; e3eXz”6Ti 11 Novenber 2003 WD 99/54378 PCT/ US99/ 07012 ES
- COWPRI SI NG | SOSORBI DE POLYESTERS AND METHOD FOR MAKI NG 1?%%?6 ggl
Applications Field of the Disclosure 5 This invention relates generally to
the field of optical articles, such as conpact discs, and ToLe (fically
to optical Wé’r-"t"gﬁ"és conprising specific polymeric materi al § W&gfﬁ%ket hods
of making optical articles conprising these polyneric materials. Background
of the Disclosure 10 Optical storage in the conpact disc (CD) format has
gai ned wi de use in the conputer, publishing and consunmer markets as- a | ow
cost and conveni ent nethod of storing information. Digital information is
stored in a substrate by neans of pits and grooves which are read out with
a laser light source. As the technol ogy of optical storage advances to the
Digital Versatile Disc (DVD), the density of 15 information on the
substrate will need to be increased by making the pits even smaller and

cl oser to one another. Er asabl e CD s emands on the
resins used in the CDOPFHeAL 'EICLﬁgm%ﬁgg&éﬁSm&ﬁn t he resins
and in the manufactur Egém .J 11
Novenmber 2003 wC~ 99l ?%W%&PWQ and DVD manuf acturing
processes, information is encoded in the formof pits and grooves that are
replicated froma stanper in a nold onto a _plastic substrate. The substrate
is then netallized so that the rea&lated Applications, of | ected from the 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. DVD's are simlar to CD s in manufacture, but
may al so have an added semreflecting |ayer to encode an additional |ayer
of information on top of the first&ﬂé}iﬂ%@&é@éu—fgurface. For DVD's, two

di scs are bonded together with a transparent adhesive to double the 10
information content. The DVD disc is then read fromthe top and bottom

using 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 be 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.
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two light sources. In the case of recordable CD s azd BV Svenfbef 0563 nUous

groove or track is nolded into the substrate for |aSer tracking. Then, a

phase chagg)e%%?%@ri al (a dye solution or an inorganic all @praigesfr) coated
or depositied o the plastic 15 substrate. A netal alloy, preferably gold,
is deposited onto the recording nedia to reflect the reading | aser beam
Finally, a coating is applied to protect the netal |ayer. The nol di ng of
CDs with fast cycle tines requires a plastic resin with a speci al

conbi nati on of rheol ogi cal, mechanical, thermal, water absorption, and 20
optical characteristics. One of the nostainportant properties is a |ow nelt
vi scosity, which nay be achi eved by reduci ng the nol ecul ar wei ght of the
pol ymer. Low nelt viscosity enables fast injection nolding and al so fast

rel axation of the, birefr] GG Sal ifforBssasSis ieficddee imtdeded di sc
before the pol ym&*?n éiﬁ Mﬁ?@;mwﬁ‘@ﬁ‘gﬁ.ﬁggf"%r operties such as stiffness, .
shrinkage ang, Rf][gligaﬁh g8V alARGRe gaplicatet érotram stamperob PPl AR d di scs

a

that are fl at, have good pit replication, and that ar anically
robust. Resi platiceulistatvedthd subgwate inlged Hﬁ&%{fééoé%{@}fc ea%iugtlz%gg{rge used and

stored in uncontrol |l ed enviragnments indShdencefiamioalisonobi | e,
wher e t enper aefgcded oM tB%leé’%gﬁftﬁhTh%(@]vﬁ%%%t%plg November 2003 W

99154378 Pmlcgﬁgalwqaloall%cq&r%tﬁ%iﬂhih%h protecrnbe diantnds whidhetantieansrkedied di scs
retain tﬁei r perrornmance "characteristics in high hum di :éb,and t enper at ur e.
Good adhesi onyjiidkebalabelngamhidestifictioy. DVP spaesiAtart8Cl 80 term

i nformati on storage capability. The optjcal bStol énsod arf he plastic
mat eri al i nclmamfacnrg %‘trﬂ@ééls%ﬁf"fecaﬂc%gf&is%qlg%?gcgﬁ%&m:g{? 5 %pt? cal

transm ssi on sQ.tha e d. RE28% RiSSase fikt Qreglicddd senflust rlEire and i s
reflected w tqq%moﬁfm#é}d‘fﬂs@?haon. Tﬁfebspr.i nci pal performance stb?nﬁar ds that
conmpact di scspyys, tiealisddraee behdetiadgdlerfwited tragspafenpadhesixe 1q dopbigihe
(information content), low birefringence in su iLeabmsisghal
fidelity) anfdrimatinesentent. dide R%ﬁ %Hbflbenifﬁad?%{"ia‘ﬁ‘eﬁ‘éﬁ%@éé’). To S?’{g is
difficult for a Iasti% resin to neet all of the above requirenents. For
exanpl e, pol yWépr ERLSPWCR%I ¢ vi scosi ty that has been reduced by | ower.ing the
nol ecul ar wei ght ggP@E ahieyoftev&dpsleo ICDTe ahd BINIRTs, pESPEROVCRI 00YE &S of

pl asti cs have been proposed or used, ingludi pol ycar t : LCS,
pol yest ers, poilojdstlyinteribe awtistratechior dasel &4 gco%“y ﬂ'v?%%s.e %?‘%h@%a@%‘%&

pol year bonat e, 42, and, act Yl LS PHUTH SiREGuE: EBSiicioAd woyhady i nly

because of th&plptiph Bha'b nm'sSion, exceéellent nechani cal properties
(pol ycar hgnat g) S@gg | Qhdair il peesasly (sold, it dgepitedHmmetherrpeariganidud K i al s
have a nunber o‘? I sadvant ageS, including a hi 8h sthgd's OrBEeiCP e fipi ci ent

( pol ycar bonat edflechilghresding taseibbesnpt Fnally o FANPE JS aPR Eoo% el at i on
(acrylic). There is therefore a need 20 for an inproved optical quality

pl astic resi nl3€Ta substrate material for conpact discs. Plastics that can
be used in CD's anGi“h@\lghlﬁin(g"d?@lb%&bitlpfaaﬁé}icwih)lem‘mirswfIﬁliﬁ%lcdﬁ'émy*’lﬁ)o%d
optical properties so that "'they can be used in other g&iic I a[.ticlgs as

wel | . The t er npecigipfombiatimntof chesdogieal, umashanieal e thprmak KALCTEARSAAPHPY S ¢ hat

25 are used in optical appl.icapions, ti bobeRies 8ad 1004 fblt! 1 ght,

i ncl udi n@0t he apticlaharacteaistigs e VUpe Sﬁpeﬁ%sﬁégé%rag%gﬁhndlgr goes, and are used
in the gener atdig&s-rfrm@g?ﬁaiy% acRREPby rédmbmgitssmokecuar weight of thept i cal

pl astics" are p ASY1’CS that “have optical properties that ke. t hem sui t abl e
for use in optpdipherrLow medt viSpisity ahables] fastNaIEeReENOWIRER Wofptls378 -4

PCT/ US99/ 07012 articles_include | ense uch isc béfeter ument
panel w ndows Hxaten el the WFHWF%W@@F%@P’&F@%%? ?[({:]gﬂle l#(?gicfglfc CD s,

D/D's, and trapapareil BHARES. MébubibiTprodlidadch arsesashtiokagsend for such
ing of Iig

applications a irec ht "beans and i mages. tJ}:%Iéa tic Iens&s are
S

usef ul begausejashdi fdsiapate ArRchmorant tobblaimmolded dises that A1 LRAVESOPEy pe

incorporated into the | ens design and because fhsy. : : gpidce by
mol di ng. The rmite¢plt§;m$0nr,@QQith?ér?ém@c?aélﬂcaﬁ%ﬁél@’sggaﬁgsmgéneﬁlcﬁgrﬁgattg??ﬁggg of

compact discs. 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 diol 1,4:3,6-dianhydro-D-sorbitol, referred to herqi1 fvt er 85403

i sosorbide, the structure of which is illustrated bel ow, |°sep‘(-l.\)§8| Py made
from 10 renewabl e resources, such as sugars and starches. For exanpl e,

i sosor bi dwocmrsalze made from D-gl ucose by hydrogenati on f olPCEHMSE9/§7912

aci d-cat al yzed dehydration. O 1-3 wH O OH OH Isosorbide has been

i ncorporated as a nononer into polyesters that al so include terephthal oyl
noi eties. See, for exanple, R Storbeck et al) 15 Makronol.Chem, Vol. 194,
pp. 53-64 (1993); R Storbeck et al, Polynmer. Vol. 34, p. 5003 (1993).
However, it is generally believed that secondary al cohols such as

i sosor bi de have poor reactivity and are sensitive to acid-catal yzed
reactions. See) for exanple, D. Braun et al., J. Prakt.Chem, Vol. 334, pp.
298310 (1992). As a result of the poor reactivity, polyesters made with an
i sosor bi de 2QbsmprioRis impdriest sertatdhe moldegttiseaIrPl@iInBFE PEHYMA S ct ed to have

arelatively low 11 Novenber 2003 99| 54378 +ShidRl ecul ar
wei ght . Bal | alieraciefisigs inpg R a{‘&%’?‘?ﬁgﬁuﬁ o%g e%@?ﬁg{’ 2(7’%%%} gglél;é?

Pol ymer i ¢ Nt eelgl s FREYGLAARHhe (4oh infBrmitionSR6taed KpSB)ity. CDRObTR! S

containing is Ieties, ethylene glycol noieties, and terephthal oyl
moi et i es haveghegrrisapost e phisiiymaeriel include adpw| syress optissoghilisientans! kighse

three noieties, in which the nole ratio of ethylene i snsor bi de
was about5 90: a@icaliaanspaisinm Odhathe ASeY mp@?sﬁhﬁouﬁggléeynﬁlgg‘ﬁ%ﬁ%i i on No.

1,263, 981 (19%2%953 gvgg}x{)rﬂnm&x d‘l‘ﬁéﬂfdﬁ?Gk‘lﬁj‘)rﬁncfﬁapﬁér_f&ﬂﬁﬂéﬁlﬁﬂidaf@hﬁmt 10% of

|
a blend with ene to 1 nprove t dyeabi ity of pol ypropyl ene
fiber. It wascdmshe: ¥combé ek yrerelarat iodidetify of pittdpliFatioariformadicnt e,

et hyl ene glycol, and isosorbide, 10 but the conditi whi ch._wer
descri bed onl yoritent)ydee béefringense iﬂrﬁupﬁ@‘%ﬂﬂ“f’%‘éﬂﬁr@hﬁ%’&n%glf“nﬁ%svogf given a

pol ynmer havi ngaggggggﬂggrggq%ﬁr c\ggéaght. Copol yners of these sane three

nononers were ently, where it was observed that the

glass trggsition tgnpaatyl for Epl@tictrban e@prbysteof thaabeaseguirnds. sberor bi de
monomer content up to about 200C for the isosorbide 15 terg})hth | at e
honopol yrer . Ekenpie] poipners avipi mslt wiscesiyadiat IRy hea EadveRy Relo¥5HER By |
dichloride in solution.with the diol nong IS Rt hoduyb&a! gted a
copol yner wit Fl“oéecr‘iﬁ‘lré’fﬁh?rvgérge%?ghﬁa‘{etpa ot imselzg%éb%arl &E‘%ﬁ;ﬁ%l gher than was

obtai ned in t&ﬁ\xﬁ&rme bBal SidbodRr s iiatludiag poiyoerboniies; ectylics,st i | |
relatively lo en conpared agai nst other polyester polyners an
copol ymers. Fyolyesiers, phiystgred® apd cyetisr alefie epaaiershyBIgbedi ROWEIAME zat i on

and were th free of djethylen | ycol i eties. :
pol ymer i 2at iu?)ri‘.nd S@éliRP(’I@F&?F %r(‘?ll,ﬁe %ogtsﬂi'df{;ﬁsg?\{ %Efrﬂ%agggﬁeg?q%rr ?%lr]uhe
(1994); R Stqrpeg ‘&aﬁ@b%e)&gﬁ@d@'méeﬁwemrprasarﬁm?olymonm,anpoow1199- 1202

(1996). U. S PRt ent 4 describes a process for the preparation of
pol yesters 25 yisafingenes (acalicsit Boweves, fhase inatepalsdase p HAMBET fqueous st ovi ng

| acquers. The pol yesters are prepared with an al cohgl b of
t heqrrany pref iﬁ‘faééalmg?éh@ﬂé‘d}n% 3 ‘é’F\ SUERS SPOF BP?%'ICE"E@V(\)IE)\%& © ﬁ%{ﬁg%ﬁev%g
mol ecul ar - wei gt @fiof iR ryiic), Aok SRY GHERAIIzARATaiOY/ Fiskdd B (RGEHOEI9LAT012

-6 .
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




pol yesters is from1,000to 10,000, and no pol yester hctualbinmitapsi ng a
di anhydrosorbitol noiety"was made. U. S. Patent 5,179, 143 descri bes a
process fogolbhgssageparati on of conpression nol ded nmateri al $cTAISI®H7012
descri bed therein ,are hydroxyl containing polyesters. These hydroxyl
cont ai ning polyesters are listed to include polyhydric al cohols, including
1, 4: 3, 6-di anhydrosorbitol. Again, however, the highest nol ecul ar weights
reported are relatively low, i.e. 400 to 10,000, and no pol yester actually
containing the 1,4: 3, 6-di anhydrosorbitol noiety was nade. Published PCT
Appl i cations WD 97/ 14739 and WO 96/ 25449-#escri be 10 chol esteric and
nematic liquid crystalline polyesters that include isosorbide noieties as
nononer units. Such pol yesters have relatively | ow nol ecul ar wei ghts and

are not isotr Oxﬁ' s TR Nseof sch @s Prémboienyes, mommentypand windoweaithi ngs and
expect ati ons PTha ’

have been published in the 15 prior art. isotrepic, i
sem - cryst al | jgeranslisantic pifcsorsroptisal fitpss 1 rsywaﬁ) 15t ﬁ’?é{"%B%rFéteésﬁtgétgs
cont ai ni ng terephthal oyl nvieties, ethyle R Rk EFreckis® oo lighde
moi eti es and, awbfilmnaviplied HNEEHAPATAISE %@ﬁcwéei%[eléﬁare readi_!cg
synt hesi zed in nol ecul ar wepght t. - 8L fSiccalse @ddivionatabdchaniedt i cal
articles on aﬁe%ﬁﬁ%#@gé’fg%?‘?]e%@laﬁ a preferred enbodi nent,. the nunber
of terephthal gyl EPh 'ﬁﬁﬁltgis Baii bailp dleyinearporated Antorihe Jeah gesigy AARFGEUSSS o4 ¢ o
about 50 nole % (nole % of the total pol r)..ahe FRYebsSgrel NCl ude
anount s of onehayraraoasy t@tﬂi@ﬁlucﬁﬁwﬁﬁ?]idgpgdi igga)%?aes[ {eggirés(rg%{gs as, “For gxarrpl e,
t hose derived from. sopht Qal ringacq?i%s 2, 5f urandi car boxylic acid,
2, 5-t hi ophened THE5E Ot SR8 2. -napht hal enedi car 25 boxylic acid,
2, 7- napht hal enedi caganyl 1 8:36idthnhgdid-B-sdtbitol referesiddo eredafigs 2% onbi ned

| evel s up to about 25 nole % (nole % of the taotal pol ) flom Novenber
2003 WO 99| 543§'<&or_t§id_e,REE|'Bﬂ089@7€G)f0’11’2Chﬁ‘Huﬁ?aé‘?dce)l?ﬁ?%‘ﬁ’ Sﬁ%@&n“%aﬁte, et hyl ene

gl ycol nonomer units are present | t $arOfiesa 3Vt texBmple] Bodérbide abmbie
49.75 nol ¥ o, TENERA %F?%’&ewaé?%%h%ggrz#gi%rdieest hyl ene gIIchoI noi et i es.

Dependi ng on t lgg%@ﬁgmgégmcog@wha@mémonﬁalcammn acdd-caplszadydedydraliphcol

noieties is in e range of about 0.0 nole %to about 5 25 nole % In a

preferred enbodi nent, isosorbide is present in the polymer in amounts in
the range of about 0.2S nole %to about 40 nole % . One or nore other diol
mononmer units may al so be included igganounts up to a total of about 45
mole % . 10 OF course, all of the petcept a(())es are dependent on the

particul ar application desired. Desi
di acid nmononmer units and di ol nono

-Ohowever, equi nol ar amounts of

r unitsy)are present in the polynmer.
Thi s bal ance is desirable to achieve ) nol ecul ar wei ght. The pol yners
havi ng these conpositions have gl ass tr&nsi\ti on 15 tenperatures, as
measured by differential scanning calori netQ¥, of about 85C to about 196 C
) with preferred conpositions generally having Tg's of about 90 to about
165C. The pol yners have inherent viscosities of about 0.35 to about 0.60
dL/ g, preferably about 0.4 to about 0.5 dL/g, neasured on a 1 % sol ution
(wei ght/vol une) in o-chlorophenol at 25C. Polymers in this conposition

range 20 are anor phous (ar be .quenc SHoPE iREPoRBaES that also
transparent, and haJéoqu}?Rp%H;%‘?qﬁpﬁﬁ%é’ﬁB(gg&gg%gnrgr corrpog?)t]i@ons that are

anor phous becaygg {%Qf‘e}‘ PRI SRGARE. Bee, sdrewamplec Ry Staabéck geal, even when t hey
are heated above the g?

ass transition tenperature. _Th opol i s shaped
into articises tMakrommy.Crenus¥dl.il®4oppi %%gl)ﬂ?%bpﬁf §5F§?5’%§P%li’£§ﬁnoéﬁti cal
articles). These articles in de_ substr bRae t &eonddrd DVD s
and the fini sheﬂobﬁédﬁc@@h@géﬁroﬁfoweﬁfﬁ’ddﬁ SB elrl1§s;gs, F(?ggnel IIlenges,

i nstrunent panel, w R : $ave Mo s raattivity afd are seusisive to agidealized ck
transparent fi l&gﬂg&sﬁ%gg?&;ﬁ%‘éﬁ cgle&);i bers, and t h%hlminkevongx;4 pﬂpefz%_r ed

shaped reactions. See, for example, D. Braun et al., 1. Prakt.Chem
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



11 November 2003 WO 99/ 54378 PCT/ EJS99107012 _g_ articlgs are %Qgﬁaﬁt di scs
and DVD s, substrates for making CDO's and DvD's, 5 10 1 56(3EP n enses,
i ncluding Fresnel |enses. The finished CD s and DVD s havelpits on t he
surface of MO¥/58378cs in a CD or DVD format. They al so have FETAEPPRIOIT ve

| ayer (usually nmetal) and a protective coating, such as a |lacquer. DVD s
may al so include additional layers to conformto the DVD format, such as
additional reflective or sem-reflective |ayers, additional protective

| ayers, and nore than one disc stacked together. The copolyner is forned
into these optical articles by one or nore nethods conmmonly used far
shapi ng and fabricating plastics, includ?hg i njection nolding, conpression
nol di ng, extrusion through a die, which nay be designed to nmake fibers,

films, sheets, rods, and other shaped objects, K calendarin ephossi ng,

st anpi ng, andmblpdat WGig/nt:on@ﬁsﬁt@E Rﬁi}’%ieffg(DeTWQS BTo8} g?‘?eg%b#eg‘ﬁgﬁesé’of
fabrication are injection | di Ndy,l Njeect i ression nolding, wth

t he pref er r edPRHBEEE ‘?ri‘%fhggcyt‘}gq%ﬁgiadyggs&%b?%ﬁgg@nd DVD s. The invention

al so conprises a ”Ebgkﬂgm&fs Rk Bbskbide Eldicicandhybiz glycdlansietss, andl ot her
optical articles by pi ng the polymer that includes ieties, of.

Ej er epht hal ihc @e%pmxhaﬂ%omhiedaambbeer?qr@ﬁénbl XpEQlY - efe%‘{ﬂof%’é‘a CQBM;Z n'é 0 a
isc or other shape by jnjection i ng. ..In ' L ; i scs
Ty have it sthes BaenRishERah ey 1o Bolifania O M epRBR P ot elbite s T
format during, i) 86100000k kg i puiRR] Oashdnbeat inpplieiopriésst 263,861 di ng
for read-only SCS,” O0r they may have only grooves in the case_ of
recor dabldebfji %g_ﬁg),Pi]hﬁ po]ymﬁ'r s lumlrds_sa mmada?hpowlgﬁrﬁml Q%) gfrﬁ)bl%’él created
in recordabl e discs through applicatiogn pof. focuse r [ a
coating that mathoredypyepyleee ‘Q.ll,npffﬁflet‘%lgyeﬁgﬁ%ﬁf?(ggﬂggﬂg cafsﬂ(E:erq.' I?wagﬁahgases,
the discs are_further f i.cated. i heNeliepd BREOICaad isdgsrbiied
S S R R e B v

| ayers to mak &Y &0 € e coatings and layers include a

reflectiyg coapi g coHgiuiahd, Wwiiciwerldescribepoatyeintgenerabigans ingthe puplicatign,
| acquer), and other reflective, sem -reflective or transparent |ayers or
coatings and aduild netsve gives @ polymasdusmead g MOKCHIAL §8¥8ED or DVD for mat .

L1 Novenber 2003 W0, 991 S4375,:.8. BT HRAGALE The @haned sgskireabuiay ticles.

usi ng the above pol dneis9 er of attractive properties, including
hi gh optical tyRRsiiwsa Heivad tHat Gl pSasb siandtiestenponturpiTg ofdbt cepmly®er, good
met al adhesion, low birefringence, which results in (gchﬁg)pt' cal el grdati on
in CD subst r atieareasee Glitiniseserbidé HoAEMET contert Wh 1¢ haybs T R SRSAEOE ot

distortion tenperature, |ow shrinkage 3SR fe@dting@nd good
scratch rlesi sttﬁ’i?@gﬁhabéet]%ﬂm%‘lﬂ’?ﬂ?crig?P%lh%\g? Eheé%?grfe Vo Er?bodigrrpnts of
the Di scl osur e:eﬁ&ﬁtﬂaﬁ)?i ERRIcFidPH YRSHET will thertie), motesaers b@disi metlied aieldeBel ow,
may be made by e nmelft condensation of a conbination_of nonorsreé)hf?med

cont ai ni ng an gtdpolyane with ginydesulamesghy thag i 4@6@6?%?&@6%5&‘? |
the. pol yrer ) zaibh CBsARE MRBIQcsEos aoBRE BUTRLR 18Rk 65 150 5RncLT | N0
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,
Universitat Karlsruhe (1994); R. Storbeck, et al., J. 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



by-products during the reaction. In a preferred enbqdi gy, eaidaybess gl ycol
nmononer units are present in anmounts of about 5 nole %to about 49.75 nole
% preferably 10 nole %to 15 about 49.5 nole %, nore preé}g{/ag)slgﬁw@lgout 25
mole % to WOA8UE4328 nole %, nore preferably about 15 nole %t 0 about 40
nole % and alternatively about 15 nole %to about 38 nole % The pol yner
may al so contain diethylene glycol nononer units. Depending on the nethod
of manufacture, the anount of diethylene glycol nononmer units is in the
range of about 0.0 nole %to about 25 20 nole % preferably 0.25 nole %to
about 10 nole % and nore preferably 0.25 nole %to about 5 nole %.

D et hyl ene gl ycol nay be produced as a by-product of the polynerization
process, and may al so be added to hel p accurately regul ate the anount of

di et hyl ene gl ycol nononer unites that are in the pol r. 1Ln. referred
embodi ment, i gelyendss defromi kOIE® H},@Oplaé%ﬁ‘hﬂ’oﬁyﬁ“?‘%’é’"%g? fﬁ‘géﬂmi@g Pn amounts in
t he range of about_ 0.25 nole %to ath%ut 40 mole %, preferably about O0.2S
mole %to abodianBYIrAATEIIBANEY P d " Bref erabl y about 0.5 nole %to 20 nole %
and alternatively ilzr {rg}étgmo(p i® 23 detsbeya pregesnibir nige preparawon ofil1 November
2003 WD 99154378 P ? 107012 -10 application, isosqr ide,lrrata}glgn resent
in any desi raQbmee%ﬁgEanﬂd raaterialsro AdsoyslessTIBe R IR ATC YA ‘%)%o le %
e

1 mole %to 8 nole %and 1 nple %to.20 0 ' ddhdlyRfdri
i sosorbi dé in pD}Y@StﬁﬁStTl?ﬁS%pg?rPéﬂ OB &ﬁg%tse{ga%%\r}gtégqﬁﬂguﬁt ?1? (§|locti onal

conononers ot her.than gh;ﬁﬁgj}d odoPbiP PrApsinybekyert ke ighdshrum anmount
of isosorbide aﬁcé’gagdll}cg}d%gaﬁﬁe pol yrl;er conpl etel y anor hou(i,aﬂrpgg,ardl ess

of processi ng.méletuarwsights répdred ard teatively 1ow) be /008Gy Hi0qan “Hde
anor phous by quenching themfromth l.t. e o crystallize
under conditi cmsnavm@ﬂ@tamnsgs@allﬁi%ér%ﬁsé%?ﬁo‘yé}f%g‘?’B c\é’.% ﬁ:ﬁ%%ier 10 level s of

i sosorbide yield p A th AliEBRt W@ IPrIAMDUSIEWD DERE440 tisgtibe gl ass
transition temera%ﬁ%@g‘%&é&?{}ﬁrs that are al ways anor phous, and have a

hi gher Tg@re floRdehiasd nefmatic Rqiia costallinmolyesiersihal Bclpfe I9HTPKS articl es

may be exposed to el evated tenperatures, which coul. |t 4]
crystal | i zat i omoieties #EemOROMRIIINLE o FYCH Pﬁfesfﬁ%ﬁa‘ﬁégﬁhgﬂgﬁ%ﬂéﬁf 1%%‘?{3@ t hem

anor phous. 15 Ong, or re ottihogr0 Fjd ol nonomer units may optionally be
i ncl uded i n andGigPS AP AFH"Y ¥GIR ™ of about 45 nole %, preferably |ess than
20 nole %, and even nore preferably less than 15 nole %, even nore

preferably less than 10 nole % and even nore E)rEferany | ess than 2 nole %

. Exanpl es of these optional othet < e aliphatic al kyl ene

glycols having from3-12 20q‘fa{ bcg.“ g%taﬂﬁ‘éxgé&&g@ﬁé/ihaghévla%eeﬁrphmﬁsthadi if arenul a
-1 ,

HO CnH2ri OH, wher e (RBYT&YAR HHFAGETE T 'om i ncl udi ng branched di ol s

such as 2,1§- di gﬁgpg}t- 35&0?(&9,%ﬂ§t¢ﬁicﬂrystﬂliﬁe ard amorphous or nonliquid crystalline,
trans- 1, 4-cycl ohexanedi net hanol and i xtures of tgﬁ ci.s fnd.e%iregns i soners;
5B Biste:

triethyl ene gl yopdlyestra cmitaining(tereplibinloxhroirtssy FiM
1, 1- bi s[ 4- (2hydr oxy- et hoxy) phenyl ]. cyc| o ' ieti dil
9, 9-bi s[ 4-( 2- hyﬁ)’s@%‘HBB??}%"%P‘P@&P%’?%&%T&elgté?ﬁg%glf ,C(é)ll:lg?lgt-l%si gﬁ ﬁ%r’ _gmanni tol;
1,4:3, 6-di a“hde%Q'&é&' ihfrﬁélgcuiar%égmydfaﬁﬁfe%hhﬁle fir. mdkingaopsicaf aftickeg on an
t

enbodi nent) t hé”hunber o erepht hal oyl noieties in the polyner is in the
range of about g&usemdlecftet o about 50 nole %, nore preferably about 40 nole

% to about 50 nole % even re_prefe | u ®oldies id the
Novenber 2803 WO 99IIB@3¥8feF’g$FU§8WB?€C gﬁlg@egb%futtééggmh&ye 00A)(lrt;:ls)lle % of the

total polyner) -poﬂl}ﬁeﬁglﬂ R raligofBlboft 25% kéigiout 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).



amounts of one or nore other aromatic diacid noieties xampl e,
t hose derived fromisophthalic acid, 2,5-furandicar boxf#icrgo%i?%%&bog

2, 5-t hi ophenedi carboxylic acid, 2,6-naphthal enedi carboxylic acid,

2, 7- napht hal wrsestiscar boxylic 5 acid, and 4, 4'-bi benzoi c acP@T/UBPIE8Hi ned

| evel s up to about 25 nole %, preferably up to 10 nole %, nore preferably
up to about 5 nole % (nole % of the total polyner). O course, all of the
per cent ages are dependent on the particular application desired. Desirably)
however, equinol ar anmounts of diacid nononmer 10 units and di ol nononer
units are present in the polyner. This balance is desirable to achieve a

hi gh nol ecul ar wei ght. The pol yester has/-an i nherent viscosi ty, which is an
i ndi cator of nol ecul ar weight, of at |east about 0.35 dL/g, as neasured on
a 1l % (weight/volune) solution of the polyner in o-chlorophenol at a
tenperature of 25G a phéferredérabeiimeritSethylsnoglycyl menogmer Bpts &i§t PYSFntdBne

applications, such as sone optical artjgles a ati.ngs. For s and
DVD s, an i namounts of abew S myle 7 tca%bq“ééé-%é‘%%%ofﬁe B‘EY%‘W gep 2 %(?L/g is
preferred. H gher i. ren i It dednéiabd R NERAETe, th

appl i cati ons C?’é[.amgd.lgt?ﬁﬁg? é\y}é@lﬁﬁtﬁﬁ'{légg%ﬁé@f gsgml di %\tg r esi n{%. The

condi tions cagdagt eliiethyese plgcalbheietiesdein the darignloé planut 0V molssTet io@doulp to at

| east about 0.5 dL/g and 20 desirably higher than 0.65 dL/g. Further
processi fig t @Stthelegbl yest er may achi eve inherent viscosities of 0.7, 0.8,

ot moastr ad i r ool §POIRRE SR e TR ite BAVERL 5, TR Y

not measured direct P scosity of the polyner in

sol ution or the mRlih uvd 2688 bf 4bokiB0 2Sekbie% fmabontdmbler %ofOmobrematear wei ght .
For the present polyners, the inherent viscosity is 25 neasured by the

met hod descr idieet diolauormmssryanitwingy aksorbeliecduded in AEPEHE U &7 # EARGHAPALE t 0 an
i nherent viscosit f about 0.35 or nore being sufficient for sone uses.
Hi gher nol ecft>mo °ghts, corresponding to inherent viscosities of 11

Nove”begozoog‘ WO 95¢ &ﬁ?&? A GT SRR dPare BpealinttonQhdiParticulanr e, nmay be

required for other applications. Generally, the inherent .
vi scosi t y/ nol splitaionwiesigit. Pedimblyoheweysr cequinpelar amews oldiacifimenomesqyat i on:
log (1V) = 0. ErigitSsGan)é dlio?%no(nmer ﬁni%s' a?rgz)%ésem 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-chlorophenot 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



The i nherent viscosities;are a better indicator of nplequy|@ermetgbdsfor

" conparisons 5 of sanplestand are used as the indicator of nolecular weight
herein. These polyners are made by any of several nethods. hods

i ncl ude rré’Y‘?”é%ﬁ@énsati on of the diacid and diol nononers %‘gﬂgﬁ%@%acti on
of the diol nononers with the acid chlorides of terephthalic acid and any
other acids that may be present. The reaction of terephthal oyl dichloride
with isosorbide and 10 ethylene glycol is readily carried out by combining
the nononers in a solvent (e.g., toluene) in the presence of a base, such
as pyridine, which neutralizes HCO as itgis produced. This procedure is
described in R Storbeck et al., J-Appl. Polynmer Science, Vol. 59, pp. 1199
-1202 (199b). Other well-known variations with diols and terephthal oyl '

chloride may al so be used (e.qg., i rfacial 1 0 hzZat i r. heating

t he mononers arhclﬁmreﬁempa%‘a%aaﬂ%%év Saucb%?\‘;%ﬁ’l’?’?%btzs f\aé'd%ygnsér i s made

using the acid .chlori. . i f RNk Snd DVIDR Havegie bn pol ymer

i s about the aélgﬁ.gns%, @ﬁgd?g??%srng#kﬁseegb“ ng rmr?omars. Therefore, ijt he ratio

of rmononers chake@stetd? thid@isésciact Ob drDVhdoseare They alsehakesd redlgctivitlayeri n t he

product. A slight excess of diol or diacid,or a] trace S,q?unt oflsoa 20

monof unct i onafuseallypheial) Grda ProtastivsEoadits Suel 3 4 lACqUa (P T RIS e ul ar

wei ght of_t he, pol ..so.that |s j ¥l S&@Sdstadditiondlihe desired

range. Fot ex'&ﬁ@‘l‘%ggéHm?arlnha F%Snoc\g)pﬁoz’ggtptdf/@p?ﬁtaﬁemr ange of about 0.40 - 0.50

dL/ g is suitaflecd@ortsmirénidchiee maem additivral pfoteaptd gtrs aand wbresthasaeh as CD

and DVD substrates and | enses. Such adjustnents in stoichionetry and

condi tions ardisc stackeldytogatleis. by practitioners 25 in the art. The nelt

process conditions,of the present i.nvent] ; S Tn¥ ok Rgranount s of
Eﬁcac ?}Elﬁg 1Bg?r mt%%ésg%ﬁulﬁg%ﬁitcﬁegtb?.c}n or Mor

nononers used) dep I Compos is desired. The
amount of di 081 gﬂﬂs diagiodlyalsed ksrinbping @fd eibrichigaddsties, éndeding aljégtioshosen so
11 Novenber 2 8 WO 99154378 PCT/ US997/07012 -13 that the final polyneric
product gont ammsdibgecotegsession motdingt extossianbrapgh e difs WisHOmaY be AfFyigned
desirably w th equinol ar_anounts of . non [ uni | the diols
and the diaci &m%ﬁﬁﬂéeﬁ@?s’gﬂf&“\rép% iap‘?g@elb? a %d?r%bqgcﬁg’;éﬁfeén%n rs,
including iso . B ifle RAA ¢hiBdidtopeéisiva moldihes Tas prdfetéimethods
reactor is 5 gfe?lgpgesgﬁg(is. e. ulﬂgg ung}gr }or essure) and the efficiency of the
distillation ookibmesticsad ihjactaypnhbldgigzndgniettonrompression sepidings With &hérpnomer s
may need to be included in excess af the @3% ngic[?‘gD%f t he pol yneri zation
reaction and PEFFBRTed) shaped) prticies DB HsCeY Ot te FBECt on proceeds. This is
particul ggly true g qhilionsiglkfitis@itmthaser hidgs diéh, TRsaxa@VRmOUNt of
nononers 'To be charge 0 a particular reactor is readily determned by a
skilled pract iléiseqemnd otetr opfitatartidlesl bybshaping theepalimeydbat iedludes moigdesls of

t hyl I I di bi d desi r abl ed .
Cihyl ene g1 yoaereanbahe b E0BiGy w1 GRbGucelyP Arerpr SR ER BFE roans

of evaporation_as the .nol ' {; ' - 26 aRélaiscsi@ae Bvdwits ¢ aci d
or 15 di net hyloﬁeér%%t a‘lngegggfllgrﬁ)tclj%lg T grgﬁgk?%f%%g, in an arrgunjtd%f about 50
% to about 10GijEa#EmYided BREEthprseffatead!itie 8isc imd €DortldV Bformat yoingol e % of
the diacid nononers that are charged, with the remai @der beér#g%#hg.sggti onal
di aci d m®onerigiectiempokdngier Fantiaed wigsHon/comPIEsFn HOLHELRDT! Y&Bsut 0. 25
nole % to about 150 nole % i 6@t apitasporier of di aci d
nononers. 20 Tﬂéﬁ%@aﬁ#’avléﬁgf@&ﬁésg %g?&%ﬁ%&%&!&? optional, and is often
made in situ. hhrkdireidayleavien glageomay headeteel inirccardabhdiseseliraughan anount up
to about 20 nole % of the total ampunt of diacid nmonomer Sd Et h%ﬁgng)gl ycol

i s charged in appligatinnaf foensed iaseriadiation 1o,hERAMNE i 18 cBAReEd £48ui368 ol e o
desirably 20 nple % to about 30 e .9 t WAL f-8r; hSplicafién bhe
opti onal ~ ot her PHF I%c‘gF@Paéﬁrarg’eagl &Eéﬁﬁaﬁgcgﬁ%%g?m%faggegﬁgf 00 nol e % of
the di aci gk MNGEEY SpatikhEarddAGES 1@ 4RE a FiRished€Dnor VD sTiesecaatings andie
because of the w de vaFiation in nmonomer |oss during po) ymerlza&i on,

dependi ng on t hyesfifidledeemmsflectivertaating Kesuplbha mstabinA PTAUFAVECARRINES s @ of

recovery and recycl ¢ systiens, - and, ate: o e e DOGERSE AO8Pc ORI

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



-14 an approxi mation.. Exact anounts of nononers that ang KR 2003 a
specific reactor to achieve a specific conposition are readily determ ned
by a skilled practitioner. In the polynerization process, gf rs are
conbined,‘%ﬂagﬁ?g‘heated 5 gradual ly with nixing with a ca% ’Vgg%ﬁﬂg
catalyst mxture to a tenperature in the range of about 260C to about 300C,
desirably 280C to about 285C. The exact conditions and the catal ysts depend
on whether the diacids are polynerized as true acids or as dinethyl esters.
The catalyst may be included initially with the reactants, and/or may be
added one or nore tinmes to the mxture ag_ it is heated. 10 The catal yst
used may be nodified as the reaction proceeds. The heating and stirring are
continued for a sufficient time and to a sufficient tenperature, generally
with renmoval by distillation of excess, reactan n pol ymer

i ts,,. to yield a |
having a hi gh enoufhe shapedaptisal apiclsmsing thatoye palymErseigye ﬁﬁ’HPﬁg‘ {)ﬁe desi r ed
products. 15 Catal ysts . . J i bbstrdté, ghd M,
Zn, Pb, Sb) s?mq?ra@e,e Péﬂ%ﬁtrtﬂ?%’ ifEHORE RS Gt 'tsgag}]nzmg(isde? T hel udi ng
gl ycol adduct gy ré@fiatlin, 2ok@xietaadhkigs ¢ovabiefympenca) Whick nswhs imlovhe art, and

the specific catalyst or conbination or sequence of catalysts used. may be
readi |y sel ecopitabietardatian gD snbYTAes; Hwelka!ll%{églﬂ%%‘f%&}/@&{%?&?sg‘ggﬁd

preferred_conditions differ depending.: ; ‘%Q&Egjngch goner is
pol yneri zed ag‘*‘tt Hestqrpgn ‘ed?%eégrﬁp%rlalégﬂré&gﬁggfgto %}ﬁ&%{eer. P rBni ugrarsleand
antinmony cont giRicR9eSGadmkysts are the nost preferred. It is desirable to
have an anor phous polynmer to nmake transparent optical articles. To make an

anor phous pol yner, the anmount of isosorbide noiety is desirably in the
range of about 2 o

Lcta

nmoi eti es are prese AHOUH O 0 9%
basis, optional otheg igh@ht soifdidpolynter coaL@binaedi Belobvanaly teanatd es are
present in an anmount up to about 45 % on a nol ar basis, diethylene glycol

noi eties are pyebemelticondemsaitmnfta eoimtakesion of MEnOMER caBaiRingsAthYIgRGf er abl y

0.25 %to about 5 % 11 Novenher 2003 99].543 I L 15 on a
nol ar badPs, EBCEpMOKAY-AH 159?8?‘58? Boely én%\gé%“ﬁh”“’é{f %gggérv%{ﬁglg?g ég%této 25 wto
about 50 %, LORal,agdBhirtheRé 861y Rerizatidh Br afay be produced as

2, 6- napht hal e%%rg‘ir%é“fgﬁ’%%‘cﬁ%, i Sopht At aci d, 4,4 -bibenzoic acid,
and i xtures tyyesre@icts durgngotheseationn amounts up to a total of about 25 %

on a nolar basis. 5 Sone of these conpositions .e. those havi ngmm

i sosorbi de at | evells agirefieersd embadimany, fthylene ycgﬁ 'g;og@n?r_wtﬁg{ealplr?s e if they
are cool ed sl owl(%{l [Srolc’}ngbgags {B'Bllet 7% ébﬁmf]bﬁ’fs ﬁ’PE %I”lﬂﬁ%rﬁgy abeyge Uhej r gl ass
AUt €87 b

transition te are anorphous 1t they are cooled rapidly from
the nelt.1sl N o@Ber49.5 nidie % anpeirtfetably abuat 25 aoldo® to@hout dBymela|% i merear e

I t talli th | yet hyl thalate) .1 iti ,
That 1t 1 endelerathy Abate 16 Pl do i HIOMRAD PR e PREN TR S par ent
using crystall Zﬁ%ﬁgﬁgﬁﬁ'%%ﬁ %yq&eg{&wg{g'ngg%edysor&ﬁmhﬁdi@mp}ég_@glywl

condi ti ons und&f €y can cry he nelt polynerization
process of thenpr@s@Ninits N\Bpehding iof thtemiethad by mamfactend, thetamesnhef ei t her
dimet hyl esters (e.g., dinmethyl terephthal atej as reactants 15 or ing the
free diacid asdiathykacghieol maa@nerpm@egsnnhaéaqgwfa\m‘ﬁfo &Fr%doég‘f‘ﬁr}ésts and

preferred, conditjops. These deserib ldy. SVW.prdfeEHE; @S

anal ogous?8 o tWQle\A@I' Pt T‘TB@P{ %?ggg) %z’siof%(r&lgngﬂllﬁég %b?@g#hylpéne Y

t er epht hal at e) 0Jthe 14S8bst Nevke % DhRasgensriyrotimay be pirtiacadi asg byi-ptedngl ecul ar
wei ght polyner 1s surprising in view of the disclaosures géﬁgttfﬂ ers who have

wor ked with i sobthe lpoljenczization prosesss sndhmay Ak B adedrto HFR 2 | jegulals g

expectations that secondar iols h Ly tsl ters of
secondary al coﬁw@mwﬂ?‘sﬁ%fﬂ@a g?’f%ﬁr{?éfl&g&a‘{ﬁ%?ﬁaw}efh?s&e ! &Er ocesses are
sonewhat different gnd argraranbodigent Hosbideinéties arcTressphinthk golynRrocess

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



In this process, which ig carried out in tw steps, tjer ' »rd and
the 25 optional diacid m?nomers, if present, are usecg a@p}?é]\%ﬁ'degizﬁé%h

ester derivali In mnor anmounts, e.g., 1-2 w %, free g GsoRs9iz2al SO
be added. 'I‘ﬁé"’%??@?ss (e.g., ethylene glycol and isosorbide) are m xed with

the di nethyl ester of the aromatic 11 Novenber 2003 WO 99/ 54378

PCT/ US99/ 07012 -16 diacid (e. g. , dinmethyl terephthalate) in the presence
of an ester interchange catal yst, which causes exchange of the ethyl ene

gl ycol for the nethyl group of the dinmethyl esters through a )
transesterification reaction. This resultg.in the formation of nethanol,
which distills out of the reaction flask, and bis (2-hydroxyethyl 5
terepht hal ate). Because of the stoichionetry of this reaction, sonewhat

nore than two noles, of  ethyl ene glycol are i s for
the ester int eAPPHEHIE: P@%‘Hﬁ%ﬂ?ay&%ﬁ%@?@ @ﬂ??%@?n%ngﬂgﬁg aggtdéfa@%%] .

i nterchange in Sa S lea% el s b ©f8 inbr % aintl dwholg %o a0Ds: Li,
Ca, My, M, Zn?hﬁgf%éngh@é%i%g#%ﬁs fhereofo, 10 Ti (ER)4, where R is an

al kyl group hambleg%2 - 12 carbon atons, and PbO. The catal yst conmponents
are generally included in an ampunt of abput 10 : m
Preferred catal yst sThGOloWsE gt &]r)ff‘égpﬁt?ﬁé&‘élgg? W@%@Jg@%é %?‘%%06%%?)&2 2, and
Z( 0AC) 2, wher G086 3 obifi PRI Ghat Gfer @in ARFERS Gyccl/d appriimattiyahe

e

t her eof . pol'ycondensati on catalyst in the second stage of the reaction,
15 preferably fhfiu) amoimef isvsyrblde nactttddo make re pAlYMAECOBPIEHEY of ¢ he
pol ycondensati on stage. A cat alfyst t hat B s been. .u

ed.,w tIQ n?%'?i cularly
good success i empepbees, sagasdiesssofgrogassng ) Palypesoy iy fc,ss Wen 179 %t about 50
to about 100 ch, T r [ R TH&eare
tetrahydrate gﬂsgg%g’(%ﬁcfn gggfag?‘éﬁogqh@ﬁ%pgﬁng?ﬁ%ﬁt houglfr]\“g?%dgit)sal ts of the

sane metal s nayjedl ©Qrieallisethde? Qoliditics wheteeryhalligaionsan sakiepdasey Highstght
about by heating and stirring the m xture of react a{;lts ug;ﬂlhgr aﬁigbnert

at mospher 80 e. leyels of psasprbidenyieldtpolymess Pk rie OOH FRUPPMSARE FRAY S ME Elper at ur e
to a tenperature high.enough to i C j ChhddiRous R Wavd 80C) .
Met hanol is forgfﬂgfi“g%méorb‘sﬁlggﬂﬂdgﬁgﬁ@hgp(g%g%r?ﬁag%oéuﬁﬁs the reactor.  The

reaction is gra HT? aR€ pe@dirddofon RS iin eRbRonrfzntwhére tiet dpsiaal arfgeemey bei on
stops. The end of nethanol evolution can be recog}glzed by. a.dr.op,in the
over head t enpereaposeéd totlevated reamperatenss weaighs Foulthresily pry cry ftigRINARE Hdditi ve

having a boilin oi.nt o 70 - 240C ester interchange
to aidin the ng{f)’oflp%ﬁs%@r Wpﬁ?rhq‘{eﬂg]ae\réetgg}a?gﬂﬁq‘ ﬁo'hg(\?ueshber 2003 WO
991 54378 RGTNS99/ 07Qd2 arifordBsthesdMidiHforotel @hids mey eptionuldy be ilctidedmponent s i n

the vessel that may sublinme into the packed columm. The a dit{ﬁvlg err}égt be
i nert and not rasmamtswipt to agiotdhbatoud s Dite %t prefpblydessthan Sty 30 6%

oY) s TS VAT PR eI
bet ween about Gn0R ARHq L0ennofé prefdvly Rs€ian 2lahole 9t vix@mples 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)phenyljcyclohexane; 9,9-bis[4-(2-hydroxyethoxy)phenyllfluorene;
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



about 0.25 and 1 wt % of reaction mxture. A preferred pddbidwiser 803

t et rahydr onapht hal ene. O her exanpl es i ncl ude di phenyl ether, diphenyl

sul fone a henone. Ot her such solvents are describeg. ] . Pat ent
4,294,956?9?E§Eé%§tents of which are hereby incorporated b@cbg?éygm%e. 10
The second stage of the reaction is commenced by addi ng a pol ycondensati on
catal yst and a sequestering agent for the transesterification catalyst.

Pol yphosphoric acid is an exanple of a sequestering agent and is nornally
added in an anount of about 10 to about 100 ppm of phosphorous per gm of

di ret hyl terephthalate. An exanple of a H?chondensation catalyst is 15
antinony (111) oxide, which may be used at a | evel of 100 to about 400 ppm
The pol ycondensation reaction is typically carried out at a tenperature

from about 250 C_to 28 C . ring this tine,..ethylene qglycol distills
out of the redfqW 3h 'Efﬁ% f&r“B]San)«g’ﬁéha"t OE?EPWmFﬁg P -‘WWJP%'X%)/@? fﬂ?ﬂﬂd%

t erepht hal at e =D 0gh ; I i kS

col | ected as g{n g‘lnfétt? F)ﬂ)gc?le)ﬁ/fﬁ%e @}Ege} %éﬁngtgtg%ggﬁggl?%h%a%f i!’(gf]éxgren‘gg, :ﬁg)esg above
i s preferabl ydeavead feemasdphthatie acid a2 Seforandicarbhxdiracik 2apiiognedii | e t he

reactor is being heated to the tenperature of the_polycondepsation reaction
after pol ypho§¥ﬂ%§¥¥1$ at4d, & eorapitpleriedicagioric %&‘reﬁgé‘lgﬁgﬁaﬁ&fﬂc e6iliGat i vel vy,

vacuum cap be pl i a .he .pol i ' i ghperature
reaches 280 &8 8 ’ é‘ggg"lémbl%fﬁzc}le??%g’r agg&g{g@ﬁ@g{%ﬁ? (602%{5)?1%%5“'11{50 accel er at ed by
the applicati prefédfabyagliemo relat% Ngoropkeferabiic uipita atducH nidle Ge@nelath lof t he

nol ten pol ynmer reaches the desired nol ecul ar weight, usually recogni zed by
an i ncrease i fthettaal peIYMe). scosity to a pre-deternmined level. This is

observed as an inc iLn [ f tArr notor to

mai nt ai n 11 Nove%ﬁg?) ?60@‘ %hgg’f:%ggt?g&%g?@é%%%i% éaﬁédg%i rring. An

i nherent Vi scapplicati6i dédired @addsirablp, Bovwever 2dingRaremadunys offilidoid afeauined. 65
dL/g or greater can be achieved by this nmelt polynerization process w thout
further @&0f or wsitaand diokinegomer wiislaae presenyin the Pelyaysnt Ads alanee ds destrebles 5
The terephthalic . acid process (s si.mlar to the dinethyl terephthal ate
process except® ?ﬂg@vct%lggﬁmtﬁ?cg'ar&ee ification reaction that |eads to

bi s(2- hydroxyet hyl t1g¢ ei3lyeb@} Bisein ARG e IRb0sityd WHIEH 18 GH liddic6t SfithoR&ISr S 1 S
carried out at a slightly el evated pressure “(autogenous pressure, about 25
to 50 psig). Mweightaof ufleast tahoutfoB 3 dbig: @s meafurefi anl & | %a(veight/veluresicess (about

10% t o about 609%. of _di ol 10 (et hyl ene col i sosor pi and. ather diol s,
if_?any) i s u_séa.‘/ﬁ‘?ﬁé?f &ﬁ@%‘a@‘ toéc_r]ﬁ%rf’gli“?ngl %‘&‘F‘BR“BP‘B%BQ# Fs BB o

ol i goMer 95 Si REROARL is SNt FrQomleSapPERRHN, shéh ABREphca HiQsd #a of
terephthalic acid. "The catal ysts arg also different. added catal yst is

necessary in tchatirgst diorfGI2’atand D V¢ i ariiereat yisdogity nfiatrisast albout Ot dligsto
(e.qg., Sb(lIll) or Ti(lV) Salt?—% is.still desirable 134&) achi evE a high
mol ecul ar wei ¢h? bt psgferrethe Highes iphcrent Ki§EosItes JERRAEEET IPTIRHVYERMRTa hi gh
nmol ecul ar wei ok d f b Edeeati i it can
be conveni ent Iggﬁlé%g@agg% f% Eﬁilte ﬁ’eﬁlrﬁ{gég&gtﬁ?@ 1(2%1& Eﬁgﬁbggl:a ﬁ%iﬁﬁgbg?%nh%g
reaction. Cat aldjsted tb lobtaimdesired afherert oiscosities mg taatlegsn abmitéchlihrg avel ght
polymer directly fromterephthalic acid and the diols inpnclude the acetate
or ot her 281 karftssirably; Aigher than Sep3fe/g) Fusthar mgeesding to HgiRQEESGE may @ChieYe ang
G(lV), and Tiiéﬁ‘]}F . . } kWl o o j ; car bon
atons). dycol so Iﬁb‘iKl | %lgs @?'Zég@b?%(’ﬁé%’gl'Sr;’eugtj'g:aﬂgéa tsaﬁggu%%go be used.
The use of these artheahbleculaaeightsis hormaliynet preepmeddiraly oflngieddsebe ers i s
wel | -known in the art. The reaction may be carried out in discrete steps,
but this is ndpbgrertadseasiy obibe palygiesdr pelitionprhe mel ¥1scpsiiyals used 3P pe

carried out i : n i r!ﬁ% t -0 .punped
fromreactor %&1&@@@9@%0&?3%@?@& iﬁér @g réesgl]gt%t? es.ré’ltﬁea gbgétﬁgkﬁﬁ?% elgs, t he
react ant 95and iedsated Yy theynelifddideadrited prévidusly, WithNomelebwlar REigAt

corresponding to an inherent viscosity of about 0.35 or more being sufficient for

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



WD 99154378 PCT/ US99/ 07032 -19 reactor at room tenpejat yf RodHbdron3
gradual ly heated to about 285C as polyner fornms. The pressure is vented in
the range of about 200C to about 250C, and a vacuumis thern, Loty

appl i ed. EXALP¥FPBation to form bi s(2-hydroxyet hyl t erepht hal ate) esters and
5 oligomers takes place at el evated tenperatures (between roomtenperature
and about 220C to 265C under aut ogenous pressure), and polyner is nade at
tenperatures in the range of about 275 C to about 285 C under a high
vacuum (|l ess than 10 Torr, preferably less than 1 Torr). The vacuumis
needed to renove residual ethylene glycoljand water vapor fromthe reaction
to raise the nolecular 10 weight. A polyner having an inherent viscosity of
at least 0.5 dL/g, and generally up to about 0.65 dL/g can be achieved by

the direct polynerization process, Wt t b i
pol yneri zat Por@%oqﬂrdeﬁﬁpgﬁkoé‘g@%'f ge’tsﬁgmﬁf)‘ipmu l?segﬁf’ﬁgc:éﬁ@gsnsgéede? %ﬁ’lt’ ?E\Ae:d by the
ol £ i SG0S1 Yy il RSP RE Y RiltpRar o€ e halinc cmuoequi 1 oo

to mai ntain st e nolten polyner. Solid State Pol ynerization For
certain conposition ranges, bheViodridsrx logi@yhw) caR6Be i ncreased further

by solid state polynerization. However, in general . soli t at .
pol yner i zat i onlhesinherentugscgsitics #ic hRrier 8}5‘1[“?3&‘%0 é‘?oﬁlﬁ:‘:@}a&” %’3%3 scé)%épuapf PTi ent

ol ecul ar 20 wel ght . $nfehl QUEds b hiigaBFbf mBRLNEPHEEA! homnr caction. Sol id

state pol yneri stred, i1s descri n Application Serial No.
09/064. 844 (Attor ne’Yhe@@K\?FneN)are(miﬁ-dﬁglﬂfse\teﬁé noadlide n tlhessf mehiodh ar e
hereby i ncorporated by re

. erence. Use of the Polyners i Lg/aki ng Og{)l cal
Articles 25 Thiacldomshoesdensitinistfdhe Aacidand ol nMomert ¢ TahHon BLDE

process nmay be .n xed with .other additi ' ; i,08 2P b@eHadiid Bat
optical artiol &gl mppemgs with B8 R iidridee oy Ritifselig g uD8 AP Lo Bt
mor e addi tives A Be ??esierﬂ?'m%acft% SFuebplrbAlpyiskclesde with ispsabidetanér nal
stability, i nhrlnb t oxidation, inprove polyner flow characteri sths, add

col or to the pehyleee glyasids readilp arriedeouirby omainiigsthe FIO5PBELSi 1B & S0VePhe

pol ymer. Additives that performthe fupnction . :] art.
In the conposi (& &ndolpeRg P‘h@\?é’r%gé‘f? e Slf‘ilﬁ@ ai@ﬁm‘%‘%ﬁ(ﬁﬁ’%y&&e}%mx
628) | RGANOX 10403 i{ ool 1 proBIE @uckbibdCnlFa Sbsk ctALISLApRL V), and

sonme conbi nations of these have been used successfully as heat stabilizers.

ACROWAX (from Polyn) Scidnee; M. S8ppC19% ol20Ré st O welldneriy Yay iaehsmany )
The 11 ow 10 onikciels sy SEROINIGA Rippde i e Toras b drEmada T, S350y be
added at | gvel 5006 AR, & tkatid theSnchothdt in'k e prEehencak aeonahi.ve
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 mMoNoOmers.
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



readily be chosen by practitioners in the art. The pol yyeubsentd:-@bbal s are
shaped into optical articles and internediate products for naking opti cal
articles by any of the nethods commonly used for 15 shaping polynmers. These
i ncl ude i nyeeds43718 nol di ng; conpression nol di ng; extrusi on RCWOAIN7E2di e to
make a film fiber, rod or the |ike; cal endaring; enbossing; stanping; and
i njection/conpression nolding. The articles made by these nethods may be
used for such applications as substrates for CDOs and DVD's, CD s and

DVD s, |lenses, Fresnel |enses, instrunent panel w ndows and 20 covers,
prismatic reflectors, thin and thick filns and sheets, optical fibers, and
the like. The preferred method of shapirg-the polymers is by injection or
conpressi on nol ding or conbined injection/conpression nolding. The
preferred optical articles made fromthese polynmers are CDO's and DVD' s, the
substrates 2%t tigindipolynidie prbthsct @ontaibyiiesdeairal amatats efidie vet@sss, i ncl udi ng
Fresnel |enses The polyner that is used for injection nolding.of these
preferred ar mhariomer Yaisd aleaisat)y WA GGy IMAIAARONNL QTIROROMRSS UBjs a%b‘(ffj Mo to

about 0.50 dL/g,. and .npst.. pref 18P RrahtUhe ofiGmets/ 9, where
he i nher ent e dioBomp B bisblef’ BREHl ob RN o Snf A the ot US39/ 07012 - 21
measured on gndindfnf kbidey ahd BEDendig bini sath vdrigbids wewheiher theabdaerdphenol  at
25 C . This relatrvely lIow inherent viscosity is desjrabl e because the

pol ymer Bas asehlodv(ion dsighderpresswiel et the\effigiency jof thedistilatiop caltpng Hsedpiged
rapidly, with fast. rel axation of the bir I I£al stresses
that occur duPPRGSIABERHROEMELPEPE O?IIi elﬁgﬁéﬁé}gﬁ{s&gﬁegﬂ?ﬁ %@;ﬁ@@ﬁ%&;ﬁr esults in
a nol ded artiglashaenbelmgbie ?b@ﬁﬁﬁﬁﬁion&@adﬁﬁﬁ@bd acthoved dyelidrilladén t hi s
particular famly of polgyrrers is that the pol yners have good nmechani cal and
t her mal pr opesstthessaciaeproceetag Thishis paticatanlydrueasicgiyiencglycobaded for ease of

nmol ding. This invention is further illustrated by the foll ow ng
non-1imiting €%MPAes. 10 EXAMPLE 1 Dinethyl terephthal ate ( 10.68 kg))

i sosorbige (5.79 kfa eBLMhGRE of 6nBeisdo¥8 ckifthda Rrulparab@aneseaof isl ) acetate

(4.76 g) are placed 1n a stainless steel stirred reactor under nitrogen
purge at at mogphiey dqenpiessby e skillaé prassidomar, b ofignivpiddd indhetragges felosd
distillation I%)?(!elsjsq;s] of Z’Hle)}flerrrlg g?yréglr ar?doirggs%%li)i%!a grrg: e(s)irrz{b?}? lg)ar}(gjesd,tagd fhe excess
ethylene glycol and isosorbide are removed by distillation or other means of
evaporation as the polymerization reaction proceeds. Terephthalic acid or
15 dimethyl 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



15 nole ratio of ter epht halic acid: ethylene glycol:}isaswniiRr2b03
1:1.43:0.72. The mxture<is heated with stirring to 230C within three
hours, to 0 ing the next hour, and to 265C during thectalsbowoirng hour.
Duri ng thi%ﬁgg/r?e%g

packed colum. After the tenperature reaches 284 C, pol yphosphoric acid is
added to the reactor. The 20 anount of pol yphosphoric acid is equivalent to
402 mg of phosphorous. Germanium (1V) oxide (4.66g) is added as a sol ution
in ethylene glycol (0.100N GeQ®2 in ethylene glycol) . The pressure inside
the reactor is now reduced to 1 nm of nengury over a period of 2 hours. The
reaction mxture is kept under vacuum for three nore hours, and an
additional distillation fraction is collected while the 25 tenperature
increases to 285C. Afterwards, the reactian predush.chae¥ ®COsRciRSI N, IS
extruded i nt oalha%%‘lmaé‘gf‘h,&@ﬁttar?onng)s (ggﬂt“}@ts? and dried’i % %nmg\}/egn. The
resin has a g 5 308kid DépetEiROMPbLItion afe réAbly deteamined by nt

vi scosity of k)é%i%rgﬁgﬂ( meagsbured at 25C on a 1 % (wei ght/vol une)

or t ho- chor opheruetitiemdrut i on) . 11 Novenber 2003 WD 99154378 PCT/ US99/ 07012

-22 The nononer conposition of .the VAL1=1 r NVYR A8 hbsted %
terepht hal ate, 33. 30 BeRUVYPEHRUGE %03:?4%’ g%l%t@nﬁég%cgﬁlg?ﬁ% ene gl ycgl

resi due, ;1(2 Néfag%%"‘%aﬁﬁl%ﬁii%ﬁ“i%@‘“ XLyt atx@ee @ atemnpergsuoé 1t he

pol ymer. urified terephthalic acid (7.48 kgg@1 %i"?jsffébi de (3.5S
kg)) and et hylgqe dflapool 260°C. G@beus)308PE, drisiakly 280° G 1 0AUhP8Y L sTBel stirred
reactor preheated to 70 C under nitroge ur . I ure.
The react or i§X@‘?§@be‘EJ‘é‘6nW1%dﬁhécﬂag’§té&eE1" o W}%ﬁ?e%%h%%l?ﬁ%&ﬁ#ﬁ@ﬂ%%ﬁﬁm
conposition corre | i ‘Pheofardipyt epfytdeahélcdeddnitiallp whithl there

gl ycol : isosoraBan“e%%ng%ré?g%?éggg}.s{e%\e'p? eactgi 10 is heated to 285C within
three hours angdaduifs radtdrimay te added en¢ er wepst timefderthampeytets Weis BeESyr e of
50-60 psi. During this tine, a distillate that is I - hsgcol | ected
from t he 1packebhecestalyss use pay be fod dtastﬂ&ﬁé&éW%&?é%cm%t%F I;elgf'jst 275

and the terephthall¢ aci g hé ﬁf%%ﬂ?ﬂc@nk ¥me Q08 We duffieRnOlemeérdade by the cl ear
appear ance of THEDE 850N ™ x ure, pressure is released and germani um (1V)
15 oxi de cat al %@,Eraﬁﬁ.di?h fmdval egldirdllapnaf sptass reaantants, WG @FBofy col (0. 100
N GeQ2 in ethylene glycol). The reactjon m'x.tgre i S tirgoerdg o &

addi ti onal 20 polymetebavimha highesougtemplecplpbWeigEERe SRlale I ARG 5> 1 of
mercury over the. p&ri Ocﬂlg9f 1 hour and an additional distillation fraction
is collected. &Y REQDE™ t he reaction product, a viscous resin) is
extruded {it o a wat ghiaBAtsthatGhiy betised pediidetsaltantlidGae Mg, MRAZaFoWedn.  The

resin has a glass transition tenperature of 11 6C and an inh t . Vigcosity
of 0.43 dL/g (feaGerand Bt seai@siasetatersaliy aagy Q¥idesy H‘fﬁ“%&ﬂ grhlcé)gﬁcgé\u%&’ %#u i on).

The nononer conposition, of the j 86 thy astal9t & %
t er epht hal at e, g‘%@’.“ge% gp?ﬁ‘flaé%%edg%%}%’gﬁ{owgé? ue, 9’2@0 "% & et hyl gﬁg . Ia:col
residue, and 1%1%13%&&989&%@%@@5@@% ussthmey be eadiy selentddedyrs e

ol ymer. 25 Novenber 2003 WO 991 54378 -23 EXAMPLE 3. :
e practitioner. The preferred catalyst and preferred comzl)nons 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 moieties 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 %

a distillate that is nostly nmethanol is collected fromthe



PCT/ US99/ 070t 2 The polyner of Exanple 1 is injection npldgekisd:P9oan
Arburg injection nol d&i ng machi ne (Arburg Maschi neh Fabrii:, Lossburg,
Germany) into standard tensile bars for neasuring tensile_and f%ex ral
properti e®WON§478 also injection nolded into 5 di scs. The frdf "E’r‘}gzer ature
is 270C and the nold tenperature is 30C. Properties of the polyner and of
t he nol ded products are presented in Table 1. EXAMPLE 4 Conpact discs are
nol ded fromthe pol yner described and made in Exanple | using a Uniline
3000 replication line fromFirst Light Technol ogy, Inc. 10 (Saco, Maine).
The |line consists of an injection nol di_l’ll | machi ne (Netstal Discjet 600,
Nafel, Switzerland), a CD nold (ICT Axxiton, Eindhoven, Holland), a
metallizer unit, and coating and printing stations. CDs are nolded with a

barrel tenperature of 300C, a nozzle tenperature of 31QC a

t enper at ur e of aAQdyr basis; tﬂfaﬂﬁhwlﬂm%‘%ﬁr@P’&S%‘ém@ Og a@%‘&lﬁ%%i me of 1.8
seconds, and a t 15 cycle tipne.of 106 dapRaseRd;opt i cal and
el ectronic pé?%gb?f’sa%oqéﬁrew%ngd C<'§1dng“’?rele(ﬁt%giIrg %z%sdﬂgi scs are ;l)resent ed in

Tabl e 2. TablgpdxlceRfNliSopkRARHEG, ¥al-URenmidadidiand peisfutésabticofisatchat ar e
used in the industry . Thé specifications in Table 2 are witten in
accor dance wiptdserthie ati@eots Bpdi a'totgkeef gbgpt 25 n opREPihasis Descri pti on

Conmpact Disk Digital Audio (N . V.. 20 PRhillj , and
Sony Corporati on, gggﬁglﬁl?heser%@nmtéoqsngfa ogé i}aqlﬁ% Eb%ﬁ?ﬁ%’ﬁﬂf %éel‘gg% Rad

speci fications, Ofoff £ BSlpednierpdidinneitligeyuRpesoltd slowly fitwe theaslirceifnt s are
standard in the Industry and are summari zed bel ow. Retardation is the

bi r ef r i ngencehdyi are antdakedtdbovk theiy glash trahstigDempeEATes, Sut aEANIPRGUsithgence i s

the diff in refractiye indi l ong. th | tial
i Tect | one, . HesiBeEoa jpdndrapeaant B sl bhCho il B ATGET ' 2

Birefri ngenc%e{%pajﬁég{nreealr% g.‘%q,vlg\!p%bgayﬁgmgggﬁnWg%%éﬁé}ﬁﬂ&eﬁﬂmb@%/ 07012 -24

Pit depth is neas e hei gh he bunps on the stanper
used t 010! d dofiogliiomss so kliatiitsis BEsteru0 ethke siangpasent Atioles thaFegmanM cr oscope
(AFM Digital Instrunments, Santa Barbara, CA). Tge r emai Qder of . t he
par anet ers i riranspsrent sipgreaystaiizable epolypress S"%Tk%ﬁ thexmay by £Xneseqd W di o

Devel opnent | nf or.mationtekni Defl ection refers to the radi al
BB B S e UGS

defl ecti on of w and warp in the disc. Pushpull is a
measur enent of howRasélt yolyhrriditioneprocess of hy pomerit ieventiow ks desirablyf ol | ows t he

signal. (H gh frequency)HF Signal 13 is a neasure of codin robl ens. 10
(Hi gh f requemayl)iddFOl&iUg%alelth@l imsthy] giterge-go upLaY! tﬁ&?ﬁ@ﬁ‘?f@/??ﬁf‘?“fshe | evel
of reflegted |ight fromthe.pits c ; fefred yre of
bl ocks pi t€ @H‘&t‘g%%ﬁﬁ(ﬁiﬂac easraelgag%)é{' ?E)alrép?g(gcgg%lgtné ?gvg?%reflggeur?g%g?t ood

that the abovgudpsefid@endibRdi TRSEE areafescribell yaterally bdown Thesmatet hat
nodi fication throughout nmay occur to one skilled in the art. 4115
Accor di ngl y, aralogousuocthe weh-knowngrogesses ot makipg pely thylsng; terephtpglate) o

enbodi ments discl osed herein. 11 No r e Shivher ikabl e 1.
; 1 1 1
Properties 019'i~ ]éi)‘fsiegg?es%’f @’r?é? mettods R°OHTARG rift ot gipoly
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



PCT/ US99/ 07012 Pr opert yMal ueMet hodVi scosi t y( poi se 3 KNolatein Y '
Stress Rheoneter (Rheorr-\ét rics Corp, Piscataway, N?]) (I\?/EI '?'qiq#]dex Q 2008°

300C60Ext rusi on Pl astometer (Tinius Osen, WIlow Gove) R

psi BOASTMWRBSEFYTEC) 106DSCDensi ty(gni cc) 1. 35ASTM oo Teny | EARRkfortR 204
nmodul us(Mpsi ) 0. 34ASTM D638Tensi | e el ong. Qor eak( % 74%ASTM D638FI ex

nmodul us(Mpsi) 0. 37ASTM D790Mul ti axi al inpact energy(ft-1b) Q max | oéd
20C(disc, d=1.6 nm Idtnmdia.) 10.5 ASTM D3763Mil ti axi al inpact | o:ad(l b)
~a max | oad, 20C (disc, d=1.6 mm |IA mndia.) 477 ASTM D3763Mol d shri nkage
(in/in}0.0035ASTM D955wat er absor ption( %424 hour water imrersion) 0.27
ASTM D5700pt i cal transm ssion ( % )87 %ASTM D1003hoe( % 0. 5ASTM .
D1003Refracti ve i ndex1l. 57Abbe refractoneter Specific optical

rotation-44Pol arimeter (Digipol-781, Rudolpb Instrunment

sF9)9/ 543t78P-E |2$ dg@iﬂ ¢.2. divecibyirtegpithaigie) in e RFeeRth A eé%‘i‘}‘ﬁ%éggy\gmlz
roperty c val.ueSpeci ] |00k f

; canper) 9585_—°f‘59(§f§éf‘§1é18 Figlhges( %{ec é?ﬁeég s({fgh%gtﬂﬁ?{l% éfl%ﬂpfglr Ith(g .'B%ﬂéy&_géﬁ?pof’fotgﬁz 24 4]
E320. 20HF si cﬂﬂ%hxil@@ergﬁgoﬁglpa Tasesiegifieation Tt ActiB80 . Mhisl@ywitsein thofogmation 28| ock

error rate (BLER)169200Refl ectivity(% 7870-100Ret ay dat |
of methanol, which distills out glf(th/g reaction flask, anc{ bist(i-%gfldrggl(@th)@

5 terephthalate). Because of the stoichiometry of this reaciion, somewhat more than
two moles of ethylene glycol are desirably added as reactants for the ester
interchange reaction.

Catalysts that bring about ester interchange include salts (usually acetates)
of the following metals: Li, Ca, Mg, Mn, Zn, Pb, and combinations thereof,

10 Ti(OR),4, where R is an alkyl group having 2 - 12 carbon atoms, and PbO. The
catalyst components are generally included in an amount of about 10 ppm to about
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(IIl) 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(lI), 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 heating 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



633 nmd5 ttnb0 nm The optical articles of the present iyvegidnsermapial so be
made wth the pol yesters described in copending application 09/064. 720
(Attorney Docket No. 032358-008] and the pol yester blends descri g&ein
copendi ng VP pY¥$8# i on 09/ 064. 826 [ Attorney Docket No. 032358VHI" /¢ he
contents of each of which are 11 Novenber 2003 5 hereby incorporated by
ref er ence. 11 Novenber 2003 WD 99/54378 -27 What is clained is:

PCT/ US99107012 An optical article conprising a transparent polymnmer which
conprises terephthal oyl noieties, optionally, other aromatic diacid

noi eties; ethylene glycol noieties; isosorbide noieties; and, optionally,
one or nore other diol noieties, 5 wherein said polyner has an inherent
viscosity of at |east about 0.35 dL/g as neasured on a 1 % sol ution

(wei ght/volune) in o-chlorophenol at 25 C. 2. The optical artigcle.

recited i n Cla¢dmm andiehelprieials WIgde FHEPORES 13 ?h%geﬁ‘é?ﬁ?’?ﬁyﬂ?h@‘f‘?ﬁ?n t he
range of about O. 0 about0. 5 / . | dthiafdoBoR®rrecited in
Caimi, vvherté? Haci(ﬁﬁtj GO@B}ni' AL %dr(ﬂhé%’emﬁsbeag%a@ﬁ%gﬁa disc , C’d?gi ¢ al

versatile di S]SM"[SMQéﬁuf;éHaﬁxrés%el@\v 300P@C tPrefiemablyg thedadgitivalhay e beHingpeimi sc,
| ens, instrunment pane '

W ndow or cover, prismatic r ector, film.sheet,
or optical figreater than TH@° ©pmprsapreferably N@&ﬂs‘hﬁéé‘?&eé’é?% (f?foai‘m ? aa%ési' ein
said terephthal gyl noieties are pres i OB e 25 nole
%to aboé(p 5OM56E (1 20 APURIDELNTER 8}’&@@&,“5\/:&@& e[?ﬂp@gllteoﬁ %%E%’mftg’g noi eti es

are present i f,flg2E0uat $f 9oaRatlortnARuDl epféidriedalidiive 80 mol e % of said
pol ymer, wherein said polyner further opti onarl y conprises_arqQmafic diacid

moi eties ot heferrbhaliotaphepitnhalQuier exainpidsdaclide dinkenybethe dphenylsubiBut 10
39. 75 % ol o subhenkamehgE-y e Saoptaney s geisropd M ES PARACH 2988 DI L,
Gai m 4. vher B oL R RP TR A e O are dor i ved from
i sopht hajg ¢ aci d, 2Zh&sdcohandie af thexyhdtionds copmendgd bliiad@ingaedi car boxyl i ¢
acid. 2.6 napg(t)lggclmedgggtigg rcgtglxy&l anCd a? géq%bstgr’igg agent for the transesterification
catalyst. Polyphosphoric acid is an example of a sequestering agent and is
normally added in an amount of about 10 to about 100 ppm of phosphorous per
gm of dimethyl terephthalate. An example of a polycondensation catalyst is
15 antimony (IIT) oxide, which may be used at a level of 100 to about 400 ppm.
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(III)
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
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11 Novenber 2003 WO 99/34378 PCTI US99/ 07012 - 28 6. heng§$€§§?mg??Pgle as
recited in Claim4, wherein said other diol noieties are dﬂi' g%ﬂ{;’[)ﬁm

al i phatic WP&HEHR gl ycol s or branched diols having from 3-12 ¢arbon atoms
and having the enpirical formula HO CnH2n OH, where n is an integer from
3-12; cis or trans-1, 4-cycl ohexanedi net hanol or m xtures of the cis 5 and
trans isoners; diethylene glycol; triethylene glycol; 2,2-bis[4-(2-hydroxy
et hoxy) phenyl ) propane; 1, 1-bis[4-(2-hydroxyethoxy)phenyl)cycl ohexane; 9,9
bi s[ 4- (2- hydr oxyet hoxy) phenyl | f | uorene; i,¢: 3, 6-di anliydromannitol; 1,4:3,6
di anhydroiditol; 1,4-anhydroerythritol; or m xtures thereof. 7. The optical
article as recited in Claim4, wherein said terephthal oyl 10 noieties are '

present in an anmpunt from aboyt 45 le % out .5 %0 id

pol yner, sai dstlgéi%rbpdéhqmtéi‘ﬁcéfs“yaﬁr’%t g@ﬁ@ﬁ%@ﬂéﬂ%ﬁiﬁf uﬁooéﬁozlgout 0.5
mole %to abo € ¢ ' LYATBY thiSAER pSlymer2MSorOprseal withbet | es
are present il#'%gnglé{é%rn%ré%t?{)%&g%ega&tﬂ%S m)fel%top4 .75 m)llgb%of said

pol yner, said faithareffiiracit daisinp edlemlameightesent in an anount fromoO to

about 5 nole % of 15 said polynmer, and said other diol noieties are
present in an anmount fromO to about 2 nole % of said polyner. 8. The

optical article as recited in C aféﬁ&hthmeﬁgﬂ. Prixaild optical article is a
conpact disc, digital versatile , or substrate for conpact disc or
digital versatile diigCterepBiilic akie pp@escialsimildrite ke dimethytierepiithialatal ai m 8,

wherein said polyner has an inherent viscosity.in tkkg %an%e%h%ﬁbout 0.4to
about 0.5 dL/ cprodsss excepbtimpthegnitighestarificadonsarion that eaes e DIStGRFFPY ng t he

oS o () RS A BB P SR SRR b g o o>
I sosor bi de slightly elevated pressure (autogenous pressure, about 25 to 50 psig). Instead of a
two-fold excess of diols, a smaller excess (about 10% to about 60%) of diols
10 (ethylene glycol, isosorbide and other diols, if any) is used. The intermediate
esterification product is a mixture of oligomers, since not enough diol is present to
generate a diester of terephthalic acid. The catalysts are also different. No added
catalyst is necessary in the esterification reaction.
A polycondensation catalyst (e.g., Sb(IIl) 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(1I) and Sb(III), oxides of Sb(IIT) 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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one or nore other diol noieties, wherein said polyner has an 'ARET ent
viscosity of at |east about 0.35 dL/g as neasured on a 1 % sol ution

(wei ght / vovaissesdsisn o- chl or ophenol at 25C, and (b) shapi ng P$aYEP98INHer into
an optical article or a substrate that is 5 used in an optical article. 11.
The nmethod as recited in Caim10) wherein said shaping conprises injection
nol di ng, conpression nol di ng, cal endering, enbossing, stanping,

i njection/conpression nolding or extrusion. 12. The nethod as recited in
Claim1l, wherein said extrusion is throygh a die 10 that yields fibers,
films, sheets or rods. 13. The nethod aS"fecited in Caim 10, wherein said
pol ymer has an inherent viscosity in the range of about 0.4 to about 0.5
dL/g. 14. The nmethod as recited in Caim10, wherein saig p(gl rr(glr i S shaped
into a conpagtactdirat roath ginpdratuzs angk ther geadydlly heated e bt 287 6%:{3 eMCli sc or
digital versatile 15 disc, lens, .J.nstrunen ] I gg0y-e

prismatic reffP@t oFhOPresiys Lsa‘fenfqdb‘gif'c Hapee Eﬁ]zgo%ﬁg%%og agdw?)g[czlspe ’?rrlld & ai m

10, wherein 3aj kgties are present in an anmount from about
25 nol e %to%gg‘gﬂl]ti %gtggﬂg%a&wo?@g?d pol ymer, wherein said isosorbide

noi eti es are presdhterifivadon anfoumtbis@dydsixyethylerophtidate) sgervaidhout 40 nole %

of said polyner, said other arpomatic diacid ietie t in an

amount f Som aBigomers takesplagstat f%v%pée%%?mgegggct\gé%ny%?{t%ren? %ﬁ%ﬁgﬁ% ycol

Toi eti es are Brespiecl ) 738 QTRUE atBpchbuftessre) dastiporpher ¥alle sl d_pol yrrer,
i ‘0

and sai d ot he noreties are present in an anount up to about 15 nole %
of said pol ynemperatutds iNaue rhige o2@bGut\AD590 5B E8 2830C POtery Bgbyeaym 2 16.
The method as recited.in C aim15, vvhereiﬁ sai ’ghOt her aror%tig gén%;\jed
moi eties are (rse thaadOr Ferm prefssmlndess dhanct dorrh Kb VACRH 2 BS6% V9 IR d,

2, St hi ophenedi car Boxylh e a6l d.an 4 GalPPHR HoaNEE rER1BR ¥/ faise RCindlecular

2, 7Tnapht hal erf&ﬁl‘ggar‘%%’}éﬁ @%’&%iz ‘g?tgla-%%oger?zoi cracild, or m xtures thereof.
5 17. Thgy netfggh@s recited in Gaim1l15, wherein said other diol noieties
are derived fromaliphatic al kylene glycols, or, br anﬁﬁ}%d i ol s havi gg from
3-12 carbon at ons Armolyrasrhayingtn @hercp WagosihPhat e sHO A BTG EIGREY e n i s
an integer from 3-12: Gi.S, Ol Sk A SRS AN ro&ss M xt ures of
the cis and t\’%}?saqogt)pr&lrssd,l‘g icé'ﬁ ﬁg?gﬁgégfté’gg??ﬁ%@?e?hyllene glrycol;

2,2-bi s[4- (2 JAnbndupsesaédauNd plasydlympripione The progress of the polymerization
1, 1- bi s[ 4- ( 2- hydr oxyet hoxy) phenE/I ] cycl ohexange; .
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 Optical 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
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* The met hod ed in daimib5, wherein saldterephthalo S are
present in ‘z’ﬁ’%ﬁgﬁﬁt from about 45 nole %to about 50 nole &o@ggﬁgﬁ

pol ynmer, 15 said isosorbide noieties are present in an anmount from about

0.5 nole %to about 20 nole % of said polyner, said ethylene glycol

noi eties are present in an anmount from about 5 nole %to about 49.75 nole %
of said polyner, said other diacid noieties are present in an anmount fromO

to about 5 nole % of said polynmer, and saphd other diol noieties are present

in an anount fromO to about 2 20 nole % of said polyner. 19. The nethod as
recited in Claim 18, wherein said polynmer is shaped into a conpact disc,

digital versatile disc, or sub raje for. co rsatile
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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



’\] n"") aala eeffggiijl @mi nn&o' 080; November 2003
oorrstu}w mhc”Y] ] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca1] cal caj ca] ca] ca] ca]
: ca] ca] ca] ca] ca] ca] ca] ca! uuvvbwewt wwx}yz| {vagl fa
\C\e}\]] gg} gg} gg]&@]&?%g] CL] CL] CL] CL] CL] CL] CL] cal] ca] ca] ca] cgfca}%ﬁ%g{% calcalc
aJca]ca]calcalcalca]calcralcal yRI TcR] }[f~xsni c”Yl fal\W ] ca] caUl ca] ca]ca]ca]c
Na] ca] ca] c™a] ca] ca] ca] c*a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]l
Igg]AfEGi&xFB} xsnhc”Y] ] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cp] ca! 0gD,
<vhnmDN, c\ f zt oi d_Znhc”Y]]] ca] ca] caU] ca] ca]'t”a] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca
] ca] cMa] ca] cal] ca] ca] ca] ca] ca] ca] ca] calcalcaljcalca -->JOv/>it

Do) ool wa] a] cafeead apcal EANEEPL AP LR SNSRI HIOPHTE] fa] oa cal ca
Ly on] oa] ca] carrhro) T EQRARLE B n%'%ﬁbf‘%]]‘%a S b“@}’%]’&""}h%]oé@‘} 3350 cal <
a] ca] ca] ca] ca]<iahcaibor m]mdc@abcmhm]mab@mjﬂcam}. m]ctea]raplhqa]vam] fagt | 07=t 1x$5

AFXxD| wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]calcalcalcalca]]ca]ca]ca]calc
a] ca] ca] ca] ca]rekretgnce!|tbapuefringpncs|and eeshancak stressgs that.ocepnfuimng mobdeng ) -

Eé(ﬁ;g%fc) ( )S 531(2 ég ﬁ&}: (t%' ﬁ%ﬂqﬁfﬁg"iﬁf p&«ﬁr(hg,g N}E@%‘é%ﬁ]@ed article having low

9 10%& () - & 10%eflinge@x AR A8t YkofertyZofkBls %Qrtlcular family of polymers is that
10$<10% ()" $1 7100 () - sA100& () 93100&’ () -

[ 9mbC! 937 | 10%he &o]wners L}egpcgpgd/@pqn)\caﬂ pg(j:tjz@m p(r(; pegties, even though the
10%& %40% & | F: 100 10908&
1(()?%“3& ()( bR [f“)s(@“cg? (PrEgvad ﬂ?"q&m& y" 100/@p<(&) ()-893" 1 10%& () -

rPC' 1098848 | 109%& This hvénGBris frthek AROstrh@A%y the followin non-lnmtm; examples,
1000! @ Y40%0& () - S| @ Y0UBBE () - Se1 xV7PCsS" 100B& () -¥1 " sS 100 () VI &sS" 10

okk& () - YI0sS" 109K x&() Y!yY! 109 () - EM@QBD%J& ) - KE9:

s ionsars ()21 | TRRBIEPIBRE (oY b o @@ammyﬁﬁ%& bhohose () -
gﬂobéoc(%)@sl( bor {00 (%nﬁ%%’% ()YI;M 10‘V%<(7B)g ) et ??Sfaﬁﬂlgfostgfﬂfeﬁu(r 9.1 @
"10%&' ()--!F "re@cr dndey nitroged pege(a) atndd@heric 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 (TV) 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 temperature 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).
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5 Purified terephthalic acid (7.48 kg), isosorbide (3.55 kg), and ethylene
glycol (1.70 kg) are placed in a stainless steel stirred reactor preheated to 70°C
under nitrogen purge at atmospheric pressure. The reactor is equipped with a
packed distillation column. The monomer composition corresponds to a mole
ratio of terephthalic acid: ethylene glycol: isosorbide of 1:0.61:0.54. The reactor

10 is heated to 285°C within three hours and the reaction mixture is kept under a
positive pressure of 50-60 psi. During this time, a distillate that is mostly water
is collected from the packed column. After the melt temperature reaches at least
275° and the terephthalic acid is essentially consumed, as observed by the clear
appearance of the reaction mixture, pressure is released and germanium (IV)

15 oxide catalyst (3.77 g) is added as a solution in ethylene glyco! (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
hour and an additional distillation fraction is collected. Afterwards, the reaction
product, a viscous resin, is extruded 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.
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he po ymeg )of Example 1 is injection molded using an Arburg injection molding
machine (Arburg Maschinen Fabrik, Lossburg, Germany) into standard tensile
bars for measuring tensile and flexural properties and is also injection molded into
5 discs. The melt temperature is 270°C and the mold temperature is 30°C.

Properties of the polymer and of the molded products are presented in Table 1.

EXAMPLE 4

Compact discs are molded from the polymer described and made in

Example 1 using a Uniline 3000 replication line from First Light Technology, Inc.

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 5 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.
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. The remainder of the parameters in Table 2 were measured by a
5 CDCATS SA3 analyzer (Audio Development Informationteknik,
Sweden). Deflection refers to the radial deflection of a light beam
due to skew and warp in the disc. Pushpull is a measurement of
how easily the drive can stay on the track as it follows the signal.
(High frequency)HF Signal I3 is a measure of decoding problems.
10 (High frequency)HF Signal 111 is similar to HFI3. Reflectivity is
the level of reflected light from the pits. Block Error Rate (BLER)

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

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

disclosed herein.
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l's,,3"10%& ()1 9 Y@@;@'ty(ppisg@pm N 7 Dynamic Stress Rheometer
1000 (Rheometrics Corp, Piscataway,
__N))
Melt index @ 300°C 60 Extrusion Plastometer (Tinius
Olsen, Willow Grove, PA)
HDT(°C)@ 264 psi 80° ASTM D648
Tg(°C) 106° DSC
Density(gm/cc) 1.35 ASTM D792
Tensile modulus(Mpsi) 0.34 ASTM D638
Tensile elong.@break(%) 74 % ASTM D638
Flex . modulus(Mpsi) 0.37 ASTM D790
Multiaxial impact energy(ft-1b) @
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
10imm dia.)
Mold shrinkage (in/in) 0.0035 ASTM D955
water absorption(%)(24 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)
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Property PEIT disc value Specification
Pit depth(% of 95 85-100
stamper)

Deflection (degrees) 0.18 ‘ 1.6
Pushpull 0.063 ' 0.04-0.07
E22 4.4 15
E32 0.2 0

HF signal 13 0.46 0.3-0.7
HF signal 111 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 {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.
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5 wherein said 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.

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 0 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.

5. 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.
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6. The optical article as recited in Claim 4, 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-cyclohexanedimethanol or mixtures of the cis
and trans isomers; diethylene glycol; triethylene glycol; 2,2—bis[4-(2-hydr0xy-
ethoxy)phenyl] propane; 1,1-bis[4-(2-hydroxyethoxy)phenyljcyclohexane; 9,9-
bis[4-(2-hydroxyethoxy)phenyl]fluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-
dianhydroiditol; 1,4-anhydroerythritol; or mixtures thereof.

7. The optical article as recited in Claim 4, wherein said terephthaloyl
moleties are present in an amount from about 45 mole % to about 50 mole % of
said polymer, said isosorbide moieties are present in an amouat from about 0.5
mole % to about 20 mole % of said polymer, said ethylene glycol moieties are
present in an amount from about 5 mole % to 49.75 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 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.

5. 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

T 109
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has an inherent viscosity of at least about 0.35 dL/g as measured on a 1% solution
(weight/volume) in o-chloropheno] at 25°C; and
(b)  shaping said polymer into an optical article or a substrate that is

5 used in an optical article.

11.  The method as recited in Claim 10, wherein said shaping comprises
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, wherein 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.
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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-cyclohexanedimethanol 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)phenyljcyclohexane;
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 0.5 mole % to

about 20 mole % of said polymer, said ethylene glycol moieties are present in an

amount from about 5 mole % to about 49.75 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 O 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.
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20.  The method as recited in Claim 19, wherein said polymer has an inherent

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

21.  The method as recited in Claim 18, further comprising molding said
polymer by injection molding, compression molding or combined
injection/compression molding to yield a disc having pits in a compact disc format
suitable for reading with a laser; coating said disc with a reflective coating; and

coating said disc with a protective coating to yield a compact disc.

22.  The method as recited in Claim 18, comprising molding said polymer by
injection molding, compression molding, or combined injection/compression
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.



