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EP- A-691 361, which refers to the inportance of a high Iight transm ssion
I n the pol ycarbonate. However, this is expressed only as an integrated

quantity acrHighlyt e palycztraonms lrequditel foraspiicalatatataB®é ashk polybarBeRaas fd
quantl conve t hing about the transmission in the significant
short - ve r agpééig (Igtgg opmqal radiation path of the laser and the information structures stored
in the polycarbonate exhibit orders of magnitude in the micrometre or
submicrometre range. Furthermore, there is a trend towards refining information
structures even further — to create more information density — and then to use lasers
with shorter wavelengths, e.g. those emitting blue light (< 420 nm). The object was
15 therefore to develop data carriers or methods for the manufacture of data carriers that

demonstrate elevated transmission in the short-wave light range.

As a further precondition for obtaining high storage densities, the polycarbonate
used must have a low refractive index. Such a polycarbonate has previously been

20 described in EP-A-691 361, which refers to the importance of a high light
transmission in the polycarbonate. However, this is expressed only as an integrated
quantity across the entire wavelength range as > 85%. This integrated quantity
conveys nothing about the transmission in the significant short-wave range (390 nm
to 450 nm), however. '

25
Polycarbonates are generally produced by means of a method known as the phase
boundary method, whereby dihydroxydiaryl alkanes in the form of their alkali salts
are reacted with phosgene in the heterogeneous phase in the presence of inorganic
bases such as caustic soda solution and an organic solvent, in which the product

30 polycarbonate is readily soluble. During the reaction the aqueous phase is emulsified
in the organic phase, forming droplets of various sizes. After the reaction the organic

phase containing the polycarbonate is conventionally washed several times with an f
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to 450 nnm), however. 25 Pol ycarbonates are generally produced by neans of a
met hod known as the phase - boundary nethod, whereby di hydroxydi aryl- al kanes

ih the form ofyoldiRidg @l kali salts are reacted w th phosgeng o1
"het er ogeneous phase in the presence of inorganic bases such as caustic

soda solution and an.organic solvent, in which the product 30 pol ycarbonate
Is readily soluble. During the reaction the aqueous phase is emulsified in
t he organi c phase, formng droplets of vdrious sizes. After the reaction
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The pol ycarbonate then 15 accunul ates as a powder. The pol ycarbonate can
al so be obtained by precipitation out of the organic solution followed by
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the washing liquid.

The polycarbonate is generally removed by evaporating off the solvent at reduced
pressure and elevated temperature, or by spray drying. The polycarbonate then
15 accumulates as a powder. The polycarbonate can also be obtained by precipitation
out of the organic solution followed by residual drying. Another possibility for
evaporation and removal of the (residual) solvent is extrusion, whilst extrusion

evaporator technology represents a further alternative.

20 The object of the present invention is the provision of an improved method for the

production. of pure polycarbonate that is highly transparent even under short-wave

light.

Surprisingly it has now been found that the light transmission of polycarbonate is
25 directly related to the final production stage — removal and evaporation of the
solvent — and to further processing. In particular it has been found that the
temperature in these process stages has a critical influence on the light transmission

property of the polycarbonate with short wavelengths.

30 The application therefore provides a method for the production and further
processing of polycarbonate based on 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl

cyclohexanone and 4,4-(metaphenylene diisopropyl) diphenol, characterised in that



20. The object of the present invention is the provision of an inproved

met hod for the production. of pure polycarbonate that is highly
transparent ewgpoiwspsigr short-wave light. Surprisingly it h@asypeebagn
“found that the light transm ssion of polycarbonate is 25 directly related
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is filtered and optionally washed and/or the organic polycarbonate phase
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15 Preferably at least two of these filtration process are performed, and in particular all
three.

In a preferred variant, especially in the case of hot filtration, the filtration process is
performed at least once, preferably twice, particularly preferably at least three times
20 and in particular on a stepwise basis. Stepwiée filtration begins with coarser filters
and then switches to finer filters. Two-phase media are preferably filtered during the

process stage with coarser filters.

In the process stage filters with a small pore size are used for hot filtration. It is
25 important for this that the polycarbonate phase is as homogeneous a solution as

possible. This is achieved by heating the organic polycarbonate phase, which

generally still contains residues of aqueous washing liquid. The washing liquid is

dissolved in the organic solvent and a clear solution formed. The previously

dissolved impurities, particularly the dissolved alkali salts, are precipitated out and
30 can be filtered off.



20 and in particular on a stepwi se basis. Stepwise filtration begins with
coarser filters and then switches. to finer filters. Two-phase nedia are

preferably f| uring the process stage with coarser n the
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It is 25 inportant for this that the polycarbonate phase is as honbgeneous
a -solution as possible. This is achleved4by heating the organic
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di chl or onmet hgng axyd chl orobenzene are preferably used. 15 The reaction can
be accel erated with catal ysts such as tertiary amnes, Nalkyl piperidines
or oniuM salts. Tributylamnmne, triethylamnm ne and N-ethyl pi peridine are

Examples of inert organic solvents used in the process are dichloromethane, the
various dichloroethanes and chloropropane compounds, chlorobenzene and
chlorotoluene; dichloromethane and mixtures of dichloromethane and chlorobenzene
are preferably used.
15
The reaction can be accelerated with catalysts such as tertiary amines, N-alkyl
piperidines or onium salts. Tributylamine, triethylamine and N-ethyl piperidine are
preferably used. A monofunctional phenol, such as phenol, cumyl phenol, p-tert-
butyl phenol or 4-(1,1,3,3-tetramethylbutyl) phenol, can be used as chain terminator
20 and molecular weight regulator. Isatin bis-cresol, for example, can be used as

branching agent.

To produce the highly pure polycarbonates the bisphenols are dissolved in the
aqueous alkaline phase, preferably caustic soda solution. The chain terminators
25 optionally required to produce copolycarbonates are dissolved in the aqueous
alkaline phase in quantities of 1.0 to 20.0 mol% per mol of bisphenol, or are added
to it in bulk in an inert organic phase. Phosgene is then introduced into the mixer

containing the other reaction components and the polymerisation is perforined.

30 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl cyclohexanone and 4,4-(metaphenylene
diisopropyl) diphenol (Bisphenol M) and optionally mixtures thereof are used as
bisphenols, whereby the 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl cyclohexanone is



preferably used. A nonofunctional phenol, such as phenol, cunyl phenol,
p-tert- butyl phenol or 4-(1,1, 3,3-tetranethyl butyl) phenol, can be used as
chain term nator 20 and nol ecul ar wei ght regulator. Isatin bis-cresol, for
“exanpl e, can WO U&EYlas branching agent. To produce the hif§HEFOYIpU4

pol ycar bonat es the bi sphenols are dissolved in the aqueous al kaline phase,
preferably caustic soda solution. The chain term nators 25 optionally
required to produce copol ycarbonates are 5 ssolved in the aqueous al kaline
phase in quantities of 1.0 to 20.0 nol % per nol of bisphenol, or are added
to it in bul kalivysfretenein qeungitios > Ohafd%. PRéaaangl bis(4-hadtoxypheodyus Scs-i nt o
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PCT/ EPO1/ 00014 -5 always present I1n quantities > 0.1 nol% Preferred

1, 1- bi s(&- hydr oxyphenyl)-3,3,5- trinethyl cyclohexanone concentrations are
bet ween 40 and 60 | %, The bi sphenol. ncent rati ons ed _aceording
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acids are benzoic acids, alkyl benzoic acids and hal obenzoic acids. 15
Preferred chain term nators are phenols with the fornula (1),

Suitable monocarboxylic acids are benzoic acids, alkyl benzoic acids and

halobenzoic acids.

15 Preferred chain terminators are phenols with the formula (I)

_ OH _
R@— o,

where

20 R is hydrogen, tert-butyl or a branched or unbranched Cg and/or Cy alkyl
radical.

The preferred chain terminator is phenol and p-tert-butyl phenol.
25 The quantity of chain terminator to be used is 0.1 mol% to 5 mol%, relative to moles
of diphenols used in each case. The chain terminator may be added before, during or

after phosgenation.

Branching agents may optionally also be added to the reaction. Preferred branching

30 agents are trifunctional or higher than trifunctional compounds known in



OH where 20 R is hydrogen, tert-butyl or a branched or unbranched C8 and/or
C9al kyl radical. The preferred chain term nator is phenol and
p-tert-butyl phenol. 25 The quantity of chain term nator t is 0.1
‘mol %to 5 nolWP K54k ive to noles of diphenols used in eagﬁ?@3§®ﬁg¥

chain term nator may be added before, during or after phosgenation.
Branchi ng agents may optionally al so be added to the reaction. Preferred
branching 30 agents are trifunctional of -hi gher than trifunctional
conmpounds known in WO 01/51541 PCT/ EP01/ 00014 -6 pol ycarbonate chem stry,
particul arly polyea®ohay chgnittny, partizulaniytieost having thiree opinerethar thrédphgnolips .
Exanpl es of preferred branchi ng agents al so i ncl ude phl orogl uci nol

4, 6- di net hyl OB gmups.6-t ri (4- hydr oxyphenyl ) hept ene- 2,

4, 6-di met hyl -2, 4, 6-tri (4-hydroxyphenyl) heptane, 1,3,5-tri(4-hydroxyphenyl)
benzene, 1,1,1- tri(4 hydr oxyphenyl ) ethane, tri(4-hydroxyphenyl) phenyl
met hane, 2, 2-Hxambts %ftptﬁéﬂemuﬁmﬁﬂgohﬁdnyd 51s@ﬁfdlmq>m¢1bg1upmaep&r@dnnemy1-

2, 4-bi s(4- hydroxyphenyl i sopropyl ) phenol, 2,6-bis(2-hydro

met hyl bénzyl R.46-tifthyHrogsiehesyl) 2 hepterg & oxyﬁwen‘;thyhéééﬁnm HY%?’EW’BW%enyI )

20i 0 coror. MERAG A SOUERISRIRIND | BRRGREYL) IRREM Yo R RE BRAE S | ©
i sopropyl) pIﬂeﬁncnyyﬁoxypmﬁnbgr}ﬂreﬂﬁdnéméreblz8(1515[44—b1§(l4ﬂ}5@fd30yph6ﬂy1)f‘@ﬁlsbhéxylﬂjet hyl)

benzene as as 2 di hydroxy benzoic acid, tripesic acid, cyanuric

chl ori de andP®panei 52,3 bﬁ%ﬂrhyrltoxyphwﬂr 0¥PPTABNY| ) Phenglo- 2,6duHRAydORY Aol e. 15
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again relat es o nol s
' 10 propane, hexa-(4-(4- hydroxyphenyl isopropyl) phenyl) orthoterephthalic acid ester,

tetra-(4-hydroxyphenyl) methane, tetra-(4-(4-hydroxyphenyl isopropyl) phenoxy)
methane and 1,4-bis(4’,4’’-dihydroxytriphenyl) methyl) benzene as well as 2.4-
dihydroxy benzoic acid, trimesic acid, cyanuric chloride and 3,3-bis(3-methyl-4-
hydroxyphenyl)-2-oxo0-2,3-dihydroindole.

15
The quantity of the optionally used branching agent is 0.05 mol% to 2 mol%, again

relative to moles of diphenols used in each case.

The branching agents may either be introduced into the aqueous alkaline phase
20 together with the diphenols and the chain terminators or added prior to phosgenation

dissolved in an organic solvent.

The polycarbonates according to the invention are copolycarbonates and mixtures
thereof. The term polycarbonate is used to represent polycarbonate substrates

25 obtainable by means of the method according to the invention.

The polycarbonates according to the invention have average molecular weights M,
(determined by gel permeation chromatography after prior calibration) of 10,000 to
30,000, preferably 12,000 to 25,000.

30
The polycarbonate produced by the method according to the invention is

characterised by a transmission of over 86%, particularly over 88%, with a



The branching agents nmay either be introduced into the aqueous al kaline
phase 20 together with the diphenols and the chain terninators or added
prior to phosgaygidi94 di ssolved in an organi c sol vent. Thepgplp¥giddob@nat es
"according to the 1nvention are copol ycarbonates and m xtures thereof. The
term pol ycarbonate is used to represent polycarbonate substrates 25
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hi gh purity and particularly high transm ssion under irradiation with blue

| aser |ight. agoring teghe invantienm withdustppwity aad persichledy high: tensmission undert ar e
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1, 1- bi s(4- hyd@%@i}% eh};’/ﬁb}%‘? lgg%%gb?rret hyl  cycl ohexanone and

4, 4- (nmet aphenyl ene diisopropyl) diphenol characterised by a transm ssion

of over 86% 'B?Frti cularly over 88% wth a wavel ength of 400 nm in
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| nvention ar &gl %amgﬁ{a}éo%wear Bd309° LHAC R BidFRYABLFohel) SIS GirRiiny!

rewitabl e, aser beam
cyclohexanone and 4,4-(metaphenylene diisopropyl) diphenol characterised by a

transmission of over 86%, particularly over 88%, with a wavelength of 400 nm, in
accordance with ASTM E 313. Optical data carriers according to the invention are in
15 particular those that are readable, writable or rewritable, whereby a laser beam is
used in the readiﬁg or writing process. Optical data carriers using a laser beam to
write or read in the wavelength range from 390 to 500 nm, particularly preferably
395 to 450 nm, are preferred. The optical data carriers may have one information
layer per disk, as in the case of audio CD, DVDS5 or magneto-optical writing, such as
20 minidisks, two information 1ayers, as in the case of DVD9, DVDI10, or more than
two information layers, as in the case of DVDIS, for example. The optical data
carriers are manufactured by known methods, e.g. by injection moulding or

injection-compression moulding of the polycarbonate according to the invention.

25 The following examples are intended to clarify the invention. The invention is not

limited to these examples.



used in the reading or witing process. Optical data carriers using a |aser
beamto wite or read in the wavel ength range from 390 to 500 nm
particularly prpfefial! y 395 to 450 nm are preferred. The gRbkfdRloosdt @
‘carriers may have one information |ayer per disk, as in the case of audio
CD, DUDS or magneto-optical witing, such as 20 mnidisks, two information
layers; as in the case of DVD9, DVD 10, of nore than two information

| ayers, as in the case of DvD18, for exanple. The optical data carriers
are manufactured by known nethods, e.g. by injection noul ding or
injection-conﬂ!ﬁﬂﬂéﬂn moul di ng of the pol ycarbonate according to the

i nvention. 25 The followi ng exanples are intended to clarify the invention.
The invention is not limted to these exanples. WO 01/51541 PCT/ EP01/ 00014
-8 Exanples ExafBlest 1 5 I n order to produce the pol ycarbonates,

1, 1- bi s(4- hydroxyphenyl )-3,3,5-trinethyl cycl ohexanone and

4, 4- (met aphenyl ene diisopropyl) diphenol (Bisphenol M are mxed in an
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be washed. Here.it is shed with 0.6%hydrochl oric. acid and .t hen washed
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tenperature of the i ] )
demineralised water a further 5 times. The organic solution is separated from the

aqueous solution and then filtered again after being heated to 55°C. The polymer is

15 then gradually released by evaporating the solvent. The final stage of solvent
evaporation is pcrfdrmed in an extruder along which a graduated vacuum is applied
(the final zone is under high vacuum) and at the same time the temperature of the
melt is raised such that the solvent is evaporated off. The melt temperature of the
product in the extruder ranges from 240°C when the polycarbonate solution enters

20 the extruder to 280°C when it leaves it. The polycarbonate, which has a Mw of
19,500, is then sent to be pelletised.

The polycarbonate produced in this way displays a transmission of 87.7% at 400 nm
in accordance with ASTM E 313. The integrated transmission across the entire

25 wavelength range is 90.3%.

Example 2

Same as example 1, except that the melt temperature of the product in the extruder
30 ranges from 235°C when the polycarbonate solution enters the extruder to 275°C

when it leaves it.



product in the extruder ranges from 240C when the pol ycarbonate sol ution
enters 20 the extruder to.280C when it |leaves it. The pol ycarbonate, which

has a Mw of i's then sent to be pelletised. The pol Cok:
‘produced in tﬂ%‘?’s‘ﬁ\%g?ldi splays a transm ssion of 87.7% at 40% nmmm&lg

accordance wth ASTM E 313. The integrated transm ssion across the entire
.25 wavel ength range is 90.3% Exanple 2 me as exanple 1, except that the
melt tenperature of the product in the extruder 30 ranges from 235C when
t he pol ycarbonate solution enters the extruder to 275C when it |eaves it.
WD 01/ 51541 POW iigceitgmoteproducthin g wendisplays atransodsseandof] §7.9% iat 4Q0aym

di splays a transm ssion o 0 4 nm, i cordance with ASTM E 313.
The'i nt egr at o FEAENL BT ASTIDESS {felheh Mseitled SORIBRGER aflam i 8096, 30 s
Conparative e@&wggn?th]mm%gwxanpl e 1, except that the nelt tenperature
of the product in the extruder ranges from 245C when the pol ycarbonat e

solution enters the extruder to 295C when it leaves it. 10 The

pol ycar bpnat e Eroduc,ed in tti s way displays a transm ssion of 85.2% at 400
nm in accor arative e €2 313. The integrated transm ssion across the
entire wavelength range is 90.0% 15 Conparative exanple 2 Sane as exanpl e

1, except that the nelt tenperature of the product in the extruder ranges
from 265C whefantehas qxaimpleal,xneitehatghelmetinemperatuse ofthe pxdduatiar the exBRE when

It leaves it 'rar%g%s from 245°C when the polycarbonate solution enters the extruder to 295°C

when it leaves it.

10
The polycarbonate produced in this way displays a transmission of 85.2% at 400 nm
in accordance with ASTM E 313. The integrated transmission across the entire

wavelength range is 90.0%.

15 Comparative example 2

Same as example 1; except that the melt temperature of the product in the extruder
ranges from 265°C when the polycarbonate solution enters the extruder to 320°C
when it leaves it.

20
The polycarbonate produced in this way displays a transmission of 83.2% at 400 nm
in accordance with ASTM E 313. The integrated transmission across the entire

wavelength.range is 89.8%.

25



The pol ycarbonate produced in this way displays a transm ssion of 83.2% at
400 nm in accordance with ASTM E 313. The integrated transm ssion across
the entire h range is 89.8% 25 WD 01/51541 PCT/

‘Cains 1. I\/EV\ﬁIY)EJI gg the production and further processing (gﬁqﬁ%m&o rbonate
based on 1, 1-bis(4-hydroxyphenyl)-3,3,5-trimnethyl cyclohexanone and 4,4 5
(et aphenyl ene dii sopropyl) diphenol, chzg(gacteri sed in that the recovery
and/ or further processing of the polycarbonhate is perforned at tenperatures
of bel ow 290C. 2. Method according to claim 1, characterised in that the
recovery and €lim$ier 10 processing of the polycarbonate is performed at
tenperatures of below 285C 3. Polycarbonate obtai nable by the nethod
defined in claims 1 and 2. 15 4. Pol ycarbonate based on

1, 1- bi s(4- hydr oxymj JrEdHaY, &Epo

4, 4- (met aphenyl ene %P?{('hs}c;(g‘r?%épgl%)dh&? phenoﬁmf:rﬁpg!r)%gtﬁgr Pfs)g‘g nate bragﬁds(r)n ssion
of over 86% accordgh@s@ehﬁi‘ﬁd'xwpﬁe@lm WSEhnmttheI@rn@hhxanoﬁe 4001ndm 202-5. Use
of the p charbon te defl N claim4 for t manuf acture of opti cal

data cartiers. 6. F‘PE?BV e(S‘St 1soproPY R r iPhRRRL f *I‘}Feé'de %@%n@‘?aﬂew"eﬁ om
pol ycar bonat e bas %ﬂd/BPﬁlrﬁwer}TgFHcéé ﬂﬂm@’ﬁﬁ%%&lx&te ?ﬁ ?ﬂﬁ)f%xheno

cycl ohexanone and 4,4 25 t apl ene "diIi sopropy eresby t he
pol ycar bonat e has oﬁbelbwé]@@?ﬁ}sm on of over 86% according to ASTM E 313 with

a wavel ength of 400 nm

2. Method according to claim 1, characterised in that the recovery and further
10 . processing of the polycarbonate is performed at temperatures of below
285°C.

3. Polycarbonate obtainable by the method defined in claims 1 and 2.
15 4. Polycarbonate based on 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl

cyclohexanone and 4,4-(metaphenylene diisopropyl) diphenol, characterised

by a transmission of over 86% according to ASTM E 313 with a wavelength

0f400 nm.
20 5. Use of the polycarbonate defined in claim 4 for the manufacture of optical
data carriers.
6. Optical data carriers manufactured substantially from polycarbonate based on

1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl cyclohexanone and 44-

25 (metaphenylene diisopropyl) diphenol, whereby the polycarbonate has a
transmission of over 86% according to ASTM E 313 with a wavelength of
400 nm.



