; e3exx.xu**+3$, @1 h. 6 T. OY <. Process for continuous production of

*pol ycar'bonat es by nsesterification process TheppmasElodq442
invention rel ates Iﬂm wm @) for continuous production of 5

pol ycar bonat es from 0 ggarbonat es by the nelt transesterification process
usi ng a special react or i gocar bonates are produced by
transesterification of diaryl carbonates with di phenols in the presence of
cat al ysts. Prcesses for the roductl on of 1(i) poI bonat es are descrl bed
in the applica e rog ] atbenatey; 9ps thec
659, DE-A 4 Sﬁ&nS&@enﬁ@tﬁn cexd 8, US 5 932 G83, US 5 912 289 VO 00/26 276
and EP-A 620 2 the production of the internedi ate stages, the

ol i gocar bonat es, i s il I ust rated. A process for producing oligocarbonates is

described fir pplication .1 14 808.9..15
Further det ai [ﬂsle o?&gﬂ{t e t}ag%{s?ff ert:8f| Ac XS '\lgf)cggrglquﬂ“ﬁeWé’f{‘é‘f“"é‘r &1t ound
inthe lit®r abd)llIyEar()SMesf Rom et igoPdrBortdedsBNihe e @hsesteBeiidh Yo RBIuSRY 81 €S
of Pol ycarbonates, Polyner Reviews, Vol. 9, 1964, pages 44 to 51). Various
devi ces for tﬁ%ect?&F%?&E?ﬁdensatl on of ol i gocar bonates are described. 20 A
helical spiral for a horizontal cylinder or a horizontal reaction pipe

whi ch spreads and conveys the nelt on the reactor wall is proposed in DE-A
1 495 730 (FaOﬂignéaibwﬂakasemeB@ymiucékG)hy Aanieseeitiaationg ef | daryh adarbapiated Jwith
gravitation, housing wal |l s. are only partially wetted and products
are theref ored Eﬁﬁggdm %St é’BEf%%“C% HeSP@h st ~ Prosessps r@lrsthf‘orprpﬁ‘ﬁfd@“sdﬁl e
plant is verypaigedtbbittes &E- d%scglb%h]inﬁﬁg a GO DEEA AngHe s {01 §>r3a(t)220?%2and
Hoechst AG) proposes a horizontal cy er wth a stirrer rotating érein
wi t hout a cenbt)Sed Bﬂ%@oﬁy&Srﬁacﬂ’SarDBe‘\mdﬁfZ&@ﬂ P8I5y& 8, UBhe93upRris g

Ctirror. A ai davan a0 RBPE' 8 BRe K eChaki 20, i oveh gh prdie {wri“o‘?fa@e.t

may |ead to fidtmﬂia@eg@@ﬁmtﬁ@ JIbcdrob | qsseﬂiusﬁla?eab@r Spra@ew f&hg a)fd'uh

the stirrer blades and then inpair optlrraf removal of the cleav
and ot her LeAoR&carbpnates P@Pﬁﬂﬂ@ﬂ/fﬂmztd n ﬁwd&mmas apflivation Nec f i0F el 4 §08:2. rrent

of higher,yis Yy e eratloo fil.msurface to
nelt vol ulrréé i ggﬁ%e}lrsqe@{rsa‘%fl gl%r@ réilasegﬁe& 'lC%boéli pré)aesgv\hnn%enf:@ e 19Undr Walfngl y
thick melt cotiteraig®. (SecER0A Oxafififle OFRrrodie | $dhnkil M ClRMistée S 6fd DPBysist Wifn
shaft reactor for polycondensation. Here the reaction chanbers are narrow
and product i oRoiysarBpRdess GPtymsniRsyicws. Yole Or Ky pageadd i 3)). Therefore, the
overall dinensions are linmted and are not suitable for high throughputs.
Furthernore, energy is introduced via the drive and this |leads to
undesi r abl e r Vagsus devicerpartht polgconti@nsation of oligocarbonates are described.

20

A helical spiral for a horizontal cylinder or a horizontal reaction pipe which spreads
and conveys the melt on the reactor wall is proposed in DE-A 1 495 730
(Farbenfabriken Bayer AG). A disadvantage is that, owing to gravitation, the upper
housing walls are only partially wetted and products are therefore damaged. A stable

25 design of the spirals for large scale plant is very doubtful.

EP-A 0 711 597 (Hoechst Celanese Corporation and Hoechst AG) proposes a
horizontal cylinder with a stirrer rotating therein without a centre line as a reactor
device for polyester. The supporting connection elements are located on the external
30  periphery of the stirrer. A disadvantage here is the external supporting structure, as it
may lead to film bridges which may form closed chambers with the films on the

stirrer blades and then impair optimal removal of the cleaved monomer and other
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US 5, 932,683 (Asahi Kasei Kogyo Kabushi ki Kai sha) describes a reactor
‘devjce 'in which the oligocarbonate nelt is distributed vi aPaTErRO4a4%ed
disk onto a plurality of vertically attached wires and runs down theminto
the sunp. In exanple |, 50 wires 8 min length are required for just 5 kg
prepol yner per hour. It is clear that these are 15 very conpl ex structures
which are difficult to produce on a |arge scale. Nitrogen is used in

has (o be. i bAPAEE TR el helfmRl R s e RS ah o pafte g B8E™ Y

(Bayer AQ proposgdilm sefact & meittvdluphdRriahsiderablyfre@lc@@nhd SmpAred2@ving to
pol ycondensati on of oligaocarbonates. This reactor is described in EP A 460

466, EP A 528thsiipcreasipgtpthacksmelt gepfingsor hi gh t hroughput's in | arge-scal e
plant this construction is very expensive and, owng to the restricted
play, limted in its overall size. Furthernore, energy is introduced by the
drive and X hi BPt&adls 1778 uiiBes(Teghl eLmiigely idescribapes atrwine. shAf | B&Er ofpki at e
aver age resi de&ce tines arelg po]|§si bl e, tgla%%c 25 al kal i, al kal i ne-earth and
transition mePAYCHYarERPRddere thasstinchapbers e pasow aad produgtionys diifistiss
phosphat es an i I L d e
reaction ti m%vh:ﬁ?&ﬁtgg??ﬁ?ﬁ%dég% é?geﬁﬁ’q%&gi%zeeﬁgf%gﬁ%{ﬁoa{%Zﬁg%gl a|tntlayar8f t he
pol ycar bonat endtosunteblle 80 high- thraghp@s 3@ theknbme bhegrgy tisl introdesar viaehe ariveact or
or reactor dewcftﬁ' qon i.sti n%. of, horizontal cylindrical containers which are
equi pped wi t hA Wi teads o pdiqriraplg risesintpippgratiterney have good cascade
characterjti cs and reduce the production costs LeA 35 301 PCT/ EPO2/ 04442
3 conpared with stirred tank cascades. A disadvantage is the external
supporting st P&ct¥%08n(Asabi KpseKeogsn &fabushiirkaisha) desdribesrayedcsadievmefinl m
bridges whi chy iRy | el S.. ) the fil n,the stirrer hlades
and then inpair oﬁt‘?ég%&ra %&gﬁg%mtc{%%n%\qﬂég\ygaa %fﬁiéoﬁ%f%d ghsé 05‘?91%?’1%?@&? ts.
The use of twertisdibf dttashéd wiresandsrups dpWa €lgbnd irft@ thehuglie In ¥k&681811t F@Svire§he
singl e shaft §ti rrer fornms excessivel ?{qgt hick films_at higher viscosities.
As a result, ©ReIF¥eNgHSIE reguisedhfor just ékgrepokvinernys havie Xt i slear thet thesd arg
reduced a t r : ; Lvel y. the, reactor with
toi nshar © st oy SPREi iR hicR SrfalL LTINS dra s Al SARGD ki on

i s converted usetidn kdéizidhng theovdcuutlaveicethe pdrigrestr whaedactdn andReqihile of
surface area flo v%l Lll.lEl)‘EtI’i c. 10 content. stil| exists. Another disadvantage is
the energy whP@HOPE libFRfedfiRm dhaRheppldnicABRRISNFCTAYPRS- and | eads t o
undesirable rises in tenperature. The object of all reactor devices is to
provide the residence time and surface or surface renewal required for
progress of tHE PdaéLrédr{Bakereddnproposek 4 seastwewshrkindibaticoselfulehmiag for

renewal , rtj rd t _hi.gher wiscosities. The residence, ti r ired is
substanti%fl yb@g#(ﬁl&g#@g nf)’;gp oeca[VPso Agh- iy IRgier § ﬁ‘(‘flbﬁg ”P%g éggpéggu% ea or
intensity of ausi®Qeoradenrl AOFES 384 Ebr AUAPHraidPhsOh RRGNRalABANdiEEY!
carbonate takes place. In reactors with shorter residence tinmes, an attenpt
i s nmade to actYISEREn I yeryrexpensiwnandpowings ithryreptaisied pddyk lihiited an kabyerell ear t h
and transitio 0XJ .. al i des, ..car bonat cetates, .

bor onat es, ph%é’%ﬁ% ehsené%’ ﬁllf/egg? ’clisegmég&éegt%’f & (Esrlvaen%?dg%ﬁ %ﬁgﬁ f‘y“‘&%FSHP%leat ed
t enper at ur es, rigadint tempetange aho Utappripriatl Srtageukbideer RhesRle, pdssiblebasipl e by

i nt ensi vg%ime gl ng k. However, the use of these catalysts does not have
a favourabl e gl ?]é’ct‘m%iinf'ﬁ%rﬂhu%q tiAngion henehd| Yrdipbidemt alkpsidaed cardonsiey
remain in the,edy, 8dHnhtes, BeYHagd oh€ @ﬁ@és%?@ﬁsédrhstcgﬁl)@fsﬁﬁﬁ@& 8fed 28

above-nentioned transesterification catalysts are parti‘cul ar
di sadvant ageoths reactidnetimes.odowevert thesgphevtuan .adVérse leffectdom ghevgnidity exfuthe ed

may only be brought abopt by reinforced reactor constructions with high
power input . ﬁgﬁgﬁrh‘?n/"gﬁe&r@gé of this type cannot be built in any size and

this adversely affects econom cal throughput rates. 30 The object was
therefore to find a reactor desi gn whi ch, on the one hand, pernits
particul atly Ydod 8928578t (Hatackif Lishedrstrikasct spetooaatdagtodidavipd comidtiogatie by

creating LeA ﬁ(?rié%)%?al C}Jloi%(igaﬁ)og({n%dféedfg vshich are equipped with single or twin shaft

stirrers. They have good cascade characteristics and reduce the production costs
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| arge nmelt surfaces, but, on the other hand, may also still be operated
economcally on a large scale. The object has sur pri si ngl ypogap@ahisgyed by
react or devices which continuously 5 formfree filnms under the influence of
gravity and have a high filmformng rates This is achieved with rotating
perforated disks in the formof rings having a ratio of the total area of
the ring to the area taken up by the webs between the holes of 2.2 to 6.5,

referably of 25t roved, advant ageous t.o IIowthefalllng
Ipengt h of yt hecqrp]i)a% t}] ﬁﬁ%‘gz quad[eﬁeAVH cggln{age 1§ tt ¢ SxXisshal i ppperiing

advant ageous &uchatefthd HigglbQhemutiMal, @84t A8y Geadl tarmhleﬁm?g%g%ﬁ&m% P%ge i ned

formula A =x(r12/(kg2m"' s-2))1/3 The equi val ent hol e dianet er
here as the dflaastahambersavigh thelfdmeonitltestirier hlades @al thahimptinertsnd néreswl

0004 and 0. ot HERL PR S8 PEEeRARCS. Feotdun Rl Sirs ¥omtBenieny o

various pdi nt foribigher ma@gimnTﬁesﬁhgle shift btnvarmrﬁge%e:@ﬁ&biy thick filmd & HifiRr 15
ki nematic nmelt, viscosity in Pas. hol es may be designed with various

geonetric shapEeosiiss| &s ¢ ﬁeSPHet%ﬁlrW shrfacgupy gtatarigl exehange resl isydrastinaty r i cal
n-angl ed pol ygansed My G LLLIP &069918?5?5{}%8\'&%8%@# 5 AL {éagﬁ)a%lh HVHEC%%R I ng

netal faces, and rectangles are prefe ‘feren used
at the inner stircerpthiedeficionaf 1stﬂemedredlb§athedhsdn$g Eitergy drﬂﬁcHQ; &Iﬁwabéce]rtt@ form

a circul ar i scosities the equivalent hole dianeter is so
| ar ge t hat thg‘]“iaﬂw&“"g‘ﬂdﬁ%?%‘fr &Frﬂr%‘?ﬁélﬂo a %avp@éau aceskies olapetrienal | y
subdi vi defl) eveshikh s11GEMN. %ncfthé?%xsaﬁbﬁﬁ%@'tﬁé Ay ggh?{}hfeﬁhgpyc%g Yink he

spokes or 25 spoke segnents and ring se nts. aces or
webs sur r oundkmmdingevdrblaed lede tearhdapirabdeoses liy tewgpeeatereor rect angul ar i n
cross-section. By selecting suitable web widths, the ratio of the area
carrying the nelt when the annul ar di sk energes fromthe nelt to the

surroundi ng 3%h&1ebRciTBY alasicthedad@ntiedo tRotide tH@f&ld%he%CQ&'et a)ﬁdaﬁﬁlfagé Rer
properties of the nelt. It has\éroven advant ageous with an annular disk to

sel ect all tha&urfase apneweat sequived viebsrogass ofi et regetidne %h@ggwrhss necdssarg

PCT/ EPO2/ 04442
S Dur tng b oo rAGRROR B bt RORRRES ePDue JRe PR nsr Smbategreiar 1 os

shoul d be expagiagtially infleeii@adlyake ﬁiﬁ\UfQ:Qtaly'EﬂQmﬂ%gftlﬁH alrfde die o iRERITyQrbe
provi ded in the_abovenentioned relationship in the reactor and adapfed to

the viscosi t ySYrFasaaenewal per Wlﬁ%%%aﬁ?ratlplhobph%@l plddiagybearbonatetakes place. of t he
ol i gocarbonate may be carried out in one reactor. However, it may be
expedient to arrange two or nore reactors in succession as the final

mol ecul ar wei hhteattorsheittagioatensdidescedehey; o Beenitys blade teaetleiie the reaction

S?glulpl br " WQ}'/ Cugu gegasrl]cd%lk%ﬂ ch%lntlg gyfﬁ{ %ltléj tranm%ggsr?lgtzlle h?crl]r%x}dgg, glﬁgﬂdgs? !
carbonates, acetates, boronates, phosphates and hydrides as catalysts and optionally
by elevated temperatures, and to bring about sufficient surface renewal, for example
by intensive kneading work. However, the use of these catalysts does not have a
favourable effect on the quality of the polycarbonate formed as they remain in the

25  product. Elevated temperatures in the presence of the above-mentioned
transesterification catalysts are particularly disadvantageous to the colour of the
product. The kneading work required may only be brought about by reinforced
reactor constructions with high power input. Reactor devices of this type cannot be
built in any size and this adversely affects economical throughput rates.

30

The object was therefore to find a reactor design which, on the one hand, permits

particularly good evaporation of phenol and optionally diaryl carbonate by creating
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contents of the polycarbonate. At insufficient pressures the nonomers to be
‘dr-awn of f may scarcely be condensed or nay not be condenseBCaER2l04aad t his
| eads to expensive, over-size vacuum systens. However, the advantage of | ow
pressures is that the reaction tenperaturg which, in conjunction with the
residence tine, 15 determnes quality, may be reduced. The gas exposure of
vacuum systens and the heat exposure of the product nmay be optim sed by

di stribution react . e .pipelines b en the apparat yses
shoul d be as %?%GY@QQSS&‘S%% it St Ris %ﬁ% BnPymet Ak Sﬁhve’t%r?é’erﬁfe&e?%ﬁ%‘i}tca ¥ | ow
as possi bl e. dihelext ssatdl constraints of the plant 20 construction should

be taken into account in the process. It has been found that a particularly
preferred reactor device for polycondensation of oligocarbonates is a

hori zontal cyin i I ' St s, descri.bed in. DE 44 47
492 Co(Kar | EPSERSFE ORI AR, Wb AeRelid B Bharife o A bt U
7, line 3% Thirm freafilras uddesthedtflivave of geavity awdaeks 2ofhigh FEmakevamndessr i bed

reactor devices. and nmay be built for_very high throughputs. O particular
advant age is fﬁ’é I%Q‘E}P%‘?:?élw ?%talgd@ﬁ@faﬁ%%@lﬁléfnméhﬁf@%? ingsthaving acyptip wdier

_ jiog M N on o e e
supporting t Nihefighf AEALPhedrls tilttod A BF 1Y i $ERUReAAL hol Jaﬁz.‘igtl)'ngyer

30 is also provided wth apertures or es, so the resulting vapour
escape uni npe@iedprefireblyaf @rsetoof. It has provagadventagdony t@hllowmshe fallingelangthroft o be

operated at variQus .tenperature . zones .and thus.a t rature profile
adapted to th@eﬁﬂgﬁrtgég TEgSC VU s Viggosi y'ﬂ’@f/ﬂ%ﬁéﬂ‘}% Z%g’aﬁtagwsrt%éﬁlﬁ%tﬁeto be

adj ust ed. | (Thee fRRFAt UsdIE tharAbreP abddfliihg BN{He AoRMRAL AOLy '2g%8(§)1}-5/i 8R0S Y

mel ts upon rotation of the rotor owng to the installa St&tors” whi ch
proj ect bet weequivdientdiodk dianiEhee A at defietl heed tis ther diametet of maditclevof ldeRtiQ t he

disk is optimsed tticularly in the higher viscosity range, as a result
of this nmeasuf&* ghﬁggfm%‘ﬁf%iﬁf THfTC efaé?ogr’%”ﬁ’ﬁ’e‘faé}’r H’V?Pé‘eo-a@z PAd 4@kt or

devi ce il ustpakesbly heredd0 884 428 6814, Ohet H&idS QNGRS BP x%agq!eyggmgaat es,

however, further nodifications are required over the construttions
illustrated isimultenesvshyert renousgrodats appldacton devicel@ith varying vibeisi§.of & thappen
that therg. is insufficjent wet.tiPn of the rotating circular disk at the
inlet to the FOgUALG m&h\)'ilsc‘,@s‘%lnl 6‘37 viscosities. It has proven advant ageous
optionally to equip up to half the reactor length with scoop el enents on
the outer periphery in such a way that upon ascent of the scoop el enents
the circular § %Ibo?éé ngRs| b%éﬁ%ig@ﬂ&//Wﬁbr‘lvta'rinufoastbryetvi/asshan;bsmﬂblestihdhe form of

| ow viscosit yecﬂﬁl'a%e‘rallrgtationally symmetrical n-angled polygons, which permit constant web
widths of the circumscribing metal faces, and rectangles are preferred.
20
Different shapes may be used at the inner and outer rim of the annular disks in order
to be able to form a circular rim. At high viscosities the equivalent hole diameter is
so large that the inner and outer rim have to be divided by spokes, optionally
subdivided even by a central ring. These holes are then delimited by the spokes or

25 spoke segments and ring segments.

All of the metal faces or webs surrounding the holes are advantageously square or
rectangular in cross-section. By selecting suitable web widths, the ratio of the area
carrying the melt when the annular disk emerges from the melt to the surrounding
30  hole may best be adapted to the melt viscosity and other properties of the melt. It has
proven advantageous with an annular disk to select all the metal faces or webs

surrounding the holes so as to have constant identical dimensions in cross-section.
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In the-high viscosity range, toward the end of the reactor, excessive
‘entrai nnment of product by the rotating circular disk may Ip@qt/gp02/04442
undesi rabl e conditions, such as interruptions in filmformation. A nethod
of preventing this, WhICh is inproved oveg DE 44 47 422 C2, is to attach
hori zontal stripping beans to the stators at the 20 | evel of the sunp.
Convergence of the nelt downstreamof this beamin the direction of
rotation of the rotor is therefore avoi ded. These beans may be attached
directly to the housing or nmay be supported by optional additional beans
whi ch are al spyfigs thenrdtié® ot [qﬁgnh nd/ or
support beam desi %tr}t) whi chlpgrgﬁ%??st p@%%\%%?ﬁﬂ?a‘ngg}gﬁsevﬁg&ggtpgﬁmgg 2 e
purpose, as dexseicddnl thayepEondevi®. ite paforard disks g tpebetprcutiat Inyths iabowef- i cant

and advant age conveyance of the r

outlet. For tﬁ%ﬁ%ér%’élr reesaéloo?hlt’ S AEE a‘&‘?&‘dﬁﬁs‘ﬁ dﬁatpﬂtvﬁs"B’Fl%r“SH%c‘P the

obt ai ned i3 i fasadvant ageous to divide the reactor into a plurality of

di sk- shaped zones which may 30 be heated separately from one another, so a
tenperature profile adapted to the nol ecul ar weight trend nay be foll owed.
The heat expo n L EPO2/ 04442 7 may

t herefore be ﬁyhﬁﬂ‘la e %%H@th% gét%glngﬁgrf Sf%ggrbg)%tgs?lgﬂ %(gtouBan one
properties sushctas Hdnee\(eqhomlay bt ekﬂs&ilmk(y@@z[r@@m@b(br 1dré !:H’a'bfbesf in@s&dshiohi ty
is to heat the v pour o as region differently fromthe nelt or 5 sunp
regi on | ocat e tter leclgr sveight g0 ey aieiagddasdaterniaed byheheuppastiogas
region | egp tRamib rWlllEhrd% LR t b P I y onat e
films on the %II?I1 slhlﬁlrlt thle g reg(%rg?t&r gegllp%&%?r% ﬁleg aﬂ? he tgmﬁ%l gr%hp

t her ef or e danegeent$ e ﬂlebBOIY@WMnatee dp ensafficiesd. pra'ssmtehltlse mbdomhleablhegirﬁ)\fvnt he
sections of theg reactor ant eousl be horj taI I par at ed
accordingly. Thi'8 Xré%?gfﬁjg%%ecé’(? eItSS (1t0ber & 8?3 ri‘fnfﬂ?/ ﬁ@‘? thipdeads|tagg

pi nhol i ng oW ggpehsive dekeie Wa@ﬂﬁﬁ%?sté}ﬁﬁj FIéWé\féYet‘He %H@ari?a{%(é%{cﬁ)wcﬂle%tecs is The
processing tenperatures for polycondensation are genera between 250 to
330C, pref er abiay th@(retlﬁlﬁglmlpera’t@repﬂé@burlescmumen itbl tlmorexﬁiendaartl,me

preferabl 15 an residence.tinmes 30 to

n nut es, %r ef (eiag%fmé%ﬂ)ua?l@’ 1@%\/ ﬁef Fﬁﬁug%d nﬁl‘3 898 EXPRIR P LY AFHED %’ﬁte{l}‘f‘ i the
ol i gocar bonat Bedtreklb(%utd’ﬂﬂtﬂdph%ﬁdctldiﬁy%é $IRinki SRICH yOd i s i Bti Sl gétwttrpatbt texctbgwer
than the desired operating tenperature of the reactor it may be

expedient to heat the nelt prior to entry into the reactor using heat

exchangers SU'FE(\%EJ e}ﬁelw% bgﬂlfééﬁe{henﬁé)%%tuf? flo lglstyéta thst & {Tgossfpgy and the 4 ced

di fferences bet eati ng nmeans n the reac
in order to am«rwatumscarﬂml&t pigesiage aofow hEpmiblleS Tok ekteenal @agst@ints btheglatdi ng
to the i Oentlon the pro i.ntroduced into the reaction device via a

val ve witt’ autYRHPFE f‘psthB@atﬁéalﬁfﬁﬁfﬂiocﬁcc‘i’Wt&“ PERFEESSuch that direct

deconpression occurs in the product chanber at the inlet side of the
reactor. Cooling effects which may have drawbacks in view of particle
contents of altdrybea foune thaas parsicalady gvdenletireovtbndevice fohpolytgilehemaion g

potenti al of t di ate sur.rouy o this end the 30 produgt i nlet
val ves are at ?é%%&mt%? 4 F%mn't 'ﬁﬁec AR 1 "Yﬂﬁl t‘ﬁB”Prea"éth?“ﬁ’LéA“BS
301 DE 44 47 422 C2 (Karl Fischer Industrieanlagen GmbH), column 1, line 63 to

25  column 7, line 39. This reactor does not have the drawbacks of the above-described

reactor devices and may be built for very high throughputs.

Of particular advantage is the extremely rigid construction and design of the
cylinder supporting the perforated disks and forming the reactor shaft. The cylinder
30 is also provided with apertures or holes, so the resulting vapours may escape
unimpeded. The nature of the rotor mounting allows the reactor to be operated at

various temperature zones and thus a temperature profile adapted to the progress of
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PCT/ EPO2/ 04442 8 It is advantageous to displace the vapour outlets on the
‘reactor so as to be 15 to 60 off the vertical in the direcpCaremp/o4sati on
of the rotor in order to reduce the reflex of nelts. 5 Any conventi onal
material s which do not lead to direct proguct damage nay be used to produce
and manufacture the reactors and the heat exchangers. However, it has been
found that the use of materials with less than 2 %iron, a nickel content

bet ween 56 ang. 6 ontent bhet ween 2 nd 24 % |

advant ageous ﬂl peaﬁ/é%ilug? %5 C{JP{%&J i o CARILFTY) 2 V\%PI\}“? 6et§‘§a’in§1f’BF é‘? dHahry
used. 10 It hasc@suﬂypﬁelsd iinyrob®eR of ke ebtéh@ling 6 thisRis@flatidiof &%Fs%hféﬁvl ce
illustrated is particularly well suited to producing industrially

servi ceabl e pBI9jRSALBBYRENARE disks:clhe tatigpf quedi squialce e medl v@umardmothatdesk of the
d d e illustrat
aobbi bt on ngPtse BB AL R R ERI Frahis AR bR Sy RRRE.

carbonatessw th di phenols in the presence of catal ysts. The very good

colour qualities of the polycarbonates obtained are particularly
surpri si ng. Th% %}Waltaingﬁ%f‘ééﬁ%‘?Plﬁfeé@filuéﬁOf)ﬂ’ﬁdé%céor&e@@ééﬂ%ﬂﬁawdanl@ﬁ)ﬁ% 4fanner

from di hydr oxy,£empaings. O?(ﬁfcggﬁ”o?ﬁo cgrﬁé)'ngt%g eﬁ ARd fﬁﬂb+ O&?h f%ag(l; ngrlgl ng

agents and/ or 20 nonophe Xy conp oun s sdita uctl on
of oligoners mywirthove thé ccirrstrnuicms@mv)strb@dm terdbove- nﬁﬁtmmdvdpphd‘at]éh is an
aromatic radical with 6 to 30 C atons, which nay contain one or nore
aromatic nuclei, my be substituted and may contain ali phati c or

cycloal i phgti g 1f1§5dih@§e|f§req{apﬁénkﬂﬂht tﬁé%lﬁlrﬁﬁfﬂ%?etn?(x@ﬁf %%x%gla?hfasﬂent S.
30 Exanpl es of dihydroxy conpounds of formula i none,

resorci nol, LeAtR5indd1to thPGFAEROAH\Ierd 40 LBV d’ﬂd@?ﬁit‘lﬁﬁ()ﬁﬁlhﬂh@ﬂ}’\leﬂ advantageous

bi s- ( hydr ox | kanes dr ox ycl oal kanes,

b: s- Ehgdr ox%ﬂ% ‘3}1 ;‘Y 38|68H‘ipd‘8% g alﬁ ’(eﬁf}éfgeﬁﬁﬁlhéﬁg [S70q8} flements ‘on the outer
bi s- (hydr oxypReripHety kEtiRRa@Swa dP'tHin Py heéMPbERY lsdoopBIRNSRE the circular disk is
bi s- (hydr oxyp enyl ) - sul phoxi

a, a' - bi s- (hydd saﬁpﬁélwpyumqugldpvaﬁb% with femlew; vis@sinmedlonpounds  t her eof
whi ch arejal kyl ated in the nucl eus and hal ogenated in the

In the high viscosity range, toward the end of the reactor, excessive entrainment of
product by the rotating circular disk may lead to undesirable conditions, such as
interruptions in film-formation. A method of preventing this, which is improved
over DE 44 47 422 C2, is to attach horizontal stripping beams to the stators at the
20  level of the sump. Convergence of the melt downstream of this beam in the direction
of rotation of the rotor is therefore avoided. These beams may be attached directly to
the housing or may be supported by optional additional beams which are also
fastened to the wall of the reactor. A stripping beam and/or support beam design
which promotes conveying may be selected for this purpose, as described in DE 44
25 47 422 C2. 1t is particularly significant and advantageous in aiding conveyance of

the melt toward the reactor outlet.

For the progress of the reaction and the quality of product obtained it is
advantageous to divide the reactor into a plurality of disk-shaped zones which may
30  be heated separately from one another, so a temperature profile adapted to the

molecular weight trend may be followed. The heat exposure of the polycarbonate
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nucl eus. These and ot her suitabl e di phenols are described in US-PS 3 028
"365, 3°148 172, 3 15 275 601, 2 991 273, 3 271 367, 3 062 PBI/EBRLAVf44231
and 2 999 846, in DE-A 1 570 703, 2 063 050. 2 063 052, 2 211 0956, the
French patent specification 1 561 518 andyin the nonograph "H. Schnell,
Chem stry and Physics of Pol ycarbonates, |Interscience Publishers, New York
1964". 20 Preferred di phenols are, for exanple: 4,4'-dihydroxydipﬂerﬁl,
2, 2- bi s- (4- hydro henyl ) propane, 2,4-.bi s-(4-hydroxyphenyl) - 2- et hyl but ane,
i 51 1b 1- bi( Z ) g 4;}%3?{%5@%% ffﬁgi@ggj}%fg@ (é{}?.}gfeniril;y has & poSitive efi)ect on properties

, 1= D1 S- ( 4- NY clichad Rt oyrott #Fdnaf1€X )
a,a'-bis-(4-hydroxypheny|)-pgﬁ?iZOpropylbenzene,
a, a' - bi s-(4-hydroxyphenyl)-mdiisopropyl benzene,
1 3 bi o L hy A A AN A o by e ST A YRR e et or
bi s- (2, 6- b3 s- éinpyregion ipbwrey khdrebehdw. DK@ O afli®anth@Ous 20 H2t the upper gas
PCT/ EP02/ 04442 10 (4-hydroxyphenyl) - 1-phenyl et hane,
(4- hydr oxypheﬁﬂgfhhe%@ﬁy theeels Freiorgliorsted Biejabielsme Mpswbladplycarbonate films on
4 Ezh'h;g'r s 59%&%1{; i )tt?él_@%sér_%’ﬁ%ﬂr%ﬁ%ﬁ’?%ﬁléhéfigi{e(ajrlarﬁ?gme?épopee&arr]naarégd less by
di hydr oxy- 3- ( bwey dreorperaneny.| Yo 1this @nd,r hemnlg;/bf it isBd&ﬁhsSoiOhll;e reactor may

[ -1-(4- - -tri hyl -1 Hi -5-o0l,
2273, 3 L1 ot r AASOAID B Bottabidly sepHpIcd £oloraBgls JBiT mgasure feads to higher
E'_‘ i n((jzn]h- g() S’ réﬁh@k rlllr)gfﬁlié:) ?ﬁ{fb,cl@!;sﬁ}?ihﬂ?lg}fgte(ﬁl\giﬁlgqg fgarcﬁec[ PRAILES MM improved end

i s-(4-hydroxyphenyl) - 1- -napht hyl ) e :
giZ-EA-hzgrﬁxgpﬁeﬁyﬁwmmigz-naphthyI)ethane,

, 2- bi s- (4- hydr oxyphenyl ) pr opane,
a, a' -bi s-(4-hydroxyphenyl)-p-diisopropyl benzene,
i‘, i" ;3 bi Si 24;1 hgﬂé Q%Udhélﬁﬁﬂ? ;témﬁ%rﬂiﬁke%oﬂﬁ %g%cl@ﬁﬂ'@rﬁ%n are generally between 250 to

. 1- bi s- (4- hydr oxyphenyTl) cycl ohexane,
bi s- (4- hydr oxyp#iénproferdbly, B0t toi 3 Gythe pedsolrex beteeen 0.01 to 15 mbar, preferably

bi s- (4- hydr ox enyl) di phenyl met hane.., More. partic rly preferr re 25
bi s- ( 4- hy oxé@ﬁetﬂ)}l mégrsa“g‘k‘? R0 A§TidsRee éﬁé?tﬁd‘?’@%&t%yaﬁeé%{ V%ﬂéﬁy! ,
2, 2- bi s- (4- hydgeixiymieny! ) propane. A di phenol of fornula (1) with formation
of honool i gocarbonates as well as a 30 plurality of diphenols of formla
(I') with formati on of cooligocarbonates nay be used. LeA 35 301

(PICR EE,OZ/_ 03'4\4 ?f/ illie %{ﬁ?ﬂf&rﬁ;ls f})(\f::\;(ﬂ&,délﬁg%Egrf)gna% %nél{%o?n?rog{l(%rcly{ntc? %ﬁee rrgac?gr Eu%r mul a

significantly lower than the desired operating temperature of the reactor it may be
20 expedient to heat the melt prior to entry into the reactor using heat exchangers
suitable for polymer melts. As a result the temperature differences between heating
means and product in the reactor may be reduced in order to avoid product damage

on the walls of the reactor.

25  According to the invention the product is introduced into the reaction device via a
valve with automatic pressure control in a manner such that direct decompression
occurs in the product chamber at the inlet side of the reactor. Cooling effects which
may have drawbacks in view of particle contents of a crystalline nature are avoided
owing to the high heating potential of the immediate surroundings. To this end the

30  product inlet valves are attached, for example, to the end face of the reactor.

LeA 35 301



5 and formula (Il1l), R R R_ ORR R 10 wherein RR R and R',

‘I ndependently of one another, may be H, optionally branchegdCC/ErPdxn4434

al kyl /cycl oal kyl, C~ to C34 alkaryl or C~-to C34 aryl, for exanple

di phenyl car bonat e, butyl phenyl - phenyl car bgnate, 15 di-butyl phenyl carbonat e,
i sobut yl phenyl - phenyl car bonat e, di -i sobutyl phenyl carbonat e,
tert-butylphenyl phenyl carbonate, di-tert- butylphenylcarbonate, 20

tyl ph | car bon (n- pent hen ) car bonat e, .
eyl phony JoiRaRAZERE-BCEPIa5E (b DR PG gh e AP 85 (4 bonl Sbtog

PCT/ EPO2/ 044424Re ¢MaLEANRS X RRenY o %%h%@'ﬂ% ﬁ)tr‘?n orc der to reduce the reflux of
di - cycl ohexyl phenyl car bonat e, phenyl phenol - phenyl car bonat e,

di - phenyl phensletar bonat e, 5 i sooctyl phenyl - phenyl car bonat e,
di -i sooctyl phenyl carbonat e, n-nonyl phenyl - phenyl car bonat e,
di - (n-nonyl phenyl ) car bonat e, cunyl phenyl - phenyl car bonate, 10

di - cunyl ph&ny hegrcbavaitional iaRbhAly WBRar mde 'I@HXJ) ﬁﬁtéé@%?&fu%t damage may be used
di - napht hyl phenyl carbonate, di-tert-butylp éhbpheny car bonat e,

di - (di-tert- bt m%n%quq wm@ﬁ@re’ethelrsamrwnwt e} lexpitragnisc Hobowert &, has

di - (di cunyl ph | X ph I ar bonat e
di-(4-phenoxy?§%@ny g%agé RQE%S% dggél%geﬁ§¥-%HéHVF%é?th§tg““?ﬁ
di - (3- pent adebmweblensﬂ )erndr bon%t @nd t 4 | dhydrpivenWonRAE HELG@MbODAkR] 24 % is
di -trityl phenyl carbonate, preferably 25 dlphenYIcarbonate

tert-butyl pheAYYANFSEPHA f@éP‘f?@H%Ftoé‘ahﬁ"r Thematenigh DI A0S ispratorahl p used.
phenyl phepel - phenyl car bonate, 30 di - phenyl phenol car bonat e,
cunyl phenyl - phenyl car bonat e, di - cunyl phenyl carbonate, LeA 35 301

It has surprisingly been found that the use of the reactor device illustrated is

particularly well suited to producing industrially serviceable polycarbonates of very
high quality from oligocarbonates of the type produced, for example, by the
procedure illustrated in German application No. 1 01 14 808.9 by transesterification
15 of diaryl carbonates with diphenols in the presence of catalysts. The very good

colour qualities of the polycarbonates obtained are particularly surprising.

The melt transesterification process proceeds in a known manner from dihydroxy
compounds, carbonic acid diesters and optionally branching agents and/or

20  monophenols.
Dihydroxy compounds suitable for production of oligomers are those of formula (I)

HO-Ar-OH )
25
in which Ar is an aromatic radical with 6 to 30 C atoms, which may contain one or
more aromatic nuclei, may be substituted and may contain aliphatic or cycloaliphatic

radicals or alkyl aryls or heteroatoms as bridging elements.

30  Examples of dihydroxy compounds of formula (I) are
hydroquinone,

resorcinol,
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PCT/ EPO2/ 04442 13 particularly preferably di phenyl carbonate. In addition,
‘the phenolic conpounds used as carbonates nay al so be usedpdirrEablos4as
hydroxyaryls in addition to one of the above-nentioned carbonates in order
to 5 influence the termnal group of the golycarbonate. Preferred m xtures
are those with di phenyl carbonate. There is the possibility of adding the
hydr oxyaryl or the hydroxyaryl-carrying conpound to the reaction at any
nonent, prefe %bl at. the start of the reaction, and the addition nay be
divided into él Kﬁilﬁ%‘?l?b‘?’y&’ portions. The free hydroxyaryl content may be
0.4 to 17 nol Bis-(Ryd&bLY hyl)-lzlk%nésQ 8.6 nol % (based 10 on the di _hydr oxy
conpound). Here the addition may be made both before the reacti on and al so
conpl et el y or bisghyqraxypheaylichgjotlkeneseact i on. The carbonic aci F d: esters are
used in 1.02 . ef y 1.04 to 1.25 nol, particularly
preferably 1. @'(ﬁ%&i%e%@??“@é@g% on 1 nol bisphenol. M xtures of the 15
above- nmenti oneid-(hpdrboyphen@idethets, est ers may al so be used. Ammoni um or
phosphoni um cat al ysts, which for the purpose of this application are also
jointly desi gh‘éﬂé@%ﬁﬂjﬁﬂﬂéﬁﬁ@(}?ﬁis, are used forlthg sygt heS|1$. ;I'hey are
referably usged_i ’Sf‘“‘tﬁ i ¢ 0-g to 10-3 nol, based on no
Ei sphenol?/ 206%599 |r§ arll%/l')gﬁlgﬁ(fér}%bly in quantities of 10-i to 10- ~ nol.
Phosphoni um shis#(bydropgphengl)syiphoxidesybi nati on with other suitable catal ysts,
such as other onium cqonpounds, al kali or alkaline-earth netal conpounds,
may be used a%"oc'é’ﬂsaq}?’&ox%l?e‘%yhéjIHP%HXIPFWH%% the ol i gocarbonates. 25
Phosphoni ym salts are those of formula (IV), R4 X~+ R—-P-R3 (IV) R2 LeA 35
301 PCT/ EP02/ 04442 14 wherein R ~' 4, which may be the sanme or different,
represent C -ardocdinpaundh kiydreof Which areCalylatedl ia, th€nutlousChed Balapdiatesl @rihe, to
C6 cycloal kyls, preferably nethyl or C-to G4 aryls, particularly
preferably rre’t“?ﬁ}‘?usor phenyl and X may be an ani on such as hydroxi de,
sul phate, hydrogen sul phate, hydrogen carbonate, carbonate, a halide, 5
preferably chloride, or an al koxide of fornula OR, wherein R may be C~ to
C, ~ aryl or These@nGetheasaitdbjd¢ dipbemfleambleycrited iy US-PS 8f(28r3xd, aaugliygt 3 are

tetraphenyd PhospRANL WAL 991 367, 3 062 781, 2 970 131 and 2 999 846, in DE-A 1 570
703, 2 063 050, 2 063 052, 2 211 0956, the French patent specification 1 561 518
and in the monograph "H. Schnell, Chemistry and Physics of Polycarbonates,

Interscience Publishers, New York 1964".
20  Preferred diphenols are, for example:

4,4'-dihydroxydiphenyl,
2,2-bis-(4-hydroxyphenyl)propane,
2,4-bis-(4-hydroxyphenyl)-2-methylbutane,

25 1,1-bis-(4-hydroxyphenyl)cyclohexane,
1,1-bis-(4-hydroxyphenyl)-4-methylcyclohexane,
a,0.'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene,
o,0'-bis-(4-hydroxyphenyl)-m-diisopropylbenzene,
bis-(4-hydroxyphenyl)sulphone,

30  bis-(4-hydroxyphenyl)methane,
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
bis-(2,6-bis-(4-hydroxyphenyl)hexafluoropropane,
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t et'raphenyl phosphoni unmhydr oxi de, 10 tetraphenyl phosphoni unphenol at e,
‘particularly preferably tetraphenyl phosphoni unphenol ate. Ppefrarprmeet4442
guantities of phosphoniumsalt catalysts are 10-2 to 10-g nol per nol 15

di phenol and the nost preferred quantitigg of catalyst are 10'4 to 10'i nol
per nol diphenol. Further co-catalysts may optionally be used in addition
to the phosphoniumsalt in order to increase the polynerisation rate. These
i nclude salts, of alkali als and al kaline-earth netals, such as

hydr oxi des, ai%@fﬁﬂ’@@hﬁ?ﬂﬁif@FBaF@é%e’of lithium sodium and potassi um
preferably hydrexir heh hide vRhetRAnel oxi de salts 20 of sodium Most
preferred aregggﬁ%ﬁﬁza1 dﬁgﬁ?deyaﬁ% sodi um phenyl ate. The quantities of co-
catal yst may @dyiioxydiphenybeieerof 1 to 2,000 ppb, preferably 5 to 1.000 ppb
and nost prefgrabl y. 500 ppb, cal cul ated as sodi umrespectively. These
may be used dﬁﬁ?gﬁﬁgégﬁ%@tion of the oligocarbonates or else first added
prior to pol ysendéndaiyphenyDs! -(heaphihygRaanbonat es may be deliberately
branched and may therefore contain small quantities of 0.02 to 3.6 nol %
(based on t hebigi(fyydmyrkanybouiaperbthbles®sti ng agents. Suitabl e branchi ng

agents incl udg; ungs, syl le for pol rbanat rqduction with three
and nore func?lihg%%g)érg'zhpyzd?&ﬁg?@%g’llf &ﬁ%ﬁ%l\?‘ﬁ?f’{wﬁﬂ%é@’ or 3 0 nore than

t hree phenol i gihlitogy-au@shydrexyphx@ipl 8,3ltrinhethyl! 1 H-idden{54olnydr oxyphenyl ) et hane
and isatinbiscresol. LeA 35 301  PCI/EP02/04442 15 The ol i gocarbonates are
the starting prodidstahydio-hdpycthaamstndil drseisopidifindenlohatdel. Aryl

car bonat efy or di phenols may be added prior to condensation in order to
correct the final ratio of term nal phenolic OH groups to term nal aryl

car bonat e gr obDpticalady gelféerpatatel y achi eve the desired and sought ratio of
termnal 5 groups in the finished pol ycarbonate. The term nal phenyl
carbonate group nmay be partially altered by addi ng substituted nonophenol s,
optional l'y al gQofchfidi ai yl carbonates thereof. To nodify the properties of

t he pol ycarbonates, auxiliaries and reinforcing agents 10 nay be added to

t he ol i gocar bbid#dwdpxiyphenyd-kyinnépdghyd)ettmnki gh nol ecul ar pol ycar bonat es.

Exanpl es t he include: he an tabilisers, flow pronoters,
noul d-r el asegﬁggﬂ}ygfoxﬁlpg‘??éﬁf 'E%Pﬁng\%%eﬁﬁfl&nent s, finely dispersed
m nerals, fibpouss{@hedioriphehPhpeyaiep! e al kyl and aryl phosphites,

phosphat es, phosphanes, |ow nolecul ar carbonic acid esters, hal ogen
conpounds, sabtos-bicHahydoxyphant! > prbisesepylbenzgheass and carbon fibres,

pi gments and conbi nations thereof. Conpounds of this type are descri bed,
for exanple, P‘r?‘%'@9];‘%{319"75?,}‘%‘588’§d1ﬁ?%06’yg’§n6‘??8’ in "Plastics Additives", R
Gachter and H;,1Mig_u_ﬁpdromggl)gﬁm};&g@[s | 983. LeA 35 301  PCT/ EPO2/ 04442
16 Exanple A igocarbohate nelt, ‘produced from bi sphenol A and

di phenyl ct bohiat(é-hyidrdxypeanyhphéaytriptetsphysihaxgpieenol at e catal yst, with a

relative vi SCBgl(h%yagox%lpggnlyi)dﬁ)henylmethane.

More particularly preferred are
25 bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
4,4'-dihydroxydiphenyl,
2,2-bis-(4-hydroxyphenyl)propane.
A diphenol of formula (I) with formation of homooligocarbonates as well as a

30  plurality of diphenols of formula (I) with formation of cooligocarbonates may be

used.
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5 termnal OH group content of 0.55 % and a tenperature of 270C are fed
‘into a reactor, as described above, via a pressure nmaintai pCheEBRVi£R2 The
reactor is heated to 270C and is under a vacuumof 7.3 nbar. The rotor
speed is 2.5 rpm the nean residence ting @45 mnutes. The product
continuously renoved fromthe reactor by a gear punp has a relative
viscosity of 1.171 with a termnal OH group content of 10 0.13 % and is

conveyed vi a eat exchanger heated with heat-carrying oil at 295C into a
further reactg?f°§§Zﬁggg?gg@d“%ﬁﬁyﬁﬁmﬁﬁF“@dG?§H€H&¥éb hi gher nelt
viscosities. The vapour streamis partially condensed, the remai nder being
taken up in the vacuum station. 15 The second reactor is adjusted to 295C
and is under a vacuumof 1.3 nbar. Theyrotor speed is 0.8 rpm the nean
residence tinme 130 m nutes. The vapourfs are diverted into the vacuum
station. The pol yeatRonat e gﬁntinuo sHyar enoved by neans of a gear punp has
a relative viscog O f %32 a%? 4 9l OH group content of 290 ppm The
Yl value is deteng d on the po 5 ate. 1{llis 1.42. 20 VI was
determ ned to ASTME’313 on inje$%'o ourged sanpl es 4 mm thick. The
injection tenperature was 300C. LéA 35 301 PCT/ EPO2/ 04442 17 O ains 1.
Process for produci ng pol ycarbonates from ol i gocarbonates whi ch have been
obtai ned by transesterification of diaryl carbonates with di phenols in the
presence of 5 catalysts, in which polycondensation is carried out with
| arge specific surface areas and high filmfornming rates, characterised in
that a reactoanmhﬁ&ufﬁg@Prated di sks is used. 2. Process according to claim
1, characteri $6d TR that”’t he hol e sizes of the 10 annul ar disk el ements are
determned by the formula A =x(t~2/(kg2ni 5 s-2))~~", in which x varies
between 2 * 10-3 and 3 * 10'2, preferably between 4* 10-3 and 1.6* 10-2. 3.
Process according to claim1 and 2, chﬁ&acterised in that the annul ar di sks
have a ratio of the total area of the ri'ng to the area taken up by the webs
bet ween the 15 el es_a Ro to 6.5, prelerably of 2.5 to 5. 4. Process
according to clai X 3, ChHracteris \n that the netal faces
surroundi ng the ho\ Pt Qe—anmiPar are sqiigye or rectangular in
cross-section with¢astant di nensi pis=perNdi,sk. 20 5. Process according to
claim1 to 4, characlerised in tha® the hol B sizes and web widths in the
reactor are adapted Rromentry to exit to the increase in viscosity in
accordance with claim2. 25 6. Process according to claim1, characterised
in that a reactor device in accordance with DE 44 47 422 C2, colum 1|, line
63 to colum 7, line 39 is used. 7. Process according to claim1l1l to 6,
char act er | ed whardih Rt RS&RPR", Gh&FRRIhIF 08 oRE ONdtHEInial bkE Jp8BR1IAS biafcHae | ow
Vi scosity ran%F for subsequent wetting of the

1 to C3q alkyl/cycloalkyl, C; to Cs4 alkaryl or Cg to Ci4 aryl, for example

diphenylcarbonate,
butylphenyl-phenylcarbonate,

15  di-butylphenylcarbonate,
isobutylphenyl-phenylcarbonate,
di-isobutylphenylcarbonate,
tert-butylphenyl-phenylcarbonate,
di-tert-butylphenylcarbonate,

20  n-pentylphenyl-phenylcarbonate,
di-(n-pentylphenyl)carbonate,
n-hexylphenyl-phenylcarbonate,
di-(n-hexylphenyl)carbonate,

LeA 35 301



30 ‘annul ar disk elenments during rotation. LeA 35 301 PCT/ EPO2/ 04442 18 8.
"Prrocess according to claiml1l to 7, characterised in that tpeTHERA4I4Ar €
equi pped with horizontal transverse beans in the higher viscosity range in
the reactor and are attached between the @nnular disk elenents. 5 9.
Process according to claim1 to 8, characterised in that heating of the
reactor is divided into vertical, disk-shaped zones in order to be able to

adj ust a tenperature profile. 10, Process according to claiml1 to 9,
characteri sedgxcﬁ:o}}eﬁ%]tpgﬁ%yé'tp:hﬁ@'l?)afrb?rf%’10 i ndi vi dual sections of the reactor

i s separated #iocyickamekdbhohyldarisonate, @ way that the vapour chamber and the
sunp chanber nmay be operated at different tenperatures. 11. Process
accor di ng t o Bhagivkphenelphepylcathanaiet eri sed in that the ol i gomer nmelt i~s

heat ed by a hga Lor to entry into the reactor. 15 12. Process
B ARIGaLe

according to C characterised in that the product inlet valve
is placed 3n tshectfiphedylghskyledrbérdage,r eactor in such a way that the nmelt is
deconpressed in the reacﬁor chanmber. 20 13. Process according to claim1l to
12, char act er fisgestrPhenycari@ateapour outlet is attached to the reactor

bet ween 15 ang_nggylgfléngg_?gle%%grﬁ&g}e in the direction of rotation of the

rotor. 14. Process ac gtocldimil to 13, characterised in that all
parts of the @B(nrmsylphenyihdacthoramoe i nto contact with the product are
manuf act ur ed fronl1 gn g_l g%}/ vvi‘thh an iron content of less than 2 % a nickel
content bet weSHPBEPEEIIEANPAE: chr omi um cont ent between 22 and 24 %

pref erabl y t hgi-smhAphylcardthdfe. LeA 35 301
. AA3. AA, . AAS| . AA@A SY.AA, . AU@ . AASI . AhSY. AASY. AUSY. Ah, | . AU@ . AA, . AUS| . AA, .

AA, . AA'1 X[ naphtlgksheyl-phenylcarbonate,
di-naphthylphenylcarbonate,
di-tert-butylphenyl-phenylcarbonate,
di-(di-tert-butylphenyl)carbonate,

15  dicumylphenyl-phenylcarbonate,
di-(dicumylphenyl)carbonate,
4-phenoxyphenyl-phenylcarbonate,
di-(4-phenoxylphenyl)carbonate,
3-pentadecylphenyl-phenylcarbonate,

20 di-(3-pentadecylphenyl)carbonate,
tritylphenyl-phenylcarbonate,
di-tritylphenylcarbonate,

preferably
25
diphenylcarbonate,
tert-butylphenyl-phenylcarbonate,
di-tert-butylphenylcarbonate,
phenylphenol-phenylcarbonate,
30  di-phenylphenolcarbonate,
cumylphenyl-phenylcarbonate,

di-cumylphenylcarbonate,
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05pj " nj wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca]ca] ca
"] cal ca].ca] ca] ca] ca] ca] ca] ca] ca] cfa] cRa] ca! n}#v \ b69e PCT/EP02/04442
#lgl!""d""#-$} xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]yga] ca! - $( % WOBBRELB' ' ' ) n) ) *f*** P+
A, r----- .2/ 4/} xsnid_Z]]ca]ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca
] ca] caj ca] ca] ca] ca] cal ca] ca] ca]ca]ca] ca]ca]ca] ca]cal!4///*000+1113b3444! 5| 55
6n6} 666Q778>
}xs I’ll} d Z]Q] ca]’acfg9 ‘gaﬁlxBﬁeé%{f%‘é{]d&lﬁ]eeélfar&?%{f ‘ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!;
<a<=>>>! >y>>>?7@ @@(BBBECRCUCC9DODDDDDDEEFFF} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] chi aslljtecn) t:h;] rwhela] @m]lmml]lda]lscel]asa]utba]laiﬂ may elsd bajusa] diadctiglasa] cal

Gl LLE cajcalc
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]1-84% g g 23(9 bcAizﬁ%fgé@rgmﬁp%oég@p%lysts ;mgh (fgr the purp%Le gt) this application are

also jointly designated onium compounds, are used for the synthesis. They are
preferably used in quantities of 10® to 10 mol, based on 1 mol bisphenol,

20  particularly preferably in quantities of 10”7 to 10™ mol.

Phosphonium salts, optionally in combination with other suitable catalysts, such as
other onium compounds, alkali or alkaline-earth metal compounds, may be used as

catalyst for the production of the oligocarbonates.
25

Phosphonium salts are those of formula (IV),
R4 X

+
R1-—i|=—-—R3 (V)

R2
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& 105 ugt () @GBS A OV by sy el e
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10% u& () - 44! 5| 556" 6dESH=! 10@710% u& ()-L6Y"' 10% u& () -
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10 tetraphenylphosphonlumphenolate,
particularly preferably tetraphenylphosphoniumphenolate.

Preferred quantities of phosphonium salt catalysts are 102 to 10 mol per mol
15 diphenol and the most preferred quantities of catalyst are 10 to 10 mol per mol
diphenol. Further co-catalysts may optionally be used in addition to the
phosphonium salt in order to increase the polymerisation rate. These include salts of
alkali metals and alkaline-earth metals, such as hydroxides, alkoxides and aryloxides
of lithium, sodium and potassium, preferably hydroxide, alkoxide or aryloxide salts
20 of sodium. Most preferred are sodium hydroxide and sodium phenylate. The
quantities of co- catalyst may be in the range of 1 to 2,000 ppb, preferably 5 to 1,000
ppb and most preferably 10 to 500 ppb, calculated as sodium respectively. These
may be used during production of the oligocarbonates or else first added prior to
polycondensation.
25
The oligocarbonates may be deliberately branched and may therefore contain small
quantities of 0.02 to 3.6 mol% (based on the dihydroxy compound) of branching
agents. Suitable branching agents include compounds suitable for polycarbonate
production with three and more functional groups, preferably those with three or
30  more than three phenolic OH groups, for example 1,1,1-tri-(4-hydroxyphenyl)ethane

and isatinbiscresol.

LeA 35 301



&10% u& ()- &10% u& ()-&10% u& ()-!DF"10% u-u& ()-&S10% u&' ()-!3$F! 10% u
u& ()-9P:: H,; <a<}”"?bCl .Y"10% u& ()-&F+ 10% u& () - & PCT/EP02/04442
10% u& ()-!'\$F"10% u-u& ()-& #10% u& ()-!'\" 3"10%u& ()- Sa<=> >>>>>! >pCl
| s10% u& ()-1"S10% u& ()- 10-u 10-u 10-u9l0% u& ()-610% u& ()-&0

10% u& () -!>y>>>?@ @BbCl &z10% u& ()-& 10% u& ()-z!$F,110% u u& ()-&
@0% u& ()-&L . | . .

%8:;2 32. Eg &10%lU&Oq )goca@o alt%%BBal%eC <bCISt§1L tETIPgO /%r%(&uétg f})I$Y'pO 91c/gnudegs(,g'c‘1t1(o%1 tO

I F'10%uvu& pdlycarebnatymu E 50 Yerudndl) o ERGh 82 4A% u&' ()
-2610% ugz\“(J) g%y(ior% u&' () - g%b%(r)tgf)nﬁg ()- e FBOERPHINERh Rn St

. 10% u&' () - 19%69&0 opriegiDibeODEE @i 6 Tegmipal phenolic OH groups to terminal aryl

' &10%
Eg 1(129<210% %‘*8’ @é&% (a?%‘?@ E%&{%&é%‘ eV&qg‘i:d ‘ﬁ%@d(sj’“%ﬁféﬁ%@f (‘3”&‘1%0/@' (
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To modify the properties of the polycarbonates, auxiliaries and reinforcing agents
10 may be added to the oligocarbonates prior to synthesis to high molecular
polycarbonates. Examples of these include: heat and UV stabilisers, flow promoters,
mould-release agents, flame retardants, pigments, finely dispersed minerals, fibrous
material, for example alkyl and aryl phosphites, phosphates, phosphanes, low
molecular carbonic acid esters, halogen compounds, salts, chalks, quartz powder,
15  glass and carbon fibres, pigments and combinations thereof. Compounds of this type

are described, for example, in WO 99/55772, pages 15 to 25 and in "Plastics
Additives", R. Gichter and H. Miiller, Hanser Publishers 1983.
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10@10% u& () OERaGuhengty yo ;mm%hgﬁgd( ro® Pophene! (4- and diphenylcarbonate with

CUSTHRIT A e e U R L
10@. 10% w&' (Jerdink0 BHI&rdup Comtert QFeUR ¢) aky h t&ﬁ%(exu&ré bf 270°C are fed into a
reactor, as described above, via a pressure maintaining device. The reactor is heated
to 270°C and is under a vacuum of 7.3 mbar. The rotor speed is 2.5 rpm; the mean
residence time 45 minutes. The product continuously removed from the reactor by a
gear pump has a relative viscosity of 1.171 with a terminal OH group content of
10 0.13 % and is conveyed via a heat exchanger heated with heat-carrying oil at 295°C
into a further reactor, as described above, but equipped for higher melt viscosities.
The vapour stream is partially condensed, the remainder being taken up in the

vacuum station.

15 The second reactor is adjusted to 295°C and is under a vacuum of 1.3 mbar. The
rotor speed is 0.8 rpm; the mean residence time 130 minutes. The vapours are
diverted into the vacuum station. The polycarbonate continuously removed by
means of a gear pump has a relative viscosity of 1.287 and terminal OH group

content of 290 ppm. The YI value is determined on the polycarbonate. It is 1.42.
20

YI was determined to ASTM E 313 on injection moulded samples 4 mm thick. The

injection temperature was 300°C.
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10b9<ml(()2’/do&' (}+1 DFP(tl)?%SoﬁObemd}wmg priysadipateitom oligprarbouggsavliiph have been

ff 9/3;%9?; d gcligo/g%% 1§ kS ﬂ%ﬁ@ &jfgﬂé& %%ﬁéa\f sV JIByEAc1€in the presence of

10% u& () -F" 1@%@%(1)1 mﬂ:ﬁ)%ﬂy&onﬁden@atﬂ)ﬁ%; U&rl(ebl o8 OUhU& g spdG3fid OHFA68’ ol das
0 1
Kkl <I'@ HTTJI Yl(i( Hbg@fjlm ormuil'gorélat)eos&chazractelr(l)sed in that a reactor with perforated disks is

used.

2. Process according to claim 1, characterised in that the hole sizes of the
10 annular disk elements are determined by the formula A =x(-nz/(kg2m'5 s?)”, in

which x varies between 2 *10 and 3*102, preferably between 4*107 and 1.6*107.

3. Process according to claim 1 and 2, characterised in that the annular disks
have a ratio of the total area of the ring to the area taken up by the webs between the

15  holes of 2.2 to 6.5, preferably of 2.5 to 5.

4. Process according to claim 1 to 3, characterised in that the metal faces
surrounding the holes of the annular disk are square or rectangular in cross-section

with constant dimensions per disk.

20
5. Process according to claim 1 to 4, characterised in that the hole sizes and
web widths in the reactor are adapted from entry to exit to the increase in viscosity
in accordance with claim 2.

25 6. Process according to claim 1, characterised in that a reactor device in

accordance with DE 44 47 422 C2, column 1, line 63 to column 7, line 39 is used.

7. Process according to claim 1 to 6, characterised in that scoop elements are
provided in the reactor in the low viscosity range for subsequent wetting of the

30  annular disk elements during rotation.
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10 individual sections of the reactor is separated horizontally in such a way that the

vapour chamber and the sump chamber may be operated at different temperatures.

11. Process according to claim | to 10, characterised in that the oligomer melt is

heated by a heat exchanger prior to entry into the reactor.

15
12. Process according to claim 1 to 11, characterised in that the product inlet
valve is placed in the final disk of the reactor in such a way that the melt is
decompressed in the reactor chamber.

20 13. Process according to claim 1 to 12, characterised in that the vapour outlet is

attached to the reactor between 15° and 60° off the vertical in the direction of

rotation of the rotor.

14. Process according to claim 1 to 13, characterised in that all parts of the
25  reactor which come into contact with the product are manufactured from an alloy
with an iron content of less than 2 %, a nickel content between 56 and 60 % and a

chromium content between 22 and 24 %, preferably the material 2.4605.
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