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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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liquid, the washing liquid is separated off and the solvent is evaporated
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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-ex-changcr 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,

C) 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 5 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
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to the invention, the term"polyner" covers polycarbonates, in fact, both
honopol ycar bonat es and copol ycar bonat es and mxtures thereof . The

pol ycar bon ordin t he i.nvent aro ster
car bonat es po% @5@%‘ ?Irfs sghsagggph 0\% iy %ﬁ@@éﬁ
car bonat es. The term "pol ycarbonate” is subsequent ly used in place of the
previously nentioned polyners. 15
10

According to the invention, the term "polymer” covers polycarbonates, in fact, both
homopotycarbonates 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 startiﬁg 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, bisthydroxyphenyl)
ketones and o,o'-bis(thydroxyphenyl)diisopropylbenzenes.

30



The pol ycarbonate according to the invention is obtained by the so-&éhﬂ@dml
phase i nt ewD®sss9gsocess (H Schnell, "Chem stry and PhysiRGI/BPI1/00808

Pol ycar bonat es”, Polynmer Review, Vol. IXS, 22 if., Interscience
Publ i shers, 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 descri bed.
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4, 4- ( met a- phisphaneh cxompspdso by | bed nasde Aetording stohtheoinvegtion, are measted- with

hydr oxyphenyl ) -3. 3. 5.trinethyl.cycl ohexanone as well as optionally m xtures
5 t her eof . @W@FQFFV"%@@%‘PT%’c?agbcb%qrfg'gf’ﬂ%ﬁat es are those based on the
nononmers bi sphenol A and

1, 1- bi s(4- hydroxyphenyl ) -3, 3, 5-tri met hyl cycl ohexanone. The bi sphenol
conmpount® t a'hbeot;;s;dr earbonatisragcorditighte the yeventiom axerobtainedt by teaatiom of the

compounds of; Rl DAL EedS Sentiched Hbbve, it Fead? 38 WeiSitic dicarboxylic acid and
optionally carbonic acid. Suitable aromatic dicarboxylic acids are, for example,

orthophthalic acid, terephthalic acid, isophthalic acid, 3,3- or 4,4'-diphenyldi-

ot

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-tetramethyll?utyl)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 polymensation is carried out.
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di carboxylic acids are, for exanple, orthophthalic acid, terephthalic

acid, isophthalic acid, 3,3 - or 4,4 -dg§phenyldi- carboxylic acid and
benzophenonedi carboxylic acids. 15 Inert organic solvents used in the
process are preferably dichloronethane or m xtures of dichloronethane and
chl orobenzene. The reaction can be accel erated by catal ysts, such as
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30 phosgene .is introduced into the m xer containing the other reaction
cormponent s HSAPUCASPHIOSHW; sation is carried out. WD 01/58984 5 1 4 JUN
2004 PCT/EPA ro0808 A part, up to 80 nol.% preferably from20 to 50

nol . % of the carbonate groups in the pol ycarbonates can be replaced by
aronat i 1) di Paribgtd reactiern, ethe gnueems .phase is emulsified in the organic phase. In the

course of this, droplets of differing size 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 HCI or H;PQO,4 and
demineralised water for further purification. The concentration of HCI or H3PO, 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  punty 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
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than 30 ppb, neasured by atom c absorption spectroscopy. 10 During the
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from the high ‘F Ly polycarbonate according to the invention are in
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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-



PCTI EPQO / 00808 manuf actured by injection-noul ding processes, extrusidr JUN 200
processes WO 00/88984isi on- bl owi ng processes, using the pol yRGFERIN&Z08S
according to the invention having the appropriate nolecular weight. 5 The
preferred nol ecul ar wei ght range for the data storage nedia is 12,000 to
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refer to the weight average of the nolar nmass. 10 The noul ded products

according tg the invention opti.onal have a rface coating, for
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suitable, k esspdnzigxaraplef of 0. k3 MiPect i on- noul di ng of plastics. 25 A
stanper, which contains, in the formof small pits or indentations, the
information which is subsequently to be stored on the conpact disk, is
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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.
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the space in front of the screw and drives the screw back as a result of
the reaction forces thus arising. Wen-8ke required quantity of

pl asticised material 1is present in front of the back-flow valve, the
screw rotation and hence the transportation of the material is stopped.
The screw ig th noved axially forwards, 5 the back-fl ow val ve shuts and
pushes the £t sed material into the cavity of the nould, where it
cool s down under decreasing pressure. The pol ycarbonate di sk has a

t hi ckness, for exanple, of 0.5 to 3 mm After the solidification of the
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beans or W raddlkiwednby ot chiledntubesévaporate 8 withr thei separation i ofl the2¢bldtile
foll owi ng Exanples serve to illustrate the {)rocess according to the
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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
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condenser CortABRR 10! Tﬂpmu%swr& h@rmﬁelﬂrdlﬂH&Er aﬂd §% llﬁgéngmtm
concentr at e ution (60 to % polyner) throug

shel | - and- tmmmatfacﬂmeﬂdimmlbg 59n1[‘he ﬂinmgbapmpnntuﬁe w5 kfghr The regareat or

13. The nore yolati] e conponents are, condensed in e.condenser 14. A 15
further geald taaﬁﬁsoseteaeﬁewéwg li’wess% Pﬁ’ag%ggpwﬂm%ﬁﬂpmka@agmwm a a

mani f ol 1 of thin strands of pol yner of
1 mm di gsnetg awélrtclr(} our h seBblgl:AfvﬁJJlii Here the nore volatile

conponents are rermved under suction. The degassed poI ynmer melt is passed
via a gear punp 18 to a granulator 19. 20 A 15 wt.%p car bonate sol ution

obt ai ned fr fowth stags darpYsarbrnata 5%1%‘6%@@1“9%1% 2(3top b7 yiter
toget her w '}Bﬁ%fo"fﬁ 16 &rhd] %Bﬁ%%‘sef&e”tﬂaﬁgcﬁcg‘;% n&tahé‘léﬁt:ﬁlc]n%&foé(ilgﬁ yas

concentrate nmeans o e procedur abo

(corres pondts@&dsqlaﬁx@w ﬁr surfate tabsa fo tisd exichnget sFIfigteriAlB ETROSepamtdaTat €
solution was heated in the heat exchangers 2 and 7 to 170C and 220C

respect 1@el ynd ﬂwembuue@ emtaes viithethn guedusk e ganefactured fiemeAticy % The
dianeter and 4 min h and actured fromAlloy 59 (heat
exchanger Zfrecfﬁ'u §1 ﬁ.n'g ﬁﬁﬂefw%ﬁgﬂ%&er 7). The pressure was 0.14
MPa in the associated separator 4 and 0.35 MPa in the

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
Nre Of 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.



separator 22. The polynmer solution |eaving the separator 10 cont ai nb4 B4 2004
W . % pol ycaviomsspss. 30 WO 01/58984 9 1 4 JUN 1006 PCT/ EP@tTAR6Ossds t he
third stage, the pol ycarbonate solution was heated to 300C in the
shel | -and- tube heat exchanger 12. The tubes were 10 nun in diameter and 2
min length and were manufactured fromgll oy 59. The throughput per tube
was 5 kg/h. The pressure in the associated separator 13 was 0.1 MPa. The
pol ymer solution |leaving the second 5 separator 13 contained 98.5 wt. %
pol ycarbonate. In the fourth stage, the polycarbonate sol ution was

adm tted i nExample3eparator 17 via a manifold 16 with 1 mmbores for the
production of a nultiplicity of polymer strands having a | arge surface
area for the exchange of materials. The separator 17 10 and the tubing in
contact wi t lwithehdsade od&ﬁtu% sp U Eaehplees] hutowithld pbess'%?e of RekPPiEERUr e I N
the fourth separator 17 was 1 kPa. The degassed carbonate in the

pol ymer nel tsepasator g, armolf@mqmtesbmngttaorescdnahamtera Q%BPéan df pprol wias | e
conmpoundg and. re vent bst antj.al |y chl orobenzene) 15 of 50
ppm Aftir Pg§W¥%g?ﬁ%@ﬂ95%FWﬁm§éﬂi?ﬁﬂﬁp Pn{he pol ycarbonate nelt was
processed directly into granules in a granulator 19. The pol ycarbonate
granul es had a solution viscosity rlnj of 1.29 (nmeasured at 25C in

nmet hyl 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 chromatography.



Exanpl e 2 25 The sequence of process steps and the device used wer el N 200
sanme as in Exanple 1, but the pressure in the separator 13 was |lowered to
5 kPa. Wth this nmeasure, a granul ar pol ycarbonate having a residual
content of BPA of 30 only 2 ppm was_gbtained fromthe overall process.

The chl orobenzene content was 50 ppm WO 01/58984 -10 Exanple 3 14 JUN
2004 PCT/ EPOUOCBMB Wth the sane procedure as in Exanple 2, but with a
pressur €ififus3 kPa in the separator 13, a polycarbonate having a residual
content of BPA of 1 ppmwas 5 obtained. The chl orobenzene content was 25
ppm 14 JUN 2904 -11 CI ains 1. In a process for producing polycarbonate by

the phage | et hAREAEO6B3Rink Polbirhihat vP flosSALARNRAE: SRALSL A WHiGRE! ut] O

i s washed w S Was urd i's separated

of f andg lp@rb@iawewntmﬁmg\sanmbﬁhedraﬂ{eﬁ ﬂﬁdaﬁ\h@feeumwhmngmqmdme@ﬁasmngam c
pol ycar onate sol utjion and residual washing_ |iquid thalned after the
separ at ligiHd éf sepprated ff pnchheisplygntds exanqesedoff 593 whereibthe npgHire glongarige

unti | ag&lk@a?h@?% WA1LRSh laid %s’u&ﬂaﬁ‘%&sﬁ‘ﬁ’lg lufcu'ld bbfafifld! dhe? t{i{ﬁéeﬁa&tfoﬁr@’ﬁeso' Id

subst ante mprovenent conprisin oncentrating the organic
pol ycarb;aﬂﬁﬁ@ hqmldut;llﬁat,edvuyl imndirtacheat @ahymger utid i dedr wlutichr ierattainked ak@ W . %

to 60t 8ltcred n 01'd(o.)3/1(3 t%trer%ozlg solldr suLlthar?ceg,f tht:aL ?rgprgverglgnt%gglpgsmlgn a

concentrating the organic polycarbonate solution, which has a polymer content of
from 5 to 20 wt. % to 60 to 75 wt. % at a temperature of 150° C. to 250° C. in a
combination of a first shell-and-tube heat exchanger and a film evaporator or a coiled-tube
evaporator or in a first shell-and-tube heat exchanger, in each case with downstream
separator, the pressure in the separator being about 0.1 to 0.4 Mpa;

concentrating the organic polycarbonate solution from 60 to 75 wt. % to at least 95
wt. % at a temperature of 250° C, to 350° C,, in a first or second shell-and-tube heat
exchanger with downstream separator, the first or second 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, a length of 0.5 to 4 m, and the throughput per
heat-exchanger tube through the tubes being 0.5 to 10 kg/h based on the polymer, and the
pressure in the separator being 0.5 kPa to 0.1 Mpa;

concentrating the organic polycarbonate solution containing remains of solvent
and/or of volatile components to a content of solvent and/or of other volatile components
of 5 to 500 ppm, at a temperature of 250° C. to 350° C., in a second or third sheli-and-tube
heat exchanger with downstream separator or in an extruder-evaporator, the second or
third shell-and-tube heat exchanger containing vertical, heated, straight tubes having an
internal diameter of 5 to 30 mm, a length of 0.2 to 2 m, and the throughput per heat-
exchanger tube through the tubes being 0.5 to 10 kg/h based on the polymer, and the
pressure in the separator being 0.05 kPa to 0.1 Mpa; and

isolating the polymer; and optionally granulating the polymer.

2. The process according to claim 1, wherein the solvent is dichloromethane or a

mixture of dichloromethane and chlorobenzene.



conbi nation of a first shell-and-tube heat exchanger and a filmev o‘gﬁdtm‘
or a coiled-tube evaporator or in a first shell-and-tube heat exchanger
in each case with downstream separator, the pressure in the separator
being about 0.1 to 0.4 Moa; concentrafing the organi c pol ycarbonate
solution from60 to 75 wt. %to at least 95 wt. %at a tenperature of 250
C. to 350 C, in a first or second shell-and-tube heat exchanger with
downst ream separator, the first or second shell-and-tube heat exchanger
containing vertical, heated, straight tubes with or w thout i ncor por at ed

static #i xer $he prasgssragcardingtoeslaims Hiondeibereist the filiation jncardied eWgiashor 0. 5
4
bei ng. OHEE gdc 16 BRERSHARE rordieh naRRAS iBEE NARIBOIRSNIL LB st RS

separ at p5- 1lgepﬂﬁ .5 kPa to 0.1 I\/pa concentrating the organic

pol ycar bonat e so uti on containing remains of solvent and/or of volatile
conponents to a content of solvent and/or of other volatile conponents of
5to 50 t e ure 0 0 : cond hird
cnel 1 -aht uBeE r@sts" RBRARE AT <himh coahsbere ates e, B Y st
extrudecgr@mppregdmansobpbsecond or third shell-and-tube heat exchanger
containing vertical, heated, straight tubes having an internal dianeter
of 5to 30 mMm a Iength of O. 2 to 2 in, and the throughput per heat-
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i sol at i ppcédsed mofomrmoﬂddi p‘rptinmnal |y granul ati ng the polyner. 2. The
process according to claim1l1l, wherein the solvent is dichloromethane or a
m xture of dichl oronethane and chl orobenzene. 14 JUN 2004 -12 3. The
processgacco g\?l% Itlotd]ﬁ}d Phabih C&’i{ﬂblﬁd out
such that a;rﬂé ngh%b?ﬁzﬁé ﬁquﬁr bfh gsasgrhr?&%glr c e |n e>? In g

pol ycar hassadfd 200800ab 46000 and afereighgnarticle nded 6flesdthag?2.5-10* pm? /g.

7. The polycarbonate produced by the process according to claim 1 having a molar

mass of 12,000 to 40,000 and a sodium content of less than 30 ppb.

8. The moulded product containing a polycarbonate made according to claims 6 or 7.

9. The moulded product according to claim 8, wherein the moulded product is part of

a laser-readable optical or magneto-optical data storage medium.

10.  The moulded product according to claim 8, wherein the moulded product is an

optical lens or a prism.

11.  The moulded product according to claim 8 further including a surface coating.

12.  The moulded product according to claim 9 further including a surface coating.

13.  The moulded product according to claim 10 further including a surface coating.



4. The process according to clainms 1 or 2, wherein after the filtrf%h@@?wﬂ
the sodium content is |less than 50 ppb. 5. The process according to
claims 1 or 2, wherein the polycarbonate obtained is processed to forma
moul ded product. 6. The pol ycarbonat gjgpr oduced by the process according to
claim11 having a nolar mass of 12,000 to 40,000 and a foreign particle
index of less than 2.5- 104 n2 /g. 7. The pol ycarbonate produced by the
process14CcCoTHE Peodess 6f 2laith13,haNdrbith fhefo pafticke ided 2s 0RO than 4@, 10 and
a sodlun1gontent of less than 30 ppb. 8. e noul ded product containing a
pol ycar pmh&.e made according to claims 6 or 7. 9. The noul ded product
according to claim@8, wherein the noul ded product is part of a

| aser -readabl e optical or nmagneto-optical data storage nedium 10. The
noul ded) pr odyRe pRRERTH RN YO wheRiH1he sodiifY @hient Re30pbded product is an
optical lens or a prism 11. The noul ded product according to claim38
further including a surface coating. 12. The noul ded product according to
claim9 further including a surface coating. 13. The noul ded product
according to claim 10 further including a surface coating. 1 4 JUN 7r -13
14. The process of claim 3, wherein the foreign particle index is |ess
than 1.8- 104 nR /g. 15. The process of claim4, wherein the sodium
content is 530 ppb.





