- 1 - Polycarbonates with cyclic oligoners and inproved fl ow

behavi our The poememtosiaavent i on provi des conpositions W pOT/EPRIDMESG
rheol ogi cal and el ectrical properties, based on pol ycarbonate with
rearrangenent: structures and reduced contlent of cyclic oligonmers as
wel | as noul di ngs and extrudates nade from 5t hese pol ycarbonat e
conpositions. The process for pol ycarbonate synthesis is generally
known and is d ' atenwith eeelivodicpmbisiandtimpneved flow HeladioOr 517 044,
WD 2006/ 072344 and EP-A 1 609 818 and docunents cited there describe
for exanple the i rf.aci . ol e i ng..t h I rocess for
t he 10product i ?Irllé @%&S{ﬁ%%#%%ng@&g n&gﬁoﬁ@i‘aﬁ e‘,%ﬂ} ﬁ%‘p%g%&du%?cﬁ%c%fm%
aromati c ol i goelearich]l pobycddsh bagtiesm bylytdrbomaed tvithr easest@ent§ dtGdfurenand
process is knovvﬁ fromthe |i tera}_t ure and previously described in the
Encycl opedi a ofedBsiPRBFIRS ¥l lisgmfrs awcﬁfw@ﬂdntaséﬁﬁi g¥tuflaten gade from
Physi cs ofs Pol yearlddRaiegate EghpodBbndievi ews, H_ Schnell, Vol. 9, John
Wl ey and Sons, Inc.” 15(1964) as well as in DE-C 10 31 512, US-A
3,022,272, US-A 5,340,905 and US-A 5,399, 659. A disadvantage of

pol ycar bonat esTih atocessefop pelrabenater simfhenie ip rgengrillic kegwn and is described in
pol ycondensat i LS fhat significant proportions of cyclic

ol igoners are %Eﬁé%ﬁﬁgﬁ%%%g%dary conponents. Since it is a
kinetically controlled process, this 20 naturally cannot be entirely
avoi ded. The rEBW @ 5hg0é4;WVOR060ABLIM¢ nnd ERsArd (A9 8¢5 and devuefehis citedthere

o eSS Sy LR B AL b ety o o

pol ycar bapat e sreap@ish bf plgcaiohktet he practical teaching of increasing
t he proportion of cycles. Surprisingly, it has now been found that
pol ycar bonate conpositions do not exhibit 25 these di sadvantages to
the same ext enf[%l QPHH’IPJF é’rg‘g‘}?ﬁ"’i ioﬁéﬁ‘?{%ﬁﬂg P%rmﬁﬂf"cly“ﬁb@&%f%ﬁ PY ge melt
i.e. display b@iﬁ&%@ﬂﬂc@%rpﬁeé’%b ARty dh WS HIERGRY 88l PlePoRs? dB@ribed in
behaviour in injection noulding, as well as inproved electrica
properties, prié¢dngpilgpedia efePolimenuaiericonyol. fl0t (186D oRhemistrp fand Pbysies of
oligoners isr ok i.tion r ear.r n . uct yres

whi ch are for nlgog)'?' é&%%%ggr%)%%ggeg N uStFIUrsglgm lr 3%?'%?8#‘& .%Jﬁxi Eglgis‘s%’n%fl Jpe.
t he nor e 1sur pr{1964)as sidlice ihiDFheri0d1i YANEs-L ARReNrs, USAd, M ogsesdasriA
ones, are known_to lead to an inprovenent in flow (cf. EP-A 0953605).
I n addition, p%?%@signcti onal rearrangenent structures lead to
branchi ngs which nornmally |ead to 5an increase in nelt viscosity and
thus to pooreraf ligivahiige ebf egdlycarfoRsie Natt Ourd NEHAYE NrbiAN e UhtdQk
therefore be expected by the person skilled in the art. The present

i nvention t herofyseadggsalipndprecyse|iy dhat isigvificast wiopprtione of rcyelisr eligomers are

t t f 1d:) 1Q. . A10in which, th ,
ctrctures of AR BSELBl LRGN Lt £ Vol g bhees, o

di substi ot ed astirlilyCleannoCheakitittly dvaldedeThe uedultas: ellior toa@odénts have a
brom ne, preferabl 4 al k particularly nethyl, and X has the

Cl- |
meani ng gi ven ’1‘36?“‘%0 (i5Pta oy 6{5‘%/ hedpgirdl eAd efgeirealt property herofile of the
structural unigstycedobhattd HPVA (358908t RsdBedad Qﬁr}ﬁbvéﬁ{enﬁgl %&7{ %gﬂj%@ﬁnate

relative to the ‘base polycarbonate, 15containing 0.1t
based on t he owewabilionombotiepraghcal tadiingoflihérgaimey the popoitien gcyeteal
formula (1)

Surprisingly, it has now been found that polycarbonate compositions do not exhibit
25 these disadvantages to the same extent and at the same time have lower melt
viscosities, i.e. display better flow behaviour and thus improved processing
behaviour in injection moulding, as well as improved electrical properties, preferably

better insulation, if the content of cyclic oligomers is reduced and, in addition,



wherein n is an integer from2 to 6 and denotes a group of the
formila (la) @wo0bssza6n Which RI and R 2 independent!y adr/@809/001086
anot her denote H, G -Cs alkyl, preferably Hor Cl1 - C4 al kyl,
particularly -preferably hydrogen or nethyd- and Xdenotes a single
bond, Cl1 to C6 al kylene, C2 to C5 allcylidene or C5 to 10C6

cycl oal kyli dene, which nmay be substituted with C1 to C6 al kyl,

preferably metRyfram@emetthytiuctuted witieh eenfoexéd abmt HEodPaRS®RENTes are present.
appl i cati ons, the_str%ctural uniits of the fornmulae (11) to ( are

al so referred {9 &alkOarmOshgErRSRS Sice bigngr digoneppontris, aakaotgpduced ones,
Simplicity. e Skbuhti1ela Wik SnBloferfiSh i I/ gcqmgﬁmob%;i Th b
se or the r t he

di phenol or di phenol m xture 15 oduction o
pol ycar bonat e. potyfusstiohel reexangpheit simcttulte laad se boficingpibith noAnaly lead to

di phenol the phenyl rings_.of.the rearrangenent stryctu are..
inubst i ¢ dt e merepl el vist ity BTG W R0E s B dRe PP hting g the
contai ned in tineertioh ¥6ad henaéefeOrRapeditdmnsha skt dtifHeRe:.
invention are preferably contained in quantities of 0.2 20to 1.2,

particularly preferably 0.2 to 1.1 and especially preferably 0.3 to 1
W.% - 4- S rﬁsr"rPﬁ‘\éY‘?‘WP“ he@.]f"l‘FﬁrWé t han 95% of cases, the
cycles contained have ring sizes wwth n =2 to 6. R ng sizes

preferably w tfbljtatbodated ¥R bndormdke shdhirbLofitRd el RIQLRB Y B (7 3.
occur nost frequently. The rearrangenent structures defined above

occur in different quantities and_ratios 5to one another. The
quantity thereof can be determ ned[b otal saponification of the
pol ycar bonat e conposition. Duricng brd’t‘jvvn for anal ytical purposes,
t he | ow nol ecul ar-wei ght degr adati on¢pwoducts of fornulae (Ha) to
(Va) characteristic of the respective rearrangenent structure are
formed, as an exanple for bisphenol, A as diphenol, i.e. Xis
10i sopropyl i dene, the quantit i efjenm nedyby HPLC.
propy q Y | € JHeEnm nedn by

0
(? o]

oo, -
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10 in which the phenyl rings, independently of one another, may be mono- or
disubstituted with C; — Cg alkyl, halogen such as chlorine or bromine, preferably C;-
Cq alkyl, particularly methyl, and X has the meaning given for formula (1a),

wherein the quantity of the structural units (I} to (V) amounts to a total of 50 to
1210 ppm relative to the base polycarbonate,

15 containing 0.1 to 1.2 wt.%, based on the overall composition,

cyclic oligomers of the general formula ()



Typically, the quantity of the conmpound of formula (H) or (Ha)

rel eased duri ngradssiopréecess is from50 to 800 ppm pref eralvkyrobarniss
70 to 750 ppm particularly preferably from 100 to 700 ppm and
especially preferably from 100 to 600 ppni- 15Typically, the quantity
of the compound of formula (H) or (Ma) rel eased during this process
is O (belowthe limt of detection of CS ppm to 100 ppm preferably
fromO to 80 ppm particularly preferablywsfromO to 70 ppm and
especially preferably fromO to 60 ppmm -}5, Typically, the
quantity of the conpound of formula (I r (‘IVa) rel eased during
this process is O (belowthe limt of detection of <5 ppm to 60
ppm preferably fromO to 50 ppm particularly preferably fromO to
40 ppm and esp®8t& y preferably from 15 to 30 ppm 5Typically, the
quantity of the compound of formula (V) or (Va) released during this
process is 0 (Rel LUhithe fond to @ingdet ection of <5 ppm) to 250 ppm
preferably from5 to 200 ppm particularly preferably from5 to 180
ppm and especially preferably from 10 to 150 ppm To produce the
conposi ti ons aécor dieAgfes ®2ronp of the &rmelir(lehi ch contain the 10
rearrangenent structures and reduced content of cyclic carbonates
essential to the invention, argmati c di hydr oxy ﬁorrpounds are
transesterified in the nelt iesters with the
assi stance of specific catal yst$ ot her additives. The
pol ycar bonat e conpositions w th kge carbonate contents and
15 rearrangenent structures according to thelinvention are produced
by the nmePt transesterification process f r oniar omat i(@adi hydr oxy
conpounds with carbonic acid diesters in the presence of anmoni um or
phosphoni um sal ts agugahal ysts. For the production of polycarbonates,
sui tabl e di phenols are those of the formula (1) HO Z-OH (1) 20in
which Z denotes a group qof the formula (la) (la) in which - 6 - R
and R2 i ndependent I% apfl Rorindepaeriendy otienvomnethier deamieds, Gi-Ryhlkyl; preferably H

preferably Hor Cl -4 Al , riicul arl referably. hydrogen or
nmet hyl , and Xdenot &5 @s@nag%/% pﬁﬁ%&faﬂ%ﬁre %‘a%%gﬁcﬁ"ﬁ%fpé’ﬁgéth&/ a{“g C5
al kyli dene or Cs to C6 cycl oal kyl i dene, which may be

substituted with CKto @enadt¢skadinglpbafieCabd € Skpitiey O, o CetilkylidenXor Cs to

preferably denotes singl e.bond,, .met hy| ene, .i sqpr.qpyl i dene,

cycl ohexylkgi dene or @,%’f’@%k‘%@@ﬁ%‘@f@ﬁ%h% Sf‘W@ﬁév,lgbéﬁoi %ﬁ?%)flsl Ryeferably
preferably isopropyhdiggdee@dyl. 3, 3, 5- trinethyl cycl ohexylidene.
Exanpl es of these di hydroxyaryl conpounds are: dihydroxybenzenes,
10di hydr oxydi phenyl s, bi s&;ydr oxyphenyl ) al kanes, i

bi s( hydr oxypheyhg egpéexs af Rigrsesentapali¢atians, thegstmiriual apisdofdberfumntie (I) to

thereof . D hydraxyasyd +F9MR0Y N I-THE
produced by ggqgr aﬁy fmown p%gzzag%g% ?e?éﬂ%e%gc%\éﬁ%%%igmﬁgl%y The
1609818 and | igmrtatalmeite ateedbriyébfreinrgnd réSilr fdm thediphiinohendipherol mixture
tormila (Ig ) ar&ed %drthglpsr é‘ﬁc%? ro?)@(ep B&?&'Jrﬂ&%&?aﬂﬂﬁs’, tgrl %)gaérlﬁple, in the case of
bisphenol A as diphenol the phenyl rings of the rearrangement structures are

unsubstituted.

The cyclic oligomers of the general formula (I) contained in the polycarbonate
compositions according to the invention are preferably contained in quantities of 0.2

20 to 1.2, particularly preferably 0.2 to 1.1 and especially preferably 0.3 to 1 wt.%.



hydr oxyphenyl) - 3, 3, 5-tri net hyl cycl ohexane and 4, 4' - di hydr oxydi phenyl .
It is possibl ewbaowses®st her one di hydroxyaryl conpound, wadtiezbdd®o1ose
formati on of honbpol ycarbonates, or different dihydroxyaryl
conpounds, wi:th the formation of copol ycdr-bonates. The latter is
significant especially when products with particul ar 20conbi nati ons
of properties are to be produced. Instead of the nononeric

di hydr oxyaryl $unpotillys;.c.iih mae dtaad5poss cdake the()cytame chotained have ring sizes

nmol ecul ar - melght edo nant | ou m nat ed

ol i gocar bonat e¥'thE éﬂgﬂ&$ﬁ%9%%%ﬂgﬁﬁ%£ _p WVH‘&XW%??ﬂmbﬁﬁﬁH@hﬁs
may al so be used3m&khlﬁg§mg@@hﬂgontents of the 25 nonohydr oxyaryl
conpounds from whi ch t hey were produced, or the | owrml ecul ar-wei ght

ol i gocarbonates nmay al so be used with residual contents of the
nonohydr oxyar yThecisapmgaaent smetHresdpaned) abayhegcutlingdifferegt quaatifessad aetiasn
of the 57 - gl i

hydr oxyar yI conpoglgggﬁﬁ%a?/ﬂ-%@aé%@tt%&gdg /Q t?g(lfg éerﬁlzlargﬁd btngt‘?ﬁ gglg??aél Of he
preferably up polydefonstd caspmgioal | y preferably up to 2% (see e.qg. EP—A
1 240 232). The dihydroxyaryl conmpounds that are used, like all other

o e DR BES R PRt BRLBUSE Rl e Boren,

own synt heSI S prb@mdd b @raate YLy agwa)adhmeteghwl of ihe dgmtiiviietraraBitdent
the aimis, to work with raw materials, chemcals and auxiliary
subst ances t ha¥tugiEe g% drasf a8 Jgoeinle for bisphenolrif agj diplgnol, ie. X is
car bonat th ol hydr oxyar yl
1OConpouﬁgs a?%”?ﬁ@@EHLa@? ﬁmﬁ?%o%ﬁ@ﬁ%s@@&%?&&jﬁ e?gln R, A and R',
i ndependently of one another, can be the sanme or different and denot e
hydr ogen, optionally br anched Cl-.C34 _al kyl, C7-C34 al kyl aryl or
C6-C34 aryl, 15R can al so nmean ACOO- R, wherein R' genotes hydrogen,
optional Iy branched Cl- C34 al Ryl", C7LC34 al lcylaryl "or 06-C34 aryl.
Such di aryl carbonates are descrlbed°e g. in EP-A 1 609 818.
Preferred diaryl conpounds are dlphenyl carbonate, 4-tert-butyl phenyl
phenyl carbonate, (4-tert- bu enyl rQonat e, biphenyl-4-yl
phenyl carbonate, dl(blphenyLA4Q§) b te )
204 (1- met hyl - 1- phenylethyl)ph%nyl JphEny| carbondte and

-[4-(1- et hyl - 1- phenylethyl)phen A’ ]° carbonate. Particul ar

preference is given to diphenyl carbonate, - 8 - of the
nonohydr oxyaryl conpounds nay be up to 20% referably 10%
particularly preferably up to 5¢ 1‘; p prefegably up to 2%

Rel ative to the di hydroxyaryl*co# yH carbonates are
generally used in a quantity of 1.6 ~p 1.30 nol, preferably 1.04 to
1.25 nol, particularly preferably

T -

Typically, the quantity of the compound of formula (II) or ([Ia) released during this
process is from 50 to 800 ppm, preferably from 70 to 750 ppm, particularly
preferably from 100 to 700 ppm and especially preferably from 100 to 600 ppm.

15 Typically, the quantity of the compound of formula (IIT) or (Illa) released during this
process is 0 (below the limit of detection of < 5 ppm) to 100 ppm, preferably from 0
to 80 ppm, particularly preferably from 0 to 70 ppm and especially preferably from 0
to 60 ppm.



51.06 to 1.22 nol, especially preferably 1.06 to 1.20 nol per nol of
di hydr oxyaryl wompamssz4sM xtures of the aforenentioned diBITyEP2009/001086
carbonates nmay also be used. A nonohydroxyaryl conpound that was not
used to produce the diaryl carbonate beinyg used nmay additionally be
enpl oyed to control or nodify the end groups. It is represented by
the follow ng general formula (3): 10 wherein R R and R' have the
meani ng nent i ofigdedllyy the guantikaof(tRg conipohnd bEfopnwy (187 ot (§k) relemset! dingng this
case, R cannot be H, t R and apn be.H._ Such nohydr pxyar
Conpounds. ar e Bag HRtpelsy et G HomgaE S AR PC BrmyiarErebty tom 0
but yl phenol i sopsehs NReticulsdip praraably droaxy a6 Yo psarReeacahpplettrtey from
chosen which has a boiling point higher than that of the
monohydr oxyar yi> ©c3gtthd t hat was used to prepare the diaryl

car bonat e enpl oyed. The nonohydroxyaryl compound nmay be added at any
poi nt durisng the,; r h j | f I : ;
Phe start “of t hEr e gt Bt e BEhhRd of o L o P e ARE e i
process. The ppropwssis bbeliv the dmitd@retectondrioxy apny) to@Sfppunprefeaablbfod.52

- 20 le % bly 0.4.-.10 % b t he .di hyd
conpo lr,lnl’)l d .e TQh e P ﬁ%‘%&fﬁ%@”@%ﬂrgﬁ %fsffr’g% Fyrré%?‘f ? ch 1 %@ %PWC%‘Idp%P %?F{lﬁ)g(‘%g{e}gbly
di aryl carbonafrem 10he 15@gEn.oNohydr oxyaryl conpound of which has a

hi gher boiling point than the base nonohydroxyaryl conpound of the
mai n di aryl carbonate uagd. Here too, the diary] .25carbonate

nay. be
added at any t AP PHCHESC GPRBLGS (HEXTFREHA dhf Trtenpen pﬁ‘llé%rca’é%kﬁ the
9 - addedpal tRgrieRhbntOfirubfifes RBGEARE 6ntdlt ARYcIROtdMonkfds b8t U TR
of the process. The proportion of the diaryl carbonate with the _
hi gher - boi | i ngineiienrarorajidr Ghydexy cenppwdsdre diaasdsizalied i Hae toelalwith

1020 mol e % i B e et 7y B RErde ot A% AP kit Mol ARY e

transesteri fi cadditbres.pr ocess which is essential to the invention
ammoni um or phosphonium salts, referred to bel ow as oniumsalts, are
used as catalysts. Preference is .given.to the use of osphoni um
St PhospholiACLERPEI (RrRSE sl rior TRal AR fonpa and
those of fshe gﬁﬂﬁﬁr%lemfeﬂr Slctréd he@rding IOWRE iBIRLGH ale PRIAURR bPEhS HB:
or different Cl-Cl0 al kyls, C6-Cl4 aryls, C7-Cl15 arylal kyls or C5-C6
cycl oal kyl s, phamsesieifioptlionepiegess diomcgomeic diyfiroxy sempounds withysarbonic acid
preferably net i ydr oxi de,
Ui fat o, Dydr oS RaBRtce SPanaiE o3 in An b AR BB TP
preferably chloride, or an alkylate or arylate of the fornmula -OR,
wherei n R can Be the ©6d@tidn af yolyca@on@e§ sditabiodiplhdnyls acerth@e-oOfhe formula (1)
cycl oal kyl, preferably phenyl. Particularly
preferredcatalﬁfﬁégﬁfteK{aphenyIphosphoniunthloride,

t et r aphenyl phosphonium fhroxide and tetraphenyl phosphoni um

phenol ate, with tetraphenyl phosphoni um phenol ate being particularly
preferredo in whitie¥ darodespr grbwgr afbho/forrsdd (1) quantities of 10-8 to
10-3 nol, based on one nol of 20di hydroxyaryl conpound, particularly
preferably in quantities of 10.7 to 104 nol In addition to the onium
salt of the type nentiongd 3 xtal ysts may be used as
co-catalyst in order to ihne pol ycondensati on.

R (la)

m which



R These include the salts of alkali netals and al kaline earth netals
havi ng an al kalvogosefobet, such as hydroxi des, al koxi des ®RgEP2009/001086
aryloxides of lithium sodiumand - 10 - potassium preferably

hydr oxi des, al koxi des or aryl oxi des of sadi um Mbst preferred are
sodi um hydr oxi de and sodi um phenol ate as well as the disodiumsalt of
2, 2- bis(4-hydroxyphenyl)propane. The quantities of the salts of

al kali netals and at'kaldiRfeinéaehdentipbibse ddttengerdie H5CACKalkiNe wétebly
as co-catal yst can }Ee &n he range of 1 to gOO ppb, preferably 5 to
300 ppb and nost préfe h‘btﬁra@ﬂt pArseaypeferblyhyieeeyorasetidadm i n
each case and based on pol ycarbonate to be fornmed. The salts of

al kali metals and afkal igagi@ad dikklesdml &, haw) 5193(1%, &l kptl pRyiRlhest coan
al ready be used during the production of the ol igocarbonates, i.e.” at
the start of the 10syayfiralkyldeng whithsmay bpsubstitiied eithi Gu tor{foyaliphinseferably
t he pol ycendensat i i I to suppress undesirable secondary
reacti ons(.g I n addi ?ﬁ%ﬁic}?h@?é is the possibility of adding

suppl ementary quantities of oniumcatal ysts of the sanme type or of
anot her type pKipoeferablytdesotenh pingledend ametbplend] hepopyhdepst syebhexylidetechr

in solution to i.d nt,ul ess_cancentratio during. 15
netering. The %%538’6‘?@%?"3‘?‘&% %ﬂﬁdga‘%ﬁ‘iﬁﬁw é}r%'[jefaﬁﬁ'eF%H’EOPg]bdePﬁeorsgéksém
and the procesgimediyidycidbe:§liBenedi hydr oxyaryl conpounds, diaryl

car bonat es or nonohydroxyaryl conpounds. Mnohydroxyaryl conpounds

are particular eferred, because the person skilled in the art is
awar e that di hﬂ:fé‘l“‘géﬁfar 9f d oﬁﬁ@r%ﬁ?{arybi EPPPOEls h o5t e Silydroyyepzenes,
change ang br : abyiBhit VE;

capoai al 19 Uundar P by AR B SR kanes
t he qual ity ofandilee g-glseated parnpmndd thereb® i ndustrial |y significant
transesterification process for the production of polycarbonate the
preferred co i h h i t (oJo]! i
because the gﬁgﬁ;&g@gﬁa{[ﬁ u@e °‘é‘é¥a§§%{eﬂé€§%}fi§%%é’* nfh/]lec%onhgés %ﬁgg hlf%&i(r)n%“F Eenerally
phenol ate i s ilsovat pdcessesa (eg.X 860 CZ0PSI0AR344, tEP-A5p6EI8AR idr litvgature cited
producti on. Thtg _We'sght average nol ecul ar wei ghts of the

pol ycar bonat es""8F®)general | y 15,000 to 40, 000, preferably 17,000 to
36, 000, particularly preferably 17,000 to 34,000 g/nol, and are

det erm nasl by IERGragalipivhola cﬁ'aﬂohbﬁlat(ﬁpﬁré!\/ii,ilb@m-h&@?d)@@ﬁb’ﬁ?ﬁpm ARE bis(4-
pol ycarbonates generally have an extrenely |ow content o caItDi ons and
ani ons of |es shﬁﬁ%ﬁplwyléﬁﬁ’sﬁ'ﬂl%@fhcﬁ@g@smﬁﬁ@? bt hpxdrexydiphgrpb  and
particularly preferably < 20 ppb (calculated as Na cation), with
cations present iDgbddthid RO%8e Qfind! diR! dinys:3hs1 ABSpAAiBCHE Abinthtion of
netal s, which can originate e.g. as contam natloﬁ fromthe raw 53
mat eri al s usediosegolypabpiatsspboditferenaditydoxmanil wompaiids, with tier foiroaion of
such as Fe, N n, .S Al io nd_t heir .honpl pgues.. can be
contai ned in tq?g%%a\itvgor{fﬁfegﬁléﬁl\%ﬂ%rls 8%@?&5‘3&%}3@%\%&})&%? 1S gyith Pargc“?ar
corrosiongof tdambiratiess dlpsopertick B tpbapiodedd. The content of these
ions totals less than 2 ppm preferably | ess than 1 ppm and

particularly prefer | ess than 0.5 ppm 10Anjons present are those
of inorganic Besieed St &O%maaﬁﬁwygfemﬁi RrpqiRdsaitdhelsy patible foeuse low
(e.g. chloridgpoisslidratGahtCH-BRRANSRy @ﬁoﬁlﬁrﬁé\lﬁ) teﬁ'ﬁﬁlﬁ%@'oﬁigocag%% & the
etc.). Extrenely |ow | evel s are desirable, i ch can onfFy be achieved

by using the prtartngcompaundit erials. Such pure raw materials are only
obtai nable e.g. by purification processes such as recrystallisation,

distillation, pPE:ect PRI i i k.Ng 15sim |.ar., Th r OCESS
according to t'{@ fﬁlﬁ%ierﬁﬁa | (%(Ii)hrp\é(i"1&|Jeg }pgrgi Illfjét P%‘E@% @E%nglg?%oﬁ?gﬁggb?}c&ﬁe
transest @fi f i aadriohpdrpryaeyds sompountiakieonp| whieh bk hwtrs e poduedn tor e U Ry .
Once the di hydrcix ?ryl .cbg ounds and di aryl carbonates, are present as
a nmelt, optiord& F%‘ Pitnshl tHISPCaEmRiss MY 2lionke pisdcwith sesiduaks poptgnisgof the

monohydroxyaryl compounds which were eliminated during the production of the



special limtations or restrictions relating to the tenperatures,
pressures and saiRbygEmeused to carry out the nelt PCT/EP2009/001086
transesterification reaction between the di hydroxyaryl conpound and
the diaryl carbonate, and optionally al so7r-other reactants added. Any
condition is possible, provided that the tenperatures, pressures and
catal ysts selected 5 enable a nelt transesterification to be
perfornmed w t holigopfedp Thatesidyalrcapichis Of thb eicavmbr BfdrdxyeryDesngiouadsanaiederip
conmpound that separates off he tenperatures durisg/g the entire

§

. T t )
process are gelPet%b:RFelembly: 9¥s porticylsrs preferaliy ypde S6¢ andsespegiallyyeimbly

to 0.01 nbar apspluj o FP-A ﬁ&plf'gtz nuous processing node is usually
chosen becauseﬁ?t is&gﬁls nt ageous o?' 10 product quality. The

continuous process for the production of polycarbonates is preferably
characteri sed The dihzdroxnel sempennds diahgugruesds diky lall otrep vam oeterigls hchemécals
di aryl carbonat e, -1 .onal.l l.s L t.h gt her ed reactants.w.th t.he
use of thé cat lzlﬂ%ysal s?lbrgf é)rS%Jﬁ%éc%dr?\é\%ntga lFog \t/&%g%’og?aysgf)acrogﬁapw t%df Y
t he nonohydr oxipgyitiecatgiouing fidratheir swnlnthesisThandlingendeloegs| Athowi ig fit
is increased tﬁ%tqﬁ desired .l evel in _a nunber of reaction-evaporat.or
stages whi ch t fEHeYS| WG 3] 1Se b Efort Trdsraw, mategialsy ghapigysiaag axidiary
pressures redugihRgndk 8RS §s clOGLARLMNe L O the course of the process,
t he suitabl e devices, equipnment and reactors for the individual
reaction-evaporator stages are heat exchangers, deconpression 20
units, separ at B dizy| garrenatesy Hisbr e ovudtablgt for r wdctings séths then dihydmsyasyls
or ot her ;gomreL Cil i i kdes the necessary residence
time at slgl ectée0 p?gzﬁ%ga?%@l%w%& %ﬁoge}é@%rk%s. The chosen devi ces nust
permt the necessary heat input and be constructed in a nmanner
suitable to cope with the continuously increasing nelt viscosities.
25AI'l devices are connected to one another by neans of punps, pipes
and val ves. The pipes betweeg all units shoyd naturally be as short
as possible, and the curvatute of the pipes—kept as | ow as possible,
to avoi d unnecessarily ext#ntey residepce The ext &nal, i.e.
techni cal, boundary concli% ONS gp rNeq -. for the assenbly of
chem cal plants nust be 'bbservet. WD 2009 JdA6PCT/ EP2009/ 001086 -
13 - To performthe process by a preferred continuous processing

node, either the reactants may be nelted together or the solid
di hydroxyaryl tgodad sdR'handdpendeitlyed oheandtieer.dian by thecsamb ondifferentedrid

or the solid djaryl, carbonat.e in. the t .of -t he.djihydroxyary.
conpound, or b%etnﬂ%rh \avroﬁ%l%’@Pilg?a%lyg’ﬁaélcke@ﬁ%’iﬂ@o?u%’ g"%l a?lfy?ﬁleofr A5 Y5
direct!ly 16r om Rradbies iean -GOO-R'ESHZEMC R ldefidss l@ﬁdrct%eﬁ, SERALIBL RaritBtd €,-
of the raw materials, in particular that of the nelt of the

di hydr oxyaryl eudkslisaCaplbylpnder GsCaibflt as possible. The mixture of
melts on the other hand, because of the |lower nelting point of the

m xture of ravgmt @hdyAlsrbbit&OmBaldsaRd s, ek DA VERHRL S M Bbterred diaryl
materials, may residé for | onger at correspondingly | ower

t enper at ur es viomiponeds| ase diphemifl cqibahite.\A-te8ttvtdphennlt phenylheartonate) gig-tert-

preferably di l.veed & n_phenol.. .is mixed in and the. t 1 eated to
the reaction EQ'%?PG%‘F&%’Q ¢ %IBO 1< fpde l'ra?r'}%i pg?ny? ﬁ%rg?Wé%gf(B’iti’h?qygfﬁ"YB cafoShart,
signi ficaot pragessthlor-phdiglOplei oaph@ﬁylpoéaymai@onaﬁce fdi- Y 1 -methyl-1-
2, 2-bi s- (4- hydroxyphenyl ) propane and di phenyl carbonate this is 180
to 220C, pref ethgpilgthylgpheny] cerbamateaspeci al |y~ 15 preferably 190C. Wth
residence tinmes of 15 to 90 mn, preferably 30 to 60 nm the reaction
equi | i brium i spgh@Ripttieshbes ibaio &i};}ﬁn%)égllbgﬁéryl conmpound that is
formed being renoved. The reaction nmay be perforned at atnospheric
pressure but also, for technical reasons, at overpressure. The
preferred presBir ¢ign jcsehesetes amap| alge sbg sused ¢ withs resduabbensteantse of the

20The molten Ml ilfokfarflSEHIBLRRHRMh Wik tfel Wike MBS IRRRL W0



20 circulation, at the sane pressure and sane tenperature as in the

| ast ‘f| ash/ evaparaternwesitage, the ol i gocarbonate produced paor/itivi®/00es
is supplied to a disc reactor or basket reactor and condensed further
at 250 to 310C, preferably 250 to 290C, particularly preferably 250
to 280C, at pressures of Ito 15 nbar, preferably 2 to 10 nbar, for
residence tinmes of 30 to 90 mn, preferably 30 to 60 m n. The product
achi eves a 25offtht atonvieydvixyeybcdmyponfidsimdwbd wp 1tb.208;, ppefebisly 406y paktiddartyo
1.26, particular refergply 1.13 . to 1.24. The It leaving this
reactor is adj B}§¥%@?¥‘6Ptt°t§e}") ﬂé&?SP@aalé’ipﬁéFwé?’é‘%%?% or final nolecul ar
wei ght in another disc or basket reactor. The tenperatures are 270 to
330C, pref er abRyla@&Dotihe SGRGGox Pyl compbiaid| thelliRflatbhite?80 ghierallyQed in

the pressure 300.01 to_ 3 nbar, preferabIY 0.2 to 2 nmbar, with

resi dence ti me% 9800t 503 & 130 quol, prefespbly hpdte L 2 molyrartignlarsopraferebly
The rel atisve vi i bk a | I r I .
ntended appl | ot fon i ar g ApEPRRh 00 R 1200l B8 32 dl oty
particul arly peefmuadMixiurdfttioe doBrhenfidned fliard tarbonatds ntdyelsowbe ubais k et
reactors nmay al so be conbined in one basket reactor. 5The vapours
fromall procegs re i i ‘ rawn off, collected and
processed. Thi%nﬁ?%@g@f{ﬂa&ﬁ i éf%ﬁ%c?gﬂ gvagélrgtr Fséa‘g t%iﬁ)fm%‘f}e es‘ﬁ?rp’rl‘éﬁr?%te
in order to obbeguded gheydditiohald benerhfleyaiac aufod dr SielHEY e d . grdips.STt is
may be done for exanple jn_accordance with German patent application
no. 10 100 404r.e1"i§F9<5‘|tﬁ'dah¥tﬁ%@ﬁﬁﬁ%&’&ﬁﬁal&m‘%@hl perspective, it is
sel f-evident that the nonohydroxyaryl conpound that is 10 elim nated
shoul d be recovered and isolated in thRe purest form The

nonohydr oxyaryl conpound may be used ectly for the production of a
di hydroxyaryl conpound or a diaryl cdrbonatg. The diggs or basket
reactors are distinguished by theeé, R , they provide a very

| arge, cdfstantly renew ng surface at acuum wi t h hi gh resi dence
times. The 15 geonetry of the disc or basket reactors is designed

according to the nel i,.scashties of the products.. Reactars..such as

t hose descri be‘ﬁﬁﬁrgﬁ& %{fl‘mig‘ h@? %‘imgﬁ%m%ﬁg}&u%leggg ffggl,%aiﬁ Yl e PI9eR
reactors such s, ihbseadeRCaitdede HNbWR' PR 23 b3 T, are suitable, for
exanpl e. The ol i gocar bonates, even those having a very | ow

nmol ecul ar weight, and_the 20 finished | ycar.bonates are general |
conveyed by rrggﬁ?g ‘B?noaé‘g?x Qlflpgkl}}dé\ﬁgﬂp 8‘15"‘\‘71%5‘1?&1%“ @%S‘Q‘dﬁ@q@?- Phenol or
speci al |y designeaghtppiednbl i¥ grefibipdal acement punps. Particularly suitable
materials for the production of the equipnent, reactors, pipes, punps
and fittings are stainless steels of tlype C N (M) 18/10, such as
e.g. 1.4871 orAmouwhydrexiagd|cepppidssiepldipochosssumhicls hay a boiling point higher
St ahl schliissel \\ag p r 7

and Ni - based :[:h? oys%’%f %E‘é’“@@d}gﬁ‘g Iégo e{;‘ cﬁlﬁhéﬁa&éﬁ%%sre E}fgi’gTére'\ﬁgb&%w
(St ahl schl |'i ssmkbode®lempbeneti The monSiydldxyadyl tormsmhd Wegshie 4ddbdHat any point

Th- HeussStrape, 36, .D- 71672 rbach) . Stainless steels are ed up to
process t enperSiedle ¢irsgof e%@@é‘, I&ﬁcprﬁgiaggﬁélgedaﬁtlt%%ta‘éf’y%%‘@é @ or
tenperat ures ahoygy asdstNAudlPChe totkBe - ofMIRE PrBEess. t TRe PRIYGRALROBAL fee

obt ai ned may be provided with other conventional additives and
fillers @.g. mendhyiirgkyardidesipanadkeanalred).? ei 2T wolsi %gpreferably 81s) 1@ wole %,
nodi fy their properties.aftter addition of the inhibitors according to
the inventi onPoafﬁgonefha?W’%W%ﬁé’ﬁﬁ’i@?@es and extenders serves to
increase the service life (e.g. hydrolysis 5 or degradation
stabilisers), The émdpgroye caolatsarbeshadified by incerpgratibg atdiayiccatPénate, the base

stabilisers), to sinplif rocessing (.e.q9. mould rel ease agents, flow
control agent ﬁ?n@ﬁ%ﬁ}??ﬁvgo?ﬂfﬁﬁ‘ii%n‘ﬁ@lc}b%ﬁi)érlﬁlg]é‘-‘é Roding Peip F@Péb‘? dbage
to inmprove firgeidhobbR rjt/ltd%gigeflﬁdjmﬁg mia{lEdieRPEAh AARE1sEE Her® {32 e Yiaryl

colorants, pignentS) or to apt the polyner properties to specific
25 carbonate may be added at any time in the course of the reaction. It is preferably




- 17 - 9228), bis(2,6-di-tert.butyl-4-nethyl phenyl)pentaerythritol

di phesphite (ABDK 28BABHREP- 36) or tri phenyl phosphi ne. Theyrcmr20mm0lo8s
individually or in a mxture (e.g. lIrganox 8900 or Doverphos 5-92228
with Irganox-B900 or |rganox 1076). Sui%-abl e noul d rel ease agents
are preferably pentaerythritol tetrastearate, glycerol 5
nonostearate, stearyl stearate or propanedi ol stearate. They are used
i ndi vi dual | y oadded atathei strtusfcthe Stacti@bbreat] ang lpping tia thiel dosse of dlreeprocess. The

preferably benzotrij.azol.es, .triazine benzophenone anoacryl at es,
ci nnamat es or BRETENT Iofglées‘.im Lé?rlb&’?"’zé tﬁ"é@d&’P ﬁ’éﬁ?\??ﬁ‘ﬂﬁ’?ﬁ §X rmP?Phé‘Eroxyaryl
m xture. 101 n @eHolh®NelatihtditeOtotal (SHAME RET EaryMBMLERAASRA nfad BE 1o
polymer nelt in pure form dissolved in an inert solvent or as a

mast er bat ch, 49 Belaér: nrefergblyditp ¢amelataad partioplady praeablyshiot nele %.

inhibitors are acid conponents such as Lewis or Bronsted acids or

- esters of gstroggnagkA ﬁ*ans-ggt@d@éﬁoﬁ Aob&s Wnidh€ edsBMHaPlo RS 1nS R SarftBbnium
exceed 5 and shoul d prefterably be less than 3. T%e aC|§ conponent or

est er s t her eoforaphospletahadn tselts, isfedted do ibehtve as waime aglts, ere medt ey eatalysis.

other words ideally to brin he r tign to a.c | et e. st andst.j.|.

The acid comaisiionre Sauan b Gt damprsierh Huf Rsgipi Skan ey
<10 ppm partirﬁ&dnﬂf(?dftlﬁﬁiﬁfrﬁﬁiaﬁhﬁétlf&ebﬂﬂi!e%ﬁ@rﬁ%lﬂﬁﬂleﬁ@by preferably
2.5 ppm Wen the desired nol ecul ar weight is reached, the detectable
anount of Pis in the 1 ppmrange,_ The nol ar_anmounts of inhibitor to
be used according to the 20 invenptionghoweyer, are bel ow the

resi dual nolar anmounts of catal ystf tRhatl+my be assuned fromthe P

val ue. Exanples of suitable acid fo "EﬁEﬁ s are: ortho-phosphoric
acid, phosphorous acid, pyrophosphoric Ricid, | hypophdéphoric acid,

pol yphosphoric acids, benzene- phosphonic acid, sodium di hydrogen
phosphate, boric acid, arylboronic acids, 25 hydrochloric acid
(hydrogen chloride), sulfuric acid, ascorbic acid, oxalic acid,

benzoic id, sali.cylig acid, .formc agid, acetjc acjd, i pi¢ agidg,
Gitric adld, BEHEER Sul 1R e et Sefieaf s el doLs anyls, 6.8
dodecyl benzenegihbkoRi & agicd dodamklls, ?%é’ﬂ?rﬁbl hgayl- sulgid,} WhRd particularly
benzenesul fonic acids, nitric acid, terephthalic acid, Isdphthalic
acid, stearic raefeabinaebyher pheay yndo{ dun becandamen ewdhdesshysinetides sulfate,
phenyl - 18 - I l.C ] oxv-BP--A . benzoyl
Chi o i de and dfieE SUBREH 0Bl aR by KRRy BRI PRI cnRHIE
af or ement i onetnaatkyste o8 upiatasf ehedfornidh UOReFHEEDIR ¢arfbt d RIC R aryl, C7-Cis
phosphoric acid ester, phosphorous acid ester, phosphonie acid ester,
di net hy!l 3ul fﬂ?l?‘ﬂd%ri%'(g&yﬁbél@eﬂegﬁbgﬂ WEE¥ni ¢ aci d ester and ot her
conmponents 5generating acid under the influence of water, such as
triisooetyl phospheis YréfeaapdX(fatafd0 and BiitaplnsBhenabnithphesRkas e

oligoner). Preferred exanples are ortho-phosphoric acid, phosphorous

aci d, pyr ophodsprhpeylhosphonin dytiesidh oridc tetrephgnylpldsplinismp Hehehelatgc witd,
: iSdhradie . . . 1 L.
oty bor on o acrpheRhesHRAH U EDLRRARRDBIfrelCl C 22 M oni

acid, toluenesul fonic acid, dodecyl benzenesul fonie acid and all other
phenyl - subst i tTierdird erefentdy wisédin quattiesef 3¢T ¢ 0 ordldesed oolonasnol of

e e SOt oS B e N

af orenenti oned acids such as e.g. toluenesulfonic acid ester,

phosphori c acild «d8iief to POSHNAral Sf A6 Hpe aichfioned hBER) OttieE caslysts aflyee,
15boric acid ester, arylboronic acid ester and other conponents

generating aciticdioercatalst infrigydo Beregse thatals of nolyspndsasation sooct yl
phosphate, U tranox(r) 640 and BDP. Preferred suitable inhibitors are
bridged est er spiffe REEBALLR @M bLARACAE@]ISHAANARASthSRLUAE hHng 2P Mkatine
| east one conpound a)of the formula (5) 0 Cn0-4 n/ R Fe

effect, such as hydroxides, alkoxides and aryloxides of lithium, sodium and



20 (5) in which RIindependently denotes hydrogen or Cl-C20 al kyl,
preferably WO 2009006288 al kyl, particularly preferably wsurzeioned
Cl-C6 al kyl, espécially preferably Cl-C4 al kyl, wherein al kyl may be
substituted by 25hal ogen, especially hydibgen or nethyl, - 19 - R2
and R3 independently of one anot her denote hydrogen, or C -C6 al kyl,
C4- C30 al kyl carboxyl, preferably C1-C4 al kyl, C6-C23 al kyl car boxyl
particul arly ppatdseirshpiefCshliiredides] dhotidosyr arytexpieCoféddiunh Mo grefiired
C17 all cyl carboxyl ..or

CL5 al kyl.car.box aor .5denot.e the.group 0O
wherein has t h&° tgﬁ?‘tnlafjdmc{ei %We%)d%é efno{ate as wefl as tlt;'e d190(8urpl salt of 2,2-

denot es an intlﬁqemyﬁﬂ’oaypfﬁnﬂglr&an@_r eferably 0 to 6, especially 0, 101
or 2. Particularly preferred exanples are ortho-phosphoric acid,

pyr ophosphori c_aci d, .pol osphori.c_ acids, benz hosphoni c aci d,
Dy OPOSPOT | Cpacl g ohol yPIOSEIOC of 05, benzgpophosplont 6 3Eld, o,
dodecyl begzenegulife (rjé&‘ﬁctaég' &-ahsabin Of Dethe RAGRYIE S1OSHY Stk Sbferably 5 to

benzenesul foni c acids and esters, sem -esters and bridged éesters” of
the 15 af or emedilippheard audsti grefareily 490 €08 prb.otaleipsedsst wdium bcéagh esteeand
phosphoric acilgiaee teravRhgs Qﬁorl%uts acd' d ester, phosphonic acid ester
and ot her corrpoﬁen?r%p é‘éﬁelpg 'ng acl'd-under the influence of water,
such as triisooctyl phosphate, U tranoxC) 640 and BDP. Especially
preferred exanfheslard atkatihoetplbagphitkaline eathdmepisr igphgsphakilime adfect, can

benzenesul foni ¢ acid, tqluenesulfoni¢ acid, dodegyl benzenesul f oni
ool d and al | SRt uaﬁﬁéﬁwg FEOREiTDg B8 S SRAPREnLE SahugoaAg e
esters, 96N - egh@kss, APhIRS dad IROMBEH 8% $nBf pridio Qﬁ@ﬁ&?@ﬁﬁéﬁé‘tﬁﬂl RCHES to
such as e.g. toluenesul fonic acid ester "and phosphoric acid ester.

Especi al | y pr efuppregsindesiable seeonfiayaedgtionshi bitor of fornmula (6): - 20
In addition, there is the possibility of adding supplementary quantities of onium

catalysts of the same type or of another type prior to the polycondensation,

The catalysts are added in solution to avoid harmful excess concentrations during
15 metering. The solvents are compounds which are inherent to the system and the
process, such as e.g. dihydroxyaryl compounds, diaryl carbonates or
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
20 elevated temperatures, especially under the influence of catalysts. This negatively
affects the quality of the polycarbonates. In the industrially significant
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 is isolated as a mixed crystal with

25 phenol during production.

The weight average molecular weights of the polycarbonates are generally 15,000 to
40,000, preferably 17,000 to 36,000, particularly preferably 17,000 to 34,000 g/mol,

and are determined by GPC against a calibration with polycarbonate.



The aci d conponents may be added in solid, liquid or gaseous form In
a preferred neMe@dd0p6aci d conponent i s added conti nuOUNITYERZAH/001086
honogeneously to the product streamto be freed from nmononers in the
production process directly after 5 thelbesired final nolecul ar

wei ght is achieved, in order to begin evaporating the residual
nmononers i medi ately thereafter. In a particularly preferred nethod,

the addition ofhepmrdyeerbpasics genpiglly bivs an seiremely v ganeattiefi capersped eiiess of
t ak | f Bt f j i dual i
ks Phace ar & ot o 8y LU, BN o Shb A e TR ol L1

addi tives are piu @alculated at hatcatitg), with aiitidne ptegert Geing thaae 4 bilkkalh AfetalsSand

essential for élggucti o% of hhe resi dual, nononers and they are then

difficult to eXtrHBE CHN KR e%éﬁ’e%%’awgle%c?e%ﬁsam%?mntﬁ%m the raw
pol ymer. TFhe aghdige WBQNERlfe BhpREREA AR anRAARd sdi}. DiRHidds f QEMs Fe,
Since the amounts to be netered are very small, solutions of the acid
conponent s ar eNprigt €nabhyMgs éd .ions and theiShomalslgress obiv bpcentained irhteaaw

h d i-viel ff h : ical ly. 15i d
(nat o, 10t BRI S B 5 el LIS SBI¥ g LA 28

solvents wi th Bhdeirdtdnd@f s iond noals [eRrAR 2 Phes prsferabll; 180 tha Bk, and
preferably 30 to, 6 250C and garti cularly preferably 30 to 200C and al so
wat er - i ncl udbdteuiEbearelsrolyses than%i3@pm-on. Those conpounds t hat

occur in the respective processes are preferably sel ected. Dependi ng

on the 2QGpangeaffons Peudbrt o8 These f ¥ inbf3niPrRAY Ghndt &F HSardé AEHE 86 eq@PNlent
resi dual amounts do not reduce the quality. WO

2009/ 106246 PCTHEROGGIe.80chirgile, sufate, carbpgite ihosphatey plrdsphite, exalrte, wiet)i ons
and hal ogens or a hydroxyl group. Hetercatons, such as e.g. oxygen,
may al so be bipdi g 1ow<§vgghl‘é%ﬁﬁhé, AR Gn ofideORhieDha lﬁgfgtpe urest
aromati c radicals, erein the radicals nay be“the sane or diffefent.
Qt her sol vent srawaynatetigle. Bechkptrenew mnaidrids tasr snlyf oldzigehde e.gady dsyifiaattbn
cyclic carbonates. 5Exgﬁrpl es ig Lf%agi' ti‘?.n R wat er ar.e.n-BeEt ane,
n-hexane, n- heJPERESaHE? 1% ey E2 P ROfISH @8&”0??8?&%‘?“‘{“0 B ngashing and
xyl ene, net hyl gmgachl oride, ethyl chloride, ethylene chloride,

chl orobenzene, nethanol, ethanol, propanol, butanol and isomners

t hereof, phenol, o-, m and p-cresol, diethyl ether, dinet h\tl)l ket one,
pol yet hyl ene gF3fclireess 3eAcydins i the Aaveghin: irdhe prodystion . patvsarbenats by e
car bonat e and ;0 nat.e ,

carbonate, et h%ng%érgig?tl%ng%pﬁng&t Bﬂcﬁ%%a?agﬁﬁﬁ% 8? g%ﬁgiﬁ Eﬁ?ﬁa%?%e thr
t he pol ycar bondihgirpryene ssmpwde rand plirplodartzmdtep raoppieesmé as arelh atptiosally

particularly preferably suitaphle. . . tatic mxers ot her, m.xers
Pondi ng 1o 5 HellbgE ettt Pdrastionis sl e Peeieies pBlueCpeies i
sui t abl e 200r td3eenGhf ©ahé ¥QeABDAOTRO RGN OF tHeBolbdUMriNdigt: is hBased with
present application also provides extrudates and noul di ngs,

especi al | 'y t hod®n§ dympesures anf cfalling napssrientin seiéteble appprataR aadedevices by
obt ai nable fr I 1 r.di 0 I FON f
appi i cati on oy e SERRE S B ARRoRREP cBBriCkl Cepal e Ue) ) 66 el
noul di ngs suchfina?Gtatesis reavhed) Ttchad grinipagss chadotarisbdint teerss of thainsypecadt

sheets, such as solid sheets qr.in rticulagr, cellular sheets, e.g.
for covering biﬁnF%trﬁB%“ e f’a‘g‘okct:a?f?@ﬁs{a“@r eﬂﬁ%e@@ryz;;fd’mppw ifh gitaryl
systens, 21 af fdaphonh@Nbf ROURE BYRsObf BRI Gfbonal QA The Wapdl PR s RS 1B
cl osed, optionally printable surface, threads and wires (see al so

DE- A 11 37 167he chaigihef thymethoh and/oylant el the produetion of the podiekibynale pwof
glass fibres fqr. i i i h 25 translucent s.ector

transl ucent fo rﬁ?ﬁ%&i 8;&1%tdw8{’]r§p%dﬁg%n ecr}%t Lof° ‘gOa?‘i}H cg—tl}f)ﬁxggem%o&ygﬁoxyaryl
titani um di oxidepaaad.or zirconi um oxi de or organi c polyneric acrylate
rubbers (EPA 0 634 445, EP-A 0 269 324) for the production of

transparent and.light-scatterin ul. di ngs, precision .injection
P r\%nh regard fo the way 1ngwl[1¥8h the prgcess f; carr%ed out, in \lrh?cﬁj plant and by

30 which method, there are no limitations or restrictions. Furthermore there are no



- 22 - case polycarbonates are optionally used with glass fibres and
an optional ad#ot20ep@i24¢ont ent of 1-10 wt. % nol ybdenum di RTE/ER2019/001086
(based on the overall noul ding conposition), optical parts,
especially | enses for photographic and md¥ie canmeras (DE-A 27 01
173), light transm ssion carriers, in particular |ight conductor
cables 5 (EP-A 0 089 801) and lighting strips, electrical insulation
materi al s for ®eeekimidaionsogsidetnns rastthefto thegtropprifogs, prepsuranehdmiatalysts

connectors, a I i+t O, i I _epho hausi n net wor k
ntert ace: devi el 8 RafigRRE M ke JIRRkisRelEo R RaRNG ROTS ah BB
carrier materi@ispolind ant therliaylHatioas:e ndhd dptitgallyl asasher ReReRMAged. Any

| ight diffuser plates or E]:gt ernal | enses, nedical applications such

as oxygenat or soN4oR ispapeiblesproyigeridiat fhe tempsrshuresapressyees and eabygds selected
bottles, kitchgpyRrenalthcher@Lalds By ith GASrbARell Bapid i |
aut onoti ve sector, asuch altls gl azing or Fﬁﬁ?\%@%?%ﬁ}?ﬂﬁ%%?&%@ dr?b\“éaé
as bunpers, spdrthemenpliygrosyarylsompoas! thitabmmtgoifés, ski boot buckl es,
donmestic itens, such as kitchen sinks, wash basins, mail boxes,

el oct 1 roal " anpl areagteh duifh 2 L, Blalal B OIS 9330 R e

machi nes, macpressutesof 5 bs dbdhastod:. 01 hBar abidlkte.ng machi nes, pl ani ng
machi nes and saws, washi ng machi ne porthol es, protective goggl es,
sungl asses, cofrective spectacles,and Ieﬂseg th%%eof N an%) covers,
packing fil ms,” CRIPISE% FECRHETRAT 15 Br8!lY (589088 Pt Ratd¥piagity for
ot her appbi catﬂr@mﬁ;tqmity_as feed doors for stalls or aninmal cages. 20
- 23 - Exanples The relative solution viscosity irel was determ ned

in dichloronethane at a, concentration of 5 g/1 at_ 25C with_an
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Subsequently the catalyst, preferably dissolved in phenol, is mixed in and the melt is
heated to the reaction temperature. At the start of the industrially significant process
for the production of polycarbonate from 2,2-bis-(4-hydroxyphenyl)propane and
diphenyl carbonate this is 180 to 220°C, preferably 190 to 210°C, especially
15 preferably 190°C. With residence times of 15 to 90 min, preferably 30 to 60 min, the
reaction equilibrium is established without the hydroxyaryl compound that is formed
being removed. The reaction may be performed at atmospheric pressure but also, for
technical reasons, at overpressure. The preferred pressure in industrial plants is 2 to

15 bar absolute,

20 The molten mixture is decompressed in a first vacuum 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

25 tank, optionally with forced circulation, at the same pressure and the same
temperature, the reaction mixture is decompressed in a second vacunm 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

30 too 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
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forced circulation, at the same pressure and the same temperature, the reaction
mixture is decompressed in a third vacuum chamber whose pressure is 30 to
150 mbar, preferably 50 to 120 mbar, and immediately afterwards heated to a
temperature of 220 to 280°C, preferably 240 to 270°C, particularly preferably 240 to
260°C, in a suitable device at the same pressure. Here too the hydroxyaryl compound
that is formed is evaporated with monomers that are still present. After a residence
time of 5 to 20 min in a settling tank, optionally with forced circulation, at the same
pressure and the same temperature, the reaction mixture is decompressed in a further
vacuum chamber whose pressure is 5 to 100 mbar, 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 is evaporated with monomers that are still present.

The number of these stages, 4 in this case by way of example, may vary between 2
and 6. If the number of stages is changed, the temperatures and pressures should be
adjusted accordingly to give comparable resulls. The relative viscosity of the
oligomeric carbonate achieved 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.

After a residence time of 5 to 20 min in a seftling 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 disc reactor or basket

reactor and condensed further at 250 to 310°C, preferably 250 to 290°C, particularly
preferably 250 to 280°C, at pressures of 1 to 15 mbar, preferably 2 to 10 mbar, for

residence times of 30 to 90 min, preferably 30 to 60 min. The product achieves a

relative viscosity of 1.12 to 1.28, preferably 1.13 to 1.26, particularly preferably 1.13
to 1.24.

The melt leaving this reactor is adjusted to the desired final viscosity or final
molecular weight in another disc or basket reactor. The temperatures are 270 to
330°C, preferably 280 to 320°C, particularly preferably 280 to 310°C, the pressure
0.01 to 3 mbar, preferably 0.2 to 2 mbar, with residence times of 60 to 180 min,
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preferably 75 to 150 min. The relative viscosities are adjusted to the level 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 may also be combined in one basket reactor.

The vapours from all process stages are immediately drawn off, collected and
processed. This processing is generally carried out by distillation in order to obtain
high purities in the recovered substances. This may 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 monochydroxyaryl compound that is
eliminated should be recovered and isolated in the purest form. The
monchydroxyaryl compound may be used directly for the production of a

dihydroxyaryl compound or a diaryl carbonate.

The disc or basket reactors are distinguished by the fact that they provide a very
large, constantly renewing surface at the vacuum with high residence times. The
geometry of the disc or basket reactors is designed according to the melt viscosities
of the products. Reactors such as those described in DE 44 47 422 C2 and EP A 1
253 163, or twin-screw reactors such as those described in WO A 99/28 370, are

suitable, for example.

The oligocarbonates, even those having a very low molecular weight, and the
finished polycarbonates are generally conveyed by means of gear pumps, screws of

various designs or specially designed positive-displacement pumps.

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.g. 1.4571
or 1.4541 (Stahlschliissel 2001, publisher: Stahlschiiissel Wegst GmbH, Th-Heuss-
StraBe 36, D-71672 Marbach) and Ni-based alloys of type C, such as e.g. 2.4605 or
2.4610 (Stahlschliissel 2001, publisher: Stahlschliissel Wegst GmbH, Th-Heuss-
Strafe 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 290°C.
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addition of addifives and extenders serves to increase the service life (e.g. hydrolysis
5 or degradation stabilisers), to improve colour 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 fireproofing, to influence the
appearance (e.g. organic colorants, pigments) or to adapt the polymer properties to
specific stresses (impact modifiers, finely divided minerals, fibrous materials, silica
10 flour, glass fibres and carbon fibres). They may all be combined in any way to adjust
and achieve the desired properties. Such extenders and additives are described for

example in "Plastics Additives", R. Giichter and H. Miiller, Hanser Publishers 1983.

These additives and extenders may be added to the polymer melt individually or in
any mixture or in several different mixtures, directly during isolation of the polymer

15 or after melting of the granules in a so-called compounding stage.

The additives and extenders or mixtures thereof may 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
use of masterbatches or mixtures of muasterbatches of the additives or additive
blends,

20 These substances are preferably added to the finished polycarbonate using
conventional units but, depending on requirements, they may also be added at a

different stage of the polycarbonate production process.

Suitable additives are described for example in Additives for Plastics Handbook,
John Murphy, Elsevier, Oxford 1999 or Plastics Additives Handbook Hans Zweifel,
25 Hanser, Miinchen 2001,

Suitable heat stabilisers are preferably tris(2,4-di-tert-butylphenyl) phosphite {Irgafos
168),  tetrakis(2,4-di-tert.-butylphenyl){1,1-biphenyl]-4,4-diyl  bisphosphonite,
trisoctyl phosphate, octadecyl-3-(3,5-di-tert butyl-4-hydroxyphenyl) propionate
(Irganox 1076), bis(2,4-dicumylphenyl)pentaerythritol diphosphite (Doverphos S-
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Suitable mould release agents are preferably pentaerythritol tetrastearate, glycerol
5 monostearate, stearyl stearate or propanediol stearate. They are used individually or

in a mixture.

Suitable light stabilisers are preferably benzotriazoles, triazines, benzophenones,
cyanoacrylates, cinnamates or oxalanilides. They are used individually or in a

mixture.

10 In addition, inhibitors (quenchers) may be added to the polymer melt in pure form,
dissolved in an inert solvent or as a masterbatch, in order to deactivate catalyst
residues. Suitable mhibitors are acid components such as Lewis or Brénsted acids or
esters of strong acids. The pKa value of the inhibitor should not exceed 5 and should
preferably be less than 3. The acid component or esters thereof are added to

15 deactivate the reaction mixture, in other words ideally to bring the reaction to a
complete standstill. The acid component is added in concentrations of <20 ppm,
preferably <10 ppm, particularly preferably <5 ppm and especially preferably
<2.5 ppm. When the desired molecular weight is reached, the detectable amount of
P is in the 1 ppm range. The molar amounts of inhibitor to be used according to the

20 invention, however, are below the residual molar amounts of catalyst that may be

assumed from the P value.

Examples of suitable acid components are: ortho-phosphoric acid, phosphorous acid,
pyrophosphoric acid, hypophosphoric acid, polyphosphoric acids, benzene-
phosphonic acid, sodium dihydrogen phosphate, boric acid, arylboronic acids,
25 hydrochloric acid (hydrogen chloride), sulfuric acid, ascorbic acid, oxalic acid,
benzoic acid, salicylic acid, formic acid, acetic acid, adipic acid, citric acid,
benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid and all
other phenyl-substituted benzenesulfonic acids, nitric acid, terephthalic acid,

isophthalic acid, stearic acid and other fatty acids, acid chlorides such as phenyl
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chloroformate, stearoyl chloride, acetoxy-BP-A, benzoyl chloride and esters, semi-
esters and bridged esters of the aforementioned acids, such as e.g. toluenesulfonic
acid ester, phosphoric acid ester, phosphorous acid ester, phosphonic acid ester,
dimethyl sulfate, boric acid ester, arylboronic acid ester and other components
generating acid under the influence of water, such as trisooctyl phosphate,

Ultranox® 640 and BDP (bisphenol diphosphate oligomer).

Preferred examples are ortho-phosphoric acid, phosphorous acid, pyrophosphoric
acid, hypophosphoric acid, polyphosphoric acids, benzenephosphonic acid, sodium
dihydrogen phosphate, boric acid, arylboronic acids, benzoic acid, salicylic acid,
benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid and all
other phenyl-substituted benzenesulfonic acids, acid chlorides such as phenyl
chloroformate, stearoyl chloride, acetoxy-BP-A, benzoyl chloride and esters, semi-
esters and bridged esters of the aforementioned acids such as e.g. toluenesulfonic
acid ester, phosphoric acid ester, phosphorous acid ester, phosphonic acid ester,
boric acid ester, arylboronic acid ester and other components generating acid under

the influence of water, such as triisooctyl phosphate, Ultranox® 640 and BDP.

Preferred suitable inhibitors are bridged esters of organic sulfur-containing acids,

selected from at least one compound
a) of the formula (5)
o, .,0
; N
ol o
R’ \ ?

R

R1

: ()

O=w=0

in which

R! independently denotes hydrogen or C;-Cyo alkyl, preferably
Ci-Cs alkyl, particularly preferably unsubstituted C;-Cg alkyl,
especially preferably C;-Cy4 alkyl, wherein alkyl may be substituted by

halogen, especially hydrogen or methyl,
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R? and R? independently of one another denote hydrogen, or Ci—Cg
alkyl, C4-Csp alkylcarboxyl, preferably C;-C4; alkyl, Cg-Cas
alkylcarboxyl, particularly preferably Cs-Cpo alkylearboxyl, especially
hydrogen, C;7 alkylcarboxyl or C;s alkylcarboxyl or

5 denote the group
i
QS—O-(CHZ)I,.-
1 [}
R o)
wherein
R! has the meaning mentioned above,
n denotes an integer from 0 to 8, preferably 0 to 6, especially 0,
10 lor2,

Particularly preferred examples are ortho-phosphoric acid, pyrophosphoric acid,
polyphosphoric acids, benzenephosphonic acid, benzoic acid, benzenesulfonic acid,
toluenesulfonic acid, dodecylbenzenesulfonic acid and all other phenyl-substituted
benzenesulfonic acids and esters, semi-esters and bridged esters of the
15 aforementioned acids such as e.g. toluenesulfonic acid ester, phosphoric acid ester,
phosphorous acid ester, phosphonic acid ester and other components generating acid

under the influence of water, such as triisooctyl phosphate, Ultranox® 640 and BDP.

Especially preferred examples are ortho-phosphoric acid, pyrophosphoric acid,
benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid and all
20 other phenyl-substituted benzenesulfonic acids and esters, semi-esters and bridged
esters of the aforementioned acids, such as e.g. toluenesulfonic acid ester and

phosphoric acid ester.

Especially preferred is the following inhibitor of formula (6):
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The acid components may be added in solid, liquid or gaseous form. In a preferred
method, the acid component is added continuously and homogeneously to the
product stream io be freed from monomers in the production process directly after
5 the desired final molecular weight is achieved, in order to begin evaporating the
residual monomers immediately thereafter. In a particularly preferred method, the
addition of additives to improve 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
10 the vacuum that is essential for reduction of the residual 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

metered are very small, solutions of the acid components are preferably used.

Suitable solvents are those that do not negatively affect the process, are chemically

15 inert and evaporate quickly.

Examples of suitable solvents are all organic solvents with a boiling point under
normal pressure of 30 to 300°C, preferably 30 to 250°C and particularly preferably
30 to 200°C and also water - including water of crystallisation. Those compounds
that occur in the respective processes are preferably selected. Depending on the
20 range of requirements for the product o be produced, any residual amounts do not

reduce the quality.

Solvents in addition to water are alkanes, cycloalkanes and aromatics, which may-

also be substituted. The substituents may be aliphatic, cycloaliphatic or aromatic
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radicals in various combinations and halogens or a hydroxyl group. Heteroatoms,
such as e.g. oxygen, may also be binding links between aliphatic, cycloaliphatic or
aromatic radicals, wherein the radicals may be the same or different. Other solvents

may also be ketones and esters of organic acids, and cyclic carbonates.

Examples in addition to water are n-pentane, n-hexane, n-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, polypropylene glycols, ethyl acetate, ethylene carbonate and propylene

carbonate,

Water, phenol, propylene carbonate, ethylene carbonate and toluene are preferably

suitable for the pelycarbonate process.
Water, phenol and propylene carbonate are particularly preferably suitable.

Static mixers or other mixers leading to a homogeneous incorporation, such as e.g.

extruders, are suitable for the effective incorporation of the inhibitor.

The present application also provides extrudates and mouldings, especially those for
use in the transparent sector, which are obtainable from the compositions according

to the invention.

Areas of application may be: safety glass, helmet visors, films, blow mouldings such
as, among other things, water bottles, translucent sheets, such as solid sheets or in
particular cellular sheets, e.g. for covering buildings such as stations, greenhouses
and lighting systems, traffic light housings or road signs, foams with an open or
closed, optionally printable surface, threads and wires (see also DE-A 11 37 167),
lighting technology applications, optionally using glass fibres for applications in the
translucent sector, translucent formulations with a content of barium sulfate and or
titanium dioxide and or zirconium oxide or organic polymeric acrylate rubbers (EP-
A 0634 445, EP-A 0 269 324) for the production of transparent and light-scattering

mouldings, precision injection mouldings, such as holders, e.g. lens holders; in this
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case polycarbonates are optionally used with glass fibres and an optional additional
content of 1-10 wt.% molybdenum disulfide (based on the overall moulding
composition), optical parts, especially lenses for photographic and movie cameras
(DE-A 27 01 173), light transmission carriers, in particular light conductor cables
(EP-A 0 089 801) and lighting strips, electrical insulation materials for electrical
conductors and for plug housings and plug connectors, and also capacitors, mobile
telephone housings, network interface devices, housings for hard disks and data
storage systems, carrier materials for organic photoconductors, lamps, headlamps,
light diffuser plates or internal lenses, medical applications such as oxygenators,
dialysers, foodstuffs applications, such as bottles, kitchenware and chocolate
moulds, applications in the automotive sector, such as glazing or in the form of
blends with ABS as bumpers, sports equipment such as slalom poles, ski boot
buckles, domestic items, such as kitchen sinks, wash basins, mail boxes, housings,
such as electrical distribution cabinets, housings for electrical appliances such as
toothbrushes, hairdryers, coffee machines, machine tools, such as drills, milling
machines, planing machines and saws, washing machine portholes, protective
goggles, sunglasses, corrective spectacles and lenses thereof, lamp covers, packing
films, chip boxes, chip carriers, boxes for Si wafers and other applications such as

feed doors for stalls or animal cages.
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Examples

The relative solution viscosity 7y was determined in dichloromethane at a

concentration of 5 g/ at 25°C with an Ubelohde viscometer.

The content of phenolic OH was obtained by IR measurement. For this purpose, a
differential measurement was made of a solution of 2 g polymer in 50 ml
dichloromethane against pure dichloromethane and the extinction difference

determined at 3582 cm-1.

The flow behaviour of the polymer melts is determined at various temperatures in a
capillary rheometer in accordance with ISO 11443, The polycarbonate samples are

previously dried overnight at 130°C for this purpose.

The specific surface resistance is determined on standard test pieces in accordance

with DIN TEC 60093.
Determination of oligomers (including cycles):

The sample is dissolved with methylene chloride. By adding acefone, the majority of
the polymer is precipitated. The undissolved portions are filtered off and the filtrate
is concentrated to dryness. The dry residue is dissolved with THF and the oligomers
are determined by means of HPLC with UV detection.

Determination of defective structures (II to V):

The sample is saponified with sodium methylate under reflux. The saponification
solution is acidified and concentrated to dryness. The dry residue is dissolved with
acetonitrile and the phenolic compounds (Ia to Va) are determined by means of

HPLC with UV detection.
The polycarbonate PC1 was prepared as follows in a melt process.

From a recipient vessel, 8,600 kg/h melt mixture consisting of 4,425 kg diphenyl
carbonate/h (20.658 mol/h) and 4,175 kg bisphenol A/h (18,287 mol/h) are pumped
throngh a heat exchanger with the addition of 0.52 kg of the phenol adduct of
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tetraphenylphosphonium phenolate with 65.5% tetraphenylphosphonium phenolate/h
(0.786 mol/h; i.e. 0.0043 mole %) dissolved in 4.5 kg phenol/h, heated to 190°C and
passed through a delay column at 12 bar and 190°C. The average residence time is

50 minutes,

5 The melt is then passed through an expansion valve into a separator, which is under
a pressure of 200 mbar. The melt flowing out is heated to 190°C again in a falling
film evaporator which is also under a pressure of 200 mbar and collected in a
recipient vessel. After a residence time of 20 minutes the melt is pumped into the
next three stages constructed in the same way. The conditions in the 2%/ 3%/ 4
10 stages are 100 / 74 / 40 mbar; 220° / 225° / 273°C and 20/ 10 / 10 minutes. The
resuiting oligomer has a relative viscosity of 1.08. All the vapours are passed via
pressure regulators into a column which is under vacuum and are discharged as

condensates,

The oligomer is then condensed in an attached disc reactor at 280°C and 3.0 mbar
15 for a residence time of 45 minutes to form a higher-molecular-weight product. The

relative viscosity is 1.195. The vapours are condensed.

From the melt stream, which is passed into another basket reactor, a partial stream of
150 kg melt/h is branched off using a gear pump, 150 g of a 5% solution of the
quencher of formula 6 in phenol/h are added, the stream is passed through a static
20 mixer with a length-to-diameter ratio of 20 and fed back into the main melt stream.
Immediately after bringing the streams together, the added quencher is

homogeneously distributed in the overall melt stream using another static mixer.

The melt treated in this way is further subjected to the process conditions in another
dise reactor at 290°C, 0.7 mbar and for an average residence time of 120 minutes,

25 discharged and granulated.
The vapours are condensed in the vacuum apparatus and thereafter.

The polycarbonates PC2 and PC3 are prepared in the same way as PC1.
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PC4 and PCS represent comparative examples, in which the polycarbonates

(bisphenol A as the diphenol) were prepared by the interfacial polycondensation

Process.

In the following table 1, the data for the polycarbonate compositions prepared in
5 accordance with the above experiments are reproduced including the proportions of

defective structures and cycles established:
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Table 1:
PC4 PC5
PC1 PC2 PC3 . .
comparison [comparison
Mrel 1.195 1.263 1.285 1.195 1.293
M, " g/mol 7938 11048 11799 7941 10865
M, g/mol 16614 24500 26820 16940 28553
Rearrangement structure
({Ta) ppm (136 430 304 <5 <5
Rearrangement structure
(Ia) ppm <5 20 13 <5 <5
Rearrangement structure
(IVa) ppm [<5 9 <5 <5 <5
Rearrangement structure
(Va) ppm |19 52 43 <5 <5
Wi
Cycles tot. (I) %  [0.444 0.540 0.523 1.124 1.304
n=2 % |0.002 0.002 0.002 0.000 0.001
n=3 % 10.204 0.224 0.224 0.237 0.227
n=4 %  10.133 0.158 0.154 0.342 0.381
n=>5 % [0.077 0.098 0.090 0.297 0.361
n=_,6 % 10028 0.059 0.053 0.248 0.335

* determined by GPC, polycarbonate calibration
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The results show that the total cycle content in the polycarbonate compositions
according to the invention PC1, PC2 and PC3 is significantly reduced in comparison

with PC4 and PCS5, and rearrangement structures oceur.
Further examples: PC6 to PC13 (bisphenol A as diphenol)

In the same way as the preparation of PCl to PC3 and PC4 and PCS5, other
polycarbonates with different viscosities are prepared. The results are compiled in

the following table 2.

It can be seen from table 2 that the cycle-containing and rearrangement structure-
containing PC6, PC8, PC10 and PC12 each have lower melt viscosities with
comparable solution viscosities, even at high shear rates, i.e. better flow behaviour
and thus improved processing properties in the injection moulding process, than the
comparative products without these structures. This is surprising, since
rearrangement structures with higher functionality normally lead to branching and

thus to higher melt viscosities.

Furthermore, it is apparent that the polycarbonate compositions PC6, PC8, PC10 and
PC12 according to the invention display significantly higher surface resistances and

thus have better insulating properties.

Table 2 is as follows:
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PC7 PCS PC PC 1 PC PC13

PC& | comp. | PC8 | comp. 10 comp. 12 comp.
Cycles tot. % 0.610 | 1,140 | 0.570 | 1.180 | 0620 | 1.270 | 0.630 | 1.440
n=2 % 0.002 | 0.001 [ 0.002 | 0.00% | 0.002 | 0001 | 0.003 | 0.001
n=3 % 0.240 | 0.230 | 0.230 | 0.250 | 0.240 | 0.280 | 0.250 | 0.290
n=4 % 0.170 | 0.340 | 0.180 | 0.360 | 0470 | 0.380 | 0.180 | 0.430
n=5 % 0.100 | 0300 | 0.100 | 0.310 | 0410 | 0.340 { 0.110 | 0.400
n=6 % 0.094 | 0370 | 0.070 | 0.270 | 0.100 | 0.270 | 0.095 | 0.320
Rearrange-
ment
structures
la ppm 91 <5 363 <5 298 <5 375 <5
lla ppm 13 <5 56 <5 35 <5 50 <5
llla ppm <5 <5 17 <5 12 <5 15 <5
lva ppm 14 <5 255 <5 103 <5 170 <5
eta rel 1.267 | 1265 | 1.282 | 1.285 | 1.205 | 1.203 | 1.317 | 1.323
Melt visc.
280°C
50 Fas 744 742 883 925 1334 1542
100 Pas 413 468 718 737 837 898 1247 1456
200 Pas 402 487 670 711 766 83g 1085 1310
500 Pas 356 417 554 593 617 676 813 951
1000 Pas 300 338 425 450 462 499 577 645
1500 Pas 256 283 345 362 370 396 490 500
5000 Pas 129 137 158 164 168 175 250 219
Melt visc.,
300°C
50 Pas - ~ - 412 - - 653 752
100 Pas - - 3589 401 436 470 617 731
200 Pas 204 244 348 397 427 459 566 672
500 Pas 198 232 309 356 370 403 467 531
1000 Pas 178 205 263 300 305 330 371 448
1500 Pas 163 183 227 258 259 277 312 365
5000 Pas 97 104 121 131 131 136 165 167
Melt visc.
320°C
50 Pas - - - - - - - -
100 Pas - - - 223 - - 304 415
200 Pas 128 132 190 221 238 262 295 395
500 Pas 126 130 178 213 223 246 263 357
1000 Pas 119 123 163 191 193 218 216 301
1500 Pas 112 115 148 173 167 192 194 266
5000 Pas 70 76 91 102 100 108 112 137
Sunjface 0 2.30E | 2.20E+ | 1.90E | 1.60E | 2.30E { 2.10E+ | 2.10E | 1.70E+
resistance +17 17 +17 +17 +17 17 +17 17




1500 Pas 112 115 148 173 167 192 194 266 5000 Pas 70 76 91 102 100

108 112 137 Seneca resistance n
-29 -
Claims
1. A polycarbonate comprising one or more structural units of formulae (II}
through (V)

oy
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Boacecaol

wherein
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1. 70E+ 17 - 29 - dains 1. A pol ycarbonate conprising one or nore
structural units of fornmulae (11) through (V) wherein - 30 -

t he phenyl rings of said one or nore structural units of formnul ae
(1) through (V), independently of one another, are optionally nono-
or disubstituted with substituents selected fromCl to C8 al kyl and
hal ogen, and X is a single bondzyCl to C6 alkylene, C2 to C5
al kyl i dene, or C5 to C6 cycl oal kylidene, wherein said Cl to C6

al kyl ene, C2 t al kylidene, and C5 to C6,cvcloal kyli ar
opt 1 onal |y _sutit PR L R e f B e Bl R R0l 9 e o,
quant ity iaflepadchtl9RE o andlice, adé 6ptivinbll @nohidH dr Hlisabstingtedrivith @uiistityents

t hrough ( amounts to_a tqtal of from50 to 1210 ppmrelative to the
base polf¥L$EgEKFb?IEU%ﬁ#k PAYhelPE®H 874 to 1.2 weight % based on the

overal | conposi tiony isof sif&hdii, €} teMBksted Cf & OLAIRyHdkde, Ot s to Cg
cycloalkylidene, wherein said C; to Cg alkylene, C, to Cs alkylidene, and Cs to Cs
cycloalkylidene are optionally substituted with C, to Cg alkyl,
wherein the quantity of said one or more structural units of formulae (II) through
(V) amounts to a total of from 50 to 1210 ppm relative to the base polycarbonate,
comprising from 0.1 to 1.2 weight %, based on the overall composition, of cyclic

oligomers of formula (I}

0 z
j}__ /

o
d

oy

wherein n is an integer from 2 to 6, and Z is a group of formula (1a)

wherein R! and R? are, independently of one another, H or C; to Cs alkyl, and X is

(1)

a single bond, C, to C; alkylene, C, to Cs alkylidene, or Cs to Cg cycloalkylidene,
wherein said C; to Cg alkylene, C; to Cs alkylidene, and Cs to Cg cycloalkylidene are
optionally substituted with C, to Cg alkyl.



wherein n is an integer from2 to 6, and Zis a group of forrmula (la)
(1a VR X\ \R2 wherein RI and R2 are, independently of one
another, Hor Cl to C8 alkyl, and Xis a single bond, Cl to C6

al kylene, C2 to C5 al kylidene, or C5 to C6 cycl oal kyli dene, wherein
said C1 to C6 al kylene, C2 to C5 al kylidene, and C5 to C6

cycl oal kyl i dene are optionally substituted with C to C6 alkyl. -31
- 2. The polycarbonate of clairBl; wherein the quantity of said
one or nore structural units of forrmulae (11) through (V) anmobunts to
a toth al o:‘ fram 70 The ple';e?lﬁpﬂiaw of diibve Wlﬁrd&lmeletqaaﬁitpofsa?@mrﬁcngmcee

3. The polycarbonate of claim1, rein the quantity of said one or
more st r RUPEMEAT ViSs ?fsfoB’P“I?%dIHﬁlllf%gV}?&))mt%P@&%ﬂt‘{tg)"féﬁﬁ‘ﬁh?ﬂ’é’ 8 PRy ot al
of from 1@0t 0800 RRFLIELBEINE tO the base pol ycarbonate. 4.
The pol ycarbonate of claim 1, conprising fromO0.2 to 0.8 weight %
based on the overall conposition, of cyclic oligoners of fornmula (1).
5. The pol ycarpona of;claim1 erein the envl rin of fornul ae
() to tv are unoutsBepGrdidor OGLE R B8, bE PR arrlinn 1
wher ei n Xtiutuf ufil efofnhdl)e @D tirvhgh &/)iaamphrrpy b tdsdé fiom B03b 69 pphaond.
7. The pol l>é(:,ar bngge of cl gi m 1, wherein R1L and R2 are, independently

of one arf6taH¥s to the Basepplycybenpte| ky| . 8. The pol ycarbonate of
claim1l1l, wherein Rl and R2 are, independently of one another, H or
met hyl . 9. A conpound or bl end conprising the polycarbonate of
claiml 410, Thepobreibrrptoot dxinr Lgameigoabpid) hip O hueight %, based

pol ycar bo&qhg oQJralﬂ:o%}l]SBsi][ion, of cyclic oligomers of formula (I).

5. The polycarbonate of claim 1, wherein the phenyl rings of formulae (I) to

(V) are unsubstituted.

6. The polycarbonate of claim 1, wherein X in formulae (IT) to (V) is

isopropylidene or a single bond.

7. The polycarbonate of claim 1, wherein R' and R? are, independently of

one another, H or C, to C, alkyl.

8. The polycarbonate of claim 1, wherein R' and R? are, independently of

one another, H or methyl.
9. A compound or blend comprising the polycarbonate of claim 1.

10. A moulding or extrudate comprising the polycarbonate of claim 1.



