Le A 36 945 W./Ii/ XP/2004-04-20 -1- Process for the preparation of

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

pol ycar bonat e IlzyA Bb®45t Wars/&Py2004£04c20 i on process by reacting an aromatic

di hydroxyaryl - conpound and a 5 diaryl carbonate in the nelt and
subsequent|ly degassing the nelt with the addition of a foam ng agent. The
preparation of aromatic oligocarbonates/pglycarbonates by the nelt
transesterification process is sufficiently well known and is
prior-described, for 10 exanple, in Encycl opedia of Polymer Science, Vol.
10 (1969), Chenlstr and Phy5|cs of Pol ycarbonates, Polyner Reviews, H.
Schnel |, Vol . ZJ2LEps henrepaxagion of pelycayhonate 964) as well as in DE-C 10
31512. Because of the chenlcal equilibriumreaction, the transesterification
process always 15 yields products having a high content of residual

nononer s, i . e.Thef invemivahyslstex Yaray processpfou nitls , prebamytibhox s dblcardonde ydteand

di aryl carbonates. Thus, in the case_ of polycarbgnates having a | ow content
of hydroxyl eremgpstisification Pracgiscy Fegptingnan arompstisy 11}’(@9*)@@(’1&{0@@0%@! agd aower

cont ent I d nin
t he caseosi)f po ﬂ\é oér%lg'l éllh aw%%ll&;}’(]%)é%yﬂ{%de a%ﬁﬁgﬂ-{%xﬁ?ﬂgpt y etgoﬁlao
groups. In the fo@;mrgrageﬁtse, the content of diaryl car bonat es is |lower but

t he content of nonohydroxyaryl and di hydroxyaryl conpounds is higher. It is
further observed that the residual monomer content falls as the nolecul ar
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because resi duﬁihsémm&@n Ipeca:@sst & sigfiaiehty Svél khéven M| 1@ Spridr-deb@ibnea 0 EgSSi ng
machi nes during the processing _of the polycarbonates. Mreover, the heat

st@abilitio of reééml?almr@fﬁdﬁ]@p%dlﬁsoﬂ Bﬁabymgb irage, Yol y%(%ﬁht@b@lhlém’t@da hi gh
dual .of heat
Crabi |ty Furrweenr e gtk ORhR SARIC A5y Yd, CIPEE By

nechani cal brq&%gqgcQQQQMMQMQUQ&Iﬁn@g@qbynqnponate For sel ected
appl i cations,

Because of the chemical equilibrium reaction, the transesterification process always

15 yields products having a high content of residual monomers, ie. of
monohydroxyaryl 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 monohydroxyaryl and

dihydroxyaryl compounds is measured than in the case of polycarbonates having a

20 higher content of hydroxyl end groups. In the latter case, the content of diaryl

Q carbonates is lower but the content of monohydroxyaryl and dihydroxyaryl
compounds is higher. It is further observed that the residual monomer content falls

as the molecular weight increases. The residual monomers are removed from the

melt in particular by de gassing.ﬁ

25
A low content of residual monomers is desirable because residual monomers lead to
coatings on the moulds of the processing machines during the processing of the
polycarbonates. Moreover, the heat stability of residual monomers is low, so that
polycarbonates having a high residual monomer content exhibit poorer properties in
30 respect of heat stability. Furthermore, residual monomers have an adverse effect on

the mechanical breaking behaviour of the polycarbonate. For selected applications,



Le A 36 945 -2- such as, for exanple, in the foodstuffs or nedical sector,
resi dual nononers are regarded as troubl esone and undesirable. In the case
of pol ycar bondiecApg6&dared by the nelt transesterification process, the 5
greatest proportion of residual nononers is frequently the diaryl carbonate
conponent, especially di phenyl carbonate. It is therefore desirable when
renoving volatile constituents to renovethese conponents in particular. A
particularly large anmount of the diaryl carbonate conponent forns at
relatively IOM/nDIecuIar wei ghts at relative viscosities of from1.18 to

1.22, as are preferaply used for ti.cal data carrier, A further

probl emis theéUflkasoloREEfBRleon the ePOPSW 0B &padiga \ﬁ%"rt@htresé MRNQERESs ares uch
as, for exanplg, arﬁl%(fje[s‘%f@ﬁ%fe}éemg blgl hydr oxyaryl conpounds and carbonic
acid diesters, ronlt e polycar onate y chem cal reaction during the

degassing, 15 which nakes degassi ng consi derably nore dlfflcult Vari ous

processes are known for_prepa in pol ycarbonate by the ngl
transesterifi dat ‘E)ﬁai’ir%ﬁ%lé‘c%d; Tte s A dit hFéﬁﬂ@éqanﬁﬁSteﬂgé?tmlﬂaProﬁ?ﬁﬁo%rs by

means  ofs an agggdtés't gé}ghoﬁ‘éﬂa%'rgﬁ i ERronbrhersS 1s|°r LA Gnd 'Hlﬁnge%{) eSS es

to reduce t he catalys activity int po ycar bon 'ore the

degassi ng. Theofrpdtettj espetinlly diphemydtdabionyteot it higerefateaalissiable svipnekoaigy
effected by the_additiaon of acidic _conponents as inhibitors, such as, for
exanpl e, phosiebtile cepstifpents fprempye HEpLICOMRANERiSB particyiag, Amertisatrelydpresni c

acid. 25 The \a/aﬁjx?duh{ S’f‘ﬂlélﬁ%ﬂ'&é}ﬂ&aﬂe’?so&éaﬁé{ﬁ? rﬁ%’???é]?t?&e fo% Exc&‘refgﬂﬁ t he

catal yst acti requi re’ an 1 ncreas Pnrcal out er no

ment i oned conpmmdaﬁee vibe@iies ndfl fforhdvis @ hagfﬂsyare(préfeﬁabl{seu@dtfbpﬁpﬁi@\lvaéﬁs t he
materials fromwhich the apparatus for carrying out the polynerisation and
dega55|nH)are<@§H%§Iy produced. In addition, the added conponents, such as,
for exanpl e, phosphoric acid, may be 30 separated fromthe pol ycarbonate
with the other volatile constituents in the subsequent degassing step,
accunul at e i n A fietHenptobldnais the rafidmatatlof the damagtedutur twetght e4abifshts, such

as, for example, hydroxyaryl compounds, dihydroxyaryl compounds and carbonic
acid diesters, from the polycarbonate by chemical reaction during the degassing,

15 which makes degassing considerably more difficult.

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

20 residual catalyst activity in the polycarbonate before the degassing. The reduction in

( the activity of the catalyst is preferably effected by the addition of acidic
components as inhibitors, such as, for example, phosphoric acid, sulfuric acid,

sulfurous acid, toluenesulfonic acid.

25 The addition and mixing in of such components that reduce the catalyst activity
require an increased technical outlay. Furthermore, the mentioned components
frequently have a highly corrosive action towards the materials from which the
apparatus for carrying out the polymerisation and degassing are usually produced. In
addition, the added components, such as, for example, phosphoric acid, may be

30 separated from the polycarbonate with the other volatile constituents in the

subsequent degassing step, accomulate in the installation and lead to damage to the



:3- installation as a result of corrosion. Wen the volatile constituents,
including the catalyst-inhibiting conponent, that have been separated off
are fed back iletA36945 circuit of the installation again, adverse effects on
the inplenentation of the reaction are additionally to be expected, because
the catal yst-inhibiting conponent can in this 5 way inhibit the progress of
the polynerisation reaction. A further prabhlemin the preparation of

pol ycarbonate by the nelt transesterification process is that the residence
time in the degassi ng stage under reduced partial pressure is too long. If

the melt is sufficiently reactive, this _can |ead to a 1Q consi derabl
i ncrease in tH’éSt?'}fﬂnBElﬂsa?rr t@ﬁtCOFﬁS@ﬂe“ﬁgaa{gg iVﬁEjltlget gqpstifgentsninciding the

undesi rabl e T Qb igiHRIRSS E&ngﬁéﬁt,ﬁh%ﬁﬁa@e%eﬁ%%@%%%f?a&r RAESRLK 8o fide

preparation of polycarbonate by the nelt transesterification process, in
whi ch t he mel teircsit phthsauktallation agaist advarse effecis bn dgamplenicatadvioh ofidte readtion

foam ng, through a.zone of | ow pressure. The residence tine in this zone is
i ncreased becég%%‘%ﬂtllfél_a Fqb%@%g‘i‘?gtbq‘%‘ﬁe the @é@lystﬂg@glr%ﬁgmaa@mfa%@t Song

vertically arr ibWthESrog s CONRE HEF ARG AGESRRG. | N the ol ecul ar wei ght
during tsyhe degdssi ng stepgll%g Qfg@egvgg{%}lnat% s&g@obess. 20 EP 1 095 957 A

and EP 1 095 960 A describe a process simlar to that of US 5 852 156. An

inert gas is dissalved in an oligonmer nmelt, The nelt is then relieved into
a zone under %Mée@bk@} myfhe RTIPGEACA QT Pefveabaut hy thsrmelt franserlgrifieatioval  of

reacti on prod Vi Is i 1 Singb, t R c
resi dence ti rrg)%‘%gs Fsgﬁ%a?ﬁ%%g%q%@mﬁégﬁés n?)? htgfr%gzlﬁs%%q% %}ngr {r}%%gg&\%%rae%am%s a

result of whi gltesstve R5tavolerpul Hr theeinglit isi pefifiematty meastivedlthisi ¢cant kaddegassi ng
step. Heating of the nelt before it is relieyed is not provided. EP 914 355
A ldescri Hbs t rensiderallg jortease gt e sglegulani W bé%ttﬁ%fdeg?sﬁinﬁeﬁ%oWBWI Bty

and the subseqpapt bRl ek Agea0RkI Onal ly with foam ng, of the pol yner
solution int oqgl rél separ at o?asun er |ow pressure. LeA36945 -4- The object of

the present invention is to provide a process for the preparation of
US 5 852 156 describes a process for the preparation of polycarbonate by the melt
transesterification process, in which the melt is passed under a stream of nitrogen,
15 but not with foaming, through a zone of low pressure. The residence time in this
zone is increased because the melt does not fall freely but flows downwards along
vertically arranged wires. A considerable increase in the molecular weight during

the degassing step is observed in this process.

20 EP 1 095 957 A and EP 1 095 960 A describe a process similar to that of US

K 5 852 156. An inert gas is dissolved 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 of vertically arranged wires, as a result of which the

25 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 agent of limited solubility
and the subsequent relieving, optionally with foaming, of the polymer solution into a

30 separator under low pressure.



pol ycarbonate by the nelt transesterification process, in which the

pol ycarbonate has a | ow residual content of nononers and other volatile
constituents, 1sdah6asls nonohydroxyaryl conpounds, dihydroxyaryl conpounds
and di hydroxyaryl 5 carbonates. Wthin the scope of the present invention, a
| ow residual content of nononers and other volatile constituents is
under st ood as neaning a content of |less than 200 ppm preferably |ess than
100 ppm |If possible, the process should take place without the addition of
inhibitors, i.e. chem cal conponents for deactivating the catalyst, or with
only very small amunts of inhibjtors. Small anounts of 10_inhibitors neans
amount s of | eskha ehigctad the prespricinEenipnyis|te PEoigaA Irocsspaeaihg Prensratioauetar | y
preferably le . I i £ Q- i ow

nol ecul ar meiéﬁ%%%@E??Fﬁﬁﬁk?ggﬁgﬁﬁﬁggg%ﬁ%no y8§%§3£&§W§€%§%§§%%§$mﬁghAS

di hydroxyaryl a ¢ewpesiddsl andegli By diicnoyiasy |and asthenabRsile @bndiidients)rsch han 100
ppm shoul d take place in the process, and the nol ecul ar weight of the

pol ycar bonat e BeRAyEroxyayk asempamdgn| dihydrpxreryly compounds, gk dHBydEoxyay 2000
g/mol ., durin g I i pvention i.des a. proc for th

o epar at o or BuEr BARLY e J52e SMER SRV ES oM FRERAL Bl oy
conpri si ng t hembdrh@waiid oibLAsiatild @ofAudn®eis uhd¢tstdbd h@ﬁfébm’ﬁ%@ cehtaydsfaxysar yl
conmpound and a diargl carbonate in the nelt at least in the presence of a
catal yst (b) rihgt 280 ope, mseferablyt lepsnthan 190sarap If dpssiblehthg greeqss showdd dae 25
(c) degassing the f . . i t t th i (e ni ngs
ito a sapar g b She Wiy, BY iBATRIEY < Sl sl MRS AT h i RAY

degassi ng accohdidaglyse 6t @pth( 6nlyt wdteSsnplliae@outns tdf fnbibiiony, Srhdle am®lhtsbef ng
di vi ded bg the inlet openings into partial streams of 30 fromO0.1 to 20
kgl h, thé0t enpahibitorsemeanscanounts af dess ean p) epe Pesierahly Ises Hyni3bmpmsmd t o
340C and the p ' rat [ 0 ar. Le
A 36 945 5- T eﬁ%@g%@g@@%@@ %*?%g”ﬁtg  Yinfidn OP‘%r? ogrl{%%g}ee %’r%é‘%tgorlé& Igﬁ’ of

pol ycar bonat e fyletler weight conkines sath b e@hoIBArdNyABE $6mPEGRE AingirbRyf{leps
(a), (b) and (c) may be discontinuous or continuous. Each of steps (a), (b)
and (c) may becamnoupdyarsd, fibyitopgaryl carbonates, of not more than 100 ppm should take

place in the process, and the molecular weight of the polycarbonate should increase

15 only slightly, i.e. by not more than 2000 g/mol., during the degassing.

The invention provides a process for the preparation of polycarbonate by the

transesterification process, at least comprising the following steps:

20 (a)  reacting at least one dihydroxyaryl compound and a diaryl carbonate in the

L melt at least in the presence of a catalyst
(b)  mixing the melt obtained in step (a) with a foaming agent

25 (c) degassing the melt from (b) by passing the melt 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

30 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.



5 in one stage or in a plurality of stages. Wth regard to the process
technol ogy of the process according to the invention, step (a) can in
principle be darABef4dut under conditions known fromthe prior art and

usi ng the apparatus known fromthe prior art. The procedure according to DE
10 10 114 808 A or DE 10 119 851 A nmay be nentioned here as an exanple. The
continuous procedure is preferred on accoynt of the advantageous product
quality, such as uniformty of viscosity, colour and end group contents. As
soon as at |east one di hydroxyaryl conpound and a diaryl carbonate as well
as, 15 optionally, further conpounds are in the formof a nelt, the
reaction is started in the presence of suitable catalysts. The conversion

of the transeghergrédes@hdcordifi€as thedfvertion fbhehefbREaticl o fisd1gbdHate tiethe
pol ycarbonate, is increased until the desired end product of the
pol ymeri sat i ofngls traaggsteadication Preeess scetinge e dstefso@ex@ipind (Fh mayatbet he

rer il . pril (P redsate
carried 20 of Py taHE S ML 2R 6Pud el LR i Ppd dedie Wit o

and concent r atih 8fic Sthge drtif apMdaBfyVfpteas. € determ ned by the choice of the
rati o of di hydroxyaryl conpound to diaryl carbonate, by the |oss rate of
the diaryl carbonate via the vapours, which is dependent on the procedure

d the installati ' t . th | i sati on. |l b
dded compounddh atird & o BiotkRedibIoaoR BB Akt e B ren o y1
conpounds. Th %te@qg)t danUR YEinEpRARS A Al out BEAR IcBRETi B IBTowa R YERiRaRaeS 1S

preferably carrie out in a plurality of stages, prelimnary condensation
of the di hydr asipgrie apparpsukiedwa tdien e griar yrt. ddeboreadaranecordipgitonadEl v,

further act ant.s ,fd-6St bei 3 ied out with t use of cata S,

wthou TE2CL 04 8080A FDRAOELERN, 08 s Hebbiodedhel® B dp SRR T
nol ecul ar wei glhtimfoub PesteBitie! it pierdr@l bMaccdRst b theValvitatdbud prk&IBO §ddity, 6-
plurality of reaction evaporator stages at tenperatures that increase

stepwi se and speleasswy@smityiaf visedsity seodpwiase end Bewugeohienls, appar atus and
reactors suitable for the individual reaction evaporator 5 stages are
sufficiently well known fromthe prior art. According to the process

As soon as at least one dihydroxyaryl compound and a diaryl carbonate as well as,
15 optionally, further compounds are in the form of a melt, the reaction is started in the
presence of suitable catalysts. The conversion of the transesterification reaction, or
the molecular weight of the polycarbonate, is increased until the desired end product
of the polymerisation is reached. This can be effected, for example, in that the
monohydroxyaryl compound that separates out during the polymerisation is carried
20 off by increasing temperatures 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 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

25 monohydroxyaryl compounds.

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
30 carried out with the use of catalysts, without the separation of the monohydroxyaryl

compound that forms. The molecular weight is then built up to the desired value in a



sequence they are heat exchangers, pressure-relieving apparatus, separators,
col ums, evaporators, stirred vessels and reactors or other apparatus which
provide the mege3sad4y residence tinme at chosen tenperatures and pressures.
The chosen devices nust permt the necessary introduction of heat and be so
constructed that 10 they are suitable for with the continuously increasing
melt viscosities. In a preferred continuoys procedure, it is possible either
to melt the reactants together or to dissolve the solid dihydroxyaryl
conmpound in the nelt of the diaryl carbonate or to dissolve the solid

di aryl carbonate in the nelt of the dihgdroxyaryl 15 conmpound. It is also
possi bl e for PHEHYRIdERSAPE: SHAPEBIRIGALES Shepraatyres st InsrepssosigRwise gnfe

br ought toget ?Ee’ssﬁ@&!%iﬂuts Wi mof a melt, preferably directly from their
preparation. e re5|3ence inmes of the raw material nelts before they are

conmbi ned, especially the residence tinme of the nelt of the dihydroxyaryl
conpound, are_adjusted to be as short as possible. The m xture of nelts, on

the ot her handiedsKicsh aPRAAMS 3G reacters sgitable £ori 1he mpdividuelk reagiipn qyap@atorn
it h (] | L hemi i al
quality t5ecau§{ea§?{/ a{e ﬁlfh&\éﬁﬁ%%ll kit thhé)}%%p\%nrﬁ)&t&ﬁ!dﬁlgo%i {\h%&rgﬁés@“ al's

at correspondin ower tenperatures, conpa e I'n raw
mat eri al s. Theeqehed ythty preheatabkshadpesolpyesdureaeldvenpl appuatsdegarhiors, he
melt. The nmelt js then 25 heated to the reaction tenperature. In the case

of the indust CPRINS, PYARETAEoIRstifed vssssls g reagiers o ofir appa#usVhish BresidBonat e
f 2, 2-bi s- (4 | ) - I I
temper ature at ACEREY ROGENC BhOREUERAN tenDERIRE m QR Ond Masn

210C, very pardtviced mubtypqrméf the alebassdry anrddbtivw of D6&. anfiie: s eastriatad that

egui libriumis establ_iaihed wi.thin a resi gie)igce time of from 15 to 90 m nutes,
30. pr ef ektapl y theyaws sotapls fgnwiindhg eantingpushoinereading slt vascosifies: nydr oxyar yl
conpound that has fornmed. The reaction can be carried out at atnospheric
pressure but al so, for LeA36945 -7- technical reasons, at excess pressure.
The preferredIprepsifereed contimhoas rprededurienst &l padsibde zithar for areli2 tHeoreh&tatigr

absolute. The m xture of nelts is _then relieved into_a first vacuum chanber,
the pressure &getherghite ﬁlﬁsglvaa?mql@dd%hﬁ{rmﬁwllmwnﬁe@th?o@fﬂ,t ob il diagp| y

from 150 to 3QQ:yEhAE or 30 Qissolve the solid diaryl carbonate in the melt of the dihydroxyaryl
15 compound. It is also possible for the dihydroxyaryl compound and the diaryl
carbonate to be brought 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 melts, on the other hand, can
20 remain for a longer period without any losses in quality becanse of the lower melting
point of the mixture of raw materials at correspondingly lower temperatures,

compared with the individual raw materials.

The catalyst, preferably dissolved in phenol, is added to the melt. The melt is then
25 heated to the reaction temperature. In the case of the industrially important process
for the preparation of polycarbonate from 2,2-bis-(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 within a residence time of from 15 to 90 minutes,
30 preferably from 30 to 60 minutes, without removal of the hydroxyaryl compound

that has formed. The reaction can be carried out at atmospheric pressure but also, for



directly thereafter is heated to the inlet tenperature again in a suitable
device, for exanple a tube-bundle apparatus having vertically arranged

t ubes, throughewhiBélo4s5t he product flows fromtop to bottom During the
relief operation, the hydroxyaryl conpound that forns is evaporated of f

wi th any nonomers still present. After a 10 residence tine of from5 to 30
mnutes in a sunp receiver, optionally w_th recirculation by punping, at
the sane pressure and the sane tenperature, the reaction mxture is
relieved into a second vacuum chanber, the pressure of which is from50 to
200 nbar, preferably from80 to 150 nbar, and directly thereafter is heated
in a suitabl et‘%fé‘mcé-ﬁ,reéstonﬁ’h@ts%%rlggﬁmee,T]E“b %Fegeé‘ﬁ’ﬂeﬁ’éﬁsﬁﬁré 8 indeiialoo to
15 250C, pref : ticularly preferably from 210 to
230C. Here tg%ﬁﬁ%%é{}f}%ﬁ%%g;é%@%gﬁ% that forns is evaporated off with
any nononers still present. After a residence tinme of from5 to 30 m nutes
in asunp regeiver, optionally with recirculation by punping, at the sane
pressure and tig MEhHe of térléﬁ}?Per,eﬂ?‘f’?g TR0 TS Y 2 HURR Gﬁ%nli’eé‘:&]élﬂr‘é?‘é@ 9fnto a
third vacgum [ f i i I

prefer abIC% fr??nﬂ %t%dy%égl %boféé}?el??é%%&@r%%\ét}i e&tﬁ%%?l 5@&?99%@%%@&%9%%%

sui t abl e devi dérecthy tichefisnischqatedsiouhe inleDteampetatrpepaihline: afitableodava2fdro

280C, preferably from24Q tq 270C, particularly. preferably from 240 to
260C. Here to&zmm% w@@dwg}eyfrppé%&ow@& Herticalbr pangsd taResp BFrasgwBIch wi t h

any nononers i fter i i ;225).
mnutes in a Zﬂ:ljé tfggaﬁﬁ ?Oﬁpﬁoﬁg%iﬁﬁ%ﬁigé% i@ﬁféﬁ%ﬁ%% etp%'rf%f;ﬂ%r 1at dt he
same pressur eoap omng snpeap e aya aiodnomers peeses. ave
into a filrther .yacuum ch er, the Bressure,of which is from5 to 100 nbar,
pr‘gf er ab %| fr?Bjé @nglma_ %9%%9 i’E‘H}“éﬁ"l éfgf‘r igflgP farswvefrt @El o8 nbar,
and directly therGafbary the Ams &€ 2@ MhE Samd ge
pressure, to ar tecrrpelr at r?ugl?ﬁgf om 250 tou%O 300C, pref g?abﬁeygﬁagﬁ’zgls to
290C, parti culreadtipn priefues shielyevied amo 26@cdml 280G chember3thePiSssuid-of Wetieh isoo,

1 17 pr esont oM UrGnBe) TR FOEEOR e B (e ApoRFoRic PHGRS, HEER & case,

for exanple, Lheat@@ﬂ?ed suitable device, at the same pressure, to a temperature of from 190 to

15 250°C, preferably from 210 to 240°C, particularly preferably from 210 to 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 relieved into a third vacuum chamber, the

20 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, preferably from 240 to 270°C, particularly
preferably from 240 to 260°C. Here too, the hydroxyaryl compound that forms is
evaporated off with any monomers still present. After a residence time of from 5 to

25 20 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 further
vacuum chamber, the pressure of which is from 5 to 100 mbar, preferably from 15 to
100 mbar, particularly preferably from 20 to 80 mbar, and directly thereafter is
heated in a suitable device, at the same pressure, to a temperature of from 250 to

30 300°C, preferably from 260 to 290°C, particularly preferably from 260 to 280°C.



5 from2 to 6. If the nunber of stages is changed, the tenperatures and
pressures are to be correspondingly adapted in a manner known to the person
skilled in thee#r3694n order to obtain conparable results. The relative
viscosity of the oligoneric carbonate achieved in these stages is from1.04
to 1.20, preferably from1.05 to 1.15, particularly preferably from1.06 to
1.10. 10 The relative viscosity is deterngned as the ratio of the viscosity
of a polymer solution and the viscosity of the pure solvent. It is
generally determned in dichloromethane at a concentration of 5 g of

pol ymer to onﬁlitre f ﬁo vent at 25C. 15 Af%;ggn a residence tinme of fromb5
to 20 m nut estErf éo%ut%ﬁ e¥NAEYL coppPyKhaltha f 15¢ e@ppiadaoffo Wity apYinpi ng,
at the sane p{lﬁ,ﬁgﬁ%ﬁ sﬁﬁ‘f)rés@ﬁ.sane tenperature as in the last flash or
evapor at or stage, the ol'igocarbonate so produced is fed into a disk or
basket reactor and condensed further at from 250 to 310C, preferably from
250 to 290C, particul téy preferably from 250 to, 280C,_ and af pressures of
from1 to 20 T8¢HB&E ?r%’{ sEeastign £Y I o Hages, Tdhis casgn forrcxamgiontemey Res of
from30 to 9 ] Nt 0 ] : onat e
reaches tg rel grto ﬁqvg% %?fstgggllﬁ{n ?E@&%ﬁg&@hﬁg%&h@g@?&g@g@e@g% efplﬁlr%%?i 13 to

1. 26, parti cubacbiyespordiagigddgpted riom thadizr kaodm 24 the2perddreskibtéd id @@variidgn t hi s
reactor is bro%ght to the desired final viscosity or the desired final
mol ecul ar wei §FEr it QbR CABPagbleK resulth o dhe tTefabiyg ¢ wiscosty 0k dhf OHEOMWERC| s

from 270 to : 3 rtl ref.erald y from
280 to 310G, g%ﬁ%‘attﬁé&fﬂ)%gg’w’eeg% %%%g%ﬁgﬁ&i&t)g’ 5”%%%@‘5%#%’?2@}8#?% 0.2
to 2 nbar, w phrticuledy gesfiereblyifrons 196 tbndm 60 to 180 minutes, preferably from
75 to 150 mnutes. The 30 relative viscosities are adjusted to the |evel

r equi red%or the intended application and LeA36945 -9- are from1.18 to

1.40, preferahby tf,0M Jviisl:§sigpis1dé’t§miﬂéd tahétﬁ% fiy B7E ex{iél:gk%yf fot? ﬁagb&lyi'rér to

1.34. It is also possible to carry out t ol ynerisation

pol ycar bonat esdutigoraad the weiscdsitgi oifltlee puisgeolvanta Ibas kgnemaily ddgdmrinal tiwr
instead of in the two-stage procedure in two )
dichloromethane at a concentration of 5 g of polymer to one litre of solvent at 25°C.

15 After a residence time of from 5 to 20 minutes in a sump receiver, optionally with
recirculation by pumping, at the same pressure and the same temperature as in the
last flash or evaporator stage, the oligocarbonate so produced is fed into a disk or
basket reactor and condensed further at from 250 to 310°C, preferably from 250 to
290°C, particularly preferably from 250 to 280°C, and at pressures of from 1 to

20 15 mbar, preferably from 2 to 10 mbar, and residence times of from 30 to
90 minutes, preferably from 30 to 60 minutes. The polycarbonate reaches a relative
viscosity of from 1.12 to 1.28, preferably from 1.13 to 1.26, particularly preferably
from 1.13 to 1.24.

25 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 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

30 relative viscosities are adjusted to the level required for the intended application and



basket or disk reactors arranged one behind the other. The vapours from all
the process stages are i medi ately drawn off, collected and worked up.
Wor ki ng up inginﬁ_%jy carried out by distillation, in order to achieve 10
high purities of the recovered materials. This can be carried out, for
exanpl e, according to DE 10 100 404 A Recovery and isolation of the
separated nonohydroxyaryl conpound in the_nost pure formpossible is

obvi ous froman econom c and ecol ogi cal point of view The nonohydroxyaryl
conpound can be wused directly in the preparation of a dihydroxyaryl
conpound or a_di a The, di, sk basket . reagtors.ar

di sti ngui shedm%ﬁr%g'lg gé? 91{6 hél]i%,fer%)]l§ﬁofnolr1'gg ?oels‘lgé’ naiﬂ C“??}Yr&{,%r‘%é?o ﬁo% de in
t he vacuum a wer.y4.l arge surface area that is constantly renewed. In terns
of geonetry, the disk or basket reactors are formed according to the nelt
viscosities of the products. Suitable reactors are described, for exanple,

in 20 DE 44 47 .4 . 02/ 44 02/.85967 ~.ar ER-A.1 253.163, or

tw n-shaft r%ell%% 1(%)? gg Sséb\s{péor e e@gﬁ?%%vbgyﬁnﬁéiﬂ%%ggf %@f %’}&arbﬂ?zen%oqhigaglgﬁ%%nat es,
i ncl udi ng ol i gagersk@eah @dasiet be disk|reatdrahaesd & iniBé 8hs-stad® frockdife in two

pol ycarbonates are generally conveyed by neans of gear punps, screws of 25
di fferent typbaskefordiiskyeacdeirarengndmans bﬁﬁlndt@p@bﬁral type. Particularly
suitable materials for the production of the apparatus, reactors, pipes,

punps and val ves are stainless steels of the & N (M) 18/ 10 type and

N -based al | g}& v@poury BOnLCall Bicrprdb &S Stapee aleSindh€1iMSEdrdiim L oTf, RONEAES and
tenperatures of about 290C, 30 and N -based alloys are used at process

tenper at ures ¥o8id wodVierkieow is| zenpralip coumd-opd by shisillating inrasderttpachieve
bl gnar o I N AGE L 08, )L LS 0 °

| ow content o ar wel g 0 rtuents ' i's 0 I gto

step (b) by the&oadiflitiocomMPf10a 1f002B0NIAaTERbvaRNdaRE GEslafidH) dfothet Sgpaksidd | N at
| east one foam degassing step bg division of the polycarbonate nelt into
partial streamonglydsoxyaryl eosnnepnd gaehe mepst parepfasmspessiblanis pvvioushBomcape of

the priesent | YEOREOna JediSicr CRARERE vl \W BASSHIRY YT BboionSk bent s
used directly in the preparation of a dihydroxyaryl compound or a diaryl carbonate.
15
The disk or basket reactors are distinguished by the fact that, with long residence
times, they provide in the vacuum a very large surface area that is constantly
renewed. In terms of geometry, the disk or basket reactors are formed according to
the melt viscosities of the products. Suitable reactors are described, for example, in

20 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.

The oligocarbonates, including oligocarbonates of very low molecular weight, and
the polycarbonates are generally conveyed by means of gear pumps, screws of

25 different types or displacement pumps of a special type.

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 temperatures of about 290°C,

30 and Ni-based alloys are used at process temperatures above about 290°C.



| ess than 200 ppm preferably I ess than 100 ppm The | ow nol ecul ar wei ght
constituents to be renoved according to step (c) include 10 nonohydroxyaryl
conmpounds, di hydroxyaryl conpounds and di hydroxyaryl carbonates, for
exanpl e phenollLe BidgHénol A and di phenyl carbonate. The process according to
the invention allows the polycarbonate nelt to be degassed by |owering of
the partial pressure while largely suppressing the harnful re- 15 formation
of the nononers and wi thout a substantial jgncrease in the nol ecul ar wei ght.
A maxi mum of 100 ppm of | ow nol ecul ar wei ght constituents are re- formed. In
addi tion, the nolecul ar weight of the polycarbonate increases by a maxi num

f 2000 g/ nol . dyring the d i ding to st Eff ecti
degassing. whi | SRR B O BEREREIA SRS T AE CLHER () LRPGEHEE e of
the melt 20 i maAvapUO1dw chREEIJT6w RESBHES WeibREBNGuage I oligindd 468rdiRe t1e

melt and the nelt ~streamis passed through one or nore inlet openings into
t he separ ati ngstgedydly thakddtion ef efoaning agery andacdudagdod ntgpuesmedt least one

Tol ¢ 19y kedopm Srepeib e byt bRot B eatirte et SR g aac e
partial psessugel af bl NewHelAthe! Re RS YARGS $hd &opelol&“%@;y&geﬂt $nvedBon, a low

additionally | owered. The fooam ng agent is generally a readily volatile
subst ance havi ¢egteat bf tpw maprsular weight somstitueBbsairiunderstood lae mpahing ardooteat ef nel t

is initiated t.he high vapour .pressure f the foam ng agent. The foam
bri ngs about %?&H@%@Wﬁ?ﬁ&@@é@ St?‘ﬁ“%%‘??%@e area, 30 which is
advant ageous for the degassing. In addition, a |lowering of the partial

pressure of the residues of solvent or of other volatile constituents in the
pol ymer is Le TFheglpwomslecular weighé constitientstthebegamoperhawonting trestee farintlode as a

result of which | r residual contents.of volatile constituents are jn
br i et pi 401 o RoRSHBEEPRED! AfSPRRFEy ST et vt SEseRe o
i nert gases anghfifnatdsOfét Barisle Bhé&ol AdPh¥nol A ks dipRényl BabLERAM NY agent .

Exanpl es of suitable foam ng agents are nitrogen, carbon dioxide, water,

met hane and helium The foam ng agent used is particularly preferably
water, carbon gl oXl 88 afcomdinl A9 i8NG 8 W oR e pol AlbotarR it B2 dbeassed
by lowering of the partial pressure while largely suppressing the harmful re-
15 formation of the monomers and without a substantial 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 the partial pressure with a short residence time of the melt
20 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 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

25 additionally lowered.

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 increaée in surface area,
30 which is advantageous for the degassing. In addition, a lowering of the partial

pressure of the residues of solvent or of other volatile constituents in the polymer is



nitrogen. 10 Wthin the scope of the present invention it has additionally
been found that the success of the degassing is substantially increased if
t he foam degadsiAgoovdscarried out several tinmes in succession. To that end,
a foam ng agent according to step (b) is added before each foam degassi ng
step (c). Wen carrying out the degassing in several stages it nust be
ensured that the residence tinme remains |pw overall, in 15 order to prevent
undesi rabl e post-pol ynerisation, re-formation of | ow nol ecular weight

subst ances, discolouration and degradation. A short residence tinme is to be

achieved by a i tahl e, configurati.on of the apparatuys. _|f the foam degassing
is carried oﬁ?ﬂéftﬁ‘?éﬁ\}g? i §edf tﬁ?‘néeﬁal’iﬂ%i u%llre@ta@%é"’hb%‘ ﬁ’d‘ferrfé%‘é arily
have to be capfiRd oPYblalilt BH&RhEMs 5R%n 3ARBHIREBEExpdoRRENdI NG ON the
application, i.e. depending 20 on the t rou%hput, t%e viscosity of the

product and the tenperature, the stages nmay be carried out differently in

respect of the division of.the. tial .streans, the anpunt . of foan ng
agent, the telﬁiblpﬁﬁlgﬁ%o%ﬂﬂmﬁglqg‘ia@é?ﬁ BIhge o H@WF%@%BH“HE& pieierehider to

i nprove tfe di i 1 i { A |
pol ycar boshnat e ugnﬁf%ﬁh?ﬁbeﬁg?%g%%??%%\dp? eoqs?%l%%q%fm xegggceg%%gée%gélggg géﬁby a
sui tabl e devidiexidd, owatex ampthana prde&slime- fhe nfoaming ggeel uedois pattioniatlyl e. |t

is knowmn to the g son skilled in the art that, as the pressure increases,
a larger annurli’ifef?)‘]l?1 Vestess icpbons iogidsn ek nitsoEeBean JeBY watictirly prefrablgy The
f oam ng agent iit§0égg';spersed in the polycarbonate nelt in step (b). A static

m xer 1s prefer y used for dispersing and dissolving the foam ng agent.

Conventional LeA36945 -12- enbodi nents of static m xers for m xing

hi gh-vi scosi t ol ycarbonate nelts are sufficientl |l kngwn fromthe
prgl:gor _ar}o. Théyglﬁlﬁt e Sﬁ‘i’B?e?fe Meehresenh iyveptien _tlth]%&ls %‘{dﬁtﬁ@%\ﬁ)’ dech ?%ﬁ‘déw thexer ,
whi ch is descrg,Qed bﬁth@ﬁe?hésing{)ﬁfsuﬁ%ﬁ{lﬁh? nérBastf i hesfbﬁﬁ%g?sgﬁg Uik 34t

M schen in der Kunststo erarbei tung und’l-herste ‘iung, 5 verarbeiter
11(43), 1992. o8t stverml tinee irsswwcestoni Mg thad ek a0P4mRFHhgent ddSrdthg304tef44) I8 can

o o0 Preterablopbe, uoed, oLt odLar B Sler ETCRLS Jhven 18 A S mxer
several stages it must b_e ensured that the residence time remains low overall, in
15 order to prevent undesirable post-polymerisation, re-formation of low molecular
weight substances, discolouration and degradation. A short 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
20 on the throughput, the viscosity of the product and the temperature, the stages may
L be carried out differently in respect of the division of the partial streams, the amount

of foaming agent, the temperature and the diameter of the outlet openings.

In order to improve the dispersion and dissolution of the foaming agent in the
25 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 pressure increases, a larger amount of a volatile

substance can be dissolved in a melt.

30 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



m xing el ements, the free inside dianeter very particularly preferably
reducing in a cascade-like or step-like manner, for exanple, in the
direction of flleqawsebgasmterial 10 through the mixer. In order to inprove the
di spersion and dissolution of the foam ng agent in the polycarbonate nelt,
the pressure in the static m xer can be increased by a suitable device, for
exanpl e a pressure-nmmintaining valve or a,yJhrottle. It is known to the 15
person skilled in the art that, as the pre&ssure increases, a |arger anount
of a volatile substance can be dissolved in a nelt. The nature of the

pol ycarbonate nelt on entry into the inlet openings according to step (c)
prior to the cBIbPépments of satic mpixgrs| {pr trpiking Bighridtcosity pakyceboraie englisadres, i s
20 critical t t i.n ahi Li f the
process. The %%@%??ﬁ§§?§§%§§?i%ﬁ?i@?ﬁﬁgﬁg%%ss u%ﬁﬁ §%§§%Pﬁ%%ga &%gﬂpFe

conponents, i gehatdiengl theSM¥amixeg walnis, dedértbedompiiigl for dxampley edl Axgbor e
the relieving. Conplet elég/ di.ssolved within the scope of the present
i nventi on nearignchatStatisehgsoMisetiaporiat demdfunstsirifisrarogiungl end phhersteling, ur e

bol ycar nonat e eI CERa CEIAY 9B s, Plactt et BRD 7 BRI 0F 851 e

inlet openi ng394l6a4(Meki 8lgd dreferablsy Heo@sdil MBara@an preftadncbas give@ o Bh $BAXI N
shoul d be conpl et el di ssol ved. The ampunt of foam ng agent, the pressure
and the tenpemakenr Whescelreninsgly ¢nmsisn varey aong the ankegomgesount of difapinst el y

di ssol ved in the. pal f a .10 re r.e t ture necessary

for the conpl éflgmgie%%%%ﬁ?}genhg ngl%adrl%lflgtﬁﬁpg?&%éﬁ@ggﬁqg’ Rr%@a%yﬁéﬁ‘fm%fn foam ng
agent depend easchiielik@ bt ktep Qike th@mb vt BEnAIENh. the Wirt&ida"eMlow @f nidi&ifer son

skilled in the art that, at a given tenperature of a polycarbonate nelt, the
maxi num bl ubti@oagibih§tiger- a f oam ng agent increases as the pressure rises. 5
The foam ng agent should be so chosen that only small anmounts are sufficient
to bring about considerable foam ng of the pol ycarbonate nelt after

pressure reli @éyiod@er ©NingRbYY thehdRpébeni Mdedis@paivnngs theVdahiine bpentsiaompe of
the process according to the invention, a small anount neans that from 0.01
to 1 wt./o fo@eieabapenmmeltyscpregtyre 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
15 person skilled in the art that, as the pressure increases, a larger amount of a volatile

substance can be dissolved in a melt.

The nature of the polycarbonate melt on entry into the inlet openings according to
step (c) prior to the relieving, specifically the presence of one or more phases, is
20 critical to the success of the degassing and the stability of the process. The degassing
is particularly successful when all the volatile components, including the foaming
agent, are completely dissolved before the relieving. Completely dissolved within
the scope of the present invention means that the polycarbonate melt forms a single-
phase mixture with the solvent contained therein and the added foaming agent. The
25 polycarbonate melt then 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 agent, the pressure and the temperature are so
30 chosen that the foaming agent is completely dissolved m the polycarbonate melt.

The pressure and temperature necessary for the complete dissolution of a particular



the polyner mass, is added to the nelt, particularly preferably from0.02 to
10 0.5 wt.% very particularly preferably fromO0.05 to 0.3 w.% Despite
this small adeuwB6of5foam ng agent, the relieving is carried out with

foam ng of the polycarbonate nelt. The vapour pressure of the foam ng agent
for the tenperature prevailing at the entry 15 into the inlet openings of

t he degassing step (c) at the established;ygoncentration of foam ng agent in
the nelt is from1l to 100 bar, preferably Tfrom2 to 60 bar and particularly
preferably from 10 to 40 bar. Before, during or after the addition of the
foam ng agent, the carbonate nelt can 20 be heated or cool ed,
preferably heé’f@&.tgﬁl"é‘i‘l@%‘iggﬂt DR Paths Rrtws A dherfpapiieg agead It ygenm to
pressure of t il : , . i i p.the
Ubsequent dequislrdt RO o 3 bR DL AP aBbd O Bt Lo s
is nore sinplneaxiBumtsabibée ap@art af afoahing hgai inegeasss asahd pregsuse fisglsy car bonat e
nelt are known to the person skilled in the art, for exanple tubul ar heat
exchangers, plate heat 25 exchangers or heat exchangers having static

m xers. ef erghl e, BBk I I Lnt, of
addi ti onp%f ”’]Igll% f%Sa(%)n:;it{rinl%na iaqtgentuﬂ% gé g?\% ? ?f@ﬁtth gp?rﬂgesfﬂr@e%m%%g%g% ﬂgég%::lgrtai ng to
step (c) is nokingmbeuttdoasiderhble Gparpingffrtad byl yeaabonats metthudier PRESurd fedieving
tenperature of the pol ycarbonate nelt _30 on entry into the inlet openings is
preferably fr&hMudaniothsdplet operingse Jishipyhe seapecnfdhe procesmaceensiong t tsoC,
Furt her heati : e r -14- _en i.nto the
i nl et openi ngggYeglEgItrliPa r@ﬂgL%g%gﬂ%éggﬂgﬁﬁgﬁ gggé%}r%gﬁ%? ggméf)%g?tbf)%sggp H for
exanpl e, heat ald oty smasse ibiseidedsiot the mblteparipelailngsrefnsbly efdravo.09 to
mepbers. The tenperature difference between the entry into the inlet

openi ngsltind theWens r¥ery Regiculapy pretseably dhogn Ydoster 0.3sWhteRgspl (hipsmalor e
than 100C, parti rel [ |y, . e - AC i tp _step
(c), the pol ycaéﬂrq(tglg{ngotfeyoﬁa%n?g iearggflllchttpg u%:lee\aﬂgﬁi% oc%‘ngﬁep(gl?aqfv %tﬁ\gfo\%fengﬁs‘%%f @ﬁrough
i nl et openi nggolyeathdnite alelist reans of fromO0.1 to 20 kg/h, preferably from
0.125 to 10 kg/h and particularly preferably fromO0.15 to 5 kg/h.

The vapour pressure of the foaming agent for the temperature prevailing at the entry

15 into the inlet openings of the degassing step (c) at the established concentration 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.

Before, during or after the addition of the foaming agent, the polycarbonate melt can

20 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 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, p}ate heat

25 exchangers or heat exchangers having static mixers.

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 polycarbonate melt
30 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



10 The pol ycarbonate nelt is relieved into a separating vessel having a | ow
pressure of from0.1 to 20 nbar, preferably fromO0.3 to 10 nbar,
particularly pnefgrglbhy from 0.5 to 5 nbar. According to the invention, the
t enperature of the polycarbonate nelt on entry into the degassing vessel is
from 250 to 340C, preferably from260 to 15 320C and particularly
preferably from270 to 300C. The pol ycarbOﬁ te nelt is introduced into the
separating vessel through the inlet openi ‘875 from above. Accordingly, the
inlet openings are located in the upper region of the separating vessel.
The inlet openings are arranged in particular in one plane, 20 but they may
al so be arr angesiry intgithe @fas eperphgmiesniry inthdhaigqaessingyessel inhlso pessitde plafat i ng
vessel . The inlet eni.n t as relieving, nmenbers. i.mport ant, desi gn
criterion for teﬁ%lggpe’ Eéeﬁti%i%ﬁli)ﬁs AR SY &s e ﬁheé OBfiLg ?ﬁqﬁehggn%%@@%sﬂh%
thereby. The prapsdtitard @SSrdnse BbtiRRn ROl RS M4 BRP %Péﬂinékf arkdNBie RRIY 785

melt, which is dependent on the product type, tenperature and the
concentration dlie sappreting eessohistnirefesbls netndofedhm hY0°4Y eatticutatig prefamblygiput

and the geonetry of the relieving menbers. The rel ationship between the

di aneter of th&@¥en 0 nass flow rate, the viscosity of the polycarbonate

nelt and the pressure loss is known to the person skilled in the art. Wen
interpreting the 30 pressure |oss, the person skilled in the art can

di sregard the efdcemtingfo dtdye(cgnthe dohichionae @il is Setrédidbd aflo akbRir iRl Askddn
according to known rules of technology is possible. LeA36945 -15- The
pressure | oss dheughibe epeaines H&tpattlr?g s af &opy Bdster 0 befhopeefaablyyfromt o

the inlet open i ffi:Cl i \be{gt f i ng before entry
int(o the inlet Wolggﬁt?rlngé(%%Sg’lr%ﬁ%téﬁ%@é‘g%%am%@g p at((:)e il the melt has
ent'ered tfe inlet openings. 5 Suitable inlet openings are, for exanple,

bores or slots, called nozzles hereinafter, in a plate (also referred to as
the nozzl e pl atldp pokgsashonate malt is relicyed Bitg ajsaparpiing vseal dpving @rlew pressererdzz| e

pl ate. The pla i hnci [ S,...kn refers.e

enbodi nent of tﬁﬁg{rg%ﬁo%?s(gﬁfgg%ﬁ ¢ I %Q%%’%ox?hwé3 itta\}gnn?%h?a‘#ﬁuelg%gp fﬁf%rﬁglycljféom

streans of the opploysabhoneterdifg th thy Rveah, giitcaperbtifOshe POFZirBSnatdmaltpl at e
on entry into the degassing vessel is from 250 to 340°C, preferably from 260 to

15 320°C and particularly preferably from 270 to 300°C.

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 particular in one plane,
20 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 design criterion for these
relieving members is the pressure loss produced thereby. The pressure loss is given
25 by the viscosity of the polymer melt, which is dependent on the product type,
temperature and the concentration of volatile constituents and foaming agent, the
throughput and the geometry of the relieving members. The relationship between the
diameter of the bore, the mass flow rate, the viscosity of the polycarbonate melt and
the pressure loss is known to the person skilled in the art. When interpreting the
30 pressure loss, the person skilled in the art can disregard the effect of the entraining

agent, so that an interpretation according to known rules of technology is possible.



arranged horizontally. The bores open directly into the separating vessel,
in which a |ow pressure prevails. Preferred nozzle dianeters are fromO.8
to 5 mm partiledd6P¢S preferably from1l to 4 nm 15 Tubes nmay al so be used
as the inlet openings. The tubes are preferably arranged vertically, and

t he polycarbonate nmelt flows through themfromtop to bottom Preferred
tube dianeters are from4 to 20 nm partigylarly preferably from5 to 15
mm 20 In a farther preferred enbodi mrent of the process according to the
invention, the tubes are used as a heat exchanger. To that end they are in

ticul [ he f f | | I d ded b
heat - trans er Thearonre iferBrafBt SuenhaHE b Rull Prfie PP dRodlnistsi ng
vater vapour @pedlf@ isshfHSnes hH to\RBRIE foatlify bEBE dhiryThiotthe i1t enings.
preferably from 300 to 2500 mm particularly preferably from500°to 25 2000
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forms only at the outlet side of the tubes to the separator, i.e. at the
inlet openings of the separating vessel. The dianeters of the tubes are
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using a tubul ar heat exchanger 10 provides a preferred method of heating or
cool i ng the pdbwmpesssurelprevails Riefsoed berrle Hiamstanpatedram 0.8 to 5 mm, particularly

preferably from 1 to 4 mm.

15 Tubes may also be used as the inlet openings. The tubes are 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.

20 In a further preferred embodiment of the process according to the invention, the
( tubes are used as a heat exchanger. To that end they are in particular in the form of a
parallel bundle and are surrounded by a heat-transfer medium, preferably a liquid
heat-transfer oil or condensing water vapour or heat-transfer oil vapour. The length
of the tubes is preferably from 300 to 2500 mm, particularly preferably from 500 to
25 2000 mm.

The 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 may be narrowed by
30 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



The di stances between the inlet openings, neasured frommd-point to

m d- poi nt, and accordingly the distances between the partial streans on
entry into thge A36%gparati ng vessel, are fromb5 to 50 mm preferably from
10 to 40 mmand particularly preferably from15 to 25 mm The resi dence
time of the polycarbonate nelt in the separating vessel nust on the one
hand be sufficiently great to aIIOM/adeqygée degassi ng. On the other hand,
20 however, it must not be too great, so “"not to inpair the quality of the
pol ycarbonate. The residence tinme of the nelt in the separating vessel in
step (c) is preferably not nore than 10 m nutes, particularly preferably
not nore than oufehphihedsbe, e fhoughput avethe anprmdtion of volktilcheonstituews ot the

according to t.he, | i t resi dence, ti can be influenc b i de
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nmelt. 30 The guide elenents may consist, for exanple, of perforated sheets,

profil ed sheetdametgisradshe ybpeansareferagly fromid ©H) msn, padicnbwly peefatablt frops
havi ng any desir cross-secti.on LeA36945 -17- and the |ike, the quid
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1095960. It is particularly preferred for the guide elenents to be in the
form of wred wwi2hkglhe arranged substantially horizontally in the
separating vessel. 5 Degassing of the polycarbonate nelt is considerably

i nproved thereby, without the occurrence of harnful back-cleavage of the
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the wires do not touch one another and are arranged substantially

hori zont H} | y. rsetidesaapreftirsd msthodortlelative o codling the poheneoogs asfdestrébedr esent
i nvention nea xi mum devi ation fromthe horizontal of 20. In

parti cul ar, Fe wires shoul d not touch one another, for exanple by
crossing. It is possible, for exanple, to provide a plurality of wires in a

plurality of planes, neither the wires of one plane nor the wires of
different pla distansss xgtween the inlet openings, measured from mid-point to mid-point,

2 reglilb

and accordingly the distances between the partial streams on entry into the
15 separating vessel, are from 5 to 50 mm, preferably from 10 to 40 mm and

particularly preferably from 15 to 25 mm.

The residence time of the polycarbonate melt in the separating vessel must on the
one hand be sufficiently great to allow adequate degassing. On the other hand,
20 however, it must not be too 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.

25 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 surface area of the

polycarbonate melt.

30 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



one another. If a plurality of wires are provided in a plane, they may be
arranged 15 substantially parallel to one another. The wires of a plane
shoul d in partjculsrgsgave an angle of not nore than 20. Mreover, if a
plurality of planes of wires are provided, the wires of different planes
may be at any desired angle relative to one another. The wires of different
pl anes preferably forman angle of not nore than 180, particularly
preferably of from30 to 150, very partic‘:&?arly preferably of from20 70 to
110. If the individual wires of a plane are not stretched in parallel, the
twisting angle of the wires of different planes is determ ned by nmeans of
the median | iaaﬁth@ﬁledf élneeguiée i:lsmgiltvemfcnabwibe'ag dianged)substintiatiyt lorizofitaflyom 1
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wi th ot herw seof slemds] fiéitheg thedxelres of one plane nor the wires of different planes touching
one another. If a plurality of wires are provided in a plane, they may be arranged

15 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 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

20 70 to 110°. If the individual wires of a plane are not stretched in parallel, the
twisting anglé of the wires of different planes is determined by means of the median

line.

Preference is given to wires having a diameter of from 1 mm to 5 mm, particularly

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

gas space and the polycarbonate melt can take place. With vertically arranged wires,



el enents, to a major hold-up, to greater |ayer thicknesses and | onger
residence tines. 15 In the separating vessel, the polycarbonate nelt falls
downwar ds intqcasgmasand is drawn off fromthere by a suitable discharge
menber, for exanple a gear punp or a discharge extruder. Discharge is
preferably carried out by nmeans of a gear punp. The bottom of the
separating vessel is preferably in conicaH formwith the tip 20 pointing
downwards. The angle of the cone relative £6 the horizontal is preferably
from20 to 60, particularly preferably from30 to 45. In the case of very
hi gh throughputs (for exanple greater than 12 tonnes per hour), it is also
possible to chogseheldawnsfihighly iveasouspalpinghmel eath Girmoimunfaviohmbieagsai.¢.ng

| i sts of | ur.al.ity of , h of .which h di sch
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The volatile constituents separated off thereby, a considerable proportion
of whi ch consivetightagindtthe retifermation af yoletil e canstitients. Allitbisprapdesdsfrimentalple f ed
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(a) is preferably from 100 to 450 ppm he catal yst in step (a)

pref erably dedetdenay édptodutche negoremild-up cftpolagionse melt 24 the gepionabf the
deactivated by heat. The activity of .t he. catalyst.].s so reduced thereby that
the react fon uiaigiig orieidh FF bintobitT A Ayl 28 ppBrd il 68t 1 0
avoi d a furtheparigaks MhdBnelifRirtched Wirek %ﬁﬁk%@oﬂo%%ﬂdbéém‘aﬂorﬁopﬂﬁfi%%ed 10
empbodi ment of the invention to add an inhibitor to The I't. This is carried
out espiti al Isgramdreand hecoodingly yest effertiselypin¢miselamrinc atvecir theacichamgeed t o
the extent of at, .l.east 80 w.% Inhibitors are understood to be conpounds

that inhibit tlﬂ%telﬁ?lneti cs of chemcal reactions in a decisive nmanner.
Qual i ty-reduci ng changes to the pol yner

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.
15
In the separating vessel, the polycarbonate melt falls downwards into a sump and 1s
drawn off from there by a suitable discharge member, for example a gear pump or a
discharge extruder. Discharge is preferably carried out by means of a gear pump.
The bottom of the separating vessel is preferably in conical form with the tip
20 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 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.
25
The low molecular weight compounds separated off in step (c) can be freed of the
foaming agent and fed to working-up. The volatile constituents separated off
thereby, a considerable proportion of which consists of the diaryl carbonate used in
the process, can be fed back into the process for the preparation of the

30 polycarbonate.



can thus be avoided. For exanple, it is necessary to add inhibitors after
the 15 preparation of polyners, which still contain nononers and reaction
products once 1tRhesgedsyneri sation reaction is conplete, in order to reduce
the content of Tow nolecul ar weight conpounds by thernal processes.

Sui tabl e inhibitors for polycarbonate prepared by the nelt
transesterification process 20 are preferably acid conponents, such as
Lewi s or Brnstedt acids, or esters of stfdgg aci ds. The pKa val ue of the
acid should not be greater than 5, preferably less than 3. Exanpl es of

sui tabl e acid conponents are: ortho-phosphoric acid, phosphorous acid,
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oxal i ¢ acid, hCc acid, salicylic acid, formc acid, acetic acid, adipic
acid, citric acid, benzenesulfonic acid, toluenesul fonic acid,
dodecyl benzenesul fonic acid and all other phenyl-substituted

benzenesulf oni ¢, aci nitric.acid, terephthalic acid, is thal ic acid,
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phosphoric acid esters, phosphorous acid esters, phosphonic acid esters,
dimethyl sulfate, boric acid esters, arylboronic acid esters and ot her
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15 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 compounds by thermal processes.

Suitable inhibitors for polycarbonate prepared by the melt transesterification process
20 are preferably acid components, such as Lewis or Bronstedt acids, or esters of strong
acids. The pKa value of the acid should not be greater than 5, preferably less than 3.
Examples of suitable acid components are: ortho-phosphoric acid, phosphorous acid,
pyrophosphoric acid, hypophosphoric acid, polyphosphoric acids, benzene-
phosphonic acid, sodium dihydrogen phosphate, boric acid, arylboronic acids,
25 hydrochloric acid (hydrogen chloride), sulfuric acid, ascorbic acid, oxalic acid,
benzoic acid, salicylic acid, formic acid, acetic acid, adipic acid, citric acid,
benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid and all
other phenyl-substituted benzenesulfonic acids, nitric acid, terephthalic acid,
isophthalic acid, stearic acid and other fatty acids, acid chlorides such as
30 chloroformic acid phenyl ester, stearic acid chloride, acetoxy-BP-A, benzoyl

chloride, and also esters, semi-esters and bridged esters of the above-mentioned



chloride, and also esters, sem -esters and bridged esters of the
above-nentioned acids, such as, for exanple, toluenesulfonic acid esters,
phosphoric acild £86€045, 15 phosphorous acid esters, phosphonic acid esters,
boric acid esters, arylboronic acid esters and ot her conponents that
generate acid under the influence of water, such. as

tri-iso-octyl phosphine, Utranox 640 and . There are particularly
preferably suitabl e ortho-phosphoric aci pyrophosphoric 20 acid,

pol yphosphori c acids, benzenephosphonic aC|d benzoi c acid, benzenesul f oni ¢
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15 phosphorous acid esters, phosphonic acid esters, boric acid esters, arylboronic acid
esters and other components that generate acid under the influence of water, such as

tri-iso-octylphosphine, Ultranox 640 and BDP.

There are particularly preferably suitable ortho-phosphoric acid, pyrophosphoric
20 acid, polyphosphoric acids, benzenephosphonic acid, benzoic 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,
phosphoric acid esters, phosphorous acid esters, phosphonic acid esters and other
25 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-
30 mentioned acids, such as, for example, toluenesulfonic acid esters and phosphoric

acid esters.



preferably added in liquid form Because the anbunts to be added are very
smal |, solutions of the acidic conponents are preferably used. Suitable
solvents are fhoses opdich do not interfere with the process, are chemcally
inert and evaporate rapidly. 15 Exanples of suitable solvents are water or
met hanol . The tabl e bel ow shows, by way of exanple, the concentrations of
vol atile constituents in various polycafgfnate sanpl es prepared by the nelt
transesterification process according to step (a). Phenol is the

nonohydr oxyaryl 20 conpound, diphenyl carbonate (DPC) is the diaryl
carbonate and BPA (bisphenol A) is the dihydroxyaryl conmpound. Relative

vi scosity ppm ppm phenol ppm DPC ppm BPA OH end groups 1.2 330 65 570 5

1.2 500 95 52Q,12_.1. 295 300 .190.4 . 1.295 400 45 170 8 _The present
i nvention al sﬁhsml?%%&a? 8#%21%51?%&1&“@2 (ﬁ(ﬁw%ﬁa_ﬁ%gpbﬂm@%ﬁs@uﬁy 25
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extrenely |low content of cations an ions of in_each case not nore than
60 ppb, Pr of cPHBFS ERCHGAE {ty psigt ﬁ’l&ﬁépaw cuﬁar“f%}m ? PyeThrearadas ot
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al kali and al kal'i ne earth netal cati ons, Ich©originate as Inpurities from
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such as Fe, N,
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prief er ablly notrenwatile hramvaculing prinich ik esseniilad ot the @vdpoeatenirand aratheardifficts of
Impurities in tcE Q jusetqtl) ){}?earrlgzggs%;yeéonggr%mﬁ%ng }Jnr t%e polymer. The acidic components are
preferably added in liquid form. Because the amounts to be added are very small,
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.

15 Examples of suitable solvents 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
transesterification process according to step (a). Phenol is the monohydroxyaryl

20 compound, diphenyl carbonate (DPC) is the diaryl carbonate and BPA (bisphenol A)
is the dihydroxyaryl compound.

Relative viscosity | ppm ppm phenol | ppm DPC ppm BPA
OH end groups

1.2 330 65 570 5

12 | 500 95 520 12

1.295 300 35 190 4

1.295 400 45 170 8

The present invention also provides the thermoplastic polycarbonates obtainable by

25 the process according to the invention. They have residual contents of less than



raw materials are used. Such pure raw materials are obtainable, for exanple,
only by purification processes such as recrystallisation, distillation,
precipitation with 15 washing and the |like. The anions that are present are
ani ons of inokgdmt&cO4ici ds and of organic acids in equivalent anounts (e.g.
chloride, sulfate, carbonate, phosphate, phosphite, oxalate, etc.). 20 The
pol ycarbonates are al so di stinguished by the fact that they contain no
detectabl e anounts of incorporated cl eayage or deconposition products with
reactive end groups, which are formed during the transesterification
process. Such cl eavage or deconposition products are, for exanple,
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In order to achieve minimal amounts of impurities in the 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

15 washing and the like.

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.).
20

The polycarbonates are also distinguished by the fact that they contain no detectable
amounts of incorporated cleavage or decomposition products with reactive end
groups, which are formed during the transesterification process. Such cleavage or
decomposition products are, for example, isopropenylmonohydroxyaryls or dimers

25 thereof.

The mean molecular weights that are obtained are from 15,000 to 40,000 g/mol.,
preferably from 18,000 to 36,000 g/mol., particularly preferably from 18,000 to
34,000 g/mol., the mean molecular weight being determined via the relative
30 viscosity. In particular, polycarbonates having a relative viscosity of from 1.18 to

1.22 are obtainable by the process according to the invention.



to influence the visual inpression (e.g. organic colourants, pignments) or to
adapt the properties of the polyners to particular stresses (inpact

nodi fiers, fihelAy3&945 ded 15 mnerals, fibrous materials, quartz flour,

gl ass fibres and carbon fibres). The diaryl carbonates suitable for the
reaction with the di hydroxyaryl conpounds are those of the formula RR R
R Il R R 020 wherein R R and R }gch i ndependently of the other
represents H, optionally branched Cl-C34-allcyllcycloallcyl,

C7-C34-al kyl aryl or C6-C34-aryl and the two sides nay be different. R may
al so represent -COO-R'', wherein R'"' may be H, optionally branched

d - C34- al kyl /cycl oal I cyl, C7-C34-al kylaryl or C6-C34-aryl. 25 Such diaryl

carbonat es ar he Qléteﬁtx endigg&ag tﬁ@?age até@$&&hga§%xédr9§s§r}x'me

carbonates an pheny ona o int orm of "a m xture,
wherein the positicois fmbmtlrﬂé) toed 5y bpogy prqfemhlytﬂnmnp]kﬁé)myol 400 pga, payiclierlas

desired, as well di | phenyl - phenyl carbonates and

di - (dlnethylpH@ﬁV&iy@QFg§h2%é§£I§P§o in the LeA36945 -24- formof a nmixture,
wherein tthe position of the nethyl groups on t he phenyl rings may be as
desired, 4-ethyl phenyl -phenyl carbonate, di-(4-ethylphenyl) carbonate, 4-

n- propylphenth@ﬁmnmhﬂmma%mnﬂﬂamawbyﬁﬂeqw@&@@mb@h&mghb thar inoediod, can be
4-isopropyl - phenyl -phenyl carbognate, gé4 i sopropyl phenyl) carbonate,
4-n-but yl phenToviskdnyith the usugh addivesyand added substenaee (5-2) abdhasy hybsances

jzi:??uf%LFCFp enypﬁﬂﬁhﬁyﬁﬁcar%%ﬁé?g%ﬁ%ﬁmﬁﬁﬁgggiX&%%?@yhknhg&@%?%carBonate

4 n pent yl phea&dltmheﬂydldm%smﬂeddded dmbs(aﬁce& mvﬁswbpagnhdn)themalséfﬁhafee(,e g
hexylphenﬁl-phenyl car honat e, 4-n- hexyl phenyl ) car.bonate
i dooct yil¥heny (Hﬁb/ﬁgﬂor@a@@«%ﬁ&tneﬂatah&e( ~ OJBREYF tgﬁé RYtowr %ﬁblbtyr{ﬁtgeheat and

4- n- nonyl phen nglﬂ‘

4- cycl ohexyl p?evnélt?b IBE&@%O %ﬁ{ﬁfgﬁ ﬁgt gssgd(ﬁ &%4%(1:6}2@%1%%%‘%%%%@0 rgger{gf e,

4- (1- net hyl -1 tqoim;ﬁy‘lfeaﬂlhylp)emhm%yh 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, finely divided

15 minerals, fibrous materials, quartz flour, glass fibres and carbon fibres).

The diaryl carbonates suitable for the reaction with the dihydroxyaryl compounds

are those of the formula

20 wherein R, R' and R" each independently of the other represents H, optionally
branched C;-Csg-alkyl/cycloalkyl, C;-Css-alkylaryl or Ce-Cas-aryl and the two sides
may be different. R may also represent -COO-R", wherein R™ may be H, optionally
branched C;-Cs4-alkyl/cycloalkyl, C7-Css-alkylaryl or Ce-Csg-aryl.

25 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 rings may be as desired, as well as

dimethylphenyl-phenyl carbonates and di-(dimethylphenyl) carbonates, also in the



phenyl carbonate, di-[4-(1-nethyl-I-phenylethyl)-phenyl] carbonate,

bi phenyl - 4-yl - phenyl carbonate, di-(biphenyl-4-yl) carbonate,
4-(1-naphthyl)-p e(y - phenyl carbonate, 4-(2-naphthyl)-phenyl-phenyl

car bonat e, di-%ﬁg%g-gﬁghthyl)phenyl] 15 carbonate, di-[4-(2-naphthyl)pbenyl]
car bonat e, 4-phenoxyphenyl - phenyl carbonate, di-(4-phenoxyphenyl)
carbonat e, 3-pentadecyl phenyl -phenyl carbonate, di-(3-penta- decyl phenyl)
carbonate, 4-tr_tyl phenyl-phenyl carbonat-@4-di-(4-trityl phenyl) carbonate,
met hyl sal i cyl at e- phenyl carbonate, di-(nethylsalicylate) car bonat e,

et hyl sal i cyl at e- phenyl carbonate, di-(ethylsalicylate) carbonate,
n- propyl sal i cyf&ﬁleoﬁynﬁ%fylw&%lﬁ%@b@m&d of ﬂle%%ﬁ g@w}&s %@@&g{ gﬁggﬂ e,
i sopropyl sal i cyl at e- phenyl ° car bonat €, (1soprop cyl ate) carbonate,

n-butyl sal i cyl magszheldyilredaﬁfhmyMEnylephenyhnaMmt@eli (%Mhylph&n}&hmnbnmtee&
I sobut yl sal i cyl at e- ar I sobut l'i cyl ate) .carbonate,
tert.- %ut yl salypcPW RB‘ M‘ﬁlyﬁ F%(S’H%\t?’e dl'gA'n(Hr%P% h% %‘%PP@?I Ariggpropyl-
car bonat e, é bgﬂsb@ét@)dlqm éb%ds BiRf )‘ébfb@ﬁﬁ@zz}/hsd%lt 1g1¥én§f ftlenyl

car bonat e. er r di aryl "conp phenyl” car bo
4-tert. - btt yI pbmrbgﬂatq:) ldedrh- but)épltmybtcer;bodate(M}sbbmtylphbmmwpiﬂyﬂmyibbna:ta,rchc(nat e,

bi ph | - 4-yl - b b te,

a- Ef% ny l.y|) : %aﬁﬁé{p}@%%{» n)‘é?%eem haaén@;fﬁgﬁéf it oabondle (G ¢ et -
- phenyl e ar, [

plroe}c e)r/red. yLeA é CZa%I%T é Péﬁ l?h%@% s chg&g g Eeﬁgéﬁ‘&%p@ﬁﬁm
resi dual cont ecdrbomte,t 41a- henplphémdi—phm rgakbanatep M@m-ﬁemglphmml): leatbloaste wds e

prepared. The conten % feraply 10 % particularly

D of or abi y 5 S4RNKV PP mﬁ&aﬁ%gp , Eidahosbbiatng rogets: ¢htsmBIoBA | he
di hydrox ryl ?&B'P ¥l e S ?ﬂgﬁ? from
1.02 to >11@ rrg pre %I%aa Iy %)&nr%()l?%jhlatgg} 1&526%}#] ey Bh?iél} ar gf’hengl
preferably f roarbdnaﬂiﬁ die(4dcy2hemflphenyBr garparate, c41(]a1ﬂe§hybﬂqﬂ1en3dbﬂhyl)1pﬂ1amy1—1. 06

Lgel'm-zgt Lnr) Ls o gog 10 O [gl(h)r/rgert}?ﬁyl%ﬁ/enyﬁal% enyl] ca:rblo%ateI glphgny? ytf-l eto
phenyl carbonate, di-(biphenyl-4-yl) carbonate, 4-(1-naphthyl)-phenyl-phenyl
carbonate, 4-(2-naphthyl)-phenyl-phenyl carbonate, di-[4~(1-naphthyl)phenyl]

15 carbonate, di-[4-(2-naphthyl)phenyl] carbonate, 4-phenoxyphenyl-phenyl carbonate,
di-(4-phenoxyphenyl) carbonate, 3-pentadecylphenyl-phenyl carbonate, di-(3-penta-
decylphenyl) carbonate, 4-tritylphenyl-phenyl carbonate, di-(4-tritylphenyl)
carbonate, methylsalicylate-phenyl carbonate, di-(methylsalicylate) carbonate,
ethylsalicylate-phenyl carbonate, di-(ethylsalicylate) carbonate, n-propylsalicylate-

20 phenyl carbonate, di-(n-propylsalicylate) carbonate, isopropylsalicylate-phenyl
carbonate, di-(isopropylsalicylate) carbonate, n-butylsalicylate-phenyl carbonate, di-
(n-butylsalicylate) carbonate, 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, 4-tert.-butylphenyl-phenyl
carbonate, di-(4-tert.-butylphenyl) carbonate, biphenyl-4-yl-phenyl carbonate, di-
(biphenyl-4-yl) carbonate, 4-(1-methyl-1-phenylethyl)-phenyl-phenyl carbonate and
di-[4-(1-methyl-1-phenylethyl)-phenyl] carbonate.

30

Diphenyl carbonate is particularly preferred.



menti oned diaryl carbonates. In order to influence or change the end groups
it is additionally possible to use a nonohydroxyaryl conpound which has not

been used to pngagéegBhe diaryl 15 carbonate used. It is represented by the
fol | owi ng genera ormula: R /I\ Owherein R R and R' are defined in

connection wth the diaryl carbonates but Rin this particular case nmay not
be H although R and R' may be H 20 Such_nonohydroxyaryl conpounds are,
for exanple: 1-, 2- or 3-nmethyl phenol, 2,/ 5'dinethy|pheno|, 4- et hyl phenol
4-n- propyl phenol, 4-isopropyl phenol, 4-n-butyl- phenol, 4-isobutyl phenol,
4-tert.-butyl phenol, 4-n-peetyl phenol, 4-n-hexyl phenol, 4- isooctyl phenol,
4- n- nonyl phenol , 3-pent adecyl phenol, 4-cycl ohexyl phenol, 4-(1-

thyl -1-ph t hyl ) -phenol . ~4- phenyl |, 4-p \ |
(1 napnt hy ) T2 WREROR RS BB ) ConEirel Wik (e FYRpHoR % s
salicylate, Et&xholﬁ%&bﬁ%}ﬁ%%g@ﬁnd%rﬂﬂﬁ{ by they 'w%}bfyt)re SeRERYdonfAkd G BE €

n-butyl salicylate,” 1sobutyl salicylate, tert” - yI salicyl ate, phenyl

sal i cyl at e andufppén2Pl %s giréferpbht €0 %hepBEOUarly FGefcfablf &r @neml verygparoultmdy
4-tert.-bytyl phenol, 4-is tyl phenol and 3-pentadecyl - phenol. A

monohydr o yarylegﬁﬂﬂﬁﬂﬁajgggto be chosen whose boiling point is above that
of 5 the nonohydroxyaryl conpound used to prepare the diaryl carbonate that
is enployed. The nonohydroxyaryl conpound can be added at any tinme during
the reaction.Bhdediom the dilgdaixlygryhdeepowid, thealilogh carhomgesadre tibeel ineacinmamt or  at

any desired pojpnt during the reactiaon. The anount_ of free npnohydroxyaryl
conpound nay b%tl g?moln%)t.ozl -%Q)mé’éa R e_ra)eqy §roat &40y -2f5r189r]|->(l’.aﬁtl‘{‘JTgaIb’(Prﬁ{9F4£X

based on the dhikdr GXKALY) mof OvaomRANAy ThA-AR G6.8URS: BAMALSE e sehanded

by .t he conconitant ‘use of a dia car ose base nonohydroxyaryl
conpound 1has aohiditydroxiyanyl icognppondit [tt haasd pestisiseto msenatiytdreaxyfathel alemmpound

of the diaryl carbonate that. is mainly used. Here too,
mentioned diaryl carbonates.

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

15 carbonate used. It is represented by the following general formula:

{ 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.

20 Such monohydroxyaryl compounds are, for example: 1-, 2- or 3-methylphenol, 2,4-
dimethylphenol, 4-ethylphenol, 4-n-propylphenol, 4-isopropylphenol, 4-n-butyl-
phenol, 4-isobutylphenol, 4-tert.-butylphenol, 4-n-pentylphenol, 4-n-hexylphenol, 4-
isooctylphenol, 4-n-nonylphenol, 3-pentadecylphenol, 4-cyclohexylphenol, 4-(1-
methyl-1-phenylethyl)-phenol, 4-phenylphenol, 4-phenoxyphenol, 4-(1-naphthyl)-

25 phenol, 4-(2-naphthyl)-phenol, 4-tritylphenol, methyl salicylate, ethyl salicylate, n-
propyl salicylate, isopropyl salicylate, n-butyl salicylate, isobutyl salicylate, tert.-
butyl salicylate, phenyl salicylate and benzyl salicylate.



15 the diaryl carbonate can be added at any tine during the reaction. It is
preferably added at the beginning of the reaction or at any desired point
during the redetAg6.945The proportion of the diaryl carbonate having the

hi gher-boi li ng base nonohydroxyaryl conmpound in the total amount of diaryl
carbonate used may be from1l to 40 nol.% preferably from1 to 20 nol. % and
particularly preferably from 20 1 to 10_§gL.%) D hydr oxyaryl conpounds
suitable for the preparation of polycarbonates are those of the fornmula 25
HO-Z-OH in which Zis an aromatic radical having from6 to 30 carbon atons
whi ch may contain one or, nore aromati c_nuclei, may be substituted and may
contain al i phatrplerenge igygivemitppHaiertcbytybphengls 4opoqatdphencl | aado?-preiedecdl-at ons
as bridging %g%ﬁs' 30 LeA36945 -27- Exanpl es of di hydroxyaryl conpounds
are: di hydroxybenzenes, dihydroxy- diphenyls, bis-(hydroxyphenyl)-al kanes,
bi s- (hydr oxyphenyl ) -cycl oal kanes, bis- (hydroxyphenyl)-aryls,

bi s- (hydroxyphenyl) ethers, bis-(hydroxyphenyl) ketones, =

bi s- (hydr oxyphAeﬁWnPhXQJPW?éﬂsCPHmO@n% A/ Roshep@yyhgsepilingeaint is above that of

3 By SOy R e hdnchy ML) Shoound wsed o prepare, fhe, diagyl cabonate Bt i5 oy oq
and hal ogenat Qﬂl;ﬂ@yddherheuﬁdﬂgdroliyﬁl@heémﬁwrﬁa&heodihdnedra@wwtﬂhe aenpouRds are

known fromthe prior art. 10 Preferred di hydroxyar ﬁl conpounds are, for
exanpl e: resortedotion, lt4s prefgraplsn pdded- atthe hegiyning of the reaction or at any desired

bi s- (4- hydr oxyphenyl ) - an LS- - di hyl - 4- roxyphenvl ) - t hane,
b1 5 (- hydr o ng e e ARG it O 83 Mon s RO BB e
phenyl - et hane, firchn D: 0020 tho Y peretable fidn 04-to 1oragiveydstd eh e d@hydrodyaRils- ( 4-
hydr oxyphenyl ) - 1-(2-naphthyl)-ethane, 2,2-bis-(4-hydroxyphenyl)-propane,
2,2-bis 1& (3-oeewleynd.4- hydr oxyphenyl ) - pr opane,

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

2, 2-bi s- (4- hydroxyphenyl ) - 1- phenyl - propane, 2, 2-bi s-(4-hydroxyphenyl) -
hexaf | uor o- pr opgnéghd ZodpdPéanSalédtbb XHaped HyemY lchnedniiinb Mbe HUA @Ryl carbonate

2 4-bis-(3,5- whose base monohydroxyaryl compound has a higher boiling point than the base
monohydroxyaryl compound of the diaryl carbonate that is mainly used. Here too,

15 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 of diaryl carbonate used may be

from 1 to 40 mol.%, preferably from 1 to 20 mol.% and particularly preferably from
20 1 to 10 mol.%.

Dihydroxyaryl compounds suitable for the preparation of polycarbonates are those

of the formula
25 HO-Z-OH

in which Z is an aromatic radical having from 6 to 30 carbon atoms which may
contain one or more aromatic nuclei, may be substituted and may contain aliphatic
or cycloaliphatic radicals or alkylaryls or hetero atoms as bridging members.

30



di met hyl - 4- hydr oxyphenyl ) - 2- et hyl - but ane, 1, 1- bi s- (4- hydr oxyphenyl)-cycl o-
hexane, 1, 1-bis-(3,5-dinethyl-4-hydroxyphenyl)-cycl ohexane,

1, 1- bi s- (4- hyqr-0x¥s4@5 phenyl ) - 4- met hyl - cycl ohexane,

1, 1- bi s- (4- hydroxyphenyl ) -3, 3, 5-tri net hyl -cycl o- hexane, 1,3 -bis-

[ 2- (4- hydr oxyphenyl)-2-propyl] -benzene, 1,1'-bis-(4-hydroxy-

phenyl ) - 3-dii sopropyl - benzene, g
1,1'-bis-(4-hydroxypheny|)-4-diisopropyli%ehzene, 1,3-bis- [2-(3,5

- di et hyl - 4- hydr oxyphenyl ) - 2- propyl] -benzene, bis-(4-hydroxy- phenyl)

et her, bis-(4-hydroxyphenyl) sulfide, bis-(4-hydroxyphenyl)-sulfone, bis 25
(3, 5- di net hy| -Exampthsoxf pddwitoxysmyl f eorepaainds are: dihydroxybenzenes, dihydroxy-

2,2',3,3 -tetrahydro- 3.3,3 .3 -tetra- methyl-1 1 -spirobi- [ 1Hindene] -5,
5 Zaiof - Part CEEVEy T I e D, O e AR kot C G
kA i) B SAASY
bi s- (4- hydr oxpihégtoxyihenylnaplfidey | hisdbydmeyphish)-culfangslr bisy(hydroxyphenyl)

h 1) -1 (2- ht.hyl ) = 2, 2-bi S5 (,4- hyd h | ) =
A e
1, 1-bi s- (4- hy dngratehsdfalogeneleaRemanaeleds. 1-

bi s- (3, 5-di net hyl - 4- hydr oxyphenyl ) - cycl ohexane,
1, 1- bi s- (4- hydroxyphenyl)-3, 3,5- trinmethyl-cycl ohexane,

él g(?lI ﬁyéfogfﬁﬁﬁqﬂgﬁhy _%‘iry%%ﬁélﬁﬁ@@ﬁg%%% grﬁé?etléri:%lagr preference is

given to: 4,4'-dihydroxydi phenyl, 2,2-bis-(4-hydroxy- phenyl)-propane and
bi s- (4- hydroxyphenyl) -3, 3, 5-trimethyl -cycl ohexane. It is possible to use
either ohe di Wyeflenry dihpidrexanand wwempowndshateh&orf examygtlé:ores@finoll 04,4'-dihydroxy-

formati on of BOBOHycHbERAEE ML atr Y no rroHEN D PP ORI
G e g1 oUp- S B ot . Caomn a1
di hydr oxyary!| rhempetings, mey!-hiss@-ydraxyplenyd)t h(-aahtud)-cthans ent s1.afbisfe
onohydr oxyar yl ;conpounels) £1 Qm Ml ClLReY Y6 84 R SRSy Bprdfie! £
15 (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)-
hexafluoro-propane,  2,4-bis-(4-hydroxyphenyl)-2-methyl-butane,  2,4-bis-(3,5-
dimethyl-4-hydroxyphenyl)-2-methyl-butane, 1,1-bis~(4-hydroxyphenyl)-cyclo-
hexane, 1,1-bis-(3,5-dimethyl-4-hydroxyphenyl)-cyclohexane, 1,1-bis-(4-hydroxy-
20 phenyl)-4-methyl-cyclohexane,  1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-cyclo-
hexane, 1,3-bis-[2-(4-hydroxyphenyl)-2-propyl]-benzene,  1,1'-bis-(4-hydroxy-
phenyl)-3-diisopropyl-benzene, 1,1'-bis-(4-hydroxyphenyl)-4-diisopropyl-benzene,
1,3-bis-[2-(3,5-dimethyl-4-hydroxyphenyl)-2-propyl]-benzene, bis-(4-hydroxy-
phenyl) ether, bis-(4-hydroxyphenyl) sulfide, bis-(4-hydroxyphenyl)-sulfone, bis-
25 (3,5-dimethyl-4-hydroxyphenyl)-sulfone and  2,2',3,3-tetrahydro-3,3,3',3"-tetra-
methyl-1,1'-spirobi-[ 1 H-indene]-5,5'-diol.

Particularly preferred dihydroxyaryl compounds are: resorcinol, 4,4'-dihydroxy-
diphenyl, bis-(4-hydroxyphenyl)-diphenyl-methane, 1,1-bis-(4-hydroxyphenyl)-1-
30 phenyl-ethane,  bis-(4-hydroxyphenyl)-1-(1-naphthyl)-ethane,  bis-(4-hydroxy-
phenyl)-1-(2-naphthyl)-ethane, ~ 2,2-bis-(4-hydroxyphenyl)-propane, 2,2-bis-(3,5-



wei ght ol i gocarbonates wth residual contents of the nonohydroxyaryl

conpounds 20 i re split off in the preparation of the oligoners. The
contents may mgﬁ 20 % preferably 10 % particularly preferably up to

5 %and very particularly preferably up to 2 % The pol ycarbonates may be
branched in a specific manner. Suitable branching 25 agents are the
conpounds having three or nore functional2&foups, preferably those having
three or nore hydroxyl groups, that are known for the preparation of

pol ycar bonat es. Exanpl es of sone of the conpounds having three or nore

phenol i ¢ hydr o) be used. : [ }

i o di oty - 3 . DR R A roa DR AL B, 1,1

4, 6- di met hyl - bisk(35-dimethyl-hirgiroxynbheyly-ycloleptan el ,1hi8(Shydrox fphetyliB 8x5¢
Leasgods “29. Bl fezene., b bt G N QRS ) SRS 1 1.
2,2-bis-[4, 4-hy; 7 e lyhsyl | - propane, 2, 4-bis-(4-

hydr oxyphenyl %Sggﬁ%%%’ﬂéﬂh’g%g@lﬁpés?& ra- (4- hydr oxyphenyl) - nmet hane. 5 Sone
of the other trifunetional conpounds are: 2,4-dihydroxybenzoic acid,
trimesic aci cyanurjc chloride and L 1 . .

3, 3- bi s- ( 3- neSFﬁW P&‘-‘Wli‘? BINRGR, 19) B19ety i A -dilydrrydphen gL Dis-(hydse Bhic hi ng
agents are us Wy - FA 3.0 _ the 10

i by oxyar yi. Thom AR Sretic (£ A heh) 3 b Wiy R

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

1,1,1-tri-(4-hydrox enyl)-ethane. 15 The catal ysts used in the nelt

transesterifi ggth Bﬁgsgieéééée f%ﬁgert Ree é?@’&&’%(?‘l’y r?oéﬂ’o“{ﬁ‘gl Wlértg%rf%ﬁr@éloﬁr%f t he
basgi ¢ caj@l yst § I I -lﬁgﬁ} .. and
al ﬁal i nei(gart r@ﬁ%ﬁ%?ﬂg%&tg&ﬁg{ %i’lﬁgg@y oggl ' yg@d gé‘r@r%?ﬁ?%@#ﬁmghosp c?hi um
salts, referredcbpolgsarlomatesn sal ts herei nbel ow. Oniumsalts are preferably

used in the synthesis, particularly preferably phosphoniumsalts. 20
Phosphonium salts within the scope of the invention are those of the general

formul a: Instead of the monomeric dihydroxyaryl compounds it is also possible to use low
molecular weight, predominantly OH-end-group-stopped oligocarbonates as the

15 starting compound.

The dihydroxyaryl compounds may also be used with residual contents of the

monohydroxyaryl compounds from which they were prepared, or the low molecular

weight oligocarbonates with residual contents of the monohydroxyaryl compounds

20 which were split off in the preparation of the oligomers. 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. Suitable branching
25 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.

Examples of some of the compounds having three or more phenolic hydroxyl groups
30 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-hydroxy-



Ra Ix. It R-P-R3 RZ wherein Rl-4 may be identical or different

Cl - C10-al kyl s, C6-Cl4-aryls, C7-Cl15- arylal kyls or C5-C6-cycl oal kyl s,
preferably nmet M AG6 986- Cl4-aryls, particularly 25 preferably nethyl or
phenyl, and X may be an ani on such as hydroxide, sulfate, hydrogen sulfate,
hydr ogen carbonate, carbonate or a halide, preferably chloride, or an

al kylate or arylate of the formula -OR whegein R may be a Co6-Cl4-aryl,

C7- C15- aryl al kyl or C5-C6-cycloal kyl, preferably phenyl. LeA36945 - 30-
Preferred catal ysts are tetraphenyl phosphoni um chl ori de,

ot r aphenyl phodBROAMTRIZBlbehbiatid 15 g ph EB s g e FEr R F Sy ipoT g b
preferably usedylfaamount s,Qf4ft08A8y& ok forkls ﬁ.cgabh%@gﬁﬁfgﬂaégv 0@9-15118-'_(45- ff)

di hydroxyaryl conpound, particularly preferably in a from

10-4 nol .. 10 Fudtdxgphent-adopsipy])rphenbleandgeith-Ghhydrexyphemyl)-arettiane.addi tion to
the oniumsalt as co- catalyst, in order to increase the rate of the
pol ycondensati on. These include al kaline-reacting salts of alkali netals and

al kal'i ne earth g a) Sthe WD trifBc 933%1%"?“3‘8? Q}ekgfﬁl'—ﬂﬁ?%‘ggﬂ)eg{z%l: 2P HfgesRt

lithium sodiumand potassium 15 pr y hydr ox oxl des or aryl
oxi des of sodi uwid, Mysiurpr @flendeexhdad,?-bso@r-mathlyldhhgatoctepleng]) a0k o428 plilgrind-at e,
as well as the disodiumsalt of 2,2-bis-(4- hydroxyphenyl)-propane. The
anmounts of the BIRE i ne-reacting salts of alkali netals and al kaline earth
metals, 20 on their own or as a co-catalyst, nmay be in the range of from1
to 500 ppb, preferably from5 to 300 ppb and nost preferably from5 to 200
ppb, in each cdBe branching agents are used in amounts of from 0.02 to 3.6 mol.%, based on the

[ 10 dihydroxyaryl compound.

Preferred branching agents are: 3,3-bis-(3-methyl-4-hydroxyphenyl)-2-oxo0-2,3-
dihydroindole and 1,1,1-tri~(4-hydroxyphenyl)-ethane.

15 The catalysts used in the melt transesterification process for the preparation of
polycarbonates are the basic 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:
- e .
+
R1——l!3~—R3
R2

wherein R'™ may be identical or different C;-Ci¢-alkyls, Cs-Cis-aryls, C;-Cis-
arylalkyls or Cs-Cg-cycloalkyls, preferably methyl or Cg-Cig-aryls, particularly

25 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¢-Cyg-aryl, C7-Cis-
arylalkyl or Cs-Cg-cycloalkyl, preferably phenyl.



cal cul ated as sodi um and based on pol ycarbonate to be forned. The

al kaline-reacting salts of alkali netals and al kaline earth netals nay be
used 25 duridegeABé%%beparation of the oligocarbonates, that is to say at

t he begi nning of the synthesis, or they nay be added before the

pol ycondensation, in order to suppress undesirable secondary reactions. It
is also possible to add supplenentary anpggts of onium catal ysts of the sane
type 30 or of a different type before the polycondensation. Le A 36 945
-31- The catalysts are added in solution, in order to avoid harnful excess
concentrations during the addition. The solvents are conpounds that are
inherent in the systemand in the process, such as, for exanple,

di hydroxyary| rgeRednrdalyst aeYetrgiiehel H&s?ﬁoﬂﬁm BRIBANY, de@apheh MbhSPRRABAIS .
Monohydr oxyaryl conpounds are particularly 5 preferred, because it is known

to the person bydiaxided prd t Hesraphenytiplasplitiymr opheaplate; dompdemdphesptiodivar v
car bonat es reagli l%l chan ‘ﬂni¥ deﬁorregose even at slightly elevated

t enper at ur es, R 5% %tieéw%ﬁ& oY PYY ction of catalysts. The qualities of the
pol ycarbopates suffer as a result. In the industrially inportant

transesterification process for the preparat[gn of . pol ycarbonate, the
preferred compkhendre prefsimahipbsedio aRtpantsl ofifonal €0 thi Ghingl. shesedibh endeoluste t he

catal yst that j. ref erabl y used, tetraphenyl phosphoni um phepol ate; is
i sol ated duri #X‘ﬁ%xyﬁ%pﬁ?ré?‘?‘ﬁﬁ’ iWWiarﬁ'glpﬁ?r}érlaB{}a“ﬁi R fgtﬁ?mw'tlgh Bhenol .
The invention jost gl @i ned in greater detail hereinbelow wth reference to

the 15 acconpanying drawings, in which: Figure 1 shows a diagramof a first
enbodi ment of the separating vessel for carrying out the process according

torthe ipvention.20 Figure 2 sho a di agram of econd., enbodi t of the
separatiﬁé vegakfher t@%%@“f¥§%6W§%éﬁg 5&3?1%@“V%¥%5W‘@ PBﬁmhggp?%CQIs
upper region %afh?isi,ﬁﬁ@i&kidﬁnc%@ﬂﬁg%ie Qfﬁ%?oﬁrc%déﬂsdti&n?t openi ngs 8. The

separating vessel” 9 has an outlet 10 for he vol atile constituents as well
as a downwardly directed conical outlet 13 in the 25 | ower region, which

outlet 13 is pfhoe\slcie gn%ﬁud\é\ja‘ikgli%e-%aséﬁgga 2 oq’%ﬁ(iaﬁemél’[%ls agdiaﬂ(%line earth metals, such
as hydroxides, alkoxides and aryl oxides of lithium, sodium and potassium,

15 preferably hydroxides, alkoxides or aryl oxides of sodium. Most preferred are

sodium hydroxide and sodium phenolate, as 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,
20 on their own or as a co-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.

The alkaline-reacting salts of alkali metals and alkaline earth metals may be used
25 during the preparation of the oligocarbonates, that is to say at the beginning of the
synthesis, or they may be added before the polycondensation, in order to suppress

undesirable secondary reactions.

It is also possible to add supplementary amounts of onium catalysts of the same type

30 or of a different type before the polycondensation.



elements in the formof wires 12 are provided inside the separating vessel
9. The wres 12 are arranged substantially horizontally, a plurality of
wires 12 in edehAGAS formng a plane. The wires of a plane are arranged
substantially parallel to one another. A plurality of planes of such
parallel wires 12 are provided (3 planes in 30 Figure 1), the wires of two
pl anes | ocated one above the other being-ggbstantially at a right angle to
one anot her. LeA36945 -32- The pol ycarbonate nelt is supplied to the
separating vessel 9 via a supply pipe 1. Foanming agent is mxed into the

pol ycar bonat e | t n . a I ipe. 2 Vi aetering deyice 3. The
pol ycar bonat e/j?%a ataﬁéstggrgenat%d% & %oﬁlé’tﬁ)q%s Yrbgrsdggg) ?‘fOF‘ngglfPrﬁﬁ?%ﬁsgsh(%gc?\[{réﬁ'ﬁP%s m xer
4 and then t hrquig the hédtioe XHRadBehtstre ddiRpdEIS tHat SMSNIER in tHEsyRlea! £ad” W th
the inlet openings 8 via a pressure-maintaining valve 5. The nelt is

di vi ded i nt o parthé processy sushmsy foe exdmyple, Thbydsexand comppwadss diafyl chbonatbs opass
into the separating vessel 9 via the dnl.et. openings 8. The degasse

pol ycar bonat e HeRqhy; ?XYB’EYSMOIBP?“I‘QP- t 811%}8'@{06&?]'13% g?mP?'}gl_dgeﬂFfr %ﬂ@qwssm 9
via the dsschajeRndevbsRudelit id RnbRnaBNthE detsoh kIR i8THO GiBRE dih?@ﬂé’ﬁyzir?l
Figure 1, Figure 2 shows in the upper region of the separating vesSel 9 a

vertical ly arranmysuniieand dieccylasayeonatss readityhehange andfdeeompassidvan ahekightly
exchanger. The _downwardly directed.tub onst.itute the, in|et enings 8'.
T5 Accor di ng (SR, Fatpstaniih SRRl BERn R Fuph o Soelifs) ThndtiEn ot e
separating Vesﬁ*ca?bon‘éie@ AfRHRR| Y rRIPEIn! theFRRATAMN P UBPSrtdn® ¥Rk he

pol ycar bonat e t by means of a supply pipe 2 via a netering device 3. The
pol ycar bonat e/ffroeass rigr lggeprepanatisn i epalycafhonste, frsprettrtedr emypound 3¢ hemolmi xer

4. /The t then flows via.a . pressure.20 maintainiong valve 5 intq the . inlet
openi ngsmf ' o?ﬁ}fn? BﬁlaalF(_’ ﬁ@%ﬂl e%ﬁﬁkgé’lﬁc%‘s‘? t@ﬁec%yg ﬁ'?irléa?ﬁeteé?bﬂﬁ Wi ded
into a pluralifyaHenPRhbéfhbnibd _I_ﬁ%%la‘té]% REMted Snk ThbrePREMSNBShSE fornPHEN
into the separating vessel 9. e degassed pol ycarbonate nelt is drawn off
at the bott om h3xedfcrydia vaidppheavl. ng vessel 9 via the discharge device 11.

The invention is explained in greater detail hereinbelow with reference to the

15 accompanying drawings, in which:

Figure 1 shows a diagram of a first embodiment of the separating vessel for carrying

out the process according to the invention
20 Figure 2 shows a diagram of a second embodiment of the separating vessel.

Figure 1 shows a separating vessel 9 which has in its upper region a horizontally
arranged plate 7 with inlet 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
25 lower region, which outlet 13 is provided with a discharge device 11. Guide
elements in the form of wires 12 are provided inside 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 paralle] wires 12 are provided (3 planes in
30 Figure 1), the wires of two planes located one above the other being substantially at

aright angle to one another.



LeA36945 -33- Exanples The follow ng tests were carried out on

pol ycar bonat es of bi sphenol A The volatile conponent to be renoved was

di phenyl car bohatAe36 B5The gui de el enents consisted of ten horizontally
arranged wires each having a dianmeter of 3 mm stretched beneath the inlet
opening at a distance of 10 cmfrom one another. Two wires arranged one
above the other were rotated by 90 in thesphorizontal. 10 Table 1 summari ses
the process conditions and the test results. In Table 1, mass flow rate per
opening neans the mass flow rate of a partial stream The terns entraining
agent and foam ng agent are used synonynously. The separating vessel is
referred to as the separator and abbreviated to "sep.". The guide el enents

are referred tohapollGarbadstd Breltaln QupdIRdit6]tBE s@ReMNnBOResR$ ONGZ 2l Rply Hife 1.
tenperature is the fenperature on ‘entry into the inlet openin I'n" col um

8, the condi t i Beenoihg epent fioeuied gntadesipoleareonateymelt by snaaheo msw%bmipﬁﬂn@ is

d i bed. Tabl h th f i t . i.n, Ex | 3,
Br 0 13" ahanesing Fevieher B, pPRERERAE g RN ARl FoRated B3t
t her ef or e 5r enDygsl BN MatVEfixer ANBREABAHEbYCh 4 RedPeRBRINGSr 4. POmAk o8 dngpNi Ng

agent is not conpletely dissolved on entry into the ~inlet opening. This
results in pootherplatejaxith thy 1nlst ouampms dvipvatpessinphivigng 9alvd $. Tibmalids 12,

S 0 o AN 3, LELASD 0 SR TR, bR D
Exanpl es 14, 15| X t he
gui de el enent §ep|§a/|f9tl\i/|§g %/eEO@ei 9 48 thOifet Bpellingd B2 dabddd FblyeaBonie MERi4 0 O N

NNOV Mo ok
drawn off at the bottom 13 of the separating vessel 9 via the discharge device 11.

( 10
In contrast to the embodiment shown in Figure 1, Figure 2 shows in the upper region
of the separating vessel 9 a vertically arranged heat exchanger 6' in the form of a
tubular heat exchanger. The downwardly directed tubes constitute the inlet openings
8.

15
According to Figure 2, the polycarbonate melt is supplied to the separating 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 first passed through a static mixer 4. The melt then flows via a pressure-

20 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 &'
open into the separating vessel 9. The degassed polycarbonate melt is drawn off at

the bottom 13 of the separating vessel 9 via the discharge device 11.
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Examples

The following tests were carried out on polycarbonates of bisphenol A. The volatile

component to be removed was diphenyl carbonate.

The guide elements consisted of ten horizontally arranged wires each having a
diameter of 3 mm, stretched beneath the inlet opening at a distance of 10 cm from
one another. Two 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 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 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 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 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.

Examples 14, 15, 16 and 18, 19 and 20 show the particular advantage of the guide

elements.
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7 LOtDI~W02 ézr QM% LOOr WOL O a Z N Le A 36 945 -35- Patent
clains 1. Pro he preparation of pol ycarbonate by the
transesterification process, at |least conprising the follow ng steps: 5 (a)
reacting at |east one aromatic di hydroxyaryl conpound and a diaryl

carbonate in the nelt at least in the presénce of a catalyst (b) mxing the
nmelt obtained in step (a) with a foami ng agent 10 (c) degassing the nelt
from (b) by passing the nelt through inlet openings into a separating
vessel , characpgehs@dind? that 15 the degassing according to step (c) is
carried out wTh foamng, the nelt being divided by the inlet openings into
partial streams of fromO0.1 to 20 kg/h, the tenperature on entry into the

i nl et openi ngs, bei from25Q to 34Ca re nthe atlng
vessel hei g r Fom oF2et3 55 Maprepiagon SlophBEaBomIE dicithey G alrion
characterised in thabcddet1QRMAGRARARhe foqlo“gﬁ)érg{gﬁst ely dissolved on entry
into the inlet openings according to step (

5

() reacting at least one aromatic dihydroxyaryl compound and a diaryl

carbonate in the melt at least in the presence of a catalyst
(b)  mixing the melt obtained in step (a) with a foaming agent

(c) degassing the melt from (b) by passing the melt through inlet

openings into a separating vessel,

characterised in that

15
the degassing according to step (c) is carried out with foaming, the melt
being divided by the inlet openings into partial streams of 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.

20

( 2. Process according to claim 1, characterised in that the foaming agent is

completely dissolved on entry into the inlet openings according to step (c).

3. Process according to either claim 1 or claim 2, characterised in that the

25 foaming agent is water, carbon dioxide or nitrogen.

4, Process according to any one of claims 1 to 3, characterised in that the
concentration of phenolic OH groups in the polycarbonate obtained in
step (a) 1s from 100 to 450 ppm.

30



3. Process according to either claim1 or claim?2, characterised in that the
25 foam ng agent is water, carbon dioxide or nitrogen. 4. Process according
to any one of L&&B&E4) to 3, characterised in that the concentration of
phenolic OH groups in the polycarbonate obtained in step (a) is from 100 to
450 ppm 30 Le A 36 945 -36- 5. Process according to any one of clains 1 to
4, characterised in that the residence t86e in the separating vessel
according to step (c) is not nore than 10 mnutes. 5 6. Process according
to any one of clains 1 to 5, characterised in that the catalyst in step (a)
is deactivated to t ; t % 1/ : i to
any one of cl gi'm; t&gggéfagég)tﬁ%@ cttgearriyggl?f’t ioﬁg% at {a‘ho 4i %@gﬁggsreaﬁgqggﬂdgl . 10
8. Process accor di ngsidemcanynednaeho$epataingwessel avcdrdimghtar et @) issed nore thaat t he
melt 1is heated to a tenperature of from 250 to 340C before entering the
inlet openings ac dOBIHESt o step (c). 15 9. Process according to any one of
clains 1 to 8, characterised in that guide elenents that are arranged
substantially horizontally are provided in the separating vessel. 10.

Pol ycar banat e bt aiRraddse abgordingrtocass ore obrcthimg It @ dnyhanaerdeddhathastht to 9.

catalyst in step (a) is deactivated to the extent of at least 80 wt.%.

7. Process according to any one of claims 1 to 6, characterised in that an
mhibitor is added.
f 10
8. Process according to any one of claims 1 to 7, characterised in that the melt
is heated to a temperature of from 250 to 340°C before entering the inlet
openings according to step (c).
15 9. Process according to any one of claims 1 to 8, characterised in that guide

elements that are arranged substantially horizontally are provided in the

separating vessel.

10.  Polycarbonate obtainable by a process according to any one of claims 1 to 9.





