WO 01/58984 PCT/EPO /00808 1 *159159* Process for producing high-purity p
| ycarbonat e argp pydgyggar bonat e of maxi mum purity This invent poEpel/gE®sS t 0
a“pol ycarbonate having a low particle content and to a 5 process for
produci ng high-purity polycarbonate and pol ycarbonate of maxi mum purity
produced therefromas well as noul ded products made fromt “mwmlmmmmﬂw
pol ycarbonate. In order to produce pol ycarbonates by the s e

i nterface process, 10 dihydroxydi aryl al kanes in the form of thgbgieal kal i
metal salts are reacted with phosgene in heterogeneous phase in the
presence of LU’_L:,T sdueing h high-purity B BRats ifs 201V ¢4 nte
organi ¢ solvent in which the product polycarbonate is readily soluble.
During the remé%queous phase is distributed in the organic phase
and after the reaction the organic, polycarbonate-containing phase is

washed 15 with an aqueous liquid, which is intended to renove inter alia
el ectrol yt es, Thisdinvertion\zelaten do lai pplyekrbanatehbaving galomt partieler confanyjand do a

products de of high-purit. ol.ycarbonat es are used fo | cal

manet o opb cBrocsth f-pigatdite ARey SRRl 4RE RakBhetht R apilitye
nmedi a. As thepifinstpodaRdCapasidn af WBRS@s MBuRlel S phRIubE @0MESt dFdik Ythis

enl arged, the denmands placed on the purity of the pol ycarbonates used are
al so i ncreasi mglycahenadj ect of the invention is to provide a process for
removi ng vol atile conponents froma polynmer solution, in order to produce
a high-purity polycarbonate having a 25 particularly | ow particle content,
which is partigubrdérl Yo Sptoliddel PoRBarbbidtéd By Rt e6-called pRisehiterfiRe ProdehdCt S

for data storage. _ _ .
10  dihydroxydiarylalkanes in the form of their alkali metal salts are reacted with

phosgene in heterogeneous phase in the presence of inorganic bases such as sodium
hydroxide solution and of an organic solvent in which the product polycarbonate is
readily soluble. During the reaction, the aqueous phase is distributed in the organic
phase and after the reaction the organic, polycarbonate-containing phase is washed
15 with an aqueous liquid, which is intended to remove inter alia electrolytes, and the

washing liquid is then separated off.

Moulded products made of high-purity polycarbonates are used for optical and
magneto-optical purposes, in particular in laser-readable data storage media. As the
20 storage capacity of these media is being constantly enlarged, the demands placed on

the purity of the polycarbonates used are also increasing,.

The object of the invention is to provide a process for removing volatile components
from a polymer solution, in order to produce a high-purity polycarbonate having a
25 particularly low particle content, which is particularly suitable as starting material

for moulded products for data storage.

This object was achievable by the development and provision of the process
according to the invention described in more detail below.
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Thi s object was achi evable by the devel opnment and provision of the process
according to Weoi/sgy@nt i on described in nore detail bel ow 30ct@90@@d80s WO
01/ 58984 PCT/ EPO1/ 00808 2 The invention firstly provi des a process for
produci ng pol ycarbonate by the phase interface process, in which the

pol ycar bonat e- cont ai ni ng solution is washgd with an aqueous washi ng
liquid, the washing liquid is separated off and the solvent is evaporated
of f and wherein the m xture of organic pol ycarbonate solution and 5
residual washing liquid obtained after the separation of the mashin% l'iquid
i s heated by Thadnyension fustly psovides geprapess |fompradueing poiygesbenate dyathe phased and
filtered in ot

Stage, in one HRT oAy g e EREEE onthElyfn el Wil

pol yner cont egiuédus SwishingOlighidYahd SvaSKIAE Aifui i€ dep@atbd dofp akd thé .sthveht &
tenperature of 150C to 250C in a conbination of a shell-and-tube heat
exchanger and e¥aporated effgod avbareir thg wbitieedof wreanis, pplyearbenate rsofution and

shel | -and- ct ube. heat exchanger .. i.n » . t he
ressure 1B (RGLAIFRAIRE hbiBeEREc i Spalibl] GtV WhREALHARRY Rbite
pressure (i.eby iAfiretpBeit dkchadd@auntil B) cledr sdlftiontibttaimbadad fillkeedshl orideotd | S
concentrated from60 to 75 wt.%to at least 95 w.% in particular to 98

to 99.9 wt. % remoye sodidsabgenees vWiergilB0C to 350C, in a shel | -and-tube heat
exchanger wi th downstream separator, the 20 shell-and-tube heat exchanger
containing vertical, heated, straight tubes with or w thout incorporated

static m xer s A)haviingn aitibldtaeN okl GNRbRY inBividual Step) the¥Bluthirs wiicibhas Of S
to 15 nm a length of 0.5 to 4 m preferably of 1 to 2 m
10 polymer content of 5 to 20 wt.%, is concentrated to 60 to 75 wt.% at a
temperature of 150°C to 250°C in a combination of a shell-and-tube heat
exchanger and a film evaporator or a coiled-tube evaporator or in a shell-and-
tube heat exchanger, in each case with downstream separator, the pressure in
the separator being about 0.1 to 0.4 MPa, preferably ambient pressure (i.e.

15 about 0.1 MPa),

B) in a further stage, the solution is concentrated from 60 to 75 wt.% to at least

95 wt.%, in particular to 98 to 99.9 wt.%, at a temperature of 250°C to

350°C, in a shell-and-tube heat exchanger with downstream separator, the

20 shell-and-tube heat exchanger containing vertical, heated, straight tubes with

or without incorporated static mixers, having an internal diameter of 5 to 30

mm, preferably of 5 to 15 mm, a length of 0.5 to 4 m, preferably of 1 to 2 m,

and the throughput per heat-exchanger tube through the tubes being 0.5 to 10

kg/h, preferably 3 to 7 kg/h, based on the polymer, and the pressure in the

25 separator being 0.5 kPa to 0.1 MPa, in particular 3 kPa to 0.1 kPa, preferably
3 kPato 10 kPa,

) in a further stage, the solution containing remains of solvent and/or of
volatile components is concentrated to a content of solvent and/or of other
30 volatile components of S to 500 ppm, at a temperature of 250°C to 350°C, in

a further shell-and-tube heat exchanger with downstream separator or in an



and the throughput per heat-exchanger tube through the tubes being 0.5 to
10 kg/h, prefrsalsygs3 to 7 kg/ h, based on the polyner, and pOEEPIEDHSISr € | N
the 25 separator being 0.5 kPa to 0.1 MPa, in particular 3 kPa to 0.1 kPa,
preferably 3 kPa to 10 kPa, C) in a further stage, the solution

cont ai ni ng remai ns of solvent and/or of _wolatile conponents is
concentrated to a content of solvent and/or of other 30 volatile conponents
of 5to 500 ppm at a tenperature of 250C to 350C, in a further

shel | -and-tube heat exchanger with downstream separator or in an WO,

01/ 58984 PCT/ EPO1 @g@adrvanaratgtiethe shakrondrtuhe, heah exehpaper somningeverteal,

¥ o . heated ! . . |
it er of 5 to sHUE el runsP SRVEE anghiefed Blanlei T ST AR BB
preferably of 0.5 b9 19 t8)208mh, tRngthhefO0Ige W mp preftrably- XG5 as dem, tid che

t hrough the tubes being 0.5 to 10 kg/h, 5 preferably 3 to_ 7 kg/h, based on
the pol ynmer, and t teropghns peeh¢at-cxehangereiyhe shrovstihdierigbe Eing Pa tool kghapa,

in particukar 0.1 kPa. tn 2.kPa the p ' bgsequent |y
i sol ated and opt i or’?EﬁafFﬂ?glgr anQl &t ]géﬂ’g’ E%Peg\c%%gﬁg%’éﬁt%gﬂt %Jéa,iqﬁéedrﬁslsgﬁ, ﬁl %gs term
"polyner” covers p@lapﬁﬁbb@e’iﬂé 095 kiPa té 64tMPRGh PartieerPpal RPaas RaPal &8 and

copol ycarbonates and m xtures thereof. The polycarbonates according to the

i nvention can be aronmatic pol yester carbonates or pol ycarbonates in

a
Cubsequent |y ea 1 S Bp SN ABRA Ry MR R Top B AIRAE 1)

pol ycarbonate according to the invention is obtained by the so-called phase

interface process (H Schnell, "Chem stry and Physics of Pol ycarbonates”,
Pol yner MBvi éwecondmg tol the inventip, the fermepodymestic eovans polyparbenatesein fast botine4) |
I n which the

homopolycarbonates and copolycarbonates and mixtures thereof. The polycarbonates
according to the invention can be aromatic polyester carbonates or polycarbonates in
a mixture with aromatic polyester carbonates. The term "polycarbonate" is
subsequently used in place of the previously mentioned polymers.
15
The polycarbonate according to the invention is obtained by the so-called phase
interface process (H. Schnell, "Chemistry and Physics of Polycarbonates", Polymer
Review, Vol. IXS, 22 ff., Interscience Publishers, New York 1964), in which the
polycarbonate-containing solution is subsequently washed with a washing liquid, the
20  washing liquid is separated off and the solution is evaporated off. According to the

invention, this process is carried out in the stages described.

Compounds preferably used as starting compounds according to the invention are
bisphenols corresponding to the general formula HO-Z-OH, wherein Z is a divalent

25  organic group having 6 to 30 carbon atoms, which contains one or more aromatic
groups. Examples of such compounds are bisphenols, which belong to the group
comprising dihydroxydiphenyls, bis(hydroxyphenyl)alkanes, indane bisphenols,
bis(hydroxyphenyl) ethers, bis(hydroxyphenyl) sulfones, bis(thydroxyphenyl)
ketones and o,a'-bis(hydroxyphenyl)diisopropylbenzenes.
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pol ycar bonat e-cont ai ni ng solution is subsequently washed with a washing
liquid, the 2¢yoyedabfag |iquid is separated of f and the sol ut pPOIVEPS1/00808
evaporated off. According to the invention, this process is carried out in
t he stages described. Conpounds preferably used as starting conpounds
according to the invention are bi sphenolg corresponding to the general
formula HO- Z-OH, wherein Z is a divalent 25 organic group having 6 to 30
carbon atons, which contains one or nore aromatic groups. Exanples of such
conpounds are bi sphenols, which belong to the group conprisin

di hydr oxydi ph@awicslarlyi nrefeyrad disphrreais: \yblphm&mg torhe RBoYS-BSREINS asgroups of

et onbs. andt acohpgulsy G 20 SN ENBRER plonilc ) 2BSTent), AP MESAKRIE™ )
PCT/ EPOL 0080ghéhdPar | al-idty-phesiaictibobirspiiphohst (mrspmobemngl Lbid(he

above-nenti oned groups of onpounds, are 2, 2-bi s(4-hydroxyphenyl ) propane
( bi sphenol A) hydrexyphenkh)13p3, g—.tn@n@ﬁ@yclg\hexanone as well as opfionally” mixtures

4 2 (et o ghend e g SaRORKALLRIBAAcARIARACHS A baled o1 frongme

S
hydroxyphe none as mel as optiona ures

5 thereof. Pa'bisbﬁéﬂo’fllr A/ ph@f @rlttﬁ@mqgmeﬁmypﬁé@@nag Sstrlﬁfeﬁl)ﬂd'}QMems OThd he
mononers bi sphenol A and 1,1-b

hydr oxyphenyl jaxaph@os qummdweybﬁ @H@(dﬁ@ﬂf@lng%thﬂoﬂwmmla@dﬁmﬂﬁd@th o be

used accordi ng to t ntlon I W|th conmpounds of carbonic
acid, in part.8‘&i‘P8‘1’n“§ﬁ’5 ﬂgl.caf arﬁ%q‘ié,ré) P& ar bonat es accor di ng to the

I nvention are obtained by reaction of the bisphenols already nentioned
above, at |east one aromatic di carboxylic acid and optionally carbonic

acid. Sui @bl é"harp@iwsﬁet carberatesosagpidingato the lnve@tlon @re ebtaimpd by reastion@bhehal i c
acid, terepht

car boxyl ic ac I%Hip ﬁg%thglﬁlgtaog}a% Cag)tpgg,;gc}l §St o(glie Oasrgmatlc dlc(%rkpox?rpé{ 'a8ld" and

optlonally carbonic acid. Suitable aromatic dicarboxylic acids are, for example,
orthophthalic acid, terephthalic acid, isophthalic acid, 3,3'- or 4,4'-diphenyldi-
carboxylic acid and benzophenonedicarboxylic acids.

15
Inert organic solvents used in the process are preferably dichloromethane or mixtures

of dichloromethane and chlorobenzene.

The reaction can be accelerated by catalysts, such as tertiary amines, N-alkyl-
20 piperidines or onium salts. Preferably tributylamine, triethylamine and N-ethyl-
piperidine are used. A monofunctional phenol, such as phenol, cumylphenol, p-tert.
butylphenol or 4-(1,1,3,3-tetramethylbutyl)phenol can be used as a chain stopper and

molar mass controller. Isatinbiscresol, for example, can be used as branching agent.

25  To produce high-purity polycarbonates according to the invention, the bisphenols are
dissolved in aqueous alkaline phase, preferably sodium hydroxide solution. The
chain stoppers optionally required for the production of copolycarbonates are
dissolved in quantities of 1.0 to 20.0 mol.% per mol bisphenol in the aqueous
alkaline phase or added to the latter in solid form in an inert organic phase. Then

30 phosgene is introduced into the mixer containing the other reaction components and

the polymerisation is carried out.



15 Inert organic solvents used in the process are preferably

di chl or onet harso gwsgpgext ures of di chl or onet hane and chl or obepzemeo1/00ks
reaction can be accel erated by catal ysts, such as tertiary am nes, N-alkyl -
20 piperidines or oniumsalts. Preferably tributylam ne, triethylam ne and
N-et hyl piperidine are used. A nmonof uncti_gnal phenol, such as phenol,

cunyl phenol, p-tert. butyl phenol or 4-(1,1, 3,3- etranethyl butyl)phenol an
be used as a chain stopper and nolar nass controller. Isatinbiscresol, for
exanpl e, can be used as branching agent. 25 To produce high-purity

pol ycar bonat es according to the invention, the bisphenols are dissolved in
aqueous al kal i,ne. _phase,onll.ef £r | | 96, SQl.ut | I n

st oppers optiéh ?£Q$H§§@ﬂ%§5%f@%h¥ﬁ§93#%gzg¥?gﬁﬁg?”%é%gW§%§E%gﬁg 8gﬁ£§%

di ssol ved i n enagdlydarieshatek cdn Be tepladbd By Aomalic @evartiRlylibesohgoggs. i n t he
aqueous al kaline phase or added to the latter in solid formin an inert
organi ¢ phase. Then 30 phosgene is introduced into the m xer containing the

ot her reactio o] t | sat.i | ri

01158084 P/ Lo rrgRo e #1GHens 0t B osEbh. B GRPLBEE HoRFaldhuetbhve o
ol . % of the a¢ahfd Aldullir GUdghts M, laie apﬂiréigﬁrpbﬂiwé Ridet T 168 thaphacedoby
aromatic dicar ngyl I c ester groups. 5 In a further devel opnent of the

i nvention, them¥grFhepsediemccanting dambefamblysleanthan 30 ephgmeasired byaatomis ght s
M,, and a forgi n.particle index of less than 2.5 - 104 nR/g. The sodium
content is pré %ﬁ%%’&quggm?ﬁ%n 30 ppb, nmeasured by atonic absorption
spectroscopy. 10 During the reaction, the aqueous phase is emulsified in
the organic phase. In the course of this, droi)l. ets of differing size are
fornmed. Afl@er Dusimgrtbageaction, thecaquegumplinse phamwlsifing; Wi ticraggartie pbasey dmithsonat e
's generally chgl?rgee (cj)f el\S/,e rgpl)le%sl o@cﬁftlé\f'irtlgh si?0 are formed. After the reaction, the organic

phase containing the polycarbonate is generally washed several times with an

aqueous liquid and after each washing process is as far as possible separated from

the aqueous phase. After it has been washed and the washing liquid removed, the

15  polymer solution is cloudy. The washing liquid used comprises aqueous liquid for
the separation of the catalyst, a dilute mineral acid such as HCl or H3;PO,4 and
demineralised water for further purification. The concentration of HCI or H;PO4 in

the washing liquid can be, for example, 0.5 to 1.0 wt.%.

20 The fundamentally known separatory vessels, phase separators, centrifuges or
coalescers, or combinations of this equipment, can be used as phase-separating

devices for the removal of the washing liquid from the organic phase.

The solvent is evaporated off in the described stages in order to obtain the high-

25  purity polycarbonate.

Moulded products made from the high-purity polycarbonate according to the
invention are in particular optical and magneto-optical data storage media such as
mini disk, compact disk or digital versatile disk, optical lenses and prisms, glazing
30 for motor vehicles and headlamps, other types of glazing, such as for greenhouses,

so-called twin-wall sheets or double-walled sheets. These moulded products are



aqueous liquid and after each washing process is as far as possible

separat ed frowyo disesmqueous phase. After it has been washed nowEPHZI08EBShi Ng
l'i quid renoved, the 15 polynmer solution is cloudy. The washing |iquid used
conpri ses aqueous liquid for the separation of the catalyst, a dilute
mneral acid such as HO or H3PO4 and degineralised water for further
purification. The concentration of HO or H3PO4 in the washing liquid can
be, for exanple, 0.5 to 1.0 wt.% 20 The fundanmentally known separatory
vessel s, phase separators, centrifuges or coal escers, or conbinatiaqns of
this equi pmenfmangiagtused hléé%le%o“p‘ﬁaglgl%ﬂafﬁ%ﬁﬁ?%ﬁx“ﬂ%% PEACCHSSE apf SXHESBal of

the washi ng | igui.d f e J T j : f in
t he descri bedb&%géé) E?%%?’dggﬁgéﬁmog?lgﬁﬁﬁﬁg Efcgﬁah%ggt&ér ﬁvgl\{po ?f%glr?%g%fat e.
Moul ded pr oduappropiste niglesuldrieeigtitgh- purity pol ycarbonate according to the
invention are in particular optical and nagneto-optical data storage nedia
such as mni disk, conpact disk or digital versatile disk, optical |enses

and prismbs Oirhebidieril hiBloclBl QkighPhinge &7 (R daill SRR Mitiia R12%00!t BID0E

gl azi ng, such  as gr eenhouses,” so-calle sheet'$s or

doubl e- wal | ed fatiesdes and BRgimgi®02,000 tO3NAOE sl for €hds3 dhtl/ doBBR4walled sheets is
PCT/ EPO1/ 00808 6 manufactured by injection-mulding processes, extrusion

processes and 28900 i@ ABRO0. AN fhegolscplae weights &S‘Fwﬁgﬁ% theowsight 2ysrage of the

according to %q?ljrﬂysgnti on having the appropriate nolecular weight. 5 The
preferred nol écul'ar wei ght range for the data storage nedia is 12,000 to
22,000, for lenses and glazing is 22,000 to 32,000 and for sheets and

doubl e-wal | ed sheets is 28,000 tg 40,Q00. Al the mp] ecul ar wei ghts, given
refer to the e gpruldsdepradects pcqording iy therinyendion opjonally hayg agualaps epptings

according to %&%ﬁ&\éﬁ‘é?%k&%mﬂ%&&@ﬁﬂJoxtiﬁg?!ve a surface coating,

For the production of optical lenses and films or disks for magneto-optical data
storage media, it is preferable to use the polycarbonates according to the invention
15 having a molecular weight of 12,000 to 40,000, as a material which has a molar
mass within this range is very easy to shape thermoplastically. The moulded
products can be manufactured by injection-moulding processes. To this end, the
resin is melted at temperatures of 300°C to 400°C and the mould is generally
maintained at a temperature of 50°C to 140°C.
20
For the production of, for example, a plate-like material for data storage, the high-
purity polycarbonate body according to the invention is processed in suitable, known

machines for the injection-moulding of plastics.

25 A stamper, which contains, in the form of small pits or indentations, the information
which is subsequently to be stored on the compact disk, is first of all introduced into
a side of a cavity of the injection mould. Polycarbonate granules from the hopper of
a granulator are transferred into the plasticising unit of the machine for the injection-
moulding of plastics. There the granules are melted by the shearing action of the
30 rotating screw and the heating devices along the outer circumference of the

plasticising cylinder. The melt passes along the rotating screw and through a back-



for exanple, a scratch-resistant coating. For the production of optical

| enses and fi kwigordgoghi Sks for nmagneto-optical data storage wediEro1/60808 S
preferable to use the pol ycarbonates according to the invention 15 having a
nmol ecul ar wei ght of 12,000 to 40,000, as a material which has a nolar nass
within this range is very easy to shape thernoplastically. The noul ded
products can be manufactured by injection-noul ding processes. To this end,
the resinis nelted at tenperatures of 300C to 400C and the nould is

generally nmaintained at a tenperature of 50C to 140C. 20 For the
production of flomoyalexinithe spachinafrent|afithe saxews and drives thg sergwshask 25 resulle

B A L e

st anper, whi clhs @odveat 0s.frdnd éfhehel BRIR-AEwSHELE, fhet Scréw tofddidnt aid diefice tike
information which is subsequently to be stored on the conpact disk, is
first of all inenspostatienof thegnatgrialjigstoppedy Thgserey isfthemmoyed wdaily foryaidsd.
Pol ycar bonat e I . r I

nt o the. o st PtEs, vARHIshUS AR Shesthe plhsHERRHalRY RS ule ARRYRTARE,

pl astics. Themnguld)avigi@itbels danvd undet éstrdaying peessire ATheygolpearbematendisk hay a30
rotating screw and the heating devices along the outer circunference of the

pl asti ci si ng é8irknessdor egampleof 054e3¢8mal ong the rotating screw and through
a back WO 01/58984 PCT/EPO1 /00808 7 flow valve into the space in front of
the screw and drives the screw back as a result of the reaction forces

thus arising. Affeeihd dofidifR@tibn 6flthe igBéted Yolgtarbbrdd incthé Abulth tiey dedtral Hole of
present in front of the back-flow valve, the screw rotation and hence the

t ranspor t 40 oithexfonpast digk & puaicheds the wpwdds then eperadandithe digk is taksreentaklieal | y

{ g,[ \(/)va: ﬂ: Cgvit ?%‘le%ﬁﬁ% flllgé'lep ¥ a\f)%ligf b? g&'stsisngatplg perflgrgf%ﬁ JisIT(ethPAuagﬁtaj I%iet%ﬁgin%aﬁlgl{t.i al
The metals are vaporised or sputtered onto the polycarbonate moulded product.
Examples of suitable metals are aluminium, gold, silicon and the rare earths or a
mixture of a transition metal, such as iron or cobalt, and a rare earth element, such as

15 terbium, gadolinium, neodymium or dysprosium.

After the metallisation, the disk is passed to the coating unit, where the protective
layer is applied. The protective layer is formed from a resin which is curable by
electron beams or UV radiation, or from a silicone or ceramic material.

20

The following Examples serve to illustrate the process according to the invention.



moul d, where it cools down under decreasing pressure. The pol ycarbonate
disk has a tkigkneeg for exanple, of 0.5 to 3 nm After theCI/EP01/00808
solidification of the i nj ected polycarbonate in the nould, the central hole
of 10 the conpact disk is punched, the nould is then opened and the disk
is taken out. The reflecting layer is applgi ed by passing the perforated

di sk through a netallising plant. The net aI s are vaporised or sputtered
onto the pol ycarbonate noul ded product. Exanples of suitable netals are
alum nium gold, silicon and the rare earths or a mxture of a transition
nmetal, such aZxamplebr cobalt, and a rare earth elenment, such as 15

terbi um gadolinium neodym um or dysprosium After the netallisation, the
disk is passed to the coating unit, where the protective I|ayer is applied.
The protective péeedl exambly ofthefprodesais @inbtrated by fthe diagranabf memroceﬂlum:mr on
beans or UV radiation, or froma silicone or ceram c materi al
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i nvention. 0 I F I f

t he pr ocess |§91|}1f ?%Zf?‘gggge{ ggﬁsﬁ%ﬂ{l d?ggrrngﬁnlao E{E’E hgat}%’@g%%ég 2?4#(1 @ggr“g"eo.
punp 1, prefeeadpoyatdr SCineovtlplbptorlelfi & dirst gebaaﬁntm [A0%e peparater 45theommotd on
in two stages through a conbination of heat exchanger 2 and coil ed:tube
evaporat or 3 ivalatile eempeientsnarefseparated aff and sprdegsedzin Pﬁoﬂqifélséreﬁaf‘aﬁlﬁheﬁ the

nore volatil r

A further . puBSTopPSRERIR by G Rl s e o R TROHER A Seoh s EROEEREET, ©
second heat eﬂpham@eéd b?, aflil@esst byaparaiei Bedvithuliles estRpaiont of tie velatile t he
separation of the volatile 10 conmponents in the condenser 9 in the

separ at or 120. cemponentein theeendsnsep 91n theesseparatos 10he concentrated pol yner
solution (60 to 75 wt. %

A further gear pump 11 delivers the concentrated polymer solution (60 to 75 wt.%
polymer) through a shell-and-tube heat exchanger 12 into the bottom of the third
separator 13. The more volatile components are condensed in the condenser 14. A
15  further gear pump 15 delivers the 95 to 99.9 wt.% polymer solution via a manifold
16, which produces a multiplicity of thin strands of polymer of 1 mm diameter, into
the fourth separator 17. Here the more volatile components are removed under

suction. The degassed polymer melt is passed via a gear pump 18 to a granulator 19.

20 A 15 wt.% polycarbonate solution obtained from a polycarbonate production process
using BPA as polymer together with 42 wt.% chlorobenzene and 43 wt.% methylene
chloride was concentrated by means of the procedure described above in four steps
(corresponding to Figure 1). In the first two stages, the polycarbonate solution was
heated in the heat exchangers 2 and 7 to 170°C and 220°C respectively. The tubes of

25 the heat exchangers 2, 7 were 10 mm in diameter and 4 m in length and were
manufactured from Alloy 59 (heat exchanger 2) and Incolloy 686 (heat exchanger 7).
The pressure was 0.14 MPa in the associated separator 4 and 0.35 MPa in the
separator 22. The polymer solution leaving the separator 10 contained 65 wt.%
polycarbonate.

30



pol ymer) through a shell-and-tube heat exchanger 12 into the bottom of the
third separ atwayoilsdosdaThe nore vol atil e conponents are condengel/EPol/GoRes
condenser 14. A 15 further gear punp 15 delivers the 95 to 99.9 w. %
polymer solution via a manifold 16, which produces a multiplicity of thin
strands of polymer of 1 nm dianeter, intQqg the fourth separator 17. Here
the nore vol atile conponents are rem)ved under suction. The degassed
polymer nelt is passed via a gear punp 18 to a granulator 19. 20 A 15 m. %
pol ycarbonate sol ution obtained froma pol ycarbonate production S\%ﬁl cess

usi ng BPA as [&'b Wtfdtséﬂjét therpofycarbonste solutiog iyasrhspied 28 30 nan ths
met hyl ene ﬁje?xt é}cﬁn fe"ttl?r%s ﬁrﬁmﬁx &%}ﬁetg{]gr?nfl rs?n?c&%ﬁi; ges

above in four eps espo I'ng £o Frgure 1

t he pol ycar bowern‘iﬁlllfﬁém&ﬁﬂ fr@f Allvgaoethe thrbli'ghphe;@dr tebechastkeg/h. Yheaméssﬁrd 0
170C and 220C respectively. The tubes of he heat exchangers 2, 7 were

10 mm i n di ami? the asspeiated seppratqrddgyas Gah MR/ae Ffée PRRET sRlutioneleaying thejerend 59

(heat exch nggL @ anger 7). The pressure was
0.14 MPa |% t% %%tglgy%(id?%gésde%?g?o?ggﬁanag%a%S MPa in the separator 22.

The pol yner solution | eaving the separator 10 contai ned 65 w. %
pol ycarbonate. 30 WO 01/58984 PCT/EPOL /Q0808 9 In the third st atg t he
pol ycar bonat e I theforgh stage th%a«?l@earb@la%wtm Wea%mfm ini) the sepwatondavia

exchanger 12. T e tttﬂﬁ re
manuf act ur ed rﬁc}gnmﬁipel% %ﬁj 1I'he t rr%%]é pu pgéuc?tq e was u@;}(lf'cﬂ% ﬁneyve
pressure in tsﬁ@n@stfa@mgad balgs erddcatadda b3 tNﬁéxcﬂaﬂgeW&natIﬂ@lspDﬂle’ﬁ@'arm|ml on
| eaving the second 5 separator 13 contained 98.5 wt.% pol ycarbonate. In

the fourt ﬂlost age the AINgoIN, cantash e theths gireduch W ormBapuirturedafroms Alley, 89. The
separ at or ﬁ' ﬁlm'f{)&]tﬁse]pgra%r 1b7v§'/asr6ﬂ @g.es for the production of a
yher

mJItlpI|C|ty

The degassed polycarbonate in the polymer melt leaving the fourth separator 17 had
a content of volatile compounds and residual solvent (substantially chlorobenzene)

15 of 50 ppm.

After leaving the fourth separator 17, the polycarbonate melt was processed directly
into granules in a granulator 19. The polycarbonate granules had a solution viscosity

Nret 0f 1.29 (measured at 25°C in methylene chloride at a concentration of 5 g/1).

20
The residual content of bisphenol A (BPA) in the granulated polycarbonate was
approximately 5 ppm, measured by gas chromatography.
Example 2

25

The sequence of process steps and the device used were the same as in Example 1,

but the pressure in the separator 13 was lowered to 5 kPa.

With this measure, a granular polycarbonate having a residual content of BPA of
30 only 2 ppm was obtained from the overall process. The chlorobenzene content was

50 ppm.



strands having a large surface area for the exchange of materials. The
separator 17 Wb gimsedshe tubing in contact wth the product WeCeEP01/00808
manuf actured from Alloy 59. The pressure in the fourth separator 17 was
0.1 kPa. The degassed pol ycarbonate in the polyner nmelt |eaving the fourth
separator 17 had a content of volatile cggpounds and residual sol vent
(substantially chl orobenzene) 15 of 50 ppm After |leaving the fourth
separator 17, the polycarbonate nelt was processed directly into granules
in a granulator 19. The pol ycarbonate granules had a solution viscosity T
of 1.29 (neasdxample3>5C in nethyl ene chloride at a concentration of 5
g/1). 20 The residual content of bisphenol A (BPA) in the granul ated

pol ycarbonate was approximately 5 ppm neasured by gas chronatography.
Exanpl e 2 25 Tigh sk¢s@ne orodedpreose its Exbraple 23nishittwith depﬂemruséd Pz én thee
sanme as in Exanple 1, but the pressure in the separator s lowered to
5 kPa. Wth tseRaraienddr @, PAlyerhangieahaying yickssisplasenteniyve nBPé m@é. PRI Was

cont ent of ¢BPA 3 romthe overall process. The
chIorobenzeneotl?{(%lﬁleéln?hé)gﬁ,slxm%ﬁl‘Bg @@@Egh%%ggggﬁj PCT/ EPO1/ 00808 -10 Exanpl e

3 Wth the sane procedure as in Exanple 2, but with a pressure of 3 kPa in
the separator 13, a pol ycarbonate having a residual content of BPA of 1
ppm was 5 obtai ned. The chl orobenzene content was 25 ppm WO 01/58984
PCT/ EPOL /00808



- 11 dains 1. Process for produci ng pol ycarbonate by the phase interface
process, i n WwEbissbdae pol ycar bonat e-cont ai ni ng sol ution i s rasEeol/0is8h an
aqueous washing 5 liquid, the washing liquid is separated off and the
solvent is evaporated off and wherein the m xture of organic pol ycarbonate
solution and residual washing |iquid obt §f{ ned after the separation of the
washing liquid is heated by indirect heat exchange until a clear solution
is attained and filtered in order to renpve solid substances, 10
characteri sed by the following steps: 15 A) in an initial stage, in one or
nmor e i ndi vi du&laiseps  the sol ution, which has a polyner content of 5 to
20 Wt.9% is concentrated to 60 to 75 w.%at a tenperature of 150C to 250C
in a conbination of a shell- and-tube heat exchanger and a fil m evaporator
or a coiled-tube @®veyesd fur @foducingpodycattwhbtediydhe phese hetetfacexrbeessjan which each
case with downstream separator, the pressure,in the separ at or bei ng, about
0.1to 0.4 Ma, prﬂﬁ aqalamryomw@ﬁ@mmge%m@ {si Washed |y¥ith ap. aﬂum)was%glgg) in

Teast 65wl 56 i n AGPEF A WBhibe YERAGEBSGHEY olf AR B sbRedCls Hiaptihg o o

to 350C, in a shel Ianandhérullnetﬂeeﬁﬁxtepechﬁmmlw\bblycﬂbme rsehmibnsmdamidnal t he
shel | - and-tube heat exchanger containi ng}evert I cal heat ed, strai ght tubes
with or without indwshisgdiaui ebtained afey Besseparation of the washing kquid is beateret er

of 5to 30 M pr ef f.
preferably of 1 to ﬁﬁiré(ctq{ afﬁ}(&[ ﬁg ogmﬁl a%léﬁgggﬁﬂggtls %&tg %éril) aécrl uelgeed in
t hrough the tubes b)@dldiIGO Ebn%ﬁe@oﬂiﬂ’snlﬂ@/cdhces

10 characterised by the following steps:

A) in an initial stage, in one or more individual steps, the solution, which

has a polymer content of 5 to 20 wt.%, is concentrated to 60 to 75

wt.% at a temperature of 150°C to 250°C in a combination of a shell-

15 and-tube heat exchanger and a film evaporator or a coiled-tube
evaporator or in a shell-and-tube heat exchanger, in each case with

downstream separator, the pressure in the separator being about 0.1 to

0.4 MPa, preferably ambient pressure (i.e. about 0.1 MPa),

20 B) in a further stage, the solution is concentrated from 60 to 75 wt.% to
at least 95 wt.%, in particular to 98 to 99.9 wt.%, at a temperature of
250°C to 350°C, in a shell-and-tube heat exchanger with downstream
separator, the shell-and-tube heat exchanger containing vertical,
heated, straight tubes with or without incorporated static mixers,

25 having an internal diameter of 5 to 30 mm, preferably of 5 to 15 mm,
a length of 0.5 to 4 m, preferably of 1 to 2 m, and the throughput per
heat-exchanger tube through the tubes being 0.5 to 10 kg/h,
preferably 3 to 7 kg/h, based on the polymer, and the pressure in the
separator being 0.5 kPa to 0.1 MPa, in particular 3 kPa to 0.1 kPa,

30 preferably 3 kPa to 10 kPa,



preferably 3 to 7 kg/h, based on the polyner, and the pressure in the
separat or bei Ry fiydgoggPa to 0.1 MPa, in particular 3 kPa to Opédr/ikPer008630
preferably 3 kPa to 10 kPa, WD 01/58984 PCT/EP01/00808 -12 5 10 C) in a
further stage, the solution containing remains of solvent and/or of

vol ati'l e conponents is concentrated to a gpntent of sol vent and/or of

ot her volatile conponents of 5 to 500 ppm at a tenperature of 250C to
350C, in a further shell-and-tube heat exchanger with downstream separator
or in an extruder-evaporator, the shell-and-tube heat exchanger contaj ning
vertical, heated, &Drai dme forthesstagenthegplation ¢ontaining remainsat elvet and/ppol3o

f bl f 10 : : f .5
[0 1'm and t he ¢ hr oughiGleBotoresrFRdf enenfinéa 1€ a Cofnfi oA maBol 0 o

0.5 to 10 kg/ h, preferalper Folatile conigdhbnts S e6l 500 ppiagatienperatura 66250°€
pressure in the separator being 0.05 kPa to 0.1 MPa, in particular 0.1 kPa

to 2 kPa, and D) the dedad8¥E.pop further shelkaunseebpatioychangeravith daygstream
P har the Sorvent e sacfion diogf o SSERAE Apbief) 3l shealREe HebE ol

in that th olvent is oro ure’ o ["or onet hane and

chl orobenzene. 3. Pr oce%ﬁc}@@%@r @ongirify Cleatidhl,| heited,, sedightacliesi Bdng Nar hat
the filtration is carried 20 out in such a way that after the filtration

at el evated tenper at ur e intemel digmstegef §dp 30ane, preferbly 9ftlAdo gBImyman insgtt e
obtained is less than 2.5, 104 mrIQp/rgferaley of 0.5 to 1 m, and the throughput per heat-

exchanger tube through the tubes being 0.5 to 10 kg/h, preferably 3 to
10 7 kg/h, based on the polymer, and the pressure in the separator being
0.05 kPa to 0.1 MPa, in particular 0.1 kPa to 2 kPa, and

D) the degassed polymer is subsequently isolated and optionally
granulated.
15
2, Process according to claim 1, characterised in that the solvent is

dichloromethane or a mixture of dichloromethane and chlorobenzene.

3. Process according to claim 1 or 2, characterised in that the filtration is carried
20 out in such a way that after the filtration at elevated temperature, the foreign
particle index in the polycarbonate obtained is less than 2.5 - 10* pm?%g, in

particular less than 1.8 - 10° pm?¥g.

4, Process according to claim 1 or 2, characterised in that after the filtration at
25 elevated temperature, the sodium content is less than 50 ppb, in particular

<30 ppb.

5. Process according to any one of claims 1 to 4, characterised in that the
polycarbonate obtained is processed to form a moulded product.
30
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particular less than 1.8 104 n2/g. 4. Process according to claim1l or 2,
characteri sedwdloiidgods after the filtration at 25 el evated tepopePEI00ses, the
sodifum content is less than 50 ppb, in particular <30ppb. 5. Process
according to any one of clainms 1 to 4, characterised in that the

pol ycarbonat e obtained is processed to foj4na noul ded product. 30 WO
01/58984 PCT/ EP01/00808 -13 6. Pol ycarbonate, produced by the process
according to any one of claims 1 to 5, characterised by a nolar mass of
12,000 to 40,000 and a foreign particle index of less than 2.5 - 104 n2/g.
5 7. Pol ycar bénat e Popicatbouate, pipduesd by dhecprocesscaseonding tooamh pneRE ckimg |1ai ns

1 to 5, characterised.b nol ar _nass . j
content of less t III%IE’ %Yaﬁg%‘.“@y Wﬁ%{erg;sagog%g@@ 0 E:o.(;‘rt] ’g?(gigﬁdgggoq%%?ggff Eé(r)nnat e
according to cl ai m@eRlofTess #hn%.5 Mofl dg¥lg pr oduct according to claim 8,
characterised in that the nmoul ded product is part of a | aser-readable

optical or magneto-optical data storage nedium 15 10. ©Moul ded product
according to ¢laim@8, characteri,sed jn. that the nmoulde r '

optical | e&ms gr amﬁl"?yﬁ’i 0113%?’ RSdpe: d{%tﬂbedﬁ{:olcese?c%c(‘i?@i‘%gq Sg%ﬁgélg’ﬁgiai?gg | ai ns
8 to 10, charact er it §0:HaYacferisSd! by 86fo14aRAdsd 12,900 to 40,000 and a sodium content

of less than 30 ppb.
8. Moulded product containing a polycarbonate according to claim 6 or 7.
10
9. Moulded product according to claim 8, characterised in that the moulded

product is part of a laser-readable optical or magneto-optical data storage

medium.

15 10. Moulded product according to claim 8, characterised in that the moulded

product is an optical lens or a prism.

11.  Moulded product according to any one of claims 8 to 10, characterised by a
surface coating.
20



