static mixer can be increased by means of a suitable
device, for example a pressure retention valve or a
throttle. It is known to the person skilled in the art
that a larger amount of a volatile substance can be

30 dissolved in a melt by increasing the pressure.



25 foam ng agent in the polycarbonate nelt, the pressure in the static

m xer can be increased by neans of a suitable device, for exanple a
pressure retention valve or a throttle. It is known to the person skilled in
the art that a |l arger anmpbunt of a volatile substance can be 30 dissolved in
a nelt by increasing the pressure. 12 The state of the polycarbonate nelt
on entry into inlet openings according 1o -step (c) before the flashing,
nanely the existence of one or nore phases, is decisive for the success of
t he degassing and for the process stability. A5 particularly good degassi ng

result is f_al V, {5?¥p , n agents,
are conplggﬂ%%ﬁgggéo P-é éﬁ%&%f? éghlng <%%ﬂ§+%€% Qnégfgg ved within
t he cont extopafnitrigs pzrcﬁmﬂlmg’lvmmmp mé@nsbe f duad ttkln@ :ﬁ)bdasﬂcam@pnaamhgel t with

t he sol vent contajned 10 therein and added foam n ent  for a
si ngl e- phadd® BXATHFICRC hudF XL JRO%R PPRTSes ar%—:-g ‘ﬁ% 1%?'%%eﬂsritrlh? he
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m xed-i n foam ng agent should conpl etely ol ved. The anbunt of
f oan ng mgert thelaplesgored degasdieng em)@mht ure ackiévedhi§ abhnection

chosen soié; the foanlqg %ent % % teI di ssol ved |n t he

pol ycar bonaf R el Ard” %ﬂ%e 0 %9tﬂ%?n5?e @hecessary for the
conpl ete dl@&@}éﬂ@mqﬁl@s@p@@afb@f@ﬂ@wﬁe2919§h{1@@m ngomgeatetgpend on the
nature of the said foaming agent. It is known to the person skilled in the

art that, xﬁrS@l\gedfeﬂltI@mpetﬁla@ ueenidxh pbl Yearboeaert nenventhen megnaum
anount of anmi,ng a that can be dissolyved is ncr eas rai sing the
pressure. $Huﬂéé%ggl gfycar onate m&Fr A PER' VEE solveng congalngd
{ 10 therein and added foamlng agent forms a single-phase

mixture. ©No bubbles or droplets are then present in the

polycarbonate melt on entry into the inlet openings.

In particular the mixed-in foaming agent should be
15 completely dissolved. The amount of foaming agent, the
pressure and the temperature are in this connection chosen
so that the foaming agent is completely dissolved in the
polycarbonate melt. The pressure and temperature that are
necessary for the complete dissolution of a specific amount
20 of foaming agent depend on the nature of the said foaming
( agent. It is known to the person skilled in the art that,
‘ for a given temperature of a polycarbonate melt, the
maximum amount of a foaming agent that can be dissolved is
increased by raising the pressure. The same is also true
25 for the other volatile components contained in the

polycarbonate melt.

The foaming agent should be chosen so that even small

amounts are sufficient in order, after a pressure release,
30 to produce a vigorous foaming of the polycarbonate melt on

entry into the inlet openings. Within the scope of the

process according to the invention a small amount means the



25 for the other volatile conponents contained in the polycarbonate nelt.
The foam ng agent shoul d be chosen so that even small anpunts are
sufficient in order, after a pressure release, 30 to produce a vigorous
foam ng of the polycarbonate nelt on entry into the inlet openings. Wthin
the scope of the process according to the invention a small anmount neans
the 13 addition to the polycarbonate -malat -of 0.01 to 1 w.%of foam ng
agent, preferably 0.02 to 0.5 w.% and particularly preferably 0.05 to 0.3
w.% referred to the polyner nmass. Despite this small anount of foam ng

agent the fa{cf’c?imjp% ilgﬁ%ﬁ? U yrdakase Rx#éitcﬁe&fc@.@larﬂc?dl bye foagE ng of the

pol ycar bonate ne € vapour® pressure o oam ng agent for the
t enper at ur ef qareivad ldgentat preferdbly t®. @heco M & wpehiags pdfkx ofuldely

degassi ng st age at the adjusted concentration of foamng agent in the
nmelt is O. JP?%E?L]%%Z]@’MQ -Gt it Yo & "E%g%]@r rt%ﬁﬂjepaﬁqjigﬂﬁ]grr?%ﬁs-

preferably g 4:0; 40 hars Jhel PolyGH DLW &R dg Byee fgated, &8:.600l ed,

preferably 15 heated, before, during or after"the mxing in of the foamng
agent. A iswressslilbnperkesrel asansceotpahiesd wapteaminessiurehef t he

vol ati |l e conponent.s ith the result that the foamformation is assisted in
t he subsequ® 'Yc?ﬁﬁﬁﬁéﬁ%d“ “the separation of the volatile constituents 20
successfully takes place nore easily. Suitable apparatus and equi pnent for
heating or cooling a polynmer nelt, for exanple shell-and-tube heat
exchanger s, T atapdisatPresewangel sty frarinscdgerersomitte st ati c i xers,

are known Eéﬁéé?%éﬁ¥§q£r§$giifﬁbiéEtgﬁ%égﬁtry to the inlet openings

[ 10 of the degassing stage (c¢) at the adjusted concentration of
foaming agent in the melt is 0.1 to 100 bar, preferably 0.5
to 60 bar and particularly preferably 1 to 40 bar.

The polycarbonate melt may be heated or cooled, preferably

15 heated, before, during or after the mixing in of the
foaming agent. An increased temperature means a higher
vapour pressure of the volatile components, with the result
that the foam formation is assisted in the subsequent
degassing and the separation of the volatile constituents

20 successfully takes place more easily. Suitable apparatus

( and equipment for heating or cooling a polymer melt, for

example shell-and-tube heat exchangers, plate heat
exchangers or heat exchangers with static mixers, are known
to the person skilled in the art.

25
Preferably the temperature change in the melt from the
point of addition of the foaming agent up to the entry into

the inlet openings according to step (c¢) is not more than

100°C, preferably not more than 90°C. The temperature of

30 the polycarbonate melt at the entry to the inlet openings
is preferably 250°C to 340°C, particularly preferably 260°C

to 320°C. A further heating of the polycarbonate melt is



25 Preferably the tenperature change in the nelt fromthe point of addition
. of the foam ng agent up to the entry into the inlet openings according to
step (c) is not nore than 100C, preferably not nore than 90C. The
tenperature of 30 the polycarbonate nelt at the entry to the inlet openings
is preferably 250C to 340C, particularly preferably 260C to 320C. A further
heati ng of the polycarbonate nmelt is *41l4also possible after the entry to
the inlet openings up to the entry to the degassing vessel, if for exanple
heat abl e tubes are used as inlet openings and flashing devices. Preferably

t he tenper atlwee pbd<idylence deat viden driterernia wHe inldte dpdreingpend ngs and t he
entry to the separating vessel 1is not nore than 100C, particul arly

pref er abl y "¢t §Hre thdlBEEIIRTRUI P st (XY TRDL etk e el t

is introdu M g,d e It i t he form of
parti al stftggjr(reségﬁ‘ éoalléét%e%soqggl/rghﬂ:%p%%%ﬁbﬁ?%%%g%ﬁ%%% and

parti cul ar IBrgfreefagrlabl yhe) . tesnpeanr 5 Uagd hid £ fidveepoe Vioatrbemat theredit 1y fd ashed
in a separating vessel at, 15 a lo ressure of 0.1 to 20 pbar, preferably
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preferably 23, Z@®ct.o 320C. ¢ The pol ycarbonate nelt is introduced from
above through the inlet openings into the separating vessel. The inlet

According to step (c) the polycarbonate melt is introduced

l 10 via inlet openings into a separating vessel in the form of
partial streams of 0.1 to 20 kg/hr, preferably 0.125 to 10
kg/hr and particularly preferably 0.15 to 5 kg/hr.

The polycarbonate melt is flashed in a separating vessel at
15 a low pressure of 0.1 to 20 mbar, preferably 0.3 to 10
mbar, particularly preferably 0.5 to 5 mbar. The

temperature of the polycarbonate melt on entry into the
degassing vessel is according to the invention 250° to
360°C, preferably 260° to 340°C and particularly preferably

20 270° to 320°C.

The polycarbonate melt is introduced from above through the
inlet openings into the separating vessel. The inlet
openings are accordingly located in the upper region of the
25 separating vessel. The inlet openings are in particular
arranged in one level, though they may also be arranged at
different levels in the upper region of the separating

vessel.

30 The inlet openings perform the function of flashing

devices. An essential design criterion for these flashing



openings are accordingly located in the upper region of the 25 separating
vessel. The inlet openings are in particular arranged in one |evel, though
they may al so be arranged at different levels in the upper region of the
separating vessel. 30 The inlet openings performthe function of flashing
devices. An essential design criterion for these flashing 15 devices is the
pressure loss that is generated by theml> The pressure |l oss is cal cul ated
fromthe viscosity of the polynmer nelt, which in turn depends on the type
of product, tenperature and concentration of volatile constituents and 5

f oanmi ng ageldvicewd itshe Hehrpmegdyuste Arubsgadiet rig afeddatdd ashidigntlevi ces. The
connection hetween the di aneter of. the bores, mass flow, viscosity of the

pol ycar bonat¥® MAGSSUHR 1% sift €31688 3Tk g (1021 el gy <3 1918 in the
art. Wen ;ﬁidl%éill' d NG gs st %dﬂ?%éﬂlﬁl&er&?r’c@“ég} dde ];%ddiéxééw art

can disregard the influence of the entraining agent, sign
accordi ng tterkgrrowtund esndfcdrientedhingl agfy vsl goisls btens titmgres strd | 0ss

shoul d be dj usted so that# %ﬁa ol Utﬁ} ressure before th ntry to the
i nl et openi NG &g ¢t ENi Y FEREHTU RS F%am ng before

the entry toddig dl@ivioRa Ndse B¥hndQABNGLd Ak, HRCI ot &f tgr the
entry into the inlet openings. Suitable inlet openings are for exanple

bores or slthe bREshemsdsmfflaw t erimabsidar |l the polytcarbqrad v nermed
ozl SR PR A M AR L SSPIENS A, DR D 8, g e place
art. When calculating the pressure loss the person skilled
[ 10 1in the art can disregard the influence of the entraining
k agent, so that a design according to known rules of the
technology is possible. The pressure loss should be
adjusted so that the absolute pressure before the entry to
the inlet openings is sufficiently high in order to prevent
15 a foaming before the entry to the inlet openings. The

foaming takes place only after the entry into the inlet

openings.

Suitable inlet openings are for example bores or slits,
20 hereinafter termed nozzles, in a plate (also termed nozzle
( plate). Nozzles are preferably designed as bores in a
nozzle plate. The plate may in principle be of any

suitable thickness.

25 In a preferred implementation of the process according to
the invention the partial streams of the polycarbonate melt
are in each case guided through nozzles in a horizontally
arranged plate. The bores terminate directly in the
separating vessel, in which a low pressure exists.

30 Preferred diameters of the nozzles are 0.8 to 5 mm,

particularly preferably 1 to 4 mm,.



25 In a preferred inplenentation of the process according to the invention
the partial streans of the polycarbonate nelt are in each case gui ded

t hrough nozzles in a horizontally arranged plate. The bores term nate
directly in the separating vessel, in which a |ow pressure exists. 30
Preferred dianeters of the nozzles are 0.8 to 5 mm particularly preferably
1to4 m 16 Tubes also may be used-asa nl et openings. Preferably the
tubes are arranged vertically and polycarbonate nelt flows through the
tubes fromthe top downwardly. Preferred tube dianeters are 4 to 20 mm

parti cul ar ly, ueferablysy 4 deed ndMnildt A LR preferdad gxagu i on of

the process according to the invention the tubes are used as d heat

i nt er changerubax dratamasimaerertforalt hy suplimoisedtteynare mekanfeovs n - 10
particular i,n the formof a parallel bundle and are surrounded by heat

t ransfer m&ﬂﬁﬁﬁéﬁxéh raiss §?TuﬁhF ?ﬁ%u§§WQWEﬁi}an!P%ﬁp NSty st eam
or heat trafisf@ictd anaPPWo Jdhanh et utdier ¢ ybestdsawreferadlys 300 to
2500 mm particularly preferably 500 to 2000 mm 15 The tubes of the

shel | - arid- t@be heat exchanger thus termnate directly in the separating
vessel . The individual tubes are designed so that the polycarbonate nelt
does not yet foamon entry into the shell-and-tube 20 heat exchanger. The

tubes may ben radRurtEHEOVEFe Dy 1eE Zdascut Torsiert id peddd s necPreded er m ned
pressure | oss. The pressure loss in an individual tube is in this
connect i on tQdPEhdenfen AThet B¢ dtePeF ATFR WAY @S orkgat imeerchanger

or heat exchanger. For this purpose they are arranged in
[ 10 particular in the form of a parallel bundle and are

surrounded by a heat transfer medium, preferably a liquid
heat transfer oil or condensing steam or heat transfer oil
vapour. The length of the tubes is preferably 300 to 2500
mm, particularly preferably 500 to 2000 mm.

15
The tubes of the shell-and-tube heat exchanger thus
terminate directly in the separating vessel. The
individual tubes are designed so that the polycarbonate
melt does not yet foam on entry into the shell-and-tube

20 heat exchanger. The tubes may be made narrower by nozzles

( in order to maintain a predetermined pressure loss. The

pressure loss in an individual tube is in this connection
dependent on the state of the polycarbonate, the
temperature at the inlet and outlet of the tube, the

25 throughput, and the proportion of volatile constituents at
both the inlet and outlet of the tube. The polymer foam is
formed only at the outlet side of the tubes to the
separator, i.e. at the inlet openings of the separating
vessel. The diameters of the tubes are in this connection

30 preferably 4 to 20 mm, particularly preferably 5 to 15 mm.

Nozzles that are used to increase the pressure loss have



tenperature at the inlet and outlet of the tube, the 25 throughput, and the
proportion of volatile constituents at both the inlet and outlet of the
tube. The polymer foamis forned only at the outlet side of the tubes to
the separator, i.e. at the inlet openings of the separating vessel. The

di anmeters of the tubes are in this connection 30 preferably 4 to 20 mm
particularly preferably 5 to 15 mm NoZZles that are used to increase the
pressure | oss have - 17 dianmeters of 0.8 to 5 nm preferably 1 to 4 nm The
mass flow per tube is 0.1 to 20 kg/ hr. The execution of the process

accordi ng t®i doer é Ay et | ONg St & i, Shied # el § ubec Heat mexchangepa g ovi des a
preferred nethod for heating or coollng the polyner nelt, as discussed

further herfeiowater ctulfhelis md ek spacihgegofirthe inl et openings, neasured from
10 midpoint to mdpoint, and thus the interspacings of the partial streans
on entry into the separating vessel, are 5 to 50 mm preferably 10 to 40 mm
and parti cwmlwemﬁ@ma&fytﬂé prodesgmacddrdhegresi geacentvéneion the

pol ycarbonate nelt in t separating vessel nmust on the one hand be

suffici ent IWAHomy Slﬁ%lbe%ﬁlttlab%ulm%.@ﬁ@h%@%sw@w%% P eRT@EPEEEdi ne nust

on the othep I affect the product
quality of t%e poncar%on%?@g ?%ggﬁﬁfgﬁipggné% ??ﬁ%rgﬁét%e %olycarbonate

melt in thasepassdd nfurtlesseheraisbefofe) is preferably at nost 10 m nutes,
particularly preferably at nost 5 mnutes. In a further nodification of the
process according to the 25 invention the residence tinme may be influenced

by guide e interspacings of the inlet openings, measured from

( 10 midpoint to midpoint, and thus the interspacings of the
partial streams on entry into the separating vessel, are 5
to 50 mm, preferably 10 to 40 mm and particularly
preferably 15 to 25 mm.

15 The residence time of the polycarbonate melt in the
separating vessel must on the one hand be sufficiently long
to permit a sufficient degassing. The residence time must
on the other hand not be too large, so that it does not
affect the product quality of the polycarbonate. The

20 residence time of the polycarbonate melt in the separating

( vessel in step (c) is preferably at most 10 minutes,

particularly preferably at most 5 minutes.

In a further modification of the process according to the
25 invention the residence time may be influenced by guide

elements. The guide elements have the function of

extending the residence time and at the same time

increasing the surface of the polycarbonate melt.

30 The guide elements may consist for example of perforated
metal sheets, profiled metal sheets, wires, wire meshes,

link chains, narrow metal strips of arbitrary cross-



el enents. The guide el enments have the function of extending the residence
tinme and at the sanme tine increasing the surface of the polycarbonate nelt.
30 The guide el enents may consi st for exanple of perforated netal sheets,
profiled netal sheets, wires, wire nmeshes, |ink chains, narrow netal strips
of arbitrary cross 18 section, etc., and are preferably arranged
substantially horizontally. Exanples ofl&uch guide el enents are described
for exanple in DE-A 10 144 233 or in EP-A 1 095 960. Particularly
preferably the guide elenments are formed 5 as wires, which are arranged
substantiaJégctmmeOﬂ&allyam@ at@epseﬁerablyganﬁan@éd Jhies tdegassihy of the

pol ycar bonat e t t hereb i cant | roved, wi thout a harnfu
back;cleavgﬁﬁf qﬁi%ﬁlyé%f%%ﬁi?% c%?g? %ulgg THIGHT 8s2FAy be arranged
in virtual lye sy Kiesi £ 64 dRiHiET e B9 Heng 85 ibe y@§a§rdpan§ £Ooptges one
anot her and are arranged substantially horizontally. Wthin the context of

t he present9¢hventdoni cubstint prueferably zone aghydeeahsmant saxireuhfodesd at i on
fromthe. horizontal of

| d
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particul ar have an ang ernore several |evels of
W res are provided, the mﬁres of different levels nmay be arranged at any
athra{g

(

The wires may be arranged in virtually any desired manner
so long as the wires do not contact one another and are
arranged substantially horizontally. Within the context of
the present invention substantially horizontally means a
maximum deviation from the horizontal of 20°. 1In
15 particular, two or more wires should not contact one
another, for example by crossing over. A plurality of
wires may for example be provided in several levels, in
which neither the wires of one level nor the wires of
different levels contact one another. If a plurality of
20 wires are provided in one level, then these may be arranged
{ substantially parallel to one another. The wires of one
level should in particular have an angle of at most 20°.
If furthermore several levels of wires are provided, the
wires of different levels may be arranged at any arbitrary
25 angle to one another. Preferably the wires of different
levels form an angle of at most 180°, particularly
preferably 30° to 150° and most particularly preferably 70°
to 110°. If the individual wires of a level are not
clamped parallel, then the angle of rotation of the wires
30 of different levels is fixed according to the angle

bisecting lines.



25 angle to one another. Preferably the wires of different |levels forman
angl e of at nost 180, particularly preferably 30 to 150 and npst
particularly preferably 70 to 110. If the individual wires of a |level are
not clanped parallel, then the angle of rotation of the wires 30 of
different levels is fixed according to the angle bisecting lines. 19
Preferred are wires with a dianeter of 19Mmto 5 mm particularly
preferably 2 mmto 4 mm 5 The advantage of substantially horizontally
arranged wires, which are preferably clanped between opposite walls of the
separating vessel, is that an effective surface regeneration and thus a
good nmass transfer between the gas space and pol ycarbonate nelt can take
pl ace wit h Prefierinedmal® somesctwidiea isitamedent inf detmal teatSermimal of the wire
and the I r h most_ U favour abl e cases a | arge

accumul at i gja\é(%ﬁ‘%?%% ])?' ES? f|egljh byltyvreéscous po ycar bonate nelt can formon
vertically arranged wires, i.e. the polycarbonate nelt forns bl ockages on
the wires. This _ 15 | eads to unfavourabl e residence tine distributions or to
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mesh, fabric or t vmres exarrpern EP-A 1
095 20 960 setpealmm@ f\msned A arsge;riaitodmﬁf@ctpoja/cmrﬂﬂzrm{e nelt at the

nodal points of the wres agg‘ | eads to poI de radati on. Horizontally
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( 10 contact area between the metal material of the wire and the

| polycarbonate melt. In the most unfavourable cases a large

accumulation (hold-up) of highly viscous polycarbonate melt
can form on vertically arranged wires, i.e. the
polycarbonate melt forms blockages on the wires. This

15 leads to unfavourable residence time distributions or to
degradation of the polymer. Both may be deleterious as
regards the quality of the product. Also, it has been
found experimentally that a network, mesh, fabric or the
like made of wires, as described for example in EP-A 1 095

20 960, tends to form a large blockage of polycarbonate melt

( at the nodal points of the wires and leads to polymer

degradation. Horizontally clamped wires produce in
addition a good distribution of the foam strands and thus
an effectively enlarged surface for mass transfer compared

25 to metal sheets, etc.

A higher viscosity of the polycarbonate melt leads, with

otherwise identical guide elements, to a larger blockage,

to greater layer thicknesses and to longer residence times.
30

The polycarbonate melt falls downwardly in the separating

vessel into a sump and is removed therefrom by a suitable



25 to netal sheets, etc. A higher viscosity of the polycarbonate nelt |eads,
with otherwi se identical guide elenents, to a |l arger blockage, to greater
| ayer thicknesses and to |onger residence tines. 30 The pol ycarbonate nelt
falls downwardly in the separating vessel into a sunp and is renoved
therefrom by a suitable 20 discharge device, for exanple a gear-type punp
or a discharge extruder. The discharge?20s preferably effected wth a
gear-type punp. The floor of the separating vessel is preferably designed
conically with the tip pointing 5 downwards. The angle of the cone with

respect to die-hdvajd zntade | SEgF ebeinllly 2Gdr GO pdadhpswardy preferably
30 to 45. In the case of very Iarge throughputs (for exanple nore than 12

t onnes per HAANREIEFGHGRE- belhe HbisEHangenHi < P ke faloby QﬁfQCHEQd

Zieggplgi Iggg&}e/\ﬁg g It@ﬁ Séls“&g pmerg aﬂllne vocfsfat hs%gns% Crg%t S separ at ed

in step (c)lsmé&rébmmégmém&dmma@mﬁ tHatt i poissiily present
and 15 passed to a working-up sta f?d: In this, the volatile constituents

that ar éjwréfaéaismhlw KBSk Fhe Ui REE leritC 0F1e he soI vent's

d i h b f duc f
the. pol yedIHaats * Lo AT GGUSL0 37t RS S0par Bt CALGUTAF 17 ePEBRPORBAYS ar e
not recyclag kg e, pr@ﬁeﬁﬁefegs&hsfp{@g §o4500: 0bnPBLYABLPANREE, 'f onl'y

m nor amounts of volatile conponents are epa
example more than 12 tonnes per hour) a design may be

chosen in which the floor of the separating vessel consists
( 10 of several cones, each of which has a discharge device at

its lowest point.

The volatile constituents separated in step (c) may be
freed from the foaming agent that is possibly present and
15 passed to a working-up stage. 1In this, the wvolatile
constituents that are separated, which consist to a
considerable extent of the solvents used in the process,
may be recycled to the process for the production of the
polycarbonate.
20
Q Advantageously the separated volatile components are not
: recycled to the process for the production of polycarbonate
if only minor amounts of volatile components are separated
from the polycarbonate melt in the process according to
25 step (c¢), for example amounts of 0.1% to 0.5%. The effort
and expenditure involved in working up the wvolatile
components must be weighed against the economic benefit of
recycling. Also, the quality of the polycarbonate that is
formed, for example as regards colour, may be adversely
30 affected if impurities are introduced into the process due
to the worked-up solvents. A working-up and recycling of

the monomers and oligomers separated in the process



fromthe polycarbonate nelt in the process according to 25 step (c), for
exanpl e anounts of 0.1%to 0.5% The effort and expenditure involved in

wor king up the volatile conponents nust be wei ghed agai nst the economc
benefit of recycling. Also, the quality of the polycarbonate that is
formed, for exanple as regards colour, nmay be adversely 30 affected if
inmpurities are introduced into the proceds due to the worked-up solvents. A
wor ki ng-up and recycling of the nononers and oligonmers separated in the
process 21 according to step (c) is not econom cal on account of their

very smal | arguidiend et seaffeatot hecsiuahidyl asn degaighs 6plowdir S A
recycling and working-up of the foam ng agent is as a rule not econom cal
on account WY HE&al IMeRumid thRY 2kge it ey dehe THeat hey nvpl asti ¢

polycarbom¥é§%%5§u A &, Pbtained by the 10 process according to the
i nvention ar so covered by the present invention. These pol ycarbonates
have a residual content of volatile substances (in particular

nonochlorobenzen(%%of at st 500 ppm Prefe at nost. 100 ppm and
particul®ar |y ‘g% JE@? %RBt%S?%E OI3Fe? nass. The

resi dual CQFﬁfgnndﬁ eé%ﬁ%ﬁfﬁéﬁmﬁﬁwﬁﬁbdéh@uof“%%e Sl Al £%5ﬁﬁ%§bﬁﬂa@1 nost 2

ppm and particularly preferably Iess than 0.5 ppm (free of

di chl or onetdramegmp Ryd<dr t he process according to the invention, suitable
di phenol s for the production of polycarbonate are described in many places
in the prior art. Suitable diphenols are for exanpl e hydroqui none,

The thermoplastic polycarbonates that are obtained by the
( 10 process according to the invention are also covered by the
present invention. These polycarbonates have a residual
content of volatile substances (in particular
monochlorobenzene) of at most 500 ppm, preferably at most
100 ppm and particularly preferably at most 25 ppm,
15 referred to the polymer mass. The residual content of
dichloromethane is at most 5 ppm, preferably at most 2 ppm
and particularly preferably less than 0.5 ppm (free of

dichloromethane) .

20 For the process according to the inventicn, suitable
( diphenols for the production of polycarbonate are described

in many places in the prior art.

Suitable diphenols are for example hydroquinone,

25 resorcinol, dihydroxydiphenyl, bis- (hydroxyphenyl) -alkanes,
bis- (hydroxyphenyl) -cycloalkanes, bis- (hydroxy-phenyl)
sulfides, bis- (hydroxyphenyl) ethers, bis- (hydroxyphenyl)
ketones, bis- (hydroxyphenyl) sulfones, bis- (hydroxyphenyl)
sulfoxides, o,da’ -bis-(hydroxy-phenyl)-diisopropylbenzenes,

30 as well as their alkylated, nuclear-alkylated and nuclear-

halogenated compounds.



25 resorcinol, dihydroxydi phenyl, bis-(hydroxyphenyl)-al kanes,
bi s- (hydroxyphenyl ) -cycl oal kanes, bis-(hydroxy-phenyl) sulfides,
bi s- (hydr oxyphenyl ) ethers, bis-(hydroxyphenyl) Kketones,
bi s- (hydr oxyphenyl ) sul fones, bis-(hydroxyphenyl) sulfoxides,
a, a' - bi s- (hydroxy-phenyl)-diisopropyl benzenes, 30 as well|l as their
al kyl at ed, nucl ear-al kyl at ed and nucl ear- hal ogenated conpounds. - 2 2
Preferred di phenols are 4,4'-dihydroxydﬁﬁhéhyl, 2,2,-bis-(4-
hydr oxyphenyl ) - 1- phenyl propane, 1, 1-bi s-(4-hydroxyphenyl)- phenyl et hane,
2, 2- bi s- (4- hydr oxyphenyl ) - propane, 2, 4-bi s-
(4- hydr oxyphefidprett reighdrinlianee 1 3¢ bdshidrédy8iphenyl, 2,2, -bis- (4-
hydr oxyphenyl -2-propyhﬂ-benzene ( bi sphenol 2&, 2,2-Dbis-(3-
net hyl - 4- h Wl priophraly IR eRanes- di metitiyg - (i -hydroxyphenyl) -
hydr oxyphe qﬁqggﬁgg% his: (3, 5-.04 s 4-1\h enyl ) -pbr opane,
bi s- (3, 5-diri¥riee% yl -4-hydr ?x’;z/%%el?]syl &%ﬁ%’%ﬁyj‘e&l) .\iﬁféB%P@, RIRS LS
2, 4- bi s- (3, G-diytdyyperyldr-eanpanyliDutardd, metingdiar ne(4 -
1, 3-bi s-[ 2- (3, 5-di net hyl - 4- hydr oxyphenyl ) - 2- propyl]-benzene and,
T 1 bl o5 4tk By R A by PR () et a3
Parti cul ar |y ferr L,phana e di I phewy1 -
1,1-bis-(4-ﬁ?ﬁ?ﬁ&ﬁiﬁgﬁyﬁg-phenffgfﬁgﬁ?é%fﬁb%?%q?ﬁ¥gh§hroxfﬁ%é%il)-propane,
2, 2- bi s- ( 3,I5ditarmstihdnyl) tyetrioyephehyd )b i opdute; dimethyrls-4 4- hydr oxyphenyl ) -
cycl ohexane and 1, 1-bi s-(4-hydroxypheny))-3, 3, 5- .trinpethylcycl ghexane
(bi sphenol ORqY Uhb rr o p‘?fo%rb{o%| %b‘izlr%%%fe‘? - %F‘}éﬁépofb%’b\?ﬂgnm is
used, wher easl fidhd hex case Of (Topa pearbpnal asy&eyefhenyi phenol s are used,
in which obviously the di phenol s used,
10 methylbutane, ,3-bis-[2-(3,5-dimethyl-4-hydroxyphenyl) -2-
propyl] -benzene and 1,1-bis- (4-hydroxyphenyl)-3,3,5-

trimethylcyclohexane (bisphenol TMC).

Particularly preferred diphenols are 4,4'-dihydroxydiphenyl,

15 1,1-bis- (4-hydroxyphenyl) -phenylethane, 2,2-bis- (4-
hydroxyphenyl) -propane, 2,2-bis-(3,5-dimethyl-4-
hydroxyphenyl) -propane, 1,1-bis- (4-hydroxyphenyl) -
cyclohexane and 1,1-bis- (4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane (bisphenol TMC) .

20

{ In the case of homopolycarbonates only one diphenol is

used, whereas in the case of copolycarbonates several
diphenols are used, in which obviously the diphenols used,
like also all the other chemicals and auxiliary substances

25 employed in the synthesis, may be contaminated with
impurities derived from their specific synthesis, handling
and storage, although of course it is desirable to use raw

materials that are as pure as possible.

30 The monofunctional chain terminators required to regulate
the molecular weight, such as phenol or alkylphenols, in

particular phenol, p-tert.-butylphenol, iso-octylphenol,



like also all the other chem cals and auxiliary substances 25 enployed in

. the synthesis, may be contam nated with inpurities derived fromtheir
specific synthesis, handling and storage, although of course it is
desirable to use raw materials that are as pure as possible. 30 The

nmonof unctional chain termnators required to regulate the nol ecul ar wei ght,
such as phenol or al kyl phenols, in partdkut ar phenol, p-tert.-butyl phenol

i so-octyl phenol, 23 cunyl phenol, their chlorocarbonic acid esters or acid
chl ori des of nonocarboxylic acids or m xtures of these <chain term nators,
are either adderbliagel hethed it hclt herodd sipdhreiol &t 2d oest &es bos pheindl ates to the
reaction, or ively are added at any suitable ting to the

5 ajterna ,
synt hesi s §34Qﬁﬁﬁ%& %% EP°¥¥&%ﬁi?€&%% %%ﬂﬁbﬁ?%r%%iﬂf F%?%?nal groups
are still pé&.%ﬁ{lttéfhwgtéle@p;ap@ AL XheH Caadha tdgdhge£agec Rl cAci d chl orides

and chlorinated carbonic acid esters as chain termnators, so long as
suf fici ent Yidpheghehoté cor eriné nal sghenpsaivésthe poe yrmeacbieong éorned are

avai |l abl e. Preferabl owever e.chain termnator or ternihators is/are
added af eﬂa%?ﬁFTék% t?{ﬁl%égégs?Tean%rs%&tgbf?n%l@? Eﬁ?%hephosgene is no
| onger presgptriadid hes rat@l ¥Stphasqgeré yetcheshinBt efedatBonftt £0at i vely

the 15 chain termnators may al so be netered in together or in parallel
before the teifmiysl @Fowps REhesktht hl psesenh ihetBanteaayiont noxblty

branchi ng agents_or, m esc of . branchi g S a to.t .
synt hesi s. Tn%?l?hghé%%%éégré%}gngafﬁgggﬁgn @éa?ﬁigﬁﬁgggggf§?5g§%%cchain )
term nat or sacA$ @stete 4siSphbnotsyrmipateraar yo phendl 8sosuf actdesbl ori des of

tricarboxylic acids or tetracarboxylic

( 10~ phenolic terminal groups of the polymer being formed are
available. Preferably however the chain terminator or
terminators is/are added after the phosgenation at a site
or at a time at which phosgene is no longer present but the
catalyst has not yet been metered in. Alternatively the

15 chain terminators may also be metered in together or in

parallel before the catalyst or with the catalyst.

In the same way optionally branching agents or mixtures of
branching agents are added to the synthesis. Normally

20 however branching agents are added before the chain

K terminators. As a rule trisphenols, quaternary phenols or

acid chlorides of tricarboxylic acids or tetracarboxylic
acids of mixtures of the polyphenols or acid chlorides are
used. Some of the compounds suitable as branching agents

25 and containing three or more than three phenolic hydroxyl
groups are for example phloroglucinol, 4,6-dimethyl-2,4,6-
tri- (4-hydroxyphenyl) -heptene-2, 4,6-diemthyl-2,4,6-tri- (4-
hydroxyphenyl) -heptane, 1,3,5-tri-(4-hydroxyphenyl) -
benzene, 1,1,1-tri- (4-hydroxyphenyl)-ethane, tri-(4-

30 hydroxyphenyl) -phenylmethane, 2,2-bis-[4,4-bis-(4-
hydroxyphenyl) -cyclohexyl] -propane, 2,4-bis-(4-



~acids of mxtures of the polyphenols or acid chlorides are used. Sone of
t he conpounds suitable as branching agents 25 and containing three or nore
than three phenolic hydroxyl groups are for exanple phloroglucinol,

4,6-di methyl -2,4,6- tri-(4-hydroxyphenyl)-heptene- 2,
4,6-dienthyl-2,4,6-tri-(4- hydroxyphenyl)-hept ane,
1,3,5-tri-(4-hydroxyphenyl) benzene, I, 241-tri-(4-hydroxyphenyl)-ethane,
tri-(4- 30 hydroxyphenyl)-phenyl net hane, 2, 2-bis-[4, 4-bis-(4-

hydr oxyphenyl ) - cycl ohexyl | - propane, 2,4-bis-(4 24 -

hydr oxyphemytd sogmimty Hpwnapy I etpreer(ol- hd oy phemldro xpiteane. ) Some  of
the other trifunctional conpounds are 2,4 5 di hydroxybenzoic acid, trinesic
aci d, cyan®&tdaf ori de and

3, 3- bi s-(3-net hyl - 4- hydr oxyphenyl ) - 2- oxo- 2, 3-di hydroi ndol e. Preferred
branchi ng agents are 3, 3-bi s-(3-nethyl -4-

hydr oxypher8dne 2>foxdre? , @k thydridi urdd] ieoresild dqipchirids -gxe 10, 4 -

hydr oxyphenyl) - et hane. The catal ysts. used in the phase jnterface synthesis
of pol yﬁ:ar%éfré?‘yfq?ﬁﬁfﬂ]ec TG aryF dH s, 29 'paCPX"’FEtH]aﬁ cRi9%tIR ne,
tributyl amye -yid oci hamyme. 4 Myld-Stphdiyper i i fe, - N- e v P Patdshi e,
N-i/n- propyl pi peridine, quaternary amonium salts such as
tetrabut yl amoni um tributyl benzyl ammoni um tetraet hyl ammoni um hydr oxi de,

chl ori de, om de drogen. sul fate and tetrafl uorpborate, as well as the
phosphoni u%(]?#ecrofﬁ%ﬁbnr rg%etblrr%%saiﬁ)%%gaﬁeo %e’hie%aln%bﬁﬂﬁ?t otinds. These
conpounds  aiedEeeasidief i Jo tdeo 1 teratifdErSsndyRd Cahd phasel - ¢ 0t e[ ace

catal ysts, are comrercially obtainable, and are comonly known to the

per son ki IM¥AreFyRIRNGF) - thane .

The catalysts used in the phase interface synthesis of
polycarbonates include tertiary amines, in particular
triethylamine, tributylamine, trioctylamine, N-

15 ethylpiperidine, N-methylpiperidine, N-i/n-
propylpiperidine, quaternary ammonium salts such as
tetrabutylammonium, tributylbenzylammonium,
tetraethylammonium hydroxide, chloride, bromide, hydrogen
sulfate and tetrafluoroborate, as well as the phosphonium

20 compounds corresponding to the ammonium compounds. These

compounds are described in the literature as typical phase

e

interface catalysts, are commercially obtainable, and are
commonly known to the person skilled in the art. The
catalysts may be added individually, as a mixture, or also

25 gide by side and in succession to the synthesis, optionally
also before the phosgenation, but preferably metered in
after the addition of phosgene, unless an onium compound or
a mixture of onium compounds are used as catalysts. 1In
this case an addition before phosgene is metered in is

30 preferred. The metering in of the catalyst or catalysts
may take place in bulk, in an inert solvent, preferably the

solvent used for the polycarbonate synthesis, or also as



catal ysts may be added individually, as a m xture, or also 25 side by side
and in succession to the synthesis, optionally also before the
phosgenation, but preferably netered in after the addition of phosgene,

unl ess an oni um conpound or a mxture of onium conpounds are used as
catalysts. In this case an addition before phosgene is netered inis 30
preferred. The metering in of the catal y¥st or catalysts may take place in
bulk, in an inert solvent, preferably the solvent used for the

pol ycar bonate synthesis, or also as - 25 aqueous solution, and in the case
of tertiary@amaes ddilarntias, tdmed rimnmoni cassabf stert hangi alsines eflesabl y

m neral acids, in particular drochloru%chid. en %fin . several

catal ysts &t° vHER TeERIHHT B PhETE | i CRAFHS Breherabtal MR bl yst

amount, di fferant IR WY OF Sl ASc By O a@ﬂwsewﬁéﬁ%é)ﬂl%r@é@é/féil at
different sites or at different imes. The total anmount of the catal ysts

that are uswtadlystes 0ol vherOnetdeing rof gpardiab amdestofobi sphenot sl used,
preferahly 0.0l ta 8 nole % ticul arl referably.0.05 10 to 5 nole %
The pol Sécarcbaotnaa]tyesotsyanr?% TS %@E%ﬁe%%rrp?%%ﬁ&ﬁ %16?1?%,%%%%@5‘}’ O?P bat chwi se.
The reacti cfoumye tdesefivy eehpkey ol o€ A St e8li VeSS Sat tAbEf &Fef€act ors,

circulating punp 15 reactors or stirred vessel cascades or conbinations
t hereof. | E¥Ms. cofteciQlon! i dAmewelul @f behensat 2y $iys ushaly axheuge@vivusl y

renti oned 4490 o 66,1034 AGHEOLSI A O GANLE DIASESAR, AL gS POSSI bl e

undergo dem xi ng only en the synthesrs mxture has y teacied, i.e.

when it 20 prefargely conthitns 8apohe f$ abbper chdol aney f poat phashene. ©F
chlorinated carbonjc acid esters.
( 10 to 5 mole %.

The polycarbonate synthesis may be carried out continuocusly
or batchwise. The reaction may therefore take place in
stirred vessels, tubular reactors, circulating pump

15 reactors or stirred vessel cascades or combinations
thereof. 1In this connection it should be ensured by using
the previously mentioned mixing devices that aqueous and
organic phases as far as possible undergo demixing only
when the synthesis mixture has fully reacted, i.e. when it

20 no longer contains saponifiable chlorine from phosgene or

chlorinated carbonic acid esters.

After addition of the phosgene it may be advantageous
thoroughly to mix the organic phase and the agueous phase

25 for a certain time before optionally branching agent,
insofar as this has not been metered in together with the
bisphenolate, and chain terminator and catalyst are added.
Such a post-reaction time may be advantageous after each
metering step. These post-stirring times are from 10

30 seconds to 60 minutes, preferably 30 seconds to 40 minutes,

particularly preferably 1 to 15 minutes.



After addition of the phosgene it nmay be advantageous thoroughly to m x the
organi ¢ phase and the aqueous phase 25 for a certain tine before optionally
branchi ng agent, insofar as this has not been nmetered in together with the
bi sphenol ate, and chain term nator and catal yst are added. Such a
post-reaction tine may be advantageous after each netering step. These
post-stirring tines are from 10 30 secoritls t0 60 m nutes, preferably 30
seconds to 40 minutes, particularly preferably 1 to 15 mnutes. 26 The
organi ¢ phase nay consi st of a solvent or mxtures of several solvents.

Sui t abl e sartkendsg#£c Chhas Nad Lokl ©Caf bonso (Pbhphat i §1 ANgH-05 &F omatic),
preferably dichl oronethane, trichloroethylene, 1,1,1-trichloroethane, 5

1,1, 2-tri cHiSfoed hatrel et ehl ot wherknesobirrnthiedre elikexvimstedhere may
however al o] j ydr ns. such. as benzene ol uene,
&§Eé§¥%bﬁ%ig?%$é?a€961 éﬁvg§)ar5h %%cgjd%ggﬁ%r%gi

m p/ o- xyl ene or aroma 875 such ‘as’ ani sor A nmixture with

or in addi tdiorthlorchtohanat et hyilr ocss tiopsendnot hey1 10r 1o di-cat hane of t he
synt hesi s uses sol%gaés t hat do not _ dissolve but only swell polycarbonate.

Non- sol vent’s ¥ of ~ EpbFytar domare mad t At erdpenstae. peldsedein combi nation
Wi th sol ventSerhfed hi STROADGRLT Qb SOb¥EN B S USH Beq ! SELAD geof uran,

1,3-/1,4-dioxane or 1, 3-dioxolane that are 15 also so I n the aqueous
phase may BeydiseckhaBons| et ad$ bemzers®) viemiugae i nefp forxgl éhe second

organi c phase. The fully reacted, at ]east two-phase reaction m xture
cont ai ni ng aa’fo%"sjtcoﬁﬂlgﬁ AL (38 ?rbb%?af%f E\E:Aﬁ? 7 iPatdd 2 B e BNyt Aci d

esters is alt omedad@i e | €o @14 PEnPIES np@PM A HORs . Thenaawepus al kal i ne
3hase IfbreﬁgSQE?tation of the synthesis uses solvents that do not
dissolve but only swell polycarbonate. Non-solvents for
polycarbonate may therefore also be used in combination
with solvents. In this connection solvents such as
tetrahydrofuran, 1,3-/1,4-dioxane or 1,3-dioxolane that are

15 also soluble in the aqueous phase may be used as solvent if

the solvent partner forms the second organic phase.

The fully reacted, at least two-phase reaction mixture
containing at most only traces (< 2 ppm) of chlorinated

20 carbonic acid esters is allowed to settle for the phase

( separation. The aqueous alkaline phase is recycled,

possibly in whole or in part, as aqueous phase to the
polycarbonate synthesis or alternatively is passed to the
effluent working-up stage, where solvent and catalyst

25 fractions are separated and recycled. In another variant
of the working-up stage, after separating the organic
impurities, in particular solvents and polymer residues,
and optionally after the adjustment of a specific pH value,
for example by adding sodium hydroxide, the salt is

30 separated and may for example be passed to a chlorine-
alkali electrolysis plant, while the aqueous phase is

possibly recycled to the synthesis.



possibly in whole or in part, as aqueous phase to the polycarbonate

- synthesis or alternatively is passed to the effluent working-up stage,
where solvent and catal yst 25 fractions are separated and recycled. In
anot her variant of the working-up stage, after separating the organic
inpurities, in particular solvents and polynmer residues, and optionally
after the adjustnent of a specific pHvale; for exanple by addi ng sodi um
hydroxi de, the salt is 30 separated and may for exanple be passed to a
chlorine- alkali electrolysis plant, while the aqueous phase is possibly
recycled to the synthesis. 27 The organi c phase containing the

pol ycar bonat e nust now be purified to renove all contam nations of an

al kal i ne, DM CTFHIEAIRIGEF cCPREUFRINT Heh o rpRhy cappRBRt 8t TRST anaw e

contains, aLeieong OF MhnSveell] | BOnPLOCEAU 88, SEaGh! 90Ra1 Phe! NEoRANEOUS

al kal i ne phase 1n the formo I ne oplets as we he catal yst, "as a
rule a tertonargaaineic Thetuset t | Ting prosedarelsasaysopli ondsdy be assisted

by passing the organif ghase t hr ough settl%ng vessels, stirred 10 vessels,
coal escet s TSP at ¥t 5SbroRonBY BT OnEcthet BIFPTOFRAWRERh EBARELPRON wat er

may optionabfyeihe ARLESEE AMkADineacha08 SQMELOf rbhg SEPRLALI BPosieps. if

necessary using acfive or passive mxing devices. 15 After this coarse
separ ati on af wakl adkatheecabglieots aphasepnlehe veganacyphmseei s Washed once
or several tinEf di Lute acids

. Wth m ner cids, carboxylic_acids,
vl oxycar BRO T Ao iRt e St ToRTEoGerhe e araf FERY My cSagaboas
mneral acigise oFgRA ¢isHaaE tiEbash| 96t €1 a6l dvedHePHOSPROFPEg acid and
phosphoric acid or mxtures of these
( 10 vessels, coalescers or separators or combinations thereof,
‘ in which connection water may optionally be metered in in
each or some of the separating steps, if necessary using

active or passive mixing devices.

15 After this coarse separation of the alkaline, aqueous
phase, the organic phase is washed once or several times
with dilute acids, mineral acids, carboxylic acids,
hydroxycarboxylic acids and/or sulfonic acids. Preferred
are aqueous mineral acids, in particular hydrochloric acid,

20 phosphorous acid and phosphoric acid or mixtures of these

acids. The concentration of these acids should be in the

L

range 0.001 to 50 wt.%, preferably 0.01 to 5 wt.%.

In addition the organic phase is repeatedly washed with
25 deionised or distilled water. The separation of the
organic phase, possibly dispersed with some of the aqueous
phase, after the individual wash stages is carried out by
means of settling vessels, stirred vessels, coalescers or
separators or combinations thereof, wherein the wash water
30 may be metered in between the wash stages, optionally using

active or passive mixing devices.



acids. The concentration of these acids should be in the range 0.001 to 50
wt.% preferably 0.01 to 5 w.% In addition the organic phase is repeatedly
washed with 25 deionised or distilled water. The separation of the organic
phase, possibly dispersed with some of the aqueous phase, after the

i ndi vi dual wash stages is carried out by neans of settling vessels, stirred
vessel s, coal escers or separators or Tdaimations thereof, wherein the wash
water 30 may be netered in between the wash stages, optionally using active
or passive mxing devices. 28 Acids, preferably dissolved in the sol vent

used to forawidde potferabbpldison] vedyiopthonasdyvéet adsed bet feen t hese
wash stages or %fo after_ t he washi ng rocedure Hydr ogen chl ori de gas and

phosphor i c @& P SPAOHORR adiY o %PTﬁ%ﬁ¥w%%l?d@%%db$%ve?%l% % pose,
and may Optxbé)él@lé&’aéééoorb&lé@e&jf@érr@ﬁé %@éhn%“ﬁ!%‘éé nal . gﬁﬁfeagén(e g.

auxi liary substances and reinforcing agents) be added t

pol ycar bonastl'eboni)d@b}aas reeed uyh®$[d1<prme@<31@c<morpincp@pm@r@ha aovéngdren in
or der alte

prope The addition of additives an
substanc s %@?%%@gk%ypﬁ%#% % ?h%h%%rg?ﬁ%o??fean?émﬁy ﬂ@ﬁ?%??g%g f%%lllsers
or deconposhd i 9FeStabihisersdg. to inprove the colour stability (e.qg.
thermal stabilisers 15 and UV stabilisers), to sinplify the processing (e.g.

nmoul d rel ease agents, anti bl ocking agents) to inprove the use properties

(e.g. anti Sé&ﬁvgﬁéi?ﬂé’l'éﬁ’éfé’fvéé‘eé (greal Q?ﬂQI guk%&?én Lo Lng! uence the

optical inpressio nts or-to natch t he
pol ynmer propefhfesc 2y tagepes) fisy she ead@éd(tdsrptal@‘é sbleagtbonnte§i ers,

f;nely 10 obtained by the process according to the invention in order
to alter the properties. The addition of additives and
auxiliary substances serves to prolong the service life
(e.g. hydrolysis stabilisers or decomposition stabilisers),
to improve the colour stability (e.g. thermal stabilisers

15 and UV stabilisers), to simplify the processing (e.g. mould
release agents, antiblocking agents), to improve the use
properties (e.g. antistatics), to improve the flameproofing
effect, to influence the optical impression (e.g. organic
colourants, pigments), or to match the polymer properties

20 to specific stresses (impact strength modifiers, finely
comminuted minerals, fibrous substances, quartz flour,

glass fibres and carbon fibres).

The invention is discussed in more detail hereinafter with

25 the aid of the accompanying drawings, in which

Fig. 1 shows diagrammatically a first embodiment of the
separating vessel for carrying out the process
according to the invention,

30
Fig. 2 shows diagrammatically a second embodiment of the

separating vessel.



comm nuted m nerals, fibrous substances, quartz flour, glass fibres and
carbon fibres). The invention is discussed in nore detail hereinafter with
25 the aid of the acconpanying drawi ngs, in which Fig. 1 shows
diagrammatically a first enbodi ment of the separating vessel for carrying
out the process according to the invention, 30 Fig. 2 shows

di agrammatically a second enbodi nent of 4%he separating vessel. - 29 In
Fig. 1 a separating vessel 9 is shown that has in its upper region a
horizontally arranged plate 7 with inlet openings 8 The separating vessel
9 has an outlet 10 for 5 the volatile constituents as well as a downwardly
directed conical outlet 13 in the |ower region, which is provided wth a
di scharge d&vifdd 11 QARPASRNIELTIHEE e ForFRIM Wratesha® el ovi ded in

the interi the s&Pa Ad NG o UESS i L I d
substanti aﬁ{pﬁlro Iff%‘ll zontally, %}:er EIR{’I allgrnrae mc%%%t%lgz/&%ﬁvé@gglz forma
| evel . The opearesigyd &. | eited s triangedessdistaritasaldry oparad |8l fiaxr one

anot her._ Several levels of such parall el rranged. Wi res are provjded (3
level's o Bt VOLAK TS \GARE tHRETHS & greHnASibard Y GVHTS R
arranged atechh bbantd@lly 1d dhle anghes Midibd especth t & Osopnptdier.  The
pol ycarbonate nelt is added through a feed ITne 1 to the separating vessel
9. with thevidgiid aofdisdhasbe idrvixe foan M idertléememti xeth itthe fdwmm of

pol ycar bonat.e nel.t, t hr ough 20, a, net er.i ng. device 3. car.bonat e/ f oam ng

agent mi xt'ure€ slt T BrOa1eq e tHiou %ear]s?%t?]cc%q{‘e?g%%]%%mg
vessel 9. The wires 12 are arranged substantially

( 10 horizontally, wherein in each case several wires 12 form a
level. The wires of a level are arranged substantially
parallel to one another. Several levels of such parallel
arranged wires 12 are provided (3 levels in Fig. 1), in

which the wires of two superimposed levels are arranged at

15 substantially right angles with respect to one another.

The polycarbonate melt is added through a feed line 1 to
the separating vessel 9. With the aid of a feed line 2
foaming agent is mixed into the polycarbonate melt through

20 a metering device 3. The polycarbonate/foaming agent

( mixture is first of all led through a static mixer 4 and

then through a heat exchanger 6. The polycarbonate melt
flows through a pressure retention valve 5 onto the plate 7
provided with the inlet openings 8. The melt is thereby

25 divided into partial streams. The partial streams of the
polycarbonate melt pass through the inlet openings 8 and
enter the separating vessel 9. On the floor 13 of the
separating vessel 9 the degassed polycarbonate melt is
removed via the discharge device 11.

30
Fig. 2 shows, in contrast to the embodiment illustrated in

Fig. 1, in the upper region of the separating vessel 9 a



t hen. t hrough a heat exchanger 6. The pol ycarbonate nelt flows through a
pressure retention valve 5 onto the plate 7 provided with the inlet
openings 8. The nelt is thereby 25 divided into partial streanms. The parti al
streans of the polycarbonate nelt pass through the inlet openings 8 and
enter the separating vessel 9. On the floor 13 of the separating vessel 9

t he degassed pol ycarbonate nelt is rendWed via the discharge device 11. 30
Fig. 2 shows, in contrast to the enbodinent illustrated in Fig. 1, in the
upper region of the separating vessel 9 a 30 vertically arranged heat
exchanger 6redtiddlely drtaiged el lesafthidte dieah exeha@sger ofThe downwardly
directed tubes constitute the inlet openings 8. 5 According to Fig. 2 the
pol ycar bonathe Jetand st kg heptowrpchangesed |Thre downwar@lyepbrectied vessel 9.
Wth the aid of a feed |line 2 foam ng agent is ,m xed through a netering
devi ce 3ilﬁQPﬁﬁmF?ﬁﬁ%&ﬁﬁﬁﬁwﬁﬁ%e%égg? QQéblﬁﬁﬁy%arbonate/foaning agent
mxture is first of all passed 10 through a static m xer 4. The

pol ycarbonate nelt then flows through a pressure retention valve 5 into the
inlet dpefouprdinafta Biel |2 ank tpbky dredtorxchangkr 63, fedetlebyugh he

pol ycar bonat e |t is subdivided into.a pluraljty of .partial_streans. The
"0l &6 opent GRS 8 B At Ei] (R e R P ST ho vestit T ot P e TS [Ror 13
of the sepafadd Nine €5 SEbadi hd)CaSleGASEE tn el ¥ Coti PORGH €a Ré ted Sngenoved Vi a
the discharge device 11. 31 - Exanpl es
device 3 into the polycarbonate melt. The
polycarbonate/foaming agent mixture is first of all passed
( 10 through a static mixer 4. The polycarbonate melt then

flows through a pressure retention valve 5 into the inlet
openings 8' of a shell-and-tube heat exchanger &', whereby
the polycarbonate melt is subdivided into a plurality of
partial streams. The inlet openings 8’ terminate in the

15 separating vessel 9. At the floor 13 of the separating
vessel 9 the degassed polycarbonate melt is removed via the

discharge device 11.



The experinments described hereinafter were carried out on polycarbonates
that were produced based on bisphenol Ain 5 the phase interface process.
The vol atil e conponent to be renoved was in all experinents
nonochl or obenzene, and in one experinment was in addition dichloronethane.
The results of the experinents are summarised in Table 1. 10 The entry
concentrations of the solvents before ti# foam degassing step and
optionally before the mxing in of a foam ng agent are given in Table 1.
Ni trogen was used as foaming agent in all experinents in which in general a
f oam ng ag@Exampie=®npl oyed. The di spersion of the foam ng 15 agent was
carried out in a static m xer of the SMX type. The state of the nelt is

| i kewi se specified in the table: "one-phase" neans that all volatile
component S THANGA ithe QAN AU ARG LAY Slld ASSOlyagld it he melt;
"two 20 phase" neans that, on entry into the inlet openings, a two- phase
m xture exipstletcarbiniss dshaly Vcﬁnmlmcxiwmcb Msemdzyn Ipir spsteamio mt:he mel t .
The pre§§ur§}|n1§he st tIC m xer gﬁé S%ﬂ nmeans of a ssure
retenti on Valveé& FE THY epl?feas%etjrpercbceef%sre tHeE i et e if P Rp e C? %®d, as
is the estididwvsi WaRoUn RES S F Tind e MRddo @ &MiBn i, they Ml et

openi ngs, the estimated val ue being obtained fromthe tenperature and
concentraﬂQﬂﬁ(ﬁXRRﬂ¥ﬂ¢ﬂ%‘%ﬁh§ﬂit QﬁQﬂ1d¥ﬂhl%E¢mﬂ¢hanﬂa|rﬂhﬁ openi ngs.
From this the, 3q super 0GRk be- cal el aled as; { he did Terence betveen
t he vapour "pressure an pre sure | he separ ator. e Telative

viscosity is calculated fromthe ratio of the V|sc05|ty of a polyner

sol ution to the viscosity of the pure solvent. The relative viscosity is
Qeneraﬂﬂy he entry concentrations of the solvents before the foam

degassing step and optionally before the mixing in of a
foaming agent are given in Table 1. Nitrogen was used as
foaming agent in all experiments in which in general a
foaming agent was employed. The dispersion of the foaming

15 agent was carried out in a static mixer of the SMX type.

The state of the melt is likewise specified in the table:
"one-phase” means that all volatile components, including
foaming agent, were completely dissolved in the melt; "two-

20 phase” means that, on entry into the inlet openings, a two-
( phase mixture existed and bubbles or droplets were already
present in the melt. The pressure in the static mixer

could be raised by means of a pressure retention valve.

25 The pressure before the inlet opening is specified, as is
the estimated vapour pressure in the melt on entry into the
inlet openings, the estimated value being obtained from the
temperature and concentration of volatile constituents on
entry into the inlet openings. From this the

30 supersaturation can be calculated as the difference between

the vapour pressure and pressure in the separator.



determ ned at 25C in dichloronmethane at a concentration of 5 5 g of polyner
per 1 litre of solvent. The tenperature after the static mxer, i.e. after
the mxing in of the foam ng agent, before entry into the inlet openings
and on entry into the separator are specified in 10 each case. Fromthis it
can be determ ned whether any heating has occurred between the individual
process steps. The specified throughput refers to the throughput per inlet
opening. The inlet openings are char act é¢i sed by their 15 diameter and
| ength. The internal fittings, or guide elenents, consisted of horizontally
arranged wires that were clanped underneath the inlet opening in the
separ at or dhearedptival vdissranty 216 chltOlemedetfwosn tdvee randtcherf. thlee nunber
in the table den tesfthe nﬂnber of _wir.es %Ian?Fd horizontak&% gpder one
anot her. | B 85K 1&4s 8%t fo PRtV ES TaPPangé e uhGer Pond 185G EY e&S ot at ed
with respeglirtosen@eanQt hehebye9@tiiket RA scheiitionkalgepleang 1 yThe di ameter of
the wires was 4 mm 25 In the experinents 1-3, 5-13 and 16 heat abl e tubes
were useddasermieedopéni2af€. ihndibklexamptkanthetnel tonnehheseiohubés was
heated before the entry to the separatar relative to the tenperature at the
entry to tRedi AteP® ﬁE%FnQ?IBG %%ﬁéﬁiﬁgntsflwﬁ§tcarried out with a nozzle at
the end of a heatable tube. The nelt was in this case heated between 33
the mxing in of the foam ng agent and the inlet opening. In Exanple 4 the
mel t was n@heotigapefratirer afégtred hien sttiag id mlieteropenieng afiteg. tihe t he nozzle
Itself. mixing in of the foaming agent, before entry into the inlet
openings and on entry into the separator are specified in
( 10 each case. From this it can be determined whether any

heating has occurred between the individual process steps.

The specified throughput refers to the throughput per inlet
opening. The inlet openings are characterised by their

15 diameter and length.

The internal fittings, or guide elements, consisted of
horizontally arranged wires that were clamped underneath
the inlet opening in the separator at a vertical distance
20 of 10 cm between one another. The number in the table
( denotes the number of wires clamped horizontally under one

another. 1In each case two wires arranged under one another

were rotated with respect to one another by 90° in the

horizontal plane. The diameter of the wires was 4 mm.

25
In the experiments 1-3, 5-13 and 16 heatable tubes were
used as inlet openings. In the examples the melt in these
tubes was heated before the entry to the separator relative
to the temperature at the entry to the inlet opening.

30

Experiment 4 was carried out with a nozzle at the end of a

heatable tube. The melt was in this case heated between



5 Experinents 14 and 15 were also carried out with heated tubes as inlet

. openi ngs, though in this case the dianeters were significantly smaller (4
nmm in order to generate a higher pressure |loss and thus maintain the nelt
as a one- phase nelt before the inlet opening. 10 Experinents 17 and 18 were
carried out with a nozzle plate, in which the nelt was no | onger heated
after the mixing in of the foam ng agedB. -15 The supersaturation
corresponds in all exanples approxinately to the pressure at the inlet
opening, since the pressure in the separator is 1 nbar in all experinents.
The i nfl uente ofixile superfsathar &tdamim_m aidee td egals $ihkg i2() reep@sime) .ear on

t he basis of ex erlnents 1 an perlnent 1, on _account, of the MCB

concent r at i*6h t“i?rsatr}oo BOF. §WaheLs hegFabvin &t oduce an

effective flqg@td%ﬁr@g 5(@'\/@% M YhLeneentdahison as in  experinent 2 is
sufficient however to cause the nelt to 25 foam The nelt is in both cases

still a single phase nelt before the inlet opening. In experinent 3, in
contras Xperine %nnitrogen is addi.tionally added as foam ng
agent . %he%gﬁ’p?éﬁgé‘ﬁ‘msat%or? edifért 1359 §:éa§]ﬁ‘ltﬁqo X"lttﬂb?ibsr‘?tteﬁ{@ vapour
pressure becmRs a%0 ilrarge Jgeati rgj@,e dugdd iirsS 1 d QngRr HHeL S Si ngl e
phase. Conpared to experinment he degaSS| ng in experiment 3 is therefore

| ess ef f ectiare Sigredpaantdm smalderpréssme irefasiden He ge3wratd &t openi ng
was i ncrea AL EXL I e tr f thelnlet openi ng
t hat agai n%g e(rl}glsp'i‘cerl‘nasée 3 esrc%twa}l??s/d %Ir?lél?eﬁealgle ol?le%triﬁ n¥ %et opem ng The
degassi ng iphase melt before the inlet opening.
(’ 10

Experiments 17 and 18 were carried out with a nozzle plate,

in which the melt was no longer heated after the mixing in

of the foaming agent.

15 The supersaturation corresponds in all examples
approximately to the pressure at the inlet opening, since

the pressure in the separator is 1 mbar in all experiments.

The influence of the supersaturation on the degassing

20 becomes clear on the basis of experiments 1 and 2. 1In
experiment 1, on account of the MCB concentration of 1% the
supersaturation of 0.8 bar is too low to produce an
effective foam degassing. 5% MCB entry concentration as in
experiment 2 is sufficient however to cause the melt to

25 foam. The melt is in both cases still a single phase melt
before the inlet opening. In experiment 3, in contrast to
experiment 1 0.2% nitrogen is additionally added as foaming
agent. The supersaturation consequently rises further,
though the vapour pressure becomes so large that the melt

30 1is no longer present as a single phase. Compared to
experiment 2 the degassing in experiment 3 is therefore

less effective. In experiment 4 the pressure before the



even better conpared to experinent 3. 5 The experinents 5-7 were carried out
wth a very low MCB entry concentration of 0.1% The supersaturation

wi t hout foamng agent is only 0.1 bar. The supersaturation is increased
only by the addition of foam ng agent, whereupon 10 the nelt foans and the
degassi ng proceeds down to a residual content of 17 ppm MCB. The degassi ng
result is also slightly inproved by int¥rmal fittings, as shown in
experinment 7. 15 The experinents 8-10 illustrate the sane effects as already
di scussed for experiments 5-6, though with an entry concentration of MZB of
0.5% The ficdmhgEgentg caass esnc farmsrd g @nglid i usn aexedfechy van debessedg,
while internal fitti i nprove the result slightly. 20 In the experinents
5-10 the IR THE LIS 1o ThEPRRRSTHY AP H5R91e Fhate. phase
flow, and they HESSHEShtOSSefdld Nend MSle ORGU NG YAS FhS S dd LhsNd Y

| arge. 25 The experinments 11-13 illustrate the effect of the singl®e
phasedness efen Heetdejassimppred e .exiperiperi rent 12, 0.1% of foani ng agent
was added. The nelt was still single phase before the inlet opening. In

experinment 13 the 30 anmount of foam ng agent was increased to 0.5% whereby

the vapourThy esgidei fases (9 Busdrancext il dbatwifie aeldrpasow tMoes phase
before the inlet opening. The residual content 35 is accordingly slightly
i ncreased iSNERPFIIRENVLIBE kompak - 1¥. The supersaturation without

foaming agent is only 0.1 bar. The supersaturation is

increased only by the addition of foaming agent, whereupon
( 10 the melt foams and the degassing proceeds down to a

residual content of 17 ppm MCB. The degassing result is

also slightly improved by internal fittings, as shown in

experiment 7.

15 The experiments 8-10 illustrate the same effects as already
discussed for experiments 5-6, though with an entry
concentration of MCB of 0.5%. The foaming agent causes
foaming and thus an effective degassing, while internal

fittings improve the result slightly.

20
. In the experiments 5-10 the flow at the entry to the
. degassing openings was a single phase flow, and the
pressure loss in the inlet opening was also sufficiently
large.
25

The experiments 11-13 illustrate the effect of the single
phasedness on the degassing result. In experiment 12, 0.1%
of foaming agent was added. The melt was still single
phase before the inlet opening. 1In experiment 13 the

30 amount of foaming agent was increased to 0.5%, whereby the
vapour pressure rose to such an extent that the melt was

two-phase before the inlet opening. The residual content



to experinment 12. However, the degassing with foam ng agent in experinments
+ 12 and 13 is also clearly nore effective than w thout foam ng agent under
otherwise 5 identical conditions, as denonstrated in experinment 11. The
experinments 11-13 were carried out with four horizontal wres as internal
fitting. The experinents 14 and 15 were carried out with a heatable 10 tube
of 4 nmdiameter. As shown in the table35the pressure before the inlet
opening, i.e. in front of the tube, is accordingly significantly higher
than in the case of the 10 nmdianeter tubes, despite the relatively high
t enper at ur és amtcsmEngdly tsHiahghputinefreaded 2 rkghiper ittt tdagassinpgnedd h 15
foam ng agents is very effective in experi raent 15, and on _account of the
hi gh pr ess(Pe BEEGE e gl eI Y5 F g t’?"r‘?e SEASS g Y ta P singl e

phase. EXpagenti nl @xipe rameeXale sskowang 4 hats 1:3Q 20 Higdieor onet hane
(DCM can be renoved to extrenely |ow residual contents by nmeans of foam
degassi ng. €fieadve {thagsivdirdlioudorftoaming dossy tumaler? qumarwilee experi nent s

17 and 18 re.carnied t . wth a nozzle 25 plate without internmediate

heat i ng%of \gﬁﬁgt&gatl. Gﬂ?giulttlﬁpgtjgtﬂf‘u%zeﬂgns&dﬁaeteiés”b.ef?el{dﬂﬁ?t Dde to the use
of foam nghageniperdmeeftfeati-vue TRy darefi alAld Wa t 1 st tHesntian be

achi eved al so by using a nozzle plate. 30 The experinments show that a
renoval of WISt 4% Ugﬁé'ltailt deitts fF-om a pol ycarbonate nelt down to very |ow
residual contents is possible by foam degassing. By a 36 suitable choice of
the process paraneters an opti nal

The experiments 14 and 15 were carried out with a heatable
( 10 tube of 4 mm diameter. As shown in the table, the pressure
before the inlet opening, i.e. in front of the tube, is
accordingly significantly higher than in the case of the 10
mm diameter tubes, despite the relatively high temperature
and smaller throughput of only 2 kg/hr. The degassing with
15 foaming agents is very effective in experiment 15, and on
account of the high pressure before the inlet opening the

melt is in each case single phase.

Experiment 16 is an example showing that also
20 dichloromethane (DCM) can be removed to extremely low
residual contents by means of foam degassing. The DCM

residual content is less than 2 ppm.

The experiments 17 and 18 were carried out with a nozzle

25 plate without intermediate heating of the melt. The
throughput per bore was 0.15 kg/hr. Due to the use of
foaming agents an effective removal of volatile

constituents can be achieved also by using a nozzle plate.

30 The experiments show that a removal of volatile
constituents from a polycarbonate melt down to very low

residual contents is possible by foam degassing. By a



adj ustment as regards tenperature, anounts of foam ng agent and sol vent,

- and. pressure |l oss can be found for different apparatus configurations. 37 -
. . Eppr i i iw'.,atrioiosi . QF t ... NddOoO
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and solvent, and pressure loss can be found for different

apparatus configurations.
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produci ng pol ycarbonate by interfacial polynerization the inprovenent
conprising (a) evaporating the orga®e solvent fromthe solution that
conprises solvent and polycarbonate to obtain a nelt that contains 90 to
99. QS%POI ycarbonate, the percent being relative to the weight of the nelt,
and (b) I3mst he melt through inlet openings of a separating vessel to
obtain a plurality of streans of polycarbonate, on entry into the inlet
openings said nelt being supersaturated with volatile constituents to an
ext ent bf atinltlegwocdss fapraduding ipalycarhormate Bnjptarfatial polpheZafion the340 C. and a
flowrate of. 0.1 to 20 kg/hour, and (c) degassing the streanms in the
separati ng VERLR MR SOPRISYIg o pressure is 0.1 to 20 nbar to effect
degassi ng of the pol ycarbonate and (d) obtaining polycarbonate containing
| ess than 250 ppmof volatile constituents. @ 2. The process of claim1
wherei n a f dah§vaporaemihe osgapicselyentfram thesolwtipn thee eermprisepsalyentand he nel t

through the i GhoRRE Y S¥ifin A mdif HaORAIRY01Y 0¥ 655 HolyRGHBhalk, e t ©

percent being relative to the weight of the melt, and

(b) passing the melt through inlet openings of a separating vessel to obtain a
plurality of streams of polycarbonate, on entry into the inlet openings said melt
being supersaturated with volatile constituents to an extent of at least 1 bar and

having a temperature of 250° to 340° C. and a flow rate of 0.1 to 20 kg/hour, and

(c) degassing the streams in the separating vessel wherein the pressure is 0.1 to 20

mbar to effect degassing of the polycarbonate and
(d) obtaining polycarbonate containing less than 250 ppm of volatile constituents.

2. The process of claim 1 wherein a foaming agent is mixed into the melt before

passing the melt through the inlet openings of the separating vessel according to

step (b).

3. The process of claim 2 wherein the foaming agent is completely dissolved in the
system before (b).

4. The process of claim 1 wherein the residence time of the streams in the separating

vessel is at most 10 minutes.

5. The process of claim 1 wherein the separating vessel includes at least one

substantially horizontally arranged guide element.



step (b). 3. The process of claim2 wherein the foam ng agent is conpletely
dissolved in the systembefore (b). 4. The process of claim1l wherein the
residence tinme of the streans in the separating vessel is at nost 10

m nutes. 5. The process of claim| wherein the separating vessel includes at
| east one substantially horizontally arranged guide elenment. -39 6. The
process of claim1 wherein the nelt39s heated or cool ed between steps (a)
and (b) and/or (b) and (c). 7. The process of claiml wherein the nelt is

heated after passing through the inlet openings.
6. The process of claim 1 wherein the melt is heated or cooled between steps (a) and

(b) and/or (b) and (c).

7. The process of claim 1 wherein the melt is heated after passing through the inlet

openings.



