PCT/ EPO2/ 04442 1 24 OCT 2005 Process for continuous production of

pol ycarbonates by the nelt transesterification process The present
invention relates to a process for continuous production ®CT/BEP02/04442

pol ycarbonates from ol i gocarbonates by the melt transesterification process
using a special reactor. digocarbonateg are produced by
transesterification of diaryl carbonates with diphenols in tﬁe ﬂ@ ence of
catal ysts. Processes for the production of 10 polycar bonat es % d ri bed
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730 (Farbenfabriken Bayer AG. A disadvantage is that, owing to
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A di sadvantage here is the external supporting structure, as it may lead to

filmbridges W# 2R, nﬂSOfQWZ‘ﬁ @n6sawd ERawifaPs24( i whieh fthe peodngtiomef the

intermediate stages, the oligocarbonates, is illustrated. A process for producing
oligocarbonates is described first hand in the German application No. 1 01 14 808.5.

15  Further details of the melt transesterification process in general are found in the
literature (see for example Hermann Schnell, Chemistry and Physics of
Polycarbonates, Polymer Reviews, Vol. 9, 1964, pages 44 to 51).

Various devices for the polycondensation 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

LeA 35301



stirrer blades and then inpair optinmal renoval of the cleaved nonomer and
ot her LeA 35 301 PCT/EP02/04442 2 2 4 OCT 2005 products. Tpergihesuhye
treatment of higher viscosity nelts is also affected as the ratio of film
surface to nelt volume is considerably reguced and inpaired owwng to the
increasingly thick melt coatings. 5 EP-A 0 778 078 (Teijin LHn'UngOUS
describes a twin shaft reactor for polycondensation. Here the reaction
chanbers are narrow and production is difficult owing to the restricted
pl ay. Ther ef opegductse Thy effadtivedigamentrfshughes viscasitethelinds alse affgeted swithabl e

for high throughputs. Furthernore, ,ener .5 introduced via t.he dr.iv and
this | eads t o ikt F& BRI oniaefbontferally rBRlETand 8ot Tiakfh Kase
Kogyo Kabushi ke jtaicadigly de8iemelR@satmggeact or device in which the

ol i gocarbonate nelt is distributed via a perforated disk onto a plurality of

vertically attached wres and runs down theminto the sunp. In exanple 1, 50
wres 8inpi ngt h e gui r.ed for. just, 5 . prepol yner_ per hour. It is
cl ear that gt h égag)te 1@ v%i@ @Sﬂm e;“%lfﬁldchiﬁ?”gggﬁmfcﬁ“&r g&aﬁfﬁ% Ty o5 _
produce on a la[@6ndeadtdn, MerktRORACtich chidfiBersiate AAFW hitDploQudth® iyagHum to aid
the progress of 'the reaction and subsequently has to be liberated fromthe

phenol in conpwing tpeaestosied plag. Thasfore Ahe oRerpk ding)siqns gpo Sested anéaot or
wi th kinematic sel.f-clganing,for 0 pol.ycondensati on. of .ol i.gocar bgonat es.
This reactor net ucbl BEAP-mERedE FRRTRRs Rahy Wirfodfire i Hodiiaes
For hi gh throughpiit Raddtohai&eablealses Bltamberhfakd construction is very
expensive and, owng to the restricted play, limted in its overall size.

Furt hernord@, energy is introduced by the drive and this |eads to undesirable

rises in tenp i.nappropri at Vel resi.dence tinmes are possible,
basi ¢ 25 al KailS arear FaeBERR Kot RaRURHEY sPRbE 015 T0eRE gos.
carbonates, 3aRélAthedlighartnaleanelt RDGADAEE Siadstrivysled RE offota plaRitAsT
catalysts in order to reduce the reaction tines. However, these have an

adver se ef f ectvenitallyaitaghed wirgs ard rupe down them into the sump. In example 1, 50 wires
8 m in length are required for just 5 kg prepolymer per hour. It is clear that these are

15  very complex structures which are difficult to produce on a large scale. Nitrogen is
used in addition to the vacuum to aid the progress of the reaction and subsequently

has to be liberated from the phenol in complex operations.

US 5,767,224 (Bayer AG) proposes a reactor with kinematic self-cleaning for
20  polycondensation of oligocarbonates. This reactor is described in EP A 460 466, EP
A 528 210 and EP A 638 354. For high throughputs in large-scale plant this
construction is very expensive and, owing to the restricted play, limited in its overall
size. Furthermore, energy is introduced by the drive and this leads to undesirable
rises in temperature. As inappropriate average residence times are possible, basic
25  alkali, alkaline-earth and transition metal hydroxides, alkoxides, carbonates,
acetates, boranates, phosphates and hydnides are used as catalysts in order to reduce
the reaction times. However, these have an adverse effect on the quality of the

polycarbonate formed.

30  WO-A 99/28 370 (Hitachi, Ltd.) describes a reactor or reactor device consisting of
horizontal cylindrical containers which are equipped with single or twin shaft

stirrers. They have good cascade characteristics and reduce the production costs
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pol ycarbonate fornmed. 30 WO-A 99/28 370 (Hitachi, Ltd.) describes a reactor
or reactor device consisting of horizontal cylindrical coptfippess sy ch are
equi pped with single or twin shaft stirrers. They have good cascade
characteristics and reduce the pr oduction3costs LeA 35 301 PCT/ EP02/ 04442 3
2 4 0CT 2005 conpared with stirred tank™cascades. A disadv ﬁtin;Ie,’_)ﬂﬂBs t he
external supporting structure in the single shaft stirrer, as it may | ead
to filmbridges which may form closed chanbers with the filns on the
stirrer bl adesompared with istipsed tankpedspadesr Andisadvaniage uhdhe ewlginell sppnromdng and

ot her products, The .u of h N f irrers i.s praoposed 5.for hi.gher
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is drastically reduced and the reactor does not operate effectively. In the

reactor with tofithe deryed phenol epd pther pioduefaf The wseyf twin shaftestitrets ipprapesedri xi ng

ener whi ¢h i.s .converted.in knead] work. However h ra ck of a
i oh rat oS0t PRI SIEPUe O S Eab? fintG Gamt BB Sy I PER S Behet her
di sadvant age iygschbdifescPQr HYesthti &t fifn isHHEQRIGC ARtd] ERGankdaRd D dr¥@iEkANd
| eads to undesirable rises in tenperature. The object of all reactor “devices

is to provi de redveed and therreacteri dags aptoparate gélectovely. dnthearsector mathetvin ebafi r ed
for progress of. the reagtion..Kneadi rk _i.s necessary.15 for rface
renewal , part isé{ﬁrér cg ICWF%&EW@@FQ%YW&W%WC&X H&ﬁ“@elst‘i"%‘*fe?q‘&&’r ed is
subst anti al | y knaddinenegdHoweldrethe deaviack o alhygi @tid 0 sit¥act RftaIs VbRGR LAY €a or
intensity of surface renewal over which evaporation of phenol and diaryl

car bonat e 10ak egntghtastidl, exisis. rAnpthas rdisagdy atagenis the enargy whiohcs introdused by thet t enpt
Is nmdde,to acgelerate e.he i 2 i ic al kali, alkaline-earth
and transitio en@é%w%{ll(gpgﬁaggiﬁ &%eilro%lééé%%ﬁ%ge?‘?%ﬁaa rg‘s, acet ates, boronates,
phosphat es and hydrides as catal ysts and optionally by elevated

tenperatures, and to bring about sufficient surface renewal, for exanple by
i nt ensi ve kneddempierbok allHeaeredevigends (e @roide Hhesesidancg) Yine snd ugfaeroer have a

Favourable ef Gt Qondlf rBiiilel'fr Bloghdd€ of Mo/ RALODN ¥rEadiff Wetk APnddd&¥ry €M8I N

in the
15  for surface renewal, particularly at higher viscosities. The residence time required is

substantially influenced by the use of catalysts and by the surface area or intensity of

surface renewal over which evaporation of phenol and diaryl carbonate takes place.

In reactors with shorter residence times, an attempt is made to accelerate the reaction
20 by using basic alkali, alkaline-earth and transition metal hydroxides, alkoxides,
carbonates, acetates, boronates, phosphates and hydrides as catalysts and optionally
by elevated temperatures, and to bring about sufficient surface renewal, for examljle
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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25 product. Elevated tenperatures in the presence of the above-nentioned
transesterification catalysts are particul arly di sadvant agaopgphe/olife col our
of the product. The kneading work required may only be brought about by
reinforced reactor constructions with high power input. Re?%m%r ﬂﬁvices of
this type cannot be built in any size and this adversely a ectg conom cal
t hroughput rates. 30 The object was therefore to find a reactor design

whi ch, on.-the one hand, permts _particularly good evaporation of phenol and
optional |y di dge melrsyeacescbuyonhepihan dand masalsy stilbby ppmated saanpmigally 4 O C
12005 | arge "%Eﬁlﬁgﬁgéﬁgs’ but, on the other hand, may also still be
operated econom caFly on a large scale. The object has surprisingly been
achi eved by reactor devices which continuously 5 formfree filns under the
i nfluence of gravity and have a high filmformng rate. This is achieved
with rotati ngq‘béroﬁomchhwswm@glv rpeeh achigyash B reaciegslerisss wiich gomtineousty t he

total areacof i d . t he_hol es of
b o 6o SOl Bk it Apbd Gne iERehel B edficanh BaveE WelP SSERhR Tl o P
falling | engt IThifis atlievekdi witbrotingRefforte dikiishinttheforinssTafigh avihg airtio of
particul arly advantageous to sel ect the 10 equi val ent hol e di aneter

according to thecotabpsenohths ringto g/ areayaken wp By theywebs briaveen dha hadgserft2.hist e

dianeter Ais i i I i[c i hca rea.
The i nenet onfossBrARY S S 2 Ao OB o ladbolil [ fonPl! AR 6B of
preferably betieisOoQhdeandvith B tiscdity. Has iparticulanlyiivaii@geoks PRgelde tlassuned

si mul taneously at various points in a reaction device W th,varyjng
vi scosi t y10r | eqeivaleet hals dismetemescordiag tlo the dommely Arxtag(kefne 0) esThey be

desi gned with vari.0 eqnetric, shapes. Hol es.in..t he form of ilatera

rotational |y SHRER holf Selera I B diete & fheciangen ot « sl fenisyf

Wi dt hs of t he afdal CUE Rk bR didesEBfudleritACRStor &Nehal OGkA Betwaen U .@2P5eRf orosed. 20

D fferent shapes maybe used at the inner _and outer rimof the annular disks

in order preferably between 0.004 and 0.016. The various values for x may be assumed
simultaneously at various points in a reaction device with varying viscosity. 7 is the

15  kinematic melt viscosity in Pas.

The holes may be designed with various geometric shapes. Holes in the form of
equilateral rotationally 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.

LeA 35 301



to be able to forma circular rim At high viscosities the equival ent hole
dianeter is so large that the inner and outer rim have topbgmpioyiodesh by
spokes, optionally subdivided even by a central ring. These holes are then
delimted by the spokes or 25 spoke segnent s and ring segnents. Al of the
metal faces or webs surrounding the hol es”are advant ageouslst{qﬂla]’g]gpr
rectangul ar in cross-section. By selecting suitable web wdths, the ratio of
the area carrying-the nelt when the annul ar di sk emerges fromthe nelt to
t he surrounding 30 hole may best be adapted to the nelt viscosity and ot her

properties of . th |t -lt [ n vant S.W 1 n.annul a isk to
sel ect all th(? uﬁ@tgaﬂ 04“5’88% og?&&%‘g%% ﬁ?rﬁgﬁ%%%’ﬁggg e’ RO sgg%gogﬁ ssLi}oB{dhg e

const ant i dentekgatteddh MRNehQOSddviteCTRS ferftted divks kAo 32 paBidAGH/ R PRNE4442 5
24 OCT 2005 During production of different polycarbonates, various viscosity

profiles shoulmenbenedesghettomshipiin thagerdercand adaed do ththaisgesiyotrendedn dhsks are
to be prov%ded iP)the above- nentioned relationship in the reactor and
adapted to t h&®&7 §'cosity trend in the 5 reactor. In principle,

pol ycondensati on of the oligocarbonate may be carried out in one reactor.
However, it may be expedient to arrange two or nore reactors in succession
as the final f®ipsieoipls pedicghdensgiopeotatheapligagaibonafetrazyrbaedrrisd otteinr emet i on

10 equilibrium wgqlicﬁ de enlgs og t he 11;(§1 oeratur(fw gressuretand t he term nal
group  cont ent CtsF- HPEEYSE L Ay BE gxped: FHOEF YR e HTRE e B S & Hbnoner s
to be drawn @fftheBfind Cabkehldr beeigRnae ee ditdihedTdy du@drmideedC 8 d@Rs fdc@dén al |
and this |leads to expensive, over-size vacuum systens. However, the

advant age 18f lecqwlipriwgswhieh dependsion thehtempetaire.opresung andithe enpinad fgrom
conj Uncgion Wc&rﬁeﬁt}?%\g ﬁeﬁ%ﬂfc%qnta{emt irés%{fﬁcgén?r géa&’%s ﬂl%%hﬁ&n?rg?%gg Far gduced.

The gas exposure o Systens” an exposure o oduct may

be optim sed Ry¥f flagistirbely ibercdagénsed br iy fickasd corlenstdeat pillpald Masiched ween t he
appar at uses shoul d be as short as possihble and the curvatures of the pipes
kept as | ow a$XPRSHELPET-SIZEaguum sHRgme SHW VAT the adyantage oflepressures is

that the reaction temperature which, in comjunction with the residence time,
15 determines quality, may be reduced. The gas exposure of vacuum systems and the

heat exposure of the product may be optimised by distribution between two reactors.

The pipelines between the apparatuses should be as short as possible and the
curvatures of the pipes kept as low as possible. The external 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 horizontal cylindrical container with a stirrer, as described in
DE 44 47 422 C2 (Karl Fischer Industnieanlagen 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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20 construction should be taken into account in the process. It has been
found that a particularly preferred reactor device for polpypcomgensasion of

ol i gocarbonates is a horizontal cylindrical container with a stirrer, as
described in DE 44 47 422 C2 (Karl Fischgr Industrieanlagen Zﬂfkb, col um
1, line 63 to 25 colum 7, line 39. This reactor does not havé G0 awbacks
of the above-described reactor devices and may be built for very high

t hr oughput s. O‘ part.i cul ar advantage is the extremely rigi.d construction and
desi gn of t he thygacheneto depabhstsd, gl ien eonsapstinna plse laméwn%amfnar?ﬁ higheme

reactor shaft mmﬁgc.aéahﬂgﬁ)gs@gaggﬁ oﬂﬁeomag%ﬂg% Wetiflstailstlo oh 3Rl WIRLES

the resulting vapo uni npeded he nature of the rotor
nmounting all omo}edné)et\mntthaf disks. Bheapie af attltadurfavatd el vohmpeomthe éisk gnes and
thus a terrperature rofi dapted to the progress of LeA 35 301

PCTI EP0210444 SPBIEA C@@é@ ip fhe ghervisRsitgapEe, » 3% TREVR 8T thasTeeasdist r uct i on
also limtg entrainnent of higher viscosity nelts upon rotation of the
rotor owing to the installation of stators which project between the disks.
The ratio of rRet bptsu:nlfaadehdrefor@rbfemﬂ useo fothe rdnetotlidekice Hluskgtd in BEd4 47

particularly in_ the her viscosity range, as a result of thls easure. 5
For optimal  arfd2 tq'?ef%f‘gF Frosushien P@d’oh’%rbB\‘at?%émWééﬁrt Srthesmedilicatiops preat ed i n

DE 44 47 422, nfe%vérhﬁe égﬁlﬁafohg)ghgﬁate@hm@ Qm%ls,ﬁon@@g@@é fior, Ur L her

modi fi cations ‘& required over the constructions ust I'n the
above-nenti oned appl ication. 10 It may therefore happen that there is
' circul ar disk t the.inlet to.the

i nsufficient tti hero atjn
reactor dé{i cdtmey ﬁ%w%efﬁi]e flergfs RS ‘HFB’\/‘@W“H%(?EHF&@@BE%CH |d(1ﬁr]FaI ly to
equi p up to haj fﬂhet Hﬁetrt‘é%fe %a&&”@év‘ibe"\ﬁtt v 989&1&459 TPH&sst%Qeﬁ R
periphery in such a way that upon ascent of the scoop elenents th CI rcuI ar
disk is deli tmpnemaéllyycocaquml uputeuklf) thearsimdet langth wiltte s¢oop-elémsants o1 yhenmiter 15 In
t he high vi SCOSI t]}’ range tovva{hd t he end of. the reaftor xcessive
entrai nnent off ery ch a way that upon ascent of the scoop elements the circu ar 1sk is
deliberately continuously washed with the low-viscosity melt.
15
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, 1s 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 1s 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 1s 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 obtamned 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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product by the rotating circular disk may | ead to undesirabl e conditions,
such as interruptions in filmformation. A nethod of preventing this, which
is inproved over DE 44 47 422 C2, is to attach horizontal pettrimpicagsbeans
to the stators at the 20 | evel of the sunp. Convergence of the nelt
downstream of this beamin the direction sof rotation of theé{]gkﬁ g
therefore avoi ded. These beans may be attached directly to dWai ng or
may be supported by optional additional beams which are also fastened to

br oot €5 convayPh e BETBEER A0 SPs BTl REL  S0Le° Get THBIPRRCbE 44
25 47 422 C2. gughhssthg%lbhpé{itﬁébm Sir8éHad cant and advant ageous in aiding
conveyance of the nelt toward the reactor outlet. For the progress of the

reaction and the quality of product obtained it is advantageous to divide
the reactor in | ur ty of. di gk-shaped zones 30 be at ed
separately frd‘%‘r&%‘ﬂﬁﬂﬂﬁtﬁtﬂfé 18 gcbhcgtfhg 'g't(ﬁr?éls 6?35?%@&5%”@/%“5}&? PR O

mol ecul ar wei gl the%{bﬂ [RY oG él&V‘eTlhusTﬁqS%@Ent %%%96 pg; per gas

pol ycarbonate Le 301 PCT/ EP02/ 04442 7 2 4 5 may t

m ni m sed and rbgms leye than dlhd me]hmum boﬂsdl ﬂmeebefoheé’bss»biembbrpmbbnzes filmuoh as

t he col our ol ycar bonat e. POSSI i.s to hea the vapour
of gas 1+ ogi on e Pels AR ot Tegtem e e one B s igresire Geagaticss by

therebel ow. Thigel kererAhaNTBIRMISnEOh ?BP%@QQ&fonga@f E}%gré%@to}exﬁ%[ra gan

the nelt region |ocated therebelow. Possibfe pol ycar bonat e s on
wall's in the cralsantagyoosly be dpdeontally separeted accardinghyd Thisemtdseredtaisdo digheged

| ess by wer tenper at ures end,. heatin f the sections he
reactof ROk SRS S B i oY Py 1 P Brpict SR rmEIoy oS 1 o
measur e .| eads proddet 816rs 10 reactor running tines, |ess pinholing owing to

cracked products and i nproved end product colours. The processing
tenperatures for pol ycondensation are generally bet ween 250 to 330C,

preferably 2601'}}60 r%clzgsg:lhgttgr%pgra&%es UEES po yco\'\@ensatmn arct gen%?allnbb Etwedd %(F LQoly
330°C, preferably 260 to 310°C, the pressures between 0.01 to 15 mbar, preferably
15 0.05 to 10 mbar and the mean residence times 30 to 240 minutes, preferably 60 to

180 minutes.

If the tetnperaturcs of the oligocarbonate melts introduced into the reactor are
significantly lower than the desired operating temperature of the reactor it may be
20  expedient to heat the melt prior to entry mto 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.
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15 0.05 to 10 nbar and the nean residence tines 30 to 240 m nutes,
preferably 60 to 180 minutes. |f the tenperatures of the oligocarbonate
melts introduced into the reactor are significantly |owerpthatpdhf4desi red
operating tenperature of the reactor it nmay be 20 expedlent to heat the nelt
prior to entry into the reactor using heat exchangers SUIt gﬁcﬁﬁghpolyner
nmelts. As a result the tenperature differences between heati s and
product in the reactor may be reduced in order to avoid product danage on
the walls of the reactor. 25 According to the invention the product is

i ntroduced i ntlbistadeantagrots wrdispdadedire vaippunoutictd methwiredrtast aski bel Priesdiir e

control in a er such that. di.recy deconpression occurs_ in fhe product
chanber at threg%‘;J E’Fé(f’mﬁ‘]dé ﬂEﬁ&lff’r‘iEO? ggr&ta&on TPIRg e Prdet togredifiedhe reflyy o %ave
drawbacks in vihgw of particle contents of a crystalline nature are avoi ded
owing to the high heating potential of the imediate surroundings. To this
end the 30 product inlet valves are attached, for exanple, to the end face

of the reactor, LeA 35 301 PCT/EPQ2/04442 8 2 OCT 2005.1t is advant ageous
to displace t HenYcuetioatnaterals whighdonel leag o doSorehdamase rpats Wi Pt he

vertical in thg figiRebhOhalbAtalictadb'diE hOhok honBbUS! bRl AN, t he

refl ux of Any conventional nmaterials whi o0 not lea I'rect
product damagebeemyolnsl thmedhe tse pf aditsralsamuthnigswufmat 2% itdee ar&mkdelwcmt@md t he
e use_of materials with

h h b f dth
o5 than 2 sgRerERen 56 ks Hodpdrd CHEUEIBbioBEL RIS oA nEa 2n ors um
content betweepyad, st’o%g}ée lﬁﬁgﬂ@h@ﬁﬁmbggms@é&ﬁre h@:}l}ﬁ%ee-rhe

material DI N 2 460 i's pr ra y used. 10 It S surpri si n found
that the u¥e of the reactor device |IIustrated is particul arly wel |l suited

o e Bt Sy S5 aE A S5 BPIRS 5Bl Y5hok hilegte! ' 1Y
particularly well suited to producing mdustnally 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 (T)

HO-Ar-OH (D
25
in which Ar 1s 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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procedure illustrated in German application No. 1 01 14 808.9 by
transesterification 15 of diary] carbonates wth di phenol sy} nLesence
of catalysts. The very good colour qualities of the pol ycggg{)%lﬂaa?/eog"l%’%t ai ned
are particularly surprising. The nmelt trapsesterification process proceeds
in a known manner from di hydroxy conpounds, carbonic acid %‘e@é rs and
optionally branching agents and/or 20 nonophenols. D hydro frﬂﬂﬁmds
suitable for production of oligoners are those of formula (1) -HO AT-OH (1)
25 in whi ch Adihyslramydphersds,i c radical with 6 to 30 C atons, which may
contain one or. re aro i ¢ nuclei, may be substituted and may contain
al i phatic or @}%&‘8’%‘}?‘%}55%‘ B cals or alkyl aryls or heteroatons as

bri dgi ng el e”%&ydl%@lyﬁ%ﬁ?}g]ciaoﬂi{m@shydroxy conpounds of formula (1) are
hydr oqui none, resorcinol, LeA 35 301 PCT/ EP02/ 04442 9 di hydroxydi phenyl s,

bi s- (hydr oxy phesafhlyliroaitengh-sulpbides,( hydr oxyphenyl ) - cycl oal kanes,
bi s- (hydr oxyphen I§-su| hi deg, 5 bi s-(hydroxyphenyl)-ethers,
bi s- ( hydroiypﬁ’ésﬁélp' EO%@?@H%&“F %5+ s- (hydr oxyphenyl ) - sul phones,

gl, :1'- ( B?/glr ?)%S:Bgéig%ﬁreog%l%klgﬁkg%%%pyl benzenes, 10 2 4 OCT 2005
bis-(hydroxypheny!)-sulphones,
bis-(hydroxyphenyl)-sulphoxides,
a,a'-bis-Chydroxyphenyl)-diisopropylbenzenes,
10
’ and compounds thereof whibh are alkylated in the nucleus and halogenated in the

nucleus.

These and other suitable diphenols are described in US-PS 3 028 365, 3 148 172, 3

15 275601, 2991 273, 3 271 367, 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,
o,o'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene,
o,a'-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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and conpounds thereof which are alkylated in the nucleus and hal ogenated in
the nucleus. These and other suitable diphenols are described in US-PS 3
028 365, 3 148 172, 3 15 275 601, 2 991273, 3 271367, 3 OF2T/fPbp/0d48/0 131
and 2 999 846, in DE-A 1 570 703, 2 063 050, 2 063 052, 2 211%%55% %%e
French patent specification 1 561 518 aq% in the nonograph "H Schnell,
Chem stry and Physics of Pol ycarbonates, "I nterscience PublﬁéHHﬂSMﬁ%EM/Ybrk
1964". 20 Preferred di phenols are, for exanple: 4,4'-dihydroxydi phenyl,

2, 2-bi s- (4- hydroxyphenyl ) propane,: 2, 4-bi s- (4- hydr oxyphenyl ) - 2- et hyl but ane,
25 1, 1-bi s-( 44%%/@%%@}\1&1);&19@1&9%&@@%,

1, 1-bi s-(4-hydy ﬁn¥ - | ohexane,

a,a'-bis-(4-h3%$g§§g enb%gég- 'P%%%%%pylbenzene,

a, a' - bi s- (4- hyghyaroxgiphyyletherdi | sopr opyl benzene,

bi s- (4- hydroxyphenyl ) sul phone, 30 bis-(4-hydroxyphenyl) met hane,

1, 1- bi s- (4- hydsoyemenienl, 3, 3, 5-t ri net hyl cycl ohexane,

bi s- (2, 6- bics- ¢4- hy, envl ) hexat ropane, LeA 35 301 PCT/ EP02/ 04442
10°2 4 oot 2006 (RSB T RleRBh el hane,
(4- hydr oxyphermyd- 'ydh@@ghéi@l)hla naphttiymethiaggydi phenyl et her,
4, 4" -t hiobi sphenogld? 5 bis-(4- E@drox phenyl ) -1 -(1-naphthyl) et hane,
bi s- (4- hydr ox gvergayy3-t-lzirexphemg)- ) .o Sriamethyl-14-inden-5-ol,
i hydr oxy-3- (4 usl g PBH e 5 5L bbb 1 g 5- !
2,2'3,3'-tetrahydro-3,3,3'3"-tetramethyl- 1,1 -spirobi[ 1 H-inden]-5,5"-diol.
10

g Particularly preferred are

resorcinol,
bis-(4-hydroxyphenyl)-1-(1-naphthyi)ethane,

15  bis-(4-hydroxyphenyl)-1-(2-naphthyl)ethane,
2,2-bis-(4-hydroxyphenyl)propane,
o, 0t'-bis-(4-hydroxyphenyl)-p-dnsopropylbenzene,
a,a'’-bis-(4-hydroxyphenyl)-m-diisopropylbenzene,
1,1-bis-(4-hydroxyphenyl)cyclohexane,

20  bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane,
bis-(4-hydroxyphenyl)}diphenylmethane.

More particularly preferred are
25  bis-(4-hydroxyphenyl)-3,3,5-tnmethylcyclohexane,
| 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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di hydroxy- | -(4-hydroxyphenyl)-1,3,3-trimethyl- 1 Hinden-5-o0l,

2,2'3,3" -tetrahydro-3,3,3' 3" -tetramethyl-1,1"-spirobi [ | kdndpsd/os442
-5,5"-diol. 10 Particularly preferred are resorcinol,
bis-(4-hydroxypheny|)-1-(1-naphthy|)ethaq?, 15

bi s- (4- hydr oxyphenyl ) - 1- ( 2- napht hyl ) et hane, 24 OCT 2005

2, 2-bi s- (4- hydr oxyphenyl ) pr opane,

a,a -bis-(4- hydroxyphen | ) - p-diisopropyl benzene,

a, a' - bi s- (4- hizaren @r@jﬂrs;ersrmth@@ drasphastseeldaenula (I 1 - bi
s-(4-hydroxypheny|)cyc|ohex ane, 20

bi s- (4- hydr oxyphenyl) -3, 3, 5-tri net hyl cycl ohexane,

bi s- (4- hydr oxyphenyl ) di phenyl net hane. opMore particularly preferred are 25
bi s- (4- hydr oxyphenyl)-3, 3, 5-tri net hyl gycl ohexane, 4, 4'-di hydroxydi phenyl,
2, 2-bi s- (4- hydr oxyphenyl ) pr@pane. A dighenol of fornula (1) with formation

of honool i gocar bg 8¢ as wl | as 3 plurality of diphenols of formula
(1) with formati¥ coblTgocay may be(ll)used. LeA 35 301
-a¥boni ¢ aci d djéstsr/s™are those diaryl esters of formula

PCT/ EPO2/ 04442 11
(11) 5 and fornula (111), R 2 4ROCT 20050 wherein R Wand R',

i ndependently of one another, maybe H, optionally branched C, to C34
al kyl /cycl oal kyl, C7 to C34 alkaryl or C6 to C34 aryl, for exanple

5
and formula (111},

R'
Rn R O

()

10 wherein R, R' and R", independently of one another, may be H, optionally branched
C, to Cs4 alkyl/cycloalkyl, C; to Cs4 alkaryl or Cq to Cag 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,
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di phenyl carbonate, butyl phenyl -phenyl carbonate, 15 di-butyl phenyl carbonat e,

i sobut yl phenyl - phenyl carbonate, di-isobutyl phenyl car bonat
tert-butyl phenyl - phenyl carbonate, di-tent-butyl phenyl car b(ﬁ;gg/tEg,O’z@éM’z

n- pent yl phenyl - phenyl carbonate, di-(n-pentyl phenyl)car bonatze,
n- hexyl phenyl - phenyl car bonate, di-(n-hexyl phenyl)carbonat e, iw B% 301
PCT/ EP02/ 04442 12 2 4 OCT 2005 cycl ohexyl phenyl - phenyl car bonat e,

di - cycl ohexyl phenyl carbonate, phenyl phenol - phenyl car bonat e,

di - phenyl phenelydahdxylpheryl-fhengoabondtgohenyl - phenyl car bonat e,

di -i sooctyl phenyl car bopate, n-nonyl phenyl - phenyl car bonat e,
di - (n- nonyl phzih%}'c)q@ﬁ?ﬁg’ﬁﬁqyé?arb%ﬁ:yl phenyl - phenyi carbonate, 10
di - cunyl phenyl,aathabEphenPRRBbIME Pheny| - phenyl car bonat e,

di - napht hyl phenyl’carbonate; di-tert-butyl phenyl -phenyl carbonate,
di - (di -t ert - bui-pheiylphghdlcabtreteat e, 15 di cunyl phenyl - phenyl car bonat e,

di - (di eumy L ph e e e e Syicarbonate,
di-isooctylphenylcarbonate,
n-nonylphenyl-phenylcarbonate,
di-(n-nonylphenyl)carbonate,
cumylphenyl-phenylcarbonate,

10 di-cumylphenylcarbonate,

g naphthylphenyl-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-tritylphenylcérbonate,

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

di-cumylphenylcarbonate,
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4- phenoxyphenyl - phenyl car bonate, di - (4-phenoxyl phenyl)carbonate,

3- pent adecyl
trityl phenyl
di phenyl carb
car bonat e,

cunyl phenyl -

phenyl - phenyl car bonate, 20 di-(3-pentadecyl phewyt/Epasbenat e,
- phenyl carbonate, di-trityl phenyl carbonate, preferably 25

onat e, tert-butylphenyl-phqulcarbonate, di -tert-butyl phenyl
phenyl phenol - phenyl carbonat e,””30 di - phenyl phenolZ&b6b(gs e,
phenyl carbonate, di-cunyl phenyl carbonate, LeA 35 301

PCT/ EPO2/ 04442 13 particularly preferably di phenyl carbonate. *24 OCT 2005 In

addition, th
directly as

carbonates i
Preferred m
possibility
to the react
t he additisn
hydr oxyary

10 on the di
reaction and
acid diester

10

15

20

25

e ppiiewlarly prefaaly didisnylsetonaie.car bonat es may al so be used
hydroxyaryls in addition to one of the above-nentioned

n order to 5 influence the term nal group of the pol ycarbonate.

X i additian, ehet phefshioddntpoutlipived y cabhiaatmay diebeuded dirbaly as

of addi ng the hydroxyaryl or the hydroxyaryl-carrying conpound

i @mdrat(yaa%y RpAfdition o e o4 e ah@vecmént@pérqarwa&eﬁénr% &tioon, and

C(i)n eeﬁfe tﬁgyérglgr% Igﬁ)‘ﬁ? ooqtihp;EJ ;?%?%%ﬁoéﬁ %; g%g{)rféy qﬁL&EJ rg%:?rg t%{ Sm%‘[i% (based
hyighhenglcaborat Miere Her the t frasibilidy tofoaddiny the hy@dsxyael horo@feor e the

al so. conpletely or partially during the reaction. The carbonic
s hydrexyprdFarying, gompeynd tg the réachens Ak pRYy, Iypmeng prefsrably st thel |

start of the reaction, and the addition may be divided into a plurality of portions. The

free hydroxyaryl content may be 0.4 to 17 mol%, preferably 1.3 to 8.6 mol% (based
on the dihydroxy compound). Here the addition may be made both before the

reaction and also.completely or partially during the reaction.

The carbonic acid diesters are used in 1.02 to 1.3 mol, preferably 1.04 to 1.25 mol,
particularly preferably 1.06 to 1.20 mol, based on 1 mol bisphenol. Mixtures of the

above-mentioned carbomc acid diesters may also be used.

Ammonium or phosphonium catalysts, which for the purpose of 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,
particularly preferably in quantities of 107 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.

Phosphonium salts are those of formula (IV),

+
R+-—P—R3 (V)
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particularly preferably 1.06 to 1.20 nol, based on 1 nol bisphenol. M xtures
of the 15 above-mentioned carbonic acid diesters may al sop@eHpse@deqdHMONI UM
or phosphoni um catal ysts, which for the purpose of this application are

al so.-jointly designated oni um conpounds, 12re used for the sypgbp%' . They
are preferably used in quantities of 10-8 to 10-3 nol, based on nol

bi sphenol, 20 particularly preferably in quantities of 10-7 to 10-4 nol.
Phosphoni um sal ts, opgionally in conbination with other suitable catalysts,
such as ot hewhsriltufh covpelurmgy bedhk sqme or didfereat.irprressnt Ch torthablkglenBotmds,

may be used a a fQ I [ h | .goca n . 25

Phosphoni um s?ﬁ‘? gl%;sr gﬁ#}géﬂe&%lk%g 8?%?1%%%%?%&&1%1 P%e%r%b%f' %l-ekg'?ﬁgb?% E%X_ LeA
35 301 PCT/ EPQ#18AskftEculadlypréferdbly 260405yl Wieptanpl Ridt X WhaiC be mRYarhén kih same or
di fferent, re%%sgﬁft 8 tyop010 a){kyls, Co6 top C10 aryl}g,e@ to 0 aral kyls

or C5 to C6 cyweaidey suphate. divdragsnsulnpbatey hydioges carborate cagbapate, aphalidecul arl y
preferably.meth nyl qgé | uc hydr oxi de

sul phat e, ﬁydpgééﬁ&gﬁﬁ%ﬁgééF%ﬂy réggﬁﬁgg?@Q%S?ESQEQ? E%%?%Peggﬁ%ﬁWHg?IS
preferably chlopC; €eC,,Qfaliay), mkieablisheall. PesforddcaCiRystodrerein R may be C6 to
Cl4 aryl or C7 to Cl2 aralkyl, preferably phenyl. Preferred catal ysts are

t et raphenyl phosphoni unchl ori de, tetraphenyl phosphoni umhydroxi de, 10

tetraphenyl phospBRM WHESHIRh M cloride,
tetraphenylphosphoniumhydroxide,
10 tetraphenylphosphoniumphenolate,

particularly preferably tetraphenylphosphoniumphenolate.

Preferred quantities of phosphonium salt catalysts are 107 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 hydroxidé 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.
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particularly preferably tetraphenyl phosphoni unphenol ate. Preferred
quantities of phosphoniumsalt catalysts are 10-2 to 10-8 ppoi/epgiofdd; 15

di phenol and the nost preferred quantities of catalyst are 10-4 to 10-6 nol
per nol diphenol. Further co-catalysts Mgy optionally be uspgdgengsdition to
the phosphoniumsalt in order to increasé the polynerisation rate. These
include salts of alkali netals and al kaline-earth netals, such as

hydr oxi des, al koxi des and aryl oxides of Itthium sodium and potassium

pref erably hydhexiodsocaghioeaies dareor ther yitainge pseducts 2fpr ofpobsandapsativst to

preferred are I d i odi . L4 es. of co-
catal yst may bg‘?@%‘!‘%ﬁe‘l mréa‘%gg 0%5160@%0&2@ @@%Eﬁ&%ﬁ@g?§ﬂ§vo%? gér@%%om ppb
and nost pref ofdebly cdfedtahSRappdtio cftetmiml pHerdticSOHI givupe $P ediningglayyl These
may be used during production of the oligocarbonates or else first added

prior to pol GEberhEWuPHANd deliberately|achysie sglested anthgought waip; afdermiagly
b hed d fQr I | I 1y N2 . | %
(based on T neZbpy HFBE il BOEBoRIT The (HHAA dehd) Blodtllubll igd 0L

agent s i ncl udpatiepalieds iatiding esubstituted! moasphensis.e optivraily cdlico themdiakyit hr ee
and nore functional groups, preferably those with three or 30 nore than

t hree phenol i garbpnaigs gof. f or exanple 1,1,1-tri-(4-hydroxyphenyl)ethane and
i satinbiscresol. LeA 35 301 PCT/ EP02/ 04442 15 2 4 OCT 2005 The

ol i gocarbonates are the starting products for polycondensation to

pol ycar bonat eJo risdity tharpbspeaice ofahe goybabohaesayxilieri@dariorefriforeingt fzents
condensation in order to caorrect the final .ratio of termnal phenolic OH

groups tolQer MaNabe dded teathsonlieerahiasalss Brer &l SYBEEEE eloy highhmlerulate
desired, and Sgﬁg%})&ﬂés%%nﬁl&f SPih&k i&l&%@’ﬁ@aﬁ ahﬁ‘WﬁaﬁiliFE&%%r @%Hé? {bonate.
ny e y altéred by a

The term nal carbonat'e group may parti al I’'ng
sub_st ituted rrnmtﬂ:@lvakesageﬂm flanea kdtyrdants, qiginentsli ﬁrreyy d:spm;d:ﬂqnaiems tﬁh»acm%pf . To
modi fy the prOperL] e Sk BRLY SR IR RRAL IS, AMdhnll 905! 1O
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 may be added to the oligocarbonates prior to synthesis to high nol ecul ar
pol ycar bonat es. Exanpl es of these include: heat and UV st apgirimenfqaiip ow
pronoters, noul d-rel ease agents, flame retardants, pignents, finely

di spersed mnerals, fibrous material, foj.exanple alkyl alzq WD{?B&S

phosphi tes, phosphates, phosphanes, |ow nolecul ar carbonic ‘acid €esters,

hal ogen conpounds, salts, chal ks, quartz powder, 15 glass and carbon fibres,
pi gnents and conbi nati ons t hereof Conpounds of thistype are described, for
exanpl e, in Whxmpe772 pages 15 to 25 and in "Plastics Additives", R
Gachter and H Miller, Hauser Publishers 1983. LeA 35 301 PCT/ EP02/ 04442 16
2 4 OCT 2005 Exanple digocarbonate nelt, produced from bi sphenol A and

di phenyl car bor@ligcudbbhate tratic,apiodosedp frogp hisphewgd hanahd tdipteayiahshate Writh a
relative viscosity of 1,081, a5 termnal OH group content of 0.55 %and a
t enper at ur e oftetpaphendphosphomyupphenglate, gatakyst ,ngb agesdative peecosin el 1.08h &

G U T DR e S TR

vacuum of I Spee he frean tf e 45

mnutes. The RFeRMChs GRBEBAUDESS, Wid £PRYAGe Ma0MihiE detiR6.THe roXctér is B8ABA PUND
has a relative viscosity of 1.171 with a term nal OH group content of 10

0.13 % and i s to@A04yent 1sivmder heanuvmatlibh gdar. Hdwtretdr wpeead ih @t pogrthey/imeen oi | at

295C into a further reactor, as_described above, but i pped for higher
Tl C vi Scos! t {TES0eo e A Bt s PRRFORst GaPTNAITY e e TR pehibd nder

bei ng taken u%ehﬁpﬁxﬂg ha¥ QGRS VALY of 101 TN it er RAdia PBg gfouﬁascoafun%fed to
295C and is under a vacuumof 1.3 nbar. The rotor speed IS 0.8 rpm the
mean resi dénce).i3 teanti30 conveytddia a Heet exahmpes heatad with Yieaticedyingtodl 4t1205%@cuum

statibn. The pol ycarhbonate contjnuously repoved by . nmeans of a gear _punp has

¥

a rel ative vi SBts? fuythsr repctop s desrribed abeve del-eQYRIeE forhighermelvisoottighom The
YI | is d 1 b teah S ho 42
et o ned t o HErirREE §Eeh UF pRRIaNG XoRBREE ul rehbinbier*eing Yakin ¥ Sy, 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 YT value 1s determined on the polycarbonate. It is 1.42.

20
Y1 was determined to ASTM E 313 on injection moulded samples 4 mm thick. The

njection temperature was 300°C.
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injection tenperature was 300C. LeA 35 301 240CT2U1.5 17 C ai ns

PCT/ EPO2/ 04442 1. Process for producing polycarbonates from ol i gocar bonat es
whi ch have been obtained by transesterification of diary) dbkﬁghﬂﬁbs W th
di phenols in the presence of 5 catalysts, in which polycondensation is
carried out with large specific surface areas and high filmformng rates,
characterised in that a reactor with annu# r perforated diRKEEP82/044€4P,
wherein the hole sizes of the annul ar perforated disks are determ ned by
the formula A €iamel2/ (kg2 m5s2))" , in which x varies between 2*10-3 and
3*10. 2, and wherein the annul ar perforated di sks have a ratio of the total
area of the 10 ring to the area taken up by the webs between the hol es of

2,2 to 6.5. 2, ,Procgss_accordi,ng to clajim wher ei n i s, be n.4*10"3 and
1 610°2. 3. Phocestaspararg-res Brirbdials B PRk et i T Rer o
the total areag®fineddylifABsdsteidicitont dTRIAVEABAKRD wHR AYhdnde WeRsSplelvesn the
holes is 2.5 to 5. 4. Process according to any one of clainmns | to 3,

characteri skd caalyfiatintviechpbhcondeasion sucaroad dungith Heghepasfiiofurtabe aganul ar
perforated disks, ar guare. or rectangular, .in cross-section w th constant
di mensi ons per 2t bigh B e s CEHTIPh i {1 RSV DR 2eTHrmRerTRiEC 4,
char act eri sed {yayt Raloeli NG ligl e Hofelt NG P MM IFolafd N FEGLAIMALE
adapted fromentry to exi 0 the Incraase in Vi cosity I nh accordance with

claim2. 25 6. bPriaeasenids R=ix0g/(kg GlLRM,inCRREAGE @figebetBerd Ral0o R angact or
device in accordance with DE 44 47 422 C2, colum 1, line 63 to colum 7,
line 39 is used*19”, pdorhesein dbe armdilas petforatedyditchage acatid afsthe tatel agea of the

characterised in that sc el.enents, ar rovi ded i he_ reactor in the | ow
vi scosity igngémgg?%gﬁﬁg‘%{)fgr’l‘tp bygge %‘P%eﬁﬁg%‘f%? H%‘eéﬂﬂ%?éﬁ Serforated disks
during rotation. LeA 35 301

2. Process according to claim 1, wherein x is between 4*10° and 1.6¥107%

3. Process according to claim 1 or claim 2, wherem the rano of the total area of

15 the ring to the area taken up by the webs between the holes 1s 2.5 t0 5.

4. Process according to any one of claims 1 to 3, charactensed in that the metal
faces surrounding the holes of the annular perforated disks are square or rectangular

in cross-section with constant dimensions per disk.

20
5. Process according to any one of claims 1 to 4, characterised in that the hole
sizes and web widths in the reactor are adapted from entry to exit to the increase n
viscosity 1n 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 celumn 7, line 39 15 used.
7. Process according to any one of claims 1 to 6, characterised in that scoop

elements are provided in the reactor in the low viscosity range for subsequent

30  wetting of the annular perforated disks during rotation.
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240 C1lI1 2005 16 PCT/EPO2/ 04442 8. Process according to any one of clains
| to 7, characterised in that the stators are equipped with horizontal
transverse beams in the higher viscosity range in the reactor?&afdiages
attached between the annul ar perforated disks. 5 9. Process according to any
one of clainms | to 8, characterised in that heating of the reactor is
divided into vertical, disk-shaped zonﬁga in order to be ablRCT&Pad0d4442 a
tenperature profile. 10 10. Process accdrding to any one of clainms | to 9,
characterised in that heating of the individual sections of the reactor is
separated hori zont ally in such a way that the vapour chanmber and the sunp
chamber may be opergﬁoéﬁssélcc‘éiﬁf"ﬁé?éﬁff ORGPiTAHEE Urtes, Chaiactﬂﬁsééékﬁ‘ah@ééﬁamfhg to

any one of o1 by ibed l HBLAG S AERL bR ke b hS: LAY nge 1l S

heated by a he entry 1nto ?he r

according to améc@m@n@ire@{@h@abemeﬁﬁleaﬁh@ua Ryits@disky) that the product
inlet valve is placed in the final disk of the reactor in such a way that

the nelt i§ decorrpressed in the reactor chanber. 20 13. Process according
to any one of ¢l ai to 12 characterlgfeg in thaé t he &ﬂur ouktllet IS
attached to the rea tYB‘ieS%é‘f%é‘BHg 19 20, 9nespf gpimst hig e‘i}’tafaééﬁ“s iny that hegftpect i on

of rotation of ?gﬁ rE:zRIt 1s d?\f? é]d41ntda{;é?ﬁcea?5dlﬂtc Béjd ek @ g%.r% fmle &59% I to

13, characterised in t parts act or conme 1 nto contact
with the pr odu@tterﬁ;b@at[rmwf)ﬁletur ed froman alloy vvith an iron content of

| ess than 2% a nickel content between 56 and 60% and a chrom um cont ent
between 22 and 24% preferably the material 2.4605. LeA 35 301

10 10.  Process according to any one of claims 1 to 9, characterised in that heating of
the individual sections of the reactor 1s separated horizontally in such a way that the

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

1.  Process according to any one of claimsl to 10, charactensed n that the

I5  ohgomer meh 1s heated by a heat exchanger pnor to entry into the reactor.

12. Process according 10 any one of claimsl to 11, characterised m that the
product wnlet valve 1s placed in the final disk of the reactor in such a way that the
melt 1s decompressed in the reactor chamber.

20
13, Process according to any one of claims 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.

25 14, Process according to any one of claims 1 to 13, characterised in that all parts
of the 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 matenal 2.4605.
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