; EFGHe3eU2Ud(6T2 WO 001 37531 METHOD FOR THE PREPARATI ON OF Bl SPHENCOL- A
POLYCARBONATE W TH REDUCED LEVE ACKGRCUND This invention

- relates to a conposition conpri Hﬁ@“@@“@ onate, wherein Bniine 2003

pol ycarbonate has a | ow cont ent | ar branching species. This
branchi ng species is depicted bel owq®¥02ormula (1), and is comonly known
as the "FWQBTBHanchi ng species (hereinafter "Fries"). MorBCHHIXMar|y,
this invention relates to | ow Fries pol ycarbonate nade by the nelt
synthesi s nethod. This |nvent|on furthdr relates to an optical disk
conprising said |ow Fries ycarbonate) and to a nethod of injection

mol di ng mhchHWMMImmmmmm“d polycarbonate Conventional industrial plants
synt hesi ze p by m xing together an aqueous solution of a

di hydr oxy conpoundss(se~ g., bi sphenol-A) with an organic solvent 10 (e.g.

di cl oromet hane) contai ning a carbonyl halide (e.g.) phosgene). Upon m xi ng
the i nm sci bl e organi c and agueous phases, the di hydroxy conpound reacts
with the carbonyl halide at the phase interface. Typically, a phase
transfer catalyst, such as a tertiary amne, is added to the agueous phase
to enhance this reaction. This synthesis 18 June 2003 WO 00/ 3753t

PCTNS99/ 24298 nethod is commonly known as the "interfacial" synthesis

nmet hod for preparing polycarbonate. The interfacial nmethod for making

pol ycar bonate has several inherent disadvantages. First, it is a

di sadvantage to operate a process which requires phosgene as a reactant due
to obvious safety concerns. Second, it is a disadvantage to operate a
process which requires using large anounts of an organic solvent because
expensi ve precautions nust be taken to guard agai nst any adverse
environmental inpact. Third, the interfacial nethod requires a relatlvely

| ar ge anmount of equi pnent and capital investnent. Fourth, the polycarbonate
produced by the nmaterial process is prone to having 10 i nconsi st ent col or,
hi gher | evels of particul ates) and hi gher chlorine content, which can cause
corrosion. A new nethod of nanufacturing has been devel oped whi ch avoi ds
several of _the robIe t ho SpeC|f|caII sone
ever - comE BN %ﬁ §4 h&&éf YERRRANAT, WiTH
transesterification reaction RFRYEER Qgﬁ’ Sdi ester (e.g.

di phenyl carbonate) is condensed with a di hydroxy conmpound (e.g.,

bi sphenol -A). This reaction is perforned without a solvent, and is driven
to conpletion by nixing the reactants under reduced pressure and high
tenperatur$ taneous distillation of the phenol produced by the
reaction. ﬁ's syn eésis technique is coomonly referred to as the "nelt”

t echni que. The (Thistinteatibmretptes tbacemp@ﬁtianrcompeisin‘ghnelﬂ&bbmammﬂmmirﬂhet echni que

because it _does, not .enpl o 0 ne es.not re e a solvent, and it
doos Tess. BENFERRS HRA S aHaR AR E Bursbync R Bk e erh ot G ey TneePrries
process do@sdepRted®eivhndinTomllo(l), agd BRDMAONNAkAdWh {s'tRe™Rrite” braadhingnt s, has

| ower particulate |levels, ,and has a nore consistent col or. Therefore) it is

hi ghly desPResiss herqinafies “Frigs )rdYlere pagiquiaty,dhis Anventionielatesi ta fowwEiigs act ur i ng
processs | Bol&@&ﬁoma&hﬁa&%}' HORBIt SpRhdlinhdihdd) el'lﬂslsm‘(yé}ftioq fortiier 'Eé&tesctg'ﬁﬁer ci al

pl ants whi ch"use the nelt{ technique. The nelt techni que produces
pol ycar bonap'@ahﬁﬁbwmmfsﬁtsrs@ldflf’b’rﬁ\’p@)?“}lﬁwmm endptogduestbelt ofjinjettioni nt er f aci al

met hod. Spﬁ}%ﬁd\}%@l’iﬁkaéngf93%%@854’9&’%{‘ interfacial nethod tends to produce
a

pol ycar bonate ose zero branching. It is desirable to have
Conventional industrial plants synthesize polycarbonate by mixing together an

aqueous solution of a dihydroxy compound (e.g., bisphenol-A) with an organic solvent
10 (e.g., dicloromethane) containing a carbonyl halide (e.g., phosgene). Upon mixing the

immiscible organic and aqueous phases, the dihydroxy compound reacts with the

carbony! halide at the phase interface. Typically, a phase transfer catalyst, such as a

tertiary amine, is added to the aqueous phase to enhance this reaction. This synthesis



a low | evel of branching for sone applications, such as those which require
very high 30 ductility, but a high |level of branching is desirea % for

ot her applications which require high nelt strength. If bré%éi’ﬁ‘engéq S
desired in polycarbonate produced by the interfacial process, it nust be

i ntroduced by addi ng a branchi ng agent dgri ng pol ynerization. Al so, 18
June 2003w¥oe3@83k 37531 PCTI US99/ ZA298 thé Fries branchi ng ¥F&81S8%24288 not-
typically present in appreciable amounts in interfacial polycarbonate. In
contrast, the nelt technique tends to produce polycarbonate having a high

| evel of Fmieted isgosmpenlydngwn as thopinfeafagal” guathesiggnahedofopprsaRiéng | ow Fri es

pol ycar bong& caWorafle Melt technique for certain applications because higher
| evel s of rires are associated with low ductility. As noted bel ow,

Appl i cant s haveTboinvethctahimsthod édrl neakinglpaiyoathoeatPhis sewdraldnlikaerdnt  Appl i cati on

Number 9-59371 to Teid.in.(hereinafter the “Teijin Publication") discloses a
matbod T or dividvarSasss Fitsh i FOEARANRES o' dBErare hprhiat WHigh EBirkFhobadhe 35| O

pol ycarponatactamiudite sb¥ioassatetébhcérais. 0OSedond) litels p disadvaitagd tofopeate 1 us a 10
second branchi ngls ecies, but contains at |least 0, 00l nole percent of the

second br aP©ORTSH efiuiees uyiRg jatgegraounts pl ag organie spYENDECAUSGFRPERIYS fi es nel t

pol ycar bongfegauiand Mdsidelt@et o flardagaffst B QAverte aﬂﬂomé&al%gmﬂ‘l‘hiraﬂ%@mr ,
the Teijin Publication does not teach how to nake pol ycarbonate by the nelt

process whingasfapigkmgthod requiresa redayixely dargeameunt of equipment andapitajipyestment.
blicati | % .dj 15
Dot o S0 by BEABRER: B OB RSN e TRk 0005

having a | ev a ppm (wor ki hg exanp 3) and does
not neHl i oimcemsistiny soler, Wighehlewelsogfartpiataseanidrhighieg chilbrineanonient, mibhaiang Fri es
content. Myreover,.the Teijin Publication does not disclose the advant ages
of using nE'¥° PS8 bonate having a very low | evel of Fries in specific

appl i cations. Paln¢oanbbohbEmamfsndiighasibes develogdivhadh abbRil séepdl of i ons.
Exanpl es of tical .20 disks, include disks used only for data reproduction,
such as themg@maa@e%‘gaf%ﬂgqcalme@g, SpeciflsalIgseme NN CQREELIRIROM 1 or mat 5.

Al'so, newepolpdattidnile PlAnt$nBiRSs BSlyLiBshatedfy DedndestéditiestineacBBAl whesroduct i on.
Exanpl es of such applications incClude wite-once optical disks, and

er asabl% vsarkanatg digster (@ gs didhenyicarbonpte) is apndensadsvithay dikydipxyieompound ypi cal | y
seated int : d sl .d, 1 ' ' AP, rvo which
moves t he @i@kﬁligg%&o'?ﬂf oTshl ﬁ%’g% t'gh%'eé/e?@gﬂ g‘f‘?’ﬁﬁ%‘ghg‘?'g@"%&gﬁ{ﬁ%‘ﬁzﬁ y seated in
the tray, tdmpletionlbywhixingthe satipns tindep rddacesl pessere audkigh temperdare sdthopen t he
tray. This_.ocecurrence. often enough ch than n nyf acturers
have. modi £ VEAHeR e RRREE e Bhém LR by e THR YRR “hack
out if theismmgronwm?wathugmélgi teﬂﬁlic[uesﬂ'ﬁcf ﬁnébchdiqne?/iis g@peﬁibg vex the |
event ity a t hers (.e.qg.,.bending o iled optical disks), optica

di sks 7 st%‘ff&;ﬁ'ﬁﬁ‘ﬁaﬁ’é‘m‘mﬁqﬁﬁ itdosr L Epiox? PREFYF: HidgPs TPLETIITE 8 §OREEN t hat
they will it seaRseeqiipiiert] MorWeR iR fp_bgl_aarboﬁaé AR BAR MAieigobs the
interfacial process typically has sufficiently high ductility such that it

can be usedPesfptaentain ehlening contamination fromyhe reartants,drs loper parteuldnievelspwever
18 June 2005 h\ﬁﬁx %@Z&gﬂmﬁf 5&?{) \lﬂvﬁgx%&&é%?ﬁ h&%y&%&%@%ﬁ? gﬁ‘i’f‘euby the nelt

process typica as tralr uctirlity etvits evel of Fries.
Ther ef or e) techmique in 8 commeedialimmanufaceing prbcess. v fadh,ithe assigniee has tiiilstbs f rom | ow

Fries |l ycarn ate nade. t he | t proc . As noted bel ow, Applicants
have s ve‘ag:(@?z"%%ﬂ "éafﬁ'agyyplaﬁgs%%ﬁe ’Ba\f\gfthl%uehake | ow Fries melt

pol ycar bonat e hahe relt bciifiqhe gtodiides polycarbuhdietwiictaditisn frengsotgdationmeed cl early
exists for a olﬁg rbonat e made by tgi? mel t process whi (‘:'E@'h S a very |low

| evel of Fpreduced tegfacig! msthad. SSeegilicallyniheirgnveptionahipierizgial method

tends to produce polycarbonate which has close to zero branching. It is desirable to have

a low level of branching for some applications, such as those which require very high
30  ductility, but a high level of branching is desireable for other applications which require
high melt strength. If branching is desired in polycarbonate produced by the interfacial

process, it must be introduced by adding a branching agent during polymerization. Also,



| ow Fries polyarbonate via the nelt process. SUMVARY OF THE | NVENTI ON The
above-descri bed deficiencies of the prior art are substantially overcone in
- 10 accordance with the present invention. Specifically, thel§dunesi03

i nvention provides a conposition conprising polycarbonate wherein the

pol ycarbonate has a very low Fries content (e.g., above 5 ppm and bel ow 360

ppm . The \pp8eSLy i nvention al so provideg a pol ycarbonate hla&{),gggmy@ry | ow
Fries content which is made by the nelt process. This pol ycarbonate has .

hi gh ductility and high inpact strength. The invention also provides a 15
met hod for, é%%rérl}ﬁﬁxg sgemagqssxh&urﬁ;gt%uyﬁm&m{a FRRGH a%umtgen iR On 1S an

optical disk conprisin ol ycarbo e” obtai ned froma nel .
t r ansest er ipblycarbonate.r baaonirest, thf melt eaki@isdenss ¢t produce palycarbanaté hamimgoxy

oo Big1evl P PRAC A Rbrdhef Al b BBAEH dHA [PPGLOUP GOnST sting

of cesium am nes, al kyl™ ammonium s etra-al kyl
phosphoni ugbB@hrbsnate b thednehetschniyte Carcbitaia bppications baraiisi HighealeveBast one of

the foregoing catal ysts, wherejn.the disk s a ductiljt eater than 150
20 kot | S S Srerrabe st B e 0bnias PaSwasrrltsms bive SlreRtup i ca
di sks resi gfopigakage due to bending. 25 18 June 2003 4a These and ot her
features, aspects and advantages of the present invention wll becone

better under st odapaneserPyblisheddateat ApplicationtNymbsnP13§3 Hetodieiipn (rereivafier thee

appended Chl: : | ' E
DRAW NGS FI &0 "?23?‘@’? A %%%“a%%gg%m%f%ﬂrﬁ s"?f’:’???% %E%éggtt d?éslibs to

det er mi ne gueess whareiothet podycabonate aerdaing from 81061 toh®3 thokkperdRTA] Hrig®plus a

DESCRI | ON OF, THE ] .NVENT] d | { ~Fries” "fries"
refer sw_o 3“98%&5%4‘1‘ gﬁ%elcfegi%r‘l’é%%\?@gsaart g%tg)lt'de?“ﬁ%‘{?/ié%eég{"g]gf rS:S'lgccs?\'/\ﬂi ?1[:1 fo: ImeJISa:
-0 O X ~ Obdnthin@hpdcie® ThirBfode)tie THGPUBIQID SRZHR nRE PolycEdehad BMnghher ei n

X is a bivalen dical] a escribed ipn formu|la.(ll)., The content of this
repeati ng Gﬁ‘?vte{P ‘1‘??3’4%‘1 @?:%r'ﬁﬁlﬁ&’f“ée’ga%oﬁ'é"ed L%Fﬁgﬂ‘ﬁéﬂmwni’%g"eﬁrﬂﬁbedure
described RakRRowWRo MAREPOIFcatbond by IRNEIEHBEdSs whidh had Very &) levBIQJrYeias bonat e”
refers to @8' ycar bonate nade by transesteriftcation of a carbonate diester

with a di hRifslghebrbinpwlication apbedisciesees polyqarkongig made byithermeltprapess
pol ycaiﬁonﬁmﬁg E?J\Eféf%iés 99&%9@&9@8@&&2 g@gﬁ%@gﬁ?ﬁg IPar HRIHGeheisR! Ut T On

of a di hydroxy~ conmpound together wt
catalysts which are effective in significantly reducing Fries content. Moreover, the Teijin

Publication does not disclose the advantages of using melt polycarbonate having a very
low level of Fries in specific applications.
Polycarbonate is widely used in optical disk applications. Examples of optical

20  disks include disks used only for data reproduction, such as the compact audio disk “CD”,
video disc “VD” and CD-ROM formats. Also, newer optical disks can be used for both
recording and reproduction. Examples of such applications include write-once optical
disks, and erasable writing and reproduction optical disks. Such disks are typically seated
into a tray, and slid into the device via an electric servo which moves the disk back into

25 thedevice. If the disk is improperly seated in the tray, the disk will be subject to lateral
stress as it holds open the tray. This occurrence happens often enough such than many
manufacturers have modified their equipment to reverse direction, sliding the tray back
out if the motor encounters sufficient resistance. In view of this eventuality and others
(e.g., bending of mailed optical disks), optical disks must be manufactured with

30 sufficiently high ductility such that they will not snap easily if they are bent.
Polycarbonate made by the interfacial process typically has sufficiently high ductility

such that it can be used, without modification, in optical disk applications. However,



organi ¢ phase conprising a carbonyl halide. The present invention provides
a conposition conprising nelt polycarbonate, 10 wherein the nelt

* pol ycarbonate has a very low Fries content. Specifically) tteJUnrei2®93content
is lower than 360 ppm and above that which would be expected for ordinary
interfacial polycarbonate. Interfacial polycarbonate typically has a Fries
content of weenssdian 5 ppm and nearly al#ays has a Fries coptgpsoRglgW 25
ppm The present invention further provides a conposition conprising nelt
pol ycarbonate having a Fries content of 15 | ess than 360 ppm The present
invention f wolyBfboiOMARS tRe ROINPRSESs inAiicall) A FaSilnBwWAlYiGE, fNBte npher ei n
t he pol ycarbonate has a | ow | evel of Fries. This polycarbonate nay be nelt
pol ycar bonatevebef Esiepi Khemfareothersds ¢ negdcfor Hmethpd & @H"d?ﬁﬂ aptigglstisistieom low

Speci ficall i [a In a
nore prefer Bf)ééé &ﬁ rr)()J:dH oﬁr%tﬁﬁﬁ g% Bﬂ?e &pflgrﬁ%/egbrltll%c)ﬁmg& Eﬂbl‘gr'{qg@%gﬁ?’ gg% H]ﬁ)v;gdbel ow
290 ppm | ntEnpebem yolisoperagarwaydo amio thwiEnes melhpolearbmacomvang higls f r om 25
ppmto 290 @gql In a nost preferred enbodi nent of the invention, the Fries
content i ?8“?200 ppm In another aspect) the present invention also
provi des a COrrpOSMdHitQﬂalB'OﬁYEdSneﬁdl ng:dpﬂéay@&kbarfai £poheitednate igdey) i€ aelonat e
has an MFR of 5 R@]ép All q wﬁﬁ,values 25 glve? in this _application
wer e measur @FPCESS hag2 Xefy 1o% offiitssi ft nged alsqiSxiste fofiamethagfor papking i ch
i S incorpor gweeri Oqﬁa,gf,mﬁah@r,ﬁémpmb@sa preferred enbodi nent of the

i nvention, the MF between 10 and 17. In a nore preferred enbodi nent,

the MFR i s |SWA|R%OE@”H§ INVENTIR®St preferred embodi ment of the |nvent| on)
the MFR is | ess

further conpri se%ﬁg%&gldf%grﬁeeﬁ@@%m%%ﬁlpg dﬁ% ’ggr”ebgfsmﬂ?’ﬁ%‘%@ra"t’&' ing |ist
of suchl@dditdoniaate with hapresenpinyestiang cSpudﬁca&BS;hemoésymsheemuan drgvidegamn des.

18 J 2003 WO 00f 37531.6 P SO th t h t
nvent on al B BHBU RS ETHCTNS e S BEAAE PRRO G R oy e BRSO o a
preferred eotmeht (Hagltab@f/eSbmlaﬁ&BﬂbwGﬁO pbig Midpredent tmeeﬁf&JntalmirM@aésthonate is

between 10 and 17 nore preferred enb dl nent MR is less than 1
S.S. In a nBS C%Pw@qaa@agém PHERES pntenh PW%H‘@%W ?FH@IWRC?% TR&s t han

14. 5 Therep@l?@ar@&naie%§ﬁlgﬁ\ﬂ@ctmt§ LRrRps impathedaghf Tﬂ@hﬂv@gtxéh APRFidtd £
conpri sing po ycar bonat e wherein the congoa tion has a fries content above
that typl cameifiod feranakingrteqse compositionsf ABPHET 35p¢c) ebthe drvention isian aptiradwisR60
ppm The sinplest nethod nerely involves bl ending an appropri ate anount of
mel t pol ycanrop@nﬁﬁggdli}%fbohﬂé %tatn?c@l'ﬁ%ln Mlt%gémﬂtﬁn rehéHoR oﬁaaéarbgﬁdt@tﬁ&QWiﬂi shed
by a variety such as sinply ad tg(? O appropriate proportions
of high Friadhydery compoyrddn tbenmeeceaaﬁacwsaefea fom e Errermedngstiae el pesup salfs:
extruder. SRRk Qetfaglicy Andnin safle R4- hmﬁghésphoﬁmﬁ{mﬁsegm]dm&raﬁd Mnthaliad by this

techni que. Alternatively, one can pre w Fries nelt oncarbonate by
a netho sw@ﬁlpa%ngtahmst @ﬁ@me fqrﬁgese&??&bétszvhesﬁ*r&h%%ﬁk %ﬂﬂd%mlyy geHerthagdsd r abl e

i ngr edi SkgMRinGhd AQieS1edel &Wmapmgﬁp@mah aBlcB opfiAP@ERsiress biefkabe Re Met hods
for preparlng nmelt pol ycarbonate 15 having a | evel of fries bel ow 360 ppm
are descrlﬂﬁﬂ‘génerally bel ow. As stated above, the nelt process for
prepari ng pol ycarbonate conprises reacting a di hydroxy conmpound with a
carbonate dieter. There is no particular restriction on the type of

di hydroxy conpound that can be used in this invention. For exanple)

bi sphenol conpounds represented by the general 20 fornula (11) bel ow can be
used. ~a~P ~b~

25



OH~ X~ OH{lIl) In formula (I1), Ra and Rb each represent a hal ogen atom
or a nonoval ent hydrocarbon group and may be the sanme or different. The p
‘and g variables represent 25 integers fromO0 to 4. R | _C_ TBRenX20@3i abl e
represents -~ - or a R R 18 June 2003 WD 00/ 37531 PCTNS99/ 24298
Variables R and Rd each independently represent a hydrogen atomor a
nmonoval ent hydrocarbon group. Variablgs R and Rd may forma ring
structure. Variable R is a dival ent hydrocarbon group. Specific exanples
of the types of bisphenol conpounds that may be represented by formula (I1)

include the foll r

I, 1- bi s(4-hydr oxmggg} é)ther]f%uﬁ%g Wgs a?’é%ﬁ“ﬁ%%%?(%%gl%g mﬁ’regu%n will
(hereinafte bedom’eéaettcardmdﬂsta@d Whh sqftrenczl to ie) fplldying kesctiptibry atidothy ppyengtdd)

but ane; 10 2, 2- b| dro I) oct ane; 1, 1-bi s(4-hydroxyphenyl)
propane; 1, ila’dl?s?(" 'b%gr '})/g n-but ane; bi s(4- hydr oxyphenyl )

phenyl met haBmEﬁDESQRﬂ(ﬁoweFmnammwsohenyl) propane; 15

1, 1- bi s(4- hydr oxy-t-butyl phenyi) propane bi s(hydroxyaryl) al kanes such as
2, 2- bi s( 4- hﬁﬁ Ox ePIctHTLAPBRIanis pod {8 tsplineecompaqt.disks toidgigraring gustidify fjthe
cyclopentan aryl) cycl oal kanes such as

1, 1- bi s(4- hﬁﬁwgﬁvgoeny? e?@%[ohexane In the present |nvent|on the X in
t he bi sphen&ETWDEﬁ@METWOEFPbE MVENTEYN20 represent an -G, -S-,

o 5 hy oy 4 JF9E 1SR A, L 150 ) oI A R s 2’89‘?"3 et her

4, 4" -di hyr dnawﬁgmhﬁnmbm@foﬁmde a bi s( hydr oxyaryl) sul fide such as

4, 4" - di hyrdoxy- 3, 3' -di et hyl di phenyl sul fide; 25 4,4'-di hydroxydi phenyl
sul foxi de; a bis(hydroxyaryl) sulfoxide such as

4, 4' -di hyrdoxy- 3, 3' -di net hyl nyl suI de 4, 4' - di hyrdoxydi phenyl
sul fone; or a bi s(hydre—x@u—@# O OH D

4, 4" - di hyrdoxy- 3, 3' - di net hyl nyl su . I'n addition, the bisphenol

used nmay be a conpound represented by fornu (l11) 30 bel ow.




18 June 2003 WD 00l 37531 g PCT/ US99124298 (Rf )n (OH)2 (II1) In the formula
(rrr), Rf may represent a hal ogen atom a hydrocarbon group containing 1 to
. 10 carbon atons) or a hal ogen substituted hydrocarbon grougd8Juhe280%ari abl e
n represents an integer fromO to 4. If nis 2 or greater, the groups
represented by Rf nmay be the sane or different. The bi sphenol represented
by fornul %G e¥¥331may be, for exanple: resorcinol; a substitRCEUSI928298Ci nol
conmpound such as 3-nethylresorcinol, 3-ethylresorcinol, 3 propylresorcinol,
3-butylresorcinot, 3-t-butylresorcinol, 3-phenyl-resorcinol, 310

cunyl r esor cwirendin X2is 3 bivatent sdicaf dsutesavibed or formah (IThnThe content of this repeating
2,3,4,6-tetrabrgmo-resorcinol ;. catechal; dr ogui none; ..0r substituted
hydr oqui norf@'td'ﬂ)ﬁﬁ(ﬁ?h&a@ﬁﬂﬂe suibg é?’ﬂmeﬂw%cﬂif’%ﬁéﬁ &éér&eﬂyglﬂyd?oqui none,

3- propyl hydeaggienane, 3- butyl hydroqui none, 3-t-butyl hydroqui none,

3- phenyl hydroqui none, 3-cunyl hydrog-ui none, 2, 3,5, 6tetranethyl hydr oqui none,
2, 3,5, 6-t et ra- t -5 A§T8 e HIGiterBh dnelpolycgrhgnate EG&YFSHPQJWWG%MF Avne, and
2,3, S, 6+t et i i ihsfhenol represented by
For il a (1 115 e B o o el vt R R HO
OH (1V) 20 wher ehswusid herejm deders intexfacia palykgrborate arefsinetoydlolygatbampate made

( ; .
S!S SO ARSI SR et sty g i
H

i ndane] - Grgdnicdphake coniprising axdachoayldalipeaunds) t he bi sphenol s represented by

formula (11) are.25 preferahle. The nost preferred co und i s bisphenol A.
T me 18 June BSTESGH DERGI BPVHEREITREYIOD FOBENFPE M OlSaBERLE bl o ( o
conbi nep t Weherdif fRGnelOolyBaronak hhd)Sver) (ie Fekd vorteak ySeoifRany) e FHes

copol ynmeri zation to manufacture copol ycarbonates. The carbonate di ester

conpound usseatentds fayes thap 360 ppmnandepoyicthatvhjels opldbe expesgdefor ordinary

bi s(4-t - but; ' To (Wt o] AT - 5

b1 5(2, 4, 6 1 OB BE ety S O TN s Frie SRR Bles

bi s( 0- ni t r chanehigan), and neashaalwaysdias a [Fyiks eantdnd below)2Simpor. éBisl presantioveatien

di napt hyl b i Lhhenyl r i | .carbanat e i sret hyl
car bg n a%/ e, di %63? ?/qt"?%zsirgt? §%§§§{P§no¥°") I g@ 2’3‘%:‘&& caéﬂgﬁ%tg %‘3‘{1@? a %qei ?10&88?0%? p hg nyl
car bondte ilessgiraaf360mppst. | f two or nore of these conpounds is conbined, it
is preferable tq.,use Biphenyl c¢arbonate as one conponent, of the 10

combi nati on. TheNEZFSEHATEEniPR BBFCPrRYdes § spomeeion FOBRTH BRPIRHEEES cont ai n

di car boxyl ighepéin e palycatibeadtdRasy low 18Vl 6f Brfds€ This poBRaEibbhad lay be hielt t he
carbonat e diester, dicarboxylic acids or the dicarboxylic acid esters

shoul d pr efRol&Rbgnaseors midwre ofmeli gndjinteafacial polysarbmmaienSpeqiBipallynthe Feied nor e
preferably Rheqs g{eﬁa&xﬁg ﬁ%ﬂ)af'n%@pt loeppnﬁrxﬁ%%ore %ﬁf&%lﬁkﬂﬁﬁ&%ﬁﬁ' c acids

or dicarboxylic acid esters i ncl ude terephthalic aci I sop alic

aci d, $8badnhyentien, the Kries sortditds below 280 pprod éicamegn anase amfme’dsmbhéimcm,
sebacate, Bj vl r. | f n i . hhe

decanedi oaﬁlé%Dprgeg c@?%ﬁtelggp}n%o@%gﬁezgpg’g é?ﬂ] 7‘@%&%%@3%@%%@ egr}}s(ﬂerray al so
cont ai n a doventiorgthedfriesfcoentris balow 200 ppmboxyl i ¢ aci ds and/ or di carboxylic

acid esters. 20 Pola/ ster Ieycar bonates can be.al so be nuf act.ur ed by

pol ycondensat i orl® BROE #ekssh dhe aweBURLRnEoR Al BroVidRg deREPanBRCAHELE of

di car boxy! iglyagbofateWiérein tHé falyeuebonhic hadgh MPRSIEY © 301 (A1l ditRe MIFRWalies | ¥

ment i oned aromati c di hydroxy conpounds. Duri ng the manufacture of | ow Fries

pol ycarZ§onaaives in thisapplieation vwsre meesuesd ¢t &-2tkgpad 289 °C.cand dmageordanesswigh G houl d
be kept at [ f : at aratio
of 161 to 1353Hih 8incBpbrmidhdreiekBhERn. 3RY pEBESereBUSRER O O O oln
Pol yf unct i dmantiom thiedFRds betweergl @ indd§. dn a moreprefenet iembadiment) theMPR is

nol ecul e e ed to the aboye- tion aronatic, di r Qxy ,conpounds
and car bogggséa&f’ggge 3ai“?f’sb?raglmgSmHgﬁwgc&gl?ee'"ﬁmtﬂ?Batpﬁw 83"%9“" 1
copol ymer i zat i Ortheldompysition ¢dmprisingPoendbmdtd iay Birtlier Coraprisednang diffegens uch

pol yfunctional conpounds when attenpting to, manufacture |ow Fries
pol ycarifonfdditional polymers. A non-limiting list of such additional polymers would include ABS,

polyester and polyamides.



18 June 2003 WD 00/37531 10 PCT/ US99/ 24298 The total anount of al kali netal
conpounds and al kaline earth netal conpounds present as in‘pﬁ%l ti ?@P n the
above di hydroxy conpounds and carbonate di esters should be r than
1 x 10-6 nole, and preferably no greater than 5 x I 0'' nole) per | nole of
t he di hydroxy conpound. 5 A total anount of alkali metal conpounds and/or
al kal i ne M¥POA3Ttal conpounds present as'inpurities withinPERYS B

di hydr oxy conpounds and carbonate diesters of greater than 1 x 10"" nole-
per 1 nole of the dih drox%/ ﬁ‘rrpound maﬁ ir]hl bit.the effectlvene s of the
catal yst. These MaROYIcHasPRttythe RETSERLINYENHORRIADroxidas MRl BOIXFRIDQNATE BKiRE &

di esters cag, HErld 4818 mdprbseneulemtydnmgntldtrwxavmlbydﬁ@mmmrm%md and
carbonate diesters. Distillation, recrystallization, and other well known

met hods ar ep@lsarbasite is betweent 50 andt Hoda 2 mse prefartsd smbedimantethg MIFR psdessy

manut act ur eflah 8. § QRBA da?é(f%}r‘é‘@k St of N2 iRRRLALEMER s RAIWEARL UTT NG the
raw materi al's and the appar at us manuf act uri ng the polycarbonates are

di rect|y connect Ebkre mmuiemittwmdnﬁjerpuln}mlmdboﬁmﬂbsg anomMSslmypmpoftng 5 cl osed
system can h(gyéaabt o elim nake m i.es

e o oy o B ReiR 1 BboRfion s % e { Rtkend HER AL O i hat i on

agent rrgy aéxfgl:@urhergu mdnmghdialtﬁm@oabﬁﬁﬁe JeRnbélowado ppranadhé Qm@lebmd?ﬁwbl
conpounds and carbonate djesters. The ternination agent is preferaply an
aryl oxy conB&EhEnve éfﬁr@%@l‘ﬂg&!‘ IRPrRTiate AI0YR ‘rfré}.r’%?" RbyhoRate (o B’éﬂr’gﬁlf and can

be i ntroducgdly@shonatee Thistah bG%EEbEh @heﬁhf? a%ﬁe?fofmoa@@hﬁ%tsuﬁ;ﬁpaddmg
pol ycar bonat e’ no| ecules. Ar In fornu

'Q)‘ﬁ represents an

aromat il hympmmmmom;s ch @Pﬁhaﬁ S rsgylt@o{ygarben@aﬁ ‘eéfP@#E’OIYFhféMﬂW s no
ecific re;

ignd:anlsed r'?lk{:jds ruc ur%gﬁlg yga)’gi(g dﬁ% @Eﬁ%ﬁg’?‘@a%w}?ﬁ%@ or

ant hr anyl gechniquea A ltzenatiseyl, odﬂnaepmpm)s 10w Eries melh polycarbangteybyt imsthbdir at ed

carbon atons [or. different 0 may,formcyclic structure

addi ti on, ﬁ’r)éé g‘%ﬁ‘?&t"i“d" ?‘?fagle%ai‘f‘r@%“éé‘b%’tyi qlheredisitgbleinge 8’?‘6&3&?"8? al kyl
group cont apdlichitaih un@ccBptable PesporficndBf Fﬁ&emthw@e’opﬁrewmg fhet poRORBLMES May
|nclude phenol , di phenyl carbonat e, 30 tent-butyl phenol)

p-tent- y*PapYHtnglFYﬂ &h fﬂes oslonoId me ge fiﬁﬁcf‘bme)?‘F‘BHé H?APWC arbonate, p
cunyl phe n ol , p-cyavhil %Megﬁ'x% el ﬁ@ée@@fb@fy Jam&ﬁﬂ)! Eorﬁ]liﬁs@ﬁé@&tﬁrg and

chroman corrpounds such as -trimeth -hydroxyphen chroman,
2,2, 4, 6-t et ¥ difvpdrayy compoume“mrpecazmste\msww 37531 11 PC TJU899/ 24298

(3 5-di et hyl - pggyphenyl)
chroman, 2,2, 3, Gﬁ%/eﬁ%%ngaﬁ@ %%g{ %—H&BM @? Qgro X 'Hé Lﬁﬂ%tmgéoman,
2,4,4-tri malslagt in-tﬁ}s(lﬁvdnyldm (f')oypkmm;lb )blaphcrmﬂTmmpcamds represented by the general
2,4, 4, tet thyI 2- hydr oxyphenyl) chroman. One or a
conbi ngtl onfrogfqelf‘%%%%& 5‘g)%p'és§ of aryl oxy compounds may be used in this
i nvention. &

P

O

In formula (II), R* and R® each represent a halogen atom or a monovalent

(I

hydrocarbon group and may be the same or different. The p and q variables represent

25  integers from 0 to 4.

The X variable represents



These aryl oxy compounds shoul d be present in anopunts of 0.01 to 0.2 nvole)
preferably at 0.02 to 0. I S nole, and nore preferably at 0.02 to 0.1 nole
per 1 nole of the aromatic di hydroxy conpound. 10 The nelt 1folupe2PBdnat e
preferably has an end-cappi ng content of at |east 85% and nore preferably
at | east 96% Additional end-capping techniques and agents are described in
U S. Patenyolessfs | 87,242, which is hergby incorporated bpctrkeyanes.

QO her term nating agents may al so be used, such as aliphatic nonocarboxy.
conmpounds according to formula (M). RCOII 15 O(Vl) In fornmula (M), R

represents @arAldR° BHRIRaGAREPeMenty dprdsent3ty8dEdPMom P BBnonovdl&ntd! KY!
group may be linear or branched. The alkyl group may al so be substituted by

a hal ogen. boiregsehanigreup Yarbles Ropnd Remai famprdingsiragnise Yapekle RS émpounds

i ncl ude; al lgfqﬂgp&g ldyp acids such as undecanoic acid, lauric acid)
tri decanoi cgpgélf , pent %ﬁé?ar%i c acid) palmtic acid, heptadecanoic acid,
stearic acid, nobpaéiaeampleact the types of bisghenaicompetinds that mep bampresemted d, and
mel i sic acj d. an K no, boxylic acid esters, including alkyl
rronocargsoxyh{o"ggﬁcfﬁbrgﬁli/ estt%gé‘g’,ng'et hyl esters, and phenyl esters 25 such
as net hyl st ed;Bbg4-kidiytypht3dymétianeand phenyl stearate. One) or a

conbi nati on of tp,e ag)?ve Epsrn‘i nating agents may be used in this invention.
These types ofl-kPyhBydrexypBsRy 9%y conpounds shoul d be present in anounts
of 0.dl to 0. 20 pRisenydR6:8ipRE ¢ bheBdndfRr RfckRd AL bispRChoTRFE Pref erably
at 0.02 to 0.10 rrfo#e yper)@ff rr%?’leﬁ‘%‘f?&t Elhe aromatic di hydré)sgy corrpgund. Use of
t he above typés2-bis(4-lardipxyphenyh) Brnggents in total anounts greater than 0.2
nol e pefy 1 nmolye, pf Cqﬁ%;n ydroxy conmpound may reduce the rate of
pol yrrer{ozati or%.?z Qlfs(fg%iﬁﬁ’{ﬁ%g g’OI 37531 12 PCT/ US99/ 74298 Several types
of catal ysts dilebisi@rhydodeyphenyl)mabpang pol ycarbonate having a Fries |evel

bel ow 360 ppm peri nental investiqgations have shown that lithiumsalts
provi de the | 3\7\5:3%‘? rlﬁ?xygkerw?\;lné mm‘%én conparing the ascendi ng wei ght
series of al kalis(4-fipdrokgphehyl) phengimesiamie;,um and pot assi um However, cesium
catal yst are superjor to))oot assiuymin 5 producing | ow Fries pol ycarbonate.
Experi nents s%e%%é’&g“t'li'?'é‘lm nbﬂrmﬁpﬁﬁwﬂbpra?ﬁe\?hs produced nore Fries in
accordaggce W 1y 6i8@-KylrdsS By pKength) ipppakd; P hal i de>Ar C00>H2P04>HP04 2<COH .
This order suggests that "Fries fornul ation may be predicted fromthe

rel ative basi ®is(Rydsexyand) alkanesisushas Py ds(dhydrarys3 oramapbenylpproganehat  ani nes,
anmoni um and os:pAAN .10 even less Fries than lithium
salts. Therefgpe?%ﬁggg&ggﬁéﬁs'@sc%’gg%g&g’r eferred. Mare preferred catal yst

i ncl ude cesi uor bia(hydroxyaiyheycloslkanea suwhlay 12rhisiAihydrozyihesyl) tydohexaieky |

Cat al yats. ar o quiiraPired PRI el HRCpbRIAT o SR ook FrB et
phosphéales. repesant anli-0abSe -8R @8 -S0,- groap) ff exampRrt al ysts are descri bed for
exanple in U g 'Pﬁl}ityed}tﬁ No, 5 3L9,066, 1 S which is hereby incorporated by
reference. Mafy SiyE V@F’PWEQ ¥t alkali netal phosphate catal ysts and

al kali earth geisghyde&ea tRerGadHAds Y4 it Rdx 18 SCiinfaf Iphen |- ether;Pr OVi si onal
Pat ent Appli cat i‘%}?ly Seri S}_{]ﬁéNunbers 60/ 109, 49%,g 60/10 ,‘549 : 60e/rlOQ, 472 and
601 109, 473, at4-fihyedoxpdiphgnybsublide; 23, 1998, which are hereby incorporated
by reference. ,l { | OR)q; ard . ctured by
nmelt 20 pol ycSr?%élgr?kszg?%ﬁégg?ﬁfédﬁg“%?%vgggé%&&r{r‘g?13*63:0%%2& ?‘%%P’ g‘%gﬂé:egrrpounds
and car2fonat e 4di-dibydroxydiphenybsubforislence of the above described catal ysts.

Specifically) _th I hydr onpound t.he car%o at L.este €., .
preferably r eéi’fsgﬁé‘?%gfyﬁﬁ’é}ﬁé@%‘" P@g‘g‘ﬂﬁg‘y&m‘?’ﬁ 'HW%’?‘#‘EE"“@’[ ﬁgfé’xpéacti on
at a tenper at 4psdibyrddRydiphehyDulfope;ef er abl y at 100 to 230C, and nore
preferably at 120 to 190C) and in general for 0 to 5 hours) preferably for
0to 4 25 houpg?gahwd&wmw&mﬁrsg%m{ﬂ gﬁlhvafioxw-%danmﬁi@?w%mlfone-he

di hydr oxy CO”DO%Qdﬂﬁi@n}thébﬁﬁﬂe'ﬂgﬂﬁﬁ@mg%/ 88 h 85mSduad tedrdIentE 6% FrfuRsuhe
pressure of the systemis |lowered and the tenperature is rail seg. Fi'nal |y,
t he pol3Pcorlféavsati on reaction of the di hydroxy compound with the carbonate
di ester should be carried out at 240 to 320C at less than 5 nm Hg, and
preferably at less than 1 mm Hg. 30 The above pol ycondensati on reacti on may
be carried out by a continuous or batch nethod. The apparatus used far

carrying out the above reaction nay be a vessel, tube, or tower-like
structure. 18 June 2003




WO 001 37531 13 PCT/ US991 24298 The intrinsic viscosity of the pol ycarbonate
products neasured in nethylene chloride at 20C should be 0.10 to t .0 dl/g,
and preferably 0.30 to 0.65 dUy. The above nanufacturing nelhdéiecd®?3provi de
a polycarbonate with excellent color stability. For quantitative

determ nation of Fries catalyst) an alkali such as sodi um hydroxi de can be
added t o twe owarsaf act ured pol ycarbonates & n order to hydrol yge/usam4gener at e
t he branched conpounds represented by the general forrmulas (VI1) and (VIII)
shown below. COON-O~ ~ X ~~ OH (MI) COOH-O~~X~~0~~X~~ O™
(VMI'11) 10 The quantities of theg# conpounds can then be assayed by

hi gh- performance |iquid chromatog (HPLC). This procedure is also
described in Exanple 1, bel ow. 15 polQftlar bonat e reacti on product

obt ai ned as descri bed above does nail—lave to bdllgool ed. | nstead,

i mredi ately after the polycondensation reaction, a derivative fornmed froma
sul fur contai ni NG A€ finGlagRIPRURLY rRpidéent a hilegadishh Ca Inaiigartva gibdh a pKa of
no greater than 3 gherei nafter also referred to, as the aci di c_conpound),

may be addetPntamhng ! detq caabqnaoms Pkl oge) SHesULYPG iydserertogisgours dhf uri ¢ aci d,
a sulfinjc afidle QEPRIADandntéRr HUinfOBI4C 18£8 ih GOURAY e gPSupd RprésehRl BY
derivative. fSpeC| fic exanpl es include ethyl benzenesul fonate) butyl
benzenesul f Brmayebe thesamd orgliffesentenesul f onate, ethyl p tol uenesul fonate, and
butyl p-toluene f n t i vat.i re -shoul d be
0.1 to 50 nol es%ertgg@%g%lrgﬁ?%sr?g?g& ;fgg [&%I(Q?,ﬂg\ﬁ ’?}%re}é%ﬁ?'& Zéres<£}1{)cllrfldi‘OAJ 1to7
nmol es ti messubkidutadeasntcinof canpoahd surh hab-nphlgdehortmol 3-etigdwsarninbh8- above

ol ycarbonate reactio The addit,ion, of , these nts of th cidic
compound t PORUFESISIIPh SrPURIBRATROL FEPUR PRIt oy PRl e or dil ute
any reng ni fignyiredstcihbl)e,3 AR riossesdandl, dnd 64 bléadbratfeddoringyl | net al

phosphate in the polycarbonate, ultimately providing a polycarbonate with

i nproved st@#achol hydipuinasecer @ substigiedhydreduinong corARoURd SUCh 4f-er nay al so be
added with =Tel oL W Y RA " ; he

pol ycar bonaéigﬁ)sdﬂgﬁé lggdef % gtrkﬁ?g@?%aglg%’ gﬁ’ﬁ? pr e]“:ﬂeqru g{g’f‘y 1%1&%1?1? gl%glé%g%%n) and
nmor e pr ef er xbbytythgdroquiBo, gphenylydraguimane 3-¢umy lkygreti-gineemBduh6 and wat er
will further, | ffiei jzati of the

pol ycondens%?%@%ﬁ}gg)?%?@@?m?’nié’ﬁ’g'q%g ‘?aﬁ’@gﬂ%@@‘b ah%’b%géﬁ result in the
productison wfrafuopeydoauinoms ted 2)8,5/6-tgivabdornolahirbquinonelur i ng el ting toget her

weat hor resi ot arkiematyely o bl bl RERHSTS oy Ende LT Se Sedhrounfout usi ng

a singl e scdcourdmgits Bstifu)a IV Belgwer ew extruder, or other conventional kneader
such as a static mxer. A kneader with ' or w thout bends can be
effectively used. Furthernore, the acidic conpound and water nmay be added
whi | e t he pol ycarbonat e obt ai ned by tllgce pqhycondensati on reaction is in a
nolten state within the 15 reactor or € uder. The acidic conmpound and
wat er may be added separﬁ_iﬁl p 4 though the order of addition
is not limted, they sho ¢
may al so be added to the pol tzag | ong as(Iivey do not
adversely effect the basic o of this inv@ltion. These additives
include a w de 20 range of sub S that are conventionally added to
pol ycarbonates for a variety of RufpORgs. Specific exanples include heat
st abi | infoers) epoxy conpounds) ultravi of et absorbers, nold rel ease agents,
S,

col ora anti.static aqgents, .slippi ents, . ant.i - hl ocki ng, agent s

Ubr i cant 5, VEGTER Fe StRGrsAE AGentie! RApirn EGps, A BHRTAmPpRTL Rt o,
organic fillers, flane ret 'ar‘danEs [ gor.a'ani c fillers). agid[éan,y ot her
comonly kniedprmulady) i 2.4d e tstipbrdro 38 Jid stepamethul by rspireRi-l Hojadanedr 68 t he
method in this invention are ideal for a nunber of applications) especially
t hose requifiPhg high ductility and inpact strength. For exanple, these

pol ycarbonates are useful for headlight |enses for autonobiles, as optical

| enses for gl ass@Etheabaveasmppinids dhe bisphonals raprasented byafosmulp(H3 are

pol ycarhon e pecj al | deal [ nol ding materials for

opti calggi Z}Scrgt.%ra%&' F%g"bolﬁ{e@g{#eé %{/ r?tulgglﬁc’ *%%ﬁﬁtﬁier descri bed by way of the
foll ow ng exanpl es. These exanples are intended to be representative of the
invention and are not in any way intended to limt its scope.




18 June 2003 WD 00/37531 15 PCT/ US99124298 Exanple 1 - Preparation of Melt
Pol ycarbonate Having Differing Levels of Fries Nunerous different catalyst
were screened in a nelt synthesis process to determnine how 1&dynea2G03ct ed
the Fries content of the polycarbonte product. The results 5 are sunmmari zed
below in Table 1. Table 1 - Various Catal ysts for Melt Polynerization and
Their Ef f 8¥0 003758t i es Product Formation. 9Sanpl e Nunber Cat al pst/Osswapds at i.on
(x 10~) nol es/nole BPA) Fries Product m Li OH 2.50.8122272NaCH

2. 50. 2543323KCH 2.50. i 549024CsOH 2. 50. 0424S005TBPH 250. 20610006Ti Gbu

40. 177S07HEG BPAlt M@Qﬁﬁﬂﬂ&;@goﬂntﬁnam@ iz ypd morelofities dhdve dittydroxydo |, 1-a

ri m di neO. 41150 cg:?yBPAl IS Hex oetg uan(l) di ni %f) ty s BPA salt, THPH is
tetrabutyl PG P ?7(’1’?%%?“8'& 0 ar t° popﬁg Bt Fowi ng is a description

of e>r<]actly hOWhEbﬁbm’fa&jlﬁéﬂérlcﬁmpm Lpecfjfnammeﬁm{? R&Nd: nurrtd)er 5 ||n Tabl e
1. The remainj ng sanpl es wer [ epare er se 10 identica
procedure udipkgyt %éboéﬁtﬁeb‘s(éé‘ﬁ’é!gwgyl ) FA te,, h‘séﬁ IS?VOPQ%X heasbanatss  sanpl e
1 BPA ( s 38?1&296 Qrcﬁlng Hmy)) ARSnkE, Qn£(2k?ﬁm%h&yyl)Qa%gatMQ(oV}ﬁ{r%l@ﬁﬂfd into a

one liter ass nel merization reactor as powders

t et rabutyl mmh@rﬂlml quf pRAte, drecrespl 2erbonate, dinapthil garbanhte, gis@tmenﬂact or

surfaces ha i shi i ng, and
subsequent |°%’b3’?’§@h‘§g3£‘§¥‘ g’%byt 85@? ?f?‘g'a%“ﬂ’%?%‘g ar{lge"ﬂ%l'?c g}rb%\l}xe@s%l Jl%so xygenat ed
by evacuat I@den@teaﬁ)(ﬁdtesél, diphemyl amﬂomdnem preférrddl iIfigvot drenore o€ eess\bdnipopnds f i ed
nitrogen. This a%gena (Br 0C lWaﬁ [efpeat ed a total _of three tines.
The react orlS§uRIDE §pﬁefﬁ5&]es ds¢ 'p Wyl ERIPYRLF A3 EBT CYBRIPERt eH8%t ed to 180 C.
The reagat i o‘ﬂnﬂgmgt,uﬁe was allowed to nelt, producing a colorless, hom)genous

liquid. Once a mgjority of the 20 solid rraterl al nelted, the remaining
powder sus pen5| o”FP"\ﬁéEmE‘FtSWe?‘e?t“F?dr‘éd is VERUNRIRAY ks qopfaim dicarbexlicasids. Upon

formng a 5 04 il és@h’?s S})E@ﬁ&l’l?tﬁmh%%b@llldté’mgexl 91carb15§ ﬂéjﬂ:ﬁd P03 WO
00/ 37531 16 PCTNSQ /124298 thermally equilibrate f 1¥| sol ution

was t hen stthe disarbexylieBoidestars should pieera lyrbe preseat atemgremr msn@@mtwr e was

raised to 7 Phenol began to
distill czyb]eg)(fe éalﬁ‘d(;rgg{ g’?ef?{%@z‘?é‘fé‘{eg%%‘%?%ﬁ“& %Efgglr_‘gps/ sec). After 35
m nut esl)S t he reaﬂte@edxperrb@gaucacma& dicarkoxgtic haid é9&s makidnalnde th&bﬁthﬁlic this

5 f di t . Phenol ed. 1 tII to th
Fecer ver 113k SRRNRHG ot SonsingedsRimmeieraeis lsemmsdiia B of 65 m

was col | ectﬁsadase diPRen§N@r fnhili{é @ﬁﬁérﬁgﬁoph'ﬂ’&%té , dipheny! de€dii@ioalelbre Was t hen
rai sed to 240 15 torr ese conditions were maintai ned for 40

mn. Duri nglelPﬁ“¥l L%qd\%@nffh?th}le ﬁﬁéwaﬂte dipsters magalsa contain g combination P2 oF  about

1 drop/3-5 {6 didrtoRfIR! acfs akdor ditarbBlyBic GQlk&esed to this point). The
reaction 10 tenperature was again raised up to 270 C (2 torr) for 20 mn,

and was20f i nal | y Ralyesierpeipcapidmaies ean 3. ak® beananufagrdddiycpalyrondensation of a
The-reactio s\f\g%mrbﬁr?a'?e a'ﬂxﬁ' {hgquétﬁ' e{s%k‘dl%rbé)?)arcjac H&/oppxcgkg)ylxlcl ate was

collected during t e ourse he rea e co hi gh
nmol ecul ar mtct;éstermitlythmpkmmtlg nvemsiongdl dranatiedilyyidedxyicompbhrads ol | owi ng

Snal YU cal dal s plcLoe SonLerle 1000, o0 MG S AT, 00, Jo i 0 =

types of carbonate diesters should be kept at a ratio of 0.95 to 1.30 moles, and more

25  preferably at a ratio of 1.01 to 1.20 moles, per 1 mole used of the aromatic dihydroxy
compound.

Polyfunctional compounds having three or more functional groups per molecule

may be added to the above-mentioned aromatic dihydroxy compounds and carbonate
diesters in order to manufacture polycarbonates by copolymerization. However, it is

30  generally not preferred to use such polyfunctional compounds when attempting to

manufacture low Fries polycarbonate.



The content of Fries for each of the nelt polycarbonates listed in Table 1
was determined as follows. First, 0.50 grans of polycarbonate was dissol ved
in 4.0 nL of T'HF (containing p-terphenyl as internal stand®WneR8Q3 3.0
mL of 18% KCOH in 20 net hanol was added to this solution. The resulting

m xture was stirred for two hours at roomtenperature. Next) we added 1.0
m. of acetwooas?sdi and stirred the mixtur® for 5 minutes. PeCcaaspumzeget ate
was allowed to crystallize over 1 hour. The solid was filtered off and the
resulting filtrate was anal yzed by liquid chromat ograph using p-terphenyl
as the internal SFhattdashount ct8lkalimeetA@0BpARdS @hBalbdihe arttPtthLSaHbEHRO8

Exanple 2 - Preparation of |t Pql.ycar bonat e havi Less Than 360 m
Fries The ca%ﬂ“g%% WnpunLey ‘ggab?é{f)_ﬁgﬁ'gr%él%w éaqﬂg%{]bopete&xeéﬁgrsgouldgg
pol ycar bonahggfytet than TR! 110w hag 'p?ef@ﬁblzo(?@-gréﬁ?@ kitin3 x 10VBhdle, PRt V AfdyInat e
Having Verv Low Levels of Fries Sanple . Catal yst Cat al yst Concentr a-

tionvn - - - - thedihydraxy.compound. 280C 310CFries -------------------- 280C
310CINaQH .0 x Iy ,Q 4 Do 10,

Teasna 1 Poat. o & it Mipdm sbaka e dahibymie Bhdlor ity %ﬁkﬂq@e%ggﬁé%éf 2835K
HzP041. 0 x (@senhiQINRIRTT<® BIRR FeCbR £ Dy diox ) cdnpouniya@ c3ho6ae dit9e8 47 CsZS04
rri1 .0x 10'i Mg 790 1238248, T ] ' descri.ption of how

t he experi n%rﬁ?tehtggn Sé‘%ﬁor'ﬁé‘ﬁ P ?rolrzmggen%ﬁ lég ﬁh%é%)"%rﬂd%%@%ﬁ 5%‘1%&}5'8 2-7 were
produced byeffactioédeys bfitke Gmatpstpr ocedure with the exception that the catal yst

and its concentrgtion differed as described in Table 1. Synthesis of Sanple
1 To facilitate gE%SéFXP&H’ high puriy dibydreiy fompRunsdsand %r%?PéF%meSte’S can be

transesferi bigiatd nydfﬁryrngaﬁbh@ AhyER6HS GRpbirRrandWhrbbRat@ditstbis! Bistifhdns bat ch
reactor equipped wth a solid nickel helical agitator. The reactor bott om

had a br eakeegaiytallizatien, andether walk knosyromathodsrare siitable feyithis purpose.

Polycarbonates are preferably manufactured in a closed system wherein the
apparatus for manufacturing the raw materials and the apparatus for manufacturing the
polycarbonates are directly connected. Manufacturing polycarbonates in this type of

15  closed system can help to eliminate mixing in of impurities.

During the manufacture of polycarbonates described in this invention, a
termination agent may also be used with the above-mentioned aromatic dihydroxy
compounds and carbonate diesters.

The termination agent is preferably an aryloxy compound, represented by the

20  general formula (V) below, and can be introduced as a terminal group to the end of the
manufactured polycarbonate molecules.
ArO- V)

In formula (V), Ar represents an aromatic hydrocarbon group containing 6 to 50

carbon atoms. There is no specific restriction on the type of aromatic hydrocarbon group.

25 A condensed ring structure such as a phenyl group, naphthyl group, or anthranyl group
may be used. Moreover, the aromatic ring with saturated carbon atom(s) and/or different
atoms may form cyclic structures. In addition, these aromatic rings may be substituted
with a halogen or alkyl group containing 1 to 9 carbon atoms.

These type of aryloxy compounds may include: phenol, dipheny! carbonate, p-

30  tert-butylphenol, p-tert-butylphenyiphenyl carbonate, p-tert-butylphenyl carbonate, p-
cumylphenol, p-cumylphenylphenyl carbonate, p-cumylphenyl carbonate; and chroman

compounds such as 2,2,4-trimethyl-4-(4-hydroxyphenyl) chroman, 2,2,4,6-tetramethyl-4-



melt. To renove any sodiumfromthe glass, the reactor was soaked in 3N HC
for at least 12 hours followed by a soak in 18 Mohm water fqor at & ast 12
hours. The reactor was then dried in an oven overni ght and'8t8Peé%%bver ed
until use, The tenperature of the 15 reactor was naintained using a
fluidized sand bath with a PID controll er and nmeasured near the reactor and
sand bat h wowesfsate. The pressure over the reactor was cont PET/US/2498, ‘
nitrogen bleed into the vacuum punp downstream of the distillate collection

fl asks and nmeasured at hi gher pressures (760 - 40 m) with a nmercury
bar orret er  affS-dimdtebeh-bystresphend) ¢uonan ,3-'“1!!1%)(4%’@@( emdhelresani r ani

auge. 20 T r . h j i ob -, . l»El ectric
B aati oo Jagan- L egYEE(E SRR, R ARyt SRURES 1 RIS B er 2

El ectric Pl agdroxyphdmyipchroman,,and 2 A006 temaingthpl-2-63,5-donesind-rtyldyoxyphenyheact or
was then assenbl ed) seal ed and the 18 June 2003 WO 00l 37531 18

PCT/ US99/ 24988M3Brpspher e was exchanged with nitrogen three times. Wth the
final nigrogen ewabapseombissEaAhiboVas pby sTUBHbxy @mipBaids MaVeRB&T inC
pressure and subnmerged into the fluidized bath, which was at 180C After
five m nut e8)s BYPHRPI on was begun at 250 rpm After an additional ten

m nutes, the rea 1 e was 5
assunmed. Tet ramat(:i~ h%@%ﬁﬁrﬁg ﬁ&%sréggéﬂgg)g{) ?chgﬁg]mm%%g&?m{ggmzﬁyé’and NaCOH
(J. T. Baker prefergigly at .02 to Grbi Joleenns merd orkferebiy ehd-02i0l Oyl mbleeer baiotrofdhd ut ed
to the proper i .220 M TMAH and 1.00 x 10'"" M NaOH) with
dei oni zed (a‘fg‘%ﬁ')gﬁﬁ‘gh‘\rﬁ’gfég'%i\é’}%er the final catal yst was added, timng
began an@ t he teThematt polycavdsnatapieeatiyhdd ki €nd-nappingeontemuifasicadD8sn, at

tenperature he pressure s, Jedu 10,180 mHg, 10 .and enol distillate
was i medi a%‘é*?%‘d’(?é'&g{yﬁy\%ﬁ%n‘g&‘ﬂi’%’?} e'idﬁ‘?pﬁlpgé%g'?'g"‘iﬁég AFFAST educed to
100 nmHg angdesoRbéitin U1 Patedt NbS 51871242 svhichli€hdrebylinéoiporsted bafefdrbimg. ranped to
240C in five mnutes, and the pressure was |owered to 15 mmHg. These

d

condi tions were RheRteaminating agentsmay Hsa Reusedsiguch as plighatie moaodEoXyYhen r anped
to 270C in §d ) ssure was |lowered to 2 nmHg. These
condi tions \%\éeﬁr(‘gou%ﬁ]{{cgﬁ]n dﬁggéﬂg%wll. m nutes. The tenperature was then
ranped to the final finishing téﬁfrpﬁr'a@u'r'e in five mnutes, and the pressure
was reduced to 1.1 nmHg. Dependi nghupon the experiment, the finishing
tenperatdire was either 280C or 310C, as shown (¥DTable 1. After 30 ninutes,
the reactor was renoved fromthe sand bath and the nelt was extruded into

liquid nidt rogen Iofomela Mk Raepresestsian alkybgromx eantiiving 1 0sl 39 carpoagtomsct Di sks
o . . .
Guctiti vy of e MEHEBR AEbd el besdey IHE o] bl by AREOEEMGRERPL T, 0"

nol ded fronhalegendi ff erent nelt pol ycarbonate sanpl es having different

| evel s Fries. oThe. compact di sks.were nolded using a . Sunjtonm iinjection
ol di ng2tachi ne. SERTHGSOBRp of SFEEF oo SR e et e ol o
t enper at ur emoRccafiitixyié adids such Ahendeyanbie acidNRun@scid nsdeestditsacidfhe two

different nelt polycarbonate sanples re.produced in a nelt pol ycarbonate
reactor si nP?'é?dgfﬁoi"r?&%d' ngt!‘r“?i’fé hFPfaXEb%ﬂ'f'e%" » BRSPS ackths ROTBAEBAPICABE! | cat i on

Nos. JP 6- 3R&REosudickCid2tricosion acvmﬁ Bﬁc{}naﬁﬁc R&&.IM alkPFAbRRAMbRHicALid

reference. 30 The conditions for the two runs used k?o make these sanpl es
are given i esteraindudingalkylmorasptbexgic acidgnethi stersoshyhesters; dphenyl esters

PCT/ US99¢ 24 i iti onal Na, ppb6060DPCBPA)

ol ar r28 | oo pas et QhartECesh) sHafhee, BROGBAISAI. 010 DS uv)

tort 5. 03. 0Thr dinghons canzhimdtion/df theGBo @ Thenfngsgents may beewsed ésthisdnventicket er mi ne
their ductiljty. Spegi,ficall dyctilit ner in Kaf .x

Hoter mmed Thesk ek of Pishedtmdaocaitiiy i8] Yot e preneh n Rl 20, A
schemati ¢ r gy0.26R0leppreferably attRO2 LIS héleFing widte prefefddlybat08R1t0 09 nsddeci al |y 5
devel oped to neasure the en,ercgg/ required to bend a conpact disk, The disk

20 (cp = 12Berippoleof thegeamatic hhydsgxy cemppunde Jse of the dboverixpep of erminatigy

pressedzgi t BoedsGh flts EP& >0 | Role JFtheTothdiRldiffjdrglye Was 95
nm The energy rego}lﬂragﬁat S%Begtguﬁfqe di g%ﬂ coer el etft es to étf}lcdt%i ty, was
moni t or ed acempand owlyirgducd the ratef polymebzationy is very good for this
nmeasurenment nethod -- the gauge R & R




10 for this text was neasured at 27% W found that the CD s nolded from
the nelt pol ycarbonate having a fries |evel of 1400 ppm (Lot %F&% a
ductility of 1 SO Kgf x mm whereas the CD s nol ded fromthgY

pol ycarbonate having a Fries |level of 700 ppm (Lot B) had a ductility of
345 Kgf x mm Therefore, it is desirable to use |lower Fries nelt

pol ycar boman eod7631 maki ng optical 15 di sk to inprove their REVUIIPRATS.
Exanpl e 4 - Ml ding Conpact Disks Fromthe Low Fries Melt Pol ycarbonate
Pol ycar bonate having Fries levels of O ppm 79 ppm 198 ppm 290 ppm and
360 ppm was pr efgreal typasiof satalysis @T%B‘%ﬂeafgﬂm@h‘@gwy%fm havangedFries

Tanie 4 1BeiAd 280 B AR DT e e IR LB Al P Bl

| nj ection the lowest level of Fries when comparing the ascending weight series of alkali metals:
PressureDugt,i.lityl092. 555127992, S556319892. 29090, SS20S36089. S484 One
can see fr ‘flr‘?"'f*gb%émﬂ"? aR"J‘%?a'E i 1100 ﬁw’?rh%er%lé'éns%gﬁ%%? i Sgp%éc’éf%%%?sﬁlém} Bvel of
Fries. Bel gvodabipgtiowdBriésopalytarbppate. FExpsimehidahelval thatithey following@évhs i npr oves

upon decr easi the | evel of Fries. Peak injection pressure is not greatly
af fected bf’?‘{;‘geql'PP@sF ’@Bmaé’ﬁ?’f’a“fﬁ@’“ﬁ&’i/}égi’ﬂ a[?‘ét"?%g‘?‘ was nol ded to nake

sanpl es ( halide> ArEDOMEPOAIA,EE0RY THiCorder uppdstahA Feie€ tHnBRtion My be
pol ycarbonate having O Fries was prepared by a conventional, interfacial

synt hesi s rpeadirsedl fromithe relativg basieitupf thepddedcplyst e had a melt flow i ndex of

10. It was end Wi ; at Al : 9

onost earat o 100 RRHble SR dnine el g pRE P RhicR A BBURRd o
by bl edfi ngvemiessrHFries itah ligilmacaltsh dhesieforeyithdse nasallystp ade poeferoah dvere

Speci fical | t he- above- cribed.interfacjal,polycatbonate was, b] ended
Peh et et al BoRAR R Pt tes BB s SRR s el C3) “and
(3) wer ef p%?%gmuﬂgwaglom}, ?gtdguhgidideet AfhioRg fhaiﬂ, gie éﬁmFmeﬂ(eE;&aﬁ@Iéts ffgsi nin
rati os o , an respectiy . es. an wer e
prepared i BaMdipeHyaleli @Ptamqsplﬁ@ée'tdo"iésea&&w@ﬁw eﬁpf\ﬁe& AfareyatiRip| i shed
Pat ent Applrgrpei@bf ARnlAR cathlysRARPREG R forERardple 39 &S, Phitnd N6 SE3 W6 €act i ons,

the residua npurity sodiiumin the bisphenol -A feedstock acted as the

cat al yd8. Nhidkipberebwsingerpenateddy referdacs. Many suitableppespiipikadionetal phosphiterary of
the reacti Ukafy&te dhd AiRAPearthOnetal phosphite catalysts are described in U.S. Provisional
Patent Application Serial Numbers 60/109,496, 60/109,495, 60/109,472 and 60/109,473,
all filed on November 23, 1998, which are hereby incorporated by reference.
In the present invention, polycarbonates are manufactured by melt
20  polycondensation of the previously mentioned dihydroxy compounds and carbonate
diesters in the presence of the above described catalysts. Specifically, the dihydroxy
compound and the carbonate diester are preferably reacted at atmospheric pressure during
the first stage reaction at a temperature of 80 to 250°C, preferably at 100 to 230°C, and
more preferably at 120 to 190°C, and in general for 0 to 5 hours, preferably for 0 to 4
25  hours, and even more preferably for 0 to 3 hours. Next, the dihydroxy compound and the
carbonate diester should be reacted as the pressure of the system is lowered and the
temperature is raised. Finally, the polycondensation reaction of the dihydroxy compound
with the carbonate diester should be carried out at 240 to 320°C at less than 5 mm Hg,
and preferably at less than 1 mm Hg.
30 The above polycondensation reaction may be carried out by a continuous or batch
method. The apparatus used for carrying out the above reaction may be a vessel, tube, or

tower-like structure,



Tabl e S OPERATI NG CONDI TI ONSUNI TOQL020C- 1120Q1020C- 112Na i n
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m n11.211. OPELLET | VdU0. 3580. 358ECY80. 879. 6FRI ESm290360Y! 10. 950. 92 Al t hough

the present Invemelxﬂt&nhasls&ﬁwodmsgélyaeaoda& ;frem&ltméaamee il fiedtiyllendi t h
reference to certain pre ver si ons ther ot her VeI’SI ons are al so

meant to bef ?%@FGH%‘HQSHO‘%“I’]B" %thb%al/snaaﬁ Rtefe”méétoéfodPQ Stdkg- spirit and
scope of the appﬁi&%‘ﬁ@v%ﬁiu?ﬁéhﬁi’ﬁ%‘rﬂeﬂmﬂ%n Bn%vide Jﬁo‘fﬁaﬁ%n&t@%ﬁ’@é&él‘leﬁ' on of

the preferred versions contained herein ne 2003 Carm 1. An
optical di sdolarewpilitsi ng pol ycar bonat e obt ai ned froma nelt

transestenficati e .a.carbonat e este a di.hydr oxy
corrpoung in the %f@ggﬁgéve et%"né% tlgpﬁgﬁl%eﬁat@c’{s 3"?9‘8%5’5?&' as&rogﬁ%’ consi sting
01;] CﬁSI um h‘yﬂl‘o}xﬁde cambésdiled tocthé magdtwﬁnrgamaawmmlm ordet &il’f)@lr@lbli@/dnd f
phosphoni um sal ts uani di nes apd conbi nations conpri s st _one o

t he foregmg’f@e’étﬁttbaqg pebed Gmpoup rP‘Pfésemeg yﬁ%gegeag&rwplaggv g & I} han 150
kgf / mm and ok b&8w evel bel ow 1400 parts per mllion. 2. The optical disk
according to claim1, wherein said disk has a ductility of greater than 200
kgf /mm 3. The optical disk according to claim2) wherein said disk has a

ductility of greater than 300 kgfl nmm C{bO Hhe optical disk according to
claim3, wherein said disk has a ductf/lity of greater than 480 kgf/mm 5.

The optical disk accorg \ to cl A, Wherein said pol ycarbonate has a
content of fries—bél-e @s‘ : ) OHical di )accordi ng to claim 3,
wherein said pol ycarbo ¢ has a ant/ent of fries be} ow 800 ppm 7. The

optical disk according to claim4, wherein said polycarbonate has a content
of fries below 360 ppm 8. The optical disk according to claim?7, wherein
sai d pol ycarbonate has a content of fCOHbel ow 290 ppm 9. The opt| cal

di sk according to clal m 2, wherein _sdid poI ycarbonate has_an MR (1.2 kg,

250 C) of 51to 30.
— X OH (v

=

10
The quantities of these compounds can then be assayed by high-performance liquid
chromatography (HPLC). This procedure is also described in Example 1, below.

15 The polycarbonate reaction product obtained as described above does not have to

be cooled. Instead, immediately after the polycondensation reaction, a derivative formed
from a sulfur containing acidic compound and/or the acidic compound with a pKa of no
greater than 3 (hereinafter also referred to as the acidic compound), may be added. This
derivative formed may be sulfurous acid, sulfuric acid, a sulfinic acid compound, a
20  sulfonic acid compound, or any related derivative. Specific examples include ethyl
benzenesulfonate, butyl benzenesulfonate, methy! p-toluenesulfonate, ethyl p-
toluenesulfonate, and butyl p-toluenesulfonate,
The amount of the derivative present should be 0.1 to 50 moles, preferably 0.1 to
15 moles, and more preferably 0.1 to 7 moles times the amount of alkali metal phosphite
25  used in the above polycarbonate reaction. The addition of tixese amounts of the acidic

compound to the reaction product (polycarbonate) will neutralize or dilute any remaining



10. The optical disk according to claim9, wherein said polycarbonate has
an MFR (1.2 kg, 250 C) of 10 to 17. 11. The optical disk according to claim
10, wherein said polycarbonate has an MFR (1.2 kg, 250 C) oft8lJess200@n 15.
12. The optical disk according to claim11l, wherein said pol ycarbonate has
an MFR (1.2 kg, 250 C) of less than 14. 8 June 2003 23 | 3. The opti cal

di sk accorY.I’PrﬂQ/-"f’@‘cl aim 8, wherein said pbfycarbonate has arPGINIRsap4EIn g
content of greater than 85 % 14.The optical disk according to claimS8,
wherei n said pol ycarbonate has an endcappi ng content greater than 96%
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Sample Catalyst Concentration (x10%) Fries Product

Number (moles/mole BPA) (ppm)
1 LiOH(2.5) 0.81 2227
2 NaQH(2.5) 0.25 4332
3 KOH(2.5) 0.15 4902
4 CsOH(2.5) 0.042 4500
5 TBPH(25) 0.206 1000
6 Ti(Obu), 0.17 750
7 HEG(BPA), 0.90 530
8 1,3,4,6,7,8-hexhydro- 1 methyl- 0.41 150

2H-pyrimdo[1,1-a]pyrimidine

HEG(BPA), is Hexaethyl guanidinium bis BPA salt, TBPH is tetrabutyl phosphonium hydroxide or BPA-
salt.

The following is a description of exactly how the preparation was performed for
sample number S in Table 1. The remaining samples were prepared by an otherwise
10  identical procedure using the other catalysts listed in Table 1.
Synthesis of Sample |
BPA (136.9 g; 0.600 mol) and DPC (138.9 g; 0.648 mol) were added into a one
liter glass melt polymerization reactor as powders along with the tetrabutylphosphonium
hydroxide (0.206 x 10™ mol); the glass reactor surfaces had been previously passivated
15  via acid washing, rinsing, and subsequently drying at 70° C overnight. The reactor vessel
was deoxygenated by evacuation to about 1 torr and then refilling the vessel with purified
nitrogen. This deoxygenation procedure was repeated a total of three times. The reactor
vessel was immersed in a fludized heat bath preheated to 180° C. The reaction mixture
was allowed to melt, producing a colorless, homogenous liquid. Once a majority of the
20  solid material melted, the remaining powder suspension was slowly stirred to promote

better heat exchange. Upon forming a complete solution, the system was allowed to
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10 temperature was again raised up to 270° C (2 torr) for 20 min, and was finally raised to
300° C at 0.75 torr, and held for 65 min. Thereaction was then terminated. A total of
122.1 grams of distillate was collected during the entire course of the reaction. The
colorless, high molecular weight polycarbonate was collected yielding the following
analytical data: Fries content 1000 ppms; My = 53,447; M, = 18,256; My/M, = 2.928;
15  Mz=103,907; and OH = 0.120 wt %.
Measuring Fries Content
The content of Fries for each of the melt polycarbonates listed in Table 1 was
determined as follows. First, 0.50 grams of polycarbonate was dissolved in 4.0 mL of
THF (containing p-terpheny! as internal standard. Next, 3.0 mL of 18% KOH in
20  methanol was added to this solution. The resulting mixture was stirred for two hours at
room temperature. Next, we added 1.0 mL of acetic acid, and stirred the mixture for 5
minutes. Potassium acetate was allowed to crystallize over 1 hour. The solid was filtered
off and the resulting filtrate was analyzed by liquid chromatograph using p-terphenyl as
the internal standard.
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Sample Catalyst Mn Fries
No. Catalyst Concentra-
tion 280°C  310°C 280°C  310°C

] NaOH 1.0x 10°M | 7419 | 9696 145 471

2 Na H,PO; | 1.0x10°M | 6626 | 9380 47 163
3 NaHPO, |1.0x10°M |2240 | 7414 <25 262
4 K, SO, 1.0x10°M | 1542 ] 2645 <25 283
5 K H,PO, L.O0x 10°M | 1907 19277 <25 277
6 CsH,PO, 1.0x10°M | 7983 | 10676 119 184
7 Cs,S0, 1.0x 10°M | 8790 10127 238 248

The following is a description of how the experiment has performed for sample
5  number ! above. Samples 2-7 were produced by exactly the same
procedure with the exception that the catalyst and its concentration differed as described
in Table 1.
Synthesis of Sample 1
To facilitate observations, and to maintain purity, melt transesterification
10 reactions were carried out in a 1 Liter glass batch reactor equipped with a solid nickel
helical agitator. The reactor bottom had a breakaway glass nipple for removal of the final
melt. To remove any sodium from the glass, the reactor was soaked in 3N HCI for at
least 12 hours followed by a soak in 18 Mohm water for at least 12 hours. The reactor
was then dried in an oven overnight and stored covered until use. The temperature of the
15  reactor was maintained using a fluidized sand bath with a PID controller and measured
near the reactor and sand bath interface. The pressure over the reactor was controlled by
a nitrogen bleed into the vacuum pump downstream of the distillate collection flasks and
measured at higher pressures (760 mmHg - 40 mmHg) with a mercury barometer and at
lower pressures (40 mmHg - | mmHg) with an Edwards pirani gauge.
20 The reactor was charged with solid bisphenol-A (General Electric Plastics Japan
Ltd., 0.6570 mol) and solid diphenyl carbonate (General Electric Plastics Japan Ltd.,

0.7096 mol) prior to assembly. The reactor was then assembled, sealed and the
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YYYYYYYeFr S4nghek3 hténintAiaiicatalyst was added, timing began and the temperature was ramped
to 210°C in five minutes. Once at temperature, the pressure was reduced to 180 mmHg
10 and phenol distillate was immediately formed. After 25 minutes, the pressure was again
reduced to 100 mmHg and maintained for 45 minutes. The temperature was then ramped
to 240°C in five minutes, and the pressure was lowered to 15 mmHg. These conditions
were maintained for 45 minutes. The temperature was then ramped to 270°C in five
minutes, and the pressure was lowered to 2 mmHg. These conditions were maintained for
15 10 minutes. The temperature was then ramped to the final finishing temperature in five
minutes, and the pressure was reduced to 1.1 mmHg. Depending upon the experiment,
the finishing temperature was either 280°C or 310°C, as shown in Table 1. After 30
minutes, the reactor was removed from the sand bath and the melt was extruded into
liquid nitrogen to quench the reaction.
20  Example 3 Molding Compact Disks
Compact disks were molded to determine the effect of the Fries content on
ductility of a CD made therefrom. Specifically, two sets of 40 CD’s were molded from
two different melt polycarbonate samples having different levels of Fries.
The compact disks were molded using a Sumitomo injection molding machine.
25  The barrel temperature was set at 330° C, and the mold temperature was set at 80° C.
The cycle time was 6 seconds.
The two different melt polycarbonate samples were produced in a melt
polycarbonate reactor similar to that described in Japanese Published Patent Application
Nos. JP 6-32886 and JP 2-153925, which are hereby incorporated by reference.
30 The conditions for the two runs used to make these samples are given in Table 3
below.
Table 3
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DPC/BPA, molar ratio 1.095 1.137

T3, °C 297 309

V3, torr 1.8 0.8

T4, °C 291 294

V4, torr 5.0 3.0

Throughout rate, T/h 5.0 3.0

The CD’s were then tested to determine their ductility. Specifically, ductility
(energy in Kgf x mm) was determined in an Instron tester with specially designed jigs 10
and 20. A schematic representation is depicted in Figure 1. This test was specially

5 developed to measure the energy required to bend a compact disk. The disk 20 (¢ = 120
mm, thickness 1.2 mm) was fixed between the jigs 10 and pressed with a cross head
speed of 500 mm/min. The maximal stroke was 95 mm. The energy required to bend the
disk which relates to ductility, was monitored automatically.

The reproducibility is very good for this measurement method -- the gauge R & R

10 for this text was measured at 27%.

We found that the CD’s molded from the melt polycarbonate having a fries level
of 1400 ppm (Lot A) had a ductility of 150 Kgf x mm, whereas the CD’s molded from the
melt polycarbonate having a Fries level of 700 ppm (Lot B) had a ductility of 345 Kgfx
mm. Therefore, it is desirable to use lower Fries melt polycarbonate for making optical

15  disks to improve their durability.

Example 4 - Molding Compact Disks From the Low Fries Melt Polycarbonate
Polycarbonate having Fries levels of 0 ppm, 79 ppm, 198 ppm, 290 ppm and 360
ppm was prepared, molded into CD’s and the CD’s were tested as described in Example
20 3.
The results are presented in Table 4, below.
Table 4
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One can see from Table 4 that ductility increases with a decreasing level of Fries.
Below about 80 to 100 ppm Fries, the ductility no longer improves upon decreasing the
level of Fries. Peak injection pressure is not greatly affected by the Fries content.

5 The polycarbonate that was molded to make samples (1) - (5) was prepared by the
following procedures.

The polycarbonate having 0 Fries was prepared by a conventional, interfacial
synthesis method. This interfacial polycarbonate had a melt flow index of 10. It was end
capped with phenol, and contained 0.04 % glycerol monostearate.

10 The polycarbonates having 79 and 198 ppm Fries were made by blending
interfacial polycarbonate with melt polycarbonate. Specifically, the above-described
interfacial polycarbonate was blended with melt polycarbonate having from 800 to 900
ppm Fries. Samples (2) and (3) were prepared by blending the interfacial resin with melt
resin in ratios of 75/25 and 90/10, respectively.

15 Samples (4) and (5) were prepared in a commercial melt reactor as described in
Japanese Published Patent Application Nos. JP 6032886 and JP 2153925. In these two
reactions, the residual impurity sodium in the bisphenol-A feedstock acted as the catalyst.

No other catalyst was added. Table 5 below presents a summary of the reaction

conditions.

20 Table 5
OPERATING UNIT 0Q1020C-112 0Q1020C-112
CONDITIONS
Na in BPA ppb (<) 45
ADD.Na ppb 0 0
DPC/BPA mol ratio 1.077 )
TEMP.R1 °C 230 230
VAC.R1 torr 130.0 130.0
TEMP R2 °C 270.0 270.0
VAC.R2 torr 20.0 20.0
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5Wab%Aqcl0%#s& () - AqclO%#s& ()- Aqclo%#s& () -

LX] bf j k) ABOABBIL0%s#S& () - AQCclO¥s#s& 8/? AqCcl0%s#s& () - PEbUeMRH4es () -
AgQcl0%#s& () - kmu} dDASVADAQCc1l0%s#s& () - Aqcl0%s#s& ()- AqclO%s#s& ()- -

AqclO0%s#s& ()= AgclO¥%s#s& () - AgclOUs#s& () - i M ASAQClO%s#HsE () -

Aqc10%#s RTEMP BimbAqc10ds#s& (FC Aqc10ds#s& 293.0Aqc10ds#s& 2926

_?A5AqClOVRAECIRYSHS & () - | AQclOveirs &' () - 1.250 1.460
STIR.SP.R3 pm 20.0 20.0
MELT VISC. R3 poise 814 878
TEMP.R4 °C 286.3 285.6
VAC.R4 torr 0.30 0.31
STIR.SP.R4 rpm 10.0
MELT VISC. R4 poise 1361 1426
THROUGHPUT kg/h 4226 4041
PELL.SPEED m/s 206.0 0
LOT DATA UNIT — -
MFR 2/10 min 11.2 11.0
PELLET IV dl/g 0.358 0.358
EC % 80.8 79.6
FRIES ppm 290 360
Y1 (1) 0.95 0.92

Although the present invention has been described in considerable detail with
reference to certain preferred versions thereof, other versions are also meant to be
included in the appended claims. Therefore, the spirit and scope of the appended claims

should not be limited to the description of the preferred versions contained herein.
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6. The optical disk according to claim 3, wherein said polycarbonate has a content of
fries below 800 ppm.
7. The optical disk according to claim 4, wherein said polycarbonate has a content of
fries below 360 ppm.
8. The optical disk according to claim 7, wherein said polycarbonate has a
content of fries below 290 ppm.
9. The optical disk according to claim 2, wherein said polycarbonate has an MFR (1.2
kg, 250 °C) of 5 to 30.
10. The optical disk according to claim 9, wherein said polycarbonate has an MFR
(1.2 kg, 250 °C) of 10 to 17.
11. The optical disk according to claim 10, wherein said polycarbonate has an MFR
(1.2 kg, 250 °C) of less than 15.
12.The optical disk according to claim 11, wherein said polycarbonate has an MFR

(1.2 kg, 250 °C) of less than 14.



AO! 10%#& ()- AO0!10%t& ()- dhlmy_ ?NA4A10 AO! 10%#& ()- AO! 10%& () -
AQ! 109%8#& () - #3fg! AO! 109%#& ()- AO0! 10%#& () - _?NA410 AO0! 10%#& () -
AO! 109%8#& ()- AO0! 10%#& ()- AO0! 10%t& ()- #3fg! AO! 10%4#& () - ~ <NAdWte 2003
#3f g! AO! 10%6#& () - AO! 10%#& ()- A0! 10%#& ()- AO0!10%t& ()- #3fg!|[; 10
1'10% & ()-2 SF1I0% & ()- 109 & ()-) "10% & ()- 10#010#10#A0! 10%#& ()- [?I[;
10 11098 & ()-2#3q! 1108 & ()-2'10% & ()-2'108 & ()-2!110%B & ()-2 "${_7?|[; 10
110% & ()-2!10% & ()-2#3q' ' 10% & ()-2R30%W & ()-2'10% & ()-2%)./=BF_?|[; 10
11098 & ()-20'1098 & ()-2! 109 & ()-2#3q! 1 1098 & () -2! 1098 & () - 2FIKSWb_?|[; 10
11098 & ()-2'10%8 & ()-2!110% & ()-2!'10% & ()-2#3q9! ! 1098 & ()-2bcjotyz <|[; 10
#3q!' 1108 & ()-2'109% & ()-2!109% & g 211098 & ()-2#3q!zdD| [; 10
#3! 109 &13 ThSentical digogogordingto tsin & whersinggig F&"\(%fbfﬂit?o}aa&a(‘) 2{_?|[; 10
#1109 & (>eaa gﬁr\%c{o}l réétép%&%)%Z' 1098 & ()-2!'109%8 & ()-2_7|[; 10
#1109 & -2I f) 2#3Q II10%&(‘) 21109 & ()-2eE| [; 10
#! 10% & i‘% que%ca' ‘{'ﬁk QCPG%W toclaim Gopvkerein. WY%W@(W"S?“’H [; 10
#1109 & ()eh&@&ﬁp&g(&oniel@ te(r)hdnlél%& ()-(#3~11110% & ()-"# <| [ 10
#3~1 11109 & W& ()-110% & ( -110%&&]) #3~1 | #&(-239° D| [
#3110% &WT“@#SMQ@' (1'9'9/@%‘0(?'”@ ELQ)%'EZ' () Whegrip K GatalyshoR %"i‘)te(bfr@'ﬁﬁﬁ?{ _?|[;10
#1 109 & ()'g!réo.g,)@dﬁs(sfmdi@ﬁbl!khll&oéa& ﬁésdhﬂt@%aﬁ«a(n)eahﬂﬂ%a‘i ﬁbs HNed il ; 10 #
1098 & () & ()-#3~| 11109 & ( @llo U4 L10%." & () -
109" & () - "H@'WO@'IE)E%GIK%W' sulfejes @M Fom ?LW&OU‘P“&B? 2blpaat one
109" & () - ol@né‘for%gehw lcatdiysecs ()-z “FI 109" & ()- S 109" & ()-3
1109 & ()-3C [ Ug S,810%."& ()- $10%A."& ()- " "10%A"& ()-

TITMLOA" & () - S! 10%." & ()- 910%." & ()-dB|[:vWM4  s/10%"& ()- .-10%"& ()-
sy, 10%A."& ()- *10%."& ()- sS) 10%"& () -
"10%." & ()-B %=H J| [ NAA1OL" 10L" 10L" 710%"& ()- &610%"& ()- 410%A"& ()-
s2m0%." & ()- Y1Z 10%."& ()-IJW@[: NA410 9z10%." & ()- L 410%."& () -
910%." & ()- L 410%."& ()- 109" & ()- #&I0%"& ()- @U| [: NAA10 9z10%A"& ()- L
410" & ()- 910%."& ()- &10%"& ()- 910%"& ()-S LGLO%A"& ()- Normal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Par agraph FontT9 "+3g9A?sHQZ+dktg|rl U 4[ <l BT] m~WUf i
Y\ N34! 8#$nP&l (+, . 14" 56_7A9: [ <A=w@®BCIK
OPRNTUNW Y' [] b, ghi | ngqwsyyyyz+zEz\ zzQ ~=vCs7Lk+89eJZw 2CGd$Fbz#9| BJ@QJ
F"#S9&R' () *+,-./0123456789: ; <=>?@Ti nes New RomanAri al Couri er New'h Root
Ent r yWor dDocunent 2 I H#$UR' () *+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
" #$UR' () *+, -./0123456789: ; <=>?@\BCD



