WO 01/ 32746 PCT/ EP0O0/ 10397 1 m o~A Isl Process for the preparation of

pol ycarbonates *159159* The invention relates to a process for the

prepar ati on oW@OAFA6onat es, the pol ycar bonate substrat eBCIVEBAYLOIN arly
hi gh purity obtainable by the process and,the 5 shaped articles which can
be produced fromthe pol ycarbonate substrate. Pol ycarbonate is prepared by
the so-cal |l ed phase boundary process, in which dihydroxydiaﬂWﬂHﬂWNﬁwﬁmmr
the formof their alkali nmetal salts are reacted with phosg

het er ogeneousProgessforthe preparatiemebpelycanbonatesi c bases, such ast®dosodi um
hydr oxi de sol ution, and an organi c solvent in which the product,

pol ycarbonate, is readily soluble. During the reaction the agueous phase is
di spersed in fhe iav@MdInCrddtasae AnFodki &br the preneitiodn of iR lwatdnkes, the

pol ycar bonat e- cont ai ni ng phase is washed wi th an aqueous |iquid, during

whi ch, inter poliyearbenasesubsirgteeef particulerlybighontipeebtainafle byidhariopess padithg i s

t hen separateq of H,_ Schnel | " Chem stry and 15 Physi.cs .0
Pol ycar bgnat et a’peé)g‘(tw.ﬁgrw r}waéWe WS?‘?CC:F)%%B? ﬁ’:e{(? ogytcargéa%te F%tgsgrla i ence
Publ i shers, New York 1964). For washi ng the pol ycarbonat e-cont ai ni ng

sol ution, EP-A-264885 proposes stirring the aqueous wash liquid with the
pol ycar bonat ePelyrarbprate dndprepased dui the sercaliede phtseaberngdaty prapsss, bip which

centrifugi ng. ,Japanese |icatign JP-A-07 19 67..83 sclibes a process for
the prepar at| SROBERSBROATREISE de e nIouF h et 2lkBH DRt GRS A5, TPaeeh 8 8ogi um
hydr oxi de sol Fﬁds‘genyﬁﬁqléﬂaeﬂoge&@up@hw i4 AB'PrésenéY O indrLard BARY Esuch as
favourabl e col our properties. 25 The object of the present invention is to

provi de 18n al salivat hydrozite isalutionedndr ew eorganior selventpriepwhichi dhe gfroguet.e

| bonat | year.b trat. d t i de pol t
Chabed ar 1 of BRI (ALY sihle, A B eaibalh MBS Pake T ARG,
has now been fioufdolehaic Ak CAIIDARR!1Be 304BR!HE JELANRHSIySADSIdAL SRtaitingh 2

| ow foreign particle content are obtained if a specific process is used.
i mu~~~m~aM  phase is washed with an aqueous liquid, during which, inter alia, electrolytes are to

be removed, and the wash liquid is then separated off (H. Schnell "Chemistry and
15 Physics of Polycarbonates", Polymer Review, vol. IX p. 33 et seq, Interscience
Publishers, New York 1964).

For washing the polycarbonate-containing solution, EP-A-264885 proposes stirring
the aqueous wash liquid with the polycarbonate solution and separating out the

20 aqueous phase by centrifuging.

Japanese Application JP-A-07 19 67 83 describes a process for the preparation of
polycarbonate in which the content of iron in the sodium hydroxide solution used

should be below 2 ppm in order to achieve favourable colour properties.

25
The object of the present invention is to provide an alternative and improved process
for the preparation of pure polycarbonate or polycarbonate substrates and to provide
polycarbonate shaped articles with a low foreign particle content.

30 Surprisingly, it has now been found that polycarbonate and polycarbonate substrates

with a low foreign particle content are obtained if a specific process is used.
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cooooa* WO 01/32746 PCT/EPOO/ 10397 --2 The present application therefore
provi des a process for the preparation of polycarbonate by the phase
boundary proc¥@,01{7hi ch di hydr oxydi aryl al kanes in the fBCHBPOQ/ABIFT
alkali nmetal salts are reacted with phosggne in the heterogeneous phase in
the presence of sodi um hydroxi de sol uti on“and an organi c solvent, 5
characterised in that a) the feedstocks are lowin Fe, C, N, Zn Ca, My
and Al netals or their honol ogues; b) the organic solvent is separat ed of f
and 10 c) t heThel yresanbonplicatitnt dherefdre sprawidrech pgocesh fonethe oprepsetiont othe

invention, low.n ntlondor their c es_neans
hat pr of er anPoRsbOE BY The alBR ARGy Siror St i SARY - e PRtk B0
particularly pleefofhadt tHeiP @lkallhétal §M3 aPe PeaBRRd) willPhotashe RetheiHetbrédadn¥oukd
preferably not nore than 0.2 ppmof total netal, in particular of the

metals |ist edpmvm &red ph@nmeogﬁespdumrlefdfom@ solutinn adndedni ergamie solvent,

f eedst OCE I kal | I s are excluded fromthese limt values. The

f eedst oc sodF soI ution should preferably be lowin the netals
20 nentioned. In partl cuI ar, the sodi um hydroxi de solution should in each
case contain not nore than 1 ppm preferably not nore than 0.5 ppm nore
pref erably no@) nor thet fmdstOQKB pprowfinaFék 0, N, day [Ca, Mg ahd ¢kl metals oy their
thereof, in rel atlg [) 100 wt. % NaOH content. In particular, the feedstock
sodi um hydr oxi de sBPPI°§H®Ehoul d contain not nore than 1 ppm preferably

not nore thanyP.5 RRMBrgdfé golpélﬁfigage?gllayedrm-fmgﬁ nmore than 0.1 ppmof iron, in
relation to a 100 wt. /gNaO—| conten In the process according to the

i nventi df, the) sodithemohycdrbmnade@bsashad is wiorkesl yx ef erably used as a 20-55
w.% particularly preferably 30-50 wt. % sol ution. 30 Sodi um hydr oxi de
solution with the afore-nentioned |imt values is obtainable by the

menbrane procgs shek BBt 60 Mel hﬁrehﬁ&?fl%ufnethe WAL hdhd ke dP6r RO ChHRRR 7 3

In a preferred embodi ment, in addition to the sodi um hydroxi de solution the
f eedst ocks bi hmnelmeu@s mnalpathau prefeaably ngpmerothan 2dppaat reore pm&tab;b)anou motear | y

referably th i sphenol ter he org anj.c_solvent, are |ow in netals,
Pn part i cﬁl ar 51 \/\)s ?RF%P%"&CM%{Y eraﬂy {h&HfP ppm, ‘and most partlculaqﬁ'
15 preferably not more than 0.2 ppm of total metal, in particular of the metals listed
above and homologues thereof, are contained in the feedstocks. The alkali metals

are excluded from these limit values.

The feedstock sodium hydroxide solution should preferably be low in the metals
20 mentioned. In particular, the sodium hydroxide solution should in each case contain
not more than 1 ppm, preferably not more than 0.5 ppm, more preferably not more
than 0.3 ppm of alkaline earth metal or homologues thereof, in relation to 100 wt.%
NaOH content. In particular, the feedstock sodium hydroxide solution should
contain not more than 1 ppm, preferably not more than 0.5 ppm, more preferably not

25 more than 0.1 ppm of iron, in relation to a 100 wt.% NaOH content.

In the process according to the invention, the sodium hydroxide solution is

preferably used as a 20-55 wt.%, particularly preferably 30-50 wt.% solution.

30 Sodium hydroxide solution with the afore-mentioned limit values is obtainable by

the membrane process known from the literature.



Enmbodi ments in which sodi um bi sphenel ate (sol ution) has been prepared
previously from sodi um hydroxi de sol ution and bi sphenol (s) are al so

i ncl uded her eW@®112346 | ow netal feedstocks are obtai ned BETAEBAYE@MTr e in
which in a preferred enbodi ment the solvent is distilled, the bisphenol is
crystallised, preferably crystallised sevéral tinmes or distilled, and fully
dei oni sed water is used. The fully deionised water is preferably
desal i nat ed, degassed and/or desilicified. A 15 quality criterion is e.qg.
the electrical conductivity (sum paraneter for ionogenic substances of the

salts still present .in the . water in traces), the fully, deionised water in
the process a & errﬁ?j'retdoefnll?\é\@]i"he\%nm 8ﬂgiglgpnt8 %’ﬁa?%dgl erP%eraXl f/ Sggutlé’lneg}eri cal
conductivity efedftoeksHisphendl, M pAOMabiSpheAbHardiw Sief 2ns:e P@x@i_aaraﬂlt/ipmeﬁbly& 02
mg/ kg (V@B 3.3.1.1) or in each case |l ess. The content of dissolved oxygen

in the 20 ful the hisnhsnels satennd thg erganisfselvant, wra lossin metals] inpparticyarclont @b| y
| ess than 100 w1y S oxygen content is preferably established for all
t he star?i ng 55%%’%&%%?“& $s steps. In a further preferred

enbodi ment, fromthe group of feedstocks at |east the sodium 25 hydroxi de

solution, preferably additionally also the bisphenol, particularly.
preferably thEmbodimgnthipowhigh dedive hisphenolater{solptieptes beerapraparpd previasly nost

particul arly prefer.abl he. sadi um hydr oxi de. sol utj on, .t bi sphenol , the
ot or Cand t he oL BufdSick SoLEh AU b BPRGOID it hlsp apldba gk SPor ot
twi ce, nost particularly preferably stepw se three tines, before the start

of the reaction. 30 WO 01/32746 PCT/ EPO0/ 10397 4 The invention al so
provi dedOa pr dbessslovometah degsistogks atei obtaimed hyl & pradedwratio whichHa ppresared

boundary process, ..in ich di hydro L.arylal kanes in. the t m,of thej

o ka1 el Eppdhipl e Dedtha st HABL e RSl "o uisRo s Rkl | &
the presence gfys@anfcdBaveyd fithds @e diseilled, 288 AR Adhi doRabCis a8/ ent
characterised in that 5 a) the feedstocks are lowin Fe, C, N, Zn, Ca, My

and Al metals or their honol ogues; d) the aqueous phase fornmed during the
reaction is separated.off and the o i | ycar bonat as eparat ed of f
< vasned wi ¢ fPadn drigteed Pt & Ry Bs PSR RRReE AhUAY BeR0EE Bonat o
phase whisch hggalfigemnitsfmaisat.gd tf blebtrea toRius@aty (dushtipdranfetdredtt G8nogenic
optionally after a filtration, and filtered hot "at | east once;

substances of the salts still present in the water in traces), the fully deionised water

in the process according to the invention being characterised by an electrical

conductivity of 0.2 uS/cm (DIN 38404 C 8) and an SiO, concentration of 0.02

mg/kg (VGB 3.3.1.1) or in each case less. The content of dissolved oxygen in the

20 fully deionised water is preferably less than 1 ppm, preferably less than 100 ppb.

This oxygen content is preferably established for all the starting substances and

process steps.

In a further preferred embodiment, from the group of feedstocks at least the sodium

25 hydroxide solution, preferably additionally also the bisphenol, particularly preferably
the sodium hydroxide solution, the bisphenol and the water, most particularly
preferably the sodium hydroxide solution, the bisphenol, the water and the organic
solvent, are filtered at least once, preferably twice, most particularly preferably
stepwise three times, before the start of the reaction.

30



b) the.organic solvent is separated-off and c) the pol ycarbonate obtained
is'worked up. 15 In a preferred enbodi ment, the reaction mxture is
filtered in pWRMB2WFHep d) directly after the reacti on anBCI/EPH@10397
resul ting organi c pol ycarbonate phase whi ch has been separated off is
filtered and/or the organic polycarbonate phase separated off in process
step e) is filtered. 20 Preferably, at least two of these filtrations, in
particular all three filtrations, are perfornmed. In a preferred enbodi nent,
filtration isTheifvsntien akso prevides ameecesp farf the penarationeed, patgeagonatechy thel y
preferably at Jeast three times, Ln.particular epw S specially.in the
case of the hB{‘aSF?ﬂOP? Brocess, 1 Wé“c a@%?xyéﬁﬁéﬁ(ggesf ﬁnﬁf’? g‘f&bﬂ% %&Sﬂksa@r
filters are uaRehdhltd B rORUIWItA Phodgend e tHRaRtEORNEGH fHake fu heprédsehdecsts. |t
is preferable to carry out the filtration of the two-phase nmedia in process
step d) with swhvumdydfoxidesodutioBGnd anprgsnissolentshapctefisadiiitkatof smal | pore
size are_used for the hot filtration. It is inportant for this that the

pol ycar bdnat e phase is present as a solution which is as WD 01/32746

PCT/ EP00/ 1039%) 5 ha{ogeafes #8 189Sl B, Cr, Nil Ini 208 aHe A PMetABRb! Bidirt he

organi ¢ pol ycarbonate phase, which in general still contains residues of
aqueous wash |i qui Hom@leguesmsh |iquid is dissolved here and a clear solution

is formed. The, preyiously dissolved. inmpurjties,. in partjcgul.ar the dissolved
i kel | et al | 9h t o HeRDRSS RAERCrogiPd e afpetign PPl SeFind R ofRaBRy | on
to the process desﬁbly@ﬁﬁo@é?@ﬁﬁhse%g&_ré‘tékpwﬁ&/Sﬁéﬂﬂ@t}%a EQESRfuiF AN al so be
used to achi eve a hofmogeneous sol ution. 10 Menbrane filters and sintered

met al fill0t er sebr aktlwowhshgd forganér polycasbermtaiphase thaclf hast ey separated roffyfrop out
the filtration accqrding to.the inpvention. The e size the filters
are as a rule 0. Olaieowg’% h%‘if@}e&%@y%ﬂs&“}( BHT. gghﬁat‘%raéﬁﬂﬂ&@f%%l%k&%ut

0.05 mto 1.0 m Sygk.filters are comercially obtainable, for exanple,
fromthe conpanies Pall GrbH, D-63363 Dreieich, and Krebsboge GvbH, D-42477
15 Radevor mvabll (t sheeorSinigisdve@lin®paragidypdf fndcant |y better filter service

: Inx:rslt ia:)ﬁ obt c nEdthbeypo(i)g)cqa%o?lgttelo%?air?gd its Qveorlgerdol?p(?sses according to the

15
In a preferred embodiment, the reaction mixture is filtered in process step d) directly
after the reaction and/or the resulting organic polycarbonate phase which has been
separated off is filtered and/or the organic polycarbonate phase separated off in
process step e) is filtered.

20

Preferably, at least two of these filtrations, in particular all three filtrations, are

performed.

In a preferred embodiment, filtration is performed at least once, preferably twice,
25 particularly preferably at least three times, in particular stepwise, especially in the
case of the hot filtration. In the case of stepwise filtration, coarser filters are used at
the beginning, to be then changed for finer filters. It is preferable to carry out the

filtration of the two-phase media in process step d) with coarser filters.

30 In process step e), filters of small pore size are used for the hot filtration. It is

important for this that the polycarbonate phase is present as a solution which is as



20 Performng the other process steps is known in general. Thus, the
aqueous phase is emulsified in the organic phase during the reaction.

Dropl ets of vAYQiMB2Id6e are then fornmed. After the reacti B&T/ERB0/03ni c
phase containing the polycarbonate is usuglly washed several tinmes with an
aqueous |iquid and separated fromthe aqueous phase as far as possible
after each washi ng operation. Washing is preferably 25 perfornmed with very
finely filtered, lownetal water. After washing and separating off the wash
| iquid, the pbbdmageneged as possitile Jhimisl chigveddy. herting ke prganigupadyasshamates
aqueous liquid, for separatin f the catalys a dilute.m.neral acid, such
2a b or ropos BRI BirePdl sl soldis RN ShpaRo R MEIHET pur T Cat o
The concentrafhgRvRh liditd R disRAA hete bh@ aVA&R sbiutiehds Ferdae, ThOpreRiusR! €,
0.5to 1.0 wt.% By way of 30 exanple and preferably, the organic phase is
washed five t dissedved mmmzmmm&x Brodisspd3d allgliphetaksalis raecipitaie odleandc e s
whi ch cag be uselg f.@r éeﬁarati ng off the wash liquid fromthe organi c phase
are the eparﬁ?} hVEES 8s, phase separators, centrifuges or coal escers
which are known in principle, or also conbinations of these devices. 5 To
obtain the high purity polycarbonate, the solvent is evaporated off. The
evapor ati on cinadgditiprefo e peekesndeseribedatboreathe known figezingout prosessdianglsoo a
further pref eéredq‘ﬁnbgﬁli ment of this ililventi on, the solvent or sone of the
sol vent can b8°P¥Efd9& IBY/egb‘PIE%WFWSns@.“Uﬂ?e hi gh purity pol ycarbonate is

t hen obtained as a powder. The sane applies to obtaining the high purity
pol ycarbonate by precipitation 10 fromthe organic solution and subsequent
dryi ng d0 t heManshrangefiltgrs and smigEd megaltfiltess onalse bag Sitetsaint vsadeasrtbe ffidters
evaporation of. residual A golvent. Another technol o .S strand e ration
Lechnol ogy. OUThSAUNEE ik e fHEALo, Pt o hE ivgniott o e ore Siage PEER Y Eree

bi sphenol s of a{ehR 2lra]IROLERS uﬁf??[@ﬂ:rﬁbm.(ﬁ fH.s pﬁﬁh?drapéférab@'&beﬁt%@s ,

radi cal having 6 to 30 carbon atons, which contains one or frore aromatic
groups. Exanpted.®fums.ucBuclonfiitundse apbmnisraplhe robkainabibe, cfor bedaatpde,t fromhéhegr oup

of di hydr oxydi phenyl s, _ bi s(hydro henyl ) al kanes, i ndanebi sphenol s,
bi s( Ihyér oxyplﬁ‘gfﬁmf)‘yesetﬂi‘gllr ,m%ﬁs(]ﬁ}%g?@(yﬁ%%ﬁ%’) %Ié@h@,gebp&%d%i%&?ﬂenyl )

ket ones ;and apg, i %T}@h &{ sopropyl benzenes. Particularly

pr ef errelg bi sp %%%f@%ﬂ{ebe ong oi‘gﬁjé af ore-nmenti oned groups of
conmpounds are 2, 2-bi s-(4-hydroxyphenyl)-propane (bi sphenol ABPA),

tetraal kyl bi s nmet a- phenyl enedi i sopr opyl ) - di phenaol ( bi sphenol

henol A, 4, 4-@1 bher !
M, 25 1, 1-bi glgmﬁ%yawﬁw iy Isprvicedives arg pllpingd Oy CoOmRIMaLAB Q& theRrocesses

optionally m éécléh(ﬁﬁ 1B entibgrticularly preferred copol ycarbonates are
those based on the AONONErS I sphenol A and

1, 1- bi s- (4- hydroxyphenyl)-3, 3,5-trinmethyl cycl ohexane. The bi sphenol
conmpounds to he used ai;:cordi ng to the inventjon are reacted with carbonic
aci d corfoundSerfommipg the therprogess sigan is knpyn igeneral o Thvs, Breraqueprsy nhasots 7

emulsified in the organic phase during the reaction. Droplets of varying size are
then formed. After the reaction, the organic phase containing the polycarbonate is
usually washed several times with an aqueous liquid and separated from the aqueous
phase as far as possible after each washing operation. Washing is preferably
25 performed with very finely filtered, low-metal water. After washing and separating
off the wash liquid, the polymer solution is usually cloudy. The wash liquid used is
aqueous liquid for separating off the catalyst, a dilute mineral acid, such as HCl or
H3PO,, and completely desalinated water for further purification. The concentration
of HCI or H3POy in the wash liquid can be, for example, 0.5 to 1.0 wt.%. By way of

30 example and preferably, the organic phase is washed five times.



The pol yester carbonates are obtained by reaction of the bisphenols already
mentioned, at |east one aromatic dicarboxylic acid and optionally carbonic
aci d. - Sui t abl varld/AATM6 di carboxylic acids are, for exanpl BCTUEPAYRBOINal i c
acid, terephthalic acid, isophthalic acid, 3,3 - or

4, 4' - di phenyl di carboxylic acid and 5 benigﬁhenonedicarboxylic acids. Inert
organi c solvents used in the process are, for exanple, dichloronethane, the
vari ous di chl oroet hanes and chl or opropane conpounds, chl orobenzene and

chl or ot ol uenePhasecseparativrodemieasivarieh aaiberisedufior sepafatig ol theovashHguad Gom 10

chl orobenzene are preferably used. The.reaction can be accel erat.ed by
catalysts, sulll SEE: PR, HieTirc serarglion, FRoHSr PhFYe SPARIGR SRILLYEES. or

Tri butyl am negodlédceisRitiamhR&ndnd iNpRhAYIePoPASd inMin@dhs BF Bfe8E adlidesused. A
nmonof uncti onal phenol, such as phenol, cunyl phenol, p-tert. 15 butyl phenol

or 4-(1,1, 3, 3-tetranet hyl butyl )phenol, can be used as a chain term nator
and nol ecul ar . wei ght reqgulator.. Isatin:biscresol, for. exanpl C used
2o br adeh; ngOatiAn Ui Mse Bty PRCHPEHS e, SPUEBI e of GOREds OFf et

bi sphenol s ar gyghiosRRh @ teherforRbd &9 4Rk e@hﬁ?ﬁktbf‘@tlagé‘s@sﬁcco‘?&iﬁéfié abhyngodi um

hydroxi de solution. The chain term nators optionally necessary for the
prepar ati on opreferpml grubedment eSthas mveitsag itheesblient tonsomeguddbs selivknt! danéephase

dded to this in bulk i i nert i i ts of 1.0t
20. 0 ol . %% peFeBIeAdY SPEBIEHOE: | BHbLIEREY PHATRIBCl b PHRehAY S
cont ai ni ng t NBowELFRITAE Sind Sspftieb R otiRiRATg thé‘ﬁ@h?luﬁ[}d;gcg?&ﬂ?oﬁla%}yﬁéiggﬁlﬁno” I's

performed. Chain term nators which are optidn be usedare
nmonopheri®l s afrdmmthreo orpabiox sdlutiora end subqiitrd bdreingoofd fieeresidue ar Eorp bxeamaple,

itself, alkylphenols, such, cresols, p-tert,-butyl phenol, p-cunyl phenol,
b e oct 1 phon BTSN 36 b CUIRIRGHERS 3 BYIPITA ohoaroangonenc ke
p- i so- nonyl phenghelo AAsQRBED N Doratidh RecfoBgg Nl Or ophenol , 2, 4di chl or ophenol ,

p- bronophenol and 2,74, 6-tri bronmophenol, and m xtures thereof. WD 01/32746
PCT/ EPOO/ 10397 8 Sui t abl e nonocar boxylic acids are benzoic acid,

a1 kyl benzoi o agi ds aqd, hal obenzol ¢, A0l a5, FLESTLOMIELR LAMILR OF fu @
15 general formula HO-Z-OH, wherein Z is an organic radical having 6 to 30 carbon
atoms, which contains one or more aromatic groups. Examples of such compounds
are bisphenols which belong to the group of dihydroxydiphenyls,
bis(hydroxyphenyl)alkanes,  indanebisphenols,  bis(hydroxy-phenyl) ethers,
bis(hydroxyphenyl)  sulfones,  bis(thydroxyphenyl) ketones and a,o'-
20 bis(hydroxyphenyl)diisopropylbenzenes.

Particularly preferred bisphenols which belong to the afore-mentioned groups of
compounds are  2,2-bis-(4-hydroxyphenyl)-propane  (bisphenol  A/BPA),
tetraalkylbisphenol A, 4,4-(meta-phenylenediisopropyl)-diphenol (bisphenol M),

25 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexanone and optionally mixtures
thereof. Particularly preferred copolycarbonates are those based on the monomers
bisphenol A and 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane.  The
bisphenol compounds to be used according to the invention are reacted with
carbonic acid compounds, in particular phosgene.

30



wherein R is hydrogen, tert.-butyl eor a branched or unbranched Cg- and/or
C9-al kyl radical. The preferred chain term nator is phenol and

p-tert.-butyl BHOBI327#he anount of chain ternminator to be BEIJEPQV/A0I9%pI . %
to 5mol.% inrelation to the noles of di7phenols used in each case. The
chain termi nators can be added 15 before, 'during or after the phosgenation.
Branchi ng agents can optionally al so be added to the reaction. Preferred
branchi ng agents are the conpounds which are tri- or nore than

trifuncti onal Thedpalyestgneahonatesperey ohtabindatby teaetins tof ythej hisplgnoisc @lraadit hose
with three or_nore than.three phenglig. 2 .groups., By. way of .exanpl.e and
preferably, bpqéeﬁ{é%rileﬁig agdéaﬁf 3 n%raéor%% Coﬁﬁﬁﬁ%g?ggiéﬁgﬁglﬁn%}d, oﬁ'uonaﬁy Carbonie' Beid.

4, 6di met hy| - 284it4b1é r hrohfhtioy dicaidaxRREY hdidé efe; 2foeNexample, orthophthalic acid,
4, 6-dinethyl -2,4,6-tri-(4-hydroxyphenyl)-heptane,

1, 3, 5-tri - (4- teyephthalishaeeid )isaphthadineacid,, 3,3t or i 4.¢'Adipheanylsigapbaxylic ) ackd andhane,
tri-(4-hydroxyphenyl)-phenyl nmet hang,
2, 2-bis- }[é4, 4- ﬁ?@%ﬁ#‘?ﬁ%ﬁ%ﬁﬁ%ﬁﬁcfgycl ohexyl ] - pr opane,
2, 4- bi s- (4- hydr oxyphenyl -i sopropyl ) - phenol ,

2, 6- bi s- (2hydr oxy-5' - net hyl benzyl ) - 4- net hyl phenol ,

2- (4- hydr oxy phenlypiganic(sp]vents wsedrioxthe Ipsonesy axs; dpraexsmple, dichloromethane, the
hexa- (4- (4- hydr oxyph | -i sopropyl,)-phenyl)-orthoterephthalic acid ester,
ot ra (4 nyd: SRUHeRg i RRo A PSTBiopats, | RRLRE o PRI SR BrER, 7 Wo
01/32746 PCT/ EiigRtdidaR! AndhandlardmeMbhidngd@Nflixtures of dichloromethane and
1,4-b|s-g4',4"-d|hydroxytr|phenyl)-nethyl)-benzene and 2, 4di hydr oxybenzoi c
aci d, trl0nesi ehlarabdnzeng arapreterabily vsedde and

3, 3- bi s- (3- et hyl - 4hydr oxyphenyl ) - 2- oxo- 2, 3-di hydr oi ndol e. 5 The anount of
branchi ng agents optionally to be used is 0.05 nmol.%to 2 nol.% again in

relation 1o tirge MabiSorPfcadll BBERYeRrats®dby Neabilyisls, CRfA ol NRIAANEAIQRE, agents
can be either initially introduced into the aqueous al kaline phase wWith the
di phenol s andakkiilpipsmigines tog oniumasaltss , Trihutyaniog, tisthylaping tand IN-ethylpipetidine

organi ¢ solvent before th hosgenat i on, .Sone, tq 80 nol.% preferably
2050 50" ol - Bleareleie e st Auaneh Benseial phen syl yredienth Stnidpher ffert

repl aced sby ab@t@ﬁihbﬁoldjrqa(l?gz,ﬁLtbt@arﬁ&hﬁbﬁt%rl)?ﬁerﬁ)‘l,%ﬁ?t)e ubed 4918 cRih YGRimasat es
according to thé invention are both honopol ycarbonates and copol ycar bonat es
and m xtures akmnedécularneeight yagatdtemalsstin-discrasdi, for example, canvbatuseh asan be
aromati c pol ygst%{lcarb nat es or pol ycarbonates which are present as a

m xture with SPOREPEEEPHI yester carbonates. The term pol ycarbonat e stands
representatively for the pol ycarbonate substrates obtainable by the
processes 20 according to the invention. The pol ycarbonates have average
mol ecul ar wei dht Brepare, th@dblgbrpﬁrﬁed)di)ﬂcadmsms,eﬁwngismenpheareeﬂ'asfnlvgi il 0S| ty

i chi'or Glet hafrogT - A5a850 HratscBreamue prefEpatyosidt SOlER: o 5 68 and

in particul ar tehifddts t OptfthaflfOnecessary for the preparation of copolycarbonates are
dissolved in the aqueous alkaline phase or added to this in bulk in an inert organic
phase in amounts of 1.0 to 20.0 mol.% per mol of bisphenol. Phosgene is then
passed into the mixer containing the remaining reaction constituents and the

25 polymerisation is performed.

Chain terminators which are optionally to be used are both monophenols and
monocarboxylic acids. Suitable monophenols are phenol itself, alkylphenols, such
as cresols, p-tert.-butylphenol, p-cumylphenol, p-n-octylphenol, p-iso-octylphenol,
30 p-n-nonylphenol and p-iso-nonylphenol, halophenols, such as p-chlorophenol, 2,4-

dichlorophenol, p-bromophenol and 2,4,6-tribromophenol, and mixtures thereof.



Shaped. articles according to the invention which are produced fromthe high
purity polycarbonate substrates according to the invention_ are, in

particul ar, oWOMM/324E8 magnet o-optical data storage medi aPCIMER0G/40397

m ni -di sk, conpact disk or digital 30 versgatile disk, optical |enses and
prisms, glazing for notor vehicles and headl anps, gl azing of another type,
such as for greenhouses, so-called double-walled sheets or WO 01/32746
PCT/ EPO0O/ 10397 -10 hol | ow chanber sheets or solid sheets. These shaped
articles are Prisehleawnpgarboxyliesicidsarabenzaicragidabythenesic agids pod halgbgnzoeesses
and extrusion_bl.ow nmoul ding processes using the polycarbonate according to
the inventi ona%lfls'sui table nol ecular weight. 5 The preferred nol ecul ar

wei ght range for the data carriers is 12,000 to 22,000, that for |enses
and glazing is 22,000 to 32,000, and that of sheets and hol | ow chanber
sheets is 28, Boderesl duirp@ominafars ameshephenelsiodthederghle (Bat a rel ate to the

wei ght aver age nol ecul ar wei ght. 10 The shaped articles according to the

i nvention optionalg+yhave a surface treatnment, for exanple a

scratch-resi stalm.g To produce optical lenses and filnms or disks for
magnet o- opt i cag~d&ta/carriers, the'»15 pol ycarbonates according to the
invention are preferably used with a nol ecul ar wei ght of 12,000 to 40, 000,
since a ter%lere\IMth a nol ecular weight in this range can very readily be
shaped t hernopl'astically. The shaped articles can be produced by injection
nmoul di ng processes. For this, the resinis nelted at tenperatures of 300
to 400C and the nmould is in general kept at a tenperature of 50 to 140C 20
To produce, f& exénpydogen sadebuty Re adkraached ragbranphed Go- andfes Gg-gkyl
purity polycar bo”%cﬁ’ca‘?rti cle according to the invention is used in known
pl astics injection noul ding machi nes suitable for this. 25 In addition to
increasimmg the life of the filters, another advantage of the processes
according to the invention is that the resulting polycarbonate substrates
are di sti nguTspeeefesyedchaty terminpier ispheaol andrmbisrt.-bty L than 250, in
particular fewer than 150 defects per n2 nmeasured on a 200 m extruded
film 30 The follow ng exanpl es serve to explain the invention. The
invention is maé ahioht &fchali® tdrighatdrabMeassed is 0.1 mol.% to 5 mol.%, in relation to

the moles of diphenols used in each case. The chain terminators can be added

15 before, during or after the phosgenation.

Branching agents can optionally also be added to the reaction. Preferred branching
agents are the compounds which are tri- or more than trifunctional and are known in
polycarbonate chemistry, in particular those with three or more than three phenolic

20 OH groups.

By way of example and preferably, branching agents are also phloroglucinol, 4,6-
dimethyl-2,4,6-tri-(4-hydroxyphenyl)-hept-2-ene, 4,6-dimethyl-2,4,6-tri-(4-hydroxy-
phenyl)-heptane, 1,3,5-tri-(4-hydroxyphenyl)-benzene, 1,1,1-tri-(4-hydroxyphenyl)-
25 ethane, tri-(4-hydroxyphenyl)-phenylmethane, 2,2-bis-[4,4-bis-(4-hydroxyphenyl)-
cyclohexyl]-propane,  2,4-bis-(4-hydroxyphenyl-isopropyl)-phenol,  2,6-bis-(2-
hydroxy-5'-methylbenzyl)-4-methylphenol, 2-(4-hydroxyphenyl)-2-(2,4-dihydroxy-
phenyl)-propane, hexa-(4-(4-hydroxyphenyl-isopropyl)-phenyl)-orthoterephthalic
acid ester, tetra-(4-hydroxyphenyl)-methane, tetra-(4-(4-hydroxyphenyl-isopropyl)-



WO 01/ 32746 PCT/ EPOO/ 10397 -11 Exanples Exanple 1 5 To prepare the

pol ycar bonat es, BPAZ%BPA I s brought together continuously as a nelt with
sodi um hydr oxi¥@ ®&327dbon) is nixed i nto sodi um hydroxi de SSEPBH1039h
excl usi on of oxygen. The sodi um hydroxi degsol uti on used has different
concentrations and purities (see Table 1), the original sodi um hydroxide
solution being diluted still further to a 6.5% sodi um hydroxi de sol ution
with filtered fully 10 deionised water in order to dissolve the bisphenols.

Thi s sodi um bPBgwesbmethane apdtlibhisr@' 4iodihydrpxdripenyd-eethylbenzany aadd.4rsed
11§ ot hr USRS GRRE. bR, oML A B MgAIE s ERISSRMARD '

filtered throu er ahd’suppl re or was

is washed wi thy&}oﬁ%[gﬂw PQCd)doOI,deimmnaae, t hen post washed a further 5
times with filtered fully deionised water. The organic 15 solution is

separated off fromthe aqueous solution and, after the organic solution has

been heateed tg,55C | iltered first wt .6 a . f.lt a hen t.ky ough
20,2 o Pl enhe Arioap® ok banEhER bt oplbiaty o heuda it i ndlfh 1 i the
carbonate is @ iﬁtiirn@qhtiolihetmhmabb@i;paéﬁlmdMe@%Qfa&ge mol ecul ar wei ght  of
MA = 26,000. 20 WD 01/32746 -12 Table 1 PCT/EP00/ 10397 Sodi um hydr oxi de

solution quality 123
The branching agents can be either initially introduced into the aqueous alkaline

phase with the diphenols and the chain terminators, or added as a solution in an

10 organic solvent before the phosgenation.

Some, up to 80 mol.%, preferably 20 to 50 mol.% of the carbonate groups in the

polycarbonates can be replaced by aromatic dicarboxylic acid ester groups.

15 The polycarbonates according to the invention are both homopolycarbonates and
copolycarbonates and mixtures thereof. The polycarbonates according to the
invention can be aromatic polyester carbonates or polycarbonates which are present
as a mixture with aromatic polyester carbonates. The term polycarbonate stands
representatively for the polycarbonate substrates obtainable by the processes

20 according to the invention.

The polycarbonates have average molecular weights M, (determined by

measurement of the relative viscosity at 25°C in dichloromethane at a concentration

of 0.5 g polycarbonate/100 ml dichloromethane) of 12,000 to 400,000, preferably
25 23,000 to 80,000, and in particular 24,000 to 40,000.

Shaped articles according to the invention which are produced from the high purity
polycarbonate substrates according to the invention are, in particular, optical and
magneto-optical data storage media, such as a mini-disk, compact disk or digital
30 versatile disk, optical lenses and prisms, glazing for motor vehicles and headlamps,

glazing of another type, such as for greenhouses, so-called double-walled sheets or
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The preferred molecular weight range for the data carriers is 12,000 to 22,000, that
for lenses and glazing is 22,000 to 32,000, and that of sheets and hollow chamber
sheets is 28,000 to 40,000. All the molecular weight data relate to the weight-
average molecular weight.

10
The shaped articles according to the invention optionally have a surface treatment,

for example a scratch-resistant coating.

To produce optical lenses and films or disks for magneto-optical data carriers, the
15 polycarbonates according to the invention are preferably used with a molecular
weight of 12,000 to 40,000, since a material with a molecular weight in this range
can very readily be shaped thermoplastically. The shaped articles can be produced
by injection moulding processes. For this, the resin is melted at temperatures of 300
to 400°C and the mould is in general kept at a temperature of 50 to 140°C.
20
To produce, for example, a sheet-like data storage material, the high purity
polycarbonate article according to the invention is used in known plastics injection

moulding machines suitable for this.

25 In addition to increasing the life of the filters, another advantage of the processes
according to the invention is that the resulting polycarbonate substrates are
distinguished by a particularly low number of fewer than 250, in particular fewer

2

than 150 defects per m“ measured on a 200 pm extruded film.

30 The following examples serve to explain the invention. The invention is not limited

to the examples.
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with sodium hydroxide solution) is mixed into sodium hydroxide solution with

. Fe
inudusly as a melt

exclusion of oxygen. The sodium hydroxide solution used has different
concentrations and purities (see Table 1), the original sodium hydroxide solution
being diluted still further to a 6.5% sodium hydroxide solution with filtered fully
10 deionised water in order to dissolve the bisphenols. This sodium bisphenolate
solution is now filtered (0.6 pa filter) and used in the polycarbonate reaction. After
the reaction the reaction solution is filtered through a 1.0 unom bag filter and
supplied for washing. In this, it is washed with 0.6% hydrochloric acid and then
post washed a further 5 times with filtered fully deionised water. The organic
15 solution is separated off from the aqueous solution and, after the organic solution has
been heated to 55°C, is filtered first with a 0.6 pa filter and then through a 0.2 pa
filter. After isolation, poly-2,2-bis-(4-hydroxyphenyl)-propane carbonate is

obtained. The polycarbonate has an average molecular weight of My, = 26,000.

20



Ni (ppm) 0. 40.4< 0.03 O (ppn)0.80.5< 0.03 Zn (ppm 0. 20. 10. 19 Tot al

(ppmM 7.83.1< 0.9 5 WD 01/32746 -13 Table 2 PCT/ EPOO/ 10397 Sodi um h droxi de
sol ution fromMQ M/3278At Filter service |ifel23 Before t hePCIAEPPYRIIHh10
d30 d 0.6 a filter After the reaction24 h3p d> 60 d 1.0 a filter

Tablel
Sodium hydroxide solution quality

1 2 3
% NaOH 50 50 32%
Fe (ppm) 0.7 0.46 0.02
Ca (ppm) 2.0 0.4 <0.1
Mg (ppm) 0.5 0.2 <0.1
Ni (ppm) 0.2 0.2 <0.01
Cr (ppm) 0.4 0.25 <0.01
Zn (ppm) 0.1 0.05 0.06
Total (ppm) 3.9 1.56 <03
Conc. in 100% NaOH 1 2 3
Fe (ppm) 1.4 0.9 0.06
Ca (ppm) 4.0 0.8 <03
Mg (ppm) 1.0 0.4 <0.3
Ni (ppm) 0.4 0.4 <0.03
Cr (ppm) 0.8 0.5 <0.03
Zn (ppm) 0.2 0.1 0.19
Total (ppm) 7.8 3.1 <0.9




End filter 1=12 h3 d21 d 0.6 a filter End filter 2 = 0.2 a filter Filns are
extruded fromthe pol ycarbonat es prepared wth sodi um hydroxi de sol ution
from experi neNV@ 01/323468 and these are subjected to a fil m PEIFEPOYAO3YTest
by 5 nmeans of the known nethod descri bed | ow. The extruded filmis 200 m
thick and 60 mm wi de. An He/Ne | aser ("spot diameter” of 0.1 mM) scans the
filmwth a scan frequency of 5,000 Hz across the width and a
transportation speed of 5 ms in the longitudinal direction. Al defects 10
whi ch cause sdabled i ng of the Iaser beam paSS| ng through (fromO 10 mm

di aneter) are detected by a e
number of optical def ect S rda@dlmﬁcﬁutmnfnﬁneﬂﬁerﬁflerftl Imisfa
nmeasure of t[ig, [ ) 0 'S T1 mand of the pprity of the P
WO 01/ 32746 b? Eval yation oxtruded fi with a laser
scanner PC p Bgﬁﬁgqle%;éﬁoﬁ djgn hydr oxi de [gglquti on from pxpgriment # pgr m
surface areal23 0. 10-0. 1216423

O6paﬁlter

After the reaction |24 h 30d >60d

1.0 pa filter

End filter 1 = 12h 3d 21d

0.6 pa filter

End filter 2 =

0.2 pa filter

Films are extruded from the polycarbonates prepared with sodium hydroxide
solution from experiments 1 to 3 and these are subjected to a film laser scan test by

5 means of the known method described below.

The extruded film is 200 pm thick and 60 mm wide. An He/Ne laser ("spot
diameter" of 0.1 mm) scans the film with a scan frequency of 5,000 Hz across the
width and a transportation speed of 5 m/s in the longitudinal direction. All defects
10 which cause scattering of the laser beam passing through (from 0.10 mm diameter)
are detected by a photomultiplier and counted by software. The number of optical
defects per kg of polycarbonate or per m” of film is a measure of the surface quality

of this film and of the purity of the PC.
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e) the washed organi c pol ycarbonate phase which has been separated off from
tfie. wash liquid is heated, optionally after a filtration, and filtered hot
at | east onceW@)01{32§46r gani ¢ sol vent is separated of f andPEI/ER80/10397

pol ycar bonat e obtained is worked up. 30 3,. Process according to at | east
one of the preceding clains, characteri s'ehs’l n that the feedstocks contain

| ess than 2 ppm of netals or their honol ogues. ~ WO 01/ 32746 -16

PCT/ EPOO/ 10397 4. Process according to at | east one of the preceding

clai ns, charafatm¢ghimsn that the sodi um hydroxi de sol ution used contains
not nore than 0.5 w.% alkaline earth metal or honol ogues thereof and/or
not nore than 0.5 wt.% Fe, in relation to a 100 w.% NaCH content. 5 5.

106. 7. 15 8. 120 9process for the preparation of polycarbonate by the phase boundary process,
in which dihydroxydiarylalkanes in the form of their alkali metal salts are
5 reacted with phosgene in the heterogeneous phase in the presence of sodium

hydroxide solution and an organic solvent, characterised in that

a) the feedstocks are low in Fe, Cr, Ni, Zn, Ca, Mg and Al metals or

their homologues;

10 b) the organic solvent is separated off and
c) the polycarbonate obtained is worked up.
2. Process for the preparation of polycarbonate by the phase boundary process,

in which dihydroxydiarylalkanes in the form of their alkali metal salts are
15 reacted with phosgene in the heterogeneous phase in the presence of sodium

hydroxide solution and an organic solvent, characterised in that

a) the feedstocks are low in Fe, Cr, Ni, Zn, Ca, Mg and Al metals or
their homologues;
20 d) the aqueous phase formed during the reaction is separated off,
optionally after a filtration, and the organic polycarbonate phase
separated off is washed with an aqueous liquid, optionally after a
filtration, and
e) the washed organic polycarbonate phase which has been separated off
25 from the wash liquid is heated, optionally after a filtration, and

filtered hot at least once;

b) the organic solvent is separated off and
c) the polycarbonate obtained is worked up.
30 3. Process according to at least one of the preceding claims, characterised in

that the feedstocks contain less than 2 ppm of metals or their homologues.



10. 25 11. 3012. Process according to at |east one of the preceding clains,
characterised_in that in addition to the sodi um hydroxi de _sol ution, the

f eedst ock bi sphOfHY32746 a1 so lowin Fe, C, N, Zn, Ca, MyP&IdEROOAE3Y s or
t heir honol ogues. Process according to at,least one of the preceding
clainms, characterised in that fromthe group of feedstocks, at |east the
sodi um hydroxi de solution is filtered before the start of the reaction.
Process according to at |east one of the preceding clains, characterised in
that filters fith Xrosspeacsopdingfo jabisgst epmobheaprecadingdclping, ehatagtgrised in
filtration stages .hon al | | eas ne .of o
processes defined it%a?'(t% h%gg%?%cgihﬁ%%g%Isgluﬁgp%g‘%/)?g}ét%’gnné’%ég orgﬁg?%@%g‘ﬁ' é’ed by
a nunber of |ess tBRaliRdCartehitdl SorfRmdIBgucBREHEE,hdAst 8ot 306rethex DIEY,
film Use of a polycarbonate as defined in clains 9 and 10 for the
production of trah§parelationeah e Wt ¥a Na@H congat. according to claim 11,
characterd sed in that | aser-readable data storage nedia are produced as
the shapéd articles. and/or 10. Shaped article produced from pol ycarbonate

as defined insone @focebhdtdrding to at least one of the preceding claims, characterised in
that in addition to the sodium hydroxide solution, the feedstock bisphenol is

also low in Fe, Cr, Ni, Zn, Ca, Mg and Al metals or their homologues.

10 6. Process according to at least one of the preceding claims, characterised in
that from the group of feedstocks, at least the sodium hydroxide solution is

filtered before the start of the reaction.

7. Process according to at least one of the preceding claims, characterised in

15 that filters with a pore size of less than 2 um are used in the last filtration
stages.

8. Polycarbonate obtainable by at least one of the processes defined in the

preceding claims.

20
9. Polycarbonate, characterised by a number of less than 250 defects per m?
measured on a 200 pm extruded film.
10.  Use of a polycarbonate as defined in claims 9 and 10 for the production of
25 transparent shaped articles.
11.  Use according to claim 11, characterised in that laser-readable data storage
media are produced as the shaped articles.
30 12.  Shaped article produced from polycarbonate as defined in one of claims 9

and/or 10.



