;tue3de] FZ| (6TF=C. METHOD FOR CONDUCTI NG SOLI D STATE POLYMERI ZATI ON OF
POLYCARBONATES BACKGROUND OF THE | NVENTION This invention relates t
* opol ycar boonate preparation and nore particularly to the prepyaooan of
aromati c pol ycarbonates by solid state polynerization The nethod w dely
known for preparation of polycarbonates are teh interfacial nethod and the
melt nethod In interfacial polynerization a dihydroxyaronati.c conpounds is
cont act ed® ¢9%Hosgene in a ni xed aqueous-organi ¢ sol uti or'i’Cl'rﬂJS@;?g‘-"ﬁ? esence
of an acid acceptor and an am ne as cat 9hyst This method is falling out of
' favour bemm{mm"mumwmtom city of phosgerne and the environnental hazards
of methyle he %D@H@EEH)& @hb%q&g%es Qrgani c prepared
interfacially apgfnare then : 9] I PLIQe ght _
E'Ol y(r:]ar blonat e has si m;jl ar dLsaggAmEag@EYMERmmn qgtrepalr ation EEt hod a

| sphenol is contacted wth a di oTaF:) the nelt in the presence
of a suitable catalyst An oligeri ?%io}@g Y oﬁgt%§§s first produced and it
is polynerization tenperature There are al so di sadvant agegul.[. this process
one of them being the high viscosity of the nelt ponmr/@I&MﬂMMlﬁ /ure
especi al ly duri ' \jydi Ng  step whi /’I
difficulty of h&%ﬁ%@@ﬁ#@@ﬁ%@?ﬁ% ycar bonate fornmddaigm solid
state pol ynmerization (hereafter sonetines "SSP")has become known in recent
years The fi& st pol yneri zhbisdaventian refates to pelycarbanate ppeparatien,iand oi | goner
formati on by ne | [ id hSti | ;
treatment to 1 nong PRNPRIrkRo AR prtfarelib e RlomAut PEP BRI ERLs By <0

ol i gomer is finslatsPolyEieEdation,s t enperature between its gl ass

. The methods widely known for preparation of

polycarbonates are the interfacial method and the melt method. In

10  interfacial polymerization; a dihydroxyaromatic compound is contacted
with phosgene in a mixed aqueous-organic solution, in the presence of
an acid acceptor and an amine as catalyst. This method is falling out of
favor because of the toxicity of phosgene and the environmental
hazards of methylene chioride, the most commonly employed organic

15 solvent. A similar method, in which oligomeric chloroformates are
prepared interfacially and are then converted to high molecular weight
polycarbbnate, has similar disadvantages.

In the melt preparation method, a bisphenol is contacted
with a diaryl carbonate in the melt in the presence of a suitable
20 catalyst. An oligomeric polycarbonate is first produced and it is
converted to a high molecular weight polycarbonate by increasing the
polymerization temperature. There are also disadvantages in this
process, oné of them'jbeing the high viscosity of the melt
polymerization mixture, especially during the molecular weight building
25  step, which causes difficulty of handling.

A third option for polycarbonate formation, solid state
polymerization (hereinafter sometimes “SSP"), has become known in
recent years. The first polymerization step in the solid state process is
oligomer formation by melt polymerization. The oligomer is then

30 subjected to treatment to induce crystallinity therein. The crystallinity-
enhanced oligomer is finally heated to a temperature between its glass
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PCTI US99/ 14328 -2 transition tenperature (Tg) and its nelting tenperature
*(Tm in the presence of a catal yst, whereupon polynerizati on Mayg®083t 0
produce a high nol ecul ar wei ght pol ycarbonate. US Patents 4,948,871 and
5,214,073, the disclosures of 5 which are incorporated by reference her ei n
di scl ose aVAOPRMIIfor solid state pol ymerization in which ¢PEIUSPYI4REy is
enhanced by solvent (typically acetone or sonme other ketone) treatnent or
heat treatment. The polynerization step 4s then conducted in one or nore
stages at tenperatures of 180C and hi gher, , often with vanping of the 10

tenperature d r|n age. sagvant age of such a process is the fact
that it cannot™¥ Lodhﬁs?é‘?f?*‘éﬂftffﬁlaﬁau ﬂtéd”‘%algﬁgitﬁWBGQtyre %@H’B tse woul d
require mul ti presercof @oatatpsteWiicraupongiolpmefizaReecaik e preiRle At t ai ned.

TS, Y2101 10 il L P B, | 2 cobT e 15 RS nurber

pol ynmeri zation rates at tenperatures on the order of 180C) the onset
tenperature for many SSRJPRatestsel 4B and 5244073, thee disclsyres v, Sti | |

further, the mgﬁ%ﬁe tr%ojrg@;é%@%@%}er@ﬁere r{'%ge]?%}ﬂo@ din chﬂl dher

pof ycar bonate avi ng? rage ecu
t han 15, 000. Ftleqqalymepzatian Wh@hm%ﬂﬂwgéﬂl%@f(ﬂm wwivémtgher Mh val ues

th d f b t
Z‘Eeoooe(ﬁé"c““” D e oh %“&F%é‘?%f"e%e? SR R e Bt

requiring ca PIYMeERgatiASiaRis fhen FPB%"?L@% I gne Pnayorgriagermat of Exarrpl e
9 of 5,214, o7$emaérdtamsng 18050y arsd highley, eftérawitkdaddpingpdithe of 26, 000 and

ggoog? whi @h rtgrﬂHeFa‘?u}engﬁr?ﬁé)g‘sqgée pol ynmeri zation tenperatures as high as

One dxsadvamage of such a process is the fact that it
cannot be conveniently conducted continuously. To do so would
require multiple reaction vessels, one at each temperature level
attained. Thus, ramping of the temperature would be impracticable and

15 the number of necessary vessels would be prohibitively expensive.
Further, polymerization rates at temperatures on the order of 180°C,
the onset temperature for many SSP processes known in the art, are
very slow. Stili further, the process is, for the most part, incapable of
yielding a polycarbonate having a number average molecular weight

20  (Mn) higher than 15,000. The only specifically disclosed
products with higher Mn values are the product of Example 12 of
4,948,871, having a Mn value of about 25,000 (as calculated from the
disclosed values of Mw and Mw/Mn) but requiring ramping of the
temperature from 190° to 220°C, and that of Example 9 of 5,214,073,

25 having progressively attained Mn values of 26,000 and 40,000 which-
require uneconomical polymerization temperatures as high as 230° or
240°C.

it remains of interest, therefore, to develop SSP
processes which require a minimum of heating stages, all capable of
30 being performed at a set temperature without ramping, and thus
adaptable to continuous polycarbonate production. It is also of interest
to develop processes of this type which permit rapid polymerization



't remains of interest, therefore, to devel op SSP processes which require a
m ni mum of heating stages, all capable of 30 being perforned at a set

- tenperature wi thout vanping, and thus adaptable to continuolt&Mapl290@%r bonat e
production. it is also of interest to devel op processes of this type which
permt rapid polynerization 16 May 2003 - pCl'/US99114~28 WO 00l 29461

- Sand whiwb oaeicadapt ed to produce a pol yner having a Mh offCTB]S9904328
greater. SUMVARY OF THE | NVENTI ON The present invention is a polycarbonate
production 5 method adaptable to achi eve _the above-summarized goals. It is
a nethod for preparing an aromatic pol ycér‘bonate whi ch conprises: (A
contacting precursqr. pol ycarbonate pellets having a dianeter in the range
of 1-5 mm wi t haad "Yc}?éa'gtaf%ﬁaalﬂf@ﬁ'-tgcnfoéme atpalyroenhavingtekipesfatsuo) gf  at

| east 75C for d&edl@r.m nutes to produce an enhanced crystallinity precursor
pol ycarbonate, 10 said non-solvent conprising a C1_ZO al kanol in the liquid
or vapor stateSUMMARY OFUPHECINVEEN PR enhanced crystal linity precursor
pol ycarbonate to solid state polynerization conditions in a stream of inert
gas) said conditions inchEdipgg a stage of heating at a constant 15
tenperature in the range'Bf PSSRAUIMENtion isaopeliyearhopate/mratiootisi e pr oduct

havi ng a nénbemethaet a@mtableﬂ@tdcﬁﬁewﬂﬁrﬁbo@s%h%{r%%g%ag% 18!, permeation
chr omat ogr aphy, EE.{ [ } %E%%o stégen{e O{)’ at. | east 157000. BETAI LED

DESCRI PTI O\, PREEERRED 4\%&@ Batiepplycarnsiate whictheenprisss:be pr epar ed
by the nethod of this invention typically conprise structural units of the

fornmula 0 (1) OR O C whéy comadiig peatsoniiartfidte b favif fliaUlPR! of R

groups are ar gahhde 1ERCwilAd and the bal ance thereof are aliphatic,
25 alicyclic, _or ag;eonati c fmg@laégéq%glé rENSPYBR At aggpiactiteperatiref abigastc

or gani ¢ radi cA? CRt!HeR @inytestte pedlise an erdehesl crastalfdng pleRla) £l E@n:ﬁ'e Y AZ
i d .S a

16 May 2008 VEi®R2&shaht od \ 14 -4 rein each A" an .
nonocyclic dival ent aryl crﬁgsﬁﬁ%ﬁ@@% I .%E‘F%?rn"@p?%ﬁﬁt@aﬂndi n whi ch one

or two carbonate atons separate A' and A2. Such radicals are derived from

di hydr oxyaromati ¢ conpounds of the fornmulas HO R-OH and HO A - Y- AZ- OH

respectively. For exanpl(B) sebjactingdaitilerenmedl drystafifitg prstursgis ubst i t ut ed
henyl ene) es j ' is. preferred, ".or substituted

ger | zat | v)es : Eg%cgkl_ﬁdné.{e Q@%B.W'é gfé‘?e Wﬁiﬂbﬁzsatl% condition’s in a stream of

inert gas, said conditions including a stage of heating at a constant

15 temperature in the range of 215-225°C, to produce a
polycarbonate product having a number average molecular weight, as

determined by gel permeation chromatography relative to polystyrene,
of at least 15,000.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

20 Polycarbonates which may be prepared by the method of
this invention typically comprise structural units of the formula

) ——0—FR—0 c

wherein at least about 60% of the total number of R groups are

aromatic organic radicals and the balance thereof are ali‘phatic,
25  alicyclic, or aromatic radicals. Preferably, each R is an aromatic

organic radical and more preferably a radical of the formula

(i) Al Y A?



The bridging radical Y is nost often hydrocarbon group, preferably an
aliphatic or alicyclic hydrocarbon group and nore preferably a saturated

+ group such as nethyl ene, cycl ohexylidene, or 10 isopropyliddBayi2atB i s
preferre----------- d. Thus, the preferred pol ycarbonates are those
consisting of structural units of formula 1 (which may be of only one
struct ur eWQ 0%4&lever al structures), in which R has formul apdtugedadsgi s an
aliphatic or alicyclic hydrocarbon group. Especially preferred are '
poi ycarbonates derived entirety or in part from 95

2, 2- bi s(4- hydr oxyphenyl ) propane) al so knofn as " bi sphenol A". The essenti al

starting materi i.n st A of the nmethod of this invention is a precursor
pol ycar bonat e. vYaIJ[:erme @E)é ﬁd\dyéa’tstﬂ)mcwﬂmnalﬁnbérw redi¢Mrmdpy dyced by

the first step boidgingeddicgiah wiachena i.gchl or gfior mat e

ol i gomer pr eparﬁ@t F%Bh%éw %nfd by 20 Vé%%?@”ﬁ%é%’?géﬁaé@g%%@ngnd

i sol ation. Such oFGoners ot %ﬁ‘r{"@ﬁ' %@Vé" diexyromatiercagepomideqsl ar wei ght
(MY in the ratiRfamuassi-F0M0and HO-ATYSAUOATe SR, R St "

det erm ned Hy %e!afﬂeAn&?ﬁé@;ﬂ ﬁgr'%rrakggr aq{?{, relative t0°p I°y§f‘§’m@ , and an
intrinsic viscosity in“the _X\ RIESFNpUBRY w.@ﬁealpﬂ@pyl@me. espadigllyig vi scosity
25 val ues her ePReB¥ERG vehichds prafemed, énsz:ﬁ’dtiﬂfté&@éﬁbﬁﬁv(f%ﬁg%r @t h homopol ymer
and copol yner precursor polycarbonates may be enpl oyed. polycar bonat es

i ncl ude those cont ai ni Ng,THe%ri j npl. A carbonate structural
units in combipation, with .%gl(?rl')ona e Qﬁﬁ?lﬁs%pa%‘glsﬁ%%e? ?Z’Nf‘&qaébomgmwenol s or
from 30 pol yet R& 2l VQ?Q@(HP atio\pe gligyielic @Né@@r@mg@'py@ﬁi Rlof&r bonat es, such
Car bonat & 141 (o MY O Dol BUMIHAS AYs3Rdehe: Sy al'so e
a relatively hi gﬁmr?&?ecu%/ﬁ“aklsdﬂﬁ Y Hiuse g erefefearbpalybyrboadidag an My
val ue in the ra{RdBose coosistiog 3 sBABturdlamitettfebrmidiall ARRIh&dpL Q¢! NCT ease
the nol ecul ar deyg,hg stiddtdirel S S8 lers <8 ug to a ,\/g‘fvue in ?HS Otfange of

50, 000- 80, 000.  For. .5 exaggl e, optical S&HSN’ $). fovpichrR baafermuiadh is of f
speci fication Qfﬁijjyb%aﬁr%) alic oz glicysficthydroxetrbosl gedug, IFispebygnt i on prior to
2Dl ot | 955, Toe o b oy aonas e el & 1V BediRad nomo or

copol ycar bonates f%ﬁ%@%’ﬁﬂ%@%@%”@naﬁp knowmasitbigherrbonat e or 10 its
precursors) with a branching agent such as 1,1, 1-tris(4-hydroxy

phenyl ) et hane. Branched H@%WQDQ@&?@MM&@?S@H&BW@?@&,@&Qh
pt e i

nol ecul ar wei feaTere I qQptal,nin nits ada nmze
sol vent resi s?h%l(':e. E}}/ ﬁgq |ngsr'l'g"%éﬁ&wﬁ@ft?ﬂﬂaﬂ?rgfH@Yibﬂ)ﬂ@ob@ﬂmnmt@ units are

zag t2 Bctzji)grl;é Qm?@_ﬁf ?ﬁf;r)tgpﬁim_oﬁg‘zﬁ)bﬁthmﬁqsdh&ng&%@ek?alﬁa%rPa%gnt

, , . Suproodsticr ischibrdf 0 t'ot al carbonate
units in %ﬁe 89(]6%{“” bg&é}v%rsi oﬁ t otétﬂggﬁ{réa@?ﬁ%ﬂaﬁgﬁﬁ& ob‘fe%‘é\pol ycar bonat e
may precéde oh O3S afckar esdesering afjdtinolatien cOuareokigomergimbstefanec ur sor
pol ycar bonat ehawe awaghtaeedge mysibalilal Qi Q. The, precursor

pol ycar bonat 92'@%!3-19(% égob '%?i%%%‘g%‘ﬁﬁg{%gé?@ggg:w ee‘?(farrpl e, recycled
pol ymer from conpact’ di sKs €in bain thinéd byigei nal

prepar at i on iReMgrttasy ¢homatography eeltive to p@iyg@aé,kg)%hearp{n&%ﬁ%al |y prepared
by i nterfaci alis@sdib/ T8t j by 0, ri'zati'on or

bi schl or %f or ma'fc‘les tﬁ[%i%ﬂgéﬁ%gﬁ%%l oyggi.b%‘@c#ﬁlgg%y%ﬁ IBHingin \ds¢esityt ypi cal |y has
a nol eculdr wE'dRR '} Refigsap determinadhitiechiérofomt see5°¢f the original ly

pol ynmeri zed material as shown by an intrinsic viscosity in the range of

0.25-1.0 dli/g. It my bRoWHehs : carbonate by 30
p g8l %?%?\%O%f&ygﬁ%ylprggméﬂforof orm methytene

di | uti [ i nat ed .

chlori de o Wﬁ@hﬁéﬁ'ﬁ%@pﬁgp@% Pa L oolyearboaates inclids iudensol ubl &
materi al or ®oninagt forepaynp! K ration of

non- plol ycar b%ﬁ%tﬁn5@6}%%&%%%?53&?,?&3%@@0@?{8 %ﬁ?f@é‘%ﬁ)hﬂﬁ?& such as

ed from other bisphenols or from
30  polyethylene glycols. Also included are copolyestercarbonates, such

as those containing bisphenol dodecanedioate units in combination
with carbonate units.
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pol ycar bonate and pol ycarbonate extruder wastes) nay al so be enpl oyed as

" precursors. Prior to perfornming step A of the nethod of thel® Mag200dn, it
is within the scope of the invention, particularly when the precursor 5
pol ycarbonate is a recycled material; to dissolve it in a chlorinated

hydr ocar ke ogrs948p! vent . Sui tabl e chl ori nat ed hydrocar bons, prigisysiessbait are
not limted to, nmethylene chloride, chloroform 1,2-dichioroethane,

chl orobenzene and o-di chl orobenzene. The5chl oroal i phati c hydrocarbons are
preferred, with nethylene chloride and 1°Z 10 dichl oroet hane bei ng nost

preferred. Dissolution o]‘t rhge R curso[ iQg{{yyc,ar bonate in the sol vent nmay

take place at any tenperatUre2 R adPlativgiydriah malecaewsighth 0C to t he

boi |'i ng poi nt RAyeabosate; @enerailyt avify HAAMWILNES B fhs r%ﬁh@%fpr eferred. So
e p

| ong as an a f ect | to,15 dissolve t ol ycarbonate is
errplgoyed) i tw ng&?gﬂg}dﬁ’gP \r@EJhc'ﬁé[ ¥§%”efd é\l&?ﬁre&‘is@éﬁﬁ mﬂPl@ﬂJIQE\}r/veigﬁtl y | eaves

behi nd var i ousSti{8BNE6 180 nbtpdpiavalueds the ramferaft ed bgoroeioasd b@ocpﬁ;i ngs
when the psecun&mhpleob | ical. disks, . for 'exainple. The

i nvention further %gqr?tgﬁ?@%&%ﬂi@%&%@b@%ﬁggw icatigRMay s from 20
t he pol ycar borf® &YsElizedRy thenmethad obbisionestietptior tlnbreagMyEry | onal

oper ati ons as meleaolaatweight 9 iHaf ftrh ) | ion.  The recycled
pol ycarbonate is frequently associ atggg vq\%te%qﬂt&%grrel%eh 'ﬁﬁ@?r?sfi es, which may
‘appear in the polycarbongate itself or in the solution thereof in the
chlorinated sol vent. Var'i SUBreEHERYiRAlyRasbeRatesnay beianhranthed hohfwer ef or e,

i nclude a st e®reppolycathongte, dbanedl byrthtreastivy S} e sol ution
fol | owi ngi@t h%grggmghsfmnsa br%ﬁ% [het hé)d for col g?eaﬁfﬂsdéﬁ%rggﬁ'%g qr_r eat nent
while in solution -with a m neral B Y9I SUEh A8 | 1 Hyldishvdioxg- aci d, sai d
aci d typi cal | PheaybethaResBranched dopolycadbdraates irmiiefe @@m@aﬁg dh;gﬁnot her is
contact of santbie@hidt weiyhtich ) ' . or bs ,col Qr bodi s, such as
activated charcoal . or @cr osg??nﬁ@ﬁiéséljﬁémmmﬁﬁma%@tﬁad?r al or may be
an i on exchanJEBEEEOVGER¥sANce ElyRreayinpnehand swithyihpdroabirfepd um
gl uconate. St calbomats binits ke padibiRelyfuitabR fof #ij & B g Pl Lption as
descri bedjs 1) 8> 200, W OMP0L . T/ Usgig}?ﬂg%} %7_ ﬁisrcé‘?%?é’?ter) wi th
non-sol vent in an amsunt - §urecirse Yutsdvild dypicallyeamaprissodi es.25Fhe sol uti on
of precursor %T?I?fdptﬁjﬁattmﬂa&e uhits irt the m_ymeg.a(cénvefrf,i%ﬁqg%e any sol vent
prior to crysg@nchdahontb- usyal I y advant ageous to
precipitate the lEtraecurg’}(‘)br ,&%@%%%Q%EW%QWSHFW%%% art-recogni zed
met hods as aritinegnGansly yritcihgicoavession of theeprecprsec pplyicattgiate ke St ep A of
the method ofarn bahansentiyetulindy deiymepf the
20 . The precursor polycarbonate may also be a recycled

polycarbonate. For example, recycled polymer from compact disks

may be employed. Its method of original preparation is immaterial: i.e.

recycled polycarbonate originally prepared by interfacial polymeriz-

ation, by melt polymerization or from bischloroformates may be
25 employed.

Such recycled material typically has a molecular weight
which has been degraded from that of the originally polymerized
material as shown by an intrinsic viscosity in the range of
0.25-1.0 dl/g. It may be obtained from scrap polycarbonate by

30 dissolution in a chlorinated organic solvent such as chloroform,
~ methylene chloride or 1,2-dichloroethane followed by filtration of the
insoluble material or other art-recognized procedures for separation of
non-polycarbonate constituents. Other types of polycarbonate, such as



precursor polycarbonate are treated to enhance their crystallinity. Said 10
pellets have dianeters in the range of 1-5 nm preferably Zngm They may
* be produced by such art-recogni zed operations as extrusion AR ftay 2003
pelletization. The crystallinity of the precursor polycarbonate is enhanced
according to the invention by contact with at |east one 15 non-sol vent
therefor, weloeewed fromthe group consisting of Cl~. 20 al kapelraisodiig2s -
preferred al kanols are Cl-Coprinmary al kanols, including) but not limted
to, methanol, ethanol and 1-butanol. Certain secondary al kanols, such as
2-but anol and 3-pentanol, are also exceli®nt choices. M xtures of
- non-sol vents rrgegt?#so”be errgrlﬁgyed. The nost preferred 20 non-sol vent, by
reason of its aval PallyiAgP Ryearbenate andipolyearblonat®exfiigePur poses of
the present inwestesmayalseb@eniidydy adBiddifofrecessary nor contenpl at ed
to enploy a dialkyl carbonate as required 1 n copéendi ng, commonly owned
application Serial No. 0&}3 %‘Sﬁ 448, One of the features of the nethod of
this invention is that it '55 P OSHMKGslepaA of thermetidd ofthetihveityrnexpensi ve
conpounds to f Srigrithin thef sedpe: ofthe Iavartidh, pghﬁ:u%"rg/\% r‘fi‘ktfaml s 1S
suffici ent.5Coph brisd att%‘?s ergga#rls%r_wzol_ car bonat _Wl?h RS Yol vent s
nost often at OntAack t enper s 1] fosdigsolve dtdn avetdoamatedhi ch i s
further defi neBYBRPCEHRON as solvent ISyitable &Hoﬁné’i@d—hyﬂr‘ocarﬂ:@nQ/Bﬁﬂcl%ggéu
001 29461 PCT/ UgRPhddiiéied b, BRI s the contact tenperat Tb is
the boiling poirﬂt oj:f t he E\%n so?@g%t&g?ﬁcfenézh&fﬂ%éﬂ 1p¢-dighipreethapepyed (bot h
in degrees CJ SH8r9Pe¥eReNse-dirhlorphenzand. fine ctdbroaliiphatic i S 60.
Preferably, z hpdrdBarbbne arempref ‘ Lot of contact with the
G r*é%mtﬁ%thgier{ehagggq die

5 precursofy pok: e, be inthe liquid or vapore 8f4tle<- contact in the

vapor sta?é) i sé'égﬁg(?%gb?gpm@@?}EfQi%'if@Id-cont act is nost often effected by

subnergi ng the precursor polycarbonate in a bath of the nonsolvent, and

vapor contact by passi ngD'lslseIutiapmfsh@bré&md}%ijrggngteqm%%d {thf)ugh a bed
scope of “PHE

of the precursfg . is wthinthe 1 M nventi on
for the contact ¥Mél€%%§%g%bgt%@bgfaéﬁfeehj}f’f%itempe@ﬁééiaaeIﬁy)rmhen vapor

e ! .
contact is enploye ,S\Kﬁé'?%gﬂtyﬁgtmtmféhsaobeut, wittle contamigygssel nust be

mai nt ai ned abmenesdllyoisging préfepieds 81 ng EE%YféerﬁgPﬁt;?efss et @5%9&& t atmare

typical, wkth upes to 5 atm bef ng pr
t enper at u\rﬂg 1 r?g)?}\? eafr?op‘ﬂgc%@%%tet‘ﬁ@“@ﬂ"@xﬁ}fgtlisawgpoﬁm is@operigéar e of the
precursor polycarbonate. The tine required for contact with the non-sol vent
wi || depend on the rate Sfchddigsdlafidn géﬁdraﬂ?i@d%%’ﬂf?ﬁn@pgﬂcmy vary

Itions 0

according to W t Lk d, and the cong cont act .
Opti mum 20 tines uggﬁhgéelbggvtgé?gnﬁﬁ'lgg%%p @xmﬁté'ﬁﬁfﬁéﬂmgfiaWhanitm. For the nost
part, times i AIYPESPTRRJ¥caponateds figirm optical atiskss frfdxaingle. THe PY i Nci pal

he- pr oo | puenl ot e o et Foll of Al e GRR Balstals bogt al habi 1

the pres i pvention.is that [ )

parti cul gz;tf y g‘tfa%é'kgaﬁbmg%ﬁc%t'%%m'ﬁﬁ'&)'rt@adniemwtsutﬁ-coﬁﬁeﬁ-r eviously
noted, SSP pr Benral operitionsnas dedditaion, mWﬂi&ﬁéAaCé%ﬂﬁio‘%n onset
tenperature on the order of 180C. By the present ne , on the other hand,

it is possible to begin enmperature as high as 225C, facilitating
rapi d pol yner iq%ati on. C;)%F%‘ﬁ%cll%dl é?’gg?m&ﬁé%rffe%@@ﬁv@'Sﬁgciatedwms i nvention

is 30 substan® 'aflqdy'"”&ﬁ"@%cwhi@bdnaylapbea@ﬁQhéWamtgqgﬁg%}5}9

pellete Ly noggsoata e 1A ok oLV sheumemondmenisal vent

Crel |5 s 80 OB i nsicpiobauioludepostep dicommvhaosalo ol | m 15 | evel s
of amorphous polycarbonate solution following other removal steps. One
: method for color discharge is treatment while in solution with a mineral
?cid, preferably hydrochloric acid, said acid typically being in solution
in an alkanol such as methanol. Another s 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

30



16 May 2003 WO 001 29461 PCT/ US99114328 9 5% by wei ght or greater are
typically achieved, with levels in the range of 15-35@6bein8 referred. (t
-is often found that polycarbonate oligomers are so brittle 168May29QRot be
conveniently extruded and pelletized unless 5 extrusion is into a liquid
medi um such as water. The present invention contenpl ates extrusion under
anbi ent t re and pressure conditions into a non-sol \eHy IS
capabl e oﬁﬁgnﬁghﬁlng crystallization under such conditions, astﬁegﬁgflfled
by nethanol, so that pelletization and crystallinity enhancenent may be
achi eved 10 sinultaneously. In step B, the. enhanced crystallinity precursor
pol ycarbonate is subjected to SSP conditions. An inportant feature of this
Step i's the enRERBRLr, WitFAORS the one or)

sonet i nes, hﬁatlng st ages, 3??2% é@kﬁ p¥@§§mi§?3F8 olvg t 15 the
operation contP Iy si nce each phy5|cal SSP stage can be naintai ned at
constant conditions. In other words, tenperature tanping is not enployed in

any heating stage. Only &he swlitorheppreadr nd._only one is
normal |y pref ehéﬁdf eé@ e te[U) Eature ra%rrgggtchgoldé%%gc?&‘ﬁe oshHop

however) wi t hi R2the 8&3"&61’30 e PH%Wt%ﬁtailsaé\%eﬂhan@emgntenpsoy a first
hea]tl ngdstaﬁgeI usuallyt adyantageois forprebbitatige éc&%@r 8@/earb%|n5 t ages

enpl oyed i nvo as nitrogen or
argon, to car r%&%ﬁ?m ﬁ%q %E%E&ﬂrﬁ%%mq?@& ﬁ"“‘§9&4¢“&§"€£ﬂ'w¥ﬁmﬂ whi ch
are volatile u%%tﬁaﬂh@f%‘dmt:&tlpnons of the stage. 25 Residence tinmes enployed
in the one or two heating stages are determned by the tinme required to

afford a pol ycarbonat e prrpgt@ ta i aI u is at |east
3 d25| reg iaf“lg l t%éﬂ’%ppr opriate.

15,000, in conblnatlon
For the nost sgrtpdfmyégarpggq ﬁé‘tﬁ%ére?ﬁ%tq ﬁ?ﬂham@el’thelgeryslalmwz Spgirs is 30

sufficientl vmﬂehlelﬁ)ha% didmeétersin theabhgd oki me i rst stage of a
Qg cond uct:)fggg OQ{%%ﬁaogd%I y, the flow

t wo- st age syst ctl on

rate of the en anced cr&rﬁ%lb ?9“ ‘?dei%ﬁggi' art-reeogiyed oparations @S99/ 14328
WO 00129461 - Jﬁ)ﬁ@l%&b@@@i@l&&hﬂnugh any stage will be adjusted to provide
the required residence tine or tinmes. The nethod of the invention is

illustrated bythefollow,élg ;m{c,,eqcf The crystallization '
appar at us cons;j ?1& g{ﬁssurl zab vgggséyyg@eq%Y 83@ $i quid reservoir
and a sanpl e ) i"ﬁﬁ %fo 'DE@@!ﬂﬂebme@@factwmhlaptmtbnebe subrer ged
in liquidlbn tnom-sesentthierefor, spkstdd QBMhb@réﬁﬁFﬁ.Q?ggn&fgp&e t he |iquid.

a

Thi s vessel th i "%hor phous
bi sphenol Waé@?%gﬁg% éfeg%récgpr@% gfg WW'@W@'W@DIS pnelpdingd by a
transesteri f i bal‘tn@hllméadtt@.dnetblfanbl sxtienod and 1\Ablt|tbn6l R sESsRpRpL e, vere

L
pl aced on the ace ove the' |liquid.
The vessel aﬂgﬁgwgﬁdq%h%ygtﬁ%a&%f%hqgwég% B&’fﬁ%‘gerﬁrcegﬁﬁe of 3.7

“atm 15 for 60 $8f nop-sglyentgmay alsa be eoployet: dberraost mfarﬂa’tf bonat e

havi ng a 20 yshahldohént, by rékoR%f itd HRiISbile T

crystallinity oligomer l\%f/as charged to a 'gyl @P?’Lﬁ géﬁ%s 6 cmin

dianeter and 10.2 cmin th. The r ctor was tunbl ed at at m)spherlc
Fer ik Fihe:

pressure and a 20 tenpe PYPOS9B ef ie Pregentynventian, itris pasemlly over t he
ol i gomer sanpheithdr recessagnmarf camtérmp ted ﬁiep?,pﬁ, P Bﬁﬂcyl g#goﬁﬁy@%%obt ai ned a

ol ycar bonat e 4 C and a
Er ygt alinity Ow.?@qn%oWnafng, gor%%dnly owne8 app ication Sena!

08/986,448. One of the features of the method of this invention is that it

25 is not necessary for such relatively expensive compounds to form part
of the non-solvent. The use of alkanols is sufficient.

Contact of the precursor polycarbonate with the
non-solvent is most often at a contact temperature which is at least
75°C and which is further defined by the relationship

30 Te2Ty-2z,



EXAMPLE 2 25 The enhanced crystailinity oligoner of Exanple 1 was heated in
the cylindrical reactor for 2 hours at 180C and for 12 hours_at 220C. The

- product had a Mw of 56,000, a Mh of 27,000, a Tg of 154C and®jay 2003
crystallinity of 73% It will be apparent to those skilled in the art that
various 30 nodifications and variations can be made in the present

I nvention departing fromthe scope or spirit of the,j | Q).
O her 1 %ﬁ%%b?) WO 00129461 PCT/ U599/ 1~328 -11 enbodi malr)l g%g&itdﬁ{eﬁ

invention will be apparent to those skilled in the art from consi deration
of the specification and practice of the 8nvention disclosed therein. It is
i ntended that the specification and exanpl es be considered as exenplary

only) with the whereinsEoisdharapniqititempefatites 15 is meebdiiing pBi g b At ed by
the foll owi ng &af) - ALNS, 1.. A netho or preparing
an aromatic pol ycaéﬁgﬁéqeéé%ﬁ{?%hg %%%B#%@%’V(Egﬁbeéwé&%gs b7 @odr&isr

pol ycar bonat e Fe¢enstanty dhprgaximiravetusr ofi nistée Frrafegeb!?y‘ zisZpMwith at

| east one non-solvent at a contact tenperature of at least 5 75C for 15-60

mnutes to produce an enh@HCKsn- I N or | ycar bonate, said

nonijsolsvent Ioco uri sin C~.§?§P@h§“#hh{%§p§(ﬁ§ﬁ§%o lté)‘gﬁ%&?ﬂ'@t at e; a?‘ldI

(B) subj ect?ngP %?Lﬂs%'gn‘P@ME%"&’oé’?%tbﬂ‘ﬂith? liquigrasoapsostape] goraadtgnate to solid

state pol ymeri vapoostateoididuatyprérds Ligid PAESH RS 4 £ S A

condi t!oon>s/ incb %iuﬂ aeq, t gge g rhef:l'?}dn‘-ra agitg%gtsamfgttoef%pe?fgqﬁ?g in the

range of 215-2 g \ ?no %&’83&%@@"‘5&9988&%’ 208 inRIbath efthe mpra nunber

av?ar ?ge mtol ecubalvenkiagitvapas coatamt ts'tyrp@dsing Otgé Ifgp@fg@;ﬁhg?ﬁngggl%ﬁt ggr ap?y

relative to po , , : : met hod accordin o]

Gl ai m 1 uhor of HPVRK EP8ugs (e bFBR orBg P Lho¥ea B Rl i cditbohe . 3. A

net hod accdt di ﬁ‘@oﬂ%ogﬁ"&i'wqmwfef%me corfapt lempesatur@ & e yréaatiad S a

copol ycar bonat §,, ekpefialfeWhtth 55D : ' erein the precursor 20
yca R S e Y o

pol ycarbonate is a cogfo est er car bonat e. e Png to claim1
wherein the pr%@&?gfﬁ contact vessel must be maintained above atmospheric

pressure. Elevated pressures up to . 10 atm are typical, with

pressures up to 5 atm being preferred. The contact temperature
15 may also be above the glass transition temperature of the precursor
polycarbonate.

The time required for contact with the non-solvent will
depend on the rate of crystallinity enhancement and will vary according
to the non-solvent employed and the conditions of contact. Optimum

20 times can be determined by simple experimentation. For the most part,
times in the range of 15-60 minutes are sufficient.

o A principal advantage of the use of alkanols as
crystallinity enhancers according to the present invention is that they
preduce polycarbonate in a crystal habit particularly adapted to SSP at

25 high onset temperature. As previously noted, SSP processes known in
the art typically require an onset temperature on the order of 180°C. By
the present method, on the other hand, it is possible to begin SSP at a
temperature as high as 225°C, facilitating rapid polymerization.

Crystallinity enhancement according to this invention is
30 substantially as described in the aforementioned copending application
Serial No. 08/986,448, in that only surface enhancement of the pellets
is necessary. It is often found, however, that the non-solvent swells
said pellets and permeates beyond the surface. Crystallinity levels of



pol ycarbonate is a bi sphenol A honpb- or copol ycarbonate. 6. A nethod
according to claim1l wherein the precursor polycarbonate is an oligoner
“having a wei ght average nol ecul ar 25 weight in the range of 16 MaRy20b8, 000 as
determ ned by gel perneation chromatography. 7. A nethod according to claim
1 wherein the precursor polycarbonate has a wei ght average nol ecul ar wei ght
in the raggmo8bis 16 May 2003 -13 10, 000- 35, 000 as det er m npee/iRo9G8l28
perneati on chromat ography relative to pol ystyrene and the pol ycarbonat e
product has a wei ght average nol ecul ar | ght, as determ ned by gel
permeati on chromat ograpy relative to polystyrene, of 50,00080,000. 8. A

met hod accordi Al ein.the precursor polycarbonate is a
branched pol ycg%éggfée@mg&l%%%rhﬁﬁ t&%’ﬁ%’?ﬁ?%e‘(‘?ﬁv&‘ﬁi velsindheirangéne
precursor pol y8hr bonat®36% heinggyreferdechol ycarbonate. 10. A nethod according
to claim1 wherein the nonl0 sol vent enpioyed in step Ais nethanol. 11. A

nmet hod according to cl ai y; ' t In step. Ais in the liquid
state. 12. A method accoPA%%%%@"QF@%&%&M%%@HPWS A S015 step Ais
itn thi yapg S %\W@.thﬁ?P;ﬂ"%@fhfénmcpwhegrwded:bm pen%ﬁggqr@g@aﬁpna act in
step Ais aeRAsian is €Sk diith : a ichis
further defined t}é the rel ?t iqg’ndsjfhri%)ﬁ_ %72111%?%3%8&@%?@%” iDVERlgMe cont act
tenperature, TN ”R@eﬁﬁx UsPIHgar asnbiefttemperalure mndatressigrecont act

pressure enpl oserditfdret intd a rggssIeentGyhieh s éaﬁ%léo?gﬂﬁg,@gégv\hos_e value is
|, aim 1. wherein a single heating stage is

60. 14. A net ding to c .

enpl oyed in ste S%ﬁ&%ﬁghxg'%f UG 5endilians @S exemplifiadiy methanial, sdie
tenperature ofthahpeliatizgtion landt drystaiinitg enhaneafiént rhby bd 46 according to
claim1 wher eigﬁnwgng&ﬂbi,_ng stages are enployed in Step B, the first being
in the tenperature range 30 of 180-190C and the second in the range of
215- 225C. 16 May 2003 WD 00l 29461 ~ PCT/ US99/1d328 -14 17. A nethod
according to claim 16 V\HBrsé‘Fﬁ’lBt-H@?@'ﬁ?}'@eﬁtwe@llbﬁymd&bst and second

T P o Attt ot e s
perature lévels in the one
or, sometimes, two heating stages, which makes it practical to conduct
15 the operation continuously since each physical SSP stage can be
maintained at constant conditions. In other words, temperature
ramping is not employed in any heating stage.

Only a single heating stage is required and only one is

normglly preferred, in the temperature range of - 215-225°C. ltis;
20 however, within the scope of the invention to additionally employ a first
heating stage at a temperature in the range of 180-190°C. All

stages employed involive the use of a stream of inert gas, such as

nitrogen or argon, to carry away products of the SSP reaction, such as
phenol, which are volatile under the conditions of the stage.

25 Residence times employed in the one or two heating
stages are determined by the time required to afford a polycarbonate
product having a desired Mn value which is at least 15,000, in
combination with a desired crystallinity level when appropriate. For the
most part, a total residence time in the range of 8-12 hours is

30 sufficient, with 10-30% of total heating time being in the first
stage of a two-stage system. If the SSP reaction is conducted
continuously, the flow rate of the enhanced crystallinity precursor



is ni trogen. 19. A nethod according to claim1 wherein the total residence
time in the heating stage or stages of step Bis in the ran%e of 8-12
“hours. .Aly . A9Y. A&u. ALY. A& AsNy. A u. A; . A9. ALu?. A9af/. A 6 May 2003

A, n. Al) A moqr st vwx{ ~r
QHz{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cRa] ca] ca] ca] ca] ca] cal] ca]

A I #Ucf v<uO! ] v
??}ﬁf? \%rS]t)?)vqélé)g/]g%:gflz;?](:;?](:g?](:;?](:;?](zga g:] cal ca] ca] ca] ca] ca] cgfgﬁ’]sg%(]‘?é? caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! #3%&( (r(((o***+l ++ ,[--/0000011S11;

2t 2Y33u55{vql gb] X] ca] ca] ca] ca] ca] ca] ca] cajjga] cal] ca] cal] ca] ca] ca] ca] ca] ca] c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] f;] CE] ca] cal 56, 77770888; ca] ca] ca] cal ca
" =R=>4?U BrigaGel cal ¢

<<’ =Re>47U@ @ GIHE Birioidghl dry) fégg]gxgﬁ Flé;ﬁ%itgﬁq%@f‘%g@ﬁ% eca] ca] cal & KM

ﬁ%ﬁ&%ng@@%%%&m% is ni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cfa] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
WRXXXFYY?ZIZNZZV [ r\ ~\ \ \ Thegrshiod oAy lnehitien Zi ]t%@lr??écf@l ﬁ%] @éo a] ca] ca] ca
] c] ca] ca] ca] Ca]@adrﬁplékS?a] cay] ca] ca] ca] ca] ca] ca] caJ caJ ca] caJ Calt VE¥) Ca] caCD
EFCEL0% & ()-10% & ()- 10 & ()-10% & ()-10% & ()- y10% & () -(i dELO% & ()-
10% & ()- 16% EXAMAGYHE ()- 10% & ()-10% & ()->8qdE10% & ()- 10% & ()-
10% & ()- 10% & ()- 10% & ()- 10% & ()- q3mUEL0% & ()- 10% & ()- 10% & () -
L0% & (). 109 & (). 109 & () Sy dEF. 104 & ()- F10%& ()- F 100 & ()-
F-10% & ()- F-10% & ()- FIHoopetlizatiomanpasitiss dorsistal8r Sl fthgi) -
vessel serving as a liquid reservoir and a sample holding screen of
adjustable height, adapted to be submerged in liquid in the reservoir or
positioned in the space above the liquid. This vessel was charged with
10 methanol and peliets of an amorphous bisphenol A polycarbonate |
ol:gor.ner ha\{lng a Mw of 8,000, prepared by a transesteriﬁcation
reaction of bisphenol A with diphenyl carbonate, were placed on the
screen which was positioned in the space above the liquid. The vesse|
was sealed and heated to 100°C at an autogenous pressure of 3.7 atm
15 for 60 minutes, producing an oligomeric Precursor polycarbonate
having a crystallinity of 22.7%.

A 50-g sample of said enhanced crystallinity oligomer
was charged to a cylindrical reactor 7.6 cm in diameter and 10.2
cm in length. The reactor was tumbled at atmospheric pressure and :;1
20 temperature of 220°C for 10 hours, with passage over the oligomer
sample of a stream of nitrogen at 2.5 I/min. There was obtained a
polycarbonate having a Mw of 40,900, a Mn of 19,800, a Tg of 145¢°C
and a crystallinity of 57%.

EXAMPLE 2

25 . | The enhanced crystallinity oligomer of Example 1 was
heated in the cylindrical reactor for 2 hours at 180°C and for 12 hours
at 220.°C. The product had a Mw of 56,000, a Mn of 27,000, a Tg of
154°C and a crystallinity of 73%, o

. . It will be apparent to those skilled in the art that various
30  modifications and variations can be made in the present invention

without departing from the Scope or spirit of the invention. Other
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& ()-"10%9& ()said non-solvent comprising a C._5 alkanol in the liquid or vapor state; and

(B) subjecting said enhanced Crystallinity precursor
polycarbonate to solid state polymerization conditions in g stream of
10 inert gas, said conditions including a stage of heating at a constant
temperature in the range of 215-225°C, to produce a A
polycarbonate product having a number average molecular weight, as

determined by gel permeation chromatography relative to polystyrene
of at least 15,000.

?

15 2. A method according to claim 1 wherein the precursor
polycarbonate is a homopolycarbonate.

3. A method according to claim 1 wherein the precursor
polycarbonate is a copolycarbonate

4. A method according to claim 3 wherein the precursor
20 polycarbonate is a copolyestercarbonate.

5. A method according to claim 1 wherein the precursor
polycarbonate is a bisphenol A homo- or copolycarbonate.

6. A method according to claim 1 wherein the precursor
polycarbonate is an oligomer having a weight average molecular
25 weight in the range of 2,000-10,000 as determined by gel
permeation chromatography. '

7. A method according to claim 1 wherein the precursor
polycarbonate has a weight average molecular weight in the range of



‘ <<<zX9H 10 10" 0% () -1 YL0%&: () - &#310%& () -1 -0 10%& ()-1y
igo/ép?)cii ’ 100/3?) <" —Re= >4’?R@g@’(\)< 10!'s 710% () - 595610%;%@ ) - 0.
2109 ()-1 - 109 () - &+MLOYgS: () - @10%9& ()- S@@J@l(wﬁgng} g

109! () -1 +PO&I 10% & () -1 N9&! 109 () =" 10% () - 10 }OA!)/

10! p' 1099E7EL () -1 p10%7& () - 109& ()- 10% ()-"11 10 6
(& ()-"11098S& () - erDgl 90%%542:;4@% E;\/t 10! p" 10% 10] ] 1]

| 0 ! _ ~ I
19} l/aoggégﬂk%&t l(l)tmoz(/a<3x3&' () -t GHSHNHHHI 1 }A?M 10! pZ10%& () - L&10%&: () -

e A e ot B I i
E(;%/g ()- M(\/z@dﬁﬁwém&bdlmrbbhé&%%uét)haswwel@ﬂ averageltmoiecular weFl) sztodY
iy 1ove () <01 Hobe e PG o R fobeiyere e

& ()-PPP

5 ' 8. A method according to claim 1, wherein the precursor
polycarbonate is a branched polycarbonate.

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

10. A method according to claim 1 wherein the non-
10 solvent employed in step A is methanol.

11. A method according to claim 10 wherein contact in
step A is in the liquid state.

12. A method according to claim 10 wherein contact in
15 step A is in the vapor state.

13. A method according to claim 1 wherein contact in
step A is at a contact temperature which is at least 75°C and which is
further defined by the relationship

Tc 2 Tb - Z,
20 _ ‘
wherein T, is the contact temperature, T, is the boiling point of the non-

solvent at the contact pressure employed (both in degrees C) and z is
a constant whose value is 60.

14. A method accordmg to claim 1 wherein a single
25 heating stage is employed in step B.

15. A method according to claim 14 wherein the
temperature of the single heating stage is 220°C.

16. A method according to claim 1 wherein two heating

stages are employed in step B, the first being in the temperature range

30 o 180-190°C and the second in the range of 215-225°C,
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19. A method according to claim 1 whereln the total
residence time in the heating stage or stages of ste

B IS i
of 8-12 hours. P N the range



