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PREPARI'NG COPOLYCARBONATES OF ENHANCED C RYSTALLI NI TY BACKGROUND OF THE

| NVENTI ON This invention relates to the preparation of copol ycarbonat es,
and nore particularly to their preparation by a nethod requiring
enhancerrentW@Iﬂﬂlmwst allinity. Solid state polynerizati on PEEPEIIENT6 er
somet i mes " SSP" e HOW FOREPREPARING GOFOLYCARBONAPES ORERHANCED US Patent s
4,948,871, 5,204,377 and 5,214,073, the disclosures of which are

i ncorporated herein. It involves acRYSJIALBN]BYof form ng a precursor

pol ycarbonate, typically a prepolynmer fornmed by nelt polynerization (i.e.,
transesteritigaCKGROUWNDORTREANYENTIONAL | ¢ conpound such as bi sphenol A
with a diaryl car bonate such as Bi phenyl car bonat e; a second step of
enhanci ng th crystallini ogly third s of bU|Id|ng
t he nol ecul ar HiRiIgyRNtigp ﬁeﬁ‘%e%rt%tthgl 'e? %Pe?) & ?Pq?é wmfp
tenperature hﬁrﬂaﬁaﬂy ts thbinspreparationt byra trasthed auteqnmngndnlnérﬁ:eﬁ@ntldfg

t enper at ur e. EI @ this polynerization nmethod is of increasing interest by
reason of it <SEFPUANY-veness and environmental benefits. The second or
crystallinlty enhancenent step of this nethod is pertormed) according to
sai d pat ent s)Sdid siﬂbml;ﬂn&mﬂbmrﬂr&rebaﬂéreaﬂn&tm@ﬁﬂ)oﬂmlyimmmidmjls t he

o epol yrer - o tolcoaRe: O U T8, “¥ae Pl el afP Shpk 2 EPH.  ner eor

[I'lustrative thedisciosusés loﬁwmmleazd Imbamrateal‘rmm it lh\yalve:s:arﬂrshstepedfher S,

, Kk d h and b i
Somet 1 res. corlOTBERcR: PG PRy eatRo R PIBHY o pramplyar HrRd Y Flreat o
into the prepsdlymenzatidhei. &etmswnfcawtmﬂ andnhydmmomﬂer&omWLmh i nvol ve

erneat i on appafent re hat t allin ntir
Br epol ylmer rrg'g‘@k %’%B'Fﬂﬂ’il ftb Iﬁna sI’éhé? %Q%%P g@?%@n@d from
powder X-ray sBcf)ﬁdI @ﬁip éﬂbrﬂh@hbmg ke cﬂystalhdd@o@@ﬂéﬁ&b@lyﬁﬁ/ éIﬁQQItRiﬁc%ﬁp- -One

maj or use are ates in_recent years in th
fabrication Oqanygglpgithgﬁ Paé MRt Rl thaeysl taﬁ'?ﬁ%PW y'&ﬂ""ﬂﬁ%ﬁs as
exenplified hgmpergiae! bRtlésh Citss awdrﬁanﬁawtalhﬁéﬁtmednu n.tgomauhgrs The
data on an optical .disk are read éer | ane | aser

oo nton whemparatie (1s' Sl soltrenizalionop RS o i IhrgegEs DR Y ar

di rection. Fokaserrof it éffdctvehess andienvBoriraémabisenefitsy m nim ze differences in
phase retardation of these |aser beans upon passage t hrough the disk. In

the furth I t of I I k d
i ks capabl o/ SERBR fro SRl Fnpahédhent et f H&manba R piitbted o or o
becoggeI i [rpor]Ea'nt&Erdugglaosygib pftehw: byhisolvens t:datmenhty ot erhatgd?atmmheAsL o: age

capapl 11 0 € | | irefrin e | ence petween
i ngi ces o?‘/ reqqsﬁﬂ??%ih%@oﬁp%ﬁe%mea‘; F}eé'go({]H‘aWB gt eé'&é]f’\ﬁﬁsg HeP¥cul ar to
each other. Bondint Ifmmcarebel?mevwmlconmpmwmm eitwrahefliquid ehvaper rel ated

Fabr i cat ed. _dBRDIeEPbollitielve cRUPRY BElAR S PRl SRRl RSRERFPRR danol s

particularly éih@rs BitdrspkstoRes aRd halogbratea ampHytic-ahd romatic Aydrosarbosgine
(her ei nafter gem gnat ed NSBI

1 3 tri met HY|18 35qmety Iﬁ‘@mﬂd)‘m@ﬂ% B&i thgarsoivant benaliewed dasi gnat ed

") and féifetd mﬁreché pt@b@lgﬁ'bﬁr TRé ahbtheds bf ayaamhnwuﬂhbucérﬁmr
blrefrlngences t han honopol ycar

onates of the co yed nopnoner
2 °bi 5.3 hy AWIRY BN BasGisr A0BATenYY SRR ARe CRITUD ofhe RAGSbeen
very difficuldrepflyMerRiisS beUifibrea8e®ty 8 Vahenst fdeddt 595Bs detdrmindiEfreesence
of SBI or CD-1 units apparently inhibits crystallinity enhancement. A
met hod of cr yrawder Xnfay\dIfErARHANCRIHEMS.whi ch i s successful with
copol ycarbonates of such nonomers as SBlI has been disclosed. It includes a
step of contacting a precursor polycarbonate, nost often a bisphenol A
honmopol ycarbonate, with a nononeric or polyneric source of other structura
units such as SBI, under conditions pronﬁIing | ncor poration of said
structural units by reaction to forma precursor copol ycarbonate, conbined
Wi th sinmultaneous or subsequent conversion of said precursor
copol ycarbonate or 2
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WO 00/ 44810 PCT/ US99126976 either reactant to a pol ycarbonate of enhanced
crystallinity. This nmethod, however, is uniformy successful only when the
material to be crystallized is in powder form Since polyners are often
conveni ent | andl ed as pellets rather than powder, it is of interest to
provi de a c%@s‘l‘”ﬁﬁ'? nity enhancement nethod which is effecPFTESRRINE pell et s.

SUMVARY OF THEnb NHEJIF sk dfea feF q;w&braoﬂu@st h%e@hpyésk@.sws Bebhad ther
enhancing the crystallinity of precursor wr bonat es cont ai ni ng

birefri ngencefabém}lﬂnng’f ueptical éi?(‘ﬁh rggording (5'99 indlyding, opfisal disk§odsi s
effective wth ﬁeg%yrco%ﬁae@an&e%@sa.}dﬂcm%bm diské Wsed e canpatels. of the

I nvention is a met prepari ng a polycar onat e precur sor m xt ure of

enhanced crysThe |data op @ani eticabodiski aresread| by 19 @lﬁﬂ\iengdalﬁﬂ!blasﬁbrbﬁaéhct ive

condi ti ons, 0 S pal Iy of
Structural uni SRt B, B SEHISF CfesiShese AUrant kol I o POriSraRier 01 '
and AZ is i ndép&nﬂd@nfby aacwatmr@wanbmne@ssaw tpamnmmtzevdiffgr@cpsuu@ ng

radi cal where or nore
G hydh oxyor gab e aaniatolbr HeE] %%?B@éﬁ‘%%gﬁh s% R ot 888 %
spi ro(bi s)indane bisphenol of the fornula MD 00144810 or a

phenyl i ndane I5i bpHroer davelapment ofgptical Wisks, Pa'(t'PP|?5|Y iread-prite disiks ando76

wherein R 'Sdlgl?(éj'bﬁﬁéﬁle%f Qonn@néraar ¥rinfsC 60 RER, Warbliy | phy8danfdctord- 2, tO
forma monomer-pol yner mxture, pelletizing said mxture and treating the

pel | etized mikecems {repastantnoee tsyeh éagt@lt whichristgjossly falateddpyihersterage ei n.
capability of the disk, is its birefringence, i.e., the difference between indices

of refraction of light polarized in two directions perpendicular to each other.
Birefringence has several components, some of which are related to the
molecular structure of the polycarbonate from which the disk is fabricated.

Copolycarbonates containing units derived from phenylindanols, particularly
6,6'-hydroxy-3,3,3°,3"-tetramethyl-1,1°-spiro(bis)indane (hereinafter
designated “SBi1") and 1,1,3-trimethyl-3-(4-hydroxyphenyl)-5-hydroxyindane
(hereinafter designated “CD-1") and their isomers, are characterized by
significantly lower birefringences than homobolycarbonates of the commonly
employed monomer 2,2-bis(4-hydroxyphenyl)propane, or “bisphenol A"
However, it has been very difficult to prepare such copolycarbonates by SSP
since the presence of SBI or CD-1 units apparently inhibits crystallinity
enhancement.

A method of crystallinity enhancement which is successful with
copolycarbonates of such monomers as SBI has been disclosed. It includes a
step of contacting a precursor polycarbonate, most often a bisphenol A
homopolycarbonate, with a monomeric or polymeric source of other structural
units such as SBI, under conditions promoting incorporation of sald structural
units by reaction to form a precursor copolycarbonate, combined with
simultaneous or subsequent conversion of said precursor copolycarbonate or

2



Anot her aspect is a nethod for preparing a copol ycarbonate which conpri ses
preparing a pol ycarbonate precursor m xture of enhanced crystalllnity as
descri bed above, and pol ynerizing said pol ycarbonate precursor m xture by
solid stateWp®bydstr i zati on. DETAI LED DESCRI PTI ON; PREFERRECT/ESBRBYWENTS The
essential starting material in the method of this invention is an anorphous

precursor pol ypaeb st twhé Cdbly@)bdh%teaoh@mané&d E@E&hrmf ﬁﬂf&aﬁfetﬂl{dov' ded

that it consists essential structural units of fornmula |I. That it
does not cont dOWeEVel; %U'B@fmésﬁs@ﬁ%ﬁ% ony whgn the material tﬁqusxslamgemrsan
nononer s enpl RS | SeR

i ncl udi ng the%éﬁggﬁgn@l §Hg% E‘poor nugggéjrsﬂé'zﬁd fén'u?ﬁa?g’lea I%%zf eﬂ¥t§’}h{h%P and
AZ val ues ar e thampewdery ituigsafisterastte ®rovide @l @'M%talbﬁ't)s ebkancemant reethodat i ves
thereof, ill ugy; E¥ﬁh§Mﬂﬁkm{ Sidts (one or nore) being alkyl, alkenyl, and
hal ogen (particul ar ? nsubstituted phenyl ene radical s are
preferred. Both A and AZ are preferably p-phenyl ene, although both may be
o- or m pheny SSHMARYLRE THE INVENTIRMy I ene and t he ot her pphenyl ene. 4

WO 00/ 44810 PCTNS99/ 26976 The bridging radical, Y, is one in which one or

two atons sepanhét grebent QBMLIdA- pﬂibnearaeheém&ﬂf&n&wnmt theSciy8Rlliniy \Wpi ch one
atom separates A from A2. IIIustratrveP&ﬁércals of this type are -O, -S-

-SO) -S02-, mqm@rpglycemngreé)&mm R ngengereduging units such as S8l

] bi cycl ohept yloreiohy lupie. TH MetrRags eHsaveamH préed@or ﬁ@rp@@ﬂbﬁétbgﬁnﬁeuet

cycl ohexyl i dene, cycl opent adecyli dene, cycl ododecyl i dene and
adanantylrdeném“The gem al kyl ene (al kylidene) radicals are nore preferred.
Al so included are unsaturated radicals. For reasons of availability and

particul ar suigrbiabpéct 6Pthe iifveRtiGPOS eH ngdthbdnifer IpPetmhgoa pélmrwrﬁt@”ed
units of fornmula | are derived from bl sphenol A,

i sopr opy! i den®refisoR mixtire of ephanged i ﬂ'm%Wy‘fVB'ﬁB comm'sawﬂhmdmgecur sor

pol ycar bonateuhaerofrrd?nreacwa y&oﬁahi@net %mlamaﬁbu@fprbbosbypﬁbwéa&m&l by the
first step of a nelt ﬁ rbonate ocessgﬁ gy bi schl or of or mat e ol i gomer
bl 8¢

preparation f&PPYHNG WA prpctutah ypits o A¥lag and isol ation. Such
ol i goners nost often have a wei ght average nol ecul ar weight (Mv) in the
range of about 2,000-10,000 as determ@ed by gel perneation chromatography
whi ch may be relative to polycarbonat4|or pol ystyrene, and an intrinsic
viscosity in the rangd—ofyvabout—0.-06-0c30-¢gl-tg, all intrinsic viscosity
val ues herein being as determned in chloroformat 25C The precursor

pol ycar bonat e .also b relatively hi nol.ecul ar wei ght bonate
Dot al 1y hav WRGTeinRIaRT ASoB AL RgeEetehly Aol AP Rare Fedies pd e

about 5, 000- 205 QQﬁdg'hgrraWGbIC\hhérbml Snelestwoestoh sdparaﬂasne frdﬁeAMmah@r

wei ght still further, ég) to a val ue kﬁ the r of about

25, 00080, 000. °E&ere iy mfapaeﬁarseét skparkp s f‘“%'t%%?’ﬁb@m%n for a
particul ar appbir6®is)ipdandispRerol vethelfoinagsl by the method of this invention
prior to increasing its nol ecul ar merght so that they may be used in other
applications. The precursor polycarb be a branched hono- or

copol ycarbonate, formed by the reactlon of inea@vaolycarbonate or its
precursors) with a branching agent such 2
rbonat es incl ude

1,1,1-tris(4- hydroxyphegxﬁ)ethane Br arfched Ngg0oT R0
oIigoners and hi gh nol e wei ght 5 WO Ov 44810 / US99/ 26976
ed axi

copol ycar bonat es cont ai nj re sol vent resistance.

CN d
" none C3 rbonate NS are particularly
suitable for this purpos isclos d in US Patent 4,920,200. Such units

will typically conprise a 0%0f total carbonate units in the

pol ymer. Conversion to the oranch-o honmo- or copol ycarbonate may precede or
occur sinultaneously with the cef tyn of the precursor polycarbonate to
an enhanced crystallinity polymer. The precursor polycarbonate may al so be
a recycl ed polycarbonate. Its nethod of original preparation is inmmterial;
i.e., recycled polycarbonate originally pPepared by interfacial

pol yneri zation, by melt polynerization or from bi schl oroformates may be
enpl oyed. Such recycled material typically has a nol ecul ar wei ght which has
been degraded fromthat of the originally polynerized material as shown by
an intrinsic viscosity in the range of about 0.25-1.0 dllg. It may be

obtai ned from scrap pol ycarbonate by dissolution in a chlorinated organic
sol vent such as chloroform nethylene chloride or 1,2-dichloroethane
followed by filtration of the insoluble material or other art-recogni zed
procedures for separation of non-pol ycarbonate constituents. O her types of
pol ycar bonate, such as interfacially prepared pol ycarbonate and
polycarbonate extruder mastes may also be enployed as precursors. Prior to
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invention, particularly when the precursor polycarbonate is a recycled
material, to dissolve It in a chlorinated hydrocarbon as sol vent. '
II'lustrative chlorinated hydrocarbons are nethyl ene chloride) chloroform
1, 2di chl or o¥® 44810 chl or obenzene and o-di chl or obenzene. PEEUSHYBPWal i phati c
hydrocar bons are preferred, with nethylene chloride and 1, 2-di chl or oet hane
bei ng nost pr@ﬁfﬁﬁﬁhn&@ﬂédﬁdﬂ@f‘oﬂfxef&ﬁlug ecursor polycarbonate in the
solvent may tak ce at any tenperature. Typical tenperatures are from
about OC to the b0| ling point 6 WO 001 44810 1PCT/ C1S99/ 26976 of the

sol vent, wi th about 20-100C general | ypeing @ bferred. So |ong as an anount
of sol vent effective toRihssol ve the p8| Yy CAFBIS te is enployed, its
proportion is not criticd=Such di sslol ut er al lﬁ | eaves behi nd
various insol yhl e materip \ T tenpl ates renoval of
sai d i nsol ubl e mat erfi@ he polycar by solution. This may be

achi eved by such conven ¥ons as decantation, filtration and
centrifugation. The recycl 0 ¥Qr bonate is frequently associated with
colored inmpurities, which may_agpear.in the polycarbonate itself or in the
sol ution thereof in the chlorifated 30l vent. Various enbodi ments of the
invention) therefore, include a step of renoving color fromthe anorphous
pol ycar bonat ewbereint Rois hthdgem;ion@,_opﬁmaryrwmcarhdafy atkgl ardweisnf®2htodofmor col or

di scharge is rea t al__agc olg rably
hydr ochl ori c " &53 B&Qtwﬁ 'Jf'&&ﬁgalheh&%éﬁ sf;,aﬁ rﬂ%{b?% 8H8 Hga?{%aﬁﬁnm such
as met hanol . mletlimtmlmuremeabanmfthsarydtaﬂmitwatbue polynerdherein.d t hat absor bs
col or bodi es, such as activated charcoal or a crosslinked resin) whi ch may

be neutral or gl.ﬁwqa g&g% [

sol ution of so Pé;ﬁ %g%'hg{hsmgtgl Eot er s ééﬂ% rla?e E’?hd(%dgm n, after
precipitati orprapardms @r pblycarhenaip nmecmspr mxﬂurm@ﬁsanhaemd ionystallinityoast
sufficient to | Qr T ur sor
pol ycar bonat edélj';lgﬁéé)Ci ‘é\ﬁ?\ﬁéé) a‘?; ag't%mgf ?gg gl:ﬁi?\ag P @gﬁ{sgg?’:ﬂ’g‘#‘ R{ gg,
crystallini tysodadlstaieenbrmerizaton s usually advant ageous to precipitate the
precursor polycarbonate therefromby such art-recogni zed net hods as

anti - sol vent tBE?R!L@d@ES@ﬁhﬁﬂoﬁ ﬁ?#ﬁmsﬁ'émoemm sthe first step of the
nmet hod of the i1 nvention e anor phous precursor po.lycarbonate is nelt

bl ended wi th gne or npre di hydroxyorgani c nononers i ch include
bi r ef ri ngencelh RseeMial netaBing &até@?gﬁe@l ane Wg%PQO?BWQ'ﬁ HYERUO; 18 pBRinol s of

fornmula Il ar&nmﬁauél PeERsd? Spﬂﬂmﬂi@atﬁd fmeful «'mdyl IbeTfhe Hbi%erb?d "o

conpounds of these structures are SBI and CD 1 whi ch 0;
00/ 44810 PCT/9Rolycakenate. provided that it consists essentlally of structural units of

formula |. That is, it does not contain units corresponding to any of the
dihydroxyorganic monomers employed as mixture constituents according to
the invention, including the bisphenols of formulas Il and Ili.

in formula |, the A' and A? values are typically unsubstituted phenylene or
substituted derivatives thereof, illustrative substituents (one or more) being
alkyl, alkenyl, and halogen (particularly bromine). Unsubstituted phenylene
radicals are preferred. Both A' and A? are preferably p-phenylene, although
both may be o- or m-phenylene or one o- or m-phenylene and the other p-
phenylene.



their isonmers may al so be enpl oyed but are less preferred. Most preferred
i's SBI.” At | east one di hydroxyorgani c nononer other than the

bi refri ngence-reduci ng speci es nay be enployed in conbination with the
former. Theseowidsmr nononers may include processability-ipEr/osgnep7érononer s,
typically at |éast one pol yoxyal kyl ene gl ycol such as pol yethyl ene glycol.

The proportiong), &ngﬁié{?éﬂfcﬁﬁ%im in WGBS B M@ét&nﬂ's%?gfﬁe }“{;*@ﬁ }gf d a

anor phous precur sor carpohate are e I've proportrons
copol ycar bonatkhehpreferted embadigientis pne e whichsone atorm aeparataswAbfromf A% ngence

P il be orlFERRRFretiche Sl b Srel B0 S oS e 0
structural unidyslohexyihethgtenephous %tkz.dllﬁwclqb\ebytmelﬂtbyiaae.e. Pr Wi l'i t%/h
i Mprovi Nng NMONQUES S S: as : ne . in the
agunt 019 aboﬁ%?pf&?@“gr'g?'e 5%%0% I'Pgﬁaseﬁﬁé%&%l}dgg% ur %&élgﬁ?ﬁgd%#ﬁ?%'

pol yoxyal kyl eroyclgtgadexnyliderse paret uadaonargylideoar btimat gem-Etikyleneor (atkytidena) ecur sor

pol ycar bonat e he di r anj r bl d wunder
non-reactive d’%ﬁ%l%ér&%%ﬁ%ﬁéﬁ@%%or q@@%@t ?ﬁenz’ﬁ%%é% rﬁﬁﬂﬁét #S’f onote a
cheni cal r eactreasonsebfvavaildbiliyn arfsl partontati suitabiityafer theg purposessofitisisit i S
requi red that .no _i.ncorporation into e | ycar Qonat e, of structural, units
derived from t"%enﬂﬁrﬁ’o r%r)ex‘e[r%ﬁgeu?)lfsagfepodmgfané th E"%en"gB?m IISPhﬁﬂoglﬁﬂi"ﬁg may
be conduct ed lwhiemy ikisoproppliderie and A'carid Alare saok plphénylehet of t en)
continuous bl ending, especially extrusion, is enployed at least in part.

feactive conai TeaaoteHSs biechil bBlviirodRaleds SHAT (B RERERNS SRorMDY o ¢
't' enper at ur esTithe ttype pmdgleeed)fo\zlaﬂrhlemrs?i’ﬁfmctmv?olbﬁabgp%tgyerggﬁsmld?yi ned as
condi t1 ons. i s B PRAGRI e, A6Belt ArbharfiE Iwed" By RETNR ahdiee can
POT] CTSD01 26076, - L AT L e S0l e be 4 ALk ot or e ed. o t hose
skilled in thﬁ%l??ﬁ%i\ﬁéisﬁﬁf“iwmﬁﬁfﬁﬁﬁ? 5F adi 406 0 0nll B sttty 5> o
Clr? 1, no reactgebpennmehtionr chrgmatdgeapty wbizhduay ibg telative i togsolydatsarate or St ihc of
t t i i [, . at t.o 200C t

b ont o BB 30 4 b BB . PR e B e R0, B,
and the added intrnsicwiscosity vBiies horeih biethd a5 ddiermined Inadhigrefbrivyat@spgent i onal
pall etizing operations in the second step of the nethod of the invention.

In the third ep). the palletjized mxture is treated enhance it
orystal | ity TherrebiSor Buvarhate thay, sk Peca cHARNART hlgh MElGEHE welalt vent
2 r Szts rrg gtl olr h@@ta?ﬂoﬁaté:r@ahem_ﬂy tha9inigos ekighn at\/_bseaglafm?leama: weight (M) Rt ﬁnt
: : . It s often,conv is particular ef fective tq enhance
crystal |inity % a8 z?étqcﬁ?ﬁ?gya&g)t'%@w%t F°£e‘ﬁ£iﬁ"'>3tjl'ff é’eéﬁ‘;] tqin¢regss (%B?le
nﬁn-ls_ol V_egt thﬁl@élﬁér,wﬁgh&htmﬁﬂ%mt ugmtum}awgalu@_lreﬁhﬁcrlan@e &aﬁmeﬂb@ool in
the liquid or r state and being free fromdial kyl  carhonate, for a tine
effective to Péra(ﬁaa é r fEXAEP yg?lé{gqr Q'é"t‘fef)o‘fvﬁ]‘egr Bth A 'S%ﬁ‘lﬁéa onifeL1?y at a
cont act tenperpatticurar applidatios nedy be as/stallzed dydhavrietiod 6f thig ihbértiofigirioned by
the relationship T~ > Tl? Z, .

to "increasing its molecular weight so that they may be used in other

applications.

The precursor polycarbonate may be a branched homo- or copolycarbonate,
formed by the reaction of a linear polycarbonate or its precursor(s) with a
branching agent such as 1,1,1-tris(4-hydroxyphenyl)ethane. Branched
copolycarbonates include oligomers and high molecular weight

5



wherein T is the contact tenperature, Tb is the boiling point of the

al kanol at the contact pressure enployed, both in degrees C) and z is ‘a
constant with a nmaxi mumvalue of z is 60. Crystallinity nmay al so be
enhanced byWO®pH4#8td , typically at a tenperature above aboR€T/USPYEB6N t h one
or nore catalysts as disclosed in US Patent 5, 717 056. The di scl osures of

ot of ihe alSpSIRIbLANEE AR yife akBEBANG" AR sG6LR BAEBRET o N

The catal ysts may | nclu OXI es an OXI
quat er nary bi $fydeompiiraines anﬁemﬂwlmw@quimﬂeumamczﬂlawlm aed kpnﬂlczlwlyand

Pycr o des, - i SHRS A AR FOlidRasBP BRPEHED [y Haudht 48920, 20 sl AP |

presence of cdypitallyt compriseoabowdc258%y obitatal sanbonatpr ahitsr inedhe Polymefrf ect of

the crystalli nh h t

pol ycar bonat e%n\élg gﬂ?ﬁﬁ%%{%gﬁ%&ﬂghﬁeﬁpﬁpao %&a@#r% fnéﬁtp%%édé st{ég'l"l ize
only the out ersimsiitneocadly twith thed Iceheersibntdﬁethaob;ercarslmormﬂynammter doranm xt ure.
An often prefer ed ect . invention includes an SSP reaction

fol |l owi ng cry?f1 T?ﬁ%é‘”ﬁ&r&%ﬁ@ The SSP reaction may be effected at a
tenperature above the glass transition tenperature of the precursor

pol ycar bonat e Thedpteelirsar i palycagianiatey maypisoabera. reCyclgiammaybqnetq:)dtsat ures

as di'scl onad TietRE b R TreBRRY6R IE SO Py’ R BapRoBotile 20

5, 7175:)56) SS:angnylly)(prmnemduyeuiterfactah@olymﬁah@ , oy metl)ﬂ pd??\eumtooablal yst .h
Sui - )

ol yoar bonat o PaLapH ISt ale iy BB SMBINE, 007 easeribution.

equilibration and solid state pol ynmerization. However, catalysts are not
required for Suwshpeeyced matedalt iypigatiyhdas rﬁaumolmtderemht gwhieh dasnbeen not

preferred. Th%gQFa&%H‘fhotrRItnétth ﬁépoﬁ Vs'%l yhd rized s&(ov&vﬁbg%%’”er of

hi gher nol ecul an t

or rbona e,
added nononer y)trlmmwsmhy in rﬂaﬁ)rq@gaeqf@boutrﬂ agﬂt{.{dlémdt may lheratainedsfromd st at e
pol ymeri zatio \/ mat e
gas-solid con{gg@ p&ﬁcaﬁ as a fhiéé 'L@gﬁ]'ﬁﬁdﬁ%é& %ar% 8&9& Ir%‘ch‘lrgxéer i
contact with shlorafemn, methylenechiaridei arr bgslichiorosthgoe fallowed taeﬁltre@naef t he
fluidizing ga I rve one
or both of th épunrsg@ h%fté'ﬁq G&ll}%rﬁlar‘? @%&%Fﬁgb%ndorlg%g)r I'ézli?arﬁ‘ggf:ind
relm);/i Ing byp[) oduamb'palbwhtedlmgstﬂaerﬂs Qthelr dwpesr @frmolyx:athmmmduemchsany

vol atil e car Sior [

advant ageous! § G gy ERaEa gonsKrshale i oo RBATITE St T ogt?

gas-sol i d contaotbe ermploped asrpracpesiorsn may be conducted at reduced pressure,
typically I ess than about 100 torr, preferably with efficient m xing. 10

VO 00/ 44810 PEROMFISERRALA d0iordRg 19t inehfion, nwu.mrh o btdgéobf fHeed by

the foll ow ng exanp ues were determ ned [\; permeation

chr omat ogr aphgnveatl@n.u Déﬂlpblaﬂbl wbew r Bae PraexraaPL polycax gna&g r;orat ireeyctgd an

anor phous bi s r t 2SR 000)

prepared by amt.éﬁg'ﬁlgslesﬁt g‘rglfe%'lgge{{)?g% ?‘é@c"tl on gqtjagé(’baﬁenowx ﬁﬁﬁglg‘tﬁ enyl

car bonat e, washloricatddd hydrocatioonsy afe Siethytene Hehlgndel chlar@form 1,2-
dichloroethane, chlorobenzene and o-dichlorobenzene. The chloroaliphatic
hydrocarbons are preferred, with methylene chloride and 1,2-dichloroethane

being most preferred.

Dissolution of the precursor polycarbonate in the solvent may take place at
any temperature. Typical temperatures are from about 0°C to the boiling point

6



The resulting blend was extruded on a twin screw extruder at 180C. The
extrudate was pelletized and the pellets were exposed to nmethanol vapor at
100C for one hour. The resulting enhanced crystallinity material was

subj ect ed two8BR8Wondi ti ons by heating in a fluidized bedPQREI9Gt 180C
for 2 hours, 200C for 2 hours, 210C for 2 hours, 220C for 2 hours, 230C for

31,100, a Tg o et i Boalt o IG5 beialobohy BRSSO AN, A
.commerci al | y awmiuntlof solvesp leffactivestopdissalve e polycadonate s dbvployedbibsit
52, 000 was bl %E&%g?ﬁalﬁiﬁ?gﬂ%l'a Henschel m xer with SBI and a PEG having a

nol ecul ar wei to forma powder having proportions of
bi sphenol A, SBI and PEG of 79:18:3, with the PEG proportions being
cal cul at ed on Sueh dissdldtionf gemeralip lleayes drehins yaroust insolubleT materialsi| Theng

m xture was e ' at. At i ,
crystallized ﬁ]@“ﬁ@?&%ﬁﬂ}eﬂégyég@ag%ggf ﬁ@gépgﬁgﬂgéﬁ%q@%,npﬁéh@%é@ﬁiéhe
t er pol ycar bongplycabonate solMtioof BEs 20@yahé achigved bBsslchl lconve@i@®d 44810

WHAT | S CLAI N%Eeolaﬁbng Gs GoSdmStr? ifrabiod and'c ip@gpé{ﬂi preparing a

pol ycar bonat e precursor m xture of enhanced c nity which conprises
mel t bl endi ng, under non-reactive conditions, an annrﬁhous precur sor
pol ycar bonat e Therferyaled golvearbanatal i freguesty agsogiated with toslased dmpuritiesiul a 0

NV A2 O e . . , i . :
aromatic radi 8&’1\%’?\@’%"??&@"&%%asﬁngrdg%fdc%élfwgﬁgﬁl%E@‘r{{éy%?‘e%\%ﬂgﬁ I?)érrs
separate A f cblerinatedwsioivient Néarious reprbodimentd of theinyamtian, therefoee,dnclade | east

D covt §auan T RO RS aPo R A WAV 08 BolaREpAR sl g™ 2
PCTI US99/ 2697 éther removal steps. One method for color discharge is treatment while in
solution with a mineral acid, preferably hydrochloric acid, said acid typically
being in solution in an alkanol such as methanol. Another is contact of said
solution with a solid that absorbs color bodies, such as activated charcoal or a
crosslinked resin, which may be neutral or may be an ion exchange resin.
Another is washing with a solution of sodium gluconate. Still another is
washing of the resin, after precipitation as described hereinafter, with non-
solvent in an amount sufficient to dissolve color bodies.

The solution of amorphous precursor polycarbonate is, for the most part,
freed of any solvent prior to crystallinity enhancement. It is usually
advantageous to precipitate the precursor polycarbonate therefrom by such
art-recognized methods as anti-solvent precipitation or steam precipitation.

In the first step of the method of the invention, the amorphous precursor
polycarbonate is melt biended with one or more dihydroxyorganic monomers
which include birefringence-reducing monomers, especially spiro(bis)indane
bisphenols of formula Il and phenylindane bisphenols of formula lil. The
preferred compounds of these structures are SBI and CD-1, in which n is 0;



wherein R is hydrogen or C~., primary or secondary alkyl and nis 0-2, to
form a nononer-pol ymer m xture; pelletizlng said mxture; and treating the
pelletized m xture to enhance the crystallinity of the polymer therein. 2.
A net hod according to claim1l which is conducted in the absence, of )

catal yst. 3WOR%#H%od according to claim 1 wherein the anbfBHEGEBE ecur sor

pol ycar bonat eLsS ; | . h ta&g i to
claim1l mhergplﬁﬁg%é#éarﬁorgh%h%ég%(g#ﬁ%gmg%§éeasr§ (5??5[%&1 @gg po §%gpgonate
ol igoner. 5. $Bhethod according to claim 1l wherein the anorphous precursor
pol ycarbonate is a high nol ecul ar wei ght pol ycarbonate. 6. A nethod

according to Aﬂnaéévohe\qv d?oXyo %i@%h&‘ﬂ@k‘&hﬁf%Hrtﬁé’bir,@lﬂhy&%ebf‘éﬂﬁéiﬁ%i sa
branched hono- or copolycarbonate. 7. A nethod according™to claiml wherein
t he anor phoussSRecEsuMayYr be BryRiayesh imtcembinationewitl | e foamot aFhasgapthers. A

met hod accor dj A d@ﬂ% ' -iFHpPOAAK, | Sadt NCl ude
6, 6' - hydr oxyd'gago@&sghg*, mcguarret hﬁﬁfﬁﬁlw g sppl ra%g}%g??\%ggég%@eﬁl%é# hod
accordi ng t o ¥lepatyaxyalislese glycplsughiagmolyeiiengglycatonomers further incl ude

at | east one pol yoxyal kyl ene glycol. 10. A nethod according to claim9

wherein the pgly Wﬁﬂr‘fdﬂ(ﬁ"?f inﬁ%%xy})fbaﬁw HRnBIHeRBF ridlY BRinded Lwitk® th&t hod

according to claim?2 wherein crlysta I nity enhancenent conprises exposing
sai d pel | et s araorpheus iRfesUISYr PoReRTborAte aafeapitegiive . progortiond tooatird 18

PCT/ US99/ 2697, i ' kige 1 | : ol Is
met hanol and %8 %ﬁgglt%og? fegglg\gﬁ%gﬁf g({és%gsma ?phrsggtlgénﬁp Egﬁ%?&?sm%?"?eé gﬁt act

t enper at uce VMNAKr high aroceasahlity.Sor Ahrimast e#t. the manamar af éammuailley W he
rel ationship it g&-empBff 4 thd “amhéurtNér aBsitasiot ﬁ{a@rﬁﬁ@ﬂ;@g' gnthe

boiling point of the ‘alkanol at the contact pressure enp , both in
degrees C, arfirugtural ynitsoiifs tthetanigrphous PESqURsRn RelyGasberfate. Procgssabilly A

nmet hod for pr; i i i . i s
pol ycar bona?e‘ﬁ'gfée\)(':'f}?gfgpsﬁgﬁ ﬁ@%aé&ﬁgz@gg%gﬁeg?glﬁi ?@b%gﬁngﬁtghgl endi ng,
under non-r eaaMowd ebrabiott dnt0 meleanercenbubasade Onr stiuctyel yunitsbim dbe

consi sting eWé‘lwﬁéngBIyEBIréh‘atﬁl‘E&lrstB&l)%aPJonta%? formula o O~~ O

The amorphous precursor polycarbonate and the dihydroxyorganic
monomer(s) are melt blended under non-reactive conditions; that is, under
conditions which will not promote a chemical reaction between them. Such
conditions are important since it is required that no incorporation into the
polycarbonate of structural units derived from the monomer(s) take place
during this step.

Meit blending may be conducted by any known batch or continuous method.
Most often, continuous blending, especially extrusion, is employed at least in
part. The blending temperature is typically up to 200°C, provided that non-
reactive conditions are maintained.

In this regard, it should be noted that temperatures in the range of about 170-
250°C have been previously defined as “reactive”. The ostensible overlap in
“reactive” and “non-reactive” conditions is a result of the fact that the nature of

the conditions can vary significantly with the monomer(s) employed, and the
8



wherein each of A and AZ is independently a divalent aromatic radical and
Y is a bridging radical wherein one or two atons separate A from A~, with
one or nore di hydroxyorgani c nononmers, at |east part of said nononers being
a spiro(bis)indane bi sphenol of the for mula OH or a phenylindane bi sphenol
of the formwoeousio WD 00/ 44810 (111) HO OH PCT/ US99126FRI/USRMIH n IS
hydrogen or C .~ primary or secondary alkyl and nis 0-2, to forma

monorer - pol yrAXachnatue therenf|capthe, eagily determined ydthose skifiedin theearbby| et i zed
mxture to e@ﬁp% ){d&ﬁnﬁﬁéﬁibﬁ' Wltﬂ' ﬁ%n&ﬁerts%cﬁqiygﬁf aﬁch@r[ﬁ‘l ”no ?é%tlon q

pol yneri zi ng m xture by solid saeg yneri zati on.
accor di ng t o @fiapmly takemelres Audng thealimes yaétenam@h@mpregemnmped in the

absence of cal iy | %Em ééturésg@ ?@Io%ccordl ng to claim13 wherein the

anor phous precursor o ycar e i's a bisphenol A polycarbonate. 16. A
met hod according to claim13 wherein the dl hydroxyorgani c nononers incl ude
6, 6' - hydr oxy- T?\ea)rgdug ofmﬁmawﬁmwnglstqp l&%m&twemf{r)q ararphous precursest hod

accordin to i ncl ude
at Ieastgone po)fz:la oxya %ﬁ’?‘a{!&l&?ﬁbh%@ﬁﬂi}’%\ﬁﬂ &&u e{-glc? ngel[e't'iﬁé#'ﬁym 17
wherein the mﬂnymmakpeuaﬂcmgl qmathrs ipdhwanmcbﬁ@pgqﬂyﬁhelmemm of thet hod
according to |ﬁvéﬂt|3?1.13 wherein crystallinity enhancenent

In the third step, the pelletized mixture is treated to enhance its crystallinity.
This may be achieved by any known method, such as solvent treatment or
heat treatment as disclosed in the aforementioned US Patent 4,948,871. It is
often convenient and is particularly effective to enhance crystallinity by
contacting said pelletized mixture with at least one non-solvent therefor, said
non-solvent being water or a C,,, alkanol in the liquid or vapor state and
being free from dialkyl carbonate, for a time effective to form a
surface-crystallized polycarbonate and, typically at a contact temperature
which is at least 75°C and which is further defined by the relationship

TCZTb'Z.

wherein T, is the contact temperature, T, is the boiling point of the alkanol at
the contact pressure employed, both in degrees C, and z is a constant with a
maximum value of z is 60.

Crystallinity may also be enhanced by contact, typically at a temperature
above about 110°C, with one or more catalysts as disclosed in US Patent
5,717,056. The disclosures of both of the aforementioned patents are
incorporated by reference herein. The catalysts used may include alkali metal
hydroxides and alkoxides; quaternary bisphenolates; tetraalkylammonium
hydroxides, alkoxides and carboxylates; and tetraalkylphosphonium



conpri ses exposing said pellets to the liquid or vapor of an al kanol. 15
WO 00/ 4481 0 PCT/ US99/ 26976 20. A nethod according to claim 19 wherein the
al kanol is methanol and contact of said pellets with said nethanol is at a
contact tenperadsstie which is at | east 75C and which is fuPEHEI@E7¢ ned by
the rel ationship T~> Tb_z~ wherein T~ is the contact tenperature, Tb is the

boi ling poi nt pghroliiRsalalikeRidls dnd Fﬁrb@?ﬂét@ﬁ? FBF a6 uﬁ@st?m,pmg%vebom in

degrees C, and”z 1s a constant w a maxi numvalue of z is 210 A
pol ycar bonat e Piasenae sbeatalygis s Bolracessany apy is Mt PRefered: of claim 1. 22. A
pol ycar bonate prepared by the nethod of claim13. 23. An article conprising

the pol ycar bonpbesffelct 6f &idmrr?/gtamaiiy eRhdrdeyrsnt l@tvga.%aomaemy&ﬂyéwui&memt hod
of claim20. 16 .Ah.A . A Al A3 A . A A‘AEA _
polycarbonate precursor in the mixture. 1t is sufficient to crystallize only the

outer shell of the pellets of the polycarbonate precursor mixture.

An often preferred aspect of the invention includes an SSP reaction following
crystallinity enhancement. The SSP reaction may be effected at a
temperature above the glass transition temperature of the precursor
polycarbonate and below its melting temperature. In general, temperatures in

the range of about 150-270° and especially about 180-250°C are suitable. As
disclosed in the aforementioned U.S. Patents 4.948,871, 5,204,377 and
5,717,056, SSP may be conducted in the presence of at least one catalyst.
Suitable catalysts include those known in the art to be effective in such
polycarbonate reactions as melt polymerization, redistribution, equilibration
and solid state polymerization. However, catalysts are not required for the
present invention and their presence is frequently not preferred.

The product of the SSP reaction is a copolymer or terpolymer of higher
molecular weight than the precursor polycarbonate, in which the added
monomer(s) have been incorporated into the chain thereof.

Solid state polymerization may be conducted in a mixer capable of producing
intimate gas-solid contact, such as a fixed bed, fluidized bed or paddie mixer,
in contact with an inert gas such as nitrogen or argon which serves as the
fluidizing gas if a fluidized bed is employed. Said inert gas may serve one or
both of the purposes of fluidizing the mixture and volatilizing and removing by-
products, including water, hydroxyaromatic compound and any volatile
carbonate formed as a by-product. Programmed heating may be advanta-
geously employed. As an alternative to conditions of intimate gas-solid
contact, the polymerization may be conducted at reduced pressure, typically
less than about 100 torr, preferably with efficient mixing.

10
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amorphous precursor polycarbonate consisting essentially of structural units

of the formula

O—0

Y
A '

() Al Y—A2—0

wherein each of A' and A? is independently a divalent aromatic radical and Y
is a bridging radical wherein one or two atoms separate A' from A?, with one
or more dihydroxyorganic monomers, at least part of said monomers being a
spiro(bis)indane bisphenol of the formula

HaC CH;

(R')n
Ry \I
N OH
an HO W \/‘
CHy CH,

or a phenylindane bisphenol of the formula
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4. A method according to claim 1 wherein the amorphous precursor
polycarbonate is a polycarbonate oligomer.

5. A method according to claim 1 wherein the amorphous precursor
polycarbonate is a high molecular weight polycarbonate.

6. A method according to claim 1 wherein the amorphous precursor
polycarbonate is a branched homo- or copolycarbonate.

7. A method according to claim 1 wherein the amorphous precursor
polycarbonate is a recycled polycarbonate.

8. A method according to claim 1 wherein the dihydroxyorganic monomers
include 6,8°-hydroxy-3,3,3",3"-tetramethyl-1,1°-spiro(bis)indane.

9. A method according to claim 1 wherein the dihydroxyorganic monomers
further include at least one polyoxyalkylene glycol.

10. A method according to claim 9 wherein the polyoxyalkylene giycol is
polyethylene glycol.

11. A method according to claim 2 wherein crystallinity enhancement
comprises exposing said pellets to the liquid or vapor of an alkanol.
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ui1o u 12. A method according to claim 11 wherein the alkanol Is methanol and

contact of said pellets with said methanol is at a contact temperature which is

at least 75°C and which is further defined by the relationship
Tc .>. Tb - Z,

wherein T, is the contact temperature, T, is the boiling point of the alkanol at
the contact pressure employed, both in degrees C, and z is a constant with a
maximum value of z is 60.

13. A method for preparing a copolycarbonate which comprises:

preparing a polycarbonate precursor rﬁixture of enhanced crystallinity by meilt
blending, under non-reactive conditions, an amorphous precursor
polycarbonate consisting essentially of structural units of the formula

@)

[0} Al Y—A%?=—0

(@)

0 '

wherein each of A' and A? is independently a divalent aromatic radical and Y
is a bridging radical wherein one or two atoms separate A' from A?, with one
or more dihydroxyorganic monomers, at least part of said monomers being a
spiro(bis)indane bisphenol of the formula

H,C CHj,
(R"n

GO

\l
AN
() woll \/

CH;  'CHs

OH

or a phenylindane bisphenol of the formula
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a monomer-polymer mixture;
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pelletizing said mixture;

treating the pelletized mixture to enhance the crystallinity of the polymer
therein; and

polymerizing said mixture by solid state polymerization.

14. A method according to claim 13 wherein crystallinity enhancement is
conducted in the absence of catalyst.

156. A method according to claim 13 wherein the amorphous precursor
polycarbonate is a bisphenol A polycarbonate.

16. A method according to claim 13 wherein the dihydroxyorganic monomers
include 6,6°-hydroxy-3,3,3°,3 -tetramethyl-1,1"-spiro(bis)indane.

17. A method according to claim 13 wherein the dihydroxyorganic monomers
further include at least one polyoxyalkylene glycol.

18. A method according to claim 17 wherein the polyoxyalkylene glyco! is
polyethylene glycol.

19. A method according to claim 13 wherein crystallinity enhancement
comprises exposing said pellets to the liquid or vapor of an alkanol.
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maximum value of z is 60.
21. A polycarbonate precursor mixture prepared by the method of claim 1.
22. A polycarbonate prepared by the method of claim 13.

23. An article comprising the polycarbonate of claim 22.

24. A polycarbonate prepared by the method of claim 20.
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