WO 2005/ 103115 PCT/ EP2005/003828 - 1 Process for the preparation of

pol ycarbonate The invention relates to a process for the preparation of

pol ycar bonghe tsizansest erificati on process by i romatic
dihydroxya?@lzggiéiﬁiiisand a diaryl carbonate in t%é?4%§§?bgzgpéyﬁggequentIy
degassing the nmelt wth the addition ofla foam ng agent. The preparation of
aromati c ol i gocarbonat es/ pol ycarbonates 10 by the nelt transesterification
process is sufficiently well known and is prior-described, for exanple, in
Encycl opedipaole siBolfpFe e hC ititgaraddlon UF EHI§¥hrboidestry and Physics of
Pol ycar bonates, Polyner Reviews, H Schnell, VolI. 9, John WIley and Sons,
Inc. (1964) as well as in 15 DE-C 10 31 512. Because of the chem cal

equi librium.yre IO, tr terificatio S I yi e

roduct s having s sk ESAERE Y B arsir R i AP 2068
monohydr ox pallylca2®onameo iyd s hed ithpdrsextanytlf icariowngscyab iy yl  car bonat es
Thus, in the case of polycarbonates having a | ow content of hydroxyl end
groups, 2a RGeS Rfe At B tdicardihycioBoidtds Cormeund st & shitaat! of
nmonohydr ox [ (o] reyl QTR [ ;n%g red | n.t.he case of
pol ycar bongt%ggjloil%%%a\c}irpnéq% ﬁ?égr%rangnt ent Q;cq)%dﬁ;i r oxﬁésglﬁé{%?gluépgr}e#n t he

| att er caseithhéheortdentt ioh difary|fcecarimonatgesnti.s | ower but the content of
nonohydr oxyaryl and di hydroxyaryl conpounds is higher. It is further
observed that the residual nononmer content falls as the nol ecul ar wei ght

i ncr eases. ThHae 268itduR] JPORGBMT i & 115! \Zég%d‘zr{a%stﬁp%lwatwdha%rél cul ar

by degassi ng. 005/ 103115 PCT/ EP2005/ 0038
10 by the melt transesterification process is sufficiently

( well known and is prior-described, for example, in
) Encyclopedia of Polymer Science, Vol. 10 (1969), Chemistry
and Physics of Polycarbonates, Polymer Reviews, H. Schnell,
Vol. 9, John Wiley and Sons, Inc. (1964) as well as in

15 DE-C 10 31 512.

Because of the chemical equilibrium reaction, the
transesterification process always yields products having a
high content of residual monomers, i.e. of monochydroxyaryl

20 compounds, dihydroxyaryl compounds and diaryl carbonates.
Thus, in the case of polycarbonates having a low content of
hydroxyl end groups, a higher content of diaryl carbonates
and a lower content of monochydroxyaryl and dihydroxyaryl
compounds 1s measured than in the case of polycarbonates

25 having a higher content of hydroxyl end groups. In the
latter case, the content of diaryl carbonates is lower but
the content of monochydroxyaryl and dihydroxyaryl compounds
is higher. It is further observed that the residual monomer
content falls as the molecular weight increases. The

30 residual monomers are removed from the melt in particular

by degassing.



A | ow content of residual nmononers is desirable because residual npnoners

lead to cogh Qgisﬂrbﬁlq_g nmoul ds of the processing W/@%O?? 6% t he

processi ng of ycar bonat es. Moreover, the he 5t resi dual
5 nmononers is |low, so that polycarbonat es -havi ng a high resi dual nononer
content exhibit poorer properties in respect of heat stability.
Furthernore, residual nononers have an adverse effect on the nechani cal

br eaki ng bahawwoubntehtt b RPANCRIAORR R mTRS %elﬁgl%ﬂ%olﬂé@édﬁs such
as, 10 for exanple, in the foodstuffs or nedical sector, residual nononers

are regar deesasupdompneyens astdindesioedtings lom ttHnea craseld:ﬁf qfoltyear bonat e

prepared b the rrelt nsest ey i f.i catl on r ocess, eat est proportion
of 15 res% Shon mrenrasca S e(ﬁll]:eln (?Cgrsﬁlr@ar er conponent,

especi al | yp@uglaamobn@are@onmeddeﬁ s tHéefh%faQr %ta‘iﬁsﬂﬂtﬁ}b'&f wWhad ioVvi ng
volatile constituents to renove these conponents in particular. A
parti culPar MPNEEgFE dfodif . 0 (e tdiPelyicaehbetsse Wﬁp’tﬁ]eﬁhthlf@r ns at

el atively Layadmpeenlar cielahts b ralative o sgasldles el from 118 to

1.22, as are prereée ised otlc acarrler Ur ther problemis
the re-for If@fslp@lﬁ:tofoft hﬁdwwuaﬁlaQMﬁr Fume;lk@itmca@stﬂdsnﬁﬁél Sttdnedss  for
exanpl e, hydroxyaryl_ 25 conpounds, dlhydrox¥?ryl conpounds and carbonic acid

di esters, ® PRe AVISFEs Koiad B dhemmesahardsal direatuichgPahay iddgassi ng,
whi ch makes, ;degas $iJ1g E@BR eI ADlr rgyl%&lefé p 1l e 30 MU | QYSerprpcesses are

known for preparing polycarbonate by the melt ‘transesterifi catl on ‘process
with sd@sed@@ntexampri@vallmftheeﬁcchMtwﬁfmm el qearee oforn mektiduadnal

degassi ng st ep. efer |n the%%eprocesse to. WO 2 5/ 103115
RCT/ EP2005FI961§§‘§§S §r RS 4 some "and undesira

In the case of polycarbonate prepared by the melt
transesterification process, the greatest proportion of

15 vresidual monomers is frequently the diaryl carbonate
component, especially diphenyl carbonate. It is therefore
desirable when removing volatile constituents to remove
these components in particular. A particularly large amount
of the diaryl carbonate component forms at relatively low

20 molecular weights at relative viscosities of from 1.18 to

1.22, as are preferably used for optical data carriers.

A further problem is the re-formation of the low molecular
weight constituents, such as, for example, hydroxyaryl

25 compounds, dihydroxyaryl compounds and carbonic acid
diesters, from the polycarbonate by chemical reaction
during the degassing, which makes degassing considerably

more difficult.

30 Various processes are known for preparing polycarbonate by
the melt transesterification process with subsequent
removal of residual monomers by means of an additional

degassing step. It is preferable in these processes to



reduce the residual catalyst activity in the polycarbonate before the

degassi ng. w@%%&%ﬂ)%ﬁh@ in the activity of the caj /)ﬁ%tzoiﬁ/&)&eé‘%r ably

effected byt tion of acidic conponents as inhi‘birtfors; such as, for
exanpl e, phosphoric 5 acid, sulfuric aeid,-sul furous acid, toluenesulfonic
acid. The addition and m xing in of such conponents that reduce the

catal yst activity require an increased technical outlay. Furthernore, the

mentioned cappererhe Heequenrll Y10 1RaMe & hiahly GRSy \ack i dwar ds
the materials from which the apparatus for carrying out the polynerisation
and degasbefigrer é hes delbiey spredudde neduaddion am tthee aadded t o orfpdrent s,
such as, faor exanple, phosphori.c acid, nmay.be .sep ted fromthe,.

pol ycar bongfaé:aé/iyts tlﬁe%5te%§rra\?&lyateﬁfceécf§dg(?ﬁ’stti eueaadzsiltﬁ?ntr? Stii's ent
degassi ng sbeponeetUMalsatiehiibl tidies i neic laf,i grandkdgad t oriamaaito the
installation as a result of corrosion. Wien the volatile constituents,

i ncl udi g BRédeatalySricnRBidi g ldomsmremcid hdto e Bedrnisepatigt-ed of f
are fed back into the circuit of the 20 installation again, adverse effects
on the inplenentation of the reaction are additionally to be expected,
because th@ecadaiydion ridintixighe anpaferdudarednpdids: sveghd thhidddce t he
progress of the polynerisation reaction. 25 A further problem.in the

prepar at i off6f SFEHRATE LAY Iy TaBUIRS 21 drEEsad 1At it br ocess s

that the regidence g iR It tdhe RIS NG RIQge Ml feduced aarty) al

pressure 1s too long. If the nelt is sufficientl’y reactive, this can |ead
to a cansi thervablae higirleaserinosihes raodteican arowseidghtthen 8 dien e gfassi ng st ep,

which is undesirable for the d ing. . US 5 852 156 d i bes,
For “the. pr BSER FOF GEP DA EarBInA e 5 The ol HORETE 11 R (B

process, | QWRs2000) A3l 15 PATAERZQORIL0NB828, #hdition, the added

components, such as, for example, phosphoric acid, may be
separated from the polycarbonate with the other volatile

15 constituents in the subsequent degassing step, accumulate
in the installation and lead to damage to the installation
as a result of corrosion. When the volatile constituents,
including the catalyst-inhibiting component, that have been
separated off are fed back into the circuit of the

20 installation again, adverse effects on the implementation
of the reaction are additionally to be expected, because
the catalyst-inhibiting component can in this way inhibit

the progress of the polymerisation reaction.

25 A further problem in the preparation of polycarbonate by
the melt transesterification process is that the residence
time in the degassing stage under reduced partial pressure
is too long. If the melt is sufficiently reactive, this can
lead to a considerable increase in the molecular weight in

30 the degassing step, which is undesirable for the degassing.

US 5 852 156 describes a process for the preparation of

polycarbonate by the melt transesterification process, in



t hrough a zone of |ow pressure. The residence tinme in this zone is

" increased MRcAP¥/ 143 Melt does not fall freely buRCHERREI864MR4Eds al ong

vertically 5 arranged wires. A consideraple increase in the nol ecul ar

wei ght during the degassing step is observed in this process. EP 1 095 957
A and EP 1 095 960 A describe a process 10 simlar to that of US 5 852 156.

An inert gas.i i, ssal . in_an o]igoyer nelt. The |t is then relieved
into a zon@'%lﬁrs?d%rhel (B“ﬁ\ﬁ%r elSSSLPI’aeS,S%d t (géarﬁ 3 P 10 qug}ﬁtrﬁf%em'e&%t t he
renmoval of nbgaGlic®n fedue s cix@udinta APy NRiW SHdHuds. Bl e to
progress. The residence tinme is |engthened by neans 15 of vertically
arranged witeeddeas ey tiggy|in dhighizha He ifsireasged hedape it awglds

mar kedly i e g in [ Fhe t_-b re jt. isrelieved
IS not pr 0\%0 %d.n%%E%%gﬂg’:i%q% éyg;gfﬁltlboggs ﬁ?e I'n rﬁ%duac C?(?'Io(':’r? o‘?f%ldsazlpl rating 20
agent ofs | anirbediesbilidd t W anchdilte rsilisequentteassd ijavitlgs mdpidwaead [y Wi th
foam ng, of the polyner solutjon into a separator under |ow pressure. US
6613128 de¥Eriithds e M dSiIRFaTH BT A HRR Hat 1ORSaT R gt isdl ycar bonat e
produced in,thedwlt. Such an extruder is a conplex and expensive machine
wi th heavy, noving parts. The extruder has a small material exchange
surface, and very high tenperatures are therefore required to renove

volatile c Qnent s, ecia|| di aryl cr%ntes.which adversely affects
t he p_roduc%rgc;&alol%t%/.%%ﬁ«%r \ﬁé ]of %Sol9aanI Jilf%&t%rcf‘?%s?ﬁ polyners in a
25 thind ayamiawWlPHAtHatr ast desey ided,1 for pxamy.e; 5qans WR 29054 BRI 5
PCT/ EP2005/003828 5 DE 1 925 063 Al or EP 0 267 025 Al, has simlar
( in an oligomer melt. The melt is then relieved into a zone
‘ under low pressure, with foaming. The foaming effects the

removal of reaction products, so that the polymerisation is

able to progress. The residence time is lengthened by means

15 of vertically arranged wires, as a result of which the

molecular weight increases markedly in the degassing step.

Heating of the melt before it is relieved is not provided.

EP 914 355 A describes the introduction of a separating
20 agent of limited solubility and the subsequent relieving,
optionally with foaming, of the polymer solution into a

separator under low pressure.

US 6613128 describes the degassing in a twin-shaft extruder
of polycarbonate produced in the melt. Such an extruder is
a complex and expensive machine with heavy, moving parts.
The extruder has a small material exchange surface, and
very high temperatures are therefore required to remove
volatile components, especially diaryl carbonates, which

adversely affects the product gquality.

The removal of volatile constituents from polymers in a

25 thin-layer evaporator, as described, for example, in



di sadvant ages. The degassing of polyners in degassing centrifuges, for

exanpl e de%y'bggg/i'dglgg 4 940 472, is |likew se exlp}g%s}%%ro?gzogﬁgsaccount of

t he viscosities of polymer nelts and the centrif occur,
cannot readily be scal ed up. The objeect50f the present invention is to
provide a process for the preparation of polycarbonate by the nelt 10
transesterification process, in which the polycarbonate has a |ow residual

content of pmwnonerss oxnd 2at ket ptolAtide 026008t tHieNtSmiSueh as
nmonohydroxyaryl conpounds, di hydroxyaryl conpounds and_di hydroxyaryl
car bonat es A1 SR AAeE -s ddise Sfoasreing efemolivmptt iion, degdsminesi dual 15

Ty o RO RN U Rk MG AR AU LIPS 4 e SR 51000 B0

meani ng a cont ent ‘'ess 't han ppm ~ preferab ess than 1 ppm |f
possi bl e, thé&gwieeesskpesirauiad drake gyl ageaidthaft die adtidd Dii €d dMhi bitors,
i.e. chemcal conponents for deactivating _the catalyst, or with 20 only
very smal | Bonoists MF Gshimnst 501 casi it ugrdu i oS i RO rietanount s

of | ess than 30 1RPMe %rc%g‘lcaer@tqjl?/_ | ess than 20 ppm and particularly
preferably less than 5 ppm Furthernore, only slight re-formation of |ow

nol ecul ar  wei ght constituents, such as nmonohydroxyaryl conpounds, 25
PP Shoul o VG he A ife BAEEs, L TRPC Ko Mol GOV 4T ghiDHeTTe
pol ycar bonats shRuUl-dgdar8a%5 OMNipos)dBdnaed 18 dYe nd1¢ore than 2000
g/nol ., during the degassing. 30 The invention provides a process for the
pr epar dtd ort s gsdlerddrisatatan mradessr dns edtiar fileatboky prdeesate dtag east
Canri sing a:[ qeov; erelsol .u%q Sctoe Se:ntW%tz%)o5r{o]ﬁPe3rls]'5an|Mt PeZIOOVSéPa(.)gl <—:8
| constituents, such as monohydroxyaryl compounds,
dihydroxyaryl compounds and dihydroxyaryl carbonates.
Within the scope of the present invention, a low residual
15 content of monomers and other volatile constituents is
understood as meaning a content of less than 200 ppm,
preferably less than 100 ppm. If possible, the process
should take place without the addition of inhibitors, i.e.
chemical componentg for deactivating the catalyst, or with
20 only very small amounts of inhibitors. Small amounts of
inhibitors means amounts of less than 50 ppm, preferably
less than 20 ppm and particularly preferably less than 5
ppm. Furthermore, only slight re-formation of low molecular
weight constituents, such as monohydroxyaryl compounds,
25 dihydroxyaryl compounds and dihydroxyaryl carbonates, of
not more than 100 ppm should take place in the process, and
the molecular weight of the polycarbonate should increase
only slightly, i.e. by not more than 2000 g/mol., during
the degassing.
30
The invention provides a process for the preparation of

polycarbonate by the transesterification process, at least

comprising the following steps:



6 (a) reacting at |east one di hydroxyaryl conpound and a diaryl carbonate
inthe nelt at least in the presence of a catalyst 5 (b) mxing the nelt

obt ai ned i wostegs (1@pi1wsth a foaming agent (c) degassi@2bhs, §@dosl rom (b)
by passing the nelt 10 through inlet openings into a separating vessel.

The process is characterised in that theé degassing according to step (c)
takes place with foamng, the nelt being divided by the inlet openings into
partial streanms of 15 from 0.1 to 20 kg/h, the tenperature on entry into the
inl et openings being from 250 to 340C and the pressure in the separating

vessel bei fromO0.,1 to 20 nbar. The .process accqrding to the invention for
t he prepargg?onreﬁﬁtépgpSEy%EPSBnapg 8§%¥ﬁ§OH¥PFY r SRERSNEEY AREafi on process

according to stepsr{d)catbpnahd (&) chBYmBetda$CARLISAUQYS Pl TRBEKHAWOUS.
Each of steps (a), (b) and (c) nmay be carried out either in"one stage or in

a plurality of 9fagesatady@rth regard to the process technol ogy of the
process; according to the invention, step (a) can in principle be carried
out undér conditions known fromthe prior art and using the apparatus known
fromthe prbor atkindhehpr aee@duoBtadcedr dnngtd DE)1Qikid 8¢Bamiey DE 10 119
851 A may be 30 nentioned here as an exanple. The continuous procedure is
preferred on acB86Rt of the advantageous product quality, such as
uniformty of viscosity, colour and end group contents. WO 2005/103115

PCT/ EP2005/ 003828 7 As soon as at |east one di hydroxyaryl conpound and a
di aryl (c) degassing the melt from (b) by passing the melt

10 through inlet openings into a separating vessel.

The process is characterised in that the degassing
according to step (c) takes place with foaming, the melt
being divided by the inlet openings into partial streams of
15 from 0.1 to 20 kg/h, the temperature on entry into the
inlet openings being from 250 to 340°C and the pressure in

the separating vessel being from 0.1 to 20 mbar.

The process according to the invention for the preparation
20 of polycarbonate by the melt transesterification process
according to steps (a), (b) and (c) may be discontinuous or
( continuous. Each of steps (a), (b) and (c) may be carried

out either in one stage or in a plurality of stages.

25 With regard to the process technology of the process
according to the invention, step (a) can in principle be
carried out under conditions known from the prior art and
using the apparatus known from the prior art. The procedure
according to DE 10 114 808 A or DE 10 119 851 A may be

30 mentioned here as an example. The continuous procedure is
preferred on account of the advantageous product quality,
such as uniformity of viscosity, colour and end group

contents.



carbonate as well as, optionally, further conmpounds are in the formof a

nmelt, the %gafa'éylogalgtarted in the presence 5 cﬁp ékﬁgpég/éggg lLysts. The
ular

conversion of the transesterification reaction, or 't i ght of

t he pol ycarbonate, is increased until the desired end product of the

pol ynerisation is reached. This can be effected, for exanple, in that the
nmonohydr oxyaryl conpound 10 that separates out during the polynerisation is
carried off by increasing tenperatures and falling pressures. The nature
and concentration of the end groups are determined by the choice of the
rati o of diAydperyapyktcdrpstineneo didiydrpkyearydorampound tenel laosis argfle of

t he diarylcga on Eea%SW%h %he vapours mhigh %@fgependengﬁgp the,%rocedure
and the i Retarlafroff 8F daffyi 7§ 6P Lhe ' pdHyrBETs SO Y A& Mlas by
any added ehgpeupfisofsuCheas, toke exawplien iR gherthe linng Horehwdnexyaryl
conpounds. 20 The conti nuous process for the preparation of polycarbonates
i s preféraBfySeaFppPég atailysispl Thsl icopversionagds therel i minary
condensat|99 Rée%PErQ%Q%QQQé%Q&%Bctﬁ% Q%thﬂktgmgg% QQ%kad Qb%&ate and,
optionally, FUrther Feactants first eing carrie out Wi th € use of 25
cat al yst s, thet poliyctlrbosepar, atiison nefrebive dnmmaei i d oy @ledi regorpeund t hat
forms. The nol ecul ar. weight .is then huilt up to the desired value in a
plural ity BFOfESEt PEn tEFapSLaTEr 158tdqPs 18 rearhedat € (374t Bencr ease

stepw se a ur | sst IS @1 =3 i a and
P BErREESEUr 89 Lhathhdl,! i3 RS B Gohs: Orat}%%ﬁ:'gtlaggbg{p%uﬂ%

reactors suitable for the individual reaction eva are

suf fi citént Epatebepakad@s foudmduve ngr ithre @otllyméederdiing tic tdee mredc eds

sequence MQ 2005/103115 PCT/ EP2Q005/ 003828 % .

( y 1ncreasing témpeératures and falling pressures. The
nature and concentration of the end groups are determined
by the choice of the ratio of dihydroxyaryl compound to
diaryl carbonate, by the loss rate of the diaryl carbonate

15 via the vapours, which is dependent on the procedure and
the installation for carrying out the polymerisation, as

well as by any added compounds, such as, for example,

higher-boiling monohydroxyaryl compounds.

20 The continuous process for the preparation of
polycarbonates is preferably carried out in a plurality of
stages, preliminary condensation of the dihydroxyaryl
compound with the diaryl carbonate and, optionally, further
reactants first being carried out with the use of

25 catalysts, without the separation of the monohydroxyaryl
compound that forms. The molecular weight is then built up
to the desired value in a plurality of reaction evaporator
stages at temperatures that increase stepwise and pressures
that fall stepwise.

30
The devices, apparatus and reactors suitable for the
individual reaction evaporator stages are sufficiently well

known from the prior art. According to the process sequence



- they are heat exchangers, pressure-relieving apparatus, separators,
colums, evaporators, stirred vessels and reactors or other apparatus which
provi de t h&h&@834L43115 esi dence time at chosen ten?)‘é?éﬁpt?ro@§/8E§8%ﬁ essures.
The 5 chosen devices nust pernit the necgssary introduction of heat and be
so constructed that they are suitable for wwth the continuously increasing
melt viscosities. In a preferred continuous procedure, it is possible either

10 to nelt tthe reactants to&gat her_or to dissol ve the solid di h%s(jroxyaryl
conpound i e el Gt RS HAFVIS c A Boiats  or 19 HE SRR T hee sol i d

diaryl carhmpaimatcrd heedilindf ety wHduml oxtarpte Lorgosds ddgis al so
possi ble for the dihydroxyaryl conpound and the diaryl carbonate to be 15
brought tod@3ECEa@ i9Fhde FrRFN IS Whellgh Rrefidabile »eeetsayyfromtheir

preparatio T (e i erl al f they are
conbi ned, (ral:sepselrc}lfear{ﬁ tg’h%el'geartte5| ené(::He gt%e%%% rf;\(eljfc? %%@%%%r%?hsfd}r?%xyar yl
conpounds, dreseadjdestiettd onlket gse ot ttles possddd ey Miterddwudtiten odf 20 nelts,
on the other hand,dc;q??g remain for a | onger period wthout anly?l 0sSses in

t

quality be Bt FOIOHANGT IR PHRNERFY e xRl o teaw et eri al s

at correspoili Nt i th QWRS1 | SIREFAI MRS mPITRAT &4 M ¢ {1 g he i ndi vi dual raw
materials. 25 The catal yst, preferably dissolved in phenol, is added to the

melt. The nmelt is then heated to the reaction tenperature. In the case of
the industrjally inportant rocess for th reparation of, polycarbonate
from 2, 2- bi'! G0 RUEHydr OkyFHETTICKR GPEtE GHEF i Phety| PRar Hora( & TRk

t enper atur & Atmd e 1Rl MU A Ss f e diddr tor 220@ i s s Bferabe ysb1om 185 to

210C, very particularly preferably from 185 to 195C. The reaction
eguilibriu jhyEaEmrshegpmpound in the melt of the diaryl carbonate

or to dissolve the solid diaryl carbonate in the melt of
the dihydroxyaryl compound. It is also possible for the
dihydroxyaryl compound and the diaryl carbonate to be

15 Dbrought together each in the form of a melt, preferably
directly from their preparation. The residence times of the
raw material melts before they are combined, especially the
residence time of the melt of the dihydroxyaryl compound,
are adjusted to be as short as possible. The mixture of

20 melts, on the other hand, can remain for a longer period
without any losses in quality because of the lower melting
point of the mixture of raw materials at correspondingly
lower temperatureg, compared with the individual raw
materials.

25
The catalyst, preferably dissolved in phenol, is added to
the melt. The melt is then heated to the reaction
temperature. In the case of the industrially important
process for the preparation of polycarbonate from 2,2-bis-

30 (4-hydroxyphenyl) -propane and diphenyl carbonate, the
temperature at the beginning is from 180 to 220°C,
preferably from 185 to 210°C, very particularly preferably

from 185 to 195°C. The reaction equilibrium is established



" WO 2005/ 103115 PCT/ EP2005/003828 9 wthin a residence tine of from1l5 to

- 90 m nutesyo pE6S LAl from 30 to 60 mnutes, W thout 8B, Rf,4 he
hydr oxyaryl conpound that has forned. The reaction can/]{)e égrril)ge out at

at nospheric pressure but also, for technfcal 5 reasons, at excess pressure.
The preferred pressure in industrial installations is from2 to 15 bar
absolute. The mxture of nelts is then relieved into a first vacuum

chanber, thetpriessure sdfdesdecht iinge adj Utcad 150 tfg @y KGnitesl0 400 nbar,
preferably fraom 150 to 300 nbar, and directly thereafter is heated to the
inl et tenp@F&LEFEPAgaitfam3? tSuiataBHisde s carl theuteanmela afulfdroundl e

appar at us hawg qti rgirrtq{g&e s, r%gh | Gh the uct flows

fromtop to§bottgr?1wmri ng the relie aoperat |et(§1n', t he %%H%Hé%rgxcyag{ y% conmpound

t hat fornsciegrevapoudt ed eftinosidiermny prarsmer et idllsgr ekenttedrtierala

residen%etirre of frgm5 to 30 mnutes in a sunp receiver, optionally with
I

r eci r cuPat F&R S Spufpi FEFCSES BHE SEIRE pridss & Taid ShP LSBT S diber at ur e,

the reacti apaligrhig iihstahilavadddtia F.5860nd 20 Vacuumschanher, the
pressure of which is from50 to 200 nbar, preferably from80 to 150 nbar,

and directly thereafter is heated in a suitable device, at the sane

pressure, a_t.enperatuyre of fr.om 190 to  250C, . preferably from?210 to
240C, particul énrllxggﬁreefoergﬁeﬁfsf rom tr§]?§vf>doé.netl%rae TET 17 Wr oxyar yl

conpound t kfarceid)s the peapenat ef afiHidM tik amyusnae s Stda |1dy asent .
After a residence tinme of from5 to 30 mnutes in a su receiver,

opt i ondldl y 4Ri%t Aagoi PERTATAE Yhyf jsmhpiaty, tcat® dhelpaive anst ebisigetland the same
o 2l oI SR ORGS0 SRIILLA it EuT
to 120 nbamsuiamtle device, for example a tube-bundle apparatus having
vertically arranged tubes, through which the product flows
from top to bottom. During the relief operation, the
15 hydroxyaryl compound that forms is evaporated off with any
monomers still present. After a residence time of from 5 to
30 minutes in a sump receiver, optionally with
recirculation by pumping, at the same pressure and the same
temperature, the reaction mixture is relieved into a second
20 vacuum chamber, the pressure of which is from 50 to 200
mbar, preferably from 80 to 150 mbar, and directly
thereafter is heated in a suitable device, at the same
pressure, to a temperature of from 190 to 250°C, preferably
from 210 to 240°C, particularly preferably from 210 to
25 230°C. Here too, the hydroxyaryl compound that forms is
evaporated off with any monomers still present. After a
residence time of from 5 to 30 minutes in a sump receiver,
optionally with recirculation by pumping, at the same
pressure and the same temperature, the reaction mixture is
30 relieved into a third vacuum chamber, the pressure of which
is from 30 to 150 mbar, preferably from 50 to 120 mbar, and

directly thereafter is heated in a suitable device, at the

same pressure, to a temperature of from 220 to 280°C,



directly thereafter is heated in a suitable device, at the same pressure,

- to a tenpeggtages QAhsfihegm 220 to 280C, WO 2005/ 1031 %Pehhbh2 00pid3@3828 - 10
preferably from 240 to 270C, particularly preferably from 240 to 260C. Here

t oo, the hydroxyaryl conpound that forns0 is evaporated off with any
nmononers still present. After a residence tine of from5 to 20 mnutes in a
sunp receiver, 5 optionally with recirculation by punping, at the sane

pressure apgekheas ftr%mpgr@t WL 27k, rgast i o1 Ax{upe into a
further vaguﬁm cﬁangE t he pr egsur7e of lgwhl chis %0%1 elfl‘:%ga%%g %ﬁﬁ

pref erabl y2&pnonpl5606C 1OHerababo penti Bydiackyapyef ecapbuntir eﬁhZOfb@mSO mbar ,
and 10 directly thereafter is heated in a suitable device, at the sane
pressure, &8 ﬁvﬁgﬁﬁéFﬁfiuPéfoW1F%®n25@OP@“®G®CSt1ér1eﬁ3é?re§(ﬂf5ﬁ £ AdrREZ6@ t 0

290G, partLeulaEhePEShR! 8 Y lhom 200! 4:el6s Hor @ 10y, Lk ddroxyaryl

conpound t orns s evaporate any rmnorrers pr §dént. 15
The nunber opt ibhedeyr ezacr:fnl ae cdvapdaation dyagemping,t EHts tieasamd or exanpl e,
4, may be from2 to 6. t he nunber of stages is changed, the tenperatures

and pressuPE§SSHESt Snﬁiet orstaé”;epc’iﬁﬂlﬁ?@%}:ué@aptt@@ iGP3L tgTh &1 368 Wn 150 t he
person 20 skhlikedal Bnkle sart, dnt 0ndehuhd 2iidle? C YR éﬁbéisesdr%swft s. The

rel ative viscosity of the oligomeric carbonate achieve n these stages is
from 1.04 wbith20s preirealsioy foombhrQ5 pIte(felr.alﬁ,Y rfa:dm CWH ard yLofr ef er abl y

from1.06 to 1.10, 5Tere|at| cosi t i r edasteratioof
the vi scog‘gf" Paﬁ%ﬁgl"{ir?\?rlys&ﬁ?t e&r‘f‘b;ﬁ'ds‘:]trﬁé' \?’ %t A4 hE %Dure sol vent .
It is q©neaa&bﬁtd9t ehERed tidt disCMHereretikane sﬁtta%l@ﬂi@fhtdeat 0N t@fe 5 g oOf
polymer to one litre of solvent at 25C

{ same pressure, to a temperature of from 250 to 300°C,
preferably from 260 to 290°C, particularly preferably from

260 to 280°C. Here too, the hydroxyaryl compound that forms
is evaporated off with any monomers still present.

15
The number of these reaction evaporator stages, in this
case, for example, 4, may be from 2 to 6. If the number of
stages is changed, the temperatures and pressures are to be
correspondingly adapted in a manner known to the person

20 skilled in the art, in order to obtain comparable results.
The relative viscosity of the oligomeric carbonate achieved

( in these stages is from 1.04 to 1.20, preferably from 1.05

to 1.15, particularly preferably from 1.06 to 1.10.

25 The relative viscosity is determined as the ratio of the
viscosity of a polymer solution and the viscosity of the
pure solvent. It is generally determined in dichloromethane
at a concentration of 5 g of polymer to one litre of
solvent at 25°C.

30
After a residence time of from 5 to 20 minutes in a sump

receiver, optionally with recirculation by pumping, at the



30 After a residence tine of from5 to 20 mnutes in a sunp receiver,

optional | y i I | ati on by punping, at the
PCT/ EPZOOSV%%‘O%@fl%?&ﬁ same pressure and the savngcﬁggr{%éég ureaazs8 in the

| ast flash or evaporator stage, the el Lgoearbonate so produced is fed into
a di sk or basket reactor and condensed further at from 250 to 310C,
preferably from 250 to 290C, particularly 5 preferably from 250 to 280C, and

at pressurgsmef pire@Butet angldnebabmePtefpeabkyirtr @@ 24t @ nLO0 17Rar £13RG
residence tines of from30 to 90 mnutes, preferably from30 to 60 m nutes.

The pol ycaPBoR¥BROKraselestadeel shievelibscssprpaske Bromrodized ds1.f28,

preferably. m.1, to 1 articularly ;10 preferably from1.13 to 1.24.
The nelt Iég%?na F%%g ggag %?e?SrSF%ES taﬁg Fﬁ§d§g§F%e§%r|H%£ a&igggg}ty or

the desiredshi pal sApbecUbAL r¥BLEN, FPRoR 2E8rtHesqgesk ré%éﬁ%%rfﬁaCtor- The
tenperature is from270 " 15 to 330C, preferably from 280 to 320C,

parti cukar byegeetengblfy ot 0m0280 £e03¢DGnand:t peepeesstr 6fi srbmom €001 to
3 nbar, preferably fromO0.2 to 2 nbar, with residence tines of from60 to
180 mi nut ed? pPafer BERferpbAy75res 2500 AOnobaes. wRe relsddepeeyitddwsi ti es

are adj ust he Al evely,2Q . i.red._far i d ld-cat.i d are
from1l. 18 ?g %%9 Osop?éfgpa l§%$%§ﬁ1%ngef%%?ygg%%%hﬁﬁi%&féplahﬁggf%$ably
from 1. 18 traelpddychirbosiatls @epadeisble red acarky vaycdsie yalfy fardns at.izen of
the 25 pol ycarbagnate oIi%pner in a single st%%e in a basket. or disk

reactor in§Pedd28f PreLREPWY- £E8Fe IpldcéBurle 2Pn BREt isdd@&t Yor di sk

react oRg ab&%@ggngQEfq%nigql%h%OOhh%Q” The vapours fromall the process
stages are inmmediatély 30 drawn off, collected and worked up. Working up is

general ly

The melt leaving this reactor is brought to the desired
final viscosity or the desired final molecular weight in a

further disk or basket reactor. The temperature is from 270
15 to 330°C, preferably from 280 to 320°C, particularly

preferably from 280 to 310°C, and the pressure is from 0.01
to 3 mbar, preferably from 0.2 to 2 mbar, with residence
times of from 60 to 180 minutes, preferably from 75 to 150
minutes. The relative viscosities are adjusted to the level
20 required for the intended application and are from 1.18 to
1.40, preferably from 1.18 to 1.36, particularly preferably
( from 1.18 to 1.34.

It is also possible to carry out the polymerisation of the
25 polycarbonate oligomer in a single stage in a basket or
disk reactor instead of in the two-stage procedure in two

basket or disk reactors arranged one behind the other.

The vapours from all the process stages are immediately

30 drawn off, collected and worked up. Working up is generally
carried out by distillation, in order to achieve high
purities of the recovered materials. This can be carried

out, for example, according to DE 10 100 404 A. Recovery



carried out by distillation, in order to achieve high purities of the
recovered pptefhs}1p31418i s can be carried out, for 280 g@&gg ing to DE
10 100 404 A. Recovery WD 2005/103115 PCT/ EP2005/ 003828 - i i sol ation
of the separated nonohydroxyaryl conpeudd irn the nost pure formpossible is
obvi ous from an econom ¢ and ecol ogical point of view The nonohydroxyaryl
conpound can be used directly in the preparation of a dihydroxyaryl 5
conpound oana disanyhicar bgnate sERGitsd HoRAskRlo 86 0rGomifind in

di stinguished by the fact that, with long residence tines, they provide in
t he vacuumthg TR} Par§e IOt Aossdids tiisatobve ciish straa |30 regrsvesti.c landio
ternms of g ~ahh i sk e e ¢ C i to the
mel t viscogggggégg ltﬁégﬁgbéﬁiP@%géuﬁ¥%bﬁggﬁ¥lé%%%?éiéggqﬁ%@%ﬁﬁggd¥g¥or
exanpl e, | beDbhsédl 41 ré&22 1@2 1 n\DHR2 foAdxbd,a t\WorD 2850 6¥A rofd ik ywrly 1253 163, or
tw n-shaft reactors, as are described in WD 99/28 370. 15 The

ol i gocaPboRRIMELUNChOrud A 3dYilgSeHe8Rdtces of very |ow nol ecul ar wei ght ,
and the pol ycarbonates are generally conveyed by neans of gear punps,
screws of different types or displacenent punps of a special type. 20

Par ti cul ar Mhesydlits&bloe hemtsdraitalrs faronshe g adusdtingnicfthddeéy dpparfatats,

reactors, pipes, and valves are stainless steels of the O N (M
16750t ype HRE NPT Aot R Y TR s SR et R SRy 1 o
process 25;t @RRE atiiRes Rfr RRQUL G haANd Nedanaesh @l J osnales used at

process tenperatures above about 290C. Starting fromthe polycarbonate nelt
obt ai né@ aceondi 1§ Geomstaly ,( Hhe AiFH yoatkizorkiite repdtera dway omeasht of | ow

( according to the melt viscosities of the products. Suitable
reactors are described, for example, in DE 44 47 422 C2,
WO 02/44244, WO 02/85967 or EP-A 1 253 163, or twin-shaft

reactors, as are described in WO 99/28 370.

15
The oligocarbonates, including oligocarbonates of very low
molecular weight, and the polycarbonates are generally
conveyed by means of gear pumps, screws of different types
or displacement pumps of a special type.

20

Particularly suitable materials for the production of the
apparatus, reactors, pipes, pumps and valves are stainless
steels of the Cr Ni (Mo) 18/10 type and Ni-based alloys of
type C. Stainless steels are used up to process

25 temperatures of about 290°C, and Ni-based alloys are used at

process temperatures above about 290°C.

Starting from the polycarbonate melt obtained according to
step (a), a polycarbonate having a low content of low

30 molecular weight constituents is obtained according to
step (b) by the addition of a foaming agent and according
to step (c¢) in at least one foam degassing step by division

of the polycarbonate melt into partial streams as well as



30 nol ecul ar wei ght constituents is obtained according to step (b) by the

addi tion ofypazh@Mgid 39ent and according to step j one foam
degassing step by division of the polycarbonate ne ét:ﬁﬁérﬂ}(g%%élr)ﬁ?%e streans

as well as WD 2005/103115 PCT/ EP2005/ 603828 - 13 Dby lowering the pressure.
Wthin the scope of the present invention, a |ow content of |ow nol ecul ar
wei ght constituents is understood as neaning a content of Iess than 200

ppm pref ebgbllypweesind har Q@ pRe S Wie lPwWHBDIRGHA el ightsconstd t uent s
to be renoved accordi n% to step (c) include nonohydroxyaryl conpounds,

di hydr oxyaryiVe&sapdunds 184 cemhedyofaryaw aalisshvaess weistht exanpl e phenol |
bi sphenol A and .di phenyl. ¢ rggqq,tt. T : S ardi ng- to the

i nvention aIo ovvslqt I%e @[;ollsyglar onat%eOdrlrest 0 lgl%gzagacg%efrgcy C?EOV\]/'eersisng of the

partial pretsur €odhippen,| argderadigprlesss nhdrha dargpmul  re-formati on of the
nmononers and w thout a substantial 15 increase in the nol ecular weight. A
maxi num>of 100 ppm of | ow nol ecul ar wei ght constituents are re-forned. In

addi Ui on,  ihe ToheGiaic el 0N o Rl MALRONALP bd N RARgS bY 2 mexi mum

of 2000 g/nol. during the degassing accor g to step ctive
degassi ng wiclogdiogertiongte20 e iparlniced mpressulmxiatyla chmpdundssi dence
time of the. .t in_vacuo i s possibl ecayse a faam ng agent is_added to
the melt aﬁ&htgﬁg_oﬁ%ﬂatry rcggmq\@ld‘}asagvéﬁ<f 2 Y rcargﬁﬂrga_’ﬁﬁ'etf%eni ngs
into the sepanphiengreessel Widpendieferagd dipasihe degassiag vessel

herei nbel ow). By the 25 addition of the foam ng agent, the surface area of
the mel© is nmarkedly increased on the one hand and on the other hand

( The process according to the invention allows the

| polycarbonate melt to be degassed by lowering of the
partial pressure while largely suppressing the harmful
re-formation of the monomers and without a substantial

15 increase in the molecular weight. A maximum of 100 ppm of
low molecular weight constituents are re-formed. In
addition, the molecular weight of the polycarbonate
increases by a maximum of 2000 g/mol. during the degassing
according to step (c¢). Effective degassing while lowering

20 the partial pressure with a short residence time of the
melt in vacuo is possible because a foaming agent is added
to the melt and the melt stream is passed through one or
more inlet openings into the separating vessel (also
referred to as the degassing vessel hereinbelow). By the

25 addition of the foaming agent, the surface area of the melt
is markedly increased on the one hand and on the other hand
the partial pressure of the volatile substances to be

removed is additionally lowered.

30 The foaming agent is generally a readily volatile substance
having a high vapour pressure. Foaming of the polycarbonate
melt is initiated by the high vapour pressure of the

foaming agent. The foam brings about a considerable



the partial pressure of the volatile substances to be renoved is

addi tional {4 bgggyfygilgo The foam ng agent is generﬁg#)épaoﬁgzﬁgﬂq?evolatiIe
car

substance having a high vapour pressure. Foam ng of t'he po onate nelt
is initiated by the high vapour pressur&4of the foam ng agent. The foam
brings about a considerable WO 2005/103115 PCT/ EP2005/ 003828 - 14 increase
in surface area, which is advantageous for the degassing. In addition, a

| owering ofintheapar tnalsuRireselg-e0f WHien' 8% dues @fhgeueto o ot her
volatile constituents in the polymer is effected inthe gas phase of 5 the
separ at or , dggagsriagul fnofdahitelen, owerl owegiigdgalo fc dinee rpegt iGfl \rolegtsiure

constituent iLn _principle tg._be.expected. ., An_inert..gas or an inert
liquid or g%n?%%ufgsé UFﬁeFFe§§§g$ntaﬁ§y8F ﬁ2$ﬁ§k¥41?ﬁﬁl erably used as the

f oam ng agebhsti@uexarplies téfe Poltyalelre if0JFMREG t_RGEAS tHL Jid HRGRR sFarbon
di oxi de, water, methane and helium_ The foam ng agent use is particularly
pr ef er abl y th&t eepagatiogn disod deserlt wift whgeh dirwvaremeidiudleantapts

preferably pi a1 .t hin of _t:he. .present i nventi it has
additionalﬁg %@g%%?&&ngﬁﬁﬁﬂlW%éﬁ§32§§£§I5%WFE§1 é%é?&l%f %%?%ﬁﬁw antially
increased if the foam degassing is carried out several tines in succession.
To that end, g foam ng agent according to step (b) is added before each
foam 20 dedBsdPREtsE8F OF) AN lariiig Gt & MEXfegssSithgnert Saresal

stages [t ualdhe 1anslind haldd 3] dRAGE od e TEIRLDY Lpylveral |, in

order to prevent undesirabl e post- pol'ynerisation, n of |ow
nmol eculidr Wedagiptl esubst ancesbld SeoeEmimcatigen tan e griadaigeon. cadtort 25

residence tine.is to be achieved b ui_t.abl e _configurati on of the
appar at us. dll]Othﬁ@,f g%edregérgeé:;{}ﬁxq ganad %ellum. The r}:joagnlnc_:j agent used

\ is particularly preferably water, carbon dioxide or

nitrogen and very particularly preferably nitrogen.

15 Within the scope of the present invention it has
additionally been found that the success of the degassing
is substantially increased if the foam degassing is carried
out several times in succession. To that end, a foaming
agent according to step (b) is added before each foam

20 degassing step (c). When carrying out the degassing in
several stages it must be ensured that the residence time
remainé low overall, in order to prevent undesirable post-
polymerisation, re-formation of low molecular weight
substances, discolouration and degradation. A short

25 residence time is to be achieved by a suitable
configuration of the apparatus. If the foam degassing is
carried out in several stages, the individual stages do not
necessarily have to be carried out in exactly the same
manner. Depending on the application, i.e. depending on the

30 throughput, the viscosity of the product and the
temperature, the stages may be carried out differently in

respect of the division of the partial streams, the amount



carried out in several stages, the individual stages do not necessarily
have to be carried out in exactly the same nmanner. Depending on the
applicatione 200%5/1depesdi ng on the 30 throughput, thea Hps665)ddse2k the
product and the tenperature, the stages may be carried out differently in
respect of the division of the partial %%reans, the amount WD 2005/ 103115
PCT/ EP2005/ 003828 - 15 of foam ng agent, the tenperature and the dianeter
of the outlet openings. In order to inprove the dispersion and di ssol ution
of the 5 dbdahvagiageagenn,t hbepokyparbonateand! thet de apleezsuig iche t he
static m xer cap be increased by a suitable device, for exanple a
pressure-nﬁ?ﬁiﬁFnPﬁSnﬁﬁﬁ§e or athrottle. It is known to the person skilled
inthe art that, as the pressure increases, a |arger anmount of a volatile
substance 10 can be dissolved in a nelt. The foam ng agent is dispersed in
t he pol ycafhonaderntbt iproyeephebiispessavicanixdd sise lpitefoer alfl yhesed f or

di spersing,. and_di ssol vin e foam ng, agent. nventi onal enbodi.nents 15 of
static i x5P2"f BF ﬁ???ﬁglﬁiéE?VP8§§§F?9038P§CQ%EBHaF < RIS e T

suf fici enttpyewstht kaowaxbroghhhBephihekeabbd Bhea shaliae1d XRK iRkef gbabl y has
the structure of an SMX m xer, which is described in detail, for exanple,

in Arno SigkerpleSpaprseRusenmaéheninangevakuaspst of thecdtdei-t ditgignd 20
herstel | un Pl ast v rheiter 11( 199 Stati¢,.m xers ccording to EP
RoePh ShiehR Bk BGAThg 1R0Pu St LS e,

0947239 or can a P erabl y~be “Us cul ar

pref erencepkesguiveniheraaseSWXanixegevhaseuhteefi Bsida sdiianetRibstamnices al ong
the m xer on accqunt of different _m xing elenments, the free inside 25

di amet &P veRry pareiearaved prePefSBEy reducing in a cascade-like or
step-1i ke manner, for exanple, in the

(

The foaming agent is dispersed in the polycarbonate melt in
step (b). A static mixer is preferably used for dispersing
and dissolving the foaming agent. Conventional embodiments

15 of static mixers for mixing high-viscosity polycarbonate
melts are sufficiently well known from the prior art. The
static mixer preferably has the structure of an SMX mixer,
which is described in detail, for example, in Arno Signer,
Statisches Mischen in der Kunststoffverarbeitung und -

20 herstellung, Plastverarbeiter 11(43), 1992. Static mixers
according to EP 0947239 or US 6 394 644 B can also
preferably be used. Particular preference is given to an
SMX mixer whose free inside diameter varies along the mixer
on account of different mixing elements, the free inside

25 diameter very particularly preferably reducing in a
cascade-like or step-like manner, for example, in the

direction of flow of material through the mixer.

In order to improve the dispersion and dissolution of the
30 foaming agent in the polycarbonate melt, the pressure in

the static mixer can be increased by a suitable device, for

example a pressure-maintaining valve or a throttle. It is

known to the person skilled in the art that, as the



direction of flow of material through the mixer. In order to inprove the
di spersi ony@ngh b 599k ki on of the 30 foam ng agentyd Egggogpdo\é%grabonate
y

nmelt, the pressure in the static m xer can be increase a suitable
device, for exanple a pressure-nuaintaihéng valve or a throttle. It is
known to the person skilled in the art that, as the WO 2005/103115

PCT/ EP2005/ 003828 16 pressure increases, a |arger anount of a volatile

subst ance peadsheedifsob¥edsi NaalBRbbr ARGundt biEe 0 chhe 1nQl weashanate nelt
on entry into the_ 5 inlet openings according to step (c) prior to the

relieving, C8pekef AéaFPyVEReipr as@Rés -of one or nore phases, is critical to
t he success of the degassing and the stability of the process. The
degassing is particularly successful when all the volatile conponents,

i ncl udi ng The A8ttvanbiigtagepb,lyanebonapketely dinssaltred ibeforeet he
relieving.‘CanIeter di ssolved within the scope of the present invention
means t hat TRh&C pBPGEAPESNECECKELTIf PNSLEP dicAgPEipkase wheture with the

sol vent c09&msgn;begglgeéégeaﬁpetﬁggggfe%%@engfa%g or BB ROLREaLonat e

nelt then 15 contains ubbl es” or ets on entry into the
openi ngs. fia paiticalatp the toareng adenhet Megakadnbeemdrithed in  shoul d be

conpletely dissolved. _-The anount of fopam.ng 20 agent, the pressyre and the
tenperaturﬁtﬁéé?éBycﬁgséﬁetﬁﬁ?ceFﬁe Fggnﬁﬁ A5§ERE 1S EEMPIETSAF di ssol ved in

the polycanbesateulelhenThe 1PEBESYLE 28R et %@s]g%%b?ﬁe&hrt%,n%%i%@&ylg ke the

conpl ete dissolution of a particular anmunt o oam ng agent dépend on the

nat urelef Epeminanpagnagentre Fempdetelincvssiod vielde bediogentdiei |l ed in the art
that, at 2,.gi¥gh; nbeMRRRhdEe19" o2 BRIVERN RRNALR TR o) Wi sol uble
. present invention means that the polycarbonate melt forms a
single-phase mixture with the solvent contained therein and
the added foaming agent. The polycarbonate melt then
15 contains no bubbles or droplets on entry into the inlet

openings.

In particular, the foaming agent that has been mixed in
should be completely dissolved. The amount of foaming

20 agent, the pressure and the temperature are so chosen that
the foaming agent is completely dissolved in the
polycarbonate melt. The pressure and temperature necessary
for the complete dissolution of a particular amount of
foaming agent depend on the nature of the foaming agent. It

25 1is known to the person skilled in the art that, at a given
temperature of a polycarbonate melt, the maximum soluble

amount of a foaming agent increases as the pressure rises.

The foaming agent should be so chosen that only small

30 amounts are sufficient to bring about considerable fcoaming
of the polycarbonate melt after pressure relieving on entry
into the inlet openings. Within the scope of the process

according to the invention, a small amount means that from




amount of a foaming agent increases as the pressure rises. The foani ng

agent sho en that only small 30 anount [ Gient to brin
about cong$§éggﬁﬁgogggﬁing of theypolycarbonate ng§F9§§?§$§{#i§§§§re )

relieving on entry into the inlet openimgs. Wthin the scope of the process
according to the invention, a small anmount neans that from WO 2005/ 103115
PCT/ EP2005/ 003828 - 17 0.01 to 1 w.% foam ng agent, based on the pol yner

mass, is @d@@dtéolt@%g‘akBam@ﬂgﬁn ggegéclxagégf %hag/oh)é Déég?]{-ner?ﬁuatsg Oi'r'i,lwt-%

very particularly preferably fr 51to 'S $ma
anount of #&dadefingoagkat melhe pBrrékidurhy bsefarmbég dubmwiot.l2f cam ng of the

pol ycar bonat lt._ _The vapour pressure of t fgam ng agent for the
tenperatur@'grgggfriHﬁrﬁtp?Egl8HE?§EVnP5e?ﬁEaB§V¢2rBBeﬁrHgsFolo of the
degassi ng stepwfc}.abebperestahki shadicaneantr ati eRapfinkoanmieng ageat in the
melt is from1 to 100 bar, preferably from2 to 60 bar "and particularly

preferabl yreiiewing {8 4erbapd ©8tBefibhefodminggodr thkt polyerdddatieon of
t he foaningeﬁgent, t he pol ycarbonate nelt can be heated or cool ed,
preferably éated. An el evated tenperature neans an el evated vapour
pressure of the volatile conponents, so that the formation of foamin the
subsequent degassing is assisted and 20 separation of the volatile

const it uentlei ¥2RBYE BrREFEre Sfii £RBI EcappagapasntofohestiEng or cooling a

pol ycarbongLg,e LhrérgrEO %@ihﬁ the per san, $Kihied b tRear by, beg exanpl e
tubul ar heat exchangers, plate heat exchangers or heat exchangers ﬁaV|ng
staticlim xefsth@5dPgebelialgl prebhdch eaperaturetabangaedn cbheenmelrtittivam t he
( of foaming agent in the melt is from 1 to 100 bar,

preferably from 2 to 60 bar and particularly preferably

from 10 to 40 bar.

15 Before, during or after the addition of the foaming agent,
the polycarbonate melt can be heated or cooled, preferably
heated. An elevated temperature means an elevated vapour
pressure of the volatile components, so that the formation
of foam in the subsequent degassing is assisted and

20 separation of the volatile constituents is more simple.
Suitable apparatus for heating or cooling a polycarbonate
melt are known to the person skilled in the art, for
example tubular heat exchangers, plate heat exchangers or
heat exchangers having static mixers.

25
Preferably, the temperature change in the melt from the

point of addition of the foaming agent to entry into the
inlet openings according to step (c) is not more than 100°C,
preferably not more than 90°C. The temperature of the

30 polycarbonate melt on entry into the inlet openings is
preferably from 250°C to 340°C, particularly preferably from
260°C to 320°C. Further heating of the polycarbonate melt

after entry into the inlet openings to entry into the



point of addition of the foam ng agent to entry into the inlet openings

according g §6@§/1(003)11i53 not nore than 100C, pref eﬁ&b/'@bz%géﬁ'@f@ﬁet han 90C.
[ et

The tenperature of the 30 pol ycarbonate nelt on entry’‘into the in

openings is preferably from250C to 3408, -particularly preferably from
260C to 320C. Further heating of the polycarbonate nelt after entry into
the inlet openings to entry into the WO 2005/103115 PCT/ EP2005/ 003828 - 18

degassi Ny wesselsing #e2@N05% B18d hodabiexam! eorheatae, thhasre used
as the inlet openings and relieving menbers. The tenperature difference

bet ween t heubeisr prienveechas tihet inddniopgniaed el ergtlievine ndwbssspar at i ng
vessel is pref erabl y not re than 100C, particul arly preferably ngot nore
t han 80C. %@ o?&i“\? rt%ugteeﬁﬂl(%cffe,retrﬁee %D(ﬁ Ve 5%1(% 5%% g ﬁ:tk}% into
a separati bgpevessR il augh dnthEl eReNIvIES éé@al&%fttiir? vedkest reams of from
0.1 to 20 kg/ h, preferably fromO0.125 to 10 kg/h and particularly preferably
fromO0. 55 porefeckghily nbe npoleycdrabonatodCnepbartscuébiréyegrieftrablyepatati ng
vessel having a | ow pressure of fromO0.1 to 20 nbar, preferably 15 fromO0. 3
to 10 nbar moggr tihew &9°¢-preferably from 0.5 to 5 nbar. According to the

invention, the tenperature of the polycarbonate nelt on entry into the
degassi ng vessel is from 250 to 340C, preferably from 260 to 320C and

parti cul ar lne-derefieialy fegm @40 tthe3 GGy 20-bHie o lneciar bonat e Feddcds
introduced into the separating vessel through the inlet openings from

above. Accéfdiongl ywepamad ing éte sssehitiyuste irdeh ewbsmindfe Uppgeartieyi on of
the separating vessel i.nl.et I NOS .a I | rticular in
one pl g%e, %té:lﬁ nﬁeyostenafyrog{]goo' etoarér%gﬁ{gge(gp iy {eefe%rabaﬂge&&p 851% éo

( 10 kg/h and particularly preferably from 0.15 to 5 kg/h.

The polycarbonate melt is relieved into a separating vessel
having a low pressure of from 0.1 to 20 mbar, preferably

15 from 0.3 to 10 mbar, particularly preferably from 0.5 to
5 mbar. According to the invention, the temperature of the
polycarbonate melt on entry into the degassing vessel is

from 250 to 340°C, preferably from 260 to 320°C and

particularly preferably from 270 to 300°C.

20
The polycarbonate melt is introduced into the separating

( vessel through the inlet openings from above. Accordingly,

the inlet openings are located in the upper region of the
separating vessel. The inlet openings are arranged in

25 particular in one plane, but they may also be arranged in
different planes in the upper region of the separating

vessel.

The inlet openings act as relieving members. An important
30 design criterion for these relieving members is the

pressure loss produced thereby. The pressure loss is given

by the viscosity of the polymer melt, which is dependent on

the product type, temperature and the concentration of



di ff'erent planes in the upper region of the separating vessel. The inlet

_openings act | i_eyving menbers. An inportant 30 design criterion for
these reli &Y %@0%%&95 is the pressure |oss produ%%’s%‘%@roéwgwﬂ?e pressure

~loss is given by the viscosity of the pel ynmer nelt, which is dependent on
the product type, tenperature and the concentration of WD 2005/103115
PCT/ EP2005/ 003828 - 19 volatile constituents and foam ng agent, the

throughput A 311° GRTRIIE RS Lhe IRl AN AJIEI She e SEMIONSN P

bet ween t he di anmeter ore, e nmass e, osity of the
pol ycar bonathe mebimeany tdfe threexlrievioss rnenke dnoWwhd ard hex paidoip skilled in
the art. Wen inteﬁpgeting the pressure | oss, the person skilled . in the

art can di SFEYEFY ChE HRIRt 3t athd henditsi g aageits Spw vrafte arthe
i nterpretati;QaGeyr difng Ho #a?gsmrﬁasceofm «chned agye gs%%ruérlbgé.gfe | &ssThe

pressure | oss shoul'd be suc that the absolute pre ore entry

i nto theé inlsetknogpetionghd pendfdn akentlled hirghtHeo gurtevditterf oam ng before
entry into .the inlet openings. Foam ng does not take place ntil the nelt
has ent or od 1RE PERLERS St HESS1E S5 & 1o RAE TP ES. o 627 131 exanpl e,

bores or sl.g4s canCaliladJiazzles hgrmidiafderond ed R Al dnd algy ef&sred to as
the nozzle plate). Nozzles are preferably in the formof® bores in a nozzle

pl at e. The thladt enmay tier pprd tedi igire dvanvcerdiary tchikokavessculxds |oif a preferred

of the pol JEAPEOIEEY HE PO & B AP ST Ut S LA o [ b e

arranged hofitzenaldnsollite yrasgRepdidrctdnt pthddeisepaipdd ng
( openings is sufficiently high to prevent foaming before
entry into the inlet openings. Foaming does not take place

until the melt has entered the inlet openings.

15 Suitable inlet openings are, for example, bores or slots,
called nozzles hereinafter, in a plate (also referred to as
the nozzle plate). Nozzles are preferably in the form of
bores in a nozzle plate. The plate may in principle have
any thickness.

20
In a preferred embodiment of the process according to the
invention, the partial streams of the polycarbonate melt
are each guided through nozzles in a plate arranged
horizontally. The bores open directly into the separating

25 vessel, in which a low pressure prevails. Preferred nozzle
diameters are from 0.8 to 5 mm, particularly preferably

from 1 to 4 mm.

Tubes may also be used as the inlet openings. The tubes are
30 preferably arranged vertically, and the polycarbonate melt

flows through them from top to bottom. Preferred tube

diameters are from 4 to 20 mm, particularly preferably from

5 to 15 mm.



25 vessel, in which a |ow pressure prevails. Preferred nozzle dianmeters are

fromO0.8 tgy5, Rahtscul arly preferably from1 t B0 y also be
used as the in et/ openlsngs. The tubes are 30 pref elsr}:ajﬁ/l y a?%’rg?%?ﬁa

vertically, and the polycarbonate nmelt 20l ews through themfromtop to
bottom Preferred tube dianmeters are from4 to 20 nm particularly
preferably from 5 to 15 nm WO 2005/103115 PCT/ EP2005/003828 - 20 1In a
further preferred enbodi ment of the process according to the invention, the
tubes are used as a heat exchanger. To that end they are in particular in

t he form ofinaasfpaitiklre b riefedine darsthbmds memtr odndéd Ipr e dreatadacsiingr

medi um prggf%%glg a quuid gﬁft%}ransfer oil or conggn in wat er vapour or

heat -t r ans 6F1 104580 O rhd B fgtr o TEn &S S UESs A IS5t ef=TEBE ¥ 0om 300 to

2500 Mm paet icedkaehy pheferal yid aptitd1e 200Q HamforkD okhe tubes of the
tubul ar heat exchanger accordingly open directly into the separating

vessel . SThearadilgildpandlebend are solrfroumsec fat a Hegioltysar te melt is
not yet fg_% ; 09, aivlrletfe%tb%rs ! ec}%ﬂ%l!h rath(?:ailan% eq:ar&%.r 'orThceor;[ ebg\s:in]g?_hgay

be narrowed by ndzzl'es, i n arder maintai N a gi'ven ~ pressure

pressure | @sgernvapourdiod thealt ttikedfer daperdgiiuron THe Inaigure of de
polynmer, the tenperature at the inlet and outlet of the tube, the

t hr oughput takgst & bpyedsertilon fofom a10f it 2EoPs it udat igukasd i nl et and at
t he 20 out%&%fgga%qg teyhe, sthe |y fpam forms only at the outlet side

of the tubes to thée’'separator, i.e. at the inlet openings of the separating
vessel 10The diameters of the tubes are preferably from4 to 20 mm
p?rtlcular%%e tubes of the tubular heat exchanger accordingly open
| directly into the separating vessel. The individual tubes
are so formed that the polycarbonate melt is not yet
foaming as it enters the tubular heat exchanger. The tubes
15 may be narrowed by nozzles, in order to maintain a given
pressure loss. The pressure loss in an individual tube is
dependent on the nature of the polymer, the temperature at
the inlet and outlet of the tube, the throughput and the
proportion of volatile constituents at the inlet and at the
20 outlet of the tube. The polymer foam forms 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 preferably from 4 to 20 mm, particularly
preferably from 5 to 15 mm. Nozzles, which are used to
25 increase the pressure loss, have diameters of from 0.8 to

5 mm, preferably from 1 to 4 mm. The mass flow rate per

tube is from 0.1 to 20 kg/h.

Carrying out the process according to the invention using a
30 tubular heat exchanger provides a preferred method of
heating or cooling the polymer melt, as described

hereinbefore.



preferably from5 to 15 mm Nozzles, which are used to 25 increase the
pressure | R§Sz0 @3dhgneters of from0.8 to 5 mMm m1lto 4
nm The mass fld(;?/av)/lra;ie per tube is from0.1 to 20 Pkdg&/r/%fpggg%%ﬂ;%%out t he
process according to the invention usirngla- 30 tubul ar heat exchanger

provi des a preferred nethod of heating or cooling the polynmer nelt, as
described hereinbefore. WO 2005/ 103115 PCT/ EP2005/003828 - 21 The

di stances baetwaestbhecisniet wepeNith@s i nTRas wheethingeM mMEaGuRRIA!E o M d- poi nt,
and accordi ngly t he di stances between the partial streanms on entry into the
separ at i ngM1¢eBeaRt &PeMAGRCS e SOOMICCPrEiacanl e GHBSIRNE 40 nm 5 and
particul ar e I 1 i.de tJ f .

pol ycar bong%ég{%%% tl&?l% %ﬁgtqsg]elp%r%%iaﬁ% \%sggg%%{]gﬁltg)nr%?%e éoe%r%é:nlg%ﬁe

suf fi ci ent vgssgileatrio faldhmow adeGoatmm,degedeinadl yOt ridie 10t her 4vameh, 10
however . it st nqot bhe too great, so 3s not to inpair the quality of the
pol ycar BonaPte. PRAE 1CEdPddnc OTELRE Yt%éo“}rélst Yoh 4h&@Separ ati ng vessel in
step (c) is preferably not nore than 10 m nutes, particularly preferably
not nore than 5 minutes. 15 In a further enbodi ment of the process

accordi ng Tbet hesiidevert itame e thesipddyce rtbiome teamele iinf lthenced by gui de

el ements. The function of the ide elenents.is to |len en the residence
time and atSPRESARS ﬁeﬁ@eirlne?‘% s€m i’f@e’z@nfurhﬁé@e%e?ré 1G4 pal ycar bonat e

nelt. The %%e\% elenBniy MRS Hegalsixamp ehofoldf aled sheets,

profiled sheets, wires, wire netting, link chains, narrow netal strips
havi nglanyhgwsiveagd ditogwistediotodpearko great, so as not to impair the
( quality of the polycarbonate. The residence time of the

melt in the separating vessel in step (c) is preferably not
more than 10 minutes, particularly preferably not more than
5 minutes.

15
In a further embodiment of the process according to the
invention, the residence time can be influenced by guide
elements. The function of the guide elements is to lengthen
the residence time and at the same time increase the

20 surface area of the polycarbonate melt.

The guide elements may consist, for example, of perforated
sheets, profiled sheets, wires, wire netting, link chains,
narrow metal strips having any desired cross-section and
25 the like, the guide elements preferably being arranged
substantially horizontally. Examples of such guide elements
are described, for example, in DE-A 10144233 or in
EP-A 1095960. It is particularly preferred for the guide
elements to be in the form of wires which are arranged
30 substantially horizontally in the separating vessel.
Degassing of the polycarbonate melt is considerably
improved thereby, without the occurrence of harmful back-

cleavage of the polycarbonate.



25 the like, the guide elenments preferably being arranged substantially

hori zont al L1y, dps3BLk€$50f such guide el ements are (geserl r,oexanpl e,
n DE-A 1019555 0P L5 En. A 1005060, 1t i< parti cul'ar /&E’Bpg?’e‘?‘{s’% 8 or the

guide elenments to be in the formof w 22s-which are arranged 30
substantially horizontally in the separating vessel. Degassing of the

pol ycarbonate nelt is considerably inproved thereby, w thout the occurrence
of harnful back- cleavage of the polycarbonate. WO 2005/ 103115

PCT/ EP2005/ 003828 - 22 The wires may be arranged virtually as desired, as
long as tBBewitEssdBarobet suERNgRE Hasthed landsadesimedhged lomgsesntial ly

hori zont al Ly, SubsLaghi ably hachzantally. b u Lhin the scope of the present

i nventi on neans a maxl num viatron fromt orizontal I n

particul ar subweant i alldyehoiriesnshollyd Babstauwehadng aetikemtalar, exanpl e by
crossing. It 1S possible, for exanple, to provide a plurality of wires in a
plurali Py BEtPLRNERS FEPPRePft RBC1DTREEBS ANVERE IpNafE 3RS & HEXNATMES of

di fferent planes. touching. one another. If plurality, of wires_are provided
ina pIanege¥ﬁ3§lﬁ%y%Egma?PSnggalgﬁﬁg?&nPFa?Py'p ?aP?%FlFBTg5netgﬂo? er. The
wires of ampkangighgukdounapabti edliah Bave anaRnhargl &2f A@mpmr ¢t han 20.
Moreover, if a plurality of 15 glanes of wires are provided, the wres of

di fferent prasésngmaytbesaposghybdesi fod srgheleel 40 weavddene@ anot her. The

wires of different. plane ref.erably form.an anglle of not . nore.than 180,
particularPguﬁ9g%é aB?yWEFg r5n1%0p¥8rf%6FY 9§r§165FFVCEF§ﬁhfIbF erably of

from 7@ot owi1@8. off ohkep2@nendbyi dhal wiirees oFf da fiflea@itana diris Stretched in
parallel, the twisting angle of the wires _of different planes is
det er ni nedtBY:ChéaAsCBE eREtREd-adfl pn@lurality of wires are provided

in a plane, they may be arranged substantially parallel to
one another. The wires of a plane should in particular have
an angle of not more than 20°. Moreover, if a plurality of
15 planes of wires are provided, the wires of different planes
may be at any desired angle relative to one another. The
wires of different planes preferably form an angle of not

more than 180°, particularly preferably of from 30 to 150°,

very particularly preferably of from 70 to 110°. If the
20 individual wires of a plane are not stretched in parallel,
the twisting angle of the wires of different planes is

( determined by means of the median line.

Preference 1is given to wires having a diameter of from 1 mm

25 to 5 mm, particularly preferably from 2 mm to 4 mm.

The advantage of wires that are arranged substantially
horizontally and are preferably stretched between opposing
walls of the separating vessel is that, with a minimal

30 contact area between the metal material of the wire and the
polycarbonate melt, effective surface renewal and hence
good exchange of material between the gas space and the

polycarbonate melt can take place. With vertically arranged



Preference is given to wires having a dianeter of from1l nm 25 to 5 mm

particul arlyy ps&s Ar@lhyg from2 nmto 4 mm The advaﬂ’{ﬁ%Z%Sﬂé}ﬁ}é hat are
i abl’y stretche

arranged substantially horizontally and are prefer bet ween
opposing walls of the separating vesseR3is that, with a mniml 30 contact
area between the netal material of the wire and the polycarbonate nelt,
effective surface renewal and hence good exchange of material between the

gas space gngdddhea ﬂ@lf'b@amqraat B thiCH vt aKe RhAC & o Wdy WRItd cald ¥
arranged WO 2005/103115 PCT/ EP2005/003828 - 23 wres, a mgjor hol d-up of

hi ghly vi séous ol yméevesrabdsn cassem iln cunftdeomcdbine wasdsy, Huiddst e
pol ymer malo&n l%‘l‘llel qar'é% %i&he_l,e\g&’se%ot Elgff%aio%ai%%lteo ruer%]fila ESere] agtl ifod €S| dence

time divisions or to degradation of yIer - as ‘we as an 5 increase

in the nol eawlianonei gt tandddiada-ifar o it ol wlatdd evelandd teentrs. Al
this can be detrinental to the uality of the product. Experinents have
al so shéwn iFEEage Adt Wbk "H@culati ted@hdt P& e gie tirermatderpfofni res, as

described, L9 (@4aMIchs el s 109 0% a8 b Ifhdainad [, Rigduce a
maj or hol d-up of polycarbonate nelt at the junctions of the wres, |eading
t o degr adaiguend iafy tife theolppeiuctd .n Bgditiremt sahaoeedrsed stidwn stieat s and t he

like, horizontally stretched wires bring about g o,ck%epara,ti on of the foam
strands andShCOFHdi ARGty & idrtest 9 VRIGF Yt iFaddr [Hadt Hi%ta Fr the

exchange ofyJmb et - A NGOG SCesidp. 0 1w p v calponate Rldcy) eads,
with otherw se identical guide elenents, to a major hold-up, to (greater

| ayer tifi ckmeggwsivaed d orgarr residtent et iprEy cabdrmtchansldpatattiimy vessel ,
mgr gowcgrj%%%%ti%n%e e 3l S SRR NG, B AUIR AN S Aran of T from
polymer. In addition, as compared with sheets and the like,
horizontally stretched wires bring about good separation of
the foam strands and accordingly an effectively increased

15 surface area for the exchange of material.

A higher viscosity of the polycarbonate melt leads, with
otherwise identical guide elements, to a major hold-up, to
greater layer thicknesses and longer residence times.
20
In the separating vessel, the polycarbonate melt falls
downwards into a sump and is drawn off from there by a
suitable discharge member, for example a gear pump or a
discharge extruder. Discharge is preferably carried out by
25 means of a gear pump. The bottom of the separating vessel
is preferably in conical form with the tip pointing
downwards. The angle of the cone relative to the horizontal

is preferably from 20 to 60°, particularly preferably from

30 to 45°. In the case of very high throughputs (for example
30 greater than 12 tonnes per hour), it is also possible to

choose a construction in which the bottom of the separating

vessel consists of a plurality of cones, each of which has

a discharge member at its deepest point.



sui t'abl e di scharge nenber, for exanple a gear punp or a discharge extruder.

Di.schar ge IW% ?ngﬂéﬂlé carried out by 25 means of fg,?%agrﬁot%#vp%g%epbottom

of the separating vess is preferably in conical

poi nting downwards. The angle of the-cecae-relative to the horizontal 1is
preferably from?20 to 60, particularly preferably from 30 to 45. In the
case of very high throughputs (for exanple 30 greater than 12 tonnes per
hour), it is also possible to choose a construction in which the bottom of
the separating vessel consists of a plurality of cones, each of which has
a di schar g&heeniser il 4wl e epeisthtpaignipoud 2 G 083394 $XT/ BHP2005/ 003828 -

24 The | ow _nol ecul ar i conpo s separated off in _step (c) can be

freed of tﬁgepoa(rﬁ%nﬁaibmg?ﬁg%n%ﬂ#&g’e vﬁa}{?ﬁ{@ _Lﬁﬂe%ea%lé? 1'% consti tuents
separ at ed Qidriki rddhefebyrhe Eans des ablis oraRadd o radghoepnsi sts of the
di aryl carbonate used in the process, can be fed back into the process for

t he prepar &hiegieldf. tehec Qi ydardfolmatrronar ttimn prioodsisclacevnsti sigs tof ttee
i nvention, {f.urther e.. the 0, co ntration of phenoli rooups_in the
R LR s R AR L i S

pol ycar bon alned 1n step (a) is r The

catal yst inhst eprdddsd stqy eftey altapdeacidvadtio goeycexbemto#f at | east 80
wt.% especially deactivated by heat. 15 The activity of the catalyst is so

reduced thereby that the reaction is largely prevented fromcontinuing in

step (b). {grdefd | t 1 i te jt_is SO
possible in a pr eg{arr rcceé e%b%d%réelnté rc])T-E‘tgt lgéiclnri/‘g%ﬁ{c}oné’t oﬂﬁlé&%%rdﬁéﬂéi n%}l?%i tor

t o the Irtel tconblers: rast icar rofedolorriol Bs pEti@tdypshien the el adysibonsarst ep (a)
has not been deactivated to the extent of at least 80 wt.% Inhibitors are

upder st 0ood Y BECONMFbUTTRP t it 1 hIFRHT 1 %R ki e ck0%fto 450 ppm.

The catalyst in step (a) is preferably deactivated to the
extent of at least 80 wt.%, especially deactivated by heat.
15 The activity of the catalyst is so reduced thereby that the

reaction is largely prevented from continuing in step (b).

In order to avoid a further reaction in step (c), it is
also possible in a preferred embodiment of the invention to

20 add an inhibitor to the melt. This is carried out
especially when the catalyst in step (a) has not been
deactivated to the extent of at least 80 wt.%. Inhibitors
are understood to be compounds that inhibit the kinetics of
chemical reactions in a decisive manner. Quality-reducing

25 changes to the polymer can thus be avoided. For example, it
is necessary to add inhibitors after the preparation of
polymers, which still contain monomers and reaction
products once the polymerisation reaction is complete, in
order to reduce the content of low molecular weight

30 compounds by thermal processes.

Suitable inhibitors for polycarbonate prepared by the melt

transesterification process are preferably acid components,



chem cal reactions in a decisive manner. Quality-reducing 25 changes to the
pol ymer camot huosspeosma ded. For exanple, it is nes@ssabolsgoaslshd nhibitors
after the preparation of polyners, which still contain nononers and
reaction products once the pol ymerisati?en reaction is conplete, in order
to reduce the content of | ow nol ecul ar weight 30 conmpounds by thernal
processes. Suitable inhibitors for polycarbonate prepared by the nelt
transester ia‘daiataia)mep\ricmesrs mEréngireeiteradids act carponent sst Wax005/ 103115
PCT/ EP2005/ 003828 - such as lLewi s or, Bronstedt acids, or esters of
strong aciifs: sTh@ﬁﬂ(am?Pal‘i?ehtﬁ thehgciaf hP ibinde BF cd¥ et ehdmharns,

pref erabl y J egs-ddanidhy Bl asohs suilaflead cEmONE N oL

or t ho- phosphoric aci d, phosphorous acid pyr opho
hypophos phednpcasing,s mﬁw'pkmsryj‘rmmfmsmmlds; dyeing e nEpheEsiphoni € accloﬂ,, sodi um

di hydr ogen hos hat bori c. aci on c aci drochloric acid
(hyér og%e é’tﬁoéﬁlof@ U falucr]lcg bepc?p %JICC ﬁ?b‘g (ﬁ(od Y%h%%f?}bOlLJocénzijl c
acid, salidids adchzdrfgidsptdrthc aceld ¢ fdiim dbh P dth&n ashdspieddd | €

aci d, benzenesul fonic acid, t ol uenesul foni c_aci d, odecylbenzenesulfonlc
aci d and albdorist Wérldphe%ﬁb{lmmliq rEdHberiretiesth¥oni ¢ aelds(hydregen acid,

teyephthall aocllqj Issqﬁrﬁ(‘)ro aaccl , stcear%lc amdﬁland Pther fgtty aci ds,

acid chl or| es ‘suc oTMT acia pheny ester “stearic acid

chloride, ameizxye BRI, etz i € doird def oamtt ai(SiH,eSé@éﬁlc sgridesters and
bri dged esters . of the ‘above- ment i oned aci ds, such as, for exanple,
t ol uenés%l f%@%ﬁ%%t%%rlcblﬁfé%or@@%ﬁﬁ%s@s @RkC agHdsphor ous aci d

esters, eCSlﬂCE(ﬂ'llQ,s &, HIR 1b@r92e§r&€%] @onP@ré&&‘Céﬁ’%eéifrs

atyl boronlc ac esters an ot'her corfponents that generaie acid under the
Influence(ﬁther phenyl-substituted benzenesulfonic acids, nitric

acid, terephthalic acid, isophthalic acid, stearic acid and
other fatty acids, acid chlorides such as chloroformic acid
15 phenyl ester, stearic acid chloride, acetoxy-BP-A, benzoyl
chloride, and also esters, semi-esters and bridged esters
of the above-mentioned acids, such as, for example,
toluenesulfonic acid esters, phosphoric acid esters,
phosphorous acid esters, phosphonic acid esters, dimethyl
20 sulfate, boric acid esters, arylboronic acid esters and
other components that generate acid under the influence of
water, such as tri-isoc-octylphosphine, Ultranox 640 and BDP

(bisphenol diphosphate oligomer) .

25 There are preferably suitable ortho-phosphoric acid,
phosphorous acid, pyrophosphoric acid, hypophosphoric acid,
polyphosphoric acids, benzenephosphonic acid, sodium
dihydrogen phosphate, boric acid, arylboronic acids,
benzoic acid, salicylic acid, benzenesulfonic acid,

30 toluenesulfonic acid, dodecylbenzenesulfonic acid and all
other phenyl-substituted benzenesulfonic acids, acid
chlorides such as chloroformic acid phenyl ester, stearic

acid chloride, acetoxy-BP-A, benzoyl chloride, and also



wat er, such as tri-iso-octyl phosphine, Utranox 640 and BDP (bi sphenol

di-phosphat go0bhg9/RyI115 25 There are preferably SUi%§¥v QokhesPsgsphoric

acid, phosphorous acid, pyrophosphoric acid, hypop

ospnori c acl d,

pol yphosphoric aci ds, benzenephosphoni-c 2&ci-d, sodi um di hydrogen phosphat e,
boric acid, arylboronic acids, benzoic acid, salicylic acid,
benzenesul fonic acid, 30 toluenesul fonic acid, dodecyl benzenesulfonic acid

and all othelerpherphrisehstantdites anzppes Wdis acidse AG+ek- chl ori des

such as chloroformc acid phenyl ester, stearic acid chloride, .
acet oxy- BPIERItEEmesYy [acdiisor istech @ diogo anpoes/ 103MIS =T FRRUD 51008828 -

26 estersesagls esheiapand bridged astars gl dlie ARGV e entd oned act ds,

such as, for exarnpl

Uenesulfonic aci'dP'ed ers,

phosphor ouphacipthogsiceras,id plrasponitoBic et efsiehof i Lraldr-@sti@racid
aryl boronic acid 5 esters and ot her conponents that generate_acid under the

i nfluence &FHRETerR%s edhets ARGt

There are pafrhi@iarlof pwaetfeeg,atwqﬁ%ig_ Sie-i(%cs—rpc' e 10 acid,

pyrophosphoric acid, polyphosphoric aci

phosphorit acid esters,

SihEsRTREe agtd aHeeB40and BDP.

enzerfephosphoni ¢’ aci d, benzoic

aci d, benzénesdriconiecd Cacird, BORol uenesul foni ¢ aci d, dodecyl benzenesul fonic

acid and all other phenyl-substituted benzenesul fonic acids, and al so
esters, sem -esters and bridged esters of the above 15 nmentioned aci ds,

as, for examphe 4@ WRRRSWIINNIG, §oidre AU BF SsuSRIUHhACh b EHSF &

phosphorous acid esters,

such

phosphonic acid esters and ot her conponents that

gener atld aciid,upderoptiespihel ierros bf nelahospledr s agid$so octyl phosphi ne,
U tranox 640 and BER. Yery partd eular . 20, preference 15 glyn 19 Lhe, use of

or t ho- phos

15

20

25

30

toluenesulfonic acid, dodecylbenzenesulfonic acid and all
other phenyl-substituted benzenesulfonic acids, and also
esters, semi-esters and bridged esters of the above-
mentioned acids, such as, for example, toluenesulfonic acid
esters, phosphoric acid esters, phosphorous acid esters,
phosphonic acid esters and other components that generate
acid under the influence of water, such as tri-iso-
octylphosphine, Ultranox 640 and BDP. Very particular
preference is given to the use of ortho-phosphoric acid,
pyrophosphoric acid, benzenesulfonic acid, toluenesulfonic
acid, dodecylbenzenesulfonic acid and all other phenyl-
substituted benzenesulfonic acids, and also esters, semi-
esters and bridged esters of the above-mentioned acids,
such as, for example, toluenesulfonic acid esters and

phosphoric acid esters.

The inhibitor can be added in solid, ligquid or gaseous
form. In a preferred procedure, the acidic component as
inhibitor is added continuously and homogeneously to the
product stream, which is to be freed of monomers, for
example, in the preparation process directly after the

desired final molecular weight has been reached, so that



pyrophosphoric acid, benzenesul fonic acid, toluenesulfonic acid,

dodecyl ben 8”5@6@}1 iiGsacid and all other phenyl - s§g§?£ 5%5g9003 28
benzenesul toni ¢ acids, and al so esters, sem - esters nd bridged ‘esters of

t he above-nentioned acids, 25 such as, Bor -exanpl e, tol uenesul fonic acid
esters and phosphoric acid esters. The inhibitor can be added in solid,
liquid or gaseous form In a preferred procedure, the acidic conponent as
30 inhi bit @iabsraddesd eantiHauous\gaNnd rheegsrReeis] bddpi it hgnipdicd) st ream
which is to be freed of nononers, for exanple, in theé preparation process
directly atherepéerdedinn éd Peintalcuisirdoulpae inaingst drasashare r édiched, so t hat
WO 2005/10%%%% @gT/%@20%§ﬂ99%§%§tc;j%zr_%yagg{ R%g? qf t he r%§idual nononer s
can begi n imediately ereafter. Inpécbé?ticu ar%f‘pﬁ€¥§?¥%d procedur e,
the additipeBpefrtdddi tisves G daMray e fivddi WHlaldaradictof paperdi®es is
carried out after the addition of the acid 5 and the evaporation and is not
conmbi ne@ wefH the cARRNTPEHIIBh it s Ftarsebidifid iwidd difee of t en used t hat

are volati i AVE:\e i j tial, f t ev i.Qn, d are
then diffi gh’le"‘tpogg%al ?lu;gty@tpdmﬁe(e&dn%cga?s%&f%osn@erﬁ ra |eorhsl?%)e(r)1({ ta%}{eangoalrsenrrer .
The aci di c viQ acdigonentss varcaiuyr efwdriaddl i scadda@dritni d1 divd flog m Because t he

anounts to be added are very snmall, solutions of the acidic _conponents are

. y | ut, :
pr ef er abl y SYSEPT 35 TablF %S ANt ard tHede ¢ W AP thdto ititerfere with
the pr Ocesgiec%rs‘nsa@yer@cﬁﬁ:lejrﬁ:rdﬂ%ﬁs al ﬁ@@%ﬁeﬂaw@ Yac f¥@am! es of

suitabl e solvents 715 are water or nethano e tabl e bel ow shows, by way
of examgl e conpenesdrsc enta airedresradfl wadatdd ercdnistuitdieinmsni Ba@isrishe
pflycarbon%%%u%%gp%%§kﬂg%ﬂﬁﬂﬁgi§¥gth}Jn§%all, solutions of the acidic
components are preferably used. Suitable solvents are those
which do not interfere with the process, are chemically
inert and evaporate rapidly. Examples of suitable solvents

15 are water or methanol.

The table below shows, by way of example, the
concentrations of volatile constituents in various
polycarbonate samples prepared by the melt

20 transesterification process according to step (a). Phenol
is the monohydroxyaryl compound, diphenyl carbonate (DPC)
is the diaryl carbonate and BPA (bisphenol A) is the
dihydroxyaryl compound.

Relative ppm ppm ppm DPC ppm BPA
viscosity OH end phenol

groups
1.2 330 65 570 5
1.2 500 95 520 12
1.295 300 35 190 4
1.295 400 45 170 8

25



20 transesterification process according to step (a). Phenol is the

nonohydr oxyar YbosormaauRd, di phenyl carbonate (DPC) pdos/sp3@odlgoyd2gcar bonat e
and BPA (bisphenol A) is the dihydroxyaryl conpound. Relative ppm ppm ppm

DPC ppm BPA viscosity OH end phenol grédps 1.2 330 65 570 5 1.2 500 95
520 12 1.295 300 35 190 4 1.295 400 45 170 8 25 WO 2005/103115
PCT/ EP2005/ 003828 - 28 The present invention al so provides the

t her mopl astthe ppelsyear denatres btdistapretiydhe Hy agessnacicadiag to the
i nvention. They have residual contents of |ess than 100 ppm carbonic acid

di esters, POSYPRRRTSG SFpATHITGRIG Y $NCoMIARRES &fFQ anartaht ppm
di hydr oxyanyl,¢@TRauNase ey haRX LR TR 1 %rﬁcl%ﬁtg]o toof) £al gﬂinP”S of

in each case not nore t 60 pp prefera t nore than 40 pp

particul ar Ic;ar[hwoeﬂie:r almliyi rdite sroeEes t ﬁsmssZGtmapb E(Ocqumulr@tch:b}@aary\la cation), the
cations presen 5al i and aI kal i neéﬂjﬁm rth rret al cations, which

ori gi nate 5?“] VSBF Hn F WP piBhi um and

amoni um S@}@ts.oeme@;throw %teﬂtﬂb@%aﬁﬁ’oﬂg arfd arfbnsobt Mh el gand
t heir honol ogues, may be present in the raw nmaterials or originate fromthe

mat eri al s @t merendthaln &0 @plkt hardaferedlysebthynaty asiaon 4 mwr raggl on. The
1 ppm *and SR BBy ERby TR T K 0 ST ca O
achi eve m ma®lata@Runt $HY JddPWd ifeddht M ing alkali and alkaline
10 earth metal cations, which originate as impurities from the
( raw materials used and the phosphonium and ammonium salts.
Other ions, such as Fe, Ni, Cr, Zn, Sn, Mo, Al ions and
their homologues, may be present in the raw materials or
originate from the materials of the installation that is
15 wused by abrasion or corrosion. The total content of such
ions 1s not more than 2 ppm, preferably not more than 1 ppm

and particularly preferably not more than 0.5 ppm.

In order to achieve minimal amounts of impurities in the
20 polycarbonate, highly pure raw materials are used. Such

pure raw materials are obtainable, for example, only by

purification processes such as recrystallisation,

distillation, precipitation with washing and the like.

25 The anions that are present are anions of inorganic acids
and of organic acids in equivalent amounts (e.g. chloride,

sulfate, carbonate, phosphate, phosphite, oxalate, etc.).

The polycarbonates are also distinguished by the fact that
30 they contain no detectable amounts of incorporated cleavage
or decomposition products with reactive end groups, which

are formed during the transesterification process. Such



20 pol ycarbonate, highly pure raw materials are used. Such pure raw

materi al s qknggg9&@§pgfétfor exanpl e, only by pur%%hyg%% |A§B§§9§8es such

as recrystallisation, illation, precipitation w d"the like.
25 The anions that are present are ani-or&® of inorganic acids and of organic
acids in equivalent anounts (e.g. chloride, sulfate, carbonate, phosphate,

phosphite, oxalate, etc.). The polycarbonates are al so distinguished by the

fact that 30 ddwaeat didedtmpddl erath foauounts,of EocoLRaraied cl eavage —or
deconposition products with reactive ‘end groups, whic are tormed during

t he transestIRTIRAY bropplordsexySachs W 2006¢ 1934NEr &6/ EP2005/ 003828 - 29
cl eavage or deconposition products are, for exanple,
i sopropenyl nonohydr oxyaryl s or diners thereof. The nean nol ecul ar wei ghts

that are obtted neshrareoféOmabd Wi toh£0, 00 GhERinedPaeECEAbLY from
18,000 to 36,000 g/nol., particularly preferably from 18,000 to 34,000
g/ mol ., R het TP nigh bl 300 Vi Bt - ber TR eredlelyri fieem Y8 a0@heteel ati ve

Vi scosity. ﬁgldggt'fﬁgqgi&g%ggﬁg%ﬁgpgb%%ﬁgggyégg%af£g$a£évgogiggosity of

from1.18 to 1.22 proceSs according to the

i nvention. 34The0@aomtresit . of t 1 mawh gfielpsul ar thei giot yisai hgnas esrmobéai nabl e
according to, the invention is from 100 to 450 ppm preferably from 150 to
400 ppm paftd ddtariSL A i ef EFGBTYLY r ot 20T § bC3har ppRel TRerbengeas bonat es

obt a1 ed Db e BORSE 2RO A 0§ e HAYEN | 0) £ g, pLoYT ded with the

usual additives and added substances .g. auxilTary substances and

rei nf orkd ngeth snddstance shhé grrodes puaposed g changhagi hhenhtipnoperti es.
The addition of additives and added substances serves to I|engthen their
ugseful life (e.g. hydrolysis or degradation

The content of OH end groups in the polycarbonates

obtainable according to the invention is from 100 to

450 ppm, preferably from 150 to 400 ppm, particularly
15 preferably from 200 to 350 ppm.

The polycarbonates obtained by the process according to the
invention can be provided with the usual additives and
added substances (e.g. auxiliary substances and reinforcing

20 substances) for the purpose of changing their properties.
The addition of additives and added substances serves to
lengthen their useful life (e.g. hydrolysis or degradation
stabilisers), to improve their colour stability (e.g. heat
and UV stabilisers), to simplify processing (e.g. mould

25 release agents, flow improvers), to improve their
properties in use (e.g. antistatics), to improve their
flame resistance, to influence the visual impression (e.g.
organic colourants, pigments) or to adapt the properties of
the polymers to particular stresses (impact modifiers,

30 finely divided minerals, fibrous materials, gquartz flour,

glass fibres and carbon fibres).




stabilisers), to inprove their colour stability (e.g. heat and W

stabi | i sersp, 2005 s10l1sf y processing (e.g. mould 25p48)835R 59968855 flow
inprovers), to inprove their properties in use (e.g. antlstatlcs?

i nprove their flame resistance, to infl3fence the visual inpression (e g.
organi c colourants, pignents) or to adapt the properties of the polyners to
particul ar stresses (inpact nodifiers, 30 finely divided mnerals, fibrous
mat eri al s, Tieartiarftlourarbafasss fabitesb bndf @ardion fédresdn W R0 103115
PCT/ EP2005/0 61%8 - 301 The di ar car bonat es suitable for the reaction
with the gx)’ &ﬁﬂﬁﬁ}ﬁ?ﬁgffr‘%et e gt it P AR R R Il OR -
R' wherein R R and R' each i ndependently of the other 5 represents H,
optionally branched Cl-C34-al kyl /p@ycl oal kyl, C,-C34-al kylaryl or

C6- C34-aryl and the two sides ngy different may al so represent
-COO-RI"', wherein R" ' may éloally
Cl- C34- al kyl / cycl oal kyl , C7'E3 5/$ aryl. 10 Such diaryl
carbonates are, for exanple: "di pt ce@bonBt ; Ryl phenyl - phenyl
carbonates and di- (methyl phenyl) carbonates, also in the formof a m xture,

wherein the position of the neth ou on th he | 15 rlngs may be as
deS| red, adBEH9ILE difretdhd gh r%? }g oth

- (di n%thwe%eaéﬁtscqxb%péf&aaﬁi Ooféhé}h@d dorm 0;1@%76 XU &1 mperein the

p05|t|on of the methyl groups on the phenyl rings 0s desi ed, 4-
et hyl phenylC-pRemdlkydrdoonate;, Ci-Gd-@thy | phiénghd twer bohdd e, may be

different. R may also represent -COO-R'‘'', wherein R''' may

( be H, optionally branched C;-Ciys-alkyl/cycloalkyl, Cq-Ci,-
alkylaryl or Cg-Cis-aryl.

10
Such diaryl carbonates are, for example: diphenyl
carbonate, methylphenyl-phenyl carbonates and di-
(methylphenyl) carbonates, also in the form of a mixture,
wherein the position of the methyl group on the phenyl

15 rings may be as desired, as well as dimethylphenyl-phenyl
carbonates and di- (dimethylphenyl) carbonates, also in the
form of a mixture, wherein the position of the methyl
groups on the phenyl rings may be as desired, 4-

( ethylphenyl-phenyl carbonate, di- (4-ethylphenyl) carbonate,
20 4-n-propylphenyl-phenyl carbonate, di- (4-n-propylphenyl)
carbonate, 4-isopropylphenyl-phenyl carbonate, di- (4-

isopropylphenyl) carbonate, 4-n-butylphenyl-phenyl
carbonate, di- (4-n-butylphenyl) carbonate, 4-
isobutylphenyl-phenyl carbonate, di-(4-isobutylphenyl)

25 carbonate, 4-tert.-butylphenyl-phenyl carbonate, di- (4-
tert.-butylphenyl) carbonate, 4-n-pentylphenyl-phenyl
carbonate, di- (4-n-pentylphenyl) carbonate, 4-n-
hexylphenyl-phenyl carbonate, di-(4-n-hexylphenyl)
carbonate, 4-isooctylphenyl-phenyl carbonate, di- (4-

30 isooctylphenyl) carbonate, 4-n-nonylphenyl-phenyl



20 4-n-propyl phenyl - phenyl carbonate, di-(4-n-propyl phenyl)

car bonat e,

4-i sopropyl phenyl - phenyl carbonate, di-(4- i sopropyl phenyl) carbonat e,
4-n- but yl pHenyPeHHSAELS car bonat e, di - (4- n-but yl pheatl/EPeanbooeiass 4-

i sobutyl phenyl - phenyl carbonate, di- (4 fobutylphenyl) 25 carbonat e,
4-tert.-butyl phenyl - phenyl carbonate =(4- tert.-butyl phenyl) carbonate,
4- n- pent yl phenyl - phenyl carbonate (4 n- pentyl phenyl) carbonate, 4-n-

hexyl phenyl - phenyl carbonat e, 84 n hexylphenyl) car bonat e,
Pienyd ) 3garbepetyl penyl ) car bonat e,

4-i sooct yl BRERPP2PpRendf: - oérﬁoﬁape

4. - rony! phenylngbenyl HgHZBﬂéh%g?%%5b8§%§§55%%5/QO% B oriesh paachgnat e

- (4- n-nonyl phenyl) onate cycl enyl - pheny

-(4- cyclohebphphenyﬂ) 1emebhgate phenilmehiy)) - bhphedyipétemyll) - phenyl - phenyl

E?Lﬁiﬂife cGrEGRalyr Car Bndi ePehrY bt sRERAY PV -Edeganat o

4- (I - nthtBMEbeB€€y|bQB%@M 1cqr?qn§henyé ce%beaabehybh Rta%ﬂ

carbonate, di-[4- (1- napht hyl ) p

enyl] cCarbonate, -[4-(2 napﬁ?ﬂyl)phenyl]

car bonat e, Y4) phembgppheny - ohen@phcavbon@henydrp@&nyﬂ pheﬁmxyﬂhen -)

car bonat e, ,3-pen ecyl bon entadecyIphenyI)

car bonat e, i'gﬁ F%ngﬁ_ﬁ éﬁeﬁg %&rﬁ &r F& tr|t I"phenyl ) carbonat e,
nethylsalIaﬁbataymhpnéhyqarbe&ebaatel-dﬁnquhwbsabpexb@uebheaﬁbqnate

et hyl sal i cyl at e- phenyl 15 carbonate, di-(ethylsalicylate carbonate n-
propylsalr@?répéaﬁﬁenﬁlP@&P@oﬁ@@enYdrp@ﬁnyﬂoﬁﬁﬁb@mﬁéyla 1)- (4car bonat e,

i sopro %Is ﬁg#gb%ﬁggenyh O%%@%te d%? tgb%%§ﬁ§§¥?1 | Iate) car bonat e,

n-buty saI car onaté n-bu
( carbonate di- (3-pentadecylphenyl) carbonate, 4-

tritylphenyl-phenyl carbonate, di-(4-tritylphenyl)

carbonate, methylsalicylate-phenyl carbonate, di-

ajt ee) car bonat e,

(methylsalicylate) carbonate, ethylsalicylate-phenyl

15 carbonate, di- (ethylsalicylate) carbonate, n-

propylsalicylate-phenyl carbonate, di- (n-propylsalicylate)

carbonate, isopropylsalicylate-phenyl carbonate, di-

(isopropylsalicylate) carbonate, n-butylsalicylate-phenyl

carbonate, di- (n-butylsalicylate) carbonate,

20 isobutylsalicylate-phenyl carbonate, di- (isobutyl-

salicylate) carbonate, tert.-butylsalicylate-phenyl

carbonate, di- (tert.-butylsalicylate) carbonate, di-

(phenylsalicylate) carbonate and di- (benzylsalicylate)

carbonate.

25

Preferred diaryl compounds are: diphenyl carbonate,

tert.-butylphenyl-phenyl carbonate, di- (4-tert.-

4 ~

butylphenyl) carbonate, biphenyl-4-yl-phenyl carbonate, di-

(biphenyl-4-yl) carbonate, 4-(l-methyl-l-phenylethyl)-

30 phenyl-phenyl carbonate and di-[4-(l-methyl-1-phenylethyl) -

phenyl] carbonate.

Diphenyl carbonate is particularly preferred.



SCRRS—

20 isobutyl salicyl ate-phenyl carbonate, di-(isobutyl- salicylate) carbonate,

tert.-butyl salicyl - I bonate, di-(tert.-butylsalicylat
car bonat &, " 2OBKERTERI | byl at o) oar bohat e ana. di - PEELEVIATARORPER )

carbonate. 25 Preferred diaryl compoundsy3zare: di phenyl carbonate, 4-
tert.-butyl phenyl - phenyl carbonate, di-(4-tert.- butyl phenyl) carbonate,
bi phenyl - 4-yl - phenyl carbonate, di- (biphenyl-4-yl) carbonate,

4- (I -met hyl - I - phenyl et hyl ) 30 phenyl - phenyl carbonate and

di -[4-(1-met hyl - 1- phenyl et hyl ) - phenyl] carbonate. D phenyl carbonate is
parti cul ar I'sh¢rdf £ty dca Mid> 200564 1031 151 RETHER20688/ W08828es3duaThe di aryl
carbonates can also be used with residual_  contents of the npnohydroxyaryl
conpounds fFUMESIEEHPE ndye Derehypieparady! ThemeeReent SramywBéchpthey20 %

preferably 5 10 Og%e}ggfé& cuf lé’oﬁlé&gt?%?ﬁé% Be W%HQOVEBV%P%%E&QB%

preferably up t Based on t xyar conmpound e drar
carbonat®s l@re, usadt icubarhyopnéfetalbions 1% 02ndovér@Opavt icpieteyably 10
from1.04 to 1,25 |, Ig)articularly preferably from1.06 to 1.22 nol, very
particularl@riﬁ%ﬁ%ﬁg%I$ f¥9nf 1506 to 1.20 nol, per nole of di hydroxyaryl
conpound. It is also possible to use m xtures of the above-nentioned diaryl
carbonates. 15 In order to influence or change the end groups it is

addi t i onal | Bagad sl ehe od lisedmonpaohy dcoryauydl, conpodhdryhhcehbbastast been

used Lo prepare Lhe dhary! caronater used oLt 1S SBr geEt 4 DL e,

10 from 1.04 to 1.25 mol, particularly preferably from 1.06 to
( 1.22 mol, very particularly preferably from 1.06 to

1.20 mol, per mole of dihydroxyaryl compound. It is also
possible to use mixtures of the above-mentioned diaryl
carbonates.

15
In order to influence or change the end groups it is
additionally possible to use a monohydroxyaryl compound
which has not been used to prepare the diaryl carbonate

used. It is represented by the following general formula:

R
( O—H
) R’ Rn
20
wherein R, R' and R" are defined in connection with the
diaryl carbonates but R in this particular case may not be
H, although R' and R" may be H.
25 Such monohydroxyaryl compounds are, for example: 1-, 2- or

3-methylphenol, 2,4-dimethylphenocl, 4-ethylphencl, 4-n-
propylphenol, 4-isopropylphenol, 4-n-butylphenol, 4-
isobutylphenol, 4-tert.-butylphenol, 4-n-pentylphenol, 4-n-
hexylphenol, 4-isococtylphenol, 4-n-nonylphenol, 3-

30 pentadecylphenol, 4-cyclohexylphenol, 4-(l-methyl-1-



ROH R - R 20 wherein R R and R' are defined in connection with the
di-aryl carhgan inthis particular case may_nos_h H ﬁéﬁthough R
and R my%egw@z@%&?h nonohydr oxyaryl conpounds %ﬁ?]é),E%zg’roséQg &%: 1-, 2-
or 3-nethyl phenol, 2, 4-di net hyl phenol-, 34- et hyl phenol , 4-n- propyl phenol,

4-i sopropyl phenol, 4-n-butyl phenol, 4- isobutyl phenol, 4-tert.-butyl phenol,
4- n- pentyl phenol, 4-n- hexyl phenol, 4-isooctyl phenol, 4-n-nonyl phenol, 3 30
pent adecy! penoh e t4x c_Ilﬁyéquﬁl phel - (- et hy)l - 115 .

e EpabsPheagne chydS phenyi 5 Lbﬁﬁqyé}%}ﬁeo ! '4-%@1%’%&%%%&3' EE

4- phenoxy pmepdlit hy4-) (-bhemapht M (2plegrioihy Y-(gharaght hyd 9= phenshenol

4-trityl phen methyl _salicylate, ethyl salicylate, n-propyl salicylate,

i sopropyl g?lgb"é’);l itaé,lcﬁ’-lﬂﬁeyl eéljﬁyﬁtﬁaéltléyli%utrwpr@ié]alﬁ‘%ﬁ}c’a}f]é}te'
tert.-butyl ssahicgyhatey] iRhanye sal ik At &andyhanzyl sabicy] ate. Preference
is given to: %% tog,lt . -butyl'phenol , 4- i}?ooctyl ghenol'yalnd 3-%%nt adecyl phenol .
10 A nofohpaddgcyadmfle c qgpvunduty t sdld phesen wWoseybosdlingylaos rand s above
t hat of th% n%nghg%ﬁq@alrég conmpound used to prepare the diaryl carbonate
that is errpleély . e rmnoen'ydroxyaryl conpound can be added at any tine
during 15 the reaction. It is preferably added at the begi nning of the

reaction or at any desired point during the reaction. The anount of free
monohydr oxFaRfle réafsourfd HaleTh& d r FmiELE -t 20lphsindd . pteferably from 0. 4

to 10 nDl'%%Jg%%?iﬁﬂéﬁgfaand 3-pentadecylphenol.
10

( A monohydroxyaryl compound is to be chosen whose boiling

| point is above that of the monohydroxyaryl compound used to
prepare the diaryl carbonate that is employed. The
monohydroxyaryl compound can be added at any time during

15 the reaction. It is preferably added at the beginning of
the reaction or at any desired point during the reaction.
The amount of free monohydroxyaryl compound may be from 0.2
to 20 mol.%, preferably from 0.4 to 10 mol.%, based on the
dihydroxyaryl compound.

20
The end groups can also be changed by the concomitant use
of a diaryl carbonate whose base monohydroxyaryl compound
has a higher boiling point than the base monohydroxyaryl
compound of the diaryl carbonate that is mainly used. Here

25 too, the diaryl carbonate can be added at any time during
the reaction. It is preferably added at the beginning of
the reaction or at any desired point during the reaction.
The proportion of the diaryl carbonate having the higher-
boiling base monohydroxyaryl compound in the total amount

30 of diaryl carbonate used may be from 1 to 40 mol.%,
preferably from 1 to 20 mol.% and particularly preferably

from 1 to 10 mol.%.



di hydr oxyaryl compound. 20 The end groups can al so be changed by the

concom t anfaUsEys Afgsd1@i aryl carbonate whose base conpound
has a hi gher % ?%g poi nt than the base nonohydroxya'&%gﬁ %%%%# of t he

di aryl carbonate that is mainly used. -H8#e-25 too, the diaryl carbonate can
be added at any tine during the reaction. It is preferably added at the
begi nning of the reaction or at any desired point during the reaction. The

propor t i onpehytkexdadiil GRHdeRRAL Na\tard & e hitghe s feiddtigPase

nmonohydr oxyaryl conpound in the total anmount 30 of diaryl carbonate used
may be froRPrlycerbonadlesyans éhesgblof themfbrmel20 nol . % and particul arly
preferably from1 to 10 nol.% WD 2005/103115 PCT/ EP2005/ 003828 - 34

Di hydroxyaryl conpounds suitable for the preparation of polycarbonates are
those of the formula HO-Z-OH 5 in wWHglzLms an aromatic radi cal having
from6 to 30 carbon atons which may contain one or nore aromatic nuclei,
may be Substituted and may contain allphatlc or cycloaliphatic radi cal s or

al kyl aryl s .ar r to mgnhar; é%gp%
dlhydroxyaﬁglwgg%%b%n S g?é%§ F%R&E%x enzenes gihy I ox gﬁbhenyls
bi s- (hydr oxypbeny la)-calsk abeish bnaqr c(dngtcérlqurimemﬂ hm;&lazajrﬂea:n&s nuclei,
bi s- (hydroxyphenyl)-aryls, 15 bi s- (hydroxyphenyl) et hers,

bi s- (hydr owghéﬁyﬁyh&ttl&ﬁ&e 1S My G AIRe A DPaR S s,

bi's- (hydr oxyphenyl L&I fcoq%% DS ddEdngR séqfsga r Hidepd das
1,1 -bis- (hé%roxyp enyl) - dlfébpropylbenze é)thelr conpounds aIkyIated
and 10 bridging members.

( Examples of dihydroxyaryl compounds are: dihydroxybenzenes,
dihydroxydiphenyls, bis- (hydroxyphenyl) -alkanes, bis-
(hydroxyphenyl) -cycloalkanes, bis- (hydroxyphenyl) -aryls,

15 bis- (hydroxyphenyl) ethers, bis- (hydroxyphenyl) ketones,
bis- (hydroxyphenyl) sulfides, bis- (hydroxyphenyl) -sulfones,
bis- (hydroxyphenyl) sulfoxides, 1,1'-bis- (hydroxyphenyl) -
diisopropylbenzenes and their compounds alkylated and
halogenated at the nucleus.

20
Further suitable dihydroxyaryl compounds are known from the

prior art.

Preferred dihydroxyaryl compounds are, for example:

25 resorcinol, 4,4'-dihydroxydiphenyl, bis- (4-hydroxyphenyl) -
methane, bis- (3,5-dimethyl-4-hydroxyphenyl)-methane, bis-
(4-hydroxyphenyl) -diphenyl-methane, 1,1-bis- (4-
hydroxyphenyl) -1-phenyl-ethane, 1,1-bis- (4-hydroxyphenyl) -
1- (1-naphthyl) -ethane, 1,1-bis-(4-hydroxyphenyl)-1-(2-

30 naphthyl)-ethane, 2,2-bis- (4-hydroxyphenyl) -propane, 2,2-
bis- (3-methyl-4-hydroxyphenyl) -propane, 2,2-bis-(3,5-
dimethyl-4-hydroxyphenyl) -propane, 2,2-bis- (4-
hydroxyphenyl) -1-phenyl-propane, 2,2-bis-(4-hydroxyphenyl) -



hal ogenated at the nucleus. 20 Further suitable dihydroxyaryl conpounds are

known fromgbhgoopriganidrt. Preferred di hydroxyaryl ﬁé%?gyé@gg/gﬁszg(ﬂ
exanpl e: 25 resorcinol, 4,4'-dihydroxydi phenyl, bis-(4-hydroxyphenyl) -

met hane, his- (3, 5- dlnethyl 4- hydr oxyphenRyl )- nethane bi s-

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

hydr oxyphenyl ) - 1- phenyl - et hane, 1, 1-bi s-(4-hydroxyphenyl) -

1- ( 1- napht hyéb{)a-fehbaneprbphnléi s2(,4-- mmr ey PRy dired, 130 naghiriyl ) - et hane,
2,2-bis-(4-h droxyphen propane

bi s- (3- net RY a&lehy&réx%ﬁerﬂ Pl &rl@]@éﬁ)éfl 2 iwﬁr@wl@nyl -2-methyl-

di met hyl 4bﬁ¥g5 Xygphen QR 1§¢%

hydroxyphenyl)-% pheny%hérggang%%? |%§y?2 hﬁﬁ?ﬁ&?ﬁ)%ﬁ%/l) ka%ﬁ%S/lOSllS
PCT/EP2005/003828meth35 4h@ydexypmemndpam@clohexane, 1,1-bis-(4

2, 4-bi s- (4 dr ox en I met hyl -

2. 4-bi s3( 31EYgP E’ﬁn F@F@ﬁe el@t”ﬁyllﬂutbdln% (4-

1, 1- bi s- (4nhpdopymhel >1|)3C>éC|5QQ%?rféeoh kR0 is-[2-(4-

(3, 5-di rrethg}l - 4- )t%)glr ogfyp henyl’) - cycl ohe%éneﬂl%l eane(’41’53 ~bis-(2-(4
hydroxyphehyﬁyodyﬂéﬁmyﬂ cﬂdmﬂm%dﬂebenZEdasZM4. -bis- (4-hydroxy-

hydr oxyphen 3 5-trinmeth cIohexane

hydr oxyphe® g‘f%“y% propyH Sot?&?%’é(rjre SRZPngy; Ji(y ﬁiﬁﬁ 3(4y2h}droxyphenyl)
phenyl) - 3- di- U%Q%b@ﬁﬂpyﬁe%é@l%nel Y eblbs_Ld A-hydr, @cmmfgaﬂyl 4-

4-dii sopropyl - benzene, 1, 3-bis-]| -(3 -dinethyl-4 10

hydr oxyShe yﬁyozy@m@@mll @e@ﬁ@ﬂyl]bﬁéﬂvﬁﬂﬁydKd@ﬂwﬂﬂﬂmqroﬁxphﬁnyl

i i h | f
bi o- (4-hydropuahenyl. SUbbide,chisa (A, hudraxmhenyl) caul fone

2,2', 3,3 - hsidralkygheny13,-FulF orlest manet (By|5-dimethyl -4 -hydroxyphenyl) -
1,1'-spirob| [ 1H 1 ndene] - 5 5' qlal 15 Panplcularﬁy pret?ﬂged qipydroxyaryl
conpounds &gfone and 2,2',3,3 tetrahydro-3 tetramethy
1,1'-spirobi-[1H-indene]-5,5'-diol.
15
Particularly preferred dihydroxyaryl compounds are:
resorcinol, 4,4'-dihydroxydiphenyl, bis- (4-hydroxyphenyl) -
diphenyl-methane, 1,1-bis-(4-hydroxyphenyl)-1-phenyl-
ethane, bis- (4-hydroxyphenyl)-1-(l-naphthyl)-ethane, bis-
20 (4-hydroxyphenyl) -1-(2-naphthyl) -ethane, 2,2-bis-(4-
hydroxyphenyl) -propane, 2,2-bis-(3,5-dimethyl-4-
hydroxyphenyl) -propane, 1,1-bis-(4-hydroxyphenyl) -
cyclohexane, 1,1-bis- (3,5-dimethyl-4-hydroxyphenyl) -
cyclohexane, 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-
25 cyclohexane, 1,1'-bis- (4-hydroxyphenyl)-3-diisopropyl-
benzene and 1,1'-bis- (4-hydroxyphenyl) -4-diisopropyl-

benzene.

Very particular preference is given to: 4,4'-
30 dihydroxydiphenyl, 2,2-bis- (4-hydroxyphenyl) -propane and
bis- (4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane.



resorcinol, 4,4'-dihydroxydi phenyl, bis-(4-hydroxyphenyl)- diphenyl-nethane,

1, 1- bi s- (4adyo@yyphepy! ) - 1- phenyl - et hane,
biS-(4-hydroxySthgFﬁ-%-(l-naphthy|)-ethane, bi s 2§ CT/EP2005/003828

(4- hydr oxyphenyl ) -1-(2- napht hyl ) - et hane36 2; 2- bi s- (4- hydr oxyphenyl ) - propane,
2, 2- bi s- (3, 5-di net hyl -4- hydroxyphenyl ) - propane, 1, 1-bis-(4-hydroxyphenyl)-
cycl ohexane, 1, 1-bis-(3,5-dinethyl-4-hydroxyphenyl)- cycl ohexane,

1, 1- bi s- (4: hyds oxyp8ERYE) £ 8, 8s8- ki tABLh¥he 281 BY8YBROERDE, compound,
1, 1' - bi s- (4- hydroxyphenyl )-3-dii sopropyl - benzene and
1,1' - bi s- (WiRydeleRy %EW?F}OQ-Gfib@@@@@ivca§bﬁ@éh@$:V@ryap@ﬁvﬁéﬁﬁév of

pr of erenceal sy SLUED.L03 dooadfiadl PYSLEXYALPREDHL son of

2,2-bis-(4- rox opane

bi s- (4- hydeopypheaybdnldt8s5-tri met hyl - cycl ohexane. WO 2005/ 103115

PCT/ EP2005/ 003828 - 36 It is possible to use either one dihydroxyaryl
conpounél, with the formation of homppol ycarbonates, or a plurality of

di hyd j fqr [ tes. t ead
of e monORRr s aoar by ar Sxg I Earpatngerr Y evAr SBRoRERERHE! B8 52500,

nol ecul ar pesghb]leptedosendawl yolekehdr gedgptst pppddmihiagadgr bdrands as t he
starting conpound. 10 The_di hydroxyaryl conpounds nay al so be used with

resi dual SbntRAf5oBPE h81hﬂﬂSﬁ?HPé§§8FyPsggﬁﬁoﬁﬁa§tFP§nF®WP@Hn@hey wer e
prepared, or the |ow nol ecul ar wei ght oligocarbonates wth residual
contents of the nonohydroxyaryl conpounds which were split off in the

pr epar afi ofihef dihgdopkyeneilsconpoThdscoavenilsomby beedpwich2Gekidpref er abl y

%g ?% 2p3géé88£%EéyoEr%Lgr%8£¥h§8rg%y§r%iaggmﬁgﬁXd%a%E%%P&%EE% cRE§' erably
were prepared, or the low molecular weight oligocarbonates
with residual contents of the monohydroxyaryl compounds
which were split off in the preparation of the oligomers.
15 The contents may be up to 20 %, preferably 10 %,
particularly preferably up to 5 % and very particularly

preferably up to 2 %.

The polycarbonates may be branched in a specific manner.

20 Suitable branching agents are the compounds having three or
more functional groups, preferably those having three or
more hydroxyl groups, that are known for the preparation of

polycarbonates.

25 Examples of some of the compounds having three or more
phenolic hydroxyl groups that can be used are:
phloroglucinol, 4,6-dimethyl-2,4,6-tri- (4-hydroxyphenyl)-2-
heptene, 4,6-dimethyl-2,4,6-tri- (4-hydroxyphenyl)-heptane,
1,3,5-tri- (4-hydroxyphenyl) -benzene, 1,1,1-tri- (4-

30 hydroxyphenyl)-ethane, tri- (4-hydroxyphenyl) -phenylmethane,
2,2-bis-[4,4-bis- (4-hydroxyphenyl) -cyclohexyl] -propane,
2,4-bis- (4-hydroxyphenyl-isopropyl) -phenol and tetra-(4-
hydroxyphenyl) -methane.



The pol ycarbonates may be branched in a specific manner. 20 Suitable
branchi ng ggepsss Alog 1iBe conpounds having three or p&P/shY8ashé groups,
preferably those having three or nore hydroxyl groups, that are known for
t he preparation of polycarbonates. 25 BXanmpl es of sone of the conpounds
having three or nore phenolic hydroxyl groups that can be used are:

phl orogl uci nol, 4,6-dinethyl-2,4,6-tri-(4-hydroxyphenyl)-2- heptene,
4,6-dinethyl-2,4,6-tri-(4-hydroxyphenyl) - hept ane,
1,3,5-tri-(4-hydroxyphenyl)-benzene, 1,1,1-tri-(4 30 hydroxyphenyl)-et hane,
tri-(4-hyd 8W§pﬁ§n§%f-ﬁﬁ fetifametional compounds are: 2,4-

2,2-bis-[4 1Sz r | )~ G 1+ pr, - -
2,4-bis-(4§%§§Fgg§gﬁgﬁ%ﬁg?gg%%%%y%fﬁﬁﬁ%ﬁgf aﬁ"teéra-§45: chloride and

hydr oxyphesy B)-bist-Haree tWO 12Q05yH 3kt G/ 1BP20 0 DB 82811 hy &b i rislrie: .of t he
ot her trifunctional conmpounds are: 2,4- dihydroxybenzoic acid, trimnesic

aci d, c?anuric chl ori de and

3, 3- bi s- (3Rt BYbndniyd @gehendde 2@0-i%, I iind dndalgs o D2MThe branchi ng
agents are used in anmounts of fromO0.02 to 3.6 nol.% based on the

di hydr oxyaRyle oedpsundaselt efrerhted ditarditixyg mde menzrund 3, 3- bi s- (3- net hyl -4
10 hydr oxyphenyl) - 2-oxo-2, 3-di hydroi ndole and 1,1, 1-tri-(4-

hydr oxyphenyl ) - et hane. The catal ysts used in the nelt transesterification

process f @relfbe riete pataaidimPlagealtec akonat es wire- thay jc-45 catal ysts
known in the literature, such as, for exanple, alkali and alkaline earth
hydr oxildes haRg oy Pdesylas Amsizo & 3 shfdnpanso Ishasphoni um salis(¢ T ef erred

to as oniu | iyn| Onium salts are preferably used in the
slynt hesi s, a?ﬁ%%ﬁpggﬁéJp?% g%%'ly phosphoni um sal t s.

The catalysts used in the melt transesterification process
for the preparation of polycarbonates are the basic

15 catalysts known in the literature, such as, for example,
alkali and alkaline earth hydroxides and oxides, as well as
ammonium or phosphonium salts, referred to as onium salts
hereinbelow. Onium salts are preferably used in the
synthesis, particularly preferably phosphonium salts.

20 Phosphonium salts within the scope of the invention are

those of the general formula:

' -4
wherein R

may be identical or different C;-Cyo-alkyls, Cg-
Cis-aryls, Cy;-Cis-arylalkyls or Cs-Cg-cycloalkyls, preferably

25 methyl or Cg-Cis-aryls, particularly preferably methyl or
phenyl, and X may be an anion such as hydroxide, sulfate,
hydrogen sulfate, hydrogen carbonate, carbonate or a
halide, preferably chloride, or an alkylate or arylate of
the formula -OR, wherein R may be a C¢-Cis-aryl, C;-Cis-

30 arylalkyl or Cs-Ce-cycloalkyl, preferably phenyl.



20 Phosphonium salts within the scope of the invention are those of the
general fornmula: R4 Ix. R-P-R3 Rz wherein Rl-4 may be identical or

di fferent Glg Gh@sahlyiss C6- Cl4-aryls, CV-CHS-aryI@b&rhﬁzsﬁs/qossze
C5- C6-cycl oal kyl's, preferably 25 nethyl or C6-Cl4-aryls, particularly

preferably nethyl or phenyl, and X nmay- b& an ani on such as hydroxi de,

sul fate, hydrogen sulfate, hydrogen carbonate, carbonate or a halide,
preferably chloride, or an alkylate or arylate of the fornula -OR wherein
R may be a C6-Cl4-aryl, Cr7-Cl15- 30 arylal kyl or C5-C6-cycl oal kyl, preferably
phenyl . WO 2005/ 103115 PCT/ EP2005/003828 - 38 Preferred catal ysts are

t et r apheny| PROEPRERAURRERI BFT Bearet BEEHPRBAYY PRBSBRBANLH hFBE6%iLEE  and

t et raphenyl i ; n h { |
part | cul ar 15 CEEPRERY TEnBRRRRA AL, ny LERERENLLR 08ERARNURERARORAALE, 1o ¢
to 10-3 nophehasetepnteneapbérybphdshiidnonyapiencdapeund, papaitiudakayl y
preferably in anmounts of from10-7 to 10-4 nol. 10 Further catal ysts nay be
used on ThePFebRATSH in addition to the oniumsalt as co-catal yst, in order
to increase the rate of the polycondensation. 15 These i ncl ude

al kal i ne-reacting salts of alkali netals and alkaline earth nmetals, such as
hydr oxi des, Taékoardeprafidrahtyl uegddés efohnthi af fxodi &M Arwd pot assi um
preferably %dro§id s, al koxi des or. ar axi des of sadi um_Ms preferred

are sodi um hYdr 8% de PATESCH SR RIS &tfe 1 GXRETY S TREUI%0di um sal t
of 2,2-bis-{4rbydnoxyphepybierably in amounts of from 1077 to 10™* mol.

10
( Further catalysts may be used on their own or in addition
to the onium salt as co-catalyst, in order to increase the

rate of the polycondensation.

15 These include alkaline-reacting salts of alkali metals and
alkaline earth metals, such as hydroxides, alkoxides and
aryl oxides of lithium, sodium and potassium, preferably
hydroxides, alkoxides or aryl oxides of sodium. Most
preferred are sodium hydroxide and sodium phenolate, as

20 well as the disodium salt of 2,2-bis- (4-hydroxyphenyl) -

propane.

The amounts of the alkaline-reacting salts of alkali metals
and alkaline earth metals, on their own or as a co-

25 catalyst, may be in the range of from 1 to 500 ppb,
preferably from 5 to 300 ppb and most preferably from 5 to
200 ppb, in each case calculated as sodium and based on

polycarbonate to be formed.

30 The alkaline-reacting salts of alkali metals and alkaline
earth metals may be used during the preparation of the
oligocarbonates, that is to say at the beginning of the

synthesis, or they may be added before the



propane. The anmounts of the al kaline-reacting salts of alkali netals and
al kaline earth netals, on their owm or as a co 25 catalyst, may be in the

range of fgwenkdod,003QQs5ppb, preferably from5 to 386 08990 §Pls
preferably from5 to 200 ppb, in each case cal cul ated as sodi um and based

on polycarbonate to be formed. 30 The &Pkaline-reacting salts of alkal
nmetals and al kaline earth netals may be used during the preparation of the
ol i gocarbonates, that is to say at the beginning of the synthesis, or they
may be addedlbebadenthe i\4R,2005010311% PETIHPRAQ5MHEA] a1 39

pol ycondensation, in order to suppress undesirable secondary reactions. It

i s al so poSSFBREary Z&dcSdpBSement ary amounts of onium 5 catalysts of the
sanme type or of a different type before the polycondensation. The catal ysts
are added in solution, in order to avoid harnful excess concentrations
during theladdest rdso Thesi®dlsoltverdsl anppdeneourdy tdhaturare dfheriemt in the

systemand __in.the prqcess, such_as, for anpl .e,_ di hydroxyaryl_conpounds,
di aryl Ccar S&ﬁ&tlé’s?%gr o%o%i’ﬁy&raafyﬁryﬁe EFmS: ﬁdéilfﬁ\%ﬁ?dﬁyd%ﬁﬁ%yé%ﬁor@onpounds
are particuh@rEblgﬁghgkhgqticgﬁcause it is known to the person skilled in
the art that 15 di hydroxyaryl conpounds and diaryl carbonates readily

change and deconpose even at slightly elevated tenperatures, especially

under the tion, of catalysts.. The. qualiti.es of. the polycarbhonates suffer
fhe : S%r’?dt?}s‘(fter PH9s ilr]fbgrotlé]rtﬁlo(r’r’aﬁsrésqré%rf i €Attt Dr ocess for

as a resul t € §%FAReY
the 20 preparaitiuon edlceR@l Yoaideenate.i drite qurelRy ret Gpiaush | sthgohenol .

Phenol is also highly suitable because the catal yst
10 solvents are compounds that are inherent in the system and

( in the process, such as, for example, dihydroxyaryl
compounds, diaryl carbonates or monohydroxyaryl compounds.
Monohydroxyaryl compounds are particularly preferred,
because it is known to the person skilled in the art that

15 dihydroxyaryl compounds and diaryl carbonates readily
change and decompose even at slightly elevated
temperatures, especially under the action of catalysts. The
qualities of the polycarbonates suffer as a result. In the
industrially important transesterification process for the

20 preparation of polycarbonate, the preferred compound is
phenol. Phenol is also highly suitable because the catalyst
that is preferably used, tetraphenylphosphonium phenolate,
is isolated during the preparation in the form of a mixed
crystal with phenol.

25
The invention is explained in greater detail hereinbelow

with reference to the accompanying drawings, in which:

Figure 1 shows a diagram of a first embodiment of the
30 separating vessel for carrying out the process according to

the invention



that is preferably used, tetraphenyl phosphonium phenolate, is isolated
during thewprepeyabensin the formof a mxed crysial/gphbhs pywals- 25 The
invention is explained in greater detail hereinbelow wth reference to the
acconpanyi ng drawi ngs, in which: Figuré01-shows a diagramof a first

enbodi mrent of the 30 separating vessel for carrying out the process
according to the invention WO 2005/103115 PCT/ EP2005/003828 - 40 Figure 2
shows a di agganreod ahsesoaddembedimnefdt aoketbad sepadakicng WwEssele. Figure 1
shows a segaratin vessel 9 which has in its upper 5 region a horizontally
arranged p ﬁ?@r?tﬁpﬁhvﬁﬁﬁgﬁ'openings 8. The separating vessel 9 has an
outlet 10 for the volatile constituents as well as a downwardly directed
conical outlet 13 in the |ower region, which outlet 13 is provided with a
di scharge Hegire llshGuwede ekpawatdingnvekeellQ Wwormhothawi ies it2 apeepr ovi ded

i nside the_separati vessel ;9. The wires 12 are arrange ubstantially
horizon%alFﬁgganpﬁuggF??ﬁngﬁlin $TPP Fﬁ Biéﬁec sgngraFﬂG% a plane. The
wires of ao?bamagare.alrhang@ agdbshantlealky opanal el Jue1ere 1angiher. A

plurality of planes of such 15 parallel wires 12 are provided (3 planes in
Fi gure 1), thReVohREdseoFonms iplanss kecardd 6feaabovawerdlot Weressiedy

substantial ly. a_rl gl one_anot her.. The,palycarhaona melt is
suppl i ed t80¥ﬁ§g%eggkg?%nga26%vé§§eﬁoge6igeglgﬁppW$lﬁhﬁg aeﬁogﬁiﬁg agent is

m xed i nt oprbkedpdl yweanbanadiechahigebyeraers 10f. @usdeplel epicpd 2 i &ha
metering device 3. The pol ycarbonate/foam ng agent m xture is passed first
t hroughPa §Paf efnierss ladndren®yorvirsdginglde the separating

( vessel 9. The wires 12 are arranged substantially
horizontally, a plurality of wires 12 in each case forming
a plane. The wires of a plane are arranged substantially
parallel to one another. A plurality of planes of such
15 parallel wires 12 are provided (3 planes in Figure 1), the
wires of two planes located one above the other being

substantially at a right angle to one another.

The polycarbonate melt is supplied to the separating

20 vessel 9 via a supply pipe 1. Foaming agent is mixed into
the polycarbonate melt by means of a supply pipe 2 via a
metering device 3. The polycarbonate/foaming agent mixture
is passed first through a static mixer 4 and then through a
heat exchanger 6. The melt flows onto the plate 7 with the

25 inlet openings 8 via a pressure-maintaining valve 5. The
melt is divided into partial streams thereby. The partial
streams of the melt pass into the separating vessel 9 via
the inlet openings 8. The degassed polycarbonate melt is
drawn off at the bottom 13 of the separating vessel 9 via

30 the discharge device 11.

In contrast to the embodiment shown in Figure 1, Figure 2

shows in the upper region of the separating vessel 9 a



heat exchanger 6. The nelt flows onto the plate 7 with the 25 inlet openings
8 via a pressiyor/MmsaLgi ning valve 5. The nelt is ghpiggdedospdeagarti al
streans thereby. The partial streanms of the nelt pass into the separating
vessel 9 via the inlet openings B. The4dlegassed pol ycarbonate nelt is

drawn off at the bottom 13 of the separating vessel 9 via 30 the discharge
device 11. In contrast to the enbodi nent shown in Figure 1, Figure 2 shows
in the uppeertegadbyobrirhageeparati rgcrasselr 2 'aiNOt2R0F L3 LES a

PCT/ EP2005/ 003828 41 vertically arranged heat exchanger_ 6" in the form of
a tubul ar “HEY aExEﬁéﬁg@FPh?ﬁﬁeﬁbmH%§réPVnH?FééVeélﬁﬁﬁg§d-6éﬁ§¥itute t he

inlet openibpgs:8lyce ARE0HANRE LR RiigHLe g2, the polycarbonate melt is
I :

supplied to the separating vessel 9 Via a supply pipe 1. Foaming agent is

m xed into the polycarbonate nelt by nmeans of a supply pipe 2 via a
metering device.3. The polycarhonate/foam ng. agent m xture is first passed
Chr ought 1°HSERARPC i FAPUIE Fno Chel EOTNEAZPRUaE & M L heeSaimRliEd

MBi Nt ai Ni NgovahesSphRhe ihbe velel openiangs s8ppafy dipebul arodiaaly exchanger
6', the nelt streambeing divided into a plurality of partial streans

t her eby. Thgehhl éf BpErdngsty thepeelysesbohetseeperdat byg meegselofoa The
degassed 1gu§o&écanb8n§t%igeltnk%e%ﬁ%wndgggcgt th thton113 of the
separating~V 85I Pobyi g the gischargegdevice 1f3 2005/ 103115

PCT/ EP20054£803828bo4a tePrasplies afeatl alikewreg il Ftis swe iR eI itéd odidih on

pol ycar bonat es of bisphenol A The volatile conponent to be renoved was 5
diphen?p car B6ahie mixer 4. The melt then flows via a pressure-

( maintaining valve 5 into the inlet openings 8' of a tubular
| heat exchanger 6', the melt stream being divided into a
plurality of partial streams thereby. The inlet openings 8'
open into the separating vessel 9. The degassed
15 polycarbonate melt is drawn off at the bottom 13 of the

separating vessel 9 via the discharge device 11.



The guide el enents consisted of ten horizontally arranged wres each having
- a-di amet er wof 280symo3staset ched beneath the inlet oppet badloszefssignce of 10
cmfromone another. Two 10 wires arranged one above the other were rotated
by 90 in the horizontal. Table 1 summafPses the process conditions and the
test results. In Table 1, mass flow rate per opening neans the 15 nass
flowrate of a partial stream The terns entrai ning agent and foam ng agent
are used sExamplegs|y. The separating vessel is referred to as the
separator and abbreviated to "sep."”. The guide elenments are referred to as
baffl es and the inlet openings as nozzles. The 20 tenperature is the

t enper at ur Iy il i j i tion of
eHeN FRNtIY iiHY & ddies W&l ca@c&ﬁ’@&%uﬂ %&%d&%&%ﬁ%@%ﬂbl on

the foam ng agent on eéentry into the inlet opening s descri

shows t hat igpheadlng addwt viclaisde iqonBcamiteso 2% Noswo&d yag, 10, 13 and
17. The volatil e conpaonent . di phenyl carbonate is therefore renoved only
very i mad dﬁ%ﬁ%ﬁ%}lq%¥q%aﬁﬁﬁ'es 1 and 2, the foam ng agent is not conpletely
30 dissolved on entry into the inlet opening. This results in poorer
degassing as conpared with Exanples 8, 9, 11 and 12, in which the foam ng
agent is dil¥%ol9vedieor lananty mangivded mifett a3p it g OV LI 53 110810151

PCT/ EP2005/&%%\%%P%1€410%TV$@&@'ﬁ%errﬁegqeer}rgoft L g sgtgreél%ﬁdbezr?east'}?"%ﬁehe

particul ar e gul n
inlet opening at a distance of 10 cm from one another. Two

10 wires arranged one above the other were rotated by 90° in

( the horizontal.

Table 1 summarises the process conditions and the test
results. In Table 1, mass flow rate per opening means the

15 mass flow rate of a partial stream. The terms entraining
agent and foaming agent are used synonymously. The
separating vessel is referred to as the separator and
abbreviated to "sep.". The guide elements are referred to
as baffles and the inlet openings as nozzles. The

20 temperature is the temperature on entry into the inlet
opening. In column 8, the condition of the foaming agent on

entry into the inlet opening is described.

Table 1 shows that no foaming agent is used in Examples
25 Nos. 3, 4, 7, 10, 13 and 17. The volatile component
diphenyl carbonate is therefore removed only very

inadequately.

In Examples 1 and 2, the foaming agent is not completely
30 dissolved on entry into the inlet opening. This results in

poorer degassing as compared with Examples 8, 9, 11 and 12,

in which the foaming agent is dissolved on entry into the

inlet opening.
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"1 b mz 2z, 22, 22, 22, 222, 2Z22ZZ ri 00 OO0 r ) Nc \ NQ
J)nrN" o Eoy u7 (O)ONNNT T NVIVIYIMMMM NoOoOOTr NM1 O(Or
of MO .~Z NMIt )OO NMMTYIr r N- 45 - Patent clains 1. A process for
produci ng pol ycarbonate conprising (a) reacting in the nelt at |east one
aromati c di hydroxy conpound with diaryl carbonate in the presence of a
catal yst to obtain pol ycarbonate nel4,- and (b) m xing the pol ycarbonate nelt
with a foam ng agent to obtain a m xture and (c) passing the m xture at 250
to 340C_ through inlet openings of a separating vessel at a rate of 0.1 to
20 kg/hgéﬁL—ﬁgg%%taln a plurality of streanms of foamed polycarbonate and
degassing the streans of foaned pol ycarbonate in the separating vessel
wherein the pressure is 0.1 to 20 nbar. 2. The process of claim1l further
conpri silng cénpb@ﬁ%ﬁypdﬁsgogvthMbﬁmuéanmnmg% agent in the mixture on its
passi ng through the inlet openings. 3. The process of claim1l wherein the
foam ng agent is at |east one nenber selected fromthe group consisting of

wat er, car bo() gaotinglia thetheRiat re@gene alﬁmaﬂfb@mpdm;as&np&unqlvﬁtmlar wherein the
polycarbonate nelt referred to in (a) has a concentration of 100 to 450 ppm

of phenol i c ebeaRipdhe preseppeoln ertalys tobtain prlycarbopnte aickh ade r esi dence tine
of the polycarbonate in the separating vessel is not nore than 10 m nutes.
6. The process of claim1l wherein at |least 80 wt % of the catalyst is
deacti vat ed (Wefizing tixapadyqaidjonaté. mélthwitlpa fmessg afentioaibmiba fnixtuteeandconpri si ng
addi ng a catal yst inhibitor.

(c) passing the mixture at 250 to 340°C. through inlet openings of a separating

vessel at a rate of 0.1 to 20 kg/hour, to obtain a plurality of streams of foamed

polycarbonate and degassing the streams of foamed polycarbonate in the

separating vessel wherein the pressure is 0.1 to 20 mbar.

2. The process of claim 1 further comprising completely dissolving the foaming

agent in the mixture on its passing through the inlet openings.

3. The process of claim 1 wherein the foaming agent is at least one member selected

from the group consisting of water, carbon dioxide and nitrogen.

4. The process of claim 1 wherein the polycarbonate melt referred to in (a) has a

concentration of 100 to 450 ppm of phenolic OH groups.

5. The process of claim 1 wherein the residence time of the polycarbonate in the

separating vessel is not more than 10 minutes.

6. The process of claim 1 wherein at least 80 wt % of the catalyst is deactivated
before said (b).

7. The process of claim 6 further comprising adding a catalyst inhibitor.



- 46 8. The process of claim1l wherein the separating vessel contains a
plurality of guide elenents that are arranged substantially horizontally.
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8. The process of claim 1 wherein the separating vessel contains a plurality of guide

elements that are arranged substantially horizontally.



