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Rel at ed Applications - Field of the
Di scl osure 5 -~ This invention relates generally to the field of
optical articles, such as conpact discs, and nore specifically to
optical articles conprising specific polymeric materials and to

met hods of making optical articles conprising these pol yneric
materi al s. Background of the Disclosure
10 Optical storage in the conpact disc (CD) format has gai ned
wi de use in the conput er, publishing and consuner narkets as a | ow
cost and conveni ent net hod of storing.infornmation. Digital
information is stored i n%rﬂng"%amsmGlsoﬁm grooves
which are read out with Lah ] I of
optical storage advancesﬁpg"% |mmbm)§% density
of 15 informati on on the substrate will need to be increased by naking
the pits even smal l er and closer to one another. Erasable CD's wll
al so create nore denands on t hRelated Applicatidng n t he CDs. Therefore,

i nprovenents are needed in the resins

jeld of the Disclosure

5 This invention relates generally to the field of optical articles, such as
compact discs, and more specifically to optical articles comprising specific
polymeric materials and to methods of making optical articles comprising these
polymeric materials.

Background of the Disclosure

10 Optical storage in the compact disc (CD) format has gained wide use in the
computer, publishing and consumer markets as a low cost and convenient method
of storing information. Digital information is stored in a substrate by means of
pits and grooves which are read out with a laser light source. As the technology
of optical storage advances to the Digital Versatile Disc (DVD), the density of

15 information on the substrate will need to bé increased by making the pits even
smaller and closer to one another. Erasable CD’s will also create more demands
on the resins used in the CDs. Therefore, improvements are needed in the resins

and in the manufacturing processes for making CD’s and DVD’s.



and in the manufacturing processes for making CD s and DVD s.

-2- W0 99/54378n CD and DVD manuf acturing processes, i nf ®orasssonros
encoded in the formof pits and grooves that are replicated froma
stanper in a nold onto a pl astic substrate. The substrate is then
nmetal lized so that the readout |aser is reflected fromthe encoded
pits. The CD, after stanping and netallization, is 5 coated with a

| acquer or resin which protects the disc and which can be marked

with ink for |abeling and identification. DV s are similar to CD's in
manuf acture, but may al so have an added semreflecting |ayer to encode an
additional |layer of information on top of the first (replicated) surface.
For DVD s, twilndCBcmddd ¥Domanefdcturigg tpheoesses § infermatian dpenceded adthesi ve
to double the 10 i nformati on content. The DVD disc is then read fromthe
top and bottom Jermpf pits and grogyesithatiare rrplicated from a stamper in a mold PRYW & ase of

recordable CD s . D a | t ' ded
into the subst rgﬁqgsq*cos¥g?tg¥8'r ﬁ@;&@k%&’ §&Ilﬁélg?ﬁ/e§alg%egs§e()at§étaﬂrq§ é'ear(rig%ltelra F%ﬁk (a dye
sol ution or an ijegeasdffonttdehtodsd Sl "TES CDE Gfief s AridmeraliRatitit; is

pl astic 15 substrate. A netal alloy, preferably gold, is deposited onto

the recordi Ag nestiatedrwith a lacquer of tesint which preteatsithe dise and Jebieh ca beymagkeda
o ding of cD s Wit i B dedioe et iticaon BYDS) Rlesimitan 0 SRS h
speci al combi nat fRturd) 0t 93»?/%240 %%@?ﬂpﬁ%kmﬁ&&ﬁﬁ% layeRtPEncdRE @A PL i ON,

and 20 opti cal characteri st nmost | nport'ant properties is
a low nelt adduticab Eyey of idfortiativayorbwpadhhefissd (feplicatet) curfacd. NBor

nmol ecul ar wei ght_of the pol gmsr. Low nelt viscosity enabl es fast

i nj ecti on nol di NgV&hs Biesdisessare bonded togetdier with; afsanspasepbadhesive 1o dowhie theand

ol i 11 5. Pheorarafon Madht AthhD 35 firp read ok 1 B9 KBV ing

ness, shri
i npact resi st anagvolightisies.ant to obtain nol ded discs that are flat, that
have good pit replication, and that are nechanically robust.

Resi stance to heat i sIngégicasgwfxrecordable GRiscanddd VB aceontinyeus groeve gedacknid
stored in uncontﬁlgﬁeg (ilntce)rlﬁcie & nstrn%pet for laser pracazlang. Then, a phase change material (a dye
solution or an inorganic alloy) is spin coated or deposited onto the plastic
15 substrate. A metal alloy, preferably gold, is deposited onto the recording media to
reflect the reading laser beam. Finally, a coating is applied to protect the metal
layer.
The molding of CD’s with fast cycle times requires a plastic resin with a
special combination of rheological, mechanical, thermal, water absorption, and
20 optical characteristics. One of the most important properties is a low melt
viscosity, which may be achieved by reducing the molecular weight of the
polymer. Low melt viscosity enables fast injection molding and also fast
relaxation of the birefringence and mechanical stresses in the molded disc before
the polymer solidifies. Mechanical properties such as stiffness, shrinkage and
25 impact resistance are important to obtain molded discs that are flat, that have good
pit replication, and that are mechanically robust. Resistance to heat is desirable
because compact discs are used and stored in uncontrolled environments, such as

the inside of an automobile, where temperatures can be very high. Low water



the inside of an autonobile, where tenperatures can be very hi 3’2&1‘ Low wat er

- 3- WOXPHYPon is inportant so that the nol ded discs 8159901042 r
per f or mance characteristics in high humdity and tenperature. Good
adhesion to netal in high hum dity is inmportant for long term

I nformati on storage capability. The opti cal characteristics of the

plastic material include a | ow stress optic coefficient and high 5
optical transm ssion so that the | aser beam passes through the substrate

and is reflected with mninmumdistortion. The principal performance
st andards that conpact discs nust neet are related to fidelity of
ptt replication (information cont ent)

l.ow bi r.efri.nlc);g ce in

substrate (opti caPsospiigmis impgeiant sp)thatthg melded,discs pptain their perfprmanee, , yopp) e

' tating di oS didffi %
et Call of the. SURCHsics i gk rimidi il tbinbékaburt DabauBRiE 1o Bl i High,
viscosity that hagmRBaNisifPoRest foy 1o eirhifforRetion storagetapabilityarThedsival

general Iy have poor nechanical properties. A nunber of . pl astics have
been proposed or characteristics| afdheplaptic nateriad inclusds, 2 losv stress optic coefficient and high
pol yesters, polystyrene and cyclic oletin copolyners. Bi,sphenol-A .

pol ycar bonatg 15°chajms§1°¥‘éoﬁﬁ?9h§ﬁa§eﬁﬁﬁﬁ?ﬂ sﬁ?)@\"o%bd@'es%gé’& andiis,) y
because of their [y i mjngﬂ]&h WdtottiodN STHeSYifiipal PéFBhhAlte stRANMRItEA!
properties (pol yégltjrl%(IE)\“'rﬁla‘{wetgl an ow ortio bir'efri'hgence (acrylics).

However, these nebmphet!disdsamest meetiatearelabéd to fidelity df pitdeplivatiore éinfarmationli ng a
hi gh stress optic coefficient (polycarbonate), hi absorption

h .
(acrylic), and pé&entepps low birefringangeda sybstrate (om@?gsqg&ﬁiﬁ%}l@m@ fataess Pi20
for an inproved %Est i(ﬁglwoq)%% intr%tﬁniscﬁ%ﬁs. resin as a substrate material for
di'SCs. a

conpact _ _ stics that can be used in CD's and
DVD s ("optigal plastifeg'diffitancfor a plastic &sih it6 Bt 41y oPhechibows tet@iremenReFores
so that they can be used in other optical articles as well. The
term "optical aexamplespolymerns withiroeleviscositycthat has heen redused bnlgwering thegr e

the o Fec tableele vABRS s oot mign iR fburttcs, B mplpdE oy

the generation, plastics hﬁf%ﬂ?d}}%&ed P US4, ihdIaMBR pdBicAfboRhted, dhflics, Opt i cal
pl astics" are pl gst I cs that have

polyesters, polystyrene and cyclic olefin copolymers. Bisphenol-A polycarbonate

15 and acrylic polymers are the most widely used, mainly because of their high
optical transmission, excellent mechanical properties (polycarbonate) and low
birefringence (acrylics). However, these materials have a number of
disadvantages, including a high stress optic coefficient (polycarbonate), high water
absorption (acrylic), and poor metallization (acrylic). There is therefore a need

20 for an improved optical quality plastic resin as a substrate material for compact
discs.

Plastics that can be used in CD’s and DVD’s (“optical plastics”) have
sufficiently good optical properties so that they can be used in other optical
articles as well. The term, “optical articles” as used herein refers to articles that

25 are used in optical applications. Optical articles deal with light, including the
effects that the light produces and undergoes, and are used in the generation,
propagation, and/or transmission of light. “Optical plastics” are plastics that have

optical properties that make them suitable for use in optical articles. Optical



optical properties that nmake them suitable for use in optical articles.

Optical . wo 9954378 , P(fT/ﬂs99/ 7012
articles include | enses, such as Fresnel |enses, instrunment panel w ndows

and . covers, prismatic reflectors, optical fibers, CDs, DVDs, and
transparent sheets and filnms. Ml ded | enses can be used for such
applications as the directing of |ight beans and i mages. Pl astic

| enses are useful because additional nmechanical 5 features and fittings
can easily be incorporated into the | ens desifgn and because they are
easy to produce by nolding. The materials requirenents for |enses are
simlar to those of conpact discs. The di ol

1,4:3, 6-di anhydr g; ' Hednd196Re 8 Anbtimes panel windbw§aAd bi de,
the structure of |%ﬁﬁ§1§a€}ﬁ§s§fﬁ§%ﬂeﬁelgw Is readily r?ade from 10

renewabl e resour eegers,prismatic reflectors, aptica tfibers; €D’sFBVIsaap] wansparsabshisetse

can be made from D-gl ucose b drogenati.on fol | owed . . .
aci d-catal yzed dé&nd &irms.jMglded lenses cgln 3/ used for such applications as tl?é/ directing o[f éxlgp}

[err] . . " . :
| sosor bi de has bt?g?‘fn? ﬁ%%%e%’[ géasgg 1%1nsr¢r%%l§rr%sreﬁ}lr?tegaugglagcclalg?ﬁearﬂs?lﬁcﬁgmgl SO
i ncl ude t er epht hgbyrles B EttiME cadessilyl B intdibRAted irffo 1% ehddesigredndbecaiise
Makronol . Chem, Vol . 194, pp.” 53-64 (1993); R Storbeck et al, Polyner.
they are easy to produce by molding. The materials requirements for lénses are
similar to those of compact discs.
The diol 1,4:3,6-dianhydro-D-sorbitol, referred to hereinafter as
isosorbide, the structure of which is illustrated below, is readily made from
10 renewable resources, such as sugars and starches. For example, isosorbide can be

made from D-glucose by hydrogenation followed by acid-catalyzed dehydration.

Isosorbide has been incorporated as a monomer into polyesters that also
include terephthaloyl moieties. See, for example, R. Storbeck et ;\1,
15 Makromo!.Chem., Vol. 194, pp. 53-64 (1993); R. Storbeck et al, Polymer,
Vol. 34, p. 5003 (1993). However, it is generally believed that secondary
- alcohols such as isosorbide have poor reactivity and are sensitive to acid-catalyzed
reactions. See, for example, D. Braun et al., J. Prakt.Chem., Vol. 334, pp. 298-
310 (1992). As a result of the poor reactivity, polyesters made with an isosorbide

20 monomer and esters of terephthalic acid are expected to have a relatively low



Vol. 34, p. 5 399%%733). However, it is generally-believed that_secondar
al cohol s such or bi de have poor reactivity and are sensitPGHUpY/07012

aci d-catal yzed reactions. See, for exanple, D. Braun et al., J.
Prakt.Chem, Vol. 334, pp. 298- 310 (1992). As a result of the poor
reactivity, polyesters nmade with an isosorbide 20 nononmer and esters of
terephthalic acid are expected to have a relatively | ow -

- 5- nol ecul ar weight. Ballauff et al. Polyesters (Derived from
Renewabl e Sources), Pol yneric Nhteriarg'Encyclopedia, Vol . 8, p. 5892
(1996). Copol yners cont ai ni ng i sosorbi de noi eties, ethylene
gtycol noieties, and t er epht hal oyl noi eti es have been repqrted only
rarely. A copol ymelecwlenwaight.n@agauff et dle Pelyesters{Diegived from iﬁﬂ""ﬁ?ﬂﬁﬁh"?’?‘r‘@s | e

ratio of ethyle | ycol .t o.i.sasorhi de. 0:10, was reported
'n publ i shed Gor Salmgsis ‘%ﬂﬁﬁ&%‘?%ﬁ“&%ﬁll?2%3?%%?6%6)9' (1968). The

pol yrer was used as_achhiofeRATARHERE iGabibMle H81GicofcilylBheptycol moietion) dik
pol ypropyl ene to inp?g%&?ﬁg yeabl ?tléléof peoll%lyprgpyﬁtgle frber. It was made
by melt pol yner i ggéphehaley nbietidstaie beererepbtted atly, rastiyny lAecepalymeneontaining

| sosor bi de, 10 but the conditiaqgns, which were dtgscri bed R’le in ﬁ%neral
terms in thé publiesssthresmoieties, in which thepeleFatio.of¢ éﬁnagg’cﬂ’ﬁ O3pIbidg Vas

hi gh nol ecul ar i . . f e

nononers were d\égbc@!{lggt}oaév&s ﬁel’roétc?g At |P§‘/;? Héﬂe&wrﬁl\ﬁﬁ er}agﬁ??‘ %\Rggﬁgogslg?vg’gﬁ? hgast1

the gl ass ”a”Si(ﬂ%ﬂ).t?BP?éﬁ'hi&Qva'Egls@daéﬁlmiﬁMmﬁment (about 10%)rofasdendyi t h
| sosor bi de nononer content up to about 200[err]C for the isosorbide 1

5
t er epht hal at e howithglojypropylatestoguipyes the sypatikity afipolynseryleye Fibgk It yas made

t erepht hal oyl .dighloride in.solution with the diaql TS

yi el ded aP¥ S5 gﬂﬁﬁ?emwngfﬁw\é\ﬁlﬁrﬁfewﬁ gt éﬁﬁ‘ﬁlp g‘?‘é Hﬁém‘%’

hi gher thanltdvas B @k R6Akitions, whitH'weRed&efibaofiptif g&neﬁ\alpdehﬁ@mme phescstided
above but still relatively ?de en conpared agai nst other polyester
pol yners and copeioulitict have giveamn palymerh®adng a highl molecalanweightade by
solution polynerization and were thus free of diethyl eml=g . égg] ycol 1
noi eti es as a product Copolymersaf thess sasme &‘%m@o@?’@r"bgﬁ esqrjhed aepig regeptly,

L0t ver 1t Kar | e o ey g B i cors g 2 Gpotymer
increases with isosorbide monomer content up to about 200°C for the isosorbide
15 terephthalate homopolymer. The polymer samples were made by reacting
terephthaloyl dichloride in solution with the diol monomers. This method yielded
a copolymer with a molecular weight that is apparently higher than was obtained
in the German Patent Application described above but still relatively low when
compared against other polyester polymers and copolymers. Further, these
20 polymers were made by solution polymerization and were thus free of diethylene
glycol moieties as a product of polymerization. See R. Storbeck, Dissertation,
Universitit Karlsruhe (1994); R. Storbeck, et al., . Appl. Polymer Science,
Vol. 59, pp. 1199-1202 (1996). |
U.S. Patent 4,418,174 describes a process for the preparation of polyesters
25 useful as raw materials in the production of aqueous stoving lacquers. The
polyesters are prepared with an alcohol and an acid. One of the many preferred

alcohols is dianhydrosorbitol. However, the average molecular weight of the



U S. Patent 4,418,174 describes a process for the preparation of polyesters
25 useful awosmsysmmterials in the production of agueous st ovPCIUS99/07012
| acquers. The pol yesters are prepared with an al cohol and an acid.
One of the many preferred al cohol s i s dianhydrosorbitol. However,

t he average nol ecul ar wei ght of the

- 6- pol yesters is from 1,000 to 10,000, and no pol yester actually
containing a di anhydr osorbitol npiety was nade. U. S.
Patent 5,179,143 describes a process for the-preparation of

conpressi on nol ded nmaterials. Al so, described therein are hydroxyl
containing 5 pol yesters. These hydroxyl containing polyesters are
listed to includ r [ ¢

1, 4: 3, 6-di anhydr g’s%l to*1 ﬁég\gall %00 Oo%egﬁedrﬂl%taﬁg ﬂﬁ%éﬁ%ks‘?&uany om?mmlmegcil ar

wei ghts reported cﬁﬁrﬂlyﬂﬁdsatblmmoxd:ty\wammaie 400 to 10, 000 and no pol yester
actual l'y containing the 1,4:3,6-di anhydrosorbit ol I e was nade

Publ i shed PCT Appl i catUoﬁaé’aW 57779 a3 leseribend rraress dor &Wﬁé‘ml
chol esteric and ng tr ’sloéxs A48 Gl Mkt% BQ%)‘%E& %ﬁ?elhr}?é g&%&gﬁ@ontaining

| sosor bi de as nononer ‘uni yes

relatively | gw ngj &%‘éﬂie% These h dh‘@:tyqlabﬁtaﬁlﬁifg Fesiers ateBéted 0 hclude polyhydric
Summary of the Di"scl osure Y g(nary to the teachin spaynd

expect ati ons t hataléuhels, hrdudipgib|4: 3J6edianhvdr¢&9rh®1 Again,choveaver, the 8ighegti c,

. e. tall d h d |
copol yest er s’ conrBPRFHE FERDBHER ﬁq‘fﬁsﬂ,%%ﬁsf Breiddovef iy ffle 17500 i omgtysster
| sosor bi de i et| ﬁlaﬁ %n&%%@ﬁﬁlix 3 8l zw tagﬁbY@%ietﬁWaﬂﬂa‘ﬂE are readily

synt hesi zed in ecu ar wel ghts t'hat are maki ng opti cal
articles on an Publishe¢d PET A‘.p;ﬂicanoxibOWO 97/14739 amd W@Bétﬁéﬁ#@descnbc
enbodi nent, _t he nunber of terepht hal o nojeties in the S

in the rangdOof cAelasteris andmsmatip diqui Wﬂﬂé‘n%’(’h@ﬁérso% mpwgegwgqblde
pol ymer) . The pol ypRp e MBYmBh&iRed Bt Such R R havR 1812V lfI56 RSBEar

aromati c

weights and are not isotropic.

Summary of the Disclo.
Contrary to the teachings and expectations that have been published in the

15 prior art, isotropic, i.e. semi-crystalline and amorphous or nonliquid crystalline,
copolyesters containing terephthaloyl moieties, ethylene glycol moieties,
isosorbide moieties and, optionally, diethylene glycol moieties are readily
synthesized in molecular weights that are suitablé for making optical articles on an
industrial scale.

20 In a preferred embodiment, the number of terephthaloyl moieties in the
polymer is in the range of about 25% to about 50 mole % (mole % of the total
polymer). The polymer may also include amounts of one or more other aromatic
diacid moieties such as, for example, those derived from isophthalic acid, 2,5-
furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-naphthalenedicar-

25 boxylic acid, 2,7-naphthalenedicarboxylic acid, and 4,4’-bibenzoic acid, at

combined levels up to about 25 mole % (mole % of the total polymer).



diacid noieties such as, for exanple, those derived fromisophthalic acid,

2, 5- MR BXE3%r boxyl i ¢ acid, 2, 5-t-hi ophenedi carboxylic ZEFTAISINT012
2, 6- napht hal enedi car- 25 boxyllc aC|d 2, 7- napht hal enedi car boxyli c acid,
and 4, 4' -bi benzoic acid, at conbined | evel s up to about 25 nole %
(mole % of the total polyner).

-7- In a preferred enbodi nent, ethylene glycol nononer
umits are present in amounts of about_5 mole %to about 49.75 nole
% The polynmer may al so contain dleth%1ene gl ycol noieties.
Dependi ng on the net hod of manufacture, the anount of diethyl ene

glycol noieties is in the range of about 0.0 nole %to about. 5 25 nole%
In a preferred enbodilmaprefareedsumbndiments eﬂwlmemiymhnmempbm}dtﬂeareu present in

anounts in the range of ou 25 nmole % bout 4 % nor e
ot her di ol rmnor"f‘EPO%& %ﬁ%g &P@B%@ F‘Pf&tﬂé&éamﬂp ?rom%y ?@Pa of
bout 45 ﬂqﬁ‘rgﬁﬁ

Seggndent on thecr&oaﬁ%%m?ﬁene glycolmcg%%% caﬁgg&ﬁlgedsﬂlélggi%ra Y, \?\g/e‘g;e

equi nol ar anountagacint 6f dibthirléﬂér%ﬂyml moieties is b tHesrangwlofttibolit 00Moler% woiabsutar e
present in the polyner. This balance is desirable to achi eve a high
mol ecul ar w8i ght2S mole % The pol ymers havi ng these conpositions have

glass transition 15 LALYLES  18S.iTEAS by_di t canni ng
calorinmetry, of about [rgé)%gﬁr%fy bdnnent 15%%)66(&&‘%@&%&?:&&1@ ﬂoﬂé?%

conposi ti ons gengicinty/in @Y ritige b abolf 0.25AMble 9 td Sbout 40 molé\bpubné‘iﬁ[lﬁér%] C
The pol yners have i nherent viscosities of about 0.35 to about

dL/ g, preferabl ythdraliol Bodomer wiitsunay alo di/includeebisameintsupato Wiotad Ioﬁabamt
(wei ght/volunme) jn o-chl orophenol at 25[err]C. Polyners in this conposition
range 20 ar e 4P us (or may be quenched to becone anorphous),
transparentg and hav | gﬂﬁ" ons that
are am)rph(%us becausgofﬁ%‘ilrs%{ M&ﬁé&;@{c{%@gc eg dgE@%@#@%'ﬂéﬁ?g@dgl lize,

even when they aipplitatitinedbsitbd.v Deksirablg| however, equimbladasmiotunts rmfﬂmnﬂnahomer

The copol yner is shaped into articles that may be used in optical
: units and diol monomer units are present in the polymer. This balance is desirable

to achieve a high molecular weight.
The polymers having these compositions have glass transition
15 temperatures, as measured by differential scanning calorimetry, of about 85°C to
about 196°C, with preferred compositions generally having Tg’s of about 90° to
about 165°C. The polymers have inherent viscosities of about 0.35 to about
0.60 dL/g, preferably about 0.4 to about 0.5 dL/g, measured on a 1% solution
(weight/volume) in o-chlorophenol at 25°C. Polymers in this composition range
20 are amorphous (or may be quenched to become amorphous), transparent, and have
low birefringence. Polymer compositions that are amorphous because they are
quenched are slow to crystallize, even when they are heated above the glass
transition temperature.
The copolymer is shaped into articles that may be used in optical
25 applications (i.e. optical articles). These articles include substrates for compact
discs and DVD’s and the finished product therefrom, including lenses, Fresnel
lenses, instrument panel windows and covers, prismatic reflectors, thin and thick

transparent films and sheets, optical fibers, and the like. The preferred shaped



25 applications (i.e. optical articles). These articles include

substrat es f ewo omsupact di scs and DVD s and the fi ni shedeqw¥/oshomtzoi2
therefrom including | enses, Fresnel | enses, instrunment panel

wi ndows and covers, prismatic reflectors, thin and thick t ransparent
films and sheets, optical fibers, and the |like. The preferred shaped

- 8- articles are conpact discs and DVD s, substrates for naking
CD s and DVD s, and | enses, including Fresnel |enses. The finished
CD s and DVD s have pits on the surf#e of the discs in a CD or DVD
format. They al so have a reflective |ayer (usually netal) and a
protective coating, such as a lacquer. DVD s may also 5 I ncl ude

addi tional | ayeng;digs £RMbRpHM dIscs A8d PR kilfitrates o making ©h siaaa IHVD’s,
reflective or sem-reflectrve layers, additional protective |ayers, and

nore than one and lenses,dnclsdiag Fresneblgnsdser The finished CD’s and PVd's bpue piteoni s
formed into these optical art.icles one .Qr. nore t hods, co nl
used for shapi ndhasurfacsiof thedisehin (Eétqfrc}%\,’& formatdi HREY qlﬁoeﬁ’ie@rfe%ﬁcn"%ye‘y

nol di ng, conpressi | ' .y | ' )

desi gned S@%&QX@A@> g‘% g?’ﬁtlé#ﬁngg%g%@é’%g 81? ?% g%oﬁg%\é\hgtv?er sxg%seod

obj ects, cafendgh¢lide additional l65eR® TobfbrmStoai® DD ferntht, suckab additionalpr essi on
nol di ng. The preferred net hods of fabrication are injection nolding

and i nj ecti on/ canflectiveiosisemireflestive layers, additional protegjvgflayers fndfapredhan one
articles being djscs for CD.s and DVD s. 15 The invention al so
conprises a et (B BREKEHO8FEi scs, cD's and DVD s, | enses, and
other optical articlepduopbfiaicidfiriRdRloiiie dpiRil drfiGky'BPondTBi fores Of
terephthalic acid, isosorgi% e énd et hyl er?e gl ycol descri.ggd above into a
di sc or ahéthodsstmapmotly usegd fortshapingahdi fabgicating plastics ainglugfingiingentiont he
di scs may have pits,. al ready .nol ded onto the surfagce,of the_di,sc.in a
D or DVD A8r mameldings gompression sAdiRE FRFHSION HEOUEh i Rich may be designed

i nj ection/conpr ' i f eadq.0 i ; Yy have
only grooves i net§ %iéﬁiéaﬁs%kgfﬂ]%gt%?egfgb@sd?é%’ggleggl?age%P bjg%tﬁ’eémeﬁ 5 mar ks
readable with a dnitsRingpitamping! 8ad Bfedtion/conpretsionansltiings The prefetred methods

application of focused |aser radiation to a _coating that is changed (e.g.,
mel t ed) of fabrication are injection molding and injection/compression molding, with the

preferred shaped articles being discs for CD’s and DVD’s.

15 The invention also comprises a method of making discs, CD’s and DVD’s,
lenses, and other optical articles by shaping the polymer that includes moieties of
terephthalic acid, isosorbide and ethylene glycol described above into a disc or
other shape by injection molding. In the case of discs, the discs may have pits
already molded onto the surface of the disc in a CD or DVD format during

20 injection molding or combined injection/compression molding for read-only discs,
or they may have only grooves in the case of recordable discs. Pits or other
marks readable with a laser may be created in recordable discs through
application of focused laser radiation to a coating that is changed (e.g., melted)
by the focused laser. In all cases, the discs are further fabricated by application of

25 other coatings and layers to make a finished CD or DVD. These coatings and
layers include a reflective coating (usually a metal), a protective coating (e.g., a
lacquer), and other reflective, semi-reflective or transparent layers or coatings and

additional discs as needed to conform to a CD or DVD format.



by the focused laser. In all cases, the discs are further fabricated b

appl i cati on of WO99/54378t her coatings and | ayers to nmake a fi ni shEgl/BEPo47012
DVD. These coatings and | ayers include a reflective coating (usually
a netal), a protective coating (e.g., a | acquer), and ot her
reflective, sem -reflective or transparent |ayers or coatings and

addi tional discs as needed to conformto a CD or DVD fornmat.

-9-- The shaped optical articleg using the above pol yners
have a nunber of attractive properties,”including high optical

transm ssion in thick substrates, good pit replication, good netal
adhesion, |low birefringence, which results in |ow optical retardation

in CD substrates, mechIheshipedioptichl apticles using the ahpve palymers haye a nymber g 5t
distortion tenperature, |ow shrinkage, ,.aw noi sjure .absorpti Q
scratch resi st ancattractive properties, inc “gié‘ﬁah‘g Bptﬁ?imf%q{l @fth{cﬁguﬁtgqqgg rgg)gd
Enbodi nents of the.Di r : i1 FepPd Gyiieh YR&ItE in RY YT,
descri bed in det at ftqﬁél?ég\%,a&n%fdb%etﬁlaa&gesmn’ 1-5@%1%/ the melt condensation of a
conbi nati on of NORPtIEI Fetardation it CD substedtés, mevhariiCal rigidityyatdiighhtemmgieyatuee high

i sosorbi de noiety and terephthal oyl noiety. Small ampunts of . ot I&er
mononers rmay Be adealdlistortiongemperaives. ipw shrinkagsy 1oy moisuIg absarption,and goo

by- products durin t_@re ction. In a preferred enbodi nent,

et hyl ene gl ycol Te ‘are present in amounts of about 5 nole
%to about 49.75 nole % preferably 10 nole %to 15 about 49.5 nole %
nmore preferably about 25 nole %to about 48 nole % nore _preferably
about 15 nole % to aboiDetailed Peserihonraf the Preferned Bmbodimentstof the Disclosureyp| e %
to about 38 nole % The_pal yner, al so_contain diethyle | ycol .
nononer units. Dependi @%quggymﬂﬁy‘%{naﬁ? 6‘?8"\{%‘%@%‘% ay Jie made
di et hyl ene gl ycol ]gqgg | kS, EJ}E?' gtz}gleo RS contRini £ Shjtene
about 25 20 nol qgge?te#gpalﬁ?@&oé% m)lfel otofqg%out 10 nol e % an% nor e
preferably 0185 glycol mots, £ isosorbideimdietyahé téfeplithaloylyhaiety. Smalbhmouyts lof

produced as a by-product . o
other monomers may be added during the polymerization or may be produced as

by-products during the reaction.
In a preferred embodiment, ethylene glycol monomer units are present in
amounts of about 5 mole % to about 49.75 mole %, preferably 10 mole % to
15 about 49.5 mole %, more preferably about 25 mole % to about 48 mole %, more
preferably about 15 mole % to about 40 mole % and alternatively about 15
mole % to about 38 mole %. The polymer may also contain diethylene glycol
monomer units. Depending on the method of manufacture, the amount of
diethylene glycol monomer units is in the range of about 0.0 mole % to about 25
20 mole %, preferably 0.25 mole % to about 10 mole %, and more preferably 0.25
mole % to about 5 mole %. Diethylene glycol may be produced as a by-product
of the polymerization process, and may also be added to help accurately regulate
the amount of diethylene glycol monomer units that are in the polymer.
In a preferred embodiment, isosorbide moieties are present in the polymer
25 in amounts in the range of about 0.25 mole % to about 40 mole %, preferably
about 0.25 mole % to about 30 mole % and more preferably about 0.5 mole % to
20 mole % and alternatively 12 mole % to 20 mole %. Depending on the



of the polynerization process, and may al so be added to hel p accurately
regul ate wo op/aes7&nount of di et hyl ene gl ycol nononer units RATAISIAOTOIR N
t he pol yner. In a preferred enbodi nent, isosorbide noieties
are present in the polyner 25 in anounts in the range of about 0.25 nole
%to about 40 nole % preferably about 0.25 nole %to about 30 nole
% and nore preferably about 0.5 nole %to 20 nmol e % and
alternatively 12 nole %to 20 nole % Depending on the

-10- “application, isosorbide may belPfresent in any desirable range
such as 1 nole %to 3 mole % 1 nole %to 6 nole % 1 nole %to 8
nole %and 1 nole %to 20 "nmole % The lower Iimt of

i sosorbide in t@ Nestion? iREGbIRANSPIPPrekért O anyrleireble rangewutinasil mdle % to
optional conono Ps ot her than ethylene glycol, is approxinmately the

h
m ni mum anount & miolo%r bimbde Fetaié thole %nelanolerfe to §imaie % avdnbreqle|% to 20
anor phous, regardl ess of processing. Polyners with less than 12 nole %
i sosorbi de can H8%a@e anor phous by quenching themfromthe nelt. These are

sowto crystall’ze Upfeloyketil Bf)ﬁgiogﬁgé SR pleidpéd @ngeantion kBow ace.

Hi gher 10 | evel s of "1sosorbide vyi olymers that are both anorphous and
have a-hi gh&  withoutgh@eptidnahosébnonters ether than ethylep® glycokds gpproximately the e
al ways anor phous and have a . hi gher Tg aretgreferredgtfaﬁlr se in

envi ronment s whemEnimmE ypeyns Hf ispserbidedsederd togpake the polymen cUBly ¢ evat ed

t enperatures, whjch | d ' St ald | L Qfkmi18ss e

conpositions t ha?mﬂﬁ\i‘gﬂ%Jﬁﬁgﬁéﬁ%@ag{%ﬁ%@@%%%ﬁ hous!2 Tgle %

One or nore ot hefsosirhide ¥an B8 iade rahfosgmy b9 Rjubivhirpl et dfron dielrdeld, | These are
anounts up to a total of about 45 nole % lEreferably | ess than 20 nple %

and even stowdomrystailizehinder conditionsrvhese aryistallization, ean take plage.Jigheh| y
295 11030 18 1o vt SRS ARES ol S 00 R e
e A S T
i ncl udi ng br anchhigher B arespreferzesl for Aseinremyirphmdnt whexsthe eptical articles may be
exposed to elevated temperatures, which could result in crystallization in the
compositions that have been quenched to make them amorphous. -
15 One or more other diol monomer units may optionally be included in
amounts up to a total of about 45 mole %, preferably less than 20 mole %, and
even more preferably less than 15 mole %, even more preferably less than 10
mole % and even more preferably less than 2 mole %. Examples of these
optional other diol units include aliphatic alkylene glycols having from 3-12
20 carbon atoms and having the empirical formula HO-CH,,-OH, where n is an
integer from 3-12, including branched diols such as 2,2-dimethyl-1,3-propanediol;
cis or trans-1,4-cyclohexanedimethanol and mixtures of the cis and trans isomers;
triethylene glycol; 2,2-bis[4-(2-hydroxyethoxy)phenyl] propane; 1,1-bis[4-(2-
hydroxy-ethoxy)phenyl]cyclohexane; 9,9-bis[4-(2-hydroxyethoxy)phenyljfluorene;
25 1,4:3,6-dianhydromannitol; 1,4:3,6-dianhydroiditol; and 1,4-anhydroerythritol.
In a preferred embodiment, the number of terephthaloyl moieties in the
polymer is in the range of about 25 mole % to about 50 mole %, more preferably

about 40 mole % to about 50 mole %, even more preferably about 45 mole % to



cis or trans-1, 4-cycl ohexanedi net hanol and m xtures of the cis_and trans

i soners; W09P/F¥3é§ hyl ene glycol; 2,2-bis[4-(2-hydroxyet hoxyspHERY7012
propane; 1, 1-bis[4-(2- hydr oxy- et hoxy) phenyl ] cycl ohexane;

9, 9- bi s[ 4- (2- hydr oxyet hoxy) phenyl ] fl uorene; 25

1, 4: 3, 6-di anhydromanni tol; 1,4: 3, 6-di anhydroiditol; and

1, 4- anhydroerythritol. In a preferred enbodi nent, the nunber
of -t erepht hal oyl noieties in the ponTFr is in the range of about 25
nole %to about 50 nole % nore preferably ~ about 40 nole %to about
50 nole % even nore preferably about 45 nmole %to

-1l - about 50 nmole % (nole % of the total polyner). The pol yner
may al so i ncl ude about 50 maledd {twlenf ofithe totakpolpmen) h drhe pobymiarireay alse inglude
noi eti es such as, for e anBIe t ho ? from.i sopht hal

, e . derive id,
2. 5-furandi car bogmopgts 0g¢ op more Hﬁﬁbﬁ@%’r"-ga"“& moieties SYCh a5, qgem;, ose

2, 6- napht hal enedi | 5 hofsn oid! @‘F}taﬂﬁhﬁgg HicSHcRI2Y3-tiophenediacCi d,
and 4, 4' - bi benzoidgﬂg%?‘}na@o%ﬁr@cn%g’?ge S up tog’about )2% m)lpgh%
preferably up tocifdorylicadid, 206+mphthafeneditdrboxylict avidyb2,Gtnaphtielenedicarbokydicyo of

the total polyner). s ve . O_course, all of the percentag are
dependent onSt he apids and éj4irbibenzoic acigdy aticombingd levels wpto a@%ig%??%ihowever ,

oriasont i n t he. pargrebly o TRARIE e, Hore prfRlably 8% dtoft s RO ImbE ST 0

mol ecul ar wei ght the total polymer).  The pol yester has an inherent viscosity,
which is an indicator of "nol ecul ar wei ght, of at |east about 0.35
dL/ g, as measured on ®ficmugsee el lof theopereestages are depsndent p»thegrartiedapol yner i n

o- chl orophenol at a.tenperat of, Lerr] C. This.inherent ... Viscosity
is sufficient foﬁpmggﬂﬁfq%;fpﬁw,%’?%m &r, §8W§'°5?§ﬁnl°élpg tq?%ql%@oélﬂﬂler
coatings. Fgp CD,S; ' ' | a i

dLrg ro 10 “uBiGRR BXFumofier Wil R HrpdnP GO pHlyfer I TaucB R0 Uesifdbte
needed -f or nmany ab lackhieve a high melpéulamweighs (e.g., bottles, filns, sheet,

mol di ng resin). The conditions can be . adjusted to obtain desired

i nherent viscosities (kheRelyaster basan jdstent yissosity, ghighds ap indicairsof melegular

nher ent i scos: ekt pT b ARLPART TR Mgkt ERET YRR C,

solution of the polymer in o-chlorophenol at a temperature of 25°C. This inherent

15 viscosity is sufficient for some applications, such as some optical articles and
coatings. For CD’s and DVD’s, an inherent viscosity of at least about 0.4 dL/g to
0.5 dL/g is preferred. Higher inherent viscosities are needed for many other
applications (e.g., bottles, films, sheet, molding resin). The conditions can be
adjusted to obtain desired inherent viscosities up to at least about 0.5 dL/g and

20 desirably higher than 0.65 dL/g. Further processing to the polyester may achieve
inherent viscosities of 0.7, 0.8, 0.9, 1.0, 1.5, 2.0 dL/g and even higher.

The molecular weight is normally not measured directly. Instead, the
inherent viscosity of the polymer in solution or the melt viscosity is used as an
indicator of molecular weight. For the present polymers, the inherent viscosity is

25 measured by the method described previously, with a molecular weight
corresponding to an inherent viscosity of about 0.35 or more being sufficient for

some uses. Higher molecular weights, corresponding to inherent viscosities of



The nol ecul ar weight is normally not neasured directly. Instead, the
i nher ent. vi scw&i 99y548%8 t he pol yner in solution or the nelt viscBSTA§IYEEed

as an i ndi cat or of nolecular weight. For the present polyners, the
i nherent viscosity is 25 measured by the nethod descri bed previously,

wi th a nol ecul ar wei ght corresponding to an inherent viscosity of
about 0.35 or nore being sufficient for sone uses. "Higher nol ecul ar
wei ghts, corresponding to inherent viscosities of

-12- about 0.45 or nore, may be reqh@Ted for other applications.
General ly, the I nherent viscosity/nol ecul ar weight relationship can
be fitted to a |linear equation: log (1V) =

0.5856 x | 0g (Mihboutd). 9% é2more, may be Tdyaired fier athér appbcaions.i Generally athbet t er
i ndi cator of nolecular weight for conparisons 5. of sﬁarTBI es.and are.used
as the indi cat or injferensivissosimalacyler weight relationship can be hitted te-p lingar equation:

are nmade by any of several nethaod Th - pyncl ude nelt
condensation of the diacid andqaggw)nﬁﬁ%fg}%ﬁﬁg%ﬁ?me %’eggg%”l on of the

di ol monomers wi tﬂetiﬁﬁ%r@ﬁti HscoBities hfles b&er indieatt shholecida weightfon oympadisems
y

aci ds that may be present. The reaction of terephthal oyl dichloride
with isosorbfde afdarfles andate/isedas dheyindicatos of gwlscular wgight beregut by

conbi ning the nononers_in a sol vent e..g., toluen ' sence
of a base, such as pyr)hfSHBOYHIFFGArefRafe by qng'élf%ﬁf(ﬁral 65, atﬁ:ls% P(‘fegl?(f
produced. This pr i i b QidRid atladiBE@kndtherdhnd the-red¥tidn. of the
Pol ymer Sci ence, 1@%ﬁ§é’g§!t %Bg&%%dép%ggl 1c1996) .1 a hltlar ewel | - known .
variations did¥ thbnéthers svitinhe tacideghitdrities of kerephitimlicdieidremd anly otharacids dbat
(e.g., interfacial 15 pol yneri zation or heating the noponers.in t mel t
phase without a Joay/bmpyesent. The reaction of tergplathaloy IB‘BPV%W“&S%&]‘?&&% t he

acid chlorides, the.rati.o gf. [ i ] t ris
about the SiﬁE a rt'lmgner%}yf:@ lﬁ)g%lagg%ﬁrhe& O%RX#EB%MQ mE%foF]r%% oaréeH,i{,%ig‘eE
rati o of nononer Z(e.fg{)@fo&%e; i thBPréseacd 6Fa bfde] sueh 28 ppridiae ! which esitralites HCl
ratio in the product. A slight excess of diol or diacid or a trace apount

of a 20 monof wasdt isqratiuaedp Fhigpracedire riﬁagﬁsbéb?de@é%-s%ﬁ?&bef%etr%dm .
ol ecular el ght ot a0k TR 1160 H4th (16561208 AN vitiABRE 1

in the desired r
with diols and terephthaloyl chloride may also be used (e.g., interfacial

15 polymerization or heating the monomers in the melt phase without a solvent).
When the polymer is made using the acid chlorides, the ratio of monomer
units in the product polymer is about the same as the ratio of reacting monomers.
Therefore, the ratio of monomers charged to the reactor is the same as the desired
ratio in the product. A slight excess of diol or diacid or a trace amount of a
20 monofunctional capping group may be necessary to reduce the molecular weight of
the polymer so that is has an inherent viscosity in the desired range. For example,
an inherent viscosity in the range of about 0.40 - 0.50 dL/g is suitable for use in
the manufacture of optical articles, such as CD and DVD substrates and lenses.
Such adjustments in stoichiometry and conditions are readily made by practitioners
25 in the art.
The melt process conditions of the present invention, particularly the
amounts of monomers used, depend on the polymer composition that is desired.

The amount of diol and diacid or dimethyl ester thereof are desirably chosen so



an i nherent vi@gg@%‘%sl n the range of about 0.40 - 0.50 dL/g is suitable
for use in manuf acture of optical articles, such as REI/HSRYOIRID
substrates and | enses. Such adjustnents in st oi chi onetry and
conditions are readily nmade by practitioners 25 in the art.

The nelt process conditions of the present invention, particularly the
anounts of nononers used, depend on the pol yner conposition that is

desi red. The amount of diol and dlachg or dinethyl ester thereof
are desirably chosen so

- 13- that the final polynerlc product contains the desired
amounts of the various units, desirably wth equinolar

amount s of ronon&tat the ﬁ%alw@}mef I?TPG‘Fﬁt contains the desitgrl @mipunts @f theovariausi ds .

B f th f
 sosor bi Se, and SAcbbik Whied aoBRAly B OfARAL RGRyy of mopgiped (iR from
sealed (i.e. is wmblsma&ﬁaﬂﬁhdanmbme of tecvaratlity of séh€ofiihe ithédomidren

col ums used in synt hesi zing the polyner, some of the MONONer’s may
need to be i ncl udnelnding isosorbide, eml:éqmndmgtdmesubbgamblc@soﬁhelthw the reactor is

L R o gl 1
i sosorbide. 10 gynthesizing th-@}?olflﬁglgfs?ﬁ‘lggk“ﬁie 1% ﬁ%@t fe ﬁﬂ:ﬁﬁﬂ f‘o a

particular reactor 1Is term n ed pr ac i oner,
but often will bexdess ahmerbagmnmgbﬁlmpolymenzatmnﬁﬁeﬁamaﬁd@émﬁd&’lb)eﬂi%tlniﬁﬁip|

and isosorbide are desirably charged, and the excess et hyl ene

gl ycol and i sosoP%FQfefea‘Ft@anﬁﬁﬁPéﬁ Bhisds pasticnlarlydmennf esiyiene glieol andf
evaporation as t ?%perlzatlon reacti on proceeds. Terephthalic acid or
15 di met hyl tere alate is desirably included in an amount of about
50% t o about0 e dif@ét%rrf&nﬂ@ffﬁoﬁéxﬁéﬁrt@l%k&hﬁ‘éem @? ArtieulaP Rkt 31-99 mol e
% of the diacid nononers that are charged he remain bei ng

the optional di a&adily determmeddzycmsiﬂ&ed pmtstamm,dmtlofted emll belit thectangepctstlow. an
T o SRR o S S RS e
10l T S it e
evaporatlon as the polymerization reaction proceeds. Terephthalic acid or
15 dimethy] terephthalate is desirably included in an amount of about 50% to about
100 mole %, more preferably 80 mole% to about 100 mole % of the diacid
monomers that are charged, with the remainder being the optional diacid
monomers. Isosorbide is desirably charged in an amount of about 0.25 mole % to
about 150 mole % or more compared with the total amount of diacid monomers.
20 The use of diethylene glycol monomer is optional, and is often made in situ. If
diethylene glycol is added, it is charged in an amount up to about 20 mole % .of
the total amount of diacid monomers. Ethylene glycol is charged in an amount in
the range of about 5 mole % to about 300 mole %, desirably 20 mole % to about
300 mole % of the diacid monomers, and the optional other diols are charged in
25 an amount up to about 100 mole % of the diacid monomers.
The ranges given for the monomers are very wide because of the wide
variation in monomer loss during polymerization, depending on the efficiency of

distillation columns and other kinds of recovery and recycle systems, and are only



the total amount of diacid nononers. Ethylene glycol is charged in an

anount in. WO 2413#378nge of about 5 nole % to about 300 nol e PCTASS O v
20 mole % to about 300 nole % of the diacid nononmers, and the
optional other diols are charged in 25 an anmount up to about 100 nole %
of the diacid nononers. The ranges given for the nononers are
very W de because of the w de variation in nononer |oss during

pol ynmeri zati on, depending on the efficiency of distillation colums
and ot her kinds of recovery and recycle systefs, and are only

-14- an approxi mation. Exact anounts of nononers that are charged
to a specific reactor to achieve a specific conposition are readily

determined by a sl hpf@ximation. EXadCiméim$\ef monomers that are charged toleespecific
pol yneri zati on process, the nononers are conbi ned, and are heated_ 5

gradual |y with ni zxéactpritd mphigvecaspecifiscomposition agesteagily defermingd By askiedat ur e
in the range af. about 260[err]C to about 300[err]C, desirably
280[err] C to abouPr888NTThe exact conditions and the catalysts
depend on whether the %%f&yﬁé&aﬁ@hym@w%mommers%&e t6rH6ineE, A9 96 hesed
di ret hyl esters. The catal yst” may be incl uded initially with the i
reactants, anfl/ or grapalip withdeiingwitba catalyst o1 catalystanixhure o & temperatyre in the
heat ed. 10 The catal yst used may. be nmodified gr.eacti o} RLOGRedS.
The heating and ramge of P‘lltr?réfagCéPé‘bﬁ‘%}rﬁ%nteﬁesﬂ@sﬁai@upftpéggﬁ"&%i hecgl?fd to
a sufficient tenp s I 5t o S j f
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nol ecul ar wei ght &9 tiue asids loplas @inhéhiylvetets) JThe €atalyst may beeinicluded pritialiycvith tHd

Cat al ysts that may be used include salts of Li, Ca, My, M1, Zn, Pb, Sb,
Sn, Ge, and Ti, sueastants,ao8fosmaydhe added ane oxmEEstimes i the MHANEe 9L BIIS Aot s |

and Ti al kqxi de hese ar e |1y, kno In t a {
speci fic cat é?yst ca?alys “Sefﬁlo‘ﬂﬂ{ ﬁ%ﬁ}ogﬁ'{egras eq‘i?_'é‘éﬁlﬁ"é‘ prc%gf‘alﬁips th g&g%ge%'%nay
be readily select %ﬁrr'&%? #eTohtimRd for a sufficlRhffink ah@Aeh suffiefenPiepipRritart,

catal yst and preferred conditions differ depending on 20 whet her the
di aci d mononer i s genérally mithadmayal byedistiltatiodiofl ckebsoreagtants, th yielda/molten

ester. Gernmani um and ant.i npny cont ai nlhnlgoca alxs.t ar.e tl:leble gl'gmgfd%fg%ered.

polymer having a high enoug lecular weight to be suita
desired products.
15 Catalysts that may be used include salts of Li, Ca, Mg, Mn, Zn, Pb, Sb,

Sn, Ge, and Ti, such as acetate salts and oxides, including glycol adducts, and Ti
alkoxides. These are generally known in the art, and the specific catalyst or
combination or sequence of catalysts used may be readily selected by a skilled
practitioner. The preferred catalyst and preferred conditions differ depending on
20 whether the diacid monomer is polymerized as the free diacid or as a dimethyl
ester. Germanium and antimony containing catalysts are the most preferred.

It is desirable to have an amorphous polymer to make transparent optical
articles. To make an amorphous polymer, the amount of isosorbide moiety is
desirably in the range of about 2 % to about 30 % on a molar basis, the ethylene

25 glycol moieties are present in an amount of about 10 % to about 48 % on a molar
basis, optional other diols such as 1,4-cyclohexanedimethanol mojeties are present
in an amount up to about 45 % on a molar basis, diethylene glycol moieties are

present in an amount of about 0.0% to about 5%, preferably 0.25 % to about 5 %



It is desirable to have an anorphous pol yner to nake transparent optical
articles. To maxeys#37&anor phous pol yner, the anount of isosor bi RCTHESR(0F0125
desirably in the range of about 2 %to about 30 % on a nolar basis, the

et hyl ene 25 gl ycol noieties are present in an anmount of about 10 %to
about 48 % on a nol ar basi s, optional other diols such as

1, 4- cycl ohexanedi net hanol noieties are present I n an anmount up to
about 45 %on a nolar basis, diethylene glycol noieties are pr esent
in an anount of about 0.0 %to about 5% preflérably 0.25 %to about 5 %

- 15- on a nolar basis, terephthal oyl noieties are present at a

| evel of about 25 %to about 50 % and ot her optional diacid

noi eties, such agnZ MoRamasibalerspathaloyl moieties @pe prexerit iata kevebiof aboup?3 1alté c
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t enper at ures, butpare anor phous™ i f they are cooled rapidly fromthe
melt. In gengral, the Sumpobihescocmnpdsitions afi.cbthose having zsgsnrbd%ﬁ,ﬂgqelsi ofdessr e

slower to crystallize than pol y(ethyl ene,terephthal ate) .10 COpOsSi.tions,
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surprising in viesondftidnsanderswhich dheyscanycrystiltiees who have worked with

i sosorbi de 20 pol yesters_and in,view of the generally hel d.expectations
that secondary diols The meltpalymerization process ?ﬁ@g p&??ﬁ“é’é‘(eé\%?nd? égsé@bﬁ'dary
al cohol's have redugady LRERFR either dimethyl esters (e.g., dimethyl terephthalate) as reactants

15 or using the free diacid as a reactant. Each process has its own preferred catalysts

and preferred conditions. These are described generally below. These are
analogous to the well-known processes for making poly(ethylene terephthalate).
The usefulness of these methods in obtaining high molecular weight polymer is
surprising in view of the disclosures by others who have worked with isosorbide
20 polyesters and in view of the generally held expectations that secondary diols
have low reactivities and esters of secondary alcohols have reduced thermal

stability. These two processes are somewhat different and are described below.

Dimethyl Terephthalate Process

In this process, which is carried out in two steps, terephthalic acid and the
25 optional diacid monomers, if present, are used as their dimethyl ester derivatives.
In minor amounts, e.g., 1-2 wt %, free acids may also be added. The diols (e.g.,

ethylene glycol and isosorbide) are mixed with the dimethyl ester of the aromatic



stability. These two processes are sonmewhat different and are descri bed

bel ow. - WO 99/54378 D met hyl Ter epht hal 8CE#USSUeWE%
In this process, which is carried out in tw steps, terephthalic acid and

t he 25 -optional diacid nmononers, if present, are used as their dinethyl
ester derivatives. In mnor anmounts, e.g., 1-2 w % free acids may
al so be added. The diols (e.g., et hyl ene gl ycol and isosorbide).are
m xed with the dinethyl ester of the aromatic

- 16- diacid (e.g., dinmethyl terephilfal ate) in the presence of an
ester interchange catal yst, which causes exchange of the ethyl ene
glycol for the nethyl group of the di net hyl esters through a

transesterificatqfd(eac! difRthy] dréphtRaate) i the Pfdaendewfraare's@ﬁ interchangeof
met hanol , which distill’s out O0f the reaction Tlask, and bis

( 2- hydr oxyet hyl - cat&lyst, whinheqahsdsaixchange oBtheatkydensf gly¢nd for Gieansthylegroyp of thehi s
reaction, sonewhat re tha two ool es of ethylene gl.ycol, age .
desirably added ﬁg’ééﬁ‘ﬁ{?ﬁ@f‘?‘{g}l atqggxsgggrgqpcatmn reacgprht iﬁ@ﬁgﬁﬂé Wé%%qum?.‘m
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acet ai os) L 3 e s e e e S

conbi nati ons$ t heteggphthaldle). Beda(sd)fahe vloivhionktiysofathisakactiong samewia morg than
12 carbon atons, and PbO. The catal yst conponents arensgenerally

i ncluded i n an atumelesiof giylane glyqeb are desispbltiadded as reactayys forthe pFtef er r ed

catal ysts for ester jnter nge include M(QOAc)2, Co(CAc) 2, and
Zn( CAc) 2, where ‘ﬂ%cfcﬁmsng?ﬁgﬂg%g*r eviation for acetate, and conbi nati ons

thereof. The pol ycondeag#fstsofatCting abdlt bster! iiRr&RGENThcRid8 88t fustdly dcefids) On,
15 preferably Sb(l Il)gf)xi de, may be added now%? at the startgof theD

pol ycondensat i onof the followinggrstals: trtCa, Mg, MnaZnhBb, dndsombivations thereof,
particul arly. good. cess .i g base n .. Salts of Ma(ll) an (L), at
Povel < of cfbue iOKianBere BBl Bambavind 3 12 Sarvon yomb, SRERSD, THe,

formof M(II) ag?%lgﬁtgo%@@g%fe%ea iﬁ‘&ﬁ&éd? in3nGinfthuat gf about 10 ppirPtdydbot €

al t hough ot her s may al so be used.
100 ppm. Preferred catalysts for ester interchange include Mn(OAc),, Co(OAc),,

and Zn(OAc),, where OAc is the abbreviation for acetate, and combinations
thereof. The polycondensation catalyst in the second stage of the reaction,

15 preferably Sb(III) oxide, may be added now or at the start of the polycondensation
stage. A catalyst that has been used with particularly good success is based on
salts of Mn(II) and Co(Il), at levels of about 50 to about 100 ppm, each. These
were used in the form of Mn(II) acetate tetrahydrate and Co(Il) acetate
tetrahydrate, although other salts of the same metals may also be used.

20 Ester interchange is desirably brought about by beating and stirring the
mixture of reactants under an inert atmosphere (e.g., nitrogen) at atmospheric
pressure from room temperature to a temperature high enough to induce the ester
interchange (about 150°C). Methanol is formed as a by-product and distills out of
the reactor. The reaction is gradually heated to about 250°C until methanol

25 evolution stops. The end of methanol evolution can be recognized by a drop in

' the overhead temperature of the reaction vessel.
A small amount of an additive having a boiling point of 170 - 240°C may

be added to the ester interchange to aid in the heat transfer within the reaction



20 ter_interchange is desirably brought about by heating and
stirring the Wg?”’S%?ﬁ xture of reactants under an inert atnospR&TEI398/0012
nitrogen) at atnospheric pressure fromroomtenperature to a

t enper ature high enough to induce the ester i nt erchange (about
150[err]C). Methanol is fornmed as a by-product and distills out of

the reactor. The reaction is gradually heated to about 250[err] C until

met hanol 25 evol ution stops. The end of hanol evol ution can be
recogni zed by a drop in t he over head t'‘énperature of the reaction
vessel . "A smal | anmount of an additive having a boiling point
of- 170 - 240C may be added to the ester interchange to aid in the

heat transfer wi mediym aad todeln resain volatile components in the vessel that may sublime into
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additive is V- L : heg £xa 1] L.0ctude di phenyl
et her, di phenyl %buqu%g%esrﬁa Fwwgﬁgag%%ug%nému eérlgé%lgg%sol vents are
described in U. Setighydrohaphsidehed Wther examples inblade aiphenyisetitd, WpheiylatFone
her eby i ncorporated by reference. 10 The second stage of the
reaction is commiitiaizephengag.nQther such solvensnargisserineddnilbh. Patent 4,294,946, a
sequestering age f i .ansest erif.ication catal yst.
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gm of dinethyl terephthalate. An exanple of a polycon sation catalyst is
15 anti nony (Polygondgnsation watalyist andya sequesteringnageat far\tkée trafisedefificaticxbout

400 ppm h | ycondensation reaction is typically carried
out at a tenper afARIESt: PJyp%o?%%?ﬁHﬁ’ts aQEﬁ?fE‘@PLﬂ %?qﬁﬁ@?nﬂfﬂe%ﬁn Bis tine,
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15 antimony (III) oxide, which may be used at a level of 100 to about 400 ppm.

g

The polycondensation reaction is typically carried out at a temperature
from about 250°C to 285°C. During this time, ethylene glycol distills out of the
reaction due to condensation of the bis(2-hydroxyethyl) terephthalate to form
polymer and by-product ethylene glycol, which is collected as a distillate.

20 The polycondensation reaction described above is preferably carried out
under vacuum, which can be applied while the reactor is being heated to the
temperature of the polycondensation reaction after polyphosphoric acid and Sb(Iil)
oxide have been added. Alternatively, vacuum can be applied after the
polycondensation reaction temperature reaches 280°C - 285°C. In either case, the

25 reaction is accelerated by the application of vacuum. Heating under vacuum is
continued until the molten polymer reaches the desired molecular weight, usually
recognized by an increase in the melt viscosity to a pre-determined level. This is

observed as an increase in the torque needed for the stirring motor to maintain



20 The pol ycondensati on reacti on descri bed above is preferably
carried out WO99/5438der vacuum which can be applied whil e t hBCTUSI¥GPI2 s

bei ng heated to the tenperature of the pol ycondensation reaction
after pol yphosphoric acid and Sb(l11) oxi de have been added.
Al ternatively, vacuum can be applied after the pol ycondensati on

reaction tenperature reaches 280C - 285C. In either case, the 25 reaction
is accel erated by the application of vacuum Heating under vacuumis
continued until the nolten polymer reaches t#8 desired nol ecul ar wei ght,
usual |y recogni zed by an increase in the nelt viscosity to a
pre-determned level. This is observed as an increase in the torque

needed for the ststifding)gAfndhberehtovisoosing of at least 0.5 dL/g, and generally up to about
- 18- stirri GIIEI An inherent viscosity of at |east 0,5 dL/
g
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melt pol yneri zati rogess w.thou further efforts at raising
nmol ecul ar wei ght Iﬁﬂh& etforts at this gxﬁolecular wexng{. Terephthalic Acid

Process 5 The terephthalic acid process is simlar to the
di ret hyl terephthal ate process except that the initial
esterification reaction that |eads tBetephthalithdidBrocess

thylt ht hal at t h I I I L.ght t ' ' t at
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psig). Instead of : L is@XI5RABSxy-
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other diols, if aiylteréphtiradate) andeother lownmoleatler weight esters iscarfied aut atra

product is a m xture of ol igorrers, si nce not enough diQl is present to

generate a di est Highily elevalsf DressIe (ARPECNONE PIESSHIg wg2§ﬁ%§%13§is)-d1m¥eé¢9ﬁ9.
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desirable 130 t(ethytdneqtreod iBbsdbbid® hid othef dioW, hinyp @ yseg! Thélistennédibtyst
that is needed to achi eve a high nol ecul ar wei ght can be added after
the esterificati csterifisatiomprodyet ist@ mixture of oligomersceincantenongh dinhis paesent ton
the reactants at gteIrIgra e % IiIIeQ le? ot greﬁh ahrcea%lccf.I The catalysts are also different. No added
catalyst is necessary in the esterification reaction.
A polycondensation catalyst (e.g., Sb(III) or Ti(IV) salts) is still desirable
15 to achieve a high molecular weight-polymer. The catalyst that is needed to
achieve a high molecular weight can be added after the esterification reaction, or it
can be conveniently charged with the reactants at the beginning of the reaction.
Catalysts that are useful for making a high molecular weight polymer directly
from terephthalic acid and the diols include the acetate or other alkanoate salts of
20 Co(II) and Sb(III), oxides of Sb(II) and Ge(IV), and Ti(OR)4 (where R is an alkyl
group having 2 to 12 carbon atoms). Glycol solubilized oxides of these metal salts
may also be used. The use of these and other catalysts in the preparation of
polyesters is well-known in the art.
The reaction may be carried out in discrete steps, but this is not necessary.
25 In practice on a large scale, it may be carried out in steps as the reactants and
intermediate products are pumped from reactor to reactor at increasing

temperatures. In a batch process, the reactants and catalyst may be charged to a
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pol ymeri zati on can be faollowed by the nelt viscosi 'ﬁg/ which is
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without subsequent solid state polymerization. The progress of the polymerization
can be followed by the melt viscosity, which is easily observed by the torque that

15 is required to maintain stirring of the molten polymer.

Solid State Polymerization

For certain composition ranges, the molecular weight can be increased
further by solid state polymerization. However, in general, solid state
polymerization is not needed for most optical articles because sufficient molecular

20 weight is achieved in the melt polymerization reaction. Solid state
polymerization, if desired, is described in Application Serial No. 09/064.844
(Attorney Docket No. 032358-001], the contents of which are hereby incorporated

by reference.

Use of the Polymers in Making Qptical Articles -

25 The amorphous, transparent polymers produced by the above process may

be mixed with other additives prior to being molded into optical articles. One or



For certain conposition ranges, the nol ecul ar wei ght can be increased
further by sol WO¥¥H3® pol yneri zati on. However, in general, solPATAS26/45012
pol ymeri zation is not needed for nost optical articles because sufficient

nol ecul ar 20 wei ght is achieved in the nelt polynerization reaction.
Solid state pol yneri zation, if desired, is described in Application
Serial No. 09/064, 844 (Attorney Docket No. 032358-001], the contents
of which are hereby incorporated by reference.

Use of the Polyners in Making Optical Artict¥s 25 The anor phous,
transparent polymers produced by the above process may be m xed with
other additives prior to being nolded into optical articles. One or
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The polymeric materials are shaped into optical articles and intermediate
products for making optical articles by any of the methods commonly used for

15 shaping polymers. These include injection molding; compression molding;
extrusion through a die to make a film, fiber, rod or the liice; calendaring;
embossing; stamping; and injection/compression molding. The articles made by
these methods may be used for such applications as substrates for CD’s and
DVD’s, CD’s and DVD'’s, lenses, Fresnel lenses, instrument panel windows and

20 covers, prismatic reflectors, thin and thick films and sheets, optical fibers, and the
like.

The preferred method of shaping the polymers is by injection or
compression molding or combined injection/compression molding. The preferred
optical articles made from these polymers are CD’s and DVD’s, the substrates

25 from which the CD’s and DVD’s are made, and lenses, including Fresnel lenses.
The polymer that is used for injection molding of these preferred articles
preferably has an inherent viscosity of about 0.40 to about 0.50 dL/g, and most
preferably about 0.40 to about 0.45 dL/g, where the inherent viscosity is
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by t heswWOrPiSHI8s may be used for such applications as suBGTPEI¥YR2or
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preferred optical articles nade from t-Bkse pol yners are CD s and
DVD s, the substrates 25 fromwhich the COs and DVD s are nmade, and
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exanpl es. 10 EXAMPLE 1

Di met hyl terepht hal at e Thigingentiap)is futherdiibstrpsed by e foljpwingtnop-limiing gxaoiples.
(4.88 kg), agg manganese (11) acetate (4. M@@pl aced in a stainless
steel stirrec ~ reactor under nitrog rg&<at at nospheric pressure.
The reactor is equi ppecbimemgrl teréfg%tﬂglﬁtfgi‘@}ﬁ%gcg?,' RbidrbREI(979%@), lexTéngycol

nmononer conposition corresponds e ratio of terephthali ¢ acid:
et hyl ene gl ycol : i(4@8dcg); atel minghndseAR) Gestate (F1%6 g) are placed i aisteinless steal stitred

with stirring to 230[err]C w.thin three houri, 1o 240Le&rll]c during the
reactor under nitrogen purge at atmospheric pressure. The reactor is equipped

with a packed distillation column. The monomer composition corresponds to a

15 mole ratio of terephthalic acid: ethylene glycol: isosorbide of 1:1.43:0.72. The
mixture is heated with stirring to 230°C within three hours, to 240°C during the
next hour, and to 265°C during the following hour. During this time a distillate
that is mostly methanol is collected from the packed column. After the
temperature reaches 284 °C, polyphosphoric acid is added to the reactor. The

20 amount of polyphosphoric acid is equivalent to 402 mg of phosphorous.
Germanium (IV) oxide (4.66g) is added as a solution in ethylene glycol (0.100N
GeO, in ethylene glycol). The pressure inside the reactor is now reduced to 1 mm
of mercury over a period of 2 hours. The reaction mixture is kept under vacuum
for three more hours, and an additional distillation fraction is collected while the

25 ternperature increases to 285°C. Afterwards, the reaction product, a viscous
resin, is extruded into a water bath, cut into pellets and dried in an oven. The
resin has a glass transition temperature of 106°C and an inherent viscosity of 0.43

dL/g (measured at 25°C on a 1% (weight/volume) ortho-chorophenol solution).



next hour, and to 265[err]C during the following hour. During this tine a
distillate woosudvat is nostly nmethanol is collected from thecpasdesdon2

colum. After the tenperature reaches 284C, pol yphosphoric acid is
added to the reactor. The 20 anount of pol yphosphoric acid is equival ent
to 402 ng of phosphorous. Germanium (1V) oxide (4.66g) is added as a
solution in ethylene glycol (0. |0ON Ge®2 in ethylene glycol). The
pressure inside the reactor is now reduced to 1 mm of mercury over a
period of 2 hours. The reaction mxture is #2pt under vacuum for

three nore hours, and an additional distillation fraction is collected
whil e the 25 tenperature increases to 285[err]C. Afterwards, the

reaction productTheim¥hdifiétomposition of¢he q_olyi'n‘ér ehédsdrd by IMRay'§0.8% bat h,
cut into pellets and dried in an oven. resin has a gl ass

transition t errpetc:aphuhelamf, 330%% @thy]l@eagimccdmesmmﬂé% diethylens glycalfresidue3 and

0,
gl(;{ 8ti(gﬁ;i-sured alt2 3% isoso bcldg?es?due e/?c esseg /a\fx(xjtl)lg%)of&retp%? chorophenol _29.
The nononer conposition of the polyner is nmeasured by NVR as 50.1 %
terepht hal ate, 33.5% et hyl ene gl ycol residue, 2.6% diethylene glycol
resi due, and 12. 9% i sosor bi de rewressed as a m)l e % of the
pol ymer .

Purified tePephthal i Puiied terpph@akgﬁmm@ﬁd% @@soebldsﬁ ﬁa)kg) a‘ﬁﬁé e&ymeene |
lycol (1.70 Kk
Po Toterric el (10 SRS pld et B Aenbes Bl sueh b sFBREA yBoe ©

reactor is equi ppder MitdoBe® purge at atmigsphigdc Piesére. qﬁlb@éhct‘dﬂlslﬁipupﬁd&wimﬁomr
conposition corresponds to a nole ratio of terephthalic acid

et hyl ene gl ycol :Pag iptillationsolumm, Fhe mmmerlcempesmmcom@pondssto lagmoled to

bost 11 v pr escunaitpf Gatihaicr i, eiFaer Aot imsttnidot fo 6Tt ¥ e réactor
nmostly watqp s heatéc?tocﬁ’éﬂ %ﬁﬂmf &Pé@ﬁdﬁ?s Me‘iiezfc%ﬂ @ﬁtgﬁ s agﬁt lgfqeg'il t

tenperature reaches at |east t er epht
essential |y conqositive pacssatesafr 5@‘60@1 t Dmmgehxs time, a distillate that is mostly water

is collected from the packed column. After the melt temperature reaches at least

'a:

275° and the terephthalic acid is essentially consumed, as observed by the clear
appearance of the reaction mixture, pressure is released and gérmanium av)

15 oxide catalyst (3.77 g) is added as a solution in ethylene glycol (0.100 N GeO, in
ethylene glycol). The reaction mixture is stirred for an additional 20 minutes.
The pressure in the reactor is reduced to 1-2 mm of mercury over the period of 1
bour and an additional distillation fraction is collected. Afterwards, the reaction
product, a viscous resin, is eﬁctruded into a water bath, cut into pellets and dried in

20 an oven. The resin has a glass transition temperature of 116°C and an inherent
viscosity of 0.43 dL/g (measured at 25°C in a 1% (w/v) ortho-chlorophenol
solution). The monomer composition of the polymer is measured by NMR as
49.5 % terephthalate, 30.3 % ethylene glycol residue, 2.0 % diethylene glycol

residue, and 18.2 % isosorbide residue, expressed as a mole % of the polymer.

25



appearance of the reaction m xture, pressure is released and germani um (1V)
15 oxi de cXQPYEB7Y 3.77 g) is added as a solution in ethyl eRETYISPROT012

(0.100 N Ge® in et hyl ene glycol). The reaction mxture is stirred
for an additional 20 m nutes. The pressure in the reactor is reduced
to 1-2 mm of nercury over the period of 1 hour and an additi onal

distillation fraction is collected. Afterwards, the reaction .
product, a viscous resin, is extruded into aggvater bath, cut into pellets

and dried in 20 an oven. The resin has a @gPass transition tenperature of
116[ err] C and an i nherent ' viscosity of 0.43 dL/g (nmeasured at
25[err]Cin a 1% (w-yv) ortho-chl orophenol solution). The nononer
conposition of the polymer is neasured bEXAMMPIE3 49.5 %

terepht hal ate, 30.3 % et hyl ene- gl.ycal . resj due, .2, 0 .% di gt hyl ene gl ycol ..
resi due, and 18. 2Thgpalp®er %ﬁ%’?ﬂg@éﬁdﬁ._@)e%r"&lg%“%g anﬁggérg%ngpgﬁgmldmg

pol ymer. 25 : : . to standard tensile 23
EXAMPLE 3 nﬂ%%hl%eoﬁ‘%/rrtr’%r rg %asc&xg&pﬁag nf, |Lg sslbﬁfge’c??rglr?n ) ]Indoe(sj usal'rn genghle

Arburg injection b firifieasuring tensibecdrid Rexufalprogeriibsaid is alsofnjectitn mobdeskintog,
Cermany) into standard tensile . bars for neasuring tensile and
flexural profert idiscsarbhe melhtemperatpesds 230° Gond the mpldgemperaturgis3Q°C.The el t

tenmperature is 270[err] C and the nold t er re is,30[er .

Properties of thep'{ggf: P?&?@ogﬁnﬁr@g%&ﬁﬁoﬁﬂgd’&# Sa?’r% pﬁ%skgtgﬂtnéa'apha Lrabl e
1. EXAVMPLE 4

Conpact discs are nolded fromthe polynmer described and made in

Exanple 1 using a Uniline 3000 replicati EXAMRBLE #dom First Light _
ol di mg. machi ne. ( Net st PBIS dGs ar@ nolded gogh eobiEner s e ASTncD o o
oo con LRSSl i 3000 ol S AT T LighP TR
10 (Saco, Maine). The line consists of an injection molding machine (Netstal Discjet
600, Nafel, Switzerland), a CD mold (ICT Axxicon, Eindhoven, Holland), a
metallizer unit, and coating and printing stations. CD’s are molded with a barrel
temperature of 300°C, a nozzle temperature of 310°C, a mold temperature of
40°C, an injection time of 0.4 seconds, a cooling time of 1.8 seconds, and a total
15 cycle time of S seconds. The measured optical and electronic parameters of the
molded and metallized discs are presented in Table 2.
Table 2 presents measured values and the specifications that are used in the
industry. The specifications in Table 2 are written in accordance with the “Red
Book,” set forth in the Systems Description Compact Disk Digital Audio (N.V.
20 Phillips, Eindhoven, Holland, and Sony Corporation, Japan). The data in Table 2
fall within these specifications or are below the allowable upper limit. The

measurements are standard in the industry and are summarized below.

. Retardation is the birefringence times the thickness of the CD substrate.
The birefringence is the difference in refractive indices along the radial and
25 tangential directions, respectively. The optical retardation was measured

using a Birefringence Analyzer.



tenperature of 300[err]C, a nozzle tenperature of 310[err]C, a nold
t enper at ure ofywoge/s4378 40[err] C, an injection tinme of 0.4 secon@ggrneseii Ng

time of 1.8 seconds, and a total 15 cycle tinme of 5 seconds. The
measured optical and el ectronic paraneters of the nol ded and
metal lized discs are presented in Table 2. Table 2 presents

nmeasured val ues and the specifications that are used in the

| ndustry. The speC| fications in Table 2 are witten in accordance with the
"Red Book," set forth in the Systensggescription Conpact D sk

Digital Audio (N. V. 20 Phillips, Ei ndhoven, Holland, and Sony

Cor poration, Japan). The data in Table 2 fall within these

speci fications of ar e Wl&?tgeagdrk(?%i\% 4 éﬁtrﬂftﬂm Eﬁ'{‘ﬁgs °’5§i‘e

measurenents are st an I nd ry an sunmari z

* Retardation is tstlaﬂn B tigelIto Rpdd e discsPJt ishﬂeafshtedkmﬁgsanomdnhe cD
substrat e. The birefringence is the difference in refractl ve

i ndi ces al ong the radFarcedMisrossope (AFM, Digital Insgaiments, SantadiarbayasCA

rBlef gfe (r:|t In\g/glng e XESI Sgte e rezﬁg‘lh&érdoq’ttﬁeogary\aﬁgtegeiaﬁsflarb?e 2 were measured by a

- 24- 5" PCDERES R ASanAR 2SS kaélb;?ﬁﬁeﬁtqnfdiﬁnﬁ@memmof the

bunps on the st anper “used to di scs i s neasured
using an Atomc Sweden) Deflextioa rMecsmsthc)mhz(lAiéﬂpctmlmftaahghtrbsamurrent S,

Sant a Barbara, CA). The r nde arret ers in Table 2
were nmeasured by a 5 dueto skew andm %‘éﬂ%ﬁtr‘s? F‘H‘”BEVe?tj opnent

| nf or mati ont ekni k, hgw easily the drt%%gx?%ygp‘?ﬁé Eﬁélék&r‘it rﬁg@%tﬁé)sl L radial

deflection of a light ew an vvarpl the disc.

Pushpul | is a measur eifHigh foéquency)HF Signal I3 m@me&sase bi;'/décbelmgrprvbienﬂn stay on
the track as_ it follows the signal frequency) HF Si gnal

13 is a mead@re of deéBighisequent)BRSignadI11 is similar to H‘%{%I‘R‘T flestvishas ) HF
Si [ 111 | | t | of
relglngct ed 1igne £ rom PiElebilof relEidadel Kob weipies Bock Brror Rare BLER'S! ©

is a measure of blocks of pits that cannot be read or corrected.

usi ng a

It is to be understood that the above-described embodiments are illustrative
only and that modification throughout may occur to one skilled in the art.
15 Accordingly, this invention is not to be regarded as limited to the embodiments

disclosed herein.



Is a neasure of bl ocks of pits that cannot be read or corrected.
It is to be unMQ YA that the above-described enbodiments are FCTUS07012

illustrative only and that nodification throughout nmay occur to one
skilled inthe art. 15 Accordingly, this invention is not to be regarded
as limted to the enbodi nents di scl osed herein.
- 25- Table 1. Properties of Optical Polyner
Property Val ue hod Vi scosi ty( poi se)
[err] 300[err]C Dynam ¢ StreSs Rheoneter
1000 (Rheonetrics Corp, Pi scat away, NJ)
Melt index [err] 300C Extrusi on Pl astonmeter (Tinius
O sen, W!low Gove, PA) I—W@ &r Bropardesqf Optical Polymer 80[ err]
,SSTM D648m Tg( O 106[ err] . DSC
nsi t cc 135 ASHYHB792 T -
modul us(Vpsi) 0 s POl e s
el ong. [err] break(% Viscosity(pise) @ 300°C Q?W %ﬂ/h E;Eﬁés P:':z::’ra
modul us( Mpsi ) 0. 37 A D7p axmgjp | npact £
ig-?hg%g;%él b) [errj—max e?&?&gx é’%’ﬁ&%—s—e—ﬁ%oc N Extrﬂhgion'sl’lastometer (Tinius
101 Olsen, Willow Grove, PA)
HDT(°C)@ 264 psi 80° ASTM D648
Tg(°C) 106° DSC
Density(gm/cc) 1.35 ASTM D792
Tensile mod?lus(Mpsi) 0.34 ASTM D638
Tensile elong.@break(%) 74% ASTM D638
Flex . modulus(Mpsi) 0.37 ASTM D790
Multiaxial impact energy(ft-Ib) @
max load, 20°C(disc, d=1.6 mm, 10.5 ASTM D3763
101mm dia.)
Multiaxial impact load(lb) @ max
load, 20°C (disc, d==1.6 mm, 4717 ASTM D3763
101mm dia.)
Mold shrinkage (in/in) 0.0035 ASTM D955
water absorption( ﬂ% hour water
immersion) 0.27 ASTM D570
Optical transmission (%) 87% ASTM D1003
haze(%) 0.5 ASTM D1003
Refractive index 1.57 Abbe refractometer
Specific optical rotation -44 Polarimeter (Digipol-781, Rudolph
Instruments, NJ)




Mul tiaxial inpact load(lb) [err] max | oad, 20[err]C (disc, d=1.6 mm

477 WEPRSEEY 63 101mm di a.) Mol d shri nkREEU$99/67012)
0. 0035 ASTM DO55 wat er absorption(% (24 hour water

| mrer sion)- 0. 27 ASTM D570 Opti cal

transm ssion (% 87% ASTM D1003 haze( %

0.5 ASTM D1003 Refracti ve i ndex 1.57

Abbe refractoneter Specific optical rotation -44 Pol ari net er

(Di gi pol -781, Rudol ph

| nstrunents,

NJ)

- 26- Tabl e 2. Measured Properties of Ml ded CD s
Property _ PEI T di sTablel2)jeMeasuredSPrpetties of Molded CD’s
Pit depth(% of 95 85-100
st anper) Propegty] €CL1 ON ( DPRIT Gisbyalue Shedification
1.6 Pughpul | 0. 063 0. 04-0. 07
E22 AT 5~ E32
0.2 0 ;’g,f,%:‘;‘% *  HF signal 13 83100 0. 46
0.3-0.7 'ﬁmgmhmégéees)‘ H 0.8 | 0 046
0.6-1 PREEgET Y 0.063___ O Y 0.040.07 < 0.2
Bl ock error rate T3 109 296 G

E32 0.2 0

HF signal I3 0.46 0.3-0.7

HF signal I11 0.83 0.6-1

Symmetry 0.09 < 0.2

Block error rate 169 200

(BLER) :

Reflectivity(%) 78 70-100

Retardation (nm) @ 45 nm 50 nm

633 nm

The optical articles of the present invention may also be made with the
polyesters described in copending application 09/064,720 f{Attorney Docket
No. 032358-008] and the polyester blends described in copending application
09/064.826 [Attorney Docket No. 032358-005], the contents of each of which are

5 hereby incorporated by reference.



(BLER) Reflectivity(% 78

70-100 - WO 99/54378 Retardation (nm [err] 45 nm PCTUS9AOHI2nm
633 mMm The optical articles of the present invention may

al so be made with the pol yesters described in_copending application
09/ 064. 720 [Attorney Docket No. 032358-008] and the pol yester bl ends
descri bed in copendi ng application 09/ 064 826 [Attor ney Docket -No.

032358-005], the contents of each of which a2r7e 'm orat ed
by reference. -27- " iif -
What is clained is: 1. An optical article conpr JJ H ,”ms”H*HF
transparent polymer which conprises t er epht hal oyl nvi eti es,

opt ionally, ot heg{@@ghmggsam d noi eties; ethylene glycol

noi eties; isosorbide noieties; and, opti onal | y, one or nore other diol

noi eties, 5 kher eidm eptical rticleraomprising artransparert polymerCWaich GOWPrises | east
about 0.35 dL/g ured 1% sol uti.o /vo

o- chl or ophenol a?e %@Wﬂ@meﬁe& °Ptl°m%€' » OLICH- ﬁ@“&ﬂf%&a&%@% %ee%lp ?‘éd
in Caiml, whergj % &%m%ﬁma@e% &Y, optionally! BB@bﬁﬂiore/maszo&mI ihoidties he
range of about 0. 4 to about 0.5 3. he opti cal article as
recited in @ ai rrw‘haenhsmdlpnl)emrdlaapn nnimtenarviscosmv dafat &ast about 0.35 dL/g as

measured on a 1% solution (weight/volume) in o-chlorophenol at 25°C.

2. The optical article as recited in Claim 1, wherein said polymer has an

inherent viscosity in the range of about 0.4 to about 0.5 dL/g.

3. The optical article as recited in Claim 1, wherein said optical article is a
10 compact disc, digital versatile disc, substrate for a compact disc or digital versatile
disc, lens, instrument panel window or cover, prismatic reflector, film, sheet, or

optical fiber.

4. The optical article as recited in Claim 1, wherein said terephthaloyl
moieties are present in an amount of from about 25 mole % to about 50 mole % of
15 said polymer, wherein said isosorbide moieties are present in an amount from
about 0.25 mole% to about 40 mole% of said polymer, wherein said polymer
further optionally comprises aromatic diacid moieties other than terephthaloyl
moieties in the range of O to about 10 mole % of said polymer, ethylene glycol
moieties in an amount up to about 49.75% mole % of said polymer, and other

20 diols moieties in an amount up to about 15 mole% of said polymer.

S. The optical article as recited in Claim 4, wherein said other aromatic diacid
moieties are derived from isophthalic acid, 2,5-furandicarboxylic acid, 2,5-
thiophenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-

naphthalenedicarboxylic acid, 4,4’-bibenzoic acid, or mixtures thereof.



10 conpact disc, digital versatile disc, substrate for a conpact disc or
digital versatiw®oos4sszs disc, lens, instrunent panel w ndow or PCEXIS99/07012
prismatic reflector, film sheet or optical fiber. 4,
The optical- article as recited in Claim1l, wherein said terephthal oyl
noi eties are present in an anount of from about 25 mole % to about 50 nol e

% of 15 sai d polyner, wherein said isosorbide noiet n an
amount from about 0.25 nole%to about 40 nol e% l)nﬂm"mlmﬁm I.III

wherein said pol yner further optional +28- conprises aformati’t diacid
noi eti es other than terephthal oyl noieties in the range of 0 to
about 10 nol e% of said pol yner, ethylene glycol noi eties in an

anount up to aboup, 49. The YpfitHl artiél®As it BOCMERY, wﬂi&ﬁh@hﬁ&bth%ﬁdlolnﬂilaie%
noi eties in an amount up to about 15 nol e% of 'said pol ynme

The optical arti chee desived fiomealiphatiCatidyians glydols e brasclied dmlhbfm@g Gamx 3-(12

di acid noi etjes are derived fromisophthali
2, 5-f ur andi car box §3tPen oM anglgvmg € mpir aﬁg?@’fiﬂjﬁ ¢Dg%57pﬂc whergn is an
2, 6-napht hal enedi Iﬁge 9% 8-19C bR or2trdis- -1, 4-cyclohBRRRIRERBHLCAIENEY b theadd d.

4, 4' - bi benzoi c ac m Xt'ufes there
- 28- 56. and ﬂ?bm mothaﬂxedmenel glyad; wiediyleng glycol] 210+bisf4-(dvhpdroxp- sai d
ot her diol noieties erived fromaliphatic_al kyl ene_gl ycoI s or

branched diols ha@ﬁhﬁzgy)ph@mlhprmane 1 I-bl%%b}‘dramﬁ%w}@en&ﬂ%@h@me

or 1 ane- 1, 4- Cycl BRERE DRI P bRl 43 ¢ fieby GOpadicl] A8, o1 <
i soners; di et hyl egianBydreiditol;t 1, 4-abhydroas taityl; ok mixtuestthededf. ( 2- hydr oxy-
et hoxy) phenyl ] propane; 1, 1-bis][4- (26? dr oxyet hoxy) phenyl ] cycl ohexane;

9, 9- bi s[ 4- ( 2- hydroxyethoxy)phenyl]fluorene

1, 4: 3, 6-di anhydro nn| hy, | di.t ol
1, 4- anhydroeryt hri't &ﬁF °R¥1 Q@ﬁﬁpﬁe P%‘échﬁq m bﬁ‘ ‘F wheFein Said terephthaloyl
10 moieties are present in an amount from about 45 mole % to about 50 mole % of

said polymer, said isosorbide moieties are present in an amount from about 0.25

mole % to about 20 mole % of said polymer, said ethylene glycol moieties are

present in an amount from about 5 mole % to about 48 mole % of said polymer,

said other diacid moieties are present in an amount from O to about 5 mole % of
15 said polymer, and said other diol moieties are present in an amount from 0 to

about 2 mole % of said polymer.

8. The optical article as recited in Claim 7, wherein said optical article is a
compact disc, digital versatile disc, or substrate for compact disc or digital

versatile disc.

20 9. The optical article as recited in Claim 8, wherein said polymer has an
inherent viscosity in the range of about 0.4 to about 0.5 dL/g.

10. A method of making an optical article, comprising the steps of:
(a)  providing a polymer which comprises terephthaloyl moieties,

optionally, other aromatic diacid moieties; ethylene glycol moieties; isosorbide



7. The optical article as recited in Caim4, wherein said terephthal oyl
10 noi et i ewwaows4preesent i n an anmount from about 45 nole %tcpcqmggp/omz

nol e % of said polymer, said isosorbide noieties are present in an
amount from about 0.25 mol e % to about 20 nole % of. said polymer,
said ethylene glycol noieties are present in an anount from about 5

mol e % to about 48 nole % of said pol ymer, saini,ﬂ"l li
noieties are present in an anount fromO to about 5 ! cﬂﬂ”mgﬂl, '”l"l d
pol ymer, and said other diol npieties are p#2%sent in an afount from 0 to
about 2 nole % of said polyner. 8. The optical article as
recited in Caim?7, wherein said optical article is a conpact di sc,
digital versatil It 6", rﬁﬁm { ShEaCdiort ; h | :
versatile disc. ﬁmgéct)ﬁ‘f, adé&_, © Tt}g?{(})ifoet (FI?{;P art@gﬂg@&}l&%%ﬁb@%@ %(I)lx]mgr
wher ei n sai d pol hasean inhereatviscosity of atleast ebout\l.35 dE/g 35 meashisd orend G edlutibut
0.4 to about 0.5,dL/ A.net hod of making an optical

. ] 10.
article, conpri S(W@gﬁﬁ‘@l‘é@%)& ooqll:lorophenol at 25°C; an(la_) provi ding a pol yner
whi ch conprises ter epp;ghal Qx?ﬁgéﬂg)éaﬁfuﬂacgfmer into anogt'r?%a\'l g@fcllé ¥r a QdMEate QIR ©

diacid noieties; ethyléne g I'es; 1S0S

- 29- 5 msedtin@a optcal artigdé.i onal |y, one or nore other diol noieties,
wherein said pol yner has an inherent viscosity of at |east about
0.35 dL/g as neasured on a 1 % sol ution (wei ght/volunme) in

o- chl orophenol at, 25[ wand .o .. . b). s i ng sai d, pol ymer
into an opti cal g%t i c?éé hﬁn}fﬁﬁ FEpteddn Glajm 1Q. wietin saxfs%%pm% compnsgs
injection molding, compression molding, calendering, embossing, stamping,

injection/compression molding or extrusion.

12.  The method as recited in Claim 11, wherein said extrusion is through a die
10 that yields fibers, films, sheets or rods.

13.  The method as recited in Claim 10, wherein said polymer has an inherent

viscosity in the range of about 0.4 to about 0.5 dL/g.

14.  The method as recited in Claim 10, f;vherein said polymer is shaped into a
compact disc, digital versatile disc, substrate for compact disc or digital versatile

15 disc, lens, instrument panel window or cover, prismatic reflector or optical fiber.

15.  The method as recited in Claim 10, wherein said terephthaloyl moieties are
present in an amount from about 25 mole % to about 50 mole % of said polymer,
wherein said isosorbide moieties are present in an amount from about 0.25 mole
% to about 40 mole % of said polymer, said other aromatic diacid moieties are

20 present in an amount from about 0 to about 10 mole % of said polymer, ethylene
glycol moieties are present in an amount up to about 49.75 mole % of said
polymer, and said other diol moieties are present in an amount up to about 15

mole % of said polymer.



5 used in an optical article. 11. The nethod as recited in

Claim10, wheweiowseasd shapi ng conpri ses I nj ection nol PCTIYS9/07012
conpressi on nol di ng, cal endering, enbossing, stanping,

I nj ectionfconpression nolding or extrusion. 12. The met hod as
recited in Claim1ll, wherein said extrusion is through a die 10 - that - -
yields fibers, filns, sheets or rods. 13. Th cited
in Claim210, wherein said polynmer has an inherent T mﬂa ,@”‘l@ ‘"’e
range of about 0.4 to about 0.5 dL/g. -30- 14. The *nmet hod ed
in Claim210, wherein said polymer is shaped into a conpact di sc,

digital versatile disc, substrate for conpact disc or digital versatile 15
di sc, .l ens, instrunent panel wi ndow or cover, prismatic reflector or
optlcal flber The nethod as recited in Caim10, wherein
sai d terepht hal 3¢} waihstm@bOChaSereclted in Clagnd§e mwherein said aﬂm aromatisidiagibut 25

mol e % to about 5Q .ol e o) in .sal sor bi de
ol ot es are’ oy SXBeHE ke dhfed Bl iDL acid, 3,5 Sl BoR R 3k, pER° 01 O |
40 nol e % of Sa'tﬁoﬁﬁén\é&iéﬁnboiﬂh@'a&& he6-m gHﬂEﬁfehEdléhrﬁ&kﬂxcrHéithz' £s are 20

present.i-n an anouht from about to about 10 nole % of said pol ymer,

et hyl ene napiithalehedicarboxydic aalde4;#dxbnnzomracah oamuixtures theteof.about  49. 75
nol e % of said polymer, and said other diol noieties are present in
an anount up to about 15 nol e % of said pol yner,

- 30- 5 17. The method as recited in Claim 15, wherein said other diol moieties are

derived from aliphatic alkylene glycols or branched diols having from 3-12 carbon
atoms and having the empirical formula HO-C, H, -OH, where n is an integer
from 3-12; cis or trans-1,4-cyclohexanedimethano! or mixtures of the cis and
trans isomers; diethylene glycol; triethylene glycol; 2,2-bis[4-(2-

10 hydroxyethoxy)phenyl] propane; 1,1-bis[4-(2-hydroxyethoxy)phenyl]cyclohexane;
9,9-bis[4-(2-hydroxy-ethoxy)phenyl]fluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-
dianhydroiditol; 1,4-anhydroerythritol; or mixtures thereof.

18.  The method as recited in Claim 15, wherein said terephthaloyl moieties are
present in an amount from about 45 mole % to about 50 mole % of said polymer,
15 said isosorbide moieties are present in an amount from about 0.25 mole % to
about 20 mole % of said polymer, said ethylene glycol moieties are present in an
amount from about 5 mole % to about 48 mole % of said polymer, said other
diacid moieties are present in an amount from 0 to about 5 mole % of said
polymer, and said other diol moieties are present in an amount from 0 to about 2

20 mole % of said polymer.

19.  The method as recited in Claim 18, wherein said polymer is shaped into a
compact disc, digital versatile disc, or substrate for compact disc or digital

versatile disc.



16. The nmethod as recited in Caim15, wherein said other aromatic diacid
noi eti es are WEr9%sdarsf r om i sopht halic acid, 2,5-furandi car boxyPCE/Use9/er012

2, 5- t hi ophenedi carboxylic acid, 2,6-naphthal enedicarboxylic acid,
2, 7- - napht hal enedi carboxylic acid, 4,4'-bibenzoic acid, or mxtures
t her eof . 5 17. The method as recited in Cl ai m 15, wherei'n sai d '
other diol noieties are derived fromaliphatic aI

branched diols having from 3-12 carbon atons and mwa’mmﬂﬂi"m,
enpirical formula HO CnH2n-OH, where n is a3l nt eger * from 3

or trans-1, 4-cycl ohexanedi net hanol or m xtures of the cis and trans

i soners; diethylene glycol; triethylene glycol; 2,2-bis[4-(2- 10

hydr oxyet hoxy) phggny! 1 Ti 2Eea as ecited in Claim 19, wherein said polymer has an inherent
1- bi s[ 4- ( 2- hydr oxyet hoxy) phenyl ] cycl ohexane;

9, 9- bi s[ 4- ( 2- hy dvisogite iththey angecofidbpit wdrteaboutD).d dB/&- di anhydr onanni t ol ;

1,4:3,6- di anhydroiditol; 1,4-anhydroerythritol; or m xtures

t her eof . 18. The met hod as reci ted in Caim1l5, wherein said

t er epht hal oyl nojseti od 5 RiprisindThal! mol e %
to about 50 nole %ogﬂ}sﬁlﬁlgthpoailgr%m@ ﬁ sal I sosor gxiﬁe rm?letﬂ#gessa‘l(gre

present in an arpmlyrher by njedion mdlding, corhpressidromoldiog or @bmbined0 nol e % of
sai d pol yrrer sai d etryyl ene glycol noietjies are_presepnt. in an nt

from about 8 noliBiegtie %axfﬁsm@mm@g% preldadisc aévbpmts in3 Fompadtshisc format
diacid noieties I I f
p:)I ylmer :andI sai%ﬁtﬁw}g ng%‘raanml SERAS a%’atfiﬁpg)esen “ﬂéﬁgaﬁfeg%t&@(%%

about 2 20 ndoatifip edid IdicCvillPh YrdEctive coating to ¥i€ld a colfpact@isdlod as reci ted
in Caiml18, wherei n said polymer is shaped 1nto a conpact disc,

digital versatile disc, or substrate for conpact disc or digital

versatile disC. 5 The method as recited in Claim 18, comprising molding said polymer by

injection molding, compression molding, or combined injection/compression

10 molding to yield a disc having pits in a digital versatile disc format suitable for
reading with a laser; coating said disc with a reflective coating; adding additional
reflective layers, semi-reflective layers or both reflective and semi-reflective

layers to yield a digital versatile disc.
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(S7) Abstract

£
(54) Title: OPTICAL ARTICLES COMPRISING ISOSORBIDE POLYESTERS AND METHOD FOR MAKING SAME /

An optical article made of a transparent polymer which includes terephthaloyl moieties, optionally, other aromatic diacid moieties;
ethylene glycol moieties; isosorbide moieties; and, optionally, one or more other diol moieties, wherein the polymer has an inherent viscosity
of at least about 0.35 dL/g as measured on a 1 % solution (weight/volume) in o-chlorophenol at 25 °C.
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