WO 2005/ 054335 PCT/ EP2004/013321 -1 Process for the production of
polycarbonakeaobaybsuags | ow content of volatile copppEdDoahy1sder
transesterification process 5 The present invention concerns a process for
the production of polycarbonates having;a | ow nonomer content, by the

transesterification process. The process is characterised in that by

inhibiting the reacfion before {he reaction I
react or in? adtqg P} % dRE BECRBRSESN YNGR, 8
usi Pg t hg fddilent €881 Yo1dty 1 ebmgewagng dgg;aéh&n trans@aneilrgaltib
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conpounds @gregasftsai ned. 15 Wthin the neaning of the present invention

resi dual nononers are understood to be the true nononers, i.e.

di hydr oxyaryl conpounds and di aryl carbonates, and vol atile conponents of
all types, Rich@santy.idwrtniodrectdrademed ghtpramand | for priodustcjuction
nonohydr oxyaryl .co unds, and 20 dec osition and cl egvage pr.oducts that
are 1or mod 4n AHS TR T ol P QR SR S & n 2 | iecondar y
conpounds Wiaisete ditiraaiicad ghoddis affepridaned 9 ama et et aded

Low nol ecul ar-wei ght reaction products in  connection with the residual
nmononmer s sHdultd'afe Rihderstidd % & g afdgrde Lo 5501 ot satd™n of up to
3. I'f the endt oW L tthaser M e L5 A & LN RNk gyl adged tfoget her,
then the result is formally a nonohydroxyaryl conpound or a di hydroxyaryl
conmpound orr & idiUarly IMQsoh 1 t &30 Pradefucta BiE st oteisxe st iorfigm ycar bonat e
are known fromddie lJ teratiing apd, dtoesh T4 Ry, ARl digatd pns:

Pol ycarbonate 1s pro uced'by the nelt transesterification process. The
product i on Refr fpret /i ¢ oltingoc b B rat 35 hpol yhrd ot esemientheo frel t

tranSESteriJJfggffg]Jgﬂﬂ%ﬁﬁ%é:%re obtained.

m xt ure ent ers the fin

15 Within the meaning of the present invention residual
monomers are understood to be the true monomers, i.e.
dihydroxyaryl compounds and diaryl carbonates, and volatile
components of all types, such as e.g. low-molecular-weight
reaction products, monohydroxyaryl compounds, and

20 decomposition and cleavage products that are formed in the
transesterification process, along with all secondary
compounds which are introduced by the aforementioned raw
materials. Low-molecular-weight reaction products in
connection with the residual monomers should be understood

25 to be degrees of polycondensation of up to 3. If the end
groups on these molecules are considered and added
together, then the result is formally a monohydroxyaryl

compound or a dihydroxyaryl compound or a diaryl carbonate.

30 Production processes for polycarbonate are known from the

literature and described in many applications:

Polycarbonate is produced by the melt transesterification
process. The production of aromatic oligocarbonates or

35 polycarbonates by the melt transesterification process is



WO 2005/ 054335 PCT/ EP2004/ 013321 -2 known fromthe literature and | aid down

for exanpl e"P 2R4R 058RS cl opedi a of Pol ymer Sci ence PCPSEP2QQ4 /(015581

Chem stry and Physics of Polycarbonates, Polynmer Reviews, H Schnell, Vol.
9, John Wley and Sons, Inc. (1964), and2in DE-C 1 031 5 512, US-B 3 022
272, US-B 5 340 905 and US-B 5 399 659. Pol ycarbonates produced by the

interfacial kpekycondrnsnti 0NteprOGesSagaNeaall Yolaveokowxenplients ehe
resi dual nopnoner contrast, the transesterification process always

. 10.B .
leads to pFBHMEigpﬁF%ﬁyPésPaﬁﬁmeﬁnﬁﬁﬁépcéonyeﬁt318f(1ﬁ§ﬁéhy8F8%9§F§V

conpounds, dhAydhox¥yakybrcoRpPQUREBoAREesHi BbYYmERr REBaLRS, LD Thepeinesi dual
nononmer contents are troubl esone and wundesirable for certain applications,

such as in YA&-aPealoBr ¥hdaYornAedPEFneln6r éX8ApI e, 2BAdINNDERE prBddicti on

of —optigal sdataygagriepsy 262! nypradyctihgnoby LHhg ©5aRsSEskebi kxeation
process, certain measures musf therefore be taken once the desired
nol ecul ar wei ght has been obtained in order to reduce the residual nononer

content. 25p§@gg%¥ﬁgﬁ%@@¥iggoggcghgepieﬁee&asgy;géfaQGQSEEkbxdgﬁsgﬁggauthe

production o ycar bonat ransesteritircatio Irocess. ction
| i ne desi gnsraressughnehatllyahavaslowatahyshssopfcoabidatilomsnofmedst f er ent
catalysts in varying quantities are necessary. Conbinations of onium
conpounds, 30 oni um conmpounds bei ng understood hereafter to be nenbers of
the grolp oByanoomhrastanthphospheastiartbdirpeunds, pandeakkallivayer leads

al kal i ne-earth_conpounds. having.an_al kaline effect are _mainly described in
the 11 ter at hirePtoRbe 313+ 5ot AL Aaal HEnoRS s “aoRErnts 955 073 8l are cited
here by waymefiokanpkedryl3boMpblistisaayhofirbkeaeniusvepspadedanbavi ng a

catal ytic WQ,ZOO /054335 PCT/ EP2004/ 013321
iaryl carbonates.

15 These residual monomer contents are troublesome and
undesirable for certain applications, such as in the area
of food or medicine for example, and in the production of

optical data carriers.

20 In production by the transesterification process, certain
measures must therefore be taken once the desired molecular
weight has been obtained in order to reduce the residual

monomer content.

25 Catalysts having an alkaline effect are generally used in
the production of polycarbonates by the transesterification
process. Production line designs are such that various
catalysts or combinations of different catalysts in varying
quantities are necessary. Combinations of onium compounds,

30 onium compounds being understood hereafter to be members of
the group of ammonium and phosphonium compounds, and alkali
or alkaline-earth compounds having an alkaline effect are
mainly described in the literature (DE 4 312 390 Al, EP 719
816 B1l, US 6 228 973 Bl are cited here by way of example).

35 Whilst many of the onium compounds having a catalytic



-3 effect are nore or |ess destroyed during the course of the reaction,

al kali or aPRaPOMYOS438R conpounds having an al kal iBSE/EPRRRE/GIE3&In in
t.heir active formeven after the reaction. In order to obtain

pol ycarbonates having a | ow 5 residual mdhonmer content, it is essential to
stop the reaction or to neutralise the catalysts, particularly alkali or

al kal i ne- eaeflice@Mpeen@dreablrel ese deedebiyen andingefdkee cohe ssukseguent
separation of the reS|duaI nmononers. . Equival ents of inhibitors in nmarked

excess rel atPPetE8rheltel &a9§l9§$§l&§8deaFﬁhp§PWP8HP§P PEVAtivEé™ o t he

al kal i ne or a1ghkahenefrgackhreabahyshschane gengral ey risedehno alfftiey @md. Thus
WO-A 00/ 77 078 describes a nelt transesterification for polycarbonate

with oni um E§85FySPs LR EEABIN&C GRERLPhPOIZCArRINA LSS KieRAMNIne- 8&Ft h

conpounds,. I@s@@h@&ntﬁbM%%rQ%H%Eﬁ% hayi Rg @s%@ﬂ%&@%‘@%a%t ”Qﬁ%r content,
t he polyner must be quenched after ‘the reaction with a mar excess (for

exanpl e 6 e&B8R¢hlLent 8F &P aeldreddssunbs, C§@éﬁysé§,s@ﬁﬁ@ﬁﬁ@lééﬂﬂ esters for
exanpl e, rehgkbiﬁ be Lhg %Qn%q%'gﬁheQBﬁggﬁnéEkal tQhr Qh@a&@g%tqggtgggitalyst

used, in then to ree it fromt resi dual monomers in an ti onal
process stepeifprantert subeeqoentegeperatApnt hé tbametsiinl@aé moawegietrison net al

scavenger s ph ic.acid [ .e I d.in |1
amount e, 25 Bk 8hY8 B AR s Ik R B AR S s g " e
transesﬂ@rltacaﬂyenspueedss1hopammﬁyuaahomaﬂatunewhbchheabﬂ&mlﬁhe peact i on

the al kaline,catal yst i s, quenched wit ui valent s %Ia% ve to al kali
cat al yst eqﬁ%%ﬁﬁéﬁ%sfa5? agﬁﬁ?&ﬁ|¢ 35ld98gF5? &Hduﬁﬁ n 5°n ﬁ a&&dtlonal
process step the residual nononers are reaned in an extruder. The aim
however, i s,for jipder goanphieqtions inthe jeleqtronic sector and in storage
for polycarbonate with onium catalysts in combination with
15 alkali or alkaline-earth compounds. To obtain
polycarbonates having a low residual monomer content, the
polymer must be quenched after the reaction with a marked
excess (for example 6 equivalents) of acid compounds, such
as sulfonic acid esters for example, relative to the
20 equivalents of alkali or alkaline-earth catalyst used, in
order then to free it from the residual monomers in an
additional process step in an extruder or reactor. At the
same time a transition metal scavenger such as ortho-
phosphoric acid, for example, is added in small amounts.
25
EP-A 1 275 677 describes an alkali-catalysed melt
transesterification process for polycarbonate in which
after the reaction the alkaline catalyst is quenched with
2 equivalents (relative to alkali catalyst equivalents) of
30 sulfonic acid ester and then in an additional process step

the residual monomers are removed in an extruder.

The aim, however, is for modern applications in the
electronic sector and in storage media to use

35 polycarbonates that in addition to having a low residual



35 polycarbonates that in addition to having a | ow resi dual WO 2005/ 054335
PCT/ EP2004/ 9 2925/08433honer content are al so subst ERT/BP2QP41033BRb| yte-free
or at least have a |low electrolyte content, i.e. that are substantially
ion-free or at |least have a lowion conteant. Polycarbonates having a | ow

el ectrolyte content within the 5 nmeaning of the invention are those whose

al kal i and nehdpdi NeogBEhh §P8L ENEoIT Sups €N PPR11pPrefierapbyyte4@rppboand
particularly preferably < 20 ppb, As described above, however, alkaline or

al kal i ne- ea?t hLea®t chR &P yat 5oV epbeAtTAlYHR POPyERAEbohate BAAT A5Si npurities,

have a negaé&ﬂ@t@ﬁtﬁf&ll%niéHEfPQé}’HFraE’rP@&é%i§§veT£.‘elo@0wﬁaEQHBéh€$ are
then not suitable for the production of certain products. In addition,

these pol ycBehuarleanagenehariyohaveovocbecsrabyteseaniwhrh withanl ehe
addi tives, r{]réaﬁﬁ'z’m?'tﬁﬂ E’ﬂ%‘ﬁiénnggt?i&q be '91%:99“&1’?? e TR HEE gﬁ certain pure

oni um catal ysts out ditional use of alkali or alkaline-earth
conpounds haVkabinercatklal toetentets £s6@ heplef opeeparabtul arf pdbaandgeous

20 for the ggfﬁggﬁigpl f%fgggggéfgngfgglﬁﬁéing a low electrolyte content.

By contrast] use o earth conpounds havi ng an
al kaline effect, even in conbination with oniumcatalysts, is not suitable

for obtainjng,polycarbonates having a | ow electrolyte content. The
speci al adv%%t g%c%% %glgg?%%'oﬁ?ﬁﬁg%ﬁta?$%?£l??egri%Ek?gén?ag?rg at at the
end of the paodugstonrnacessnt bikerpoltposendnate oandn dbeimpaeitbasm xture

reduces consi der abl because_of their therpal instabiljty. The condensation
of 30 oligo %Y%o%a?%%a?%ﬁ%segfﬁﬁﬁ %giEﬁer%ﬁfgﬁfﬁr?ﬁ?geﬁkl¥ﬁe JBﬂ?ghest purity

in sel ect edpbBpcs MSnatsSs des6rthed hot sexaaple for Whéd PRolub¥ToRbdr EP A 1
253 163, JP 2 003 155 .

certain products. In addition, these polycarbonates

generally have to be stabilised with suitable additives,

15 causing other ions to be introduced.

The use of certain pure onium catalysts without the
additional use of alkali or alkaline-earth compounds having
an alkaline effect is therefore particularly advantageous
20 for the production of polycarbonates having a low
electrolyte content. By contrast, the use of alkali or
alkaline-earth compounds having an alkaline effect, even in
combination with onium catalysts, is not suitable for
obtaining polycarbonates having a low electrolyte content.
25
The special advantage of selected onium catalysts lies in
the fact that at the end of the production process their
concentration in the reaction mixture reduces considerably
because of their thermal instability. The condensation of
30 oligocarbonates takes place using raw materials of the
highest purity in selected reactors, as described for
example in WO-A 02 / 077 067, EP A 1 253 163, JP 2 003 155
338, US 6 329 495, WO A 99 28 370, WO 02 044 244 and KR O

104 915. However, as with other processes too, the



338,.US 6 329 495 WO A 99 28 370, WD 02 044 244 and KR 0 104 915. However,
as with ot hBP 20QR/984335¢ 00, the WD 2005/ 054335 PCT/RES/583P04L2B21. 5

pol ycar bonat es produced in this way contain residual nononers in
equilibriumwith the polyner. Starting f-rfomthe prior art the object was
therefore to 5 find an econom cal process which provides pol ycarbonates

having a | opol¢sh@dbahaeBOBROJCRBHENN Whiiehwal tBetsame relsiik®aare

el ectrolyte-free or at Ieas&.gave a Low el ectrolyte content, with the

mi ni mum pos®PBPESEEcAR EFPLLLBRPIBX Ly E6SSEPRYIEFngly it was found t hat

pol ycar bonates having a | ow residual nononer content which at the sane tine
are electrolyte-free or at |east have a |ow el ectrolyte content can be

produced i nSEREELPENETqRal ey PBY OFhaTE5 thRaRBESEEr FESC ANESRIFTSCcESs with no

addi ti onal E@ﬁhﬂhﬁabcoﬁ@mahgxibyobes@nwﬁ&hatb@gv@abgiEbag%agh%%@%egpn l'ine,
in that in a nultistage process perforned wthout alkali or alkaline-earth

catal ysi s tRevindap ABWe&@Fadugei ROACMET €8n&BNILskHEdCBaflti &he jsaBe al r eady

in the penukERQBEQeZQlF@%gEQPFea@QeeagEeEtSEQQanﬂaQE LnRigi ting the

reaction wth extrenely small anmounts of acid conpounds, the residual

nmononers presestrphytRecendephiaseish the piodwum, posséblien telséntiicadl

reactor, knawn ?§X&P§ finishing reactor, can be renpoved by evaporation. The
necessary armoun 25 inhibitors are hypostoichionetric relative to the
amount s10of catalyst originally used, and al so hypostoichionetric relative

D15 dual oaumyaLSaf PRESHNT s, et aceLoynd cThe DL BERNLS Jyal 1 11 oo
in the finakkesidutilnmshongrr eaatens eahchangetheosrhd miimet argeveral hours,
electrolyte-free or at least have a low electrolyte content
can be produced in excellent quality by the
15 transesterification process with no additional technical
complexity in an existing multistage production line, in
that in a multistage process performed without alkali or
alkaline-earth catalysis the final molecular weight is
established earlier, i.e. already in the penultimate
20 reactor, and, after stopping or inhibiting the reaction
with extremely small amounts of acid compounds, the
residual monomers present in the end phase of the process,
i.e. in the final reactor, known as the finishing reactor,
can be removed by evaporation. The necessary amounts of
25 1inhibitors are hypostoichiometric relative to the amounts
of catalyst originally used, and also hypostoichiometric

relative to residual amounts of phosphorus that are found.

The high product qualities that are obtained are all the

30 more surprising because the residence times in the final or
finishing reactors can range from 15 min to several hours,
whereas in the conventionally used devices for removing
residual monomers or volatile impurities, such as
extruders, extrusion evaporators, film evaporators

35 (filmtruders), etc., they are in the range of a few minutes



whereas in the conventionally used devices for renoving residual nononers
or vol atil eWPnPRR34954335such as extruders, extrusi REERBOPAIOFIB21f| | m
evaporators 35 (filmruders), etc., they are in the range of a few m nutes
WO 2005/ 054335 PCT/ EP2004/ 013321 -6 onl y.6 The person skilled in the art
woul d have expected that with the long residence tinmes and the high

t enper at uregntife ghenMpealsRauikiinqumWenld she Genglamalwe ox@rddest i ng and
t he mol ecul ar wei ght woul d i ncrease. 5 The qual In;[giyé; di scol orati on and
|

content of &R@EsE&BI éhesdengdaey iEemssurdESRodl heo hHae been expected to

be markedl ¥ chptehic@e sURGRSICHRRII@ a3€eORAANY, AP AMNAS Bee cot?lrsac%%*%il’i/g
agents, for exanple, and deconposition and 10 cl eavage products of the

transest er i fFieedfusH ipgoeass thghived ecydarl &gd ohd wieud I dddasias® i n qual ity.
For procegssing reasons, however, the short residence tines that are
necessary according to the prior art cannot be set 15 in the final reactors
that are us8def auapgatycondersdoiration angasontendf orfe undesd nedl eobvi ous t hat

pol ycar bona in I r e ould b tal i

but ot andi ng suaTeey vt e B AR, ST M U S o Sa B e B or e
removal of megikeddly nofemreos .olUndelsdtrialod e 2@ ciomplamiyt icespolinelsr e@aet or s

descri bed ig V\Dc§.02/ 07?e 67, %P A % 253 163,d &JP 2 003t155 3%%, Us 6 329
495, WD A 99/28°37G7 @ S(.’)4$ 525X %8R a SkR 30 “10% 618 ©3r'e l[Sjrnefaer ably used as
final reactensavagelbeodeatisons descrirhedeist WDFAR2Z10A7 B@tesER AhL c253
163, JP 2 003 iSS 3%8, S 6 329 495, WD A 99/.28 370 and WD 02 044 244 are
par ti cul ar | {2fr éf8FabPy thdsd T&NFSHaSY 1Faf2dditdrl y preferably the reactors
described in WO-A 02/077067 and EP A 1 253 163, which are al so described as

For processing reasons, however, the short residence times
that are necessary according to the prior art cannot be set
15 1in the final reactors that are used for polycondensation.
It was therefore in no way obvious that polycarbonates
having a low monomer content could be obtained in
outstanding quality from a production line with no special
device for the removal of residual monomers or volatile

20 impurities.

The reactors described in WO-A 02/077 067, EP A 1 253 163,
JP 2 003 155 338, US 6 329 495, WO A 99/28 370, WO 02 044
244 and KR 0 104 915 are preferably used as final reactors.
25 The reactors described in WO-A 02/077 067, EP A 1 253 163,
JP 2 003 155 338, US 6 329 495, WO A 99/28 370 and WO 02
044 244 are particularly preferably used and most
particularly preferably the reactors described in WO-A
02/077067 and EP A 1 253 163, which are also described as

30 basket reactors.

In a process in which exclusively onium catalysis is used,
the amounts of inhibitors to be used are surprisingly
particularly low. This is particularly advantageous for

35 product quality, because the residues of troublesome



30 hasket reactors. process in which exclusively oniumcatalysis is
used, the QAME §°593$%h|b|tors to be used are surBFFéF?@ﬂ%ﬂ/oéaﬁgicularly
l.ow. This is particularly advantageous for 35 product quality, because the
resi dues of troubl esone WO 2005/ 054335 PCF EP2004/ 013321 -7 conpounds
arising fromthe catalysis and inhibition are reduced to a m ninmum The

fact that oaswp@mﬁcn@n@fyssﬂ@l Frofuahé i taesl pdis ndhdi tRRSbat eoguhtécient to
guench the reaction was npot obvious and could al so not have been_5
anti ci pat ed $9'nF¢ e pf | B HPET - ABhFeRR FonklR T o b prieematy, saeli east

st oi chi omet g &n t 2PNt SF Of nAIUSNEHEE SaP@VEuE Pi BEe NS o Wyt Bnah kaht or
al kal i ne-earth catalysts in order to rellablg deactivate 10 al

catal yti cal 52 @t PR e"apetPesOLBiepf i andgf9uld aide Nekoee¥s heedrding to the

invention om¢heiihey hagd. th@n?ypgs Of+ quenchers that are
hypost oi chi onetric rel ative he anmobunts of catalyst originally used and

al so hypost0|ch|onetr|c relative to residual anounts of 15 phosphorus that

are found, xig é&&hé&9§£d€ﬁea§rfé£aé¥§t’atai@aéyfétSiSH%omé9r§9°rt a

result such as at described here 1s 1n obvious but on the contrary
i s nost sur@m@@mhg oROgtenchar $ nuovs h@lbetm@m@euiEhlalballoorthe out put of

a production L] ne. dependscipl epoali 00 dhe Lempef alyre od. {gsidence time

profil e througho e process ages cing nonone
contentlmnt&&hocamﬁﬂytnmmllQSaeun@nsméchas asmeprluemghy,eihetheon output
because ultimately reactor Cﬁ | ost. This, can ensated for

b
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t enper at ur earaddh ¢ eSSufenchers that are hypostoichiometric relative
to the amounts of catalyst originally used and also
hypostoichiometric relative to residual amounts of

15 phosphorus that are found, which are regarded as catalyst,

are sufficient.

In short, a result such as that described here is in no way
obvious but on the contrary is most surprising.

20
In continuous melt transesterification the output of a
production line depends inter alia on the temperature and
residence time profile throughout the process stages.
Reducing the residual monomer content with no additional

25 equipment has a detrimental effect on output because
ultimately reactor capacity is lost. This can be
compensated for to a certain extent in the management of
the process by changing the temperature and pressure
profiles, but excessive changes easily result in loss of

30 quality. The order of magnitude of the output losses is
such, however, that economical production of polycarbonate

is still possible.

Another possibility would be to operate with increased

35 amounts of catalyst, which would result in improved output



profiles, but excessive changes easily result in loss of 30 quality. The
order of ma@Ri 20R% &43BRe output |osses is such, hRER/&EP20PA4R1F2dnoni cal
production of polycarbonate is still possible. Another possibility would be
to operate with increased 35 anounts of catal yst, which would result in

i nproved out put WO 2005/ 054335 PCT/ EP2004/ 013321 -8 but would then lead to

products w thtelewaied heheate@ e predtic@rt Sui tihn cQldhRft Prde Y1 yte
properties. The sane installations which are used for incorporating 5
additives, S$Q&HeRSSextPu@dheromoddst PO RerPersiesxanpl e, and which are
generally located i mediately after the final reactors, can be used for the
final formulation (incorporation of additives) of the polycarbonate
produced, Wihthsagendagted lpitiong alhigddiaticondle hriodesor@Pratincis 10
case noneMer, i-on. ot.her ge .l r x%%{ te

gr ades w?thad@§?3?%§'rg&u?r%%eﬁﬁgqyg%kge%g;%&E@gg %ﬁxkﬁgﬁfﬁgia 5??%%3 W th
no need for aaguiwprieht aglkaggesrals yA ocedect ilomeldiiad edeasiagit esudihead itrfadt
described i /0 oaz, far L e, b erformthe
process. 20Q§§$?§%%é é%ﬁy%%o%ﬁ%ﬂyﬁ%%gﬁﬁguﬁgggﬁo%°#%§ﬂ€%§ uction of

pol ycar bonat(éscarpotrhtsenhafi rgliditie viesr) malfa tH8 2o c25 benertel produseah

aromati c ra%k%%l having %Ot%i%o.c at ons @Qich can conta%& one .0r .nare

aromatic nuller, "Canehe “Subdti it 68 aNGIEARIEInPLCTeaS SR e W thts

cycl oal ilphatiace madiomelrs redualtiyin.aryl s or heteroatons as binding links. 30
Exanpl es of di hydroxyaryl conpounds are: di hydroxybenzenes,
di hydr oxydi phenyl s, bi s(hydroxyphenyl) al kanes,

Another advantage is that various polycarbonate grades with

varying requirements can be produced in the installations
with no need for equipment changes.

15
A production line design such as that described in WO
02/077 067, for example, can be used to perform the

process.

20 Suitable dihydroxyaryl compounds for the production of

polycarbonates are those having the formula
HO-Z-0OH

25 wherein Z is an aromatic radical having 6 to 30 C atoms
which can contain one or more aromatic nuclei, can be
substituted and can contain aliphatic or cycloaliphatic

radicals or alkyl aryls or hetercatoms as binding links.

30 Examples of dihydroxyaryl compounds are: dihydroxybenzenes,
dihydroxydiphenyls, bis (hydroxyphenyl) alkanes,
bis (hydroxyphenyl) cycloalkanes, bis (hydroxyphenyl) aryls,
bis (hydroxyphenyl) ethers, bis(hydroxyphenyl) ketones,
bis (hydroxyphenyl) sulfides, bis(hydroxyphenyl) sulfones,
35 bis(hydroxyphenyl) sulfoxides, 1,1'-bis(hydroxyphenyl



bi s(hydr oxyphenyl ) cycl oal kanes, bi s(hydroxyphenyl) aryls,

bi s( hydr oxy#eRQ03/&4335s, bi s(hydr oxyphenyl) ket oneRGT/BEF200RY0t3381phenyl )
sul fides, bis(hydroxyphenyl) sul fones, 35 bis(hydroxyphenyl) sulfoxides,

1, 1" - bi s(hydroxyphenyl WD 2005/ 054335 PCT¢ EP2004/ 013321 -9 dii sopr opyl
benzenes, and ring- alkylated and ring- hal ogenat ed conpounds thereof. These
and ot her di I mReWwds that,ar I e descri bed
for exanpledpﬁgtggﬁﬁg pé%@ht speC|g?%éi?ﬁﬁ?ﬁkgg%géfg%hkpqgg¥ﬁg73 2 999 835,
2 999 846, hzlopenzésd TERPUIGH the4®fl.72, 3 271 367, 3 275 601, 4 982
014, in the German patent specifications 1 570 703, 2 063 050, 2 036 052, 2
211 956, 3 832 396, the French patent 10 specification 1 561 518, and in the
nonogr aph " HheS@h@eﬂd 0 thehe M idtydyr caryah riRHly Sicog cofn dizo [ hhedr roreatadsso

| nt ersci ence,._. IS ark 1964, 28ff ff" nd in "D G
Legrand, % ul§ &Ieg%eHgﬁﬁb #g 4§q&ﬁ ca%@ hat'e C|encepat%f' echnol ogy,

Mar cel Dekkesrpel‘da\ﬁl\&artlio?i‘ﬁsom 9‘:‘70 AAIf," 2 R 1Pref3gr red i IByadr, 0y 94 sx@ypounds
are, for ex res ol i.hydr.oxydiphe , hj s-(4-hydro henyl
met hane, ?@g% 3c?5r‘reghycpl6l} 7f%}dr g&;}%ﬁeﬁ&@ >rl?elzﬁgng“y&bl gsz(é? Hrrox %Eeny%/))
di phenyl rret9r$@n@14l, Bnbitsre( @e&alalmycéfa%yﬂh@p;élc)lﬂmftqr@tis et e, 703, 2
1,1-bis-(4- gr oxyphenyl}% 1-(1- ht h 6; et hane

1, 1- bi s- (4- % FVphenyiPP- £222- 2 z%% f%’l et I‘$a°’r¥e39§'2 hes FrensiumebEsteny | )
pr opane. 12, 2pebiis iRl a0 X Wpheny ol Qi il S oot 1

di met hyl - 4-h droxyphenyl propane, -bis-(4 25 hy roxyphenyl) phenyl
pr opane, §¥@W§S i@wﬁéﬁﬂ:pf|ﬂ9&ﬁqq; andnterscience
2,4-Dbis- (4 fﬁ’Yl@rl(i)élﬁ%f}%nyll\l)eszwmﬁb HULANSg £f, F£", "

2, 4- bi s- (3, 5-di net hyl -'4- hydroxypheé& r-pa-ms hyIp b&oz and in "D.G.

1, 1-bi s-(4- ﬁ@@ﬁ@p@ph@h§1)E%ymﬂ@hax@w@dbpok.mﬁ;Polycarbonate Science
and Technology, Marcel Dekker New York 2000, p. 72ff".

15
Preferred dihydroxyaryl compounds are, for example:
resorcinol, 4,4'-dihydroxydiphenyl, bis-(4-hydroxyphenyl)
methane, bis-(3,5-dimethyl-4-hydroxyphenyl) methane, bis-
(4-hydroxyphenyl) diphenyl methane, 1,1-bis-(4-

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

25 hydroxyphenyl)-1-phenyl propane, 2,2-bis-(4-hydroxyphenyl)
hexafluoropropane, 2,4-bis-(4-hydroxyphenyl)-2-methyl
butane, 2,4-bis-(3,5-dimethyl-4-hydroxyphenyl)-2-methyl
butane, 1,1-bis-(4-hydroxyphenyl) cyclohexane, 1,1-bis-
(3,5-dimethyl-4-hydroxyphenyl) cyclohexane, 1,1-bis-(4-

30 hydroxyphenyl)-4-methyl cyclohexane, 1,1-bis-(4-
hydroxyphenyl)-3,3,5-trimethyl cyclohexane, 1,3-bis-[2-(4-
hydroxyphenyl)-2-propyl] benzene, 1,1'-bis-(4-
hydroxyphenyl)-3-diisopropyl benzene, 1,1'-bis-(4-
hydroxyphenyl)-4-diisopropyl benzene, 1,3-bis-[2-(3,5-

35 dimethyl-4-hydroxyphenyl)-2-propyl] benzene, bis-(4-



(3, 5:-di net hyl - 4- hydr oxyphenyl ) cycl ohexane, 1,1-bis-(4 30
hydroxyphenyKb2Q0$ﬁﬁﬂﬁﬂ35cyclohexane 1, 1-bi s-(4- PCT/EP2004/013321

hydr oxyphenyl ) -3, 3,5-trinet hyl cycl ohexane, 1, 3-bis-[2-(4-

hydr oxyphenyl ) - 2- propyl ] benzene, 1,1'-big--(4- hydroxyphenyl)-3-diisopropyl
benzene, 1,1'- bis (4 hydr oxyphenyl ) - 4-di i sopropyl benzene, 1,3-bis-[2-(3,5

35 di net hyl hany ldemr eR-l( heRzens: \401200R/ 094k
PCT/EP2004/0 321 -10 hygroxyphe 1) ether br%*?ﬂ ﬁg'rox%phenyl) sul fide,

bi s- (4- hydr xWﬁéﬁyqu vHdn & ulKiosie| 3 ba-sdi (e Bmplimet yphenyl) sul f one

and 2, 2' dr @ AMEd Q) 3531 Ford and 2,21, 3, 3'-kes dro-3, 3'-
tetranethyl f 1'-sp|rob|)[1F+|ﬁHEn§?{5 5. di o gePgﬁﬁ%nJ%uly preferred

di hydr oxyar yeteemssinyds larle:- Spﬂﬁnhﬂnhﬂﬁ;lndeﬂeJdﬁhﬁdrouydrphenyl

bi s- (4- hydroxyphenyl) di phenyl methane, 1,1-bis-(4-hydroxypheny|)-1-pheny|
et hane, Dbi s-(4-hydroxyphenyl)-1-(1-naphthyl) ethane, bis 10

(4- hydroxypWemﬁﬁpula¢2yn@p@ﬁmykpdebhmw@xo%yzr@ﬂsftﬁmxhyﬁknxyﬁhenyl) pr opane,

2,2-bis-(3,5 dlneth Vi ro . bIS roxyphen
cyclohexanerefofcﬁls (3 5qd| §? I& gﬁgfggheﬁﬁﬁf 4ﬁﬂ§g§$§ ppneny!)
1,1- bLS (4- Hﬁ@?@nwnhﬁnwhfﬂ&”31g1L%lBPImeh@wk©web@h®&gnel phenyl

1,1'-bis- r oxyphenyl ) I 1sopro zene an

1,1 -bis- (4eﬁi(?&ﬁ8><y%ﬁéﬁ B hzl/dr(%@g‘&w%r 1 e‘ﬁ 7OREN YY) sdhEnen &Sy
preferrad ara- hﬂ;déox@lpmé(ﬂmwdl—mzemélphth%q 2 e2hhing, ( 4,y ayiexy@henyl ) propane

and bis-(4 hydroxyphen )-3, 3, 5- trlnethéﬁéyclohexane Bot h one di hydroxyaryl
conpound, f@ﬂﬁFﬁﬁypﬁ@ﬁﬁﬂdl§E§Kﬁ6ﬁhté§ ~deveraingithydrdxyaryl conpounds,

25 form ng ¢QRRlLkGRHRARAY e@ro@%ebe 1usesi sLnItege i dyanoneri c
di hydr oxyaryl conpounds,
cyclohexane, 1,1 -bis-(3,5-dimethyl-4-hydroxyphenyl)
cyclohexane, 1,1-bis-(4-hydroxyphenyl)-3,3,5-
15 trimethylcyclohexane, 1,1'-bis-(4-hydroxyphenyl)-3-
diisopropyl benzene and 1,1'-bis-(4-hydroxyphenyl)-4-

diisopropyl benzene.

Most particularly preferred are: 4,4'-dihydroxydiphenyl,
20 2,2-bis-(4-hydroxyphenyl) propane and bis-(4-
hydroxyphenyl) -3, 3,5-trimethylcyclohexane.

Both one dihydroxyaryl compound, forming
homopolycarbonates, and several dihydroxyaryl compounds,

25 forming copolycarbonates, can be used.

Instead of the monomeric dihydroxyaryl compounds, low-
molecular-weight, predominantly OH end group terminated
oligocarbonates can be used as starting compound.

30
The dihydroxyaryl compounds can also be used with residual
contents of the monohydroxyaryl compounds from which they
were produced, or the low-molecular-weight oligocarbonates
can also be used with residual contents of the

35 monohydroxyaryl compounds which were eliminated during



nol ecul ar-wei ght, predom nantly OH end group term nated oligocarbonates can
be used as $CarPPRLPBAAFound. 30 The di hydroxyaryl ceem/@ER2094¢0133d1so be
used with residual contents of the nonohydroxyaryl conpounds from which
they were produced, or the | ow nol ecul anqwei ght ol i gocarbonates can al so
be used wth residual contents of the 35 nonohydroxyaryl conpounds which

wer e el i m ngbeddurioho MO AT PCHEPROIALIIZL ;- 1 prpdust i on of

the oligonmers. The contents can be up t 20 preferably 10 p |cularly
preferably &9 tho Profegad ivositO Far mamﬂla?rulﬁr]drYefper@ﬂrsﬁbjp/ tup %Y see e.g.

EPA L 240 882hodh P dinidiony e GORRQUIS Lhat 21 g dsed | ke 0l

other raw materials, chem ca auxi

synt hesi s, &4® B&2dont am nat ed wi t h inpurities originating fromtheir own
synt hesi $ handl i ng and storage, 10 although it is desirable and the aimis
to work with raw materials, chemcals and auxiliary substances that are as
cl ean as po%ebld&hyﬂm@aaw mrptmzmﬁiseilriah:atar&r ersed,t dhlke fadrl reacdd ng with

15 the dlhydrox npounds t hose haV| t he fornula whe

and R' mut ud®y ¥r\ @ﬁr&énﬂ s BUXIdPEitanal @dfde@Eé‘&

al kyl / cycl O&lhléy|s,yn67re@34; ald«ayi b%ooafnytlangrna@@dcmtalr mlm;ﬁjlqtqw si de can be
different. R can also denot e - COO- R "', wherein ....can be H, optionally

branched C1OE341aRk G ydCgalthALr @W@In&h@ﬂlsar ﬂa”&h@g ces asrtﬁra% Such

diaryl qarbanatesqd &t fier e dkhemd aiGRLRORY &orBtiWmPheny! phenyl
carbonates and di(nethyl phenyl) carbonates, also as a m xture, wherein the
materials, chemicals and aux1llary substances that are as

clean as possible.

The diaryl carbonates that are suitable for reacting with

15 the dihydroxyaryl compounds are those having the formula

Rv Rn g Ru R,,

wherein R, R' and R" mutually independently represent H,
optionally branched C1-Cs3q alkyl/cycloalkyl, C;-C3q alkyl

20 aryl or C¢-C3y aryl and each side can be different. R can
also denote -COO-R''', wherein R''' can be H, optionally
branched Ci;-Ci34 alkyl/cycloalkyl, C;-C34 alkyl aryl or Ce—Csqg
aryl.

25 Such diaryl carbonates are, for example: diphenyl
carbonate, methylphenyl phenyl carbonates and
di (methylphenyl) carbonates, also as a mixture, wherein the
methyl group can be in any position on the phenyl rings,
and dimethylphenyl phenyl carbonates and di(dimethylphenyl)

30 carbonates, also as a mixture, wherein the methyl groups
can be in any position on the phenyl rings, 4-ethylphenyl
phenyl carbonate, di-(4-ethylphenyl) carbonate, 4-n-



met hyl group _can be in any position on the phenyl rig(gs and di net hyl phenyl
phenyl car bd¥aP885AMAIMY di met hyl phenyl) 30 carbonat T/ER209449123%% xt ur e,

wherein the methyl groups can be in any position on the phenyl rings,

4- et hyl phenyl phenyl carbonate, di-(4-etlt2d phenyl) carbonate, 4-n WO

2005/ 054335 PCT/ EP2004/ 013321 -12 propyl phenyl phenyl carbonate,

di - (4-n- proptqphaptenylc gHoanal e;a dodriai,opyl-phemHp emphaaybonat e, di - (4-
i sopropyl phenyl) carbonate, 4-n-hutyl phenyl pheqyl car bonat e,

di - (4- n- but yi t)erca‘]rﬂo?%ré%malﬂ%%g{}kﬁiﬁwl aF iR Hrpbhat e,

di - (4-i sobutiddpew Doreataona fsbdtra e to-butnd tiheshdn pheindnEar bonat e,
di-(4-tert-butyl phenyl) = carbonate, 4-n-pentylphenyl phenyl carbonate,

i - (4-n- perRAATEHAY) iar omate: CaHeTSy| SIRERAn onyl - Kertighakrheny L

di - (4- n- hexydmhany lJa ashanat e 4c4-saesiut phany Phesin s car bonat e, 4
di - (4-isooctyl phenyl) carbonate, 4-n-nonyl'phenyl J)henyl car bonat e,

di - (4- n- nonHHemH Y IedresoHate el (SasseA p ey (4 Pyt b wtar il
di - (4-cyclo 1 )a_ t =1 yl - yl et hyl ) phenyl phenyl
e R S AT T N

I phenyl - 4- (6] ) I & e carbonate,
4-(1-naphthyilgmg Jh Qﬁl %%Qb%% 6%n5%§2-qq@gt9@ R enIl h%p
carbonate, di-[4- ?El/ neggﬁl yﬁr} p enyqﬁ car bdnat €, di~ )%Zﬁl}l'eﬁynarfﬁl%ﬁr]) phenyl ]
car bonatle) ZgirematypheiiyH (4ohierndct carHzondt)e,c aibdrdtahe noxyphenylghenyl
carbonate, 3.20 pentadecyl phenyl @Qenyl cgf onat.e, di-(3-pentadecyl phenyl)
car bonat e, Aﬁk}%@ylﬁﬁ%ﬂf{aﬁer‘%“ rhoate P n-y(l?l>- qarﬁkﬁﬂ%rfe'ny 3 carbonate,
net hyl sal i eylataheha arraatle, caidoreity, Eal o aihaarhonate,) et hyl
salicylate S%Ln I carg%EZ?g; di(eth;i salicylaté} 25 ggibonéﬁé, n-ﬁf%pyl
salicylate ﬁﬁé@%HQEﬁﬂmﬁﬁﬂ¥imQﬁn%#iliﬂQﬁﬂMl%Eﬂﬁ%%ﬂ%ﬁ%%ldﬁFﬁBﬁ%te, i sopropy

salicylate ph&Mdnate, di-[4-(l-methyl-l-phenylethyl)phenyl] carbonate,

15 Dbiphenyl-4-ylphenyl carbonate, di(biphenyl-4-yl) carbonate,
4- (1-naphthyl)phenyl phenyl carbonate, 4-(2-naphthyl)phenyl
phenyl carbonate, di-[4-(l-naphthyl)phenyl] carbonate, di-
[4-(2-naphthyl)phenyl] carbonate, 4-phenoxyphenyl phenyl
carbonate, di-(4-phenoxyphenyl) carbonate, 3-

20 pentadecylphenyl phenyl carbonate, di-(3-pentadecylphenyl)
carbonate, 4-tritylphenyl phenyl carbonate, di-(4-
tritylphenyl) carbonate, methyl salicylate phenyl
carbonate, di(methyl salicylate) carbonate, ethyl
salicylate phenyl carbonate, di(ethyl salicylate)

25 carbonate, n-propyl salicylate phenyl carbonate, di-(n-
propyl salicylate) carbonate, isopropyl salicylate phenyl
carbonate, di(isopropyl salicylate) carbonate, n-butyl
salicylate phenyl carbonate, di-(n-butyl salicylate)
carbonate, isobutyl salicylate phenyl carbonate,

30 di(isobutyl salicylate) carbonate, tert-butyl salicylate
phenyl carbonate, di-(tert-butyl salicylate) carbonate,

di (phenyl salicylate) carbonate and di(benzyl salicylate)

carbonate.



carbonate, di(isopropyl salicylate) carbonate, n-butyl salicylate phenyl

carbonate, @jg 6609}4'6%433%@ icylate) carbonate, i sobuﬁq%/uﬁoioggb?%%lphenyI

carbonate, 30 di(1sobutyl salicylate) carbonate, tert ate
phenyl carbonate, di-(tert-butyl salicylate) carbonate, di(phenyl
salicylate) carbonate and di (benzyl salicylate) carbonate. WO 2005/ 054335
PCT/ EP2004/ 013321 -13 Preferred diaryl conpounds are: diphenyl carbonate,
4-tert- but \AsHERReDRERNY lc FMmmaneds dire4-dighemil yaremate, dartisorat e,

bi pheny!l - 4- g} aha rbopate, i Yl gi4- vl ) bt{Pc”_%t

4- (1- met hyl }Hl-phe@rflllﬁrgtqhyl )pr@nycfgﬁ()k%enyl g L s i P pheny 1)

di - [ 4- ( 1- metddrhanagieenydigthely)lptferidghe nedr sevidtaaa tRar td i iarignypreferkled i s:

di phenyl carhgnate+l0 4Tha g car %gg; b Wi th residual
contents of L%he rr%r;co ycfr o@ygdrywclor%péﬁ)n ]T%?Cgﬁﬁmceﬁ&tlhg}y re produced.
The cont ént sagdened cupnco R20- (- Prefesrrablyi -ph@erdgl egantli)quiearyy] pref erably up
to 5 % and rq%srtbongacreticul arly preferably up to 2 % 15 Relative to the

di hydr oxyaryl "conpound the diaryl carbonates are used in a quantity of 1.02
to 1.30 nol, preferably 1.04 to 1.25 nol, particularly preferably 1.06 to

1.22 nol, st_.particul arl referably 1.06 tao 1.20 nol_ 20 per nol of
di hydr oxyar ylI* '¢oridiid Y Iﬁ%t%lerseo[)flst'h lpgﬁe&ygné:rﬁﬁ%c%?dtedi aryl carbonates

can al so be used. A nonohydroxyaryl conpound that was not used to produce
the diar bei ng used can additionally be used to 25 influence or

| b
modi fy the é'ﬁ%r&%g%é’. AN S St F DY FES 31 i e ig8tfer al f or mul a:

-0-H contents of the monohydroxyaryl compounds from which they

were produced. The contents can be up to 20 %, preferably
10 %, particularly preferably up to 5 % and most
particularly preferably up to 2 %.

15
Relative to the dihydroxyaryl compound the diaryl
carbonates are used in a quantity of 1.02 to 1.30 mol,
preferably 1.04 to 1.25 mol, particularly preferably 1.06
to 1.22 mol, most particularly preferably 1.06 to 1.20 mol

20 per mol of dihydroxyaryl compound. Mixtures of the

aforementioned diaryl carbonates can also be used.

A monohydroxyaryl compound that was not used to produce the
diaryl carbonate being used can additionally be used to
25 influence or modify the end groups. It is represented by

the following general formula:

wherein R, R' and R'' are defined for the diaryl
30 carbonates, although in this special case R cannot be H,

but R' and R'' can be H.



11 wherein RR, R and R' are defined for the diaryl 30 carbonates, although

in this spegjpbogapssfa/Annot be H  but R and R . 05/ 054335
PCT/ EP2004/ 013321 ?14 Such nonohydr oxyaryl conpounds&glr/eéﬁfo?f/ée{%np e: 1-,

2- or 3-nethyl phenol, 2, 4-dinethyl phenol_, 4-ethyl phenol, 4-n-propyl phenol,
4-i sopropyl phenol, 4-n-butyl phenol, 5 4:ﬂ§dbutylphenol, 4-tert-butyl phenol,
4- n- pentyl phenol, 4-n-hexyl phenol, 4-isooctyl phenol, 4-n-nonyl phenol, 3-
pent adecyl phenol , 4-cycl ohexyl phenol, 4-(1-nethyl-1- phenyl et hyl)phenol,

4- phenyl pherQlon 4RI L cdadotiaphthy ! JRhenlampie: 1-, 2- or

4- (2-napht hyl ) phenol, "4-trityl'phenol’, 10 net hyl sallcylé%e, et hyl

sal i cyl at e, ITetdpitichealdloy| at &€/ 4i&Giomtdpiliphsalidloy | 4atehi-dhandl sal i cyl at e,
i sobutyl sgljg 1 t —-but,yl. i henyl. . _sal, and benzyl
salicyl ate. 151%ﬁﬁﬁﬁ?f%ﬁ%??ﬁhé%&fﬁﬁﬁ¥§ég'5§§F§He2%flanJ5§§%%% édecylphenol
are pref érr dd.1 sRbvdndiphdmedyardt ecomound pdemdld  He-retresery Wiose hoi | i ng
poi nt is abgve | f Nne roxyaryl conmpound that .20 S ysed to
produce the%d?h?§$5€§¥ﬁ%%§vgqbgﬁgi§éﬁﬁﬁ}ﬁgﬁﬁi'nghglSE%¥fﬁﬁ§?£ﬁﬁ§tﬁ§

nonohydr oxy greylt ackemyyd et nati, ¢ K ~wase luseck y liph eproddu cle- (@ -tiestrhyl 1 €lar bonat e i s
referred to _as the ba nmonghydr oxyaryl .conpound) . The nohydr oxyaryl
conpound car?%el?é’ & é@%ﬁhe 1t %T\?)R/er?%lﬁ@e@gﬂ'r’sg é’fhetnrf’é%%gb?éﬁ/ n. It is 25
preferably addadnatohithe 19todienaaf, tdre 2-ereHt®y19hhinAny 44t idylighdrhe cour se
of the process. The LQP rtion of free_ nonohydroxyaryl conpound can be 0.2
to 20 moi% TiEer ity CYG 24 X0 f Yol i ldGeve @ RIRY 1di SR drOid S
conpound. 3Q sBpecpd HaQURS,1GAR alrse s 1meditfied e t hesdiggpporation of  a

di aryl carbonate whose base nonohydroxyaryl conpound has
salicylate, tert-butyl salicylate, phenyl salicylate and

benzyl salicylate.

15 4-tert-Butylphenol, 4-isooctylphenol and 3-pentadecylphenol

are preferred.

A monohydroxyaryl compound should be chosen whose boiling
point is above that of the monohydroxyaryl compound that

20 was used to produce the diaryl carbonate being used. (In
the text below, the monohydroxyaryl compound which was used
to produce a diaryl carbonate is referred to as the base
monohydroxyaryl compound). The monohydroxyaryl compound can
be added at any time in the course of the reaction. It is

25 preferably added at the start of the reaction or at any
point in the course of the process. The proportion of free
monohydroxyaryl compound can be 0.2 to 20 mol%, preferably

0.4 to 10 mol%, relative to the dihydroxyaryl compound.

30 The end groups can also be modified by the incorporation of
a diaryl carbonate whose base monohydroxyaryl compound has
a higher boiling point than the base monohydroxyaryl
compound in the principal diaryl carbonate that is used.
Here too the diaryl carbonate can be added at any time in

35 the course of the reaction. It is preferably added at the



a hi gher boilins goint t han t he base nonohydroxyaryl conpound in the
princi pal di% ¢#P%2APPIBR e that is used. Here too t RET(FRAAP4/033B%hate can

be added at any tine in 35 the course of the reaction. It is preferably
added at the WD 2005/ 054335 PCT/ EP2004/ Q13321 -15 start of the reaction or
at any point in the course of the process. The proportion of the diaryl

carbonate widtnither hgheredwiidmpbase dApAyidhoxyaryhe Cosposiidof etiad i ve to
the total anmount of diaryl carbonate used can be 1 to 5 40 no| % preferably
1 to 20 nol BEHHETar tTRUIRFIRP L ¥t 2 lapiie 1943 b Faftesnate whakh ctit@t al yst s
known from trhigyHd t-a5cit ey Saede asortoldydr &t kad 1 anshsd kad | Aer gad$d frydr oxi des

and oxi des, hut also 10 ammoni um or phosphonium salts, referred to bel ow as
oni um sal t stharteiseARRIatRf yEtarYh s te Ysethsedt £¢ 11 ca®i on process

for the pyoductidmn ofprddyasrponateszo %Mﬂaﬁ@a_tﬁaﬁffcﬁaefp%ably used in
the synthesis, particularly qqr ef erably phosphonium salts. 15 Phosphoni um

salts wthi PEHeETAEN ng o thenehvention are those having the general

formula: R4 1+ Rl- i -R3 L R2J X wherein R1-4 can be the sane or different

Cl-do alkyls, C6-Cl4 aryls, C7-Cl5 aryl alkyls or C5-C6 cycloal kyls, 20

preferably rfEtehyiasorc GG Hry/ | nowwariiaultdrd y1 prefai s ysugetdyle oy -

phenyl, and - can & such.as, hyde éi_Te h%( o)

sul fate, hy rogaen car gér?ate,ﬂ{(;bar%agnalfe }g? )gf%a iacpec,?u(%)%e e:Sr’ab Lg{c %?i de or

an al kylHt e amearidratar pglavs pigorhen forlmd a =d0R r wdrkbrisd rodl @ana Heorai @6- C14

aryl, salts, are used as catalysts in the melt
transesterification process for the production of
polycarbonates. Onium salts are preferably used in the
synthesis, particularly preferably phosphonium salts.

15 Phosphonium salts within the meaning of the invention are

those having the general formula:

R4 X-
R1——P+_.R3

R2

1”4 can be the same or different C;-Ciq alkyls,

wherein R
C¢—C14 aryls, C;-Ci5 aryl alkyls or Cs;-Cg¢ cycloalkyls,

20 preferably methyl or C¢-Ci4 aryls, particularly preferably
methyl or phenyl, and X  can be an anion such as hydroxide,
sulfate, hydrogen sulfate, hydrogen carbonate, carbonate or
a halide, preferably chloride or an alkylate or arylate
having the formula -OR, wherein R can be a C¢-Ciq aryl,

25 C7-Cy5 aryl alkyl or Cs-Cg¢ cycloalkyl, preferably phenyl.

Preferred catalysts are tetraphenyl phosphonium chloride,
tetraphenyl phosphonium hydroxide and tetraphenyl
phosphonium phenolate, with tetraphenyl phosphonium

30 phenolate being particularly preferred.



25 C7-C15 aryl al kyl or C5-C6 cycl oal kyl, preferably phenyl. Preferred
catal ysts a Z‘tﬁﬁ%’ﬁ phosphoni um chl ori de, tetPEpFEAPO4pABEFHoNi um

hydr oxi de and tetraphenyl phosphoni um phenol ate, with tetraphenyl
phosphoni um 30 phenol at e bei ng parti cul anley- preferred. WO 2005/ 054335
PCT/ EP2004/ 013321 -16 They are preferably used in quantities of 10-8 to 10-3

nol, relatitget %r@%r@ﬁer@bl&j Ry PRI larkaRAN G payPi eyl aptymo1,
preferably in _quantities of 10-7 to 10-4 nol. 5 It is also possible to add
suppl enent ari? l@fdift & o M Qni Um A BRstY 0TV It RGN Dr AT E @ kFerent

type of oni Whe featal14sti rPefire iRalcrdensat{ 9n g Fhgogat al ysts are added in
solution to avoid harnful excess 10 concentrations during netering. The

sol vents are conpounds inherent to the systemand to the process, which are

al ready par trof; & @qsroe%gs%l[]g )éztsd’;a%éﬁ%_ 1 e QTR o HHrd NoF the

pol ycondensati on process, suc I"hydr oxyaryl conpounds, diaryl

car bonat es omiv® meichydrtoxyfarifie compowdLt Mo offdrrsnaryype onfpouridsn ar e

particul arl yﬁacyaq_f ) %%fot}eecapgﬁict %eqlesraﬁcol% skilled in the art is aware that
rary

di hydr oxyaryl™ conpounds and carbonat'es readi |y change and break down
even at slightly elevated tenperatures, especially under the influence of

20 catal yst Thi ffects the al ity of, t.he | ycarbopates.. J1n the
i ndustri al tsfrhaensceas ‘%ryisf%lsc<'§i3t]:|eoﬁ"1 preocelsrg oolruttlhoenp()cper/oa uoc%#]?naro“ff"b]oleyxccaersosonat e
t he preflér r edbroemowtd dris  quhreng mdRfeaniolg .l $ha s Iiventd 0gi sal cappweidecause

broduced as BIRTET AR/ T b ATod W T BHeRGISS TRATHObI SR (¢
pol ycar bonatBsedicsy @esa idfedHy ddwtfimmuixtir@ and/or are formed
during the polycondensation process, such as e.q.
dihydroxyaryl compounds, diaryl carbonates or
15 monohydroxyaryl compounds. Monohydroxyaryl compounds are
particularly preferred, because the person skilled in the
art is aware that dihydroxyaryl compounds and diaryl
carbonates readily change and break down even at slightly
elevated temperatures, especially under the influence of
20 catalysts. This affects the quality of the polycarbonates.
In the industrial transesterification process for the
production of polycarbonate the preferred compound is
phenol. Phenol is also the logical choice because the
preferably used catalyst tetraphenyl phosphonium phenolate

25 when produced as a mixed crystal is isolated with phenol.

Thermoplastic polycarbonates are described by the formula

R
ﬁ R
oz-o-tho {1}
n
R' R" Rv Rn

and are also provided by the present invention.

30

The brackets denote a structural unit repeated n times.



11 O-Z-OC and are al so 5pr ovided by the present invention. 30 The brackets
denote a st MRL2OPAYO%H335 repeated n times. WO 2005/ OBEBAEPANOR/LPIBRY/ 013321
-17 Z is already defined above for the dihydroxyaryl compounds. R\==/"'R'

is already defined above for the diaryl -cdarbonates and in 5 this case can

al so be Has an entire group and can be different on each side. The

pol ycar bonatzsi havier i £xdd £imdy A€ oft e nOfd Bafd Aasya Al ehOhen®d . | ess
than 60 ppb in each case, preferably < 10 40 ppb and particularly preferably
< 20 ppb (calculated as Na cation), cations of both alkali and

al kal i ne-earth netals being present, which can originate for exanple as an
inmpurity fromthe raw naterials that are Rsed and fromthe phosphoni um and
amoni um salts. O her ions such as Fe, Mtl5 C, Zn, Sn, No, Al ions and
honol ogues thereof can be contained i aw materials or can originate

t hrough erosion or corrosion fromt ials fromwhich the production
line used is constructed. The total ntent these ions is less than 2
ppm preferably. |ess,than .l m,20 _an r.ticularl referably less, than 0.5
ppm Ani onsajfér oan%rlenaodr%aaﬁelfcmaegﬁpaasbz%‘ﬁed J?Or]g%hoer g i J}ellc' gb?%%?él %rh(i%o]rri" de,

sul fate, Tartiomateysephosphalsy phdsps tan eroxiatate;owd canyd ac#n psesent i n
equi val ent %ﬁgﬁ?ts i.n 25 relatiqy to the aforenentioned cations. The aimis
therefore t & oot K& AFT 5t9%ossibl e  anounts, which can only be
achieved by using raw materials of the highest purity. Such pure raw

mat eri al s can onuy be 30 obtained by neans of purification processes such as
The lycarbonates have "an extremely low content of cations

and anions of less than 60 ppb in each case, preferably <
10 40 ppb and particularly preferably < 20 ppb (calculated as
Na cation), cations of both alkali and alkaline-earth
metals being present, which can originate for example as an
impurity from the raw materials that are used and from the
phosphonium and ammonium salts. Other ions such as Fe, Ni,
15 Cr, Zn, Sn, Mo, Al ions and homologues thereof can be
contained in the raw materials or can originate through
erosion or corrosion from the materials from which the
production line used is constructed. The total content of
these ions is less than 2 ppm, preferably less than 1 ppm
20 and particularly preferably less than 0.5 ppm.

Anions from inorganic acids and from organic acids (e.g.
chloride, sulfate, carbonate, phosphate, phosphite,
oxalate, etc.) are present in equivalent amounts in

25 relation to the aforementioned cations.

The aim is therefore to obtain the smallest possible
amounts, which can only be achieved by using raw materials
of the highest purity. Such pure raw materials can only be
30 obtained by means of purification processes such as
recrystallisation, distillation, reprecipitation with

washing, etc.



recrystallisation, distillation, reprecipitation with washing, etc. WO

2005/ 054335 yBCoH EE 4313321 -18 The pol ycar bonat espmﬁ%oi‘l?g,fﬁgzjlonal Iy
or

branched. Suitable branching agents are the conpounds known

pol ycarbonate production having three or,_nore functional groups, 5
preferably those having three or nore hy&ﬁGXyl groups. Exanpl es of sone of
t he conpounds having three or nore phenolic hydroxyl groups that can be
used are: phloroglucinol, 4,6-dinethyl-2,4,6-tri-(4-hydroxyphenyl) 10

hept ene- 2, - 'Omg;tc@g- A Bt - (4 - I , :
1,3,5-tri-( ﬁh%y r o_xyphé)r%%la;‘:e%encgajennfab,"e ?X%re,if‘c%ﬁ_ﬁﬁ%?ﬁl_}) ﬁy%?&%’ensﬁl)taeqlheane,

tri-(4-hydr &psedayI9) asteerid anfetneompopnsiss Knpwh Hior (e lyardxynstieny| )
cycl ohexy'] pRIRANGy Safrillcd hikdly GOl il de3QRfaPM o pgnol and 15
) one of t

tetra- (4-hydr oxypheny met hane. e other trifunctidnal conpounds
are: 2,4-5 didnedremaypdenzdics cadiading ithesiec cacim rec yarindxy Iclg mrnime and
3, 3- bi s- (3-net hyl - 4- hydr oxyphenyl ) - 2- oxo- 2, 3-di hydr oi ndol e. 20 Preferred
branchi ng agents are: 3, 3-bis-(3-nethyl-4-
hydr oxyphenylxem@-leso-oX, 3-aichydr ditred acenpanohdk, halritng -thdee hydr aeoyEhenyl )
et hane. 25 The branchi ng agents are used in quantities of 0.02 to 3.6 nol%
rel ative topthﬁélo&ilﬁyé}y@%féﬁg& gcroorﬂ?c?uz%.ad%ﬁ@np?)&élssse(fcﬁret'he producti on of
pol ycar bonatph lley dgfier c itnfcdn s els téerd ifnetatyilen , @ir, aeass -can- el etfrrarad )
continuqusly 30 or hatchw se. Once the di hydroxyar conpounds and di aryl
car bonat'es, Gedkaldry Mygt'ﬁl&%ﬁc"&ﬁotﬁﬁd{r}'a@é%%%% $or'm the reaction
is started inegthee)r ase)ee tafi -sui-thahl @ x eledl M9t HentitarLonver si-afr ior (4-he
nol ecul ar weight is_increased with risi n% tenperatures and falling
pressur es i fiydroxyphenyl) ethane, tri-(4-hydroxyphenyl) phenyl

methane, 2,2-bis-(4,4-bis-(4-hydroxyphenyl) cyclohexyl]

propane, 2,4-bis-(4-hydroxyphenyl isopropyl) phenol and

15 tetra-(4-hydroxyphenyl) methane.

Some of the other trifunctional compounds are: 2,4-

dihydroxybenzoic acid, trimesic acid, cyanuric chloride and

3,3-bis-(3-methyl-4-hydroxyphenyl)-2-oxo0-2,3-dihydroindole.
20

Preferred branching agents are: 3,3-bis-(3-methyl-4-

hydroxyphenyl)-2-oxo-2,3-dihydroindole and 1,1,1-tri-(4-

hydroxyphenyl) ethane.

25 The branching agents are used in quantities of 0.02 to

3.6 mol%, relative to the dihydroxyaryl compound.

The process for the production of polycarbonate by the
transesterification process can be performed continuously
30 or batchwise. Once the dihydroxyaryl compounds and diaryl
carbonates, optionally with other compounds, are in melt
form, the reaction is started in the presence of suitable
catalysts. The conversion or the molecular weight is
increased with rising temperatures and falling pressures in

35 suitable equipment and devices by drawing off the



35 suitable equi nent and devices by drawing off the WD 2005/ 054335

PCT/ EP2004/ §23 Q§§3ﬁ5nohydroxyaryl compound t hat BCE/EPRAPAAAEB2lunti| the
desired final state is achieved. The type and concentration of the end
groups is influenced by the choice of th&dratio of dihydroxyaryl conpound
to diaryl carbonate, of the rate 5 of |oss of diaryl carbonate via the

vapours, whineRoh§dréeiarfiinedmpyuhbe tahei ¢8 efl iRiacessl, NGinade ok
installation for production o theﬁgolycarbonate and of optionally added

compounds s@€R1&§dathnghestBSRl ilig 2FBAEREEr 0X V&l Y PECARFoGRECENGE 3R QR e .

10 There argfn@nki BhHS g@bup8stiki ¢hirdieneBdt B¢ tuRe cabd cRaly @ heOfralth®
process, on the installation in which and node by which it is perfornmed. 15

I n add|t|onoftHéh&dapéyﬁ§Yépé@mapumdn¢psd@ﬁrwéspamépm@ﬁgfo@f the rate
tenperatyrese &ts@s%@sa%&gla%qrb%%a%@t %XS% ggohfzs P& ehM;he mel t

transesterification reacti on between the yaryl conpound and the
di aryl carbdraeemanddahy tbﬁh@hOn@&cDénpSOphaSlagemo§E|@maﬁhwtaddediOAny

Cor L o, EeFOpPORRRY Bn, BEOYAo0t [, bR R0S g RIPBEALIGS pr essur es

and catal yst's ow nelt ‘transest ron
correspondi aghgdr apmgonensyvalchf ashe highelrytdodtyagy monommyaurock vialrgtl | s
elimnated. 25 The te erature over the entire process are between 180 and
330C, the pFSQESPEQ b ﬁegﬁaTg absolute, and 0.01 nbar, absolute. A
conti nu@os processing node is usuaIIy chosen because it 30 is advantageous
for productggualit The_conti nuous process for the productlo

pol ycar bona §rei§¥ﬁr89e}aﬂﬁ ScRar ZECEFLSESOPS PRatENEYBE ﬁﬁgenature
di hydr oxyar ykf e¢aeppusdssal, eoheaskednwichil1bheodi ahyWwhich and mode by

which it is performed.

15 In addition, there are no special limits or restrictions on
the temperatures, the pressures and the catalysts used to
perform the melt transesterification reaction between the
dihydroxyaryl compound and the diaryl carbonate and any
other reactants that are optionally added. Any condition is

20 possible, provided that the chosen temperatures, pressures
and catalysts allow melt transesterification to be
performed with correspondingly rapid removal of the

monohydroxyaryl compound that is eliminated.

25 The temperatures over the entire process are between 180
and 330°C, the pressures between 15 bar, absolute, and 0.01

mbar, absolute.

A continuous processing mode is usually chosen because it

30 1is advantageous for product quality.

The continuous process for the production of polycarbonates
is preferably characterised in that one or more
dihydroxyaryl compounds are reacted with the diaryl

35 carbonate, optionally also other added reactants, using



35 carbonate, optionally also other added reactants, using WO 2005/ 054335
PCT/ EP2004/ 3,%3%3&57€Q4§33§ al ysts, after precondensatigan iRQulosspsy ation of
ro I

t he nonohy xyaryl conpound that is formed, in several subSequent
reacti on-evaporator stages with gradually increasing tenperatures and
gradual |y reducing pressures 5 until thé ol ecul ar wei ght is increased to
the desired level. According to the course of the process, the suitable
devi ces, equiddrielits teind afdert dree Furdanaa irdl Widdwuti s ermed o exfapdiat or

stages are healoENangsrd. cSRSAIR 833 ON UnidSwe $EPA O Sra Lol UMS,

evaporators, stirred vessels and reactors or other commercial equipnent
whi ch provi de® safBiaidc axattyl Qress Ramde §a s g sse  veidthe D radgper vt ur es and

pressures. T : 'Eg‘eq%gms% i r]?eQﬁ? i t and be
constructed Jimfn\C suc ‘?{;;%:éﬁ that t Se%q{ccg] rca(])dgleatlvrﬁh t eéfg{) tﬁ%%sulés y

i ncreasi g npltil wiscoslilid@slaAlveidBvi ces lararasmatbdied o derel et her by
nmeans of PUMRS, e 20 pi pes and val ves. The pipes between all units should
natural ly be as short as possible, and the curvature of the pipes kept as

| ow as possible, to avoid unnecessarily extended residence tines. The

external, i.e. techni cqal, boundar O(S:to#&iéti ons and requi renents for the
assembly of Z5<Q Tal® inst i Ht % St e Thser vet: St rmthe
process by algpriefedys,r edpCipidmQlsd pfcassiNFordee thredieadidon partners can
either bhe nelted together or the solid di g)r/dr oxyaryl conpound can be

di ssol veld i oA 9 HVBRAT TR hoHAE e i dreathe < Itangfisryl carbonate in
the nelt ofgddgnghidnedraxyalitls Comnthoy, ki netadddsorsy € conbi ned

as a nelt, preferably directly from production. The residence tines of the
separ at e nmelstslrgged vessels and reactors or other commercial equipment
which provides the necessary residence time at selected
temperatures and pressures. The chosen devices must permit
15 the necessary heat input and be constructed in such a way
that they can cope with the continuously increasing melt

viscosities.

All devices are connected to one another by means of pumps,
20 pipes and valves. The pipes between all units should
naturally be as short as possible, and the curvature of the
pipes kept as low as possible, to avoid unnecessarily
extended residence times. The external, i.e. technical,
boundary conditions and requirements for the assembly of

25 chemical installations must be observed.

To perform the process by a preferred continuous processing
mode the reaction partners can either be melted together or
the solid dihydroxyaryl compound can be dissolved in the

30 diaryl carbonate melt or the solid diaryl carbonate in the
melt of the dihydroxyaryl compound, or both raw materials
are combined as a melt, preferably directly from
production. The residence times of the separate melts of
the raw materials, in particular that of the melt of the

35 dihydroxyaryl compound, are made as short as possible. The



the raw materials, in particular that of the nelt of the 35 di hydroxyaryl
conpound, aM® RR0B8/@%43Hort as possible. The WD 2005POB/ERPD04/013321
PCT/ EP2004/ 013321 -21 m xture of nelts on the other hand, because of the
|l ower nelting point of the m xture of rawmaterials in conparison t
i ndi vidual raw materials, can reside for longer at correspondingly |ower

tenperat ur egMitdr Q4 RS0 SHalid Yotied MdMe exda et

ca ghyst

o the

preferably dissolved in phenol, is incorporated and the nelt heated to the
reaction té@fdridiumeing athdha arixtoire el irrrudtatien i proces scompat hgon

production of, RAly caypanal e f oM 2,24 Sl vl q.?%,yspl Ytdr ]Z'J{{%%E

di phenyl carbonate this is 180 to 220C, preferably 190 to

nost

HSpane and

parti cul ar | yepresfsaras yn gl 0@ wan ttemesiatances tWitds f Udss o B0qwa ity .
preferablyy 30 to 60 min, the reaction equilibriumis established w thout

t he hydroxyaryl conmpound that is formed being renoved. The 15 reaction can
be perfornedratthat nespghertiap prles statea lors gl gore faaralilee i £ 1 vesdisions  at

over pressure,, The pr.eferred ressure in.industrial_ production lines is 2 to
T5 bar - abs IR L 0 TH SRS e (] P A LS 118 99 ot
chanber whosenpreassiirmee | Atsethd ot tf 4N nhatyst firel eyeddeys L 56bt o0
nbar, and inmmedjately afterwards heated to the in]et rature a
SUTLabl 6 e RS G s di MRS |5 Thel dcbrpr ot B r o |
hydroxyary! memetedddati diserfor ietrdsn £muapariad eds Wdd coonomes s that are
still present. After  a residence time of 5 to 30 mn in a settling tank,

optional |y maafseided 149 rtculztq ¢, mast ma e fdss e tapihe sane
tenperat ur e, gdhe [BAGH i,k MHAIAH & i desonpy essesh if @ Second uacyuss 30

chanber whose pressure is 50 to 200 nbar, preferably 80 to

inin a
he 25

to 60 min, the reaction equilibrium is established without

the hydroxyaryl compound that is formed being removed. The

15 reaction can be performed at atmospheric pressure or also

for technical reasons at overpressure. The preferred

pressure in industrial production lines is 2 to 15 bar

absolute.

20 The mixture of melts is decompressed in a first vacuum

25

30

35

chamber whose pressure is set to 100 to 400 mbar,
preferably 150 to 300 mbar, and immediately afterwards
heated to the inlet temperature again in a suitable device
at the same pressure. In the decompression process the
hydroxyaryl compound that is formed is evaporated with
monomers that are still present. After a residence time of
5 to 30 min in a settling tank, optionally with forced
circulation, at the same pressure and the same temperature,
the reaction mixture is decompressed in a second vacuum
chamber whose pressure is 50 to 200 mbar, preferably 80 to
150 mbar, and immediately afterwards heated to a
temperature of 190 to 250°C, preferably 210 to 240°C,
particularly preferably 210 to 230°C, in a suitable device
at the same pressure. Here too the hydroxyaryl compound

that is formed is evaporated with monomers that are still



150 nbar, and nnedlately afterwards heated to a erature of 190 to
250C, pr ef ewab?@PSZPé‘l?a 240C, particularly prefer atﬂ /BRBOPY VFFRL in a

suitabl e device at the same pressure. Here too the hydroxyaryl conmpound 35
that is fornmed is evaporated with nonone28-that are still WD 2005/ 054335
PCT/ EP2004/ 013321 -22 present. After a residence tine of 5to 30 mnin a
settling tapkeseptionatby W thsfiaeaed eimeubat boRp 30D Whe iga@e pressure and
t he sane teng £$,huret Ee reactloi m Xt % is deconpressed in a third
vacuum chanB8F whBge 8 fr eSBGAENPL 1¥0WE 5P 1 58T RBSr C1EFELEEABNY 36 £6e120
nbar, and Baﬁ@dpéé@er@féﬁHV\/@h@SsEﬁl@tQ@mﬁ:@r@th@@l}el{:ﬂbuﬁréa@ft12)30 to 280C,
preferably 240 to 270C, artlcularly preferably 240 to 260C, in a suitable

devi ce at tRéX54AB b?e§§GP@PrFEF§ EBOatﬁElH?dVé%VHWyFhéﬁﬁﬁéuﬁaoﬁﬁat is

formed is GFQBQEQE6d1é03©ﬂEB MBO0RBES, t %Ef@&gbi kb EBGQQ@tmbé&teéna
resi dence i me of 20 ninin a set l'ing tan optionally with forced

circul ati onimaedipbesinmafpesysyde Bﬁétﬁﬁet§aﬁetem§ﬁ§éﬁ&ﬁ@r@f £RE feaction

100 mbr 1600y o cPably" 1800 100 Noa7 . GAr LFEur ar Ty SYoPoraby 20 7080

mbar, and i haedbaf€lyinf aeswatdblhedeudceoat téﬁpeamEupee@BurzsoHeoeSOOC

preferably 268 LRe2R06yoRILL! SULR bRl et ally 200 10, 383G, b0 3 gl L abl e

device at t ress roxyaryl” conpou
formed 20 |leHamonamedsmthhtnamenetslﬂhpteaeetstAEteprasenE;d@heenunber of

h hi b 2 d
| the nunobi o1 o8 Bgb8 ZPeRaRtilod SeReTiBNpEratar BetaRtogTYeEarbe Snoul d

be 25 adjusfedcadco&dbngbylbﬁ gavethenﬁamabbeeseaubtandThae samat i ve

viscosity of the oli R car bonat e ne%ched in_ these sta%es i S between
1.04 and 1. EempﬁF@FB?Ebl Sefﬁégglon mixture is decompressed in a

further vacuum chamber whose pressure is 5 to 100 mbar,

15 preferably 15 to 100 mbar, particularly preferably 20 to 80
mbar, and immediately afterwards heated to a temperature of
250 to 300°C, preferably 260 to 290°C, particularly
preferably 260 to 280°C, in a suitable device at the same
pressure. Here too the hydroxyaryl compound that is formed

20 1is evaporated with monomers that are still present.

The number of these stages, 4 in this case by way of
example, can vary between 2 and 6. If the number of stages
is changed, the temperatures and pressures should be

25 adjusted accordingly to give comparable results. The
relative viscosity of the oligomeric carbonate reached in
these stages is between 1.04 and 1.20, preferably between
1.05 and 1.15, particularly preferably between 1.06 and
1.10.

30
After a residence time of 5 to 20 min in a settling tank,
optionally with forced circulation, at the same pressure
and same temperature as in the last flash/evaporator stage,
the oligocarbonate produced in this way is supplied to a

35 disc reactor or basket reactor and condensed further at 250



1.05 and 1.15, particularly preferably between 1.06 and 1.10. 30 After a
residence tige,9hsp0d43340 Mn in a settling tank, opti Iolox/?#;%lf orced
?1 as i n" the Tast

circulation, at the same pressure and sane tenperatur

fl ash/ evaporator stage, the oligocarbonate produced in this way is supplied
to a 35 disc reactor or basket reactor ard condensed further at 250 WO
2005/ 054335 PCT/ EP2004/013321 -23 to 310C,_ preferably 250 to 290C,

parti cul ar | yprdffeCablyrefzgrly 286C toat2 ¥ &sswaes isfulpnly ¥ afisarably

preferably 240 tol0gmpar, o Jeaidence 4 iimes, afs 3640 b efenaply 30
to 60 mn. The product reéachgs a relative viscosi tyaof' %glé;e%atofi. 28t,aob

preferably LO1mbaa, 128 yesridengeardiyngsy effer3dblte 90, 18 1,0 preXerafie mdl t
oaving Lh Sd Saehah | sl atd ¢ dhades) hed o Al asas o on Hna

nol ecul ar wei ght i n anothe I'sc 10 or basket Treactor. e tenperatures are
270 to 330Cto pgr.effer aef 280 ltyo 1320C t opdr.tdeculpam bl qurlefrenaldne 28Gkdly 310C,
t he pressurz—:-)L q.30:£otc1 4n‘rJar, preferably 0.2 to 2 nbar, with residence tines
of 60 to 180 'min, preferably 75 to 150 min. The relative viscosities are
adjusted to the 15 level required for the intended application and are 1.18

to 1.40, preferabl .18 to 1.36, particularly preferably 1.18 to 1.34. The
function of %Wem[ev% E)La?&yétngr A€ 3P Taliso aﬁéu%ig‘%l% CFer?lorr?éjlbasket
reactor. ThifSnad thHeeasey pra fireflenaed eimkediveErihtofid e dumrseisc

i nventiqgn. The vapours fromall process stages are imedi ately drawn off,

col I ect &d afd FASCESsERaCHii's Pt d&Reg FdTGenéral 14/ 0 2% c3a3rO\r/°iCed out by
distillatiopre¥edataly L@hIAIIPITIgh RUHildhAS A1 iR FaGaef e Eukst ances.
This can be done for

310°C, the pressure 0.01 to 3 mbar, preferably 0.2 to

2 mbar, with residence times of 60 to 180 min, preferably

75 to 150 min. The relative viscosities are adjusted to the

15 1level required for the intended application and are 1.18 to
1.40, preferably 1.18 to 1.36, particularly preferably 1.18

to 1.34.

The function of the two basket reactors can also be
20 combined in one basket reactor. This is the case in a

preferred embodiment of the present invention.

The vapours from all process stages are immediately drawn
off, collected and processed. This processing is generally

25 carried out by distillation in order to obtain high
purities in the recovered substances. This can be done for
example in accordance with German patent application no. 10
100 404. From an economic and ecological perspective, it is
self-evident that the monohydroxyaryl compound that is

30 eliminated should be recovered and isolated in the purest
form. The monohydroxyaryl compound can be used directly for
the production of a dihydroxyaryl compound or a diaryl

carbonate.



exanple in accordance with German patent application no. 10 100 404. From
an econoni c "nd0@MAF3Bal perspective, it is sel f -REA/FPR004A/RE333He
nonohydr oxyaryl conpound that is 30 elimnated should be recovered and
isolated in the purest form The nonohyduoxyaryl conpound can be used
directly for the production of a dihydroxyaryl conpound or a diaryl

carbonate. WRe2@AYOA3Tx Y ERAQAY Q13321 crn2dracths idesC 0f dpskeaihdpactors

are characterised in that they provide a very large, constantly renéew ng
surface at PHOVIFgcGumiadivt HaHi%h c&disdendd v inpde v e syedmsts 2 ofthehe di sc

or basket I aeiRisS WithdesSig@ned AN NGl .t Re JTR dome W S COSItHL391Qfc the
products. Reactors such as those described in DE 44 47 422 C2 and EP A 1

253 163 or (Ofi HASKETeWaREE@TS § SsWss lag achase e ad Bed tihe WBIA 99/ 28 370
are sul t%b: i s 194 AP ttjr%eE?f%q‘?J OCHDONALES 5 YL NGReLaving a very

| ow nol ecul ar wei ght, and i ni shed polycarbonates are general ly
conveyed by desarsbeld geaDEpurpd,’ dA2eWs endv@b dud @&s3 grfs3 ar tgpeci al |y
designed POSiLioye- W3Rl ACCRnl, B0 LD LALLEUALLY (iyliA Y prgmabayial s Tor
t he production of the “equipnment, reactors, pipes, punps and fittlings are
stai nl ess steel sudftabype GorNiex@wplel8/ 10, such as e.g. 1.4571 or 1.4541
(St ahl schl ussel 2001, publisher: Stahlschlussel Wgst GrbH, Th-Heuss- StraBe
36, D-71672 20 Marbach) and Ni -based alloys of type C, such as e.g. 2.4605

or 2.4610 (Shahlesdhjodss®lon20@E, pulln siherse Baafilnschl ussel 1Meesil Gdikdr

Th- Heuss-Stral . 3e 36, D 71672 Marbach). Stainless steels are ed up to
process terrﬁ?’@rlé?ﬁ}r'e?n@f tjaﬁleoé 1 pé)r}d’cﬁir-bﬁé’%ﬁsalalrﬁyéieé}e‘&ﬂéé’ess

t enper at ur escaRRYR ARUREandd 29Qea rTRinp)Stsatdwd JF aLaSORATREEILIS such

as ratio of diaryl . o ,
or specially designed positive-displacement pumps.

15 Particularly suitable materials for the production of the
equipment, reactors, pipes, pumps and fittings are
stainless steels of type Cr Ni (Mo) 18/10, such as e.qg.
1.4571 or 1.4541 (Stahlschlissel 2001, publisher:
Stahlschlissel Wegst GmbH, Th-Heuss-StraBe 36, D-71672

20 Marbach) and Ni-based alloys of type C, such as e.g. 2.4605
or 2.4610 (Stahlschlissel 2001, publisher: Stahlschlissel
Wegst GmbH, Th-Heuss-StralBe 36, D-71672 Marbach). Stainless
steels are used up to process temperatures of around 290°C
and Ni-based alloys at process temperatures above around

25 290°C.

The substantial process parameters such as ratio of diaryl
carbonate to dihydroxyaryl compound at the start of the
process, pressure, temperature and residence time should be
30 <chosen in the whole production line before the final or
finishing reactor so that a molecular weight that is
adequate for the intended application of the product being
produced and low OH end group contents are achieved before
the reaction melt enters the final or finishing reactor.

35



carbonate to di hydroxyaryl compound at the start of the process, pressure,

t enper at ur eWaNA¢X54838e ti me shoul d be 30 chosen iBSTYBE20H®( & 33R2dduct i on
l.ine before the final or finishing reactor so that a nol ecul ar wei ght that
is adequate for the intended applicatiopsef the product being produced and
|l ow OH end group contents are achieved before the reaction nelt enters the
final or finhshirnganeasteru135 WO:30054 854385 RETAEP20044813321 - 25 The
final nolecular weight is substantially dependent on “the chosen outl et

t enper at ur e tPPORTPRENr EHELEE, LRARCTBEESSULECBNEhehEcaRtend Fheup _
concentrati gpesihegeangordet bANEnAUSLOl e&s&eggt%tqgﬂse el he penultimate
5 reactor so that the desired end product can be produced. The

wei ght - aver agedirbiienal apskeitgerefrresbserhosenhan shenpeinmimiMatef 28, 000,
pr ef er abky i 0 t] rLy eferabl Xi mum Mwv
o 24, 000 | SAekPEV ey, rdG TRe aosionr SRUcRFHAREY shpchE Rkt

pol ycarbonates is between 50 and 750 ppm preferably between 70 and 500

ppm partigularl eferably between 90 and, 400 ppm and nos articularly
preferably EﬁFmES¥g@éoagﬁaaﬁéomﬁéﬁFuiérAVFéQhFh wpgﬁuﬁﬁgnﬁPeEP8§c€or t he
melt shoul dmbeimumt BRsb¥eby, 00Redpwietfhrabiyi bahbeimnhi Bivt of 0@, 900pahbe
reaction. The nogeri can then be renoved in_the figiﬁginq re%ctor. 20 In
the convent PBRAFCHEGFCEsPEGECFEROYaP BRXIBEMANY O nbhoMdPs 1th&ChésVEEnce
times ane short. Since the kinetics are slow, however, and the reaction

therefore cannot be term nated, after residual nononer renoval the pol yner
can The content of OH end groups in the polycarbonates is

between 50 and 750 ppm, preferably between 70 and 500 ppm,
particularly preferably between 90 and 400 ppm and most
particularly preferably between 100 and 300 ppm.

15
After the penultimate reactor the melt should be
intensively mixed with a suitable inhibitor to stop the
reaction. The monomers can then be removed in the finishing
reactor.

20

In the conventional devices for removal of residual
monomers the residence times are short. Since the kinetics
are slow, however, and the reaction therefore cannot be
terminated, after residual monomer removal the polymer can
25 easily reform monomers during subsequent processing if it
is not properly inhibited. This disadvantage cannot occur

in the process according to the invention.

Suitable inhibitors are acid components such as Lewis or
30 Bregnsted acids or esters of strong acids. The pKa value of
the acid should not exceed 5 and should preferably be less
than 3. The acid component or esters thereof are added to
deactivate the reaction mixture, in other words ideally to
bring the reaction completely to a standstill. The acid

35 component is added in concentrations of < 20 ppm,



25 easily reform nononers during subsequent processing if it is not
properly i nWobRO@%/05A%3S di sadvant age cannot occur RQT/AEREOPALEEII1accor di ng
to the invention. Suitable inhibitors are acid conponents such as Lewi s or
30 Bronsted acids or esters of strong achds. The pKa value of the acid
shoul d not exceed 5 and should preferably be less than 3. The acid

component Ofpi@3LebBiNel aof i HHed . ASAgtlrabadie L eagiden g xture,

i n other wor eall'y to ing the reaction conpletely to standstill.
The acid 3:mosanmparerdiculs rdddeddife ra@lgert pati epam.ofSusp2Q sApyl MRhese
2005/ 054335 PCT/ EP2004/ 013321 -26 preferably < 10 ppm particul arly
preferably SUSD5dMl&sd 2 5FoSU iFalicddH afVE pitdrsigdh b < PeX spmy sif 1 1 Ted

Sur prisingl ¥ nt k@se a r@URIHKONSS tHa8 FTHel ird@Alsi taY ahdRUIR HAA PYsS A
skilled in _the art reckons that the requisite amounts should be at 5 | east

equi val et t636fe SEMBYRISTG tattdiey SMoURES Qfd cead Ysteqfiad mpd thus
neutral i sat i Qi ik A%k uthe 1R AL IS8R RPKR pr&RN J1RGUISLS BHJPd Li pl e

excess of inhibitor relative to the anmount of catalyst used. In a preferred
enbodi nent &vent fequigess$ avddridilisg exgesive ofnvedtiibd oo, 0GOS ivsl tof 10

phosphoni um. ¢t alysh:are added el e d.ng v SaGan Aely Mol i oxyary!

»
conpound use preferably tetrdpheny hosphoni um phenol at e.
desi red nol étel groweisghta cice rdieac led ,t hieheé ndengdtoablOe Crfddntmadf Fis in the 1

ppm range. h | ar_anmount.s _of quencher. tao be used according ta the 15
Phventt ot Rhuselrtart SRRt T A ReRE TS, AR M A W {ha
can be assumed dfihgririole al wialoasenp oo disreint $ rarfe rabdfyeraead,apdariyilcul arl y

preferred or  nos particul arly pr errg%§that,nake use of. the paraneters,
50 compound®CaBHR 0RO Aepl ISt SRE BeSdd Bk B a5
particul arl yepicefeer, r @theoldeRsit gpalet iagidhuart! YWt pr éfseriedhe 1 ppm range.
The molar amounts of quencher to be used according to the
15 invention, however, are below the residual molar amounts of

catalyst that can be assumed from the P wvalue.

Embodiments are preferred, particularly preferred or most

particularly preferred that make use of the parameters,
20 compounds, definitions and explanations cited as being

preferred, particularly preferred or most particularly

preferred.

The definitions, parameters, compounds and explanations set
25 out in the description in general terms or in preferential

ranges can also be combined with one another in any way,

however, in other words between the various ranges and

preferential ranges.

30 Examples of suitable acid components are: ortho-phosphoric
acid, phosphorous acid, pyrophosphoric acid, hypophosphoric
acid, polyphosphoric acids, benzenephosphonic acid, sodium
dihydrogen phosphate, boric acid, aryl boric acids,
hydrochloric acid (hydrogen chloride), sulfuric acid,

35 ascorbic acid, oxalic acid, benzoic acid, salicylic acid,



The definitions, paraneters, conpounds and explanations set 25 out in the

description ﬁ&zggg%gbgf)er nms or in preferential rangg §? ?:?2 conbi ned
wi th one another n any way, however, in other Word e Ween he vari ous

ranges and preferential ranges. 30 Exarrpl es of suitable acid conmponents
are: ortho-phosphoric acid, phosphorous 2dci d, pyr ophosphoric acid,
hypophosphoric acid, pol yphosphorl c acids, benzenephosphonl c acid, sodium
di hydr ogen ;ﬁrﬂb@ﬁﬁatae?ldooréiq,efam elacm,yladdmucc aaticdds Cllwrdlm(ﬂrﬂlcm demighe

hyd b
Sl d al oyl T A8k A most SR s R e o YR A AR, da
acetic aci d,sudigriic @cndi agid raldl adilgr bmmie-smn‘ldmmecacbehz&rm uene
| f oni i . | f | ] h
ohenyl - subst @%&q%yacfglesnzq{s\lﬁ%lsg 40 cd:aecr| gbqatr}ldalaic c'ﬂotlcfer pc?ﬁl'h A1 %ci d,

phenyl - subst’ enzend onic adi ricaci
i sopht hal3 ¢ &iati dtestrear iaciatiahdnttrethefa tftat tac iatd dsaczatlcdﬂcrhdmesjes such

as phenyl chl or.of or e, ric acid chloride acet ox A benzoyl
chlori de and %t é’ﬁssn%beé]rﬁl Cg} eerso%{dnatﬁ’l FJEF st @rcsld;o)f(}lki 4% ement i oned

aci ds, such astxy-BH-Gl ummylf Qihl(brém:led £l st sl acd s egier, 10
phosphorous acid ester, phos cid ester, dinethyl sulfate, boric acid
ester, aryl HdAeh&sF eé}s)? fD ed‘t‘fr%ﬁ%‘r‘?éjntasc ersHGth@ & P under the

i nfluence oftonatedfe suBUGHias atdlldle%Cteqct hddpsphidgcid teanox, 640 and BDP
(bi sphenol di phosphate ol i goner). 15 Pre erred exanples are or't ho- phosphorl C

aci d, phdspRICRRNOLRYS 2 G SsHEEph M S RIEN.C RFdehIfsstor i B ety L
pol yphosphorgﬂﬁ%@s,b&q@%w%@w' G Agl %oﬂcadlaend di Jpyedr ogeD phpsphate,

boric acid, aryl boric acids, benzoic 20 acid, salicylic acid, benzene
sul foni c amqpmgqﬂqnyﬁ;generatlng acid under the influence of water,

such as tri-iso-octyl phosphine, Ultranox 640 and BDP
(bisphenol diphosphate oligomer).

15
Preferred examples are ortho-phosphoric acid, phosphorous
acid, pyrophosphoric acid, hypophosphoric acid,
polyphosphoric acids, benzenephosphonic acid, sodium
dihydrogen phosphate, boric acid, aryl boric acids, benzoic

20 acid, salicylic acid, benzene sulfonic acid, toluene
sulfonic acid, dodecyl benzene sulfonic acid and all other
phenyl-substituted benzene sulfonic acids, acid chlorides
such as phenyl chloroformate, stearic acid chloride,
acetoxy-BP-A, benzoyl chloride and esters, semi-esters and

25 bridged esters of the aforementioned acids such as e.g.
toluene sulfonic acid ester, phosphoric acid ester,
phosphorous acid ester, phosphonic acid ester, boric acid
ester, aryl boric acid ester and other components
generating acid under the influence of water, such as tri-

30 iso-octyl phosphine, Ultranox 640 and BDP.

Particularly preferred examples are ortho-phosphoric acid,
pyrophosphoric acid, polyphosphoric acids,
benzenephosphonic acid, benzoic acid, benzene sulfonic

35 acid, toluene sulfonic acid, dodecyl benzene sulfonic acid



sul fenic acid, dodecyl benzene sulfonic acid and all other

phenyl - subst gP88/ e sul fonic acids, acid chl oP¢THEP2084£8133Rhenyl
chl oroformate, stearic acid chloride, acetoxy-BP-A, benzoyl chloride and
esters, sem-esters and 25 bridged esters -of the aforenentioned acids such
as e.g. toluene sulfonic acid ester, phosphoric acid ester, phosphorous

aci d ester, ROINNOHtheACighasiEsulH it tRE heBHR s AMBHNROTd L BCighest er
and ot her conponents generating acid under the influence of water, such as

tri 30 i so- GANAT phEPHI 178 EUS b B4 sh @ B s Pk thihdul arly preferred
exanpl es ar & AR RNGHNPIEG ACidhch R RROSRRAN G A £ Pl ¥ Rhogphori ¢

acids, benzenephosphonic acid, benzoic acid, benzene sulfonic 35 acid,
t ol uene sul fegrier radh® s ISy |2 Peh Aste uldhesich e ud \AO 1200871054335

PCT/ EP20G4/ - 2 I -§HH§;'t qﬂggn% I jcC

acids an s?@ sfnéghgggé?é%gggﬂgﬁgfgﬁg%%:est ré?%ﬁé%né% a oréﬁgﬁ%ﬁg%ed

aci ds such amderny.theolimgriaiesude orfi wadaind sestherss phuspler-Hiactact d ester,

phosphor ous %%i (E)hei%t er .y SCI%I?]O%S){)I%OJU canq%ciB%Pest er and ot her conponents
i dP under Hhe in

generati ng uence of wat'er, such as tri-iso-octyl
phosphi ne, U tranox 640 and BDP. Most particularly preferred exanples are

ort ho- phosphori.c __10Q .aci.d, .pyro sphori c aci.d, benzene sul foni ¢ acid,
t ol uene sul 1Mg)r‘ﬁtc pzf‘cr?c ,Cu&c?(feléyylpr%g%ztgrﬁé{ SHABHIS &did Hrid gt ic
Ehegyl aﬂubswdiwt,]?@)yﬁeiﬂﬁi@kﬁdﬂifcordcﬁcﬁdmm esllefichi Sefiid eddnsemnd
ridged esters of the afore tioned acids, such , 6 as e.g. toluene sulfonic

acid ester : RIS G égiec%cﬂ% g%e(r&e.neTﬁéllgan&cc : % adn “ddded in
solid, |iquighedfyl-GRERAUTHAIAMbdL e dPILRIIE0AE RIAERS Uy dBxds 4 hesai-d
conponent is added continuously and honanneously to the

esters and bridged "'esters of the aforementioned acids, such

as e.g. toluene sulfonic acid ester and phosphoric acid

15 ester.

The acid components can be added in solid, liquid or
gaseous form. In a preferred processing mode the acid
component is added continuously and homogeneously to the

20 product stream to be freed from monomers in the production
process directly after the desired final molecular weight
is achieved, in order to begin evaporating the residual
monomers immediately thereafter. In a particularly
preferred processing mode, the addition of additives to

25 1improve individual product properties takes place after
addition of the acid and residual monomer reduction and is
not combined with the residual monomer reduction step,
because additives are often used that are volatile in the
vacuum that is essential for reduction of the residual

30 monomers and they are then difficult to establish in the

necessary concentrations in the polymer.

The acid components are preferably added in liquid form.
Since the amounts to be added are very small, solutions of

35 the acid components are preferably used.



20 product streamto be freed from nononers in the production fr ocess
directly af ™ 200%/%R4335d final nol ecul ar wei ght iBCHER20044013FRorder to
begi n evaporating the residual nononers inmediately thereafter. In a
particularly preferred processing node-2che addition of additives to 25

i nprove individual product properties takes place after addition of the
acid and residual nmononmer reduction and is not conbined with the residual
nononer reduction _step, because additives are often used that are volatile

in the vacRAhtERde iSOleeddnt iadle fidosedidt 6P ot v se%tdddle 30 nononer s

and they ar @rdtendi ffreCWrerti® At abldesht idhd ReragigeasS YL Qangentrations in
the polyner. The acid conponents are preferably added in liquid form Since
the amounts to be added are very small, solutions of 35 the acid conponents

are pref ey ahlydiseds o‘éQa%ﬂQ%(bQ_@?s%ﬁx}%WsE%%%o‘ml%%f%]an;? st Jahl £ vgloéhvent S

are those that do not disrupt the process, are chemc y Inert an
evapor ate qui dkdiying Pedmi emdsir nmedl @ resisvere o fardd dld WYHhi ¢ sol vent s

with a boilj i r 1 r f 3 rably 30 to
250C and pa t]{%%tﬁ[}aﬂ%' é&g?\ceor %%@Bﬁqﬁ%sa%r&g %alr?grqeﬁ g’ore\%ggearbl-w iea;@ltﬂbdi ng
wat er of cry0dld issat iadrso wWauslr conpaunds nay evatreaf erfald ryy sttedsleins 4 thiatn .occur

in the 10 vari Qus processes. Dependi ng . .on the range .of requirenents for the
product to ?é‘lcglr c?d’p&?é)dl,n nfrreesq%(f&%ra% ur‘#?s(%l H:g}at roecocl}’g% the-Yual i ty.

Sol vent 9.0 n vaddidusop dozesaiesy. Tepaaldianesn aped aalnkaness arghiu iter@mmt i cs,
whi ch can alqsog be substjtuted. The supstifuents can be .aliphatic,

cycl oal i phat CaPFRRIE U iREaIRE QI C8 Py 12l TGS Uk | it dRagens or
a hydroxyl diQue the! efueatians, such as oxygen for exanple can also be

binding [|inks between aliphatic, cycloaliphatic or aromatic

Solvents in addition to water are alkanes, cycloalkanes and

15 aromatics, which can also be substituted. The substituents
can be aliphatic, cycloaliphatic or aromatic radicals in
various combinations and halogens or a hydroxyl group.
Heteroatoms such as oxygen for example can also be binding
links between aliphatic, cycloaliphatic or aromatic

20 radicals, wherein the radicals can be the same or
different. Other solvents can also be ketones and esters of

organic acids, and cyclic carbonates.

Examples in addition to water are n-pentane, n-hexane, n-
25 heptane and isomers thereof, cyclohexane, toluene and
xylene, methylene chloride, ethyl chloride, ethylene
chloride, chlorobenzene, methanol, ethanol, propanol,
butanol and isomers thereof, phenol, o-, m- and p-cresol,
diethyl ether, dimethyl ketone, polyethylene glycols,
30 polypropylene glycols, ethyl acetate, ethylene carbonate

and propylene carbonate.

Water, phenol, propylene carbonate, ethylene carbonate and
toluene are preferably suitable for the polycarbonate

35 process.



20 radicals, wherein the radicals can be the same or different. O her
sol vents calWfa?@¥P/A954R8Pones and esters of organi c BEG/E820844P 13221
carbonates. Exanples in addition to water are n-pentane, n-hexane, n- 25
hept ane and i somers thereof, cyclohexane3zotol uene and xyl ene, nethyl ene
chloride, ethyl chloride, ethylene <chloride, chlorobenzene, nethanol,

et hanol, propanol, butanol and isoners thereof, phenol, o-, m and

p- cresol dlethyl et her, di nmethyl ketone, polyethylene glycols 30

pol ypr opyl eHetgrycBhenodt Rpr REePailencethybenetearbenREE tigmd opyl ene
car bonat e. g@gggragm?nghitggqulene carbonate, ethylene carbonate and
tol uene are preferably suitable for the polycarbonate 35 process. WO
2005/ 054335 PCT/ EP2004/ 013321 -30 Water, phenol and propyl ene carbonate are

particul arl g pief grabky sWi Lahk m3 &@tugaaaggr%oor A8 Xl | eading

to a hoaneneous |ncqrporat|on suc as extruders for exa e, are suitable
for the effeoppveornc@pporautbna@fexheuanSbfporexAmpdeﬂeamedSpnmaééglng

Tode i s it g byyuay oL eXGIPLEBUL, 10 it Bout pLestilgtion. Using a gear

punp a split Stream’i § taken from r eam beteen t He penul ti mate
react or and the finishing reactor and the inhibitor is added to this split

stream di at el ereafter .the mxture i punped back into.the main
SLr eam t hr olgRCE TS AE e PRPCER o091 BOHEx 1Pt CRREERDNV By ChoRrarPeEnDHE t he
i nl et pQDntquhoaﬂOEbetribath nusehgwhlgbaenpquSaastEmgeme@um is

distribution in the main nelé ream which is then pplied to the fina
reactor. 20tRKSPhETPPn&Rer BS Fo?trﬁﬁmcHet§eﬁ§eahFoPePQ%FdHéFenﬁﬁéﬁépr

reduction, the kasi duak sARAGMREScabe bhanthedye@dpdtor is added to
this split stream. Immediately thereafter the mixture is
pumped back into the main stream through a static mixer to
15 mix it intensively. Downstream of the inlet point is
another static mixer which ensures a homogeneous
distribution in the main melt stream, which is then

supplied to the final reactor.

20 In the final reactor, which is used for residual monomer
reduction, the residual monomers are then reduced at
temperatures of 260 to 310°C, preferably 265 to 300°C and
particularly preferably 270 to 290°C, and under pressures
of 0.01 to 3 mbar, preferably 0.2 to 2.5 mbar and

25 particularly preferably 0.4 to 2 mbar. The fill levels in
the final reactor are set as low as are technically

possible.

The residence time in the final or finishing reactor is in

30 the order of a few minutes to hours, preferably between 15
and 180 min, particularly preferably 15 to 150 min and most
particularly preferably 15 to 120 min.

A slight increase in molecular weight which may possibly

35 occur in the finishing reactor in which the residual



tenperatures of 260 to 310C, preferably 265 to 300C and particularly

preferably gd0dqs /389635 and under pressures of 0.0Lch088,68080071385¢f erably
0.2 to 2.5 nbar aéd 25 particularly preferably 0.4 tg gEn%afé[The ?iH

levels in the final reactor are set as #fM/aS are technically possible.
The residence tinme in the final or finishtng reactor is in 30 the order of
a few mnutes to hours, preferably between 15 and 180 mn, particularly
pref erabl y BGNeBEAS02 R nCBABCHBEED paRtPeuratfyCpfePetablyreguedng2bhain. A

slight i ncrggeeyifo MOLEEN) afie Weh Oy Wah COBBYt POSShDLMar 3arpEguUr in the
finishing reactor in which the residual W 2005/ 054335 PCT/ EP2004/ 013321 -31

nmononer s ar @Venapat heedoEahhperpaidnebdneonemeysredacf hgat heoleaudgrnol ecul ar

wei ght by ap ni g sych; £H fLer,evaporation of the residual nononers
t he final nn?ggﬁFars me?h%tégs@acﬁﬁe ed exactly. 5 The finished

pol ycarbonate is renoved fromthe final rector wth a punping device,

treated wt ddij 1 | b o] i o] r rti if.n ssary,
extracted a£h§b$%%%¥§§? %%gfgﬁ@gﬂﬁgggag§|% %%gg§0¥gpéegggp%ﬁgg%sragﬁéfalIy
used as thewptlnpa nguoeingedeBtcenwstroftedrwdtuls adedi gnsesrbgpkobahl y desi gned

positive- displacenent, punps can al sp.be used as an alterpative. 15 The
poIycarbonaT%g?%ﬁing%thﬁﬂggv?dgﬁ?Pﬁrgbﬁ?af s"Fe535¢hén e§g6aﬁgﬁgo?sdiphenyl
carbonate (PPGt149€, ppoddéd2ardbgsafdtabydr oxyphenyl) propane (BPA) and 150

ppm of aenol, preferably | ess than 300 ppm of DPC, 30 ppm of BPA and 100
ppm of g enol, particularly preferably |ess than 250 ppm of 20 DPC, 20 ppm

of BPA and 80g#&pm pimphesolenbdatspestali! ¥s the pumping device. Screws
of various designs or specially designed positive-

displacement pumps can also be used as an alternative.

15 The polycarbonate thus obtained ideally contains less than
350 ppm of diphenyl carbonate (DPC), 40 ppm of 2,2-bis-(4-
hydroxyphenyl) propane (BPA) and 150 ppm of phenol,
preferably less than 300 ppm of DPC, 30 ppm of BPA and 100
ppm of phenol, particularly preferably less than 250 ppm of

20 DPC, 20 ppm of BPA and 80 ppm of phenol and especially
particularly preferably less than 200 ppm of DPC, 15 ppm of
BPA and 70 ppm of phenol.

The polycarbonates obtained can be treated with the

25 conventional additives and supplementary substances (e.g.
auxiliary substances and reinforcing materials) to modify
their properties. The addition of additives and loading
materials serves to extend the service life (e.g.
hydrolysis or degradation stabilisers), to improve colour

30 stability (e.g. heat and UV stabilisers), to simplify
processing (e.g. mould release agents, flow control
agents), to improve functional properties (e.g.
antistatics), to improve fire proofing, to influence the
visual impression (e.g. organic colorants, pigments) or to

35 adjust the polymer properties to specific stresses (impact



particularl%ﬂpreferablﬁ | ess than 200 ppm of DPC, 15 % pm of BPA and 70 ppm
of phenol . /P54BBBnat es obtai ned can be treat ®BFTUEPROQ4D13321

conventi onal addltlves and suppl enentary substances (e.g. auxiliary
substances and reinforcing materials) to3pedify their properties. The
addition of additives and loading materials serves to extend the service

life (e.g. mbydrokysjsfonedeguadateanmshabhllsseEsprotis maﬁé@&algolour 30
stability (e, 9 hegi and UV stabi|isers), to sinmplify proceSS|ng ?
séthgen 1

moul d rel ea OuF?oﬁﬂééﬁtﬁépreégéﬁgs?arPBD hpPEGe) fuﬁ@?ﬁoﬁép a

properties pe. gomb@ﬁéasiathﬁ§)wa90tbnﬁa9ugtfah@ REA®ELBILnhtOdeBfikugnce the
vi sual i npression ani c colorants ﬁg gnents) or to 35 adjust the
ac

pol yner proBéPPPéElFB éﬁéE%fﬂ@agﬂP§s§é§e€F ?nﬁ[ﬁQGGSFU§§335€

PCT/ EP2084/ 843321ped2f o P0dibiingli 8, lBI n@hxs@wsdﬁédﬁm%ghs RLI BEQHSer
materials, silica flour, glass fibres and carbon res) They can all be

combi ned |naaﬁyHmaVuiéeadjHéﬂsaﬁdpaéhﬂébérﬁhé9aé3|ﬁédAd§ﬂ§9§ﬁ§|§§r Such
| oadi ng mat n ‘5P
g @ig§£§c§ ﬁaﬁgsbgkve§oﬁpemﬁrg§g9rtbsguggk eé§¥8%38%?99 bgd%hcs

Addi tives", nser i Sher's Itives
for PIastlEéasﬁmdbobﬂdlnmhﬁsNﬂaphyQOELséaherZWGXfeid H#e@8eo;, MnniPhasti cs
Addi tives Ha ook, Hans Zweifel, Hanser, Munich 2001. 10 These additives
and |oading nmatérials can be added to the polyner nelt individually or in
any m xftQre or in several different nixtures directly during i sol ation of

the polymer, or after nelting of the granules_ in a_so-called 5 nmpoundi ng
stage. The éaaF?i@gg Sﬁﬁeﬁogg?ngoﬁgfga QF eS?ahFxfﬁPegetﬁggggf Saﬁg ®be added
to the pol ypelymektmastaifaliivddublot ber inoedg Asxture or in several
different mixtures, directly during isolation of the
polymer or after melting of the granules in a so-called

15 compounding stage.

The additives and loading materials or mixtures thereof can
be added to the polymer melt as a solid, in other words as
a powder, or as a melt. Another means of addition is the

20 use of masterbatches or mixtures of masterbatches of the

additives or additive blends.

These substances are preferably added to the finished
polycarbonate using known metering units but depending on
25 requirements they can also be added at a different stage of
the polycarbonate production process. Mixing with the
polymer takes place in known devices for this purpose, such

as screws or static mixers, for example.

30 The polycarbonates that can be obtained by the process
described in the invention can be processed into various
moulded articles on known machines, for example on

extruders or injection moulding machines.



a powder, or as a nelt. Another neans of addition is the 20 use of

mast er bat ch#9 30054084388s of masterbatches of the RAN/EPRE84MNLIZRGitive

bl ends. These substances are preferably added to the finished polycarbonate
usi ng known netering units but dependi ng3ign 25 requirenents they can al so be
added at a different stage of the polycarbonate production process. M xing
with the pebyaeh1takes1pk-aee onl if@%“‘%h@e¥b§%a&%'bn%lﬁ'e% RYRASEd gHCh as
screws or static mxers, for exanple. 30 The polycarbonates that can be
obt ai ned by thRedgee&éded dagenitiea i depkadiingenn owlesnlise predabdsead nto
various moyldednanti Ghes QRdKPAWR TRENLAGS ¢ Lar exanple 0 flguder s or

i njection nnﬁldiﬁg nacﬁines. WO 2085/052332 %T/E%Z%O4F§fé%ffﬂé%§ Possi bl e
applications for the pol ycarbonates obtained by the described invention,
dependi ng on nol ecul ar .wei ght, an t.reatnment with additives qf any type,
are, for%exanplegxgrységpr%gﬁoﬁo 5l§8I3g?8ﬁ E%anlfg}a§FSpP §%répectric
motors, ski fil neptpackagikig filllngg packpbahgaceuhiscElor phepaaateuvaisaletc. -
Bl own cont ai ners, e.g. é.to 5 g%llon wat er bottles (see e.g. US 2 964 794)
10 - Optical dat&°§P6rdge°Médi &°“e.g. CDs and DVDs, and other data storage
media - Chi p boxesoaRdcehich i6@hs), eks o §Xygenalyansondiahys $Jrmahisnes, etc.,
in medicine - Protective goggles, corrective spectacles, lenses for 15
phot ogr aphi ¢ and (Eeenecanerss 2(9éd é9§) DE-A 2 701 173), etc. - Precision

i njecti nmoul de arts, .such e.g. _lens holders, nostly. expediently

ua) g oBss i br aPererat sPLea <Teried msfdte Ghich D5 FORAT oA €5

other data storage media

Chip boxes and chip carriers
- Oxygenators, dialysis machines, etc., in medicine
- Protective goggles, corrective spectacles, lenses for
15 photographic and film cameras (see e.g. DE-A 2 701
173), etc.

- Precision injection moulded parts, such as e.g. lens
holders, mostly expediently using glass-fibre-
reinforced polycarbonate which optionally also

20 contains 1 to 10 wt.% MoS,

- Light carriers such as optical fibres (see e.g. EP-Al
0 089 801)

- Supports for organic photoconductors

- Mobile telephone casings with improved resistance to

25 perfume, aftershave and perspiration

- Network interface devices

- Electrical insulating materials for electrical cables,
connector shells and plug-in connectors

- Housings for e.g. electrical distribution cabinets,

30 electrical devices, domestic appliances

- Components for household items, electrical and
electronic devices

- Bottles, crockery, chocolate moulds, etc., for food

applications



20 contains 1 to 10 wt.% MbS2 - Light carriers such as optical fibres (see
e.g. EP-A W 8895AP®H335 Supports for organi c phot ocRERIFEREPE/013IZA | e

t el ephone casings with i nproved resistance to 25 perfune, aftershave and
perspiration - Network interface devices34-Electrical insulating materials
for electrical cables, connector shells and plug-in connectors - Housings

for e.g. electrigalgi-st rdikudd QR L£akidet$,ox30 el ectrical devices, donestic
appl i ances - Conponents for household itens, electrical and electronic

devi ces - Bettl efraospakemny, wasdhdolgatmaaniumleds, petreholfes widdd imgpplviesht i ons
WO 2005/ 054335 PC}:_,T/S%I;%O(%f}:/eo]t?é)32dle -?{:4 o tKi toﬁhecri sinks and | etterboxes -
Transpar ent washi ﬁg Fachi es, por HAS WX 5 r%lroved resistance to

detergent sol uti0lamp R reOMRITS Kidlchient G iapRldsanGash Wnidyrdvay oved 5
resi stance to kitchen vapours, particularly oil vapours - Safety glass for

bui | di ng®, vehi cF&S1sdiancrafte did chedl YePArsor Par ticadsitidertl sheets, in
particular tw n-waldousheets, 10 for exanple for covering buildings such as
stations, halls and greenhouses - Translucent plastics containing glass
fibres for -lightSedgtapiliacst ifors Husdaliagg., DEhACL e564 f2a@raftt Arahs| ucent
pl astics contai ni ri | fate, 15 titanium dioxide and/or zirconium
oxi de or organi ch%%&%yné’lri@é%lréyl ate rubbers (see e.g. EP-A 634 445 and

- Translucent sheets, in particular twin-wall sheets,

10 for example for covering buildings such as stations,
halls and greenhouses
- Translucent plastics containing glass fibres for
lighting applications (see e.g. DE-A 1 554 020)
- Translucent plastics containing barium sulfate,
15 titanium dioxide and/or zirconium oxide or organic
polymer acrylate rubbers (see e.g. EP-A 634 445 and
EP-A 269324) for producing translucent and light-
scattering moulded parts
- Foams (see e.g. DE-A 1 031 507)
20 - Threads and wires (see e.g. DE-A 1 137 167 and DE-A 1
785 137)
- Stable doors and animal cages
- Sports articles, such as e.g. slalom poles, ski boot
clips, etc.
25 - Lights, such as e.g. headlamps, diffusers, internal
lenses and lamp covers
- Bumpers, optionally in the form of suitable blends
with ABS or suitable rubbers, where contact can occur
with fuels and lubricants
30 - Motorcycle and safety helmets
- Automotive parts such as e.g. windows, instrument
panels, body parts and shock absorbers

- Traffic light housings and road signs.



EP- A 269324) for producing translucent and |ight- scattering noul ded parts -
Foans (see #&0g20@$/0%483§31 507) 20 - Threads and wi rRGT/EP2806/QL33R- A 1 137
167 and DE-A 1 785 137) - Stable doors and ani mal cages - Sports articles,
such as e.g. slalompoles, ski boot clips,- etc. 25 - Lights, such as e.qg.
headl anps, diffusers, internal |enses and |anp covers - Bunpers, optionally
in the formpebasidittsahla@dlangs tha %1§%Mon%%let able fubkens, tMere contact
can occur wth fuels and | ubricants 30 - Mtorcycle and safety helnets -
Aut onpt i ve paVESLIeEhags @l§o Wreydwsd bystthen®resepdndinyergddn .parts and
shock absorbers - Traffic |ight housings and road signs. WO 2005/ 054335

PCT/ EP2004/ 013321 -35 Products nmade fromthe pol ycarbonate according to the
i nventi on aPetgrednartdvinded Byhet v tede sevatl vitdwart icbvar abdtearimtiats:on of t he
cited anal ytical characteristics: 5 Relative viscosity: The relative
viscosity is determ ned as the quotient of the viscosity of the solvent and
t he vi scosi Rglaft itviee vpslopsert yE0 di ssolved in this solvent. It is determ ned
in dichloronethane with a concentration of 5 g/l solution at 25C

Mol ecul ar wei ght as wei ght-average val ue: 15 The wei ght -average val ue of the
nol ecul ar waihghtreMatiive detserosingd ifsr drtleirglihesic atst ehien gyured sunte e tthe

viscosity of the solvent and the viscosity of the polymer
10 dissolved in this solvent. It is determined in

dichloromethane with a concentration of 5 g/l solution

at 25°C.

Molecular weight as weight-average value:

15

The weight-average value of the molecular weight Mw is

determined from light-scattering measurements.

Alternatively the weight-average value of the molecular

20 weight Mw can be calculated by measuring the intrinsic
viscosity by means of known Mark-Houwing correlations (J.
Brandrup, E.H. Immergut - Polymer Handbook). In restricted
molecular weight ranges a good approximation of the Mw can
be calculated from the relative viscosity using known

25 correlations.

The weight-average value of the molecular weight Mw can
also be calculated from gel permeation chromatography (GPC)
measurements. This requires the measurement system to be

30 calibrated with suitable polycarbonate standards, or it can
be determined by direct molecular weight determination in

GPC by means of additional light-scattering detection.



Alternatively the weight-average val ue of the nolecular 20 weight Mwv can be
cal cul ated B9 2RQ5/954385t he intrinsic viscosity by rREFAEPPO&(AAI21

Mar k- Houwi ng correl ations (J. Brandrup, E.H Imergut - Polynmer Handbook).
In restricted nolecular weight ranges aszgood approxi mati on of the Mwv can

be calculated fromthe relative viscosity using known 25 correl ations. The
wei ght - aver agec¥al HeoQh .t he nol ecul ar wei ght Mv can al so be cal cul ated from
gel perneathﬁ‘ChT%ﬁﬁr%graphy (GPC) neasurenents. This requires the

measur enent systemto be 30 calibrated with suitable polycarbonate
standards, 9hel bofiglntDerdghenahnedohy idi beehifRhesy! 3k eLghtfebermi nation
in GPC by means of additional [ight-scattering detéction. WO 2005/ 054335
PCT/ EP2004/ §¢38his- 88dOn dadfgrenpiaThmeesntrenensf iphéadleinc fOH ias obt ai ned
by IR nmeasu - hi.s di. f.f epenti al is taken for a 5
solutiongofggﬂggggpyﬁgrgih ggmgpgéighlgpoﬁ%tﬁgﬁgﬁggg&%gﬁgéﬁe Wi t h pure

di chl or onet hanpaand whéhabsoeptiichlodbfibéheneeaddt ¢éhri abdoapt3i®d2 cm 1.

Resi dual nogogggs: 10 Totdeterninett§§8 esi dual nononers the sanple is

di ssol ved A AFERPEFoEFRARE &Hd3En Brggiﬁitated with acetone/ nethanol .
After separating off the precipitated polyner the filtrate is concentrated

to small volune. The 15 residual nononers are quantified by reverse phase
chr omat ogr aph§tEHE-HEC ‘sol vent gradient 0.04 % phosphoric acid -

acetonitpile. Detection is by W. The exanples below are intended to

illustrate the invention 20 wi thout however restricting it: WO 2005/ 054335
PCT/ EP2004/ §9349fermine the residual monomers the sample is dissolved

in dichloromethane and then precipitated with
acetone/methanol. After separating off the precipitated
polymer the filtrate is concentrated to small volume. The
15 residual monomers are quantified by reverse phase
chromatography in the mobile solvent gradient 0.04 %

phosphoric acid - acetonitrile. Detection is by UV.

The examples below are intended to illustrate the invention

20 without however restricting it:



-37 - Conparative exanple 1: 45.66 g (0.2 nol) of bisphenol A 46.27 g (0.216
nmol ) of di fReRYP5/2H4338at e and O. 0053 g (4 x 10-3 rRﬂT%FPBpOﬁhQﬁﬁﬁ215 adduct
of tetraphenyl phosphoni um phenolate (TPP-P), containing 35 % phenol,
relative to bisphenol A are weighed inBd-a 500 mM three-neck flask mjth
stirrer, internal thernmoneter and Vigreux colum (30 cm mrrored) wth

bridge. The raltise @ fir-om at nospheric oxygen 10 by application of
a vacuun1ané rlnéTﬁﬁ_TTﬁ#%gg%7ﬁﬁﬂ with nitrogen and the mxture nelted at
150C and 100 nmbar. The tenperature is increased to 190C and the phenol t hat
is formed igg @%sbllbeq gjﬁ o%%rbgg %bﬁ%ﬁeﬁ E?ezﬁe%pqgabqkfﬁgg)

i ncreased to 235C and t he pheno f or me sti for 10
m nut es. Thélpééﬂwﬁlp§rb@@@QﬁWmmiéH005@ 80 ( #barh&frmqﬂ%X)¢ﬁrmh$mohnd t he

t enper at ur e t t r 10 m nutes

t he vacéunﬁ?gb#Zdége %Er %%f%ﬁggP %&hégﬁrrlghelsl%Ontlgﬁg% fdr 30

m nutes. A sampBQHIHQSBShénpm&m@d un@émtnwenmb paeg@wm@l 20 iaret he nitrogen
counterfIOM/ g %h th bel t%é Vi SCQ fX ontg % henollc H end
groups and resfdas! nnn8 rs a Ser mioned. T nat¢h is then
stirred mnthnmerhﬂﬂthﬁer&bm@d@mtB@@SV&@EehWOc@Qm&nhq@mSc&t 30QCcard)0. 5 nbar

to evaporate .th si du nononer sa The results are shomn in
ool o 2 BB B e A a oy € TR R A A R S IOOR of

2.5 ppmioof bgro%p@que@tuaomh@spraom@u@m dnaf tehsiegdvahrefe samelss dithstirring
is continued for two nore hours at 300C and 0.5 nhar to evaporate the
resi dual nnﬁ&ﬁéPQeHTﬁ@dr§§ﬁlP&Xt§§9a9@1§ﬁ8wﬁtlﬁ5ﬁaﬁlénﬂ 100 mbar. The

temperature is increased to 190°C and the phenol that is
formed is distilled off over 30 minutes. The temperature is
then increased to 235°C and the phenol that is formed is

15 distilled off for 10 minutes. The vacuum is then adjusted
to 60 mbar within 10 minutes and the temperature adjusted
at the same time to 300°C. After a further 10 minutes the
vacuum is reduced to 0.5 mbar and stirring is continued for
30 minutes. A sample 1 is then taken under normal pressure

20 in the nitrogen counterflow, from which the relative
viscosity, content of phenolic OH end groups and residual

monomers are determined.

The reaction batch is then stirred with no further
25 additions for two more hours at 300°C and 0.5 mbar to
evaporate the residual monomers (sample 2). The results are

shown in Table 1.

Example 1:

30
Same as comparative example 1 but with addition of 2.5 ppm
of 10% aqueous phosphoric acid after removal of sample 1,
stirring is continued for two more hours at 300°C and
0.5 mbar to evaporate the residual monomers. The results

35 are shown in Table 1.



WO 2005/ 054335 PCT/ EP2004/ 013321 -38 Conparative exanple 2: 136.98 g (0.6
nol ) of bi sSPRe#RA5/R54333. 96 g (0.63 mol) of 5 di phAFKTV/EERPHHHE3S2and 0. 0159
g (4 x 10-3 nol %9 of phenol adduct of tetraphenyl phosphoni um phenol at e,
containing 35 % phenol, relative to bisptenol A are weighed into a 500 n
three-neck flask with stirrer, internal thernmoneter and Vigreux colum (30
cm mrrored) with bridge. The 10 apparatus is freed from at nospheric oxygen
by application of a vacuumand rinsing (three tines) with nitrogen and the
mxture i s GEMPazyakiveosrampder Be phenol that is formed is distilled off. A
vacuum of 100 nmbar is then applied and distillation continued for a further
20 mnutes. The 15 tenperature is then increased to 235C and t he phenol that
is formed i$36i88i bl ¢8.6f moflor of5baspbeasl Fhelvdclangi 0.0Remoddj adted to
60 nbar witARi b n h o] m, put es 4-3The -t.anmp ture - s raised
to 250C g%dﬂgﬁgégpgtgégﬁoﬁgﬁg ?gg ?5b%§§u?eé? %hzopr§§§U5eCﬁi%¥héﬁﬂTeduced
to 5 nbar 26dflortl6fntattrephealfiephwhpbhnihe pbapelaterecoatranied to 280C.
After a further 15 minutes,the vacuum.is. reduced tog 0.5 r.and stirring
cont i nued f%? a 5??Hgf f%lﬁgﬁﬁFe§9 g]HBthﬁ%egatan WSlﬁﬁgﬁ r&Sed to 300C
and hel d fob080min hhrAesappkefilaskhenthakenratrnodmakrpagéssueemondeera 25

ni trogen at nosphere, fromwhic he rel ative viscosjty, .the nt ent of
phenol i ¢ Ckﬁgadob958B§ ﬁghuWHeQP@sFauanﬁ685ﬁg>Sngbe%aéggﬁniﬁgﬁ. The
reacti onobabpparsttibensstireead faohhaifobphbhRet 3Qyaddi biyoapplecatwennor e

hours at 300C and 0.5 nbar to evaporate the residual nmpnoners (sanple 2).
The resul tsCard VERBWR PRATABPELIRI WOREB65F0BES35WPER BP2604£H13891thsg

mixture is melted at 190°C and the phencl that is formed is

distilled off. A vacuum of 100 mbar is then applied and
distillation continued for a further 20 minutes. The

15 temperature is then increased to 235°C and the phenol that
is formed is distilled off for 15 minutes. The vacuum is
then adjusted to 60 mbar within 5 minutes and held for 15
minutes. The temperature is raised to 250°C and the plateau
held for 15 minutes. The pressure is then reduced to 5 mbar

20 for 15 minutes, after which the temperature is raised to
280°C. After a further 15 minutes the vacuum is reduced to
0.5 mbar and stirring continued for a further 15 minutes.
The temperature is then raised to 300°C and held for
30 min. A sample is then taken at normal pressure under a

25 nitrogen atmosphere, from which the relative viscosity, the
content of phenolic OH end groups and the residual moncmers

are determined.

The reaction batch is then stirred with no further
30 additions for two more hours at 300°C and 0.5 mbar to
evaporate the residual monomers (sample 2). The results are

shown in Table 1.



Exanpl e 2: Sane as conparative exanple 2 but with addition of 2.5 ppm of
10% aqueousgh j cid after renoval of sanple hkVa .S
conti nued fg? ?gggzg;ﬁ§3ﬁours at 300C and 0.5 nbar té?ﬁgég%ng{% t %% resi dual
mononers. The results are shown in Table 1. Exanple 3: 10 8600 kg/h of nelt
m xture, consisting of 4425 kg of diphé 9r carbonate/h (20,658 nol/h) and
4175 kg of bisphenol A/'h (18,287 nol/h), with addition of 0.52 kg of the
phenol addu&xa@Pleefraphenyl phosphoni um phenolate with 15 65.5%

t et raphenyl phosphoni um phenol ate/h (0.786 nol/h, i.e. 0.0043 nol%

di ssolved in 4.5 kg of phenol/h, are punped froma tank through a heat
exchanger, Rearedst gompagetane paxssedet Br bugh wa tderedtiitamnc furn Satepi2 bar
and  190C. EQe1%%e5§g%ohgs?ﬂ%@%%o&ﬁ%eab dSQfQEQUE%%PV%q E%es@%bﬁé 3 then
passed t hrough™a deconpréssion-valve into a séparator ‘under a-pressure of
200 nbar 5 Theimelingf iewicogt ioukdoff orhéweeparat aouirs heat3dd °t0o ab89C .&gai n i n
a falling- fhln1%vagorator whi%h is l.ikew se under 2%8 nbarugf 25 pressure
and col | ect 8§%n 8 FPYARCTALFerDE FESIGEALeTPPRESEE - 20 mtRSed St RECel t i s
punped i nt oshbh@nneéxt Thbrnee 1st ages, which are constructed in the sane way.
The conditions in the 2nd / 3rd / 4th stage are 100 / 74 |/ 40 nbar; 218 /
251 / 276C and 20 / 10 / 10 mnutes. The oligoner that is formed 30 has a
relative vi ggambhiy &f 1.09. Al vapours are passed through pressure

regul ators FﬁTUEH'CUTUnn under vacuum and drawn off as condensates. The

ol igomedOi s then condensed in an adjacent basket 35 reactor at 278C and 3.0

nhar for a epbURRss LETRETk ¥Q.2008/ 054335 SPEHLERZ004581332 ¢

diphenyl carbonate/h (20,658 mol/h) and 4175 kg of
bisphenol A/h (18,287 mol/h), with addition of 0.52 kg of

the phenol adduct of tetraphenyl phosphonium phenolate with

15 65.5% tetraphenyl phosphonium phenolate/h (0.786 mol/h,
i.e. 0.0043 mol%) dissolved in 4.5 kg of phenol/h, are
pumped from a tank through a heat exchanger, heated to
190°C and passed through a detention column at 12 bar and
190°C. The average residence time is 50 minutes.

20
The melt is then passed through a decompression valve into
a separator under a pressure of 200 mbar. The melt flowing
out of the separator is heated to 189°C again in a falling-
film evaporator which is likewise under 200 mbar of

25 pressure and collected in a tank. After a residence time of
20 minutes the melt is pumped into the next three stages,
which are constructed in the same way. The conditions in
the 2™ / 3™ / 4*® stage are 100 / 74 / 40 mbar; 218 / 251 /
276°C and 20 / 10 / 10 minutes. The oligomer that is formed

30 has a relative viscosity of 1.09. All vapours are passed
through pressure regulators into a column under vacuum and

drawn off as condensates.

The oligomer is then condensed in an adjacent basket

35 reactor at 278°C and 3.0 mbar for a residence time of



-40 .45 mnutes to forma higher nol ecul ar wei ght product. The relative

vi scosity i wol2dddyos8Besvapours are condensed. A splactr/speeadyioa33220 kg of
nmelt/h is branched off fromthe 5 nelt stream by means of a gear punp as it
is passed to another basket reactor, 185,g_of a 5 % aqueous phosphoric
acid/ h are added, it is passed through a static mxer with a length to

di aneter ragko a rned. h i . e di.atel y
after the t&g g?%%é%% Egegsgﬁhg %65§ﬁ%s§ g?Fglag?hgﬁéﬁﬁoﬁgégkgggsF@E
di stribut edrehabigh vhecoemtiyr ésnil. 95t r 8am byporeansaok aohdehbked.static
m xer. The nelt treated in this way is exposed to the process conditions in
anot her basket reactor at 284C, 0.7 nbar and 15 for an average residence
time of a fAarshéitl1830reamubés150r knppewédmand/gr apubatadhedhe fifafaevms tace
condensed in ﬁEe ﬁacuunbinstallation and thereafter. .20 The gol§carbonate
obt ai ned ha%®t fieSERGFECPEr N§APEsO%ef 8GFT PH™RaBfell. 1HOP3665F052335 - 41
Table 1: PCInEPRED4HALE3Z1rRakabiryePbengl be DRCBPAPRgnebuki peesphyetic
[PPN][PPN][PPN][PPN% Cowp.SanEIe1.266401902570 exanpl el 1Sanpl el. 31380681745
243694395984 exh th

2 Conp. SanpP€t? npFePas8aApFB1088818165586C mixer wi

a length to diameter ratio of 20 and returned to the main
melt stream. Immediately after the two streams meet, the
10 phosphoric acid is homogeneously distributed through the

entire melt stream by means of a further static mixer.

The melt treated in this way is exposed to the process
conditions in another basket reactor at 284°C, 0.7 mbar and
15 for an average residence time of a further 130 minutes,

removed and granulated.

The vapours are condensed in the vacuum installation and
thereafter.

20
The polycarbonate obtained has the characteristics set out

in Table 1.



2 Exanpl eSanpl el. 263801832052 11 Sanpl el. 27330311848 2

Exanpl eSanfi® 2098499438361 772 21 Sanpl el. 2035064739 2PERAFRACOR/90332571656 3
As can be seen fromthe exanples, the process according to 5 the invention
surprisingly does not lead to a further-4increase in nolecular weight with a
| ow nonomer content in the end product. WO 2005/ 054335 PCT/ EP2004/ 013321
-42 C ai ns:pgh1drocess for the production of polycarbonates having a |ow
nmononer corntent, which are obtained by the process 5 of nelt

transesterification fromdi hydroxyaryl conpounds and diaryl

car bonat es by

pure oni um——catatysits, —charagternrsed T nrthat 4 n-e 1y Mjiltiklﬁ}éc
production lines the target no eelc?miére mg%‘éﬁ?i%% ?S%Eabl i s%gg bef orengr%try
into the flinal 10 reaction stag_&ccmjtgcoodeppﬁhjdr[ljlﬁn]st DpppRl] bY [pradi t] on
of hypostdichionetrilc ampuntg of inhibitors, megsured agalnst tthe anmpunts
of catal ystCU¥ed, and3a®Ple he ¥i%fal reactt®n stagd the nphdners |d% reduced.
15 2. Prodessmecording to cllaim 1, characteri seﬂl in thal nolecul ar wej ghts
of max. My 30,000 arle obtained as the final value. 3. Process according to
claim1 aqd1 2, characiampbed |iln 31 380 68 17 45
2
Comp. Sample 1.21 420 245 15 84
example 1
2 Sample 1.25 310 192 5 36
2
Example Sample 1.26 380 183 20 52
1 1
Sample |[1.27 330 31 18 48
2
Example Sample 1.20 390 234 17 72
2 1
Sample 1.20 350 64 7 39
2
Example 1.201 255 71 6 56
3

As can be seen from the examples, the process according to
the invention surprisingly does not lead to a further
increase in molecular weight with a low monomer content in

the end product.



20 that the OH end content is adjusted to 70 to 500 ppm before the
fi.nal reactWP.2Q95/Pgéé s according to clains 1 andP2T/ER20GHA0EBBERd i n

tthat an acid substance with a pKa of <5 is added to 25 the nelt before
entry into the final reaction stage. 5.-#rocess according to clains 1, 2 and
4, characterised in that the acid substance is selected fromthe group of
ort ho- phosppsimsaci d and acid esters of this acid. 30 6. Process according
to clains 17~ Z and 4 and 5, <characterised in that the anount of the acid
substance is < 8 ppm WD 2005/ 054335 PCT/ EP2004/ 013321 -43 7. Process

accor di ng t?.c!anE ﬁéoﬁgr Eﬂgrﬁgégﬁg§fgni8f %Q?%cggﬁo QEBErﬁgvigg'Q the

process stage in nonofer s are renoved from the pol ycondénsate
does not exceedlGiO®nEM8r Ppotest, actbeli agetobthaned Qytohé process

charactegised in_.t t ' Y [ e actor are 15
to 150 n§n 10 QOfﬂggéga? %ﬁg§gg§g¥gf%%g$§nbgréapg%%gss ag ing to clains
1 to 8. 10. Pol ycanpounatie andodﬂhngltoacbammt@s whepera bheumpolycarbonate

contains |l ess than Sg $ % he ng arno atg | ess.than 40 ppm
2 i o (4 hydr SRGPRERYT) pr BRAREL BRESF Aot HARE 15D BRht phefol
multistage production lines the target molecular
weight is established before entry into the final
10 reaction stage, polycondensation is stopped by
addition of hypostoichiometric amounts of inhibitors,
measured against the amounts of catalyst used, and in

the final reaction stage the monomers are reduced.

15 2. Process according to claim 1, characterised in that
molecular weights of max. Mw 30,000 are obtained as

the final value.

3. Process according to claim 1 and 2, characterised in
20 that the OH end group content is adjusted to 70 to
500 ppm before the final reactor.

4. Process according to claims 1 and 2, characterised in
that an acid substance with a pKa of < 5 is added to

25 the melt before entry into the final reaction stage.

5. Process according to claims 1, 2 and 4, characterised
in that the acid substance is selected from the group
of ortho-phosphoric acid and acid esters of this acid.

30

6. Process according to claims 1, 2 and 4 and 5,

characterised in that the amount of the acid substance

is < 8 ppm.



10

15

WO 2005/054335 PCT/EP2004/013321

10.

-43-

Process according to claims 1 to 6, characterised in
that the temperature in the process stage in which the
monomers are removed from the polycondensate does not

exceed 310°C.

Process according to claims 1 to 7, characterised in
that the residence times in the finishing reactor are

15 to 150 min.

Polycarbonate obtainable by a process according to

claims 1 to 8.

Polycarbonate according to claim 9, wherein the
polycarbonate contains less than 350 ppm diphenyl
carbonate, less than 40 ppm 2,2-bis-(4-
hydroxyphenyl)propane and less than 150 ppm phenol.



