,e3eT)Q&& | (. (n)6)T) WO 00/ 44811 (00001 PCT/ US99/ 26975 METHOD FOR PREPARI NG
POLYCARBONATES OF ENHANCED CRYSTALL:”“M ND OF THE | NVENTI ON Thi s
invention relates to the preparatio onat es) and nore

parti cul ar | wotoo44shei r preparati on by a m@bdoed requiri ng eREBUNESWINSITS of

crystallinity. Solid state polymerization (hereinafter sonetines "SSP") of
pol ycar bonat es i MEFH&H BQEngE%ARMWQCARB@§A5§§eQF§WM§E@71,

5,204, 377 and 5, 214,073, the di sclgpwstaL 9N IT™hi ch are incorporated by
reference herein. It involves a first step of formng a precursor

pol ycar bonat ' r I formed by nelt polynerization (i.e.,
transesteri fﬁ?ﬁ%ﬁh@%ﬁﬁdﬁﬁé@ﬁ%ﬁ@i%m c conpound such as bi sphenol A
with a diaryl carbonate such as Bi phenyl carbonate; a second step of
enhanci ng t hahiy yisiention niclatesftot the prepavatorercf poigcabomates] ahepmefe bui | di ng

t he nol ecul ar ight of the crystallized prepo] yner. by heating to

t enper at ur e lﬁ’@m%yi f‘)’s ‘B?'%&éeélﬁfaﬁ% {BYoA é?‘ﬂH'@“%rﬁ!‘?\aPEe Y Pﬁg

t enper at ur e. chigtallirityt hi s pol yneri zation method is of increasing interest by
reason of its effectiveness and environnental benefits. The second or

crystallinit b f | LS I t_in part
required to ?R@ﬁ?@gsﬁﬁ‘%‘%&g@ @ﬁ'éetii%{@{ |g§'ltng§g81f %?glc)l.?lf ?@@%@Pﬁ@?b%m e
during the SdRclkised, foArexaspientin IS Patemts 4/94BETH 1 65204{377handSSR141078, | S
renoval of hydraxyaromati.c conmpound, usual.l enol . . fromthe polynmer end
groups) per mXI?e[ gﬁé%ﬁ'grleéc?fl which,are, m“m%%téﬁs%y. Peg‘ffc?ﬂcé DRI t r'm’?fveﬁcacur

Eni for n!%/ tﬂlﬁcslgstupmﬁ fbhaifngmpr_eomrspul' p@lwabonalle),l typiaallgm@t@olmrdbrr?@qmpt )
appen if t particles fuse into rger . .agqlonerates. By crystallinity

t hr oughout tﬁé Hhegts p8y"éﬁ"zﬁg?a&t(t"8n ?rﬁ'gs%sﬁﬁr?'gﬁtéqgsof’; t%ed'E‘zquF r‘é’%‘a{“ﬁer eof)
fﬁsi onis i nhbbt:bedd IsOblysasabisbhénqt Aarvhmﬂaedmyt cabopatef euucm*gs @ﬁmbydi nght 0
the prior art olvent treatpent or at treatnent. As described, the
sol vent treatcﬁ'éq‘?%afﬁé?lf’(?&o'r'ﬁé@tepﬁ%ﬁé?n%ﬁaf%té%&e%ﬁh?)Bfﬁm&‘;‘i‘?feﬁ'? for the
pL eplo! yme <r:| , e thind csasp; @fCtiuildiirr]Ig the Wlf}fl{la@%@htmwsajlataaﬁ% Eprésﬁbljlahdﬂ ussgl ei th her
the liquid or_ vapor formtheyeof. ustrative "solvents" |nclude aliphatic
aromatic hydPBE@F%&?’n?, {%V%%ﬂ{?lr% betwepg, s efransition g%eefami? n%t ed

al i phati c anenetirgraérnperalise 0 U3ebon this tlyrAerddalibn GABIMREAIsCf indigagisg Of

"sol vents" for_crystallini w eé)lha,ncerrent requires a Sé{)ﬂ%r ate step of
contact of tﬁaefﬁﬁé%rﬂ@af’"ﬁ 3 eHeqtNAReSS and snvirpRments| HS. Only after that
separate step is conpleted can SSP be undertaken. For econony of operation,
it would be Jhefsecoed drccrpstalfititynechansemieht siepyofethisamathoshnis, abdedsSh i n a

si ngle, continyous ence not .requifing st.eps such as renoval of an

ext raneous | ipaﬁl ge_quﬁﬁﬂ!ﬂégﬁgr sé?"ﬁhe&f ‘V?Bﬂ%‘ﬁgﬁt"? Pf e_CéJ_rs,orthPgYDqggt?qrg;?e woul d be
pr ef er abl e f duribdnithe fBSPostep. Ar esseatials eldemicalt Femt@rkooe thentSShastepJis Pat ent
4,948,871, h h.etherma rystallini enhance t requires a

Cenper at ur e PRI PAER aretals SAiopbi e EARCHEAGE dork B P eendrel ¢ ng
tﬁm)e][ ?t ure ];gfouplse_qwm?ﬁngsanolp?nanr:]welgtmahereaée\ySbelatan@v_abmlttdueuFr g has
the effect of causi usi gn,.of the precursor rti.cles into |arqge

aggl oner at es,u"&ﬂf'ﬁ%qﬁrsougaﬁ% Hieo MATa Qi BrecHEsPr pq??&?arbqnéfﬁ)v‘ﬁ ich ,O[t he very
operation t haapperket thePparissbfuseairto larddrbabglomerates. \ByUlceyshatiimigsi r abl e,
therefore, tg devel a thermal cryst ﬁ| | i Blég %nﬁancg,n@rrs\t rrethd .whi ch can,
when desired! ngglb%‘?rﬁ?%@as\?\Pfﬁt IBastian the SH1aces AT ihe RETElRs hergor ysign

aggl oner at es i ihpibitéde pell ets or other particles of precursor

pol ycarbonate. It would be particularly desirable to devel op a nethod which

be | i.th SSP. SUMVARY.,OF THE | ENTI Th | i
S lorts a ol @b Sy BoRacemant M FerTomeoBota g (e, e avir itk By Falyenh <" ' "
T e A O L i b ¢
t hout causLn S use | | S | | 1 DI
Mool o b Yadt; SRy &; Sodd af 45, dab Jo0fte. preonme? Wi GaafRly ni't h

SSP into an integrated series of steps. %
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WO 00/ 44811 PCT/ US99/ 26975 1In one of its aspects, the invention is a,

nmet hod for preparing a palletized precursor polycarbonate of enhanced
crystallinity which conprises intimately contacting am):nghous pr ecur sor

pol ycar bondQ00i4¢t8lh at | east one diaryl carbonate to for mPSVEEY&YFzanl e

m xture and palletizjng,said mxture, said di | carponat e being present
in an am)unt'R@'Y'%PItb@gtf‘Bq"ﬂgﬁdr@a‘{agq f?émgtbpqeg%.gwqgreﬁvq 0?9'1‘(?6‘?5 dM%%at i ng t he
g_errre?t ed Eeunbﬁétsc tgrommnt ﬁ;ﬁiroéa?i'ﬁw ataidohofth 0\ethdre mbrsj,nme]gmea; OIof said
iaryl carbonate a el ow t ass transition tepperature of sal

anor phous pr'?@%@&dpﬂ?'lpbet&?W&ﬁ%’gg‘.ﬁﬁmﬁ?rﬁ&?rbﬁ%&ﬂd ‘{g)ryl[‘??éb?mti onis a

nmet hod for preparing a polycarbonate which conprises the above-descri bed
oper ati ons fTHe ussaf “Sglverds’\foeciystatinibneriansemeénpreqoiresa separatecsteppohat e  of
enhanced crystal lini by solid I rizati.on.., DETAlI LED CRI PTI ON;
PREFERRED Enﬁa%%afn‘égﬁréwggfen?ﬁé%@?ﬁgt‘I‘ﬁﬁ the Hhaieht 'Fﬁ"@h%%?qggd of this
i nventi on i sseparaeostpp oiss completeds @an p88RPC be bomddraker\s Fos cetohomyi of

"pol ycar bonat e"_.j ncl udes, copolycarbonat es an ol yest er car bon

Pr ecur sor pd?%?&%PﬂoM‘foé’id Q%B'ﬁfﬁ/"q o8, °FFBI°H’(§§3"@I'WPHF'§"‘?€IW@'R?P§#%Rpi cally
conpri se strigc single, bontintioo$ sehgericerrivtirequikihd steps stciRasPefmovhiesfearn at | east
about 60% of the total .n er of oups are ar.o ic organi c radicals
and the bal aﬂi‘i’@"??f@r @*d'%a&ﬁ[ﬁﬁﬁ ngeéﬁpﬁf@@w ,"egﬁh%ml?ﬁ'ﬁt weuldhf cal s.
Preferably, prefbabi® forshiepufposenti c organi c radical and nore preferably a
radi cal of the fornula: Al Y A2 WO 00/ 44811 PCT/ US99/ 26975 -wherein
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h A d ' ' ' I ' d Y. bri dgi
adical | n i giOefed B B SelsabRe s Petent BHEE . Bl TR ¢ ol cal s
are deri ved drystalimityhgrihaoeementratuicesca tanaperature betivieen ftius glabstrahéiforOH and
HO A" - Y- AZ- td F A AZ I t
insubst 1 £ ut JATBREAY e ek nedhelfid B eiraia &1Re GfhcEfets oupeaitiea or
substi t ut ed Arer heatingvatmovethe &f hasTthe éffectiof cgusinglifusidn df the prestrsof t en a
Ly e oo S, B B S O 3 SARBGRR B BT
preferred pabgosalbThad,dise asrg dpbration deatinvakes S8R padsibl@also inhiitstit.f r om
2, 2- bi s(4- hydr oxyphenyl ) propane) al so known as bi sphenol A". The

anor pho. pregur $Qr4P C t el tep a L ycarb o) L of the
type pr oducgg ﬁ@ul{i h?%i‘?éss?gglt%épﬁgfefgjehe %%{%glécbar oﬁ{alt%gbr%r&gtggﬁbr by
bi schl ar of orenhaecerhéntormethpd e pdiicht | can, f wheowdésirgd, hper ogmbinedanditror

endcappi ng t |} i aver age
nmol ecul ar w&{é gﬁt]tizca? )‘*"Jlﬂ{r%’utt ﬁgﬁﬁ\gﬁg%%gpg %rﬂ?@gesg%ﬁqﬁ%égllégg e&gr&m ned by
gel per neat ipantiaés ohyrecursqrhpolytarbbnatey ltbwould| be ipagtiautariyotigsirableotmt e or
pol ystyr ene)oeafl o Ambbohiviiidie el 58 A dritel hidnfiges ange of about 0. 06-0.30
dllg, all in YRS c VI SCos y values™herein being as determ ned in

chl oroform at 25C. The precursor polycarbonate nay al so be a relatively

hi gh nol ecul SYMWARMNOFp E@&VBUTEK?M, general |y having a wei ght average

nol ecul ar weight (Mv) in the range of about 10, 000-35,000, for which it is

desired to iTHe d8éntliAveriRhafferdY a \WRistlinityidnhbnédthéntaheth8d WhicH'Eart © a val ue
in the range of about 50, 00080, 000. 'For exanpl e, polycarbonates which are

of f speci fi ¥ ©BIPIAYSE W sambinalpa willh R ipebietizationrapertionr Bt BIEFUERY by t he
met hod of tmo‘wdamaié,ﬁnmm eaﬁgq {HRCH¢IRE 100fubé TntoPArBEH barticl8 iviHiéh SO t hat

they may be used in other appl Ions. The precursor polycarbonate may be
a branched f@hpinhiit gberslyemayghalt furthes I@ﬁ@"‘gyat methaga whidhn issfeagily i near

pol ycar bonat el S ihtedt { agent such as
1,1,1-tri s(4®H&£dﬁ“§'§rﬁ§§5ﬁ§§ﬁ@ﬁgméég%ﬁ%ﬁsga%géﬁg?ycar bonat es i ncl ude
ol i goners and high nol ecul ar weight 4 WO DO/ 44811 PCT/ US99/ 26975



copol ycarbonates containing units adapted to nmaxi m ze sol vent resistance

Hydr oqui none and net hyl hydr oqui none carbonate units are particularly

suitable for this purpose) as disclosed in US Patent 4,920,200. Such unit

will typically conprise about 25-50% of total carbonate units in the

pol yner. CO¥QBY48Un to the branched hono- or copol ycar bonZ2tEUHEFht ecede

occur si mul | 1 i r : onate t
iRIAGUH! i %Iséé&té, "Yfe GRVBARA o Hethdee 1d? p@ﬁg@%a%%ﬁf&b

[
an enhanced crystalli pol ymer. e precursor onate may al so b

a recycl ed prsopEserpolsatoonatesohenhanged cryskalligity arhigy eprapdsesdntimatelymmat er i al ;

.e., recycl L egd, ' t acl al.
IpoI ymer i z;t icgﬁt’a B@ﬁ %ﬁ?s%igééggwghwggbﬁ Jr?%% g’i't‘s?%:/ 1 géraggf't oéwnéatad é%rylmay be
enpl oyed. Sgethonateyts Emnatpellietizable mixtare and pelletizing said mixturs, gaid whi ch h

been de rad fr o ' j as sho
by an intri ?%I 'é\%%s‘%:%gél P@B?:?pﬁ?y}da%gé}ngg ng%%ed@ 9%&5%@?%@%%@#3 may be
obt ai ned fr ¢hussformedpeng deatingdhe peymeaatedopelistsoto iancentadt! tempesatete or gani ¢
I t I ] ] j - dichi

Fol 1 owed by 283 188G poi SF3al UERT cbbeRbie dhebeidw 7 cs BAHAECT, o
procedur es temperahae af said aoforprouspresursorpmhaaebonatest i t uents. O her types
pol ycarbonate, such as i interfacially prepared polycarbonate and

ol ycar bona r al I : Prior
rentment. atooir asagt drbSivediRe 18 & et MR uBHriza ichRdhapaly

i nvention) dich cerhprises thaaboverdeperiiedr eparationisyfollawashby eolymesizatianycl ed
terial) tocd ; . . . .
T ust rad i ve! L Fréciredy pHiyEarbndle B ehfanded SHRIMIN By AU Bate,, of or m

1, 2di chl or o@plymesigalian. or obenzene and o-di chl orobenzene. The chl oroal i phat
hydr ocarbons are preferred, with nethylene chloride and 1, 2-di chl oroet han
bei ng nost Py ESBESERFTION PREFERRED BMBOBMENTS! Ycarbonate in the
sol vent nmay take place at any tenperature. Typical tenperatures are from
about OC to_the boilin gint 5 WD 0a/ 44811 PCT/11S99/ 26975 -of the
sol vent, wi Jﬁeasﬁiﬁ“t‘éb%i%ﬂ@ g@atarial ') Be Mmethed el thig. inventiasnds AP an anou
of sol vent faHoeﬁﬁduée_ﬁrectﬁs@sgidﬁaimaml waanjaenaherdi, epolyeartenatet S |
proportion is not critical. Such dissolution generally |eaves behind .
various i ns#iciHsles %?'8?‘?’99%3.‘9?9@‘1PﬁVéﬁtﬁfQﬁﬁb‘T’@?‘isﬂer contenpl ates renmoval o
said insoluble materials fromthe pol ycarbonate solution. This may be
achi eved by Presrssropoigcdrbomates qsefultinothe methdacantias iiaventibn! fypighihon and
centrifugation. .The%cyﬁlﬁ&ﬁ% é’irb nate is frequently associated with
col ored i npGPMPrise Strygiyranu % W&, t he pol ycarbonate itself or in th
solution thereof in the chlorinated solvent. Various enbodi nents of the

i nventjon, therefore, include step of renoving color fromthe anmorphous
pol ycar bonat? solution follow fjg other renoval steps. One nmethod for colo
di scharge i Mt reat ment while iR solution with a mineral acid) preferably
hydrochloric acTd, %ar® acPd tT§prcally being in solution in an al kanoi s(
as nethanol. Another is contact of said solution with a solid that absorf

col or bodi ewhessic fat dsastc@boubn66% ohthectotdl rumber of R'sgrionps dire esomatiavhi ch may

be neutral or may b n_i exchan resin. Anether s washin .th a

S0l Ut on- of SRR 8AG A BaERER taerEphae ABRRIE!Aicholly 2 Aoal n "t o
preci pit ati eadieals.dePeafetabdly, heachi RAfiS ean ardratic) @ngaric aaticah and moraint
sufficient tofdi %FOl ve.qc?gl% odi es. The sol ution of anorphous precursor
pol ycar bonaPEefp@bly:3 fadigalo §t°'[5'é{'ﬁ"t", freed of any solvent prior to .
crystallinlty enhancenent. It is usually advantageous to precipitate the
precursor pdiycarhdrate thepdf+om by such art-recogni zed net hods as
anti-solvent precipitation or steam precipitation. According to the
i nvention, the anorphous precursor polycarbonate is contacted with at |ea
one diaryl carbonate, preferably Bi phenyl carbonate, and the resulting
mxture is palletized. Said m xture nmay further contain other materials,
especi al |y di hydroxyorgani ¢ nononers tosbe incorporated in the
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pol ycarbonate during SSP. Il lustrative of such nononers are processabill tIy



WO 00914811 PGI/ Cf 899/ 26975 -inproving materials, usually pol yoxyethyl ene
gl ycol s such as pol yethyl ene glycol (hereinafter "PEG'). O her nononers

whi ch may be incorporated are those which reduce birefringence in the
product polycarbonate. These particularly include spiro(his)indane

bi sphenol s %‘P“?’ﬁ‘é“f ormul a and phenyl i ndane bi sphenol s of EH&¥¥N a (i v) |
OH wher ei n Ryhdreinhgabtogdérandr ACjs a monhogyclic aivatent carglaragdioal lapd gl an i s 0- 2.

The preferred, npnoners, of f.ornmulas, |11 _and |V ectivel e

6. 6 " hydr oxyricding, eical & whigh Bhe B we caBdh alafpd SERESE ATt &Y *Rusti nar ¢ e
desihgnat ed "rSBicbr's)afraraférh’leclifranﬁ dihymb*nakerfl?t(ofle%mpbww;mehra/fo)'mﬁldfs%&dmoxyi ndane.
I The proportign o Lar W gnat e, e ed is _an amunt, sufficient to
swel | the pdM é"&%%'t‘(‘éﬂggg 5?Sp§ﬁ%‘1‘%ﬁou rﬁf‘%@ﬁés& %@I ézcg??ﬁfﬁ e. In
general , ?b%pre@eﬁt%@bmhﬁdmhbnﬁme,?‘spdéiglw-pbmw mgh lsq&ﬁfén@a. dded
structural units in.t recur sor ar at e _conbined wi any adde
NDNONEers, | s°re?‘?°éi!£‘i“’(}£.%e&a%§ﬁ%§h?r8&gl ﬁ?‘et'?f%mgam'cqfa{j !?omﬂsé off@??/ﬁeat es the
pel l ets and rgakscarboh group and Bihicularl?'\@sh&fdé@@oﬂCEb&lB%Q/ @ethyfene, as a

pl astl ci zer thiebef ci‘rg causi.n c&@ta l'%%on tprou hoﬁ}@t h@ pellet. Oher
nononer s, wHERCARHEHBE) °51r'§‘995? Aee | WG B nPeefaCec t 't BepM9Gtice the
des ihr ed | evqiref'erreahepo{ycagdtoﬁmﬁy@g; bmoleé edé{l)veﬁt reumtel{j abr ulta! tp&rt?fhfohve?hf rom
such nononer ntact wi e diar carbonat e an ptionally, other
ooy o) 1 A R AR DBRREN AR BRERRIA NG pointof t he

di aryl carbonate, which is 83C for Bi phenyl carbonate) and bel ow the Tg of
t he anor phouFheparaorphsgs prezuysohpblyoarbenatetis often a poalycarbonatet dligomer ghbor hood

f 120C f i sphenol , A_pql tes., Th t.ypi cal tact t t
e in the rBREPE PracupeB By Rl RN r, 3 BhSi poueHbohas dthdies 4B R - oS
precursor pdigchigrofonabte naligobwr Jnebapatidrer folibwed S bys Hydestysisl and/or
art-recogni zed, sol.id stat ol wneri zation cor}ditig‘ns. The, ﬁgP reacti on may
be of f oot ed SHECAPRIRG.ABA J5qiA6n, 5k ofigamers Bestotan Jiave A WeigRLRYSESR ¢ of ¢ ho
precur sor pohyleamlﬁowatgm emﬂ% be‘t?ewah%@ Sfrgl;%dtrm%()osmmeoah? lrd%terll;nmwlzgg al2230C
te eratures I n the ange o abouyt - n Pecl a ou -

are sui t abl &2¢! Rermipalan, BaramaroaraRhy, VBIch TBRY PG, telative do Relycaranale kg 571,

5, 20ﬁ, 377 arpblﬁtﬁ?ﬁe.cﬁfa)arcrmtsw \lria';w'sltty irenhaas qm}'lhbw.nd).cliﬁﬁ’zo&y/gblau gOndlﬁlCt ed
In the resence of, at east ne cat al yst ul,tabl e at St cl ude those
known i n t hdnEpsicviscaitcyaluas hesein being 28 detemyined EATElMIA 2B NS as el

pol ynmeri zation, redistribution, equilibration and solid state
pol ymeri zat i The prdoussoe pplycarbehatetraayraisorbd a relgtivelye Highanolebglapweight

i nvention and,their presence is frequently not preferred.. Soljid state
bol yrer | zat ROVGARNEEE. CBRBTALY diFving 2 RGNt vESAgaReEH T Waiaht (M) b | mar e
gas-sol i d canéagahge vicdboas 18,000:350005 dor Whidhdit 26 didsitdd a6 incredse tha xer, in

contact with an inert. gas. as nitrogen or arqon whi ser as the
FruL it 2i ng. Jagepyativeiolf SCHARER o ek dpe b Tangaf QT EOH e Ve one
or both OL tﬁoeomrpeseaaaipéé,l pb@bzrbagatﬁbewﬁicht dfee affspedification Llfa'rn:gI and
\r/glrrgn lng 8yp;;ac|)'t?éju atrsa’ppllicr:]é:t}ollj'n rlrng)?bg\%nty%{dllizeg%v)tﬁg %e?r%ic} clafc thf;soiﬁpgn%ign prrc])r any

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

4



WO 00/ 44811 PCT/ US99/ Z6975 -carbonate fornmed as a by-product. Progranmred
heating may be advanta geously enployed, and in particular a tenperature
tanpi ng regi me which includes both crystaH nity enhancenent and SSP

tenperature be utilized. As an alternative to conditions of intinate
gas-sol i d c&'rﬂ“&i‘f‘t“ﬁ‘ 1t he pol ynmerization may be conducted at PCEMIOSE97Sr eSsure,
typically | egspolytarbonast cdr%rn.har&anspéaa‘p%cﬂm YnaMirhi2e Yolvent 8distdhed.Ng. It 1i's

possible for the SSP reaction to result in the incorporation into the i
pol yner of tHydraaeipgne candgnathyihydioadinene r garbenate: ynits narey Pamicalat¥ment . For

the purposesggaplder {Wﬁu%bQ@ astdiﬁzl&éé‘a%rl.@PSteﬂf4@902@9050&?&%& Wil such
i ncorporation I's not significant. The method of the I nvention Is

i |l ustrated Wpicahe CPG‘PF'&W@P@“E)?é?rﬁQ‘VesOf '@F%}s‘iaéilPQﬂ% tupits dp clegt Bejuseher e
deter m ned Digotberkish & iedbraRGrfihdifo aH b%émnawa@h&%ad%fvgﬁgﬁt er m ned
by gel permeation chromatography relative to ,
comer ci al | ysiianegysly with pthenepnvarsien ﬁdh%cﬁfﬁ@@sq?faﬂpﬁygafaoweoto about !
52, 000 was nschel mxer with SBI and a PEG having a
mol ecul ar vveé@ﬁlsg? @gggaﬂgrﬂggly?nﬁor m a powder having proportions of ,
bi sphenol A)_SBlI and PEG of 79:18:3) with the PEG ’Droportrons bei ng

cal cul at ed oRhe HECBHEIrs PRyCarhenats| aay| also ke ghreqyrledopolyearberats, l*éar bonaae

was added inmeiHid aﬂ‘éﬁgﬁ‘lapfpré’pa'i’mcﬁl r;errﬁﬁha&erraasaeéi aéwcré% peky@arbBhat8i sphenal
A, SBlI and PEG units and bl endi ng was repeate 'rt)o er was extruded gn

a twn scremprégt@alwd%fﬁpa'tedt EWPQ@‘EI?'eBO'VWeﬂH!'WaMemG erization Tie |

extruded pol ¥GAHAARISIoRhatds Wly Bdémploged st al linity of 23%and a nelt onset
tenperature of 141 C. EXAMPLE g An am)rphous bi sphenol A pol ycarbonate

ol i goner having a Mwv of ,.0 repa ansesterifi cat ion |
reaction of %‘i‘gbﬁ%‘ﬁ'ﬂed "\ﬁfqrﬁ’ FéWyhgsaa "\@9‘6‘9’4‘2@9& 99? E
- - car bonat e, deyradéd Gkl miﬂd:fvm han‘g.rrau q:dwé‘rrzaa mBRAad ad showhUsy) uhal uni tis
in the pol ycarbopate, of Bip au]P ?g Lfge extrudat e was bI ended at\
105C in a He'ﬁ!ﬂfﬁlé’lv'%%BY "Y'('S‘P G iﬂ Hgﬁ oy aéﬁ'?)@ 19- B3y bgoktaineg fr ‘é’ﬁhancedd
crystal lini tyoraﬂ' %?Eérﬁéﬁéﬁtw Qrs%luirdi\r? ifTaXchloriated Bnic”é.‘dl%‘i%ﬂcﬁ @s180C far
2 hours, 220C for hours and 230C for 7 hrs to effect solid state l
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bel ow t he gl ass transrr% n te erature of said am)rdo ?us precursor
pol ycar bonat igvention, particula en the precursor polycarbonate is' a recycled

material, to dissolve lt in a chlorinated hydrocarbon as solvent. lllustrative
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chlorinated hydrocarbons are methylene chloride, chloroform, 1,2-
dichloroethane, chlorobenzene and o-dichlorobenzene. The chloroaliphatic
hydrocarbons are preferred, with methylene chloride and 1,2-dichioroethane
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




2. A method according to claim1 which is conducted in the absence of
catalyst. 3. A nethod according to claim1l wherein the anorphous precursor
pol ycarbonate is a bi sphenol A polycarbonate. 4. A nethod according to

claiml1 whepein the anorphous precursor polycarbonate is onat e
oi i gomer . SLGV%,&“’ﬁéesfﬁod according to claim1 wherein the arrg?g/ﬁ%g\ééggggecursor

pol ycar bonatef the selvamtgwithabeat/20w1 00%S gémerauyl byeing bmiemred.laa loﬁg rastdrod
according to claim,2 erein the amorphoys precursor, pol ycarbonate is a
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wher ei n t he REpsHb®isndricatidsal.sor pol ycarbonate is a recycl ed pol ycarbonate.
8. A nethod according to claim1l wherein the pelletizable m xture further

contains at Jeast ' 1CE . thod, accgarding to
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6, 6' - hydr ox e o v APl 1S LJ; qgﬁi et hod
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t he range of - ! ) or di t L m. erein the
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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.

According to the invention, the amorphous precursor polycarbonate is
contacted with at least one diaryl carbonate, preferably diphenyl carbonate,
and the resulting mixture is pelletized. Said mixture may further contain other
materials, especially dihydroxyorganic monomers to be incorporated in the
polycarbonate during SSP. Hlustrative of such monomers are processability



one diary! carbonate in an anmount effective to perneate said peNets)
heating the perneated pellets to a contact tenperature above the nelting
poi nt of said diary! carbonate and bel ow the glass transition tenperature
of said anmorphous precursor polycarbonate, thus producing a precursor
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A met hod according to claim 14 wher&in the di arylrigarbonate is Bi phenyl
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tenmperature fs In the gynge of about”85- 1T¥{ A pelletized precursor :
pol ycar bonat e prepar eé 3 met hod of cl § HA pelletized precursor
pol ycar bonat e prepared T Ne—~et-hod-of . cl P3. A pol ycarbonat e
prepared by (ithe net h4
met hod of 18. 25. An a¥
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24. A poNIE rbdnate prepared by the
di ng the pol ycarbonate of claim?23. 1

CH; CH,
and phenylindane bisphenols of the formula
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wherein R? is hydrogen or C,, primary or secondary alkyl and n is 0-2. The
preferred monomers of formulas il and IV respectively are 6,6°-hydroxy-
3,3,3",3"-tetramethyl-1,1 -spiro(bis)indane, hereinafter designated “SBI", and
1,1,3-trimethyl-3-(4-hydroxyphenyt)-5-hydroxyindane.

the pellets or particles of amorphous precursor polycarbonate. In general,
about 0.5-3.0 mole percent of diaryl carbonate, based on structural units in
the precursor polycarbonate combined with any added monomers, is
effective. At such levels, the diaryl carbonate permeates the pellets and acts

|
7 \
|
|

The proportion of diaryl carbonate employed is an amount sufficient to swell
|
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bCf : 10%1&! ()medrbdu&‘t(m&ns(:)ot%igi)m&h() 0d0%& ()-" 10G 10G 10G #s<10%&' () - s
8QJEhCS&L0%IE () - S# 10%1& () -2zS ~ 10%& () - SSF 10%& ()-fSs  10%m& ()-ff

MLO%TE () - X! A QUBE 60 the ARVerliBh is illustrated by the following examples.
Crystallinity percentages were determined by differential scanning
calorimetry. Mw values were determined by gel permeation chromatography
relative to polystyrene.

EXAMPLE 1

A commercially available bisphenol A polycarbonate having a Mw of about
52,000 was blended at 100°C in a Henschel mixer with SBlI and a PEG
having a molecular weight of about 400 to form a powder having proportions
of bisphenol A, SBI and PEG of 79:18:3, with the PEG proportions being
calculated on the basis of the molecular weight of 400. Diphenyl carbonate
was added in the amount of 2 mole percent based on the total of bisphenol A,
SBI and PEG units and blending was repeated. The powder was extruded on
a twin screw extruder at temperatures in the range of 260-310°C. The
extruded polycarbonate oligomer had a crystallinity of 23% and a melt onset

temperature of 141°C.
EXAMPLE 2

An amorphous bisphenol A polycarbonate oligomer having a Mw of about
8,000, prepared by a transesterification reaction of bisphenol A with diphenyl

9
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polymerization. The product was the desired polycarbonate having a Mw of

24,800, a Tg of 138°C and a melt onset temperature of 252°C.
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10 v 10 UI‘611 % U‘%«SJ ?dr\plrg;/é)n%%l é )péﬁellitztja'g recuréc?r polycarbonate of enhanced

crystallinity which comprises intimately contacting amorphous precursor

polycarbonate with at least one diaryl carbonate to form a pelletizable mixture

and pelletizing said mixture, said diaryl carbonate being present in an amount
effective to permeate the pellets thus formed, and heating the permeated
pellets to a contact temperature above the melting point of said diaryl
carbonate and below the glass transition temperature of said amorphous
precursor polycarbonate.

2. A method according to claim 1 which is conducted in the absence of
catalyst.

3. A method according to claim 1 wherein the amorphous precursor

polycarbonate is a bisphenol A polycarbonate.

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. l

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 pelletizable mixture further
contains at least one dihydroxyorganic monomer.

9. A method according to claim 8 wherein the dihydroxyorganic monomer is at
least one of polyoxyethylene glycols, spiro(bis)indane bisphenols of the
formula

11
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and phenylindane bisphenols of the formula

(Rz)"/\ THaf
0 N fi oR -,

HaC CHa

wherein R? is hydrogen or C,_, primary or secondary alkyl and n is 0-2.

10. A method according to claim 9 wherein the dihydroxyorganic monomer is
at least one of polyethylene glycol and 6,6°-hydroxy-3,3,3°,3"-tetramethyl-
1,1°-spiro(bis)indane.

11. A method according to cilaim 1 wherein the diaryl carbonate is diphenyl
carbonate.

12. A method according to claim 11 wherein the contact temperature is in the
range of about 85-115°C.

13. A method according to claim 11 wherein the proportion of dipheny!
carbonate is in the range of about 0.5-3.0 mole percent, based on structural
units in the precursor polycarbonate combined with any added monomers.

14. A method for preparing a polycarbonate which comprises:
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F3 @0% U& (infisencdntadtingErmdrEhéys ple@lrsbP polycarbonate pellets with at least

one diaryl carbonate in an amount effective to permeate said pellets,

heating the permeated pellets to a contact temperature above the melting
point of said diaryl carbonate and below the glass transition temperature of
said amorphous precursor polycarbonate, thus producing a precursor
polycarbonate of enhanced crystallinity, and

polymerizing said precursor polycarbonate of enhanced crystaliinity by solid
state polymerization.

16. A method according to claim 14 which is conducted in the absence of
catalyst.

16. A method according to claim 14 wherein the amorphous precursor !
polycarbonate is a bisphenol A polycarbonate. i

17. A method according to claim 14 wherein the pelletizable mixture further
contains at least one dihydroxyorganic monomer.

18. A method according to claim 17 wherein the dihydroxyorganic monomer is

|
at least one of polyoxyethylene glycols, spiro(bis)indane bisphenols of the ‘
formula !

HiC CHy
(Rn

(R?),

W
AN
(an HO (7 \/

|
OH

CH; CHj

and phenylindane bisphenols of the formula
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wherein R? is hydrogen or C,, primary or secondary alkyl and n is 0-2.

“abcdef ghi j kl mopqgr st uvwxyz{|} ~
'CH,

19. A method according to claim 14 wherein the diaryl carbonate is diphenyl
carbonate.

20. A method according to claim 19 wherein the contact temperature is in the
range of about 85-115°C.

21. A pelletized precursor polycarbonate prepared by the method of claim 1.
22. A pelletized precursor polycarbonate prepared by the method of claim 9.
23. A polycarbonate prepared by the method of claim 14.

24. A polycarbonate prepared by the method of 18.

25. An article comprising the polycarbonate of claim 23.

14



