WD 01/ 10930 PCT/ US00/ 15658 METHOD FOR PREPARI NG SOLI D STATE POLYCARBONATES
N A UNI TARY SERIES OF OPERATI ONS BACKGROUND OF THE | NVENTION 5 Thi s
invention relates to polycarbonates, and nore particularly to a nethod for

their prepg obYy solid state polymarlzatlon ~8olid st I zation
(herei nafter(%slggg’tl mes "SSP") of polycarbonates is discl gés('grd bo%gggexarrpl e,

in US Patents 4,948,871, 5,204,377 and 5,214,073, the disclosures of which
are incorporated herein. ImenlmPk@pmmNgsnmq'ﬂm rst step of

form ng a prepol yner, typic .Eé&ohy n(i.e.,
transesterification) of a dl%lr(\jy rox a 1 C Cﬁ YC)such as bi sphenol A
with a diaryl carbonate such as second step of

crystallizing the prepolyner; and a thlrd step of bU|Iding the nol ecul ar
wei ght of the crystallized prepolynmer by heating to a tenperature 15

‘between its o] o) W Tg) and its nelting tenperature,
Use of.this p?é%@waﬁé ) | ncreasi ng interest by reason of
its effectiveness and environnmental * benefits. The second or

crystallizat® on step of tHisinyentiepdelatss ppepciyparhouates, andmorntipagicularlyai d

patents, by sol ¢@ithethédfir BRI prépardtida by solePéie pblymeszARAC! | bed, 20 the
sol vent treatnent nethod may in fact enploy a good or poor soI vent for the

prepol yner, WI th cont act ui d rm-t hereof.
[Ilustrative "solvents" édﬁ}ﬁ%%\’é%rgﬂﬁén Qﬁgf)eﬁé#tgr g ?@P et hers,

esters, ket oneR® !ﬁ#ﬂ’%@%g&m@%ﬂ &4’11 q@;mplecmawﬁijmﬁﬁ%S‘Hy 828637bons. MNore
recent teachi ngmmammeuneﬁs@&%mmm;ﬁ& rdt@TBerdife It ifPolvayn| y surface

crystalliz o] CYr S Q carb | es, For exanpl e,
accordi ng ?'t(g C&B% Eg 30{88 §°'g% apﬁﬁgﬁf“& Eﬁé%‘%@ﬂ"&! . 08/986, 448
surface crystalpe EEWZGF%O# g. eemwstedﬁ@}mokﬂftaabhxdmvpmmht 9ompouad t enperat ure
in the range Ofsuali)ﬁyﬁlsﬁﬁnélq@wxmﬂa cartimate sachFasWighe kaﬁ@ﬁd?@'&at e,

30 &l Kanol . A SRS 9’*3%%@5%& PRl A évﬁe?éqéie“%ﬁ‘ﬁ@&? 0 Serial Mo
molecular weight of the crystalhzed prepolymer by heating to a temperature
. 15 between its glass transition temperature (Tg) and its melting temperature. Use
‘of this polymerization method is of increasing interest by reason of its
effectiveness and environmental benefits.

The second or crystallization step of this method is performed,
according to said patents, by solvent treatment or heat treatment. As described,
20  the solvent treatment method may in fact employ a good or poor solvent for
the prepolymer, with contact involving either the liquid or vapor form thereof.
Hlustrative “solvents” include aliphatic aromatic hydrocarbons, ethers, esters,
ketones and halogenated aliphatic and aromatic hydrocarbons.

More recent teachings have described SSP methods that require
- 25 only surface crystalhzanon of the precursor polycarbonate particles. For
- example, accordmg to copendmg, commonly owned apphcanon Serial No.-
08/986,448 surface crystallization is effected by contact, typically ata
temperature in the range of about 20-50°C, with at least one dialkyl carbonate,
optionally in the presence of another non-solvent such as water ora Cj4
30  alkanol. Alternatively, copending, commonly owned application Serial No.

[RD-26032] describes a crystallization method in which contact is with water
or a Cy.2p alkanol in the liquid or vapor state, within a specifically defined



[ RD- 26032] describes a crystallization nmethod in which contact is with
water or a Cl.20 alkanol in the liquid or vapor state, within a
specifically defined | WD 01/ 10930 PCTJUSOO 15658 tenperature range which
begi ns l\ﬂ*&\ﬂ gy,the boiling point of the water or al kapetrmusdods@gdRY OF

THE | NVE woul d be rmre conveni ent and desirable, however, to 5

hi talli han tand nitar i es of
oporat i ons. . nIARHRGHE TS seibeley the Sotihe int of e mBerdb  phous

pr ecur sor poI ylhntbionate W|th a non solvent or other liquid. The present

I nvention makes this possible. The invention is a nethod for preparing a
pol ycar bonat e SRIMMARDN OFGFHE INEENTEQNt act i ng particles of a solid,

anor phous precursor polycarbonate with an amount effective to wet said .
particles of at |east ontha,haggg{oré&@gﬁeﬁtlaggugg,ﬁbﬁtﬁbw@afQoal kanol havi ng

ab0|I|ngp|nt up to 80C, and eati-n ther sul'ting wetted
particles t g a%‘?&@}f”’&?‘ﬂ‘flgiﬁlﬂiaﬂ‘y“%? PP‘HB'I’ ar bonat e and

effect solid shatmqmuhgmpaMsmofﬁohmcmffthemo@hﬁa&pnmobei ng -at
progressively ﬁpgd g I st of said
al kanol to a f#’af;f: af?wftgﬁ?aglgn ?%ﬁ%r§ggéﬁq'{?€gﬁs Hggml? eeh%gl?a re and the
nel ting tenper Sugpessidle-sai d enhanced 20 crystallinity polycarbonate.
DETAI LED DESCRI PTI ON; PREFERRED EMBODI MENTS The present invention nay be
under st ood nore readily The invedtiondsa method forepréparing wipolycalbomité eilicescri pti on
of the prej rrgglpﬁ ghedi ments 25 of the invention and the exanples included
ep

therein. Before resent net hod and apparatus are disclosed and

described, it is to be understood that this inventionis not limted to
specific systemic met hodSomactingpasticles of 2 solid; YpoFRhQUSASREASORSs such may, of

polycarbonate with an amount effective to wet said particles of at least one
alkanol in the liquid state, said alkanol having a boiling point up to about
180°C; and

15 ~ heating the resulting wetted particles to produce an enhanced
crystallinity precursor polycarbonate and effect solid state polymerization
thereof, said heating being at progressively increasing temperatures from
‘below the boiling point of said alkanol to a final level between the glass
transition temperature and the melting temperature of said enhanced

20  crystallinity polycarbonate.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

The present invention may be understood more readily by
reference to the following detailed description of the preferred embodiments
25 of the invention and the examples included therein.

Before the present method and apparatus are disclosed
and described, it is to be understood that this invention is not limited to
specific systemic methods or to particular formulations, as such may, of

30  course, vary. Itis also to be understood that the terminology used herein is for
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30 course, vary. It is also to be understood that the term nol ogy used |
herein is for 2 WD 01/10930 PCT/US00115658 the purpose of describing ‘
particul ar enbodi nents only and is.not intended to be limting. In this

speci fi catyg@ad@se i N the clains which follow, 5 referencecrasob/14ss8 made to

a nunber of terns which shall be defined to have the follow ng neaning.

The singul ar T gfe’Barpdie of dedéhibi icilat@mbodithentiConly 41iddk not'iflefidedtés unl ess

the context clearly. dictates otherwise. 10 "Optional" or "optionally" mean-
that the subsegﬁéﬂ‘g’? descri bed event or circunstance nmay or may not

occur, and that the description includes instances where said event or
circunstance occurs and instances where it does.not. 15 "Nonsolvent" is .
herein defined as a substance having a prepolyner solubility of |less than

10 percent. "Sol vent" i's; her ghihigl dcﬁﬁdu@ﬁanaub&ieammswmmwuates 20

t he prepoly onat.es whi c e hod of this

i nvention tggl E"({ h%? &?ﬁ'ﬁ‘?%’g?&m - Efﬁ%%%%ah (n -0-. RO
C 3 1111111 V\lhe(fdudyﬁﬁgﬁleaﬁpgr USOO 15658 wherein at | east about 60% of

. the total nunber of R groups are aromatic organic radicals and the bal ance

thereof are aliphatic, alicyclic, or aromatic radicals. Preferably, each R

is an aromatic organic radical and nore preferably a radical of the
f ormul a The sin gular fomls ., » “an and e” include plural

referents unless the context clearly dictates otherwise.

10 |
“Optional” or “optionaily” mean that the subsequently
described event or circumstance may or may not occur, and that the
description includes instances where said event or circumstance occurs and
instances where it does not. '
16

~ “Nonsolvent” is herein defined as a substance having a
prepolymer solubility of less than 10 percent.

“Solvent” is herein defined as substance that penetrates
20  the prepolymer.

Polycarbonates which may be prepared by the method of this
invention typically 'comprise structural units of the formula
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5 (U -A -Y A2 wherein each A' and A2 is a nonocyclic divalent aryl
radical and Y is a bridging radical in which one or two carbonate atons
separate A' and A2. Such radicals are derived from di hydroxyaromatic
conpounds v%o for mul as HO R-OH and HO- A -Y-A2-CH reSpEE'MJEﬁﬂn)ésssFor
exanpl e, 10 general Iy represent unsubstituted phenylene,

especially p- ph len whi.ch refer 0 ubsti t ut ed derlvatlves
t hereof. The b?"?'ﬁ‘é ?‘?aé‘(ﬂb(?mé@’f)g ?f““&qeéﬂfémfgﬁeaﬁr%ﬂ %roup and
particularly aorgamamhms apdabebalandie thereofrast dliphatics Alicyclic.oirergriatitene, or
e those dor ToiacpioRefilF 8 R ad Wobet i Vihcal fd Rl or bonal oo
2, 2- bi s(4- hydrémgﬂ{/‘hfﬁ‘%}%‘i?n al so known as "bisphenol A". The essenti al

starting material in the nethod of thIS |nvent|on IS a precursor
pol ycarbonase. It may be a p@DyTartdmare U'I'I"gbnE'r—o'f the type produced by
the first step of a nelt polycarbonate process or by bischloroformte

ol i goner pr epagpkletieatiy Al aHE A RY; xﬁ&ﬁ:bw&man@ﬂ radi€hl Gh4I9aPR! N9 and

I sol ati on. SUCEN?% g nost. o t aver age mel ecul ar
wei ght (Ma) in n @H@éﬁawlaﬁ‘bmeoztwea SeRAHP A ARdADy  gel
per meati on chr Suelt radicalp aze dbhlve‘dlfrm)dﬂi}&lrdﬁhﬁhiaﬂe compqualdy ofithe dosadutasor
hojystyrene, aphRonhi HESAL a8 bdspedifo or o206 Al BOAL O 06 0- 30

dl /g, all _intrinsic viSCcos val'ues fnerern being ed in

chl or of or i@t generallyzemesent mn’eqm%phﬂw m@mmhsnﬂem%phw
pol ycar bonat es b&sﬁﬂﬁim@denﬁﬁpéﬂm&%ﬂomb S&ging'RdiddEYtd@sa cont ai ni ng,

for exanpl e, car bonat e st r ts | n orrbl nation with
car bonat e uni tgh"g%ﬁ‘@%"ﬂﬁﬂn 5%@“3?& Bet hyl ene

gl ycols. Al so mtﬂlyl@a&yahhexwm.%sommdbmwhnh;smmé,ﬁhume cont ai ni ng
bi sphenol dode ﬁﬁ'&& ol #&da&s'a&tﬁ%ﬁ?éd% GRRGRGt e units. It
“bPO

may al so be.a a hi | ecul wel onat e, generall
hazi ng an f)ﬁ/ véifé 6 X’yf%éyl’ a“&b% b - for whlgch it ig

desired to increase the nol ecular weight still further; 4 WO 01/10930
PCT/ USOQ' 15658 The essential starting material in the method of this invention is

a precursor polycarbonate. It may be a polycarbonate oligomer of the type
produced by the first step of a melt polycarbonate process or by
bischloroformate oligomer preparation followed by hydrolysis and/or

20  endcapping and isolation. Such oligomers most often have a weight average
molecular weight (Mw) in the range of about 2,000-10,000 as determined by
gel permeation chromatography which may be relative to polycarbonate or
polystyrene, and an intrinsic viscosity in the range of about 0.06-0.30 di/g, all
intrinsic viscosity values herein being as determined in chloroform at 25°C.

25 Both homopolymer and copolymer precursor polycarbonates
may be employed. Copolycarbonates include those containing, for example,
bisphenol A carbonate structural units in combination with carbonate units
derived from other bisphenols or from polyethylene glycols. Also included are
copolyestercarbonates, such as those containing bisphenol dodecanedioate

30 units in combination with carbonate units.

It may also be a relatively high molecular weight
polycarbonate, generaily having an Mw value in the range of about 10,000-
35,000, for which it is desired to increase the molecular weight still further;



e.g., up to. .a value in the range of about 50, 000-80, 000. For exanpl e,
optical quality polycarbonate which is off-specification nay be
crystallized by the method of this invention prior to increasing its

mol ecul ar weight so that it nmay be used in other appli cagd@fsoonssss Ne
precursor 3@5? %Yonat e nay be a. branched hono- or copolycarbonate, forned

o) anchi LSaStg'eﬁ%sE&eﬁoé'g 2 o 8 et O s S0 00 g Far Famite. bpdeal o

copol ycar bonat eealitppblycieberiategwhiel i offyspeifightionohayChd qutall;zqgltw the

copol ycar bonat ‘?ﬁedfdg ﬂ :{%Qnrgﬂn g&iﬁg{eggn% mb,m,z‘ﬁelgﬂlsg%nrﬁl st ance.
y u

10 Hydr oqui none I none carbonate units are particularly .
suitable for tbeasedi Pﬁﬁ?éa APNSc| osed in US Patent 4, 920,200. Such units
wll typically conprise about 25-50% of total carbonate units in the

pol ymer. CBnversion to Theprecmsmlpelychbonntemayb@pbtaydudlhonmet may precede

I I bonat
or occur sinu rysb#%hﬁﬁé%ggwgﬂ rhn‘é;.r aﬂbﬁ&HB pol ycar bonat e

to an 15 enhanc yner S&qo ycar bonat e may
al so be a recy®resursois) ing agenk sugl ‘m?( EW%EBY Jekhanes r om
conpact d: sks m«:béﬂc F@Sﬂmslmaummﬁesfanamg@mecmemtuon i's

I mmateria . e, ce car.bo r | ng by

i nterfaci al po P?tﬁ ‘%’g%%‘?“gg’l |s§ln o(ra]'g$£

bi schl or of oﬂrratl-bquumbnemqm wmmmmummmcmgry cally has a
rm: ecul ar \Q/el gt@a.tmfah A é%d%&%&ﬂﬁdlﬂl’zﬁéﬂtwnbm Sdaauﬁituhaur\al ly f
po yrrerlze mat er, as Sho n i C VISCOS e range o
about 0. 25-1. O‘ﬂ‘?"gycﬁ"f‘pﬁf%%bﬁ@ﬂg ?c'lnétﬁ %‘Fég Bnat e by

di ssol ution i nGmnoérhomtcnhebﬂnchegdmnm-emopolymrbmammsyascadhlooocﬁmr m

met hyl ene chl o Kou %nd.'zﬁ@l&{vesidm& O@Lérocegﬂwariddaiertatahon of the

I nsol uble nateri a or o her, art-recognl ze res for separation of
non- pol yca?%on& gest RIystallinity; nolymesr, o types of pol ycarbonate, such as
interfacially prepared pol ycarbonate and pol ycarbonat e extruder wastes, nay
al so be enpl oyed as pr ecThespreauscdpolyrirbenatcmaaliabed regyclese first step of

the metnod of plicar R b ¥kample, tetycthd fifimdritfont 6cHifhceliskifay B2 ent i on.
part ¢ ularly employed Tts method of criginal preparation is immaterial; i.e., recycled
polycarbonate ongmally prepared by interfacial polymerization, by melt
20 polymerization or. from blschlorofonnates may be employed.

. Such recycled matenal typrcally 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 about 0.25-1.0 dl/g. It may be obtained
from scrap polycarbonate by dissolutiori in a chlorinated organic solvent such

25  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
interfacially prepared polycarbonate and polycarbonate extruder wastes, may
also be employed as precursors

30 Pnor to perfonmng the first step of the method of the
invention, it is within the scope of the invention, particularly when the
precursor polycarbonate is a recycled material, to dissolve it in a chlorinated
hydrocarbon as solvent. Illustrative chlorinated hydrocarbons are methylene
chloride, chioroform, 1,2-dichloroethane, chlorobenzene and o-dichloroben-

. A



precursor polycarbonate is a recyeled material, to dissolve it in a
chlorinated hydrocarbon as solvent.. |llustrative chlorinated hydrocarbons
are nmethylene chloride, chloroform 1,2-dichloroethane, chlorobenzene and
o-dichlorqﬁ @' 11111 | WO 01/10930 PC /USOQ 1ssss zonepcyiiSnor156ss

chl oroal i pha ydrocarbons are preferred, with nmethylene chloride and

1, 2-di chl or oet PJ t rsor

pol ycar bonat e kg@mg%lé@?mﬁﬁﬁ %’8;0?5'{?895 ge§a %akiﬁlﬂf&flnﬂg%}%t‘ﬁogﬁgwpl cal

t enper at ures fnd fMﬁhlamatahebmg)moﬁ@re mebi | i ngpoi nt of the solvent, with
about 20-100C generally being preferred. So |ong-as an anount of sol vent

effective to dissolve tf]}is@ﬁithﬁ@fﬂﬁr;ﬁémpolwbmmjnthd@lﬂhomt lon i s not

critical. Suc sol ener al ubI e

mat eri al s, Wﬁﬁ “g%%‘%@“ﬁg{’%d%& a@%ﬁaﬁ S vﬁgéej e pr ecu sor

pol ycar bonét e boiling pointof thesplventawithiabaut 20t 1007 genepally beimgorefetredit i on furt her
cont enpl at es rsmnglbs mmﬁ&indofmmf&nvawssaiv% the Solydalsonageliy car bonat e

solution. This e achi eve such conventional operations as

decant ati on, f‘i"@ggﬁwramf“ %@rﬂ°¥f’ 't!ﬁjgt i on. The recycl ed pol ycarbonate is
frequently associated with 15 colored inpurities, which may appear in the
pol ycarbonate itsel f or Sush dissolution genérally leawssdehind vatious insalabié nat ed

sol vent. Vari gy Qgiliﬂﬁﬂﬁtﬁd ic édiﬂ%tw thd e a step
B g ety b et kiGN
solution with mmbvalefﬁxdhlsohiblepnaémmb diyuirhmhtbfsoluuon.dl'hismml d acid

typically bei %ﬁ?ﬁi not her is
contact of sa gﬂ%fm%}l a séﬁl P§ rB C(’)F— haﬁé\ such as
activated charaaifugation, crossl i nked resin, V\:hl ch may be neutral or may be
an i on exchange resin. Another is washing with a solution of sodium

gluconate. Still anot herThesecyeled polycarboratecis frequently assoeintefiwith pi t ati on as 25
descri bed yaer loidtd fipurified, Yo naPippeiliin tik polycATOHARL sl &l G/t Lo dissolve
solution thereof in the chlorinated solvent. Various embodiments of the
invention, therefore, include a step of removing color from the amorphous
polycarbonate solution following other removal steps. One method for color
discharge is treatment while in solution with a mineral acid, preferably
20  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
25  described hereinafter, with non-solvent in an amount sufficient to dissolve
color bodies. '

The solution of precursor polycarbonate is, for the most part,
freed of any solvent prior to crystallization enhancement. It is usually
advantageous to precipitate the precursor polycarbonate therefrom by such art-

30 recognized methods as anti-solvent precipitation or steam precipitation.

According to the invention, the precursor polycarbonate, which
may be in the form of pellets or powder, is contacted with at least one alkanol
having a boiling point up to about 180°C. The preferred alkanols are Cj.so



col or bodies. The solution of precursor polycarbonate is, for the nost
part, freed of any solvent prior to crystallization enhancement. It is
usual Iy advantageous to precipitate the precursor polycarbonate therefrom
by such art 30 recogm zed nethods as anti-sol vent preci p'l‘ﬁ‘/liléﬂ&l st eam
pr eci pi t atWgA ﬂccordl ng to the invention, the precursor po ycar bonat e,

which may be i e rmof peJIets o} vmth at | east
one al kanol h&@‘ﬁ‘g ‘"H‘g an&al\% O%Jliﬁ df erred
al kanol s are Cﬂnﬂhanﬁl,mliblml I%Wt@lgd)@ -pEeaRl and Jchexsnel. E(hﬂt especial ly
Prlbmtary ?ndzsg t Mhmbﬁ balin! |ﬂo§ﬁ§fn&h@ﬁn§é’ofdﬁﬁﬁm0?i70°@g hanolth

- but ano u ang referred are those :
havi ng boi | i ng ﬁ'ﬁ‘ﬁgé?"dp L%B@‘%?l ggﬁ%‘fes kﬁlkf'fgﬂm %di ng 3- pent anol
and 3- hexan®l . efdployed.es of “al kanol s may- al so be 5 enpl oyed For. the
purposes of the. present invention, it is neither necessary nor

contenpl ated to enpl oy aF&ngéﬂrﬁﬁg QBME it nvefison it%inéxtheiﬁ&essary

af orenenti oned applicati o :b‘go /986 448 . use of al kdnol s al one
i s sufficient. PACFOREY alkyl caphop %Effmi comparison to
precursor pol yaﬁr&mm&bﬁeddppheaﬁbﬁ SerislNo. 0&/9&&.1448 Mhe pse ofi aikanslsalongai d
precursor pol ¥/sc ﬁ?c?%g@te ‘Most often, a weight ratio of precursor

pol ycar bonat e danol in the range of about 1-5:1 is adequate. Contact
tenperatures are subject_to wde variati rovj ded 15 they are

progressi v8y i ncreasi ng%‘ﬂ%@?‘!%%ﬂh‘?@f@?ﬂ jn compaEsonty; t 5| cont act
between the pr. wdﬁmpommﬁﬂﬂmclmdommhalpmnhkoﬁmdpmcuﬁmr exanpl e, at

t enper at ures fr ﬁg&ﬁ : C. Al that is
required is thggl% con{ué)é Of%nh% %?ﬁanﬁ@“'%ﬁfgge such as to nmaintain
the al kanol i Alkapnd in thggange of ahont 115F1'ls qyatet i ng point of the alkanol is - |
such that this 20 cannot be achi eved at atnospheric pressure, the use of

super at nospheric  pressuCemadt enperatiresarsisebject to wide variation, provided
15  they are progressively increasing as described hereinafter. Thus, initial contact
between the precursor polycarbonate and the alkanol may be, for example, at
temperatures from ambient (i.e., about 20-30°C) to about 180°C. All that is
required is that the contact temperature initially be such as to maintain the
alkanol in the liquid state. If the boiling point of the alkanol is such that this
20  cannot be achieved at atmospheric pressure, the use of superatmospheric
pressures is permissible. |

Contact between the precursor polycarbonate and alkanol may
be in a vessel other than the vessel employed for SSP. A major advantage
dlstmgmshmg the present invention from the: prior art, however, isits

25  adaptability to an mtegrated process including both crystallinity enhancement
and SSP steps. Therefore, it is frequently preferred to charge the SSP vessel
separately with alkanol and precursor polycarbonate at a temperature within
the operative range and to employ an uninterrupted heating operation from the
lower to the upper extremity of the temperature range. -

30 Said contact affords wetted particles of precursor
polycarbonate. These particles are then heated at progressively increasing

temperatures until a temperature between the Tg and the melting temperature
of the enhanced crystallinity polycarbonate, generally at least about 225°C, is



Cont act between the precursor polycarbonate and al kanol may be in a vessel
ot her than the vessel enployed for-SSP.- A.mgj or advantage distinguishing
the present invention fromthe prior art, however, is its 25 adaptability

to an integrat rocess including both crystallinity enh lsgsgand SSP
ol FERRRRN

steps. The It is frequently preferred to charge th vessel

separately with | _and. cursor . erature within
t he operative Fﬁ%ﬁé%%%1 Sy ﬁmgir%’&%%l&?{h&g?@géﬁﬂégg?rﬁh?%er ation from
the |ower to tempemapiyelevekiothemeaxy besweeminstanges of printenapepfdhe 30 Sai d cont act
af fords wet t edpipetatirt 86a Peciicd&el.SOr  pol ycarbonate. These particles are

t hen heated at progressively increasing tenperatures until a tenperature
bet ween the Tg and the ting.te . of , t tallinity
pol ycar bonat e, generall %é"l“g‘é‘?f‘gﬁ%@#ﬁé@g&mp@g&eﬁgﬁﬁs%ﬁ{){tls10930
PGTNSOOL156%8  inesgesisneh agnittggen oraugim gerving ¢ kesp thepolpsachonatgipatticlespi d;
ranpi ng f oM Ogi@perd8BAY Asd o cahy Uhlay VibortaBPbylfblulChs Miratedtyances  of

niltenance of the  tenperatuyre at a specific l.evel. The conditi ons of
heating may i nB¥® a‘i?%“ﬁF“&WéEgH?ﬁPtﬁ“‘?lﬁEP&Wﬁggsgﬁw as nitrogen or

argon, ser Vi ngtetminkerpagentinhe prepariniomdfahepretursirpelycabepmedisid albod al so to
carry away vapghinafle gﬁ%p% H?ﬁe\ﬁnt?én do'ehﬁﬁcli{ fﬁ@ﬂiz@d’ bed TRAAEY S} h gy, OBt |

conpound such as phen enpl oy as a char’n erm nation agent 1n the
preparation of the precursor_polycarbonate. It , is also, within the scope of

. t, .
the invent1®n to enpl oy &ne ¢ffrckipbtbe PrgErssive heatipg gperpten is ephancementye of f oct
of the progr essf theclysallinityg obghe palycabonse. Whikcagstallinitplevélabors §%t al 1 i nity

of the polycar . | Y, ey ' I % kS, Usual |y
adequate for S%&g@%ﬁé‘dg}iuasefgﬁﬁlgﬁi@g_’&%@%ﬁ?%@%@ﬂ%@%ﬁsﬁ?ﬁ%gﬁften above
about 50% and #baveabout50 'wdtmew&&g@thﬁm@i@b%ﬁﬂ%épﬂlam@mt her
effect is, of effsetBSof donfsethE SSPoparhtionlitielfs RhdtherVIRE GIthehdatiig Of t he

rati.on.i s _evaporatjion,of .t he al kanol. The nethod of the

heati ng 15,0pe
‘nvent fon. s PR S Fuponbos REESkANY ng
The method of the invention is illustrated by the following

examples. Molecular weights were determined by ge! permeation
chromatography relative to polystyrene.

EXAMPLE 1

20 A tumbling quartz reactor was charged with 15 g of pellets of
an amorphous bisphenol A polycarbonate oligomer prepared by melt
polymerization and having a Mw of about 9,000 and 4.1 g of 3-pentanol and
heated in a tube furnace. Heating was according to the following regime, with
a sweep of nitrogen (1 1/min) when the temperature reached 135°C:

25 105°C—1 hour,
135°C—1 hour,
185°C—1 hour,
220°C—2 hours,
240°C—-2 hours.

30  The 3-pentanol, observed to be a liquid at 105°C, evaporated at 135°C. After
the 105°C stage, the Tg and crystallinity of the polycarbonate product were



exanpl es. Ml ecul ar weights were determ ned by gel perneation
chromat ography relative to polystyrene. EXAMPLE 1 20 A tunbling quartz
reactor was charged with 15 g of pellets of an anorphous bi sphenol A

pol ycar bo | ] gonmer prepared by nelt polynerization aﬂ.ﬁ. YAses @ Mv of
about 908@62@ .1 g of 3- pent anol and heated in a tube' tﬁace Heat i ng

was according t e f . regi e ogen (1 I/mn)
when t he tenpellgq ‘E‘drzg)ggb byely: Aggﬂl_%\%@]’f V\Ge}P‘f C[gﬁ%&ﬁgg 185C-1 .
hour, 220C 2 B2%: respecivély,-and iiw preducB Mw ivas 66,4@0:t anol , observed to be a
|IC]UI d at 105C, evaporated at 135C. After the 105C stage the Tg and
crystallinity EXAMBLERZ| ycarbonate product were 8 WD 01/ 10930 PC /USOOns6ss
110C and 20% respectively. After the 240C stage, they were 155C and 52%

respectively,. and the prpdesdio ¥ BAGinp 261 wae gofthe reactor of
Exanpl e 1 was charged with 50 f the : ous ar bonate ol i goner
and 20 g o:‘,\gll Ao B?SPWH@Q\RE °m%f@99§8|g$3 QB"?‘W&&? WPhg reginme, with
a sweep of ni tmgﬂimgﬂnhmfaﬂbwutgeegmmhmthaweemﬁmmgen&HM)mm 100C-0.5
hour, 135C 1 Eﬁ ’J‘g‘%‘é& g, 220G 2 hours, 230C 2 hours, 240C 2
hours. The. xan’c’ﬁ observe o be a liquid at 100 and 135C,
00°C—05hour, '
~ 135°C—1 hour,
10 - 180°C—1 bour,
'~ 220°C—2 hours,
230°C—2 hours,
240°C—2hours

The 1-hexanol, observedtobe a hquld at 100° and 135°C,
15 evaporated at 180°C. After the 100°C stage, the Tg of the polycarbonate
product was 110°C. After the 135°C stage, the crystalhmty was 30%. After the
240°C stage, the Mw, Tg and crystallinity were 66 400 '155°C and 52%,
respectively.

20 Thxs invention has been descnbed in detaﬂ with particular
reference to prefened embodlments thereof but it will be understood that
 variations and modifications can be effected within the spirit and scope of the
invention. |

i



15 evaporated at 180C. After the 100C stage, the Tg of the polycarbonate
product was 110C. After the 135C stage, the crystallinity was 30% After
the 240C stage, the My, Tg and crystallinity were 66, 400, 155C and 520,

respectivel y. This invention has been described in. depgrlusiirisbss
parti cul arw}sroé/%(gqf’%nce to preferred enbodi nents thereof, i’éh'l e /fsP.r'

understood that variations and nodifications can be effected within the
spirit and scope of the whM§ ¢hintais:® 1111111 WO:01/10930 PCT/ US00/ 15658
What is clainmed is: 1. A nmethod tor prepari ng a p’0| ycar bonat e whi ch

conprises: contacting p I cl f a sali a ecursor

pol ycarbonate with an a u%{m@ﬁ% dF@‘PBge\B?‘Y“sﬂ%‘*g‘ f‘gg PIFS:at | east
one alkanol in the liquid state, said al kanol having a boiling point up to
about 5 180C; and heat i ngontaeting-pasticlesraf aselid.amorphous pregursery pr oduce an

enlhanced ;:_r ystgd aﬂiohkte M&Cagraﬁﬁfu?P&fdéﬁﬁé Waftsﬁdibaﬂxc&fs%mtlle&@bmd state

pol ymeri zati on ea a ressive ncr easi ng

t enper at ur es frﬂkﬁm{) “i"ﬂ Mgﬂm?h?‘gﬁg ?&ﬁ‘ﬂga?‘ﬁhm$ ‘%"8“'51 final Ievel
bet ween t he &l at80°¢£hndran3|t|on tenperature and the nelting tenperature of
sai d enhanced crystallinity polycarbonate. 2. A nethod according to claim

1 wherein the polycarbongkiin Wl&g &&%g:f g,pé&,ﬁem dHaRcegor mul a 0
I~ (1) -0-R-0 -u e.reln at | east . a 0 Of éh toSaI ﬁunber of R
groups are ar on@¥¥ @B?'E%ﬂ'é‘ olj YReSizatien 5 o
aliphatic, ali C&edeoi;sald)heaungbﬁhgmpmﬁsswdlﬁmcreasmgtempemums from

below the boiling point of said aikanol to a final level between the glass

10 transition temperature and the melting temperature of said enhanced
crystallinity polycarbonate.
2. A method according to claim 1 wherein the polycarbonate
comprises structural units of the formula
O

@ ——O0——R—0 c

wherein at least about 60% of the total number of R groups are aromatic
5 organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic
radicals.

3. A method according to claim 2 wherein R has the formula

014 Al—Y A2

wherein each A' and A? is a monocyclic divalent aryl radical and Y is a
bridging radical in which one or two carbonate atoms separate A' and A2,

4. A method according to claim 3 wherein each of A' and A% is
p-phenylene and Y is isopropylidene.

_ 5. A method according to claim 1 wherein the precursor
polycarbonate is a polycarbonate oligomer.

_—
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3. A nmethod according to claim2 wherein R has the formula (11) -A" -Y A2
wherein each A' and A2 is a nonocyclic divalent aryl radical and Y is a
bridging radical in which one or two carbonate atons separate A' and A 4.
A net hod g to claim3 wherein each of A and A2 ipgrdadiiesty! ene and
Y is isopr (%y{’ ne. 5. A nmethod according to claim| wherein the precursor
pol ycarbonate is a polycarbonate oligonmer. 210 [I-IELTELTETTTT]

Lerrrrrrrrrittt CL m@%%@&%ﬁi’%g@ﬁ%ﬁﬁﬁﬁ%mﬁm&%ﬁ}&ﬂ according to -

claiml1l wherein the precursor pol ycar nate 1s hi gh ecul ar wei ght

pol ycar bonat e. Polycasbopaterisa highanelesulas weight palyeardoniter i n t he precur sor

pol ycarbonate is a branched polycar bonate 8. A nethod according to claim4d
wherein the precursor pbleﬂhdmﬁmdmgtwclmWhﬁdinphﬂpteWnate. 9. A

met hod accor di gt kanol i's a primary or secondary
Cl1.10 : al kanol B&W %%ﬁwggd?oycng to claim9 wherein the a | kanol has
a boi I ing point in the range_ of abo t 11 170 1 A net hod according to
claim9 wherein the al ka#voﬁmFg‘% SR or ding to claim
9 wherein the pblyamdnaiessimc?awmycarﬁoiatm rret hod accor ding to claiml
wherein the weight ratio of- precursor poI ycarbonate to al kanol is in the

range of about 1-5:1. 14 M Q%r? lt@héi'élﬂ alkaildEis@l n said

heating is wuninterrupte cco ngtoc alm 14 wherein said
heat i ng primary or secondary Cja0 alkano

10 A method accordmg to claim 9 wherem the alkanol has a
boiling point in therange of about 110-170°C. :

11. A method according to claim 9 wherein the alkanol is 3-
pentanol.

12. A method according to claim 9 wherein the alkanol is 1-
hexanol.

13. A method according to claim 1 wherein the weight ratio of
precursor polycarbonate to alkanol is in the range of about 1-5:1.

14, A method according to claim 1 wherein said heatmg is
uninterrupted.
15. A method according to claim 14 wherein said heating

begins at a temperature from ambient to about 180°C and ends at a
temperature of at least about 225°C.

16. A method according to claim 14 wherein staged heating is
employed. '
17. A method according to claim 1 wherein said heating is in a

stream of inert gas.

18. A method according to claim 1 wherein said heating is in a
fluidized bed.

* C L .M S *
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begins at a tenperature from anbient to about 180C and ends at a
tenperature of at |east about 225C. 16. A nethod according to claim 14
wherein staged heating is enployed. 17. A nethod according to claimi

wherein said heatlng isin a streamof inert gas. 18. A ordi ng
to clai m VRAKIRY, said heatlng isina fluidized bed. 1@%@&5

(1211222222 0002 0D 1YL L2 * CL MS WO 01/ 10930 PCT/ USO0/ 15658 19.. A
met hod for preparing a pqlgygaﬁgg&pfo §tewlﬁélﬂ§d%?ﬁr%s partlcl es
of a solid, anorphous precursor po yng ona te Wlt an anoun ?ﬁctlve to
wet said partlcles of at |east one. angl..in the liguid state, said

al kanol being a Cl_1o al taﬁ:tquesao BSPlid- amporphoys p the range of
about 110- 170C; polyedrtionate with anlamousteffactiveowet said ppaticies of a@easnom

uni nterrupted Jfiggiol ﬂQhé) &Eﬁ?f szI:&’alR i@.ﬁ@ﬁ?ﬂ&ﬁ §tb§ﬂhhh”' ty

precursor pqgl ycar,bqnat e ate po ynerlza I on thereof,
sai d heati n® bt ®y 1B ib&l SI ng tenperatures from a

t enper at ure bet ween arrbl ent 10 and about 180C to a tenperature of at |east
about 225C. 20. A net hod heatingrthe regulting siettied patticlesiaan unintdrmpred! ycar bonat e

I's a bisphenol Y er-TaloTel ﬁ{c‘édc&gtlﬁﬁi'r}
0] 131111111%% Shcplion jE b H biebirsof polycarbonate
and effect solid state polymerization thereof, said heating being at
progressively increasing temperatures from a temperature between ambient
10  and about 180°C to a temperature of at least about 225°C,

20. A method according to claim 19 wherein the polycarbonate
is a bisphenol A homo- or copolycarbonate.
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