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There exists a further need for a process in which the in which the rate

of solid sgravehgod theeattendant dncreasg ibMwef f ecti vel y increased. -1 WO 01/10931
PCT/ USOQ' 18357 There further exists a need for a SSP process which may be

conduct ed Solid state polymerization (SSP) of polycarbonates is disclosed, for
10  example, in US Patents 4,948,871, 5,204,377 and 5,214,073. Typically, SSP involves

three steps: a first step of forming a prepolymer, typically by melt polymerization (i.e.
transesterification) of a dihydroxyaromatic compound such as bisphenol A with a

diaryl carbonate, such as diphenyl carbonate; a second step of crystailizing the

prepolymer; and a third step of building the molecular weight of the crystallized

15  prepolymer by heating to a temperature between its glass transition temperature and

its meltihg temperature. The second or crystallization step as disclosed in these

patents is by solvent treatment or heat treatment.

There exists a need for an improved method for crystallizing the

polycarbonate prepolymer.

20 There exists a further need for a prepolymer in a form which may be

readily processed to produce polycarbonate having improved properties.

There exists a further need for a process in which the in which the rate

* of solid state polymerization may be effectively increased.



at shorter processing tinmes. There further exists a need for a SSP process
in which the process nmay be conducted in fewer stages. 5 BRI EF SUMVARY OF
THE | N\VEWWO 6dMo¢m1 a first aspect, the invention rel ates to mCTRESONQA8350f
crystallizing an aromatic pol ycarbonate prepolynmer having a nol ecul ar

wei ght of from about 1,000 to about 20,000 and having from about 5 to

about 95 nol e % ar yThepé fltttivdeRistsel Héed¥or &SSP BroBesISvhiElR AR betondhcéd end
groups, the nethod conprising: 10 a) contacting the prepolyner with a
cryst al | i3 SRQISE PEQFESRINE BMBS-i si ng an  al cohol or al cohol s under conditions
effective to crystallize the prepolyner. Optionally, the crystallization

agent may conprise gﬂh{:' I Iﬁ.?t f -
conprises at |east % y mﬁ%ﬁ?%’ e@ﬁé?%?ég 0 e'g?ﬂ: gﬁ%@h%?é&cg{vﬂﬁ%yone
enbodi merte cohdidwedinfewerstages. t he i nvention, the invention relates to a
met hod of crystallizing an aromatic pol ycarbonate prepol ymer having a

nol ecyl ar. | ght ' o about 20,000 and havi ng from about
5to bo&R&JM#(gg};&%Mgﬂ nal end groups, based on total end
groups, the nethod conprising: 20 a) contacting the prepolynmer with an

agent compri sing a 1eLAAHakYkcr, thé Hnriol s o' d FelPUI AR HamziRNa) | S

applied to the prepol yner the vapor phase. In a
t hi s aspearematic pdiycarbonate prepolymenhaving @ molecrdamhweight ofefrdmaboiit 1,000 @asi ng -
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agent conprising an al cohol” and an additive, the additive conprising a
substance effective to increase the rate of solid state polynerization. In
a fudPher enmbodi ner® cortastingthp prapobmerith a ¢aystallization pgert comprisingmnnet hod |

of ‘cont r%uomportﬂ@ohrtﬂeﬁm cStlditidnd etfebhiVd B tritalflzd e BRIpHther12V! N9 2

nol ecul a

Optionally, the crystallization agent may comprise an additive. The -
crystallization agent preferably comprises at least 95% by weight of the alcohol or
alcohols.

15 In one embodiment of this aspect of the invention, the invention relates
to a method of crystallizing an aromatic polycarbonate prepolymer having a molecular -
'weight of from about 1,000 to about 20,000 and having from about 5 to about 95 mole -
% aryl carbonate terminal end groups, based on total end groups, the method

comprising:

20 a) contacting the prepolymer with an agent comprising a secondary
alcohol, wherein the secondary alcohol is applied to the prepolymer in the vapor
phase.

In a further embodiment, this aspect of the invention relates to a
method a method of increasing the rate of solid state polymerization during -

25  preparation of an aromatic polycarbonate from a prepolymer, the method comprising:



wei ght of from about 1,000 to about 20,000 and having from about 5 to about
95 nole aryl carbonate term nal end groups, based on total end groups, the

met hod cowydiabsg t he step of: a) applying a crystallizi ng BEIR0$00/18357
conprising an al cohol or alcohols to 10 the prepolyner. Optionally, the
crystallization agent nmay conprise an additive. The crystallization agent

preferably conpri sesaptontadaiilg the prépodpntierowithed ciystallfzingsgeat comprisingran
al cohols. In a second aspect, the. invention relates tg_a _ method of

prepar i ng aleohal and anadditve; thesaddjtiyg Gomprisieg ¢ HPstanssfifestive)tainereass thy

agent, th LS e steps of. a) extruding the prepol yner
t hr ough a%&ﬁ%@%g%%gﬁmgg?%%d at conditions such that the bl ow ng
agent remains in the condensed phase in the prepolyner prior to emerging
fromthe die, and 20Iba further embogiment, ahist &spectr of ahey imventibn aneldtest bee adi e,
substanti al | simul t aneousl y cool i ng-..the prepol r by contacting.the
pr epol -mgthod of cees&%g tﬁ%éesmméﬁaaéuwv of ﬁ@r%q'@gew{wmz  MOIESHRS ti ons
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t he prepolr]?%%???gﬁ?@%%og@ Inogﬁgmg%g@%ntghioﬁﬁﬁ@éggﬁ%%%ect g t he
i nvent i on %ehntl esarbanate términalt bmdl gréups; chased rom tathl ehdirgrpapd, ethe methodi si ng
an aromat i cl_gé)}_li%car bonat(g_ prepol yner having a nol ecul ar wei ght of from

0

about 1, 00 BHE S8 B0 and having from about 5 to about 95 nole %
aryl carbonate term nal end groups, based on total end -3 WO 01/10931
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conprising a bl ow ng ‘agen the met hod conprising” a) extruding the
ar omatliOc pbepeepoligrert e prepol yner through a die, the die maintained at
conditions such that the blowi ng agent remains in the condensed 5 phase

prior to energing fram. di .UpQ r he, At omatd ¢
B Doemer 90 " b e cARR LR Yo Tiaf WRhprRl sh"EachR™ Tk
) crystallization agent preferably comprises at least about 95% by weight of the alcohol

or alcohols.

In a second aspect, the invention relates to a method of preparing
" 15 cellular pellets from a prepolymer comprising a blowing agent, the method comprising
the steps of: '

a) extruding the prepolymer through a die, the die maintained at
conditions such that the blowing agent remains in the condensed phase in the

prepolymer prior to emerging from the die, and

.20 b) upon emergence of the prepolymer through the die, substantially
simultaneously cooling: the prepolymer by contacting the prepolymer with a cooling
agent and cutting the prepolymer; the conditions outside the die being maintained

such that the blowing agent vaporizes in the prepolymer to form pores.

In one embodiment, the second aspect of the invention relates to a
25  method of preparing cellular pellets comprising an aromatic polycarbonate prepolymer
having a molecular weight of from about 1,000 to about 20,000 and having from

about 5 to about 95 mole % aryl carbonate terminal end groups, based on total end



the die, substantially simultaneously cooling the aromatic pol ycarbonate
prepol yner by contacting the aromatic pol ycarbonate prepolynmer with a

cool ing agewvin®sd cutting the aromatic pol ycarbonat e prepedtwusorisidre
conditions outside the die being 10 naintai ned such that the bl ow ng agent*®
vaporizes in the aromatic pol ycarbonate prepolyner to formpores. In a

further gronpsli thentomitid polycabonute prpoBaier Fhrthéreconprisiig arblowiig agesit,| ul ar
pellets are crystallized by effecting contact with an agent conprising an -
al cohol !i'ﬁdnﬁtﬂ?‘pr%ﬂbgbct ed to a process of solid state polynerization.
15 Additional advantages of the invention will be set forth in the

description which tﬂ%@n e‘mﬁﬂ | H?fﬁé?tth'l%ﬁ 1l 4 real i zed
and attained by négél’ts 0 %ﬁee e esf{rgpnpglggéﬁ’g&g%%f\eﬁgtions se?wfaodrl?’ﬁﬁ?n t he
appendeddiel mainmined| 4t ¢conditionb sucin deat she blbwihg tagémtt ientains inothe gondensgdner al
descrj ption and the fo]low n etail ed description are exenplary only, and
not rgestPh@?pver@requvns?ﬁ%ﬁnedﬂ?, ad 20 claimed. BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a graph of plot of the saturation vapor pressure of
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di phenyl carbonates y- products of aro synt hesi s.
25 DETAI bERiIEESERARIEIPNsinaltaideusM\denlingthe ardmatic (ol yoat®hae @irepispmen 8357

(o | bt i CRASRHPEAhoTat s PP HAPIAH BropoDREAT Ul & roRjine AR any cioms °
i”Ve”ti%ea%méﬂepg}&é%bﬁﬁeiﬁ%b%ﬁrtWQﬁoﬂditﬁ%Oé\ﬁsfHBeﬂﬁr%@rﬁei thod and

apparatus are disclosed and descri bed, it 5is to be understood that this
i nvelt i omaingaipest sughnthat dhe dlewingi agent aperzescimthenawgmabic pelycasbenatecul ar

formul at | gﬁé of course, vary. It is also to be understood
t hat th%rggélyxrrn'g?\to‘ﬁs%g@ uséd herein is for the purpose of describing
particul ar enbodinents only and is not intended to be limting. In this
speci fication and Innatfarher ehbodimbnicof tiis Isecundr aspectesfcehe vinvéntion, the
cellular pellets are crystallized by effecting contact with an agent comprising an

alcohol and further subjected to a process of solid state polymerization.

15 Additional advantages of the invention will be set forth in the
description which follows. The advantages of the invention will be realized and
attained by means of the elements and combinations set forth in the appended claims.
It is to be understood that both the foregoing general description and the .foliowing
detailed description are exemplary only, and not restrictive of the invention, as

20 claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph of plot of the saturation vapor pressure of pure
phenol and pure diphenyl carbonate versus temperature. Phenol and diphenyl

carbonates are by- products of aromatic polycarbonate synthesis.

25 DETAILED DESCRIPTION OF THE INVENTION



10 made to a nunber of terns which shall be defined to have the foll ow ng
meani ng. The singular forns "a", "an" and "the" include plural referents
unl ess theyceiniessst clearly dictates otherwi se. "Optional" opctrossosssd |y
mean that the subsequently described event or circunstance may or may not
occur, and that the description includes instances 15 where said event or
ci rcunst ance occurs Zhel presehtinyertionhmayp be tundesstoodahore iiadiljoby seférendestoher ei n

10 56 ot YR POV ETaled deseiish’ e emd exibRimast Bf tcipuenon and

pr epol ymer the 2RampR intlddedtRérel * 1S herein defined as a pellet containing
internal voids. "Essentially pure" is herein defined as 99% by wei ght or

greater of the referenced nmaterial. "Agglonerated pellet” is herein
defined as a pel | et Befoyetheipresent methodandsapparatisaaredistliosdd drsisdeseribed, it

densi fied. . 25, | [ t. Lhe, t ti . t hod of
crystaid i 71578 b5 nfsrond bhsf BBS yention it e PBRIE WAL APADRIDIR t ho
pr epol ym%‘m&xlm&%&ﬁaﬁé B GUENRAY! dBedutse, ¥afy. IR i@ﬂ@a&%ggﬁnaéééoaa )

al cohol . tionally, the crystallization agent” may furt conprise an
addi ti ve. thaderpinglogy Bssdhherein isfot theepurpase ofdésaribingrpagidufarcembeeliments SSP.

In a secon t. i nventk.on.concerns the preparation of cellular 5
pell ets fr%ﬁ??@fﬁ}%ﬁ@%ﬁ"%?%ghpr& i zation process. In one enbodi nent,
the prepolynmer may be pol ycarbonate. The cellular pellets may optionally

be treated by effech i qroifRatiohnd e tifectihimswhizh! foRbW, Yéférend 'wilp g8t
conprising an al cohaol. The prepolyner may be further onmerl zed by SSP.

I
More g8 t imEadedoanumbez of termys vhichshall ber definnd to hansithe follawing meaning. net hod

10 in which a polyner feedstock conprising a blow ng agent is processed

Lo ornd! ;'gggts SUPHL §if@hlaffdrils! 4 2anP Sl ®thd Sint REEBihral ReBis SERIET MENT.
' the context clearly dictates otherwise. |

“Optional” or “optionally” mean that the subsequently described event
or circumstance may or may not occur, and that the description includes instances

15  where said event or circumstance occurs and instances where it does not.

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

“Solvent” is herein defined as substance that penetrates the

prepolymer.
20 “Cellula{ pellet” is herein defined as a pellet containing internal voids.
“Essentially pure” is herein defined as 99% by weight or greater of the
referenced material.

“Agglomerated pellet” is herein defined as a pellet formed from
powder particulate which has been densified.

25 In a first aspect, the present invention concerns a method of

crystallizing a polycarbonéte prepolymer by effecting contact between the prepolymer



I's present in the polyner feedstock as a byproduct of the preparation of
the polyner feedstock. In another enbodi nent, the bl owi ng agent nay be

i nt roducewh é1ndegsit he feedstock. 15 Although the nethod of prxkisogris3se
cellular pellets is not limted to polycarbonate prepolyner, the nethod is
suitable for preparing cellular pellets of polycarbonate prepolyner, which
may be candsambgent comprising abjpleohell Optidénallyhthe crystdllizatioaragent lyhy fiurther ease by
SSP. Optlonall cry. aII|z ion of t cellul a eII

ef f ect ed®YYP ‘?ﬁ‘é/edé‘[ ?@ﬁ‘f f‘PF ?}&%PWQ&H"SH‘ "&’g eﬁge@;hy 20

al cohol ggpdescribed in the f| rst aspect of the |nvent|on - Pol vcar bonat e
Preool vmer Crystallization As nentioned, in a first aspect, the I nvention
concerns a nmethod of crystallization of a pol ycar bonat e prepol yrer

conpr i SI ng ef f ecti lyasesondaspest, thﬁelnvmopcmnmame preppratipnf cellelar an agent

| cohal . Thi nt d t
" oryet al PRSP ot & Brepgyiie? 5 bz socese In” o e he
optional PrépSIgHRE i t I’p(ﬂyiﬂfﬁdnue OThegélhilirviHets They BptiotaRy Menedatedtyepol yner
that is treated wth the crystallization agent may be in any form suitable

f or proceffesting contagt vbthmpq!bxjmpdlm wathoan aget camprising ag, aleahol.nbhe | i i t ed
to, po pellet, or a cellular pellet. In
one enbo@qﬁélpﬁn% &%&hg%%?%gggﬁeﬁg} ﬁ'ggpt here is provided a method of

crystallizing an aromati c pol ycarbonate prepol yner having a nol ecul ar
weight in 5 the rMmgeparﬁcﬂhleqtth&s&Gﬁdhspeabﬁﬁme #ivefiiéh inehdieb awietspd n t he

ran of, about 5 tao about 95 Ie %_a.r rbonate term nal epd groups

based onft W?‘éﬂ anpolyms 3 F@PPE%“ “&ngageﬁéllﬂc@?cﬁsﬁ%‘{] é‘!‘gfs" of

effecti h rising
"bn' Hﬁmnsgﬁclﬂinatti]&nﬁ Pﬂgéég?fodﬂea Iftofe ﬁtﬁiulnbxgq. Fl'iyl bltaﬁg@t &Eﬁ{”p

an al cohol orma cryst a prepol ymer . tion repol ymer

may firss pbﬁeobmahn@dlym:rtfendsmcklaag bypdodtpdpf)mp pteparyﬂ:omoﬁﬁmmulymmt h a 10 .

diaryl carbonate,to form r te al yner, cul ar

wei ght |%°‘?sg(é& r I gother %a]b‘gﬁm% 6€e %WQBE OX‘EX)(S"" Wﬁg‘ifg ﬁ“"t he range
of aboutfebdsteckabout 95 nole % aryl carbonate term nal end groups based on
total end groups. '

15 Although the method of making the cellular pellets is not limited to

polycarbonate prepolymer, the method is suitable for preparing cellular pellets of

polycarbonate prepolymer, which may be crystallized and subjected to further

molecular weight increase by SSP. Optionally, the crystallization of the cellular

pellets may be effected by treatment with the crystallization agent comprising an
20  alcohol as described in the first aspect of the invention.

L._Polycarbonate Prepolymer Crystallization

As mentioned, in a first aspect, the invention concerns a method of
crystallization of a polycarbonate prepolymer comprising effecting contact of the
polycarbonate prepolymer with an agent comprising an alcohol. This agent is herein

25 referred to as a “crystallizing agent” or a “crystallization agent”. The agent may
optionally comprise an a@ditivc or additives. The polycarbonate prepolymer that is

treated with the crystallization agent may be in any form suitable for processing,

-6-



The pol ycarbonate prepol ynmer typically conprises structural units of the
formula Il OIl OROCI15 11l wherein at |east about 60% of the total
nunber of WW@OD19931 are aronmatic organic radicals and t he babemusod/isaseof
afe aliphatic, alicyclic or aromatic radicals. Preferably, each Ris an
aromatic organic radical and nore preferably a radical of the fornula 20 A
i Y A2 |V hdoding, Baaiot AmitedctoAZ ﬁbﬁrdar, OpeleY, G dzglimiethea tpefiby br hadiiGal and
Y-is a bridglng radical in which one or two carbonate atons separate Al
and A2. Su®§l$tadi cal's may be derived from di hydroxyaromatic conmpounds of
the formulas OH R OH and OH A, -Y-A2-OH, or their corresponding

derivatives. A and | . e 2l 11 uns.ubstitute
phenyl ene, preferabl ?ﬁgng(ﬁ}eﬁr@ éﬁéélﬁg?hge s'ﬁnt%gl?deeh%rﬂ%\?éagi%‘éﬂeaﬁé?% . The
bri dgi ng r afliccystallizing amusomati¢ polyearbyskite pregolymer bavinga dndleailar ﬁ_bigm fh
saturatgd group, such as th;ébene cycl ohexyl i dene or isopropylidene. -7
VO 01/ 1593%’93@%3%386‘?%3‘5% tp B\'M@ﬁé haxing|i theyraage pEakoutScto abous, t he
nore prefe : | S Lesi

2. 2y 5 4 Porareace AR HBGRLE fertifal chd B7dh B o 1 T ERIOBS.. The eghos
embodi ment gendrallypinehuley ther sters ofieffierning donraet of thelprepdlginet with a érystaBizing

preferable that the,aromati c@f)?l yc&)r bonat e prepol ynmer have a Tg of from
about 5 188N GUMPIINRE 28 syiceliol g, formy ar erystailized isepolymer. C Optignellpotherer of

a (co) pol YQ?ép%[)g%frtiﬁ&aﬁ?s‘f bEBbtACI P CohARE aeﬂxhpgrscﬁxg[}gasrggwﬁg?ﬁdhgmasé or

i nvention. The yest er car bonat e y conprise

ar omat 1@ didiacyldarbonate to dome 8 polydanbgnate iprepad yruerchavingad inpleetiiae welght it i C

di aci ds, h h di i chl.orj des, I be utilized in th

1r0aglol )S/ o i%gﬁimt?t £660 &° 80 28%08 254 having in’the range of about 5 to aboat 95 =
mole % aryl carbonate terminal end groups based on total end groups.

The polycarbonate prepolymer typically comprises structural units of
the formula IO |

—0—R——0—C—

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

Preferably, each R is an aromatic organic radical and more preferably a radical of the
formula

20 Ai——Y—A,

Iv
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 A,. Such radicals may
be derived from dihydroxyaromatic compounds of the formulas OH-R-OH and OH-
Ai-Y-A2-OH, or their corresponding derivatives. A, and A, include but are not
25  limited to unsubstituted phenylene, preferably p-phenylene or substituted derivatives
thereof. The bridging radical Y is most often a hydrocarbon group and preferably a |

saturated group, such as methylene, cyclohexylidene or isopropylidene.



Pol yfuncti onal conpounds nmay al so be introduced into the reaction to
produce, for exanple, branched pol ycarbonate prepolyner. Suitable

bi sphenoisp @reediphenol s whi ch may be used in the prepar at iPOT/USO0/18352
prepol yner include, but are not limted to, 15 resourcinol,

4- br onor esourci nol, hydroqui none, 4, 4'-di hydroxybi phenyl,

1, 6- di hy Gsopiopylinemaiscthe, mafe prefefrédhyTiesy yish aivye praférred) polycarbonates are
bi s(4- hydr oxyphenyl ) di phenyl net hane,
bi s( 4- hy dhasgy BeTBRRSiRg 11esidyes 9fn@sdrbis-hydroxypheaylprapane, 35?8t Bane,

% g: g: :E i@ﬁé@éﬂ%xphﬁl%ege%m%em( &%ipgepéloéﬁgﬁ(iipﬁbﬂ{ﬂmmr&fﬂgyﬁgﬁml £thane,

r oxyphe propane

2- (4- hy dmoisygreferable that X irpdratiz \polyeashionate qrrepadymer have a T, of from about

2, 2- bi s(4- hydr ogghenél ) butane, _ 1, 1-bis(4- Qyégr oxyphenyl )i sobut ane, -8 WO
01/ 10831 lm‘yrms utd38%C, mare prefecably,abost JM&ny | ) cycl ohexane, .
trans- 2, 3- bi s(4- hydroxyphenyl ) - 2- but ene, '

2, 2 bi 8( 4 hyclr oxyphe B L ABIR \eoypolyebcr e Mk BBl e, S

bi s(4- hydr oxypheny e,

2, 2- bi s( sheTRiciod 6f g riaverionny Ther pulyeseercarbonate may comprise residues of
2, 2-bi s(3-et hyl -4-hydroxyphenyl ) propane,_, .. ) . .
2, 2- bi s( 3liphasicosyaromatis; diagids, Hais\roTTEsRARINg derivatives of aliphatic or aromatic

2, 2-bi s( e PukK! adt-dY IELPOSINS ) BEMORAEs, may also be utilized in the
10 polymerization.

Polyfunctional compounds may also be introduced into the reaction to

produce, for example, branched polycarbonate prepolymer.

Suitable bisphenols or diphenols which may be used in the preparation

of the prepolymer include, but are not limited to,

15 resourcinol,
4-bromoresourcinol,
hydroquinone,
4.4’-dihydroxybiphenyl,
1,6-dihydroxynapthalene,

20 bis(4-hydroxyphenyl)methane,
bis(4-hydroxyphenyl)diphenylmethane,
bis(4-hydroxyphenyl)-1-napthylmethane,
1,1-bis(4-hydroxyphenyl)ethane,
1,2-bis(4-hydroxyphenyl)ethane,

25 1,1-bis(4-hydroxyphenyl)phenylethane,
2,2-bis(4-hydroxyphenyl)propane (“bisphenol A”),
2-(4-hydroxyphenyl)-2-)3-hydroxyphenyl)propane,
2,2-bis(4-hydroxyphenyl)butane,
1,1-bis(4-hydroxyphenyl)isobutane,



10 2, 2-bi s(3-t-butyl -4-hydroxyphenyl ) propane,

2,2-b|s(3 cycl ohexyl - 4- hydr oxyphenyl ) pr opane,

2, 2- bi s( 3+4pbloyheedt hydr oxyphenyl ) pr opane, ' PCT/US00/18357
2, 2- bi s(3- et hoxy- 4- hydr oxyphenyl ) pr opane,

2- bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) propane, 15

bis(2,3,5,6-tet rgmg liyBrdiyBhényRYEIBlIENdREOPANE,

bi s( 3, 5-di chl or o-'4- édroxyphenyl) F opane,

2
2
2- bi s( 3, 5- di br onp- tansy2i3-bistHihydsox myé)qb-butene

2- bi s(2, 6-di br ono- t.h hydr,ox henyl)propane a,
bi s(4 hydroxyphenyi?ﬁ’dqﬁgﬁg c}%ﬁ y¥) X‘?

a,

2-

d

1-

a',a -tetramet hy Bhis blh?ﬁfo %ﬂé &ggﬁyl )p xyl ene,
p

bIS(4 hydroxyphen hex r opane, 1-dichloro-2,2-bis(4
r oxyphenyl ) et hyl ebls(4-h)&kdxyphbn3d)mefbnﬁnln s(4 hydr oxyphenyl ) et hyl ene,
dichloro-2,2-bis nox xyphe et hyl ene, 25
4, 4" - di hydroxybenzopirgfﬁ?(g'metéyl\?"g ‘S’ y&i}ﬂyﬁé ABfyI ) - 2- but anone,
1, 6- bi s(4- hydr OXypheﬁ‘!'ﬁkéaeﬁ?i@l??ﬁ&’kﬁﬁ@%%ﬁhgﬁee”e gl ycoI

bi s(4- hydr oxyphenyl ) €t’her 1) ét her,
bi s(4- hydr oxyphenyl ) 2,2+is(8ea-propyls4-hyénooyphenyl)propads, ul fOXI de, -9 W

0002 0 bl i

2
2
2
2
2
a-
a
2,
hy
1

9, 9- biygy( 4- hydr oxypheﬁzlgig(bu_qfugq_e;.hy&oz fepadeyr ene, S
6, 6" - hydroxy 3, 3' -tetrdnet hyl splro( s)lndane ("spirobiindane
bi sphenol "), _ 2 2—b1s(3-cyclohexyl-4~hydroxyphenyl)propane,

2,2-bis(3-allyl-4-hydroxyphenyDpropane,
2,2-bis(3-methoxy-4-hydroxyphenyl)propane,
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane,

15 2,2-bis(2,3,5,6-tetramethyl-4-hydroxyphenyl)propane,
2,2-bis(3,5-dichloro-4-hydroxyphenyl)propane,
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane,
2,2-bis(2,6-dibromo-3,5-dimethyl-4-hydroxyphenyl)propane,
o, -bis(4-hydroxyphenyl)toluene,

20 @, 0,0, o -tetramethyl-o, o’ -bis(4-hydroxyphenyl)p-xylene,
2,2-bis(4-hydroxyphenyl)hexafluoropropane,
1,1-dichloro-2,2-bis(4-hydroxyphenyl)ethylene,
1,1-dibromo-2,2-bis(4-hydroxyphenyl)ethylene,

_ 1,1-dichloro-2,2-bis(S-phenoxy-4-hydroxyphenyl)ethylene,

25 . 4,4’-dihydroxybenzophenone,
3,3-bis(4-hydroxyphenyl)-2-butanone,
1,6-bis(4-hydroxyphenyl)-1,6-hexanedione,
ethylene glycol bis(4-hydroxyphenyl)ether,
bis(4-hydroxyphenyl)ether,

30 bis(4-hydroxyphenyl)sulfide,
bis(4-hydroxyphenyl)sulfoxide,



3- bi s(4- hydr oxyphenyl ) pht hal i de, 2, 6-di hydr oxydi benzo- p-di oxin,
6- di hydr oxyt hi ant hrene, 10 2, 7-di hydr oxyphenoxat hi i n,
7-d
6

31
2,
2 i hy 4@ ¥iv1093110- met hyl phenazi ne, 3, 6-di hydr oxydi benzofp@Tars00/18357

3, 6-di hydr oxydi benzot hi ophene, 2, 7-di hydroxycar bazol e, 15

4, 4- bi s(4- hydr oxyphenyl ) heptane, 2, 2 -bis(4-hydroxyphenyl)hexane, and
ot her hal ogenat ed Wis(4 ))dyd@pﬁ&;)d)smmﬁé ives. It is also possible to use
m xtures of nono- and bi sch| or of or mat es_of the desired bi sphenol or

nono- and/or bi sc‘ﬂﬁ‘éﬁo‘ﬁ l4-Bydrgxypbeny)sulfop®nat e mixtures of the desired
bi sphenol . 2,2- big E@M& ropane (or bisphenol A) is the
preferabl e bi spheno?% é yﬁ%’? po Dﬁ ?onal conpounds used in the

pol ymeri zati on of ZMﬂI}th@ppmhy,car bonate i nclude, but are not limted to,

1,1, 1-tr 4- hydro I et
1, 1- Bi s(lzlsélydr)c/)xypé(\é ) h:'j3d$ n‘EVh&‘F”BhﬁH‘Z‘}(Ib)S)mQ@et(F‘?mEWW% anhydr| de,

tI’IrTE||I Q‘ﬁ' . or thelr aC|d chloride derivatives. Suitable dicarboxylic
acids or dicar boxyl ic dichlorides which may be used with bisphenols in the
pol yneri zation of 3 bb;seda-hpdroxypﬂmybplnhahdacl ude, but are not limted to,

agge\é\gnglijllggféoxg% g'%ﬁ’g\/"é‘%i' BfYs flfg??ggfgn:c%calr gg)p%!t Ihgl ?gl gm é lé-
t erepht hal oyl di C"Q,doiﬂ}aroﬁﬁﬂaﬂtﬁﬁﬂat hal oyl di chl ori de. ’
10 2,7-dihydroxyphenoxathiin,
2,7-dihydroxy-9,10-methylphenazine,
3,6-dihydroxydibenzofuran,
3,6-dihydroxydibenzothiophene,
2,7-dihydroxycarbazole,
15 4,4-bis(4-hydroxyphenyl)heptane,
2, 2 -bis(4-hydroxyphenyl)hexane,

and other halogenated or alkylated derivatives. It is also possible to use mixtures of
mono- and/or bischloroformates of the desired bisphenol or mono- and/or
bischloroformate oligomeric carbonate mixtures of the desired bisphenol. 2,2- bis(4-

20  hydroxyphenyl)propane {or bisphenol A) is the preferable bisphenol.

Suitable polyfunctional compounds used in the polymerization of

branched polycarbonate include, but are not limited to,

l,l,l-ttis.(4-hydroxyphenyl)ethane,
4-{4-[1,1-bis(4-hydroxyphenyl)-ethyl}-dimethylbennzyl],
25 trimellitic anhydride,
trimellitic acid , or their acid chloride derivatives.
Suitable dicarboxylic acids or dicarboxylic dichlorides which may be
used with bisphenols in the polymerization of polyester carbonates include, but are

not limited to,

-10-



It should be understood that any suitable nethod of naking the

pol ycar bonate prepol yner, including catalytic and noncatal yti c nmet hods may
be utilizwbowmoesilte present invention. Such nethods incl ude,pdrrusewisssyot
limted to the interfacial process and the nelt process. It is preferable
to conduct the prelimnary 10 polynerization in a nolten state as it
typically yields a mlxOuderand dicasbprylicawid, uncapped ol i goners, and the nelt
process does not reqyi.e tae i nt.,y oquctjon Qf chlorinated solvents. The
crystal lization agent1sApdscans ’&a%P?‘WIA‘? 18{ cohol, nore preferably a
tertiary al cohol, evegipepHhfiddcR,erably a secondary al cohol. M xtures of
primary, 15 secondary and tertiary al cohols and any conbi nati on thereof
may al so be used in isophthalisacitl) i zati on agent. In one enbodi ment of the

i nvention, the crystallizatiqgn.agent is, essential]y pure alcohol. Al cohol
i s a ndnhsol vent for %@%@9@5’%@% eeabﬁésﬁ&ﬁ%y.?d‘qh@%‘!ﬁ'ticul ar, the

al cohol s of the crystallizati on agent have a prepol yner solubility of |ess
t han about 10% prefgr I % f | R o] are
present in the crystgl ?ﬁ'g?i%?n%ggée}%@?@%f? ?‘%&bigl (%‘fﬁig\rf %%ﬁc@go{hg

pr ef er abl ypelyeasbonatey pperiolymert ineludingheatalytio uand? Bncatalyiic anethods anablbg | ess
t han about C ven nmore prefergbly | ess than . about 180 C . Suitable
prinmary al %"ﬁ%%flsmitﬁ% PIREnJnventon, SP‘E}EV) mﬂ%?qsﬂeaﬁe?*ﬁbqt %t‘m&f’émﬁét to thai t ed
to, met hajpedrfackll prorels ald gRemMel prévesand is Mk to c Dele plefiftfibdrgno! .

neopentyl al cohol 25 and m xture$ thereof. "Methanol, butanol,”pentanol and
nmi xt urlds tPlymesization inha molten spate:fasrit dppically (islde abouibktoeen bf afappét and

i nvention, | ar, ohaol.s are utilized. Lf secondary.al cqhols
are pr esen%&?wgﬂg%éﬂtggl ‘liitlggilggﬁa%rgn‘fsf %‘H’é E%‘cménya'& %’F@PZ‘(‘)‘?“ cohol s
pr ef er abl ychberinategl solvemts.i ng poi nt of | ess than about 250 C,. nore
preferably | ess than about 200 C, even nore preferably | ess than about -11

WO 01/ 10931 PCT/ US00/18357 180 C. Suitable secondary al cohols include Cl -
C10 al cohol s, i ncl udfRfycstallization agent comprises mprimary-aleshol, morer prpfenabily |

3- pent anol, teptpsry ildohaE! gr?&.ggggge bf), esg@% | XfHres thereof .

| sopropanol is pref errt.aea'.‘= It terti lz'aar gl co Oa.gy gfragh%ilf efgf(gm rrTsn&fwgmary,

cryst 4Pl i Ageonsiaryashtertiary alcobolsiand \any combination thereof may also be used in the
crystallization agent. In one embodiment of the invention, the crystallization agent is

essentially pure alcohol. Alcohol is a nonsolvent for the polycarbonate prepolymer.
In particular, the alcohols of the crystallization agent have a prepolymer solubility of
less than about 10%, preferably less than about 5%.

20 If primary alcohols are present in the crystallization agent the primary
alcohol or aicohols preferably a boiling point of less than about 250° C, more
preferably less than about 200° C, even more preferably less than about 180° C.
Suitable primary alcohols include C, - Cy¢ alcohols including, but are not limited to,
methanol, ethanol, propanol, butanol, pentanol, hexanol, isobutanol, neopentyl alcohol

25  and mixtures thereof. Methanol, butanol, pentanol and mixtures thereof are the more

preferred. In one embodiment of the invention, branched primary alcohols are utilized.

If secondary alcohols are present in the crystallization agent, the
secondary alcohol or alcohols preferably having a boiling point of less than about

250° C, more preferably less than about 200° C, even more preferably less than about

-11-



5 al cohol or alcohols preferably having a boiling point of |ess than about
250 C, preferably |ess than about 200 C, even nore preferably | ess than
about 18Qyéo1/10984 table tertiary alcohols include Cl - Cl10 pdtTuso0i18357
including but not limted to, t- butanol. In addition to the primry,
secondary and tertiary alcohols, diols and 10 triols may al so optionally
be used i180f I Gu;tablalsbd:aﬂlhi‘palcammmclﬁ?dé Cabl @.odialdohol'snﬂicltﬂﬁng bautiotar e not-

limted to a hatlcq cIollphatlc d|o havi| fromabout 2 to a
about 10 limiteship ai rangD. drpsatagol, secmianch i2-granel, irdecanl

et hyl ene aﬂﬁ%f“ r%ltﬁefe{) %?Mgﬁaﬁs‘i% cpropyl ene diol, tripropylene diol,

1, 4- but ane et hy neopentyl diol and mxtures t hereof. 15
The crystallization agent may optionally conprise one or nore polyol
conponents. A pol ydf tertiaryeaiecholsiarei presentiin theparystaljication agengithe tertiatyai ni ng

N T T
(e SR 20 I el Sl ! il g 65

di pent aersyithbletetiaB Slcohold Hchrde! OPL T - ala'élﬁlsp iéliadihg o hbO Ami@anb, t-
preferably conprises at |east about 95% by weight of al cohol, nore

pr ef er abibjitagpl.| east about 99% by wei ght of the al cohol. The
crystallization agent may be an essentially pure primry aI cohol an

essentially pure ' y :
al cohol. I n one enbo&hhﬁm%‘ tgftﬁgﬁ(ﬁWl SVen o%ﬁ}”} %r& | za ?%ﬁaagent S
essel0i alttipls mayealseomivially beuseathin tharcwstzmizaubntagmt \&xmblemlalsenclmiua ST
crystallization agent. which ¢aontacts po ma¥ e liquid
phase or bihare,ags 3 Qeanyp; lpmﬁd%f%g’ﬁ ‘*‘ﬁ@"% ToRY 1’ P fhat the
-12 WO 0%6%&%%563& H%QQ/&%%%Z Xtufe§ Mﬁérg+t* 'yPﬁ:?érPHﬂ &sﬁ%cmae 'efh e &91 e phase,

and is in formof a vapor. Option cont act of rystallization
agent corng-triznethylenes duil,cptupb'lenaydlbb tepfopyleae dmblelr,4-butmddml odisthyleot t hat-

there is liquid_ i a weII Contact of the crystallizing agent
corrpr|5|ﬁb°la°c? tﬁ%hfwﬁtrwﬁnesﬁm _

15 The crystallization agent may optionally comprise one or more polyol
components. A polyol is herein defined as a polyhydric alcohol containing three or
more hydroxyl groups; while a diol is herein defined as a dihydric alcohol.
Representative polyol:components. that may be used in the crystallization agent
include, but are not limited to, glycerol, trimethylolpropanate, pentaerythritol, 1,2,6-

20  hexanetriol, dipentaerythritol and mixtures thereof.

The crystallization agent preferably comprises at least about 95% by
weight of alcohol, more preferably at least about 99% by weight of the alcohol. The
crystallization agent may be an essentially pure primary alcohol, an essentially pure
tertiary alcohol, or an essentially pure secondary alcohol. In one embodiment of the

25  invention the crystallization agent is essentially pure secondary alcohol applied in the

vapor phase.

The crystallization agent which contacts the prepolymer may be in the
liquid phase or the vapor phase. By “vapor phase” it is to be understood that the



5 prepolymer may be effected in a variety of ways under a variety
processi ng conditions such that the desired crystallinity of the
prepol ymeryb a1/l ned. The crystallinity in the prepol ynmePCEUsS00/18357
treatment with the crystallization agent is preferably in the range of
bet ween about 5 and 70% preferably between about 20 and 40% even nore

pr ef er abl yerpathN@alornhgest i@t anrthgldphae, b isdincthe|funhof althpor.t [Cptdnalty,

uni form coating of the crystallizing agent on the surface of_ _ the

pr epol ynercontach @f thecﬁmt@i;?-anqn peeny comprising theatlcehpli may beseffeqted: vaderso as
to distrib " | Zhng. rface of essentially all

t he prepolé/&ﬁg%gsngﬁggﬂ%lrﬁggﬁkg%H@?h@ggg%#&vﬁg%wggéferabl y be present on the
prepol yner in an anount effective to effect the desired crystallinity. The
crystallization agenCohtacpraff eliealdrystalfipingedgent cbmptiSingr elrohghewith nthanount s

o bl o S e W St ety 1
SERPLAL!| 7 0 i SRy S el LA O KIS L0
may be in thegrepmbymercafier treainienp bdthethe erystablizatio Agedt is peeferalylytialthé ramgeon
e b B S s ) R b ShaSL S, B B 1,
5B o sieptebd bl o aupgma . b UL

agent. If the crystallization agent is in the vapor form contact may be
effectldd 25 by any Adthowghwnupiforion coatingt ofahe arystallizing agention the surfachof

repol ynmer, The prepol yner .nay.he.n formsuitaple for proc i.ng,
Pheb uch g, oottty H0aped! S dpfluie'wat et s ttesfd; o ash AiEEE
aggl oner ate O9btaBizify apeMO\viClthe fstffatd)SdfaBssentidlBNafiC thé Eptepsiymef.f Faeed by
placing the prépolyner in a vessel in which the crystallization agent is in
- 13 WO 01/crysaliizingpgemovithpreferably he presensronsthe prepelymsy ippm ameynt ¢ffective

repol ymer, i o' 1 7ed : .l zatdon
Dont 1o 1 sHe088 Bl Gyainge. THE SRR abchy 1 BELEINY SBHILB T
t he crifst aprepoiginenin agenhts dfnfremeaboabadwitend ,abom 3¢ iwabe, anoreaprefepdbly e

tallizi t h th
crystalll Zénq n?sggtn abom § wt&b t% about 10 wt%, based on the weight of the prepolymer.

Contact of the crystallizing agent with the prepolymer may be effected
in any manner to achieve the desired crystallinity. As mentioned, the crystallization

agent may be in the vapor or liquid phase, or both.

20 ' If the crystallization agent is applied in liquid form, contact may be
effected by placing or submerging the prepolymer in a liquid bath of the crystallizing
agent, by spraying the crystallizing agent on the prepolymer, or by stirring, tumbling
or agitating a mixture of the prepolymer and the crystallizing agent.

If the crystallization agent is in the vapor form, contact may be effected

25 by any means which brings the vépor in contact with the prepolymer. The prepolymer
may be in any form suitable for processing, including, but not limited to, a pellet, a
cellular pellet, an agglonierated pellet or a powder. For instance, contact may be

effected by placing the prepolymer in a vessel in which the crystallization agent is in

-13-



5 prepolynmer is effected in the vapor phase, the prepolyner is introduced
into a pressurizable vessel and suspended on a screen. The crystallizing
agent coRrgspFicdss an al cohol is introduced into the vesselpcavisonasased t o
the boiling point of the alcohol for a period of tinme sufficient to
produce the desired crystallinity of the prepolynmer. In an alternative
enmbodi menhe vape fompoor byeplacing ahd prepolyinesd in ogers ob pregsirizved wessel iohivhd 10

into a pressurizable vessel.  In a, further enpodi nept of the invention, ;
pel lets dhe csrssé’wnpn aggnt &%M?mgeﬁ Su Fplﬁhyeﬁ%ﬁﬁt wssel e vessel
I s heat eq‘ahﬁfé%d‘?}@m%ﬁ%?ﬁ?‘?ﬁw that the al cohol evaporates i medi ately

upon the i ctirron e-crystallization agent into the evacuated
vessel. It is preferable. that the al cohol be conpletely in the 15 vapor
phase in this enbodhwaeembbdiment.inevhictatdntact of Hfeforystallizmgagentofith the

crystallization agent. copprisin t he al cohol at, a tenperature .of at | east
Sbout 375 FESPalYEen Bplrcied, b e rYarat Hgt H° BEpdlyRehon HirodiEst il 3o
wher i N Thredsgritdbfe veaddl a6d s dednid Soreehd The rﬁ@?ﬁghg 'agéhtré@hiibﬁsi\%% ahhe

crystalli'zation agent (both in degrees C) and z const ant ose val ue
is 60 C. aldohapislintemiuced inkeetheavessel pidhbeatedtortherboiling point of thealcobpl forag agent

conprising .the_.alcohgl .is preferahly.effected.at t eratures between the
boi | i ng F%BP&P" et ‘%Wéggmq%fﬁﬁé/o#s ‘SHVS%HH“%%% pﬁpé’iyé?eébl #ont act

t enper at @ Haflv€ einBodimehl) @hé A6 My Ao RERestdPHid ddtkefuéntlyalabduct@0 C
nore preferably about 145 C he pressure may be mai ntained at any

pr esd0r e into 4 prasgurizablereesprlepol yrer is in contact with the crystallization
agent. -14 WD 01/10931 PCTI USO0/ 18357 Since the Tg of the polycarbonate

prepol yner is pref ““1 Jnli\f%iﬁ e a : 0 1 , nhore . |
preferably about 1%6% | eray eﬁglgc%fs)ghaergl%'?%&ggpﬁget h%é?@#&pegrggage from
bel ow t hevdcuaedd velssel,pwkiph imyayebe heatéd) The vpssel isrhieated toomteamperaterepsacht ur es, .

cont ot (kB AkabeLSvarorabs emmE R e i arocDen o Tof GFIERYEn o

crystal | igBkftVinto the evacuated vessel. It is preferable that the alcohol be completely in the

15  vapor phase in this embodiment.

Itis preferable- to effect contact of the crystallization agent comprising
the alcohol at a temperature of at least about 75° C, the temperature defined by the

relationship:

20 wherein T, is the cohtact temperature, T}, is the boiling point of the crystallization

agent (both in degrees C) and z is a constant whose value is 60° C.

If applied in the vapor phase, contact of the crystallizing agent
comprising the alcohol is preferably effected at temperatures between the boiling
point of the crystallization agent and 150° C. Preferable contact temperatures are in

25  the range of between about 140° C to about 150° C, more preferably about 145° C.
The pressure may be ma;imained at any pressure as long as the prepolymer is in

contact with the crystallization agent.

-14-



that will prevent aggloneration at the contact tenperatures. This rate of
heating may vary dependi ng on the particul ar pol ycarbonate conposition,

sui t abl e heva ommoesates for - this purpose are typically in thecresesss?
about 3 degrees Celsius /mnute. The tinme required- for contact with the
crystallization agent conprising 10 the alcohol wll vary according to the
conposi tion of the ciSjsdeathé Tz af thenpaigeatborfansipiepolynen icipicferably i tieorahget |
such as the_quantity of crystalcl | zation agent available and tenperature.
General |y, of Fqﬂm!é 106° Cre abayt505:C.amare preferably-about 1 MY Gi it mmaysbeanecessary

sufficient ' esjired | ey f or | inity.  The, desired | evel
of crystal fﬂ; gl %?\s{%‘éﬁ&f‘e &l ﬂelgrygealﬁ ioﬁ,&fékz@éggb&%ug l°§*“? Bwf%is‘ to

t ake pl aceconthdrapinpératires) if) fortinstanced tﬂb’ﬂ‘{ ofokik prepolyrRerdl YERw theliefediece of
whet her _to use liquid or v_ﬁl_ggr hase contact of the ~crystallization agent
dependsd on CeNtAGHSMPEr3ures Howscthe prepalymer tondgvelapea lgyed o6 icyystallinity

conpri ses I | . 0Ol ] [ ' fghre s ..l ows".
Cove have LA pFévehElectindatiof af &R Gltuct RolgRrftalel hlicfaud B Plarimg S ; ¢
20 cryst al varyalepending o the parti@ular gslycaibérdte corfpasitidi) daitablé heatingatel gtd t o

| each out of the prepolyner, thereby creating nmaterial that nust be

recycl ed ofhis BWppssare typicallydn thy ragnge of ahqut 3 Jegrees Celsiusi/mimuten agent is
applied in the vapor phase, the lows tend to remain in the prepol yner.

However, it is advan S : L,,F“y%h : as the
nol ecul ar wei ght of t g cryrset@%r{x?g% o?)’?%bo ym?%@ﬁ%ggagg%ﬁré%%%
i ncreab®s tite acdhmt wall vanyt azcortlivg pcahy campositor of theparystaltizatioreagent and the t he

crystallizatign agenpt referably conpri,sing at |easf about 95% hy wei ght
of an al coﬁ‘?ﬂd?té%“sdggei’?tg%‘d sheh @srthe g E‘%Qgicéﬁ'slt’ylﬁm%&e@éoﬂéﬂ%@\? ade as a

prepol ymer ehgafiieC K GeRérallp) tithes lidltBe rRfe/ BEabS@! 1970 ldbolf 8fUmninuidsIRe"
nmol ecul ar wei ght pol ycarbonates. Accordinhgly, the 30 present process nmay be
especi al | ysuffioignt wpsbigye the deaired levelof aryssaltihity. pThe desired devel of Srys@ilinity 10931

/ / ki ;high | ' . . |
xanpl e, by 61T S Balgley etssTouse sow AHF & k¥ BlsbRireny beion,of e
Cryst als i zpartiotlawigépolymer.

2

-

The choice of whether to use liquid or vapor phase contac-t of the
crystallization agent depends on a number of factors. One factor is that the
prepolymer comprises low molecular weight oligomers, herein referred to as “lows”.
Lows have a number average molecular weight of less than about 1500. If the

20  crystallization agent is applied in the liquid phase, the lows tend to leach out of the
prepolymer, thereby creating material that must be recycled or removed from the
process. If the crystallization agent is applied in the vapor phase, the lows tend to
remain i1_1 the prepolymer. However, it is advantageous to leach the lows out of the
prepolymer as the molecular weight of the crystallized prepolymer in subsequent SSP

25  increases at a faster rate.

The polycarbonate prepolymer treated with the crystallization agent
preferably comprising at least about 95% by weight of an alcohol as described herein
are especially advantageous for use as a prepolymer feedstock for solid state
polymerization to produce higher molecular weight polycarbonates. Accordingly, the

30  present process may be especially advantageous as part of an overall process for
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Optionally, the crystallization agent conprising the alcohol may 5
conprise an additive. An additive is a conponent in the crystallization
agent, ifwo@@@dbdri on to the alcohol. Suitable additives i n®ardesoonsss7 are not
limted to polynerization processing aids such as plasticizers, nold )
rel ease agents, ketones or mxtures thereof. Qther additives may include
di | uent s makirg (e rhighex mglesulantweight polysarhegatee for xxample. WY esolidnstatei al ky|
car bonat i%éml&z%%ﬁ abl e plasticizers which may be included as additives in
the crystdllization agent, include, but are not limted to, tetraethylene
gl ycol dinmethyl ether, dioctyl phthalate, dibutyl phthalate, n-butyl
stearate, triethyl etn!ﬂigb?aﬁlAddﬁigesatQQé Qrestallization Ageht coeryl triol eate,

di (2-ethyl hexyl sebacate) and m xtures thereof. Typically, plasticizers
reduce the T. of the pregolyner. 15 Sujtable nold rel ease agept.s whi ch may
be included as addi¢P Y’n){h‘hé’ry uon agent; GOMPIYAg c%ﬂﬁ‘,’l R are not
limted : difReos P Mt ' r :ad

m Xt urgestctgﬁ%#’ggﬁqgw t abl %ﬁﬁie@g%slsmﬁ?%ﬂﬁﬁgﬁlmgg t|ﬁlﬁccltrﬁ%e adsaa de?l%’?’\i}es in
the crystditionz&d ithe algelol. i nSditabdte ddditives cinchide) ibut t and mot limpited, | toet hyl
ket one, acetong, .4 20 nethyl. pentanope,. .cycl ohexanone and igsqbutyl methyl
ot one.  REOTOREGn prRSRIAE Aids S5k A BFSHEZS RO FITE ABFHts KROTEATC | veo

pr ef er ablyixhave wapidfl NORG sddhivedChhay iaklulid Wiluefts Cor Btlel SmikiiO agdtii@se when
t he al cohof‘ I's 1n the vapor phase. Typically, the additive or additives,

i f pr esenncludiogforiexampleowatabandg dialkyl carbanates. 5% by wei ght of the 25
crystallization agent, and the al cohol from about 95 to about 99.5% by

wei g of the cry |1 zalion e - [ 931 . 118357 The
part irféul ar anount %ﬁgﬁ& gfé"ﬁ&ca'c?t?vhigho#ggd%n&ééé&sa%dggﬁggg lQot;llgt he

nat ure Ofcryshalizutidh tdgent, diicludd, butfdre tiot dimitddetop neieetnjilere glycolhdimethyl

pol ycar bonat e. The ﬂl asticizers and nold rel ease a(t;ents l%gul d %ﬁferabl y.-
be appl i &thern diorsylnPhiirlate, o dibugy o phthalate, ; griugyl; strarate; o ey 8l t he

Pr epol Y M cafPofafe-Edprdte) Hcbelyl OfoMURL!! di(2-ethylhexyl sebacate) and mixtures
thereof. Typically, plasticicers reduce the T; of the prepolymer. |

)

15 Suitable mold release agents which may be included as additives in the
crystallization agent include, but are not limited to glycerol monostearate,

pentaerythritol tetrastearate and mixtures thereof.

Suitable ketones which may be included as additives in the
crystallization agent include, but are not limited to, methyl ethyl ketone, acetone, 4
20 methyl pentanone, éyclohexanone and isobutyl methyl ketone. Acetone is the more

preferred ketone.

The additive or additives preferably have boiling points such that they
are in the vapor phase when the alcohol is in the vapor phase. Typically, the additive
or additives, if present, comprise from about .5 to about 5% by weight of the

25  crystallization agént, and the alcohol from about 95 to about 99.5% by weight of the
crystallization agent. |
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5 300 ppmto about 1% of the prepolyner, and preferably.conprise no nore
t han about 2% by weight of the crystallization agent. In contrast, if a
ket one i s Waxol/®931an additive in the crystallization agent RCHUBPWMISAYY

al cohol, the ketone nmay conprise a greater percentage, by weight, of the

tallizati t han, for inst . than.plastici.zers. d rel
2gont Wit hout 10 nt rBRICiEH AL B aceige BUEEYS B pifESs e ReRL 0B
may conpri g hstirel 6Fstha Ad8itive A UEs IR BY thepittessiig bf'ﬁ]e%dlféai‘béda@t TRE
|

agent, nore preferably about 10% by weight of the crystallization agent,
even nore [plastieizess|apdfmeld, releass agemts shwbg prefgeblydie appliedrip amagunt of fitopn

22? BE) n a:tA\Ief %h@t %\éﬁé‘ﬁ B2 {%P&&{ ieég % l)‘?'glgﬁ{ gi&)ﬁ‘ie yfﬁ%ﬁ §Fl§ﬁ r']‘gqle i U%{’]T?ﬁfyoﬁgh{ ai:?g% | used
in 15 §he 300pmloubontt | B -thd ﬁpﬁlymei',aéﬂlp?éfd?aﬁl? 2bmpfiSe RE Pbré e Adund
crystallized may be used in the sanme plant, stored for |ater use, or

packaged f@% by weighbef thegrystallizatiomagent al quantities. Depending on the use
of the crystallized pol ycarbonate and avail able equipnent, the skilled

brepolyror. 1o polf SPTEIRR KEERe iE0hed 30 AugRive i the crTAICH agef
Pol ycar bongbmphsiag aldolel, the Rexofel mslyt doniprise taogreatéApéroentASs; by WighQofkhe/, the
prepol yner that has been crystallized by effecting contact with the

cryst al | i z&Eystallizagien agent thak fergAstanges thanplastisizers ey meld rglegsropgentwlitowt ar

. h N . g . . r . | . 25
i o ol 8% o Mt et AR Bl Blicestify, "I Rdihe BN P Hhodnpe *0
bel ow t he abuwitt20% byeweighatafrthe amystailioation hgeng) Awse prefarably abouteIqw At Ur e

of the prepolyner. to ield.,a high nol ecul ar wej ght polyner. Several
unexpect ed e"ﬂé‘t 8 %ﬁ%{}é@&%“% ?&cgf,sevemqe drederably; fxom; aboph I cter ahouud %

pr epol yner. ' /S 4Rk AR L 20 at

| east about0 fg%g%:gﬁ}aﬂk%%tg?]x{i éo? a%éiaentagﬁgy?g_ 17 l%%t%%gfﬁm g‘(ﬁ‘?ﬂ@é%‘%&%ﬂ In
a pref er r edimethyldiarhomate, mayrhetsubstjsotedder albona pottioni ofithe ketonb ¢ andwssdsige

nol ecu?\; aﬁgel ht pgg%%{pe range of about 5,000 to about 200, 000, preferably

in th e %%, 000 to about 50, 000, nore preferably in the range
of about

The polycarbonate that has been treated and crystallized may be used in

 the same plant, stored for later use, or packaged for transport, all in commercial
quantities. Depending on the use of the crystallized polycarbonate and available
equipment, the skilled worker may determine .the most desirable form for the

20  crystallized prepolymer, i.e., pellet, powder or agglomerated pellet.

SSP of Polycarbonate Prepolymer Treated with Crystallization Agent

Optionally, the prepolymer that has been crystallized by effecting
contact with the crystallization agent may be converted to a polymer of higher
molecular weight by solid state polymerization. The crystallized prepolymer is

25 maintained in the solid phase by maintaining the processing temperature below the
melting temperature and above the glass transition temperature of the prepolymer to
yield a high molecular weight polymer. Several unexpected and advantageous effects
were discovered in polycarbonate prepolymer treated with a crystallization agent

preferably comprising at least about 95% by weight of an alcohol.

-17-



15,000 to about 40,000 is fornmed. 5 The reaction tenperature and tinme vary
with. the type and shape of the <crystallized prepolyner , the presence or
absence &foa/mesmrl yst or processing aid in the prepol ynerrcwossoi1sssel of
crystallinity of the prepolymer, and the norphology of the prepolymer. It
I S necessary, however, to maintain the processing tenperature at 10 above
the glass transitidn atprqﬁermtembodlmenhmrmngm pblycarbonge dpvingreenumber e

mai nt ai ni ng the taI .i,zed oly t at roughout -
he sl | dverees motsehla: et dh B, e bE sbou 1 0013 ananE PG God ebe EhlBy *t ne
SSP 1 eactth®Rarip¥é of'dbollt 2D/000%o! WRut Smbahib‘i@ fextae\lg' fnet%ﬁtx‘aﬁ o 3bep | ess
than but as close to the T. as possi bl e as IIo 15 0 <Tp<Tm where
Tm i s t hdS5000tto about 4010004s formeds t he prepol ymer in degrees Celcius, Tpis -
the reaction terrperature in degrees Celcius. As a non-limting exarrpl e, a

FangeSor about . 180 e Ractidn PRttt and Bimé VY BB e bpend b e B8 Lbou
220 C t o cpeilized4iepolymbie, the pREEIR G AbkENED OF a'cutalysb Bioprotessing twa we@e the T

and the Tm of the crystallized polycarbonate; for_ aromatic poI ycar bonat es
this t empesenglymes, the lgwerpfawglallmnytqféhqe arepolysneraaud theiworpholagy0foibe 260 C,
nore pref %SP%W"?{ about 220 C to about 245 C 25 It was unexpectedly found
that theP a2 crystallization agent conprising a secondary al cohol in
the liquid or the vapor phase produced. desirable effects in subsequent
solid st ate pol ynelli isahesessary, hdveever,cpoinaintdin the procdssing| mpefahge at 18 WO
01/ 138 E%CT/ US00/. 18357 use of a cryst II zati on_agent conpri S{'ng a.

seco Yec 3RS | ElRsss fransition It%EerPWE-’r & r Grystallized oprepolymsr swhile quent
SSP than i?ﬁtafﬁ o \/

pol ycar bct)élat e g |g%rre §t&lﬁ?¥d ?ﬁgpﬁgﬁr?hcﬁ ;%lfdglpﬁisgest%ml‘t kiléinfticia}SVsfl)thrl\ut es |f
hel d abowetcalpolymemmdh procesESPItr isa preferablef ta lcondust |tgc>n&SP treantishoby

maintaining the temperature of the reaction system less than but as close to the Ty, as

possible as follows:
15 Tm~10 < Ty<Ty

where Ty, is the melting temperaturé of the prepolymer in degrees Celcius, T is the

reaction temperature in degrees Celcius.

As a non-limiting example, a suitable temperature for bisphenol A
polycarbonate is generally in the range of about 180° C to about 260° C, preferably in
20 the range of about 220° C to about 245° C.

_ The.proééssing temperature should be between the T, and the T, of the
crystallized polycarbonate; for aromatic polycarbonates this temperature is generally
in the range of about 180° C to about 260° C, more preferably about 220° C to about
245°C

25 It was unexpectedly found that the use of a crystallization agent
comprising a secondary alcohol in the liquid or the vapor phase produced desirable

effects in subsequent solid state polymerization of the prepolymer. In particular, the
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5 results in a conpetition between the rate of polynerization and the rate
of thermal crystallization. If the rate of thermal crystallization is
faster, thevepol/soo®ri zation rate is limted by the high crysperisteisss?

fraction that inhibits chain nmobility and the diffusion of phenol fromthe
solid particulates. It is highly desirable, therefore to control the rate
of thernal useypfnarystalligation agent compsisingch- sécohdarp cllgoiel iresalts G less Ahermal

nol ecul ar wei .. 10 ol i goners ergo.thermal crystalljzation in addition
to the cr y%f‘é’??dﬂsﬁb‘@mtﬁg ‘E‘%bt@t“&\’g? BrimaREoreRiaps alcobgls.y rer i zat i on
and thermal crystallization are two conpeting processes during SSP. Chain
mobility is inpeded bpygidafiy MR polcibohte digbhfeP drhtaily & . el ween
AH initial and AH fi nal regre e%s tﬂﬁe an%h*rlll'? (‘)‘?nslhernaly%ﬂsftﬂlgé;?gtpﬁ zation
duri ng SSPfewminntes i heidi abovesdbaht 2007 Q. Jhe\SSPYdaétiotpof this sliomer4herefore
joules/gramresylts in a precipitous fall _in the reaction, and above about

60 jouPes 1B 3 SAmpetiion; hetwennathe; @tg of) pelysissization-and theerate of thermal

i nport ant kﬁﬁ‘ﬂ hed i ' i .i zation.of the
pr epol yner st angg'cgrfgghtgg(%%# ﬁ%ﬂ%@ ﬁg%qﬁbtt}gﬁéﬁéﬁ loﬂfﬁlgé%s of
thermal cr ymmited byzhe high drystallibe frgctéor thaoinhibistohhin mebiliyaid thetdiffisiod 6f one
enbodi nment , th(i a em conpri séP?%Ft he .al cohol i s essentially pure secondary
al cohol i nPPRRP \f%f’g'b "p??Z'gEPmI‘ Helt is ighiy, desjrabley, thegefore: tocantiod the rate
reduced th | [ . at 304, by ' he

br epol yrer o AL 6sallzaddh. Thrind solfeShedebithoriioR 0¥ itibenlis bl s

| n t hel@ol pligemetsamgdergodbermid crystdilizatioariai additivnageatie eeytdlligativhyneded at

empl oyed, mé%ﬁ{%@d ranpi ng fromone tenperature |evel to the next between

i nst ances RBF¥Ef the tenperature at a specific |evel.
Optionally, a large anount of inert gas, such as nitrogen, is used to

ensure rapid ranpi ngPoblyaBrizagon t @A HRirhaP &9stallZafiént af i iééﬁjﬁéi&g
thermal crystallization, Typically, a solid State -19 WO 01/1093 .
PCT/ US00/ 1BTRsesses, dpnng: 8P qaiGhain nvéwktvm impededhy therrdaloerpstallizatien andethet f our

stages, asgihe. ' Of ,eqt £ raturge. i ecessar 0 prevent
aggl oner at fi;ot %‘Fg?ﬁéé@g%q Mr %t%‘? Ifﬂvﬁgﬂf Wf‘ﬁ@ﬁ“\éuﬁ’@x Byof theamdl t hat
pol ycaronglystaliz&ié MiBhg SSP. Uncontrolled crystallinity above AH final of about 45

joules/gram results in a precipitous fall in the reaction, and above about 60

b}

joules/gram polymerization practically stops. Therefore, it is important to keep
thermal crystallization in check.

Crystallization of the 'prcpolymer with a secondary alcohol was found

20 to retard the process of thermal crystallization in subsequent solid state

po]ymerization.. In one embodime_nt, the agent comprising the alcohol is essentially

pure secondary alcohol in the vapor phase. In order to achieve the desired effect of

reduced thermal crystailization, at least about 3%, by weight of the prepolymer, of
secondary aicohol should be applied to the prepolymer.

25 In the solid state process described herein, staged heating may be
employed, with rapid ramping from one temperature level to the next between
instances of maintenance of the temperature at a specific level. Optionally, a large
amount of inert gas, such as nitrogen, is used to ensure rapid ramping from one

temperature to the next and to impede thermal crystallization. Typically, a solid state
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treated with a crystallization agent. conprising an al cohol yields a
prepol ynmer which 5 may be processed at higher tenperatures during solid
state polwgeriedst i on, allow ng the process to be conduct ed®crusobasssr?
stages. In particular, polycarbonate prepolyner treated with a
crystallization agent conprising preferably at |east about 95% by wei ght
of an al pohymerization eeapidty msi be domductetdaint at ieast fonrestages,r asstha trampimgtofabout
400 C hi qher t han pol ¥car bonat e prepol ner%ftd.peat ed Hg sol vents, such as
acet one. GFREFTYIS,IS NECCESATY 1O, PREVERL tiqn of the RONFARORAIE: crystal I zat i on
agent conprising at |east about 95% by wei ght of an al cohol may be
processed in two SHAGRS. filrfheP irdexpedtadly foddd! HRBIRAydafIanaR" BRPRIyIner
prepol yner nmay be treated in a two stage process, where the first stage

may be cdredediwith atcrystallizgationtagens qomprisingf an alcobolgtields a prepadymer whisht 220 C,
nore preferably abo -220:.C |1t is desirabl 15 the fi

oper afin aﬁg?%groﬁ?sg‘é)%ﬁ'éggpﬁmﬁw ﬁ“%?%é?ﬁq %'gﬁem&lﬁgﬁ%émgbﬁ@%@&aht
thermal gre/proéssit Bk IcBRdiciad inffewerBrapése Sn! peticul st pbIgEarBoRite! Pﬁpol@ifuie@r a
period of time at this tenperature, preferably from 1l mnute to about 2

hours, mireated withes criystollization agent ¢amprising prefasahli ahleastabput 95% by weightf r om
about 230_.Ct out 240 C, nor referabl y about,240.C l.ckly as
possi bl ePf&H&locpﬁ may Pmegzi‘gﬁ‘dﬁ)@ﬁga tﬂ{‘p%ﬁtf“?s' - I%aé[rﬁ}’é’%?@or glh“é}“ a period

of Form ghaut %ﬂoﬂa@b%fiepOiﬁHér iR bt sbiveRSTRIERDLE Adefne! heThEaNge to

the second operating ternperdture be nade inmediately after the first stage.
By " i@me polycabyitate tprépolymemtreatédh withhthe cdrpstaldization: agent comprisingcalileasty as

possible,, d %'lgi ng. he..system capabiliti.es. erably
i nst ant aﬁB‘b‘l@B : X?Yg{ﬁgg?{?‘bﬂc%?&% m%e&éﬁ%g@?%%ed above, it was
further 25 unexpectedly found that polycarbonate prepared from prepol yner

treated with an agephrtiealap/thé trégted poeabondty prepobymir maybkeiaestedirgier
nol ecul ar weights in subsequent soFi st at ea&%lt%lneri zation than

pol ycar bWa stagp msprsss: here the fisy stagemay be cp r atan RESTPLng pembof ang

h I 'Qno W tih:
conpr | o1 0k AR RT0SETBRRG, 240° T, Bh YrtSRbry ARA 200 & WilResRigiBlo
_. .. 15. . reach the firsV\6pétatin® poiht B JddnAs@Pobsible/in grdéryoaetuoecthe conaynaitantd f r om

rimary al cohol It was further found that anong . . .
P Y thermal crystallization that accompanies the h%gh tempegature. After a period of time

at this temperature, preferably from 1 minute to about 2 hours, more preferably about

1 hour, the temperature is ramped to from about 230° ‘C to about 240° C, more
preferably about 240° C, as quickly as possible, and the reaction is completed at this
20 temperature for a period of form about one to about four hours. It is preferable that the
change to the sccond operating temperature be made immediately after the first stage. -
By “immediately” it is meant that the change be conduc_:ie_d as quickly as possible,

depending on the system capabilities, preferably instantaneo_ﬁsly.

In addition to the advantages described above, it was further

25 unexpectedly found that polycarbonate prepared from prepolymer treated with an
agent comprising a secondary alcohol produced higher molecular weights in
subsequent solid state polymerization than polycarbonate prepolymer treated with
tertiary or primary alcohol; énd that polycarbonate 'prepare:d from prepolymer treated

with an agent comprising a primary alcohol produced lower molecular weights than

-20-



pri mary al cohol s, branched primary al cohols produced hi gher nol ecul ar

wei ghts. The rate of thermal crystallization in subsequent solid state
pol ymeri zaM®¥/18931t he crystal li zed prepol yner may al so be cofEFESI04E3Hy
accelerating 5 the rate of solid state polynerization. As the prepol yner

I's brought to t eratures .af which the SSP reaction qccurs, the prepol yner
whi ch has WQ&?%@?J?P%& %9‘“ apmary iqll‘fj’%’@!)nﬁhd‘(asvxf'{rﬁ"ef Hound \that, pmongt i on
agent wil | dRoA6N] brafdtied' |} ' b Cdhd P
reaction. There org, it is c?gsﬁb glcfxgulsﬁ)g?%ug\éght gffrﬂaagéeéﬁ%fr%zgﬁéto

overcone the effect of additional crystallization caused by the thermal 10
crystal lization. Priofhe oratent ebdthernaln drystallizationSSR rsabsequenmt ssodide rstate

acuam or | BebimTzaiE b Bk §SRHERA Hhebmg ey KRB be reniraubl B actilernt o 1 or
thi s pupposke rat@6f iolidistdlé Polyiérizatibe AE%ﬁﬁﬁ?l?x}(ﬁg% RBrodghh 1 wngp*egéergfés state

process include, but are not 15 |imted to, bed,” novi n
t unbl er, ba¥hieh theriSH geactionrocsursortbe rprepalymenovhicli hak obeeanyrystallized by eps

53 pr o s ereril Rles St 4 RaRiaf abnc vl GRieestladlifon sppaltzadod, | "°

nmonohydr ox ywifichiiinpededs tHe SSPRALGGE Thétefore, At A'dekirablé B9 iRbasd ﬂferﬁ% GISSP
as

by-products fromthe system For this reason, an inert gas, suc

nitrogen, &9 gBYercame hiliej gffect ofb dditional daryssallizationy capses Ubyar thee ithgmnal
hydrocgbborgr}g%niﬁx optionally be introduced to renpve the aromatic
nonohydr oxy “‘conpound or diaryl carbonate conpound along with.the gas when
it exits fromthe systemand/or the reaction is conducted under reduced
pressure. Wien a gas Rrritatinrdductioni intoothie ' SSP eation Rystyrat esSidual tméiSture

preferable _to.heat th as.to t erature close to the reaction

t enper at ur gxag&ccfp@ovgftgm %(ﬂ?@fcﬁé’%g?‘et%eﬂq(iﬂnﬁfﬁ VAcuum enbstepam ptheatedbhe of
the crysta hg_z_gqu@g,ﬁgphymﬁogépg Ffugfo : ion is not
particul ar Fy restricted, It Ts ng?gad‘ﬂgﬁgﬂt-{hﬁ r es%a%sggler{ss%g%ct slowy -21 WO

01/10931 PCT/ US00/ 18357 and are difficult to handle, and that pellets,
beads, granul es and Puyitalle regctionsystems forithe selidsitatp psodess inSivide, but are not

15  limited to, fixed bed, moving bed, tumbler, batch, continuous or a combination thereof

for any of the steps including preliminary polymerization, crystallization and SSP.

During the SSP process, the process is accelerated by removing an
aromatic monohydroxy compound or compounds and/or diaryl carbonate formed as
by-products from the system. For this reason, an inert gas, such as nitrogen, argon,

20  helium, carbon dioxide or a low molecular weight hydrocarbon gas may optionally be
introduced to remove the aromatic monohydroxy compound or diaryl carbonate
compound along with .the gas when it exits from the system and/or the reaction is
conducted under reduced pressure. When a gas is introduced into the reaction system,
it is preferable to heat the gas to a temperature close to the reaction temperature before

25  introducing it to the system.

Although the shape of the crystallized prepolymer used to execute the

SSP reaction is not particularly restricted, it is noted that large masses react slowly



Acceptable fornms for the prepolyner, include, but are not limted to,
pellets, cellular pellets, as discussed in section Il of this

speci fi csfd ogmootieads, 5 aggl onerated pellets, powder andPgTAISON/E83S7
Further, the crystallized prepol yner may optionally be sized suitable for
the solid state polynerization process by, for exanple, extrusion and die
face cut tdnddare IdifficBR tbHahOR[ ahd uhudl peliets, Peddsc granalestamdnpowtes e betteol | d
state polynerization utilizing the process of this invention contained

| ess t harfutedshapepter S88. ppm in particular | ess than about 300 ppm of Fries
product in the enbodinent in which the polycarbonate prepol yner is prepared
by the nelt processy

_ Of iRk | ; rocess
is preferred. Pol yca?cbgﬁg{eef proﬁ]ggo%??%gg'?ﬁ?gé aor A %Jr;tglélggg&{?/pi cally
has a FripeHlespreluiar gelletss as t discussedp inn seetich 1Tkzofl this|spegificatiomns beals,i es
content of bel ow about 35 ppm Pol ycarbgnat e produc by the nelt 15
process tagglomerat Hﬂg‘%iPQHP@Ff gt Eﬁefﬁeﬁmﬁﬂﬁé@wa% "Fries"
or "friegy S hB Yol sthte! gOIRALIZAROR PRotess ,\féma}.@@e,
fol |l ow nZOPPS{ImIa (ﬁéﬂzﬁgﬁﬁgﬁfﬁggo%ﬁ‘kt%wﬁeﬁg t he X(ﬂvari a'ljbsf‘e represents WO
01/ 10931 eRfrisibivand dis¥ace cuRingc Rd or C Re Variable Rd and Rd each
I ndependently represent a hydrogen atom or a nonoval ent hydrocar bon group

and may forma ring, strugture. Variable Rd i,s a 5 djval ent rgcar bon
group. It is very g&s‘?’?sa ?of%%ﬁ‘él Iﬁﬂi{y"ﬂtfo °c8ﬁ‘tdé'ﬁ?‘i ﬁﬂ' tsﬁlé&‘ staté
pol ycar bqjafferization utilizing the process of this invention contained less than about 400

10  ppm, in particular less than about 300 ppm of Fries product in the embodiment in

which the polycarbonate prepolymer is prepared by the melt process. The formation
of the prepolymer by the melt process is preferred. Polycarbonate produced by the
interfacial process typically has a Fries content of less than 5 ppm, and nearly always
has a Fries content of below about 35 ppm. Polycarbonate produced by the melt
15  process typically has higher Fries content. As used herein the term “Fries” or “fries”

refers to a repeating unit in polycarbonate havitig the following formula (I):

R

where the X variable represents
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product, as Fries products reduce the performance characteristics of the
pol ycarbonate, such as the ductility. H gher Fries contents results in

| ower duct @wg gyrgedir epari ng pol ycarbonate by the nelt procesECT/ES0HIB3S7i n
t-he formation of Fries products. In the 10 enbodi nent where the prepol yner
is prepared by the nelt process, it was found that the SSP process did not
add additional Frjes products to the product polycarbonate. Wile the
formati on of the epol ymer by the nelt process was found to produce Fries
products in the apount of about 200 to 300 ppm the SSP process according
to the invention}jdid not produce any additional Fries product. 15 Effect
of additives in chystallization agent in rate of subsequent SSP of

Pol ycar bonate It s further unexpectedly found that certain additives to
the crystallizat|on agent conprising al cohol produce an increase in the
rate of subsequen solid state polynerization of the crystallized

pol ycarbonate ol iRgpner. These additives, effective to increase the rate of
subsequent &olid state “polynerization of -23 WO 01/10931 PCT/ US00/ 18357
pol ycar bonate, include, but are not limted ' to, plasticizers, ketones and
nold rel ease agents. Suitable plasticizers for increasing the rate of
subsequent SSP, nelude, but are not limted to, tetraethyl ene glycol

di ret hyl ether, dijgctyl phthalate, dibutyl 5 phthalate, n-butyl stearate,
triethylene glycoljldi (capryl ate-caprate) glycoeryl trioleate,

di (2-ethyl hexyl seBacate) and m xtures. Suitable nold release agents for

i ncreasing the ratBeof subsequent SSP include, but are not linmted to

gl ycerol nonostearate, pentaerythritel tetrastearate and m xtures thereof.
10 Suitable ketones for increasing the rate of subsequent SSP, include, but
are not limted to 4- | ne,
and cycl ohexanone. I?E{'%Meégr% ?g"%?ﬂ g'gégeggfméééns%?%égdﬁg&#ﬂo“k&tg
tertiary almofiolatent thy@caﬂimf gbaplandt may nfotmde ring arduireyeVefiflde tRyis 40
increase th rate of sqlid state 15 polynerization in the crystallization
agent . PypiUXRIEDt hydrcathonigouR or additi ves

It is very desirable to have a low Fries content in the polycarbonate
product, as Fries products reduce the performance characteristics of the polycarbonate,
such as the ductility. Higher Fries contents results in lower ductility. Preparing
polycarbonate by the melt process results in the formation of Fries products. In the

10  embodiment where the prepolymer is prepared by the melt process, it was found that
the SSP process did not add additional Fries products to the product polycarbonate.
While the formation of the prepolymer by the melt process was found to produce Fries
products in the amount of about 200 to 300 ppm, the SSP process according to the
invention did not produce any additional Fries product.

15  Effect of additives in crystallization agent in rate of subsequent SSP of Polycarbonate

It was further unexpectedly found that certain additives to the
crystallization agent comprising alcohol produce an increase in the rate of subsequent
solid state polymerization of the crystallized polycarbonate oligomer. These

additives, effective to increase the rate of subsequent solid state polymerization of
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effective to increase the rate of subsequent SSP, if present, conprise from
about .5 to about 5% by weight of the crystallization agent, and the

al cohol fwWop/mbsut 95 to about 99.5% by wei ght of the crytEs$00483570nN
agent. If present in the crystallization agent as an additive effective to-
increase 20 the rate of solid state polynerization, the plasticizer and/or
nol d rel G}ﬁﬁ%caﬂﬂﬁﬁie, Mehide, buisleaibt 8mitddro] plaSticikers Uksi6stsetd meld efkasd d
preferably be included in the <crystallization agent in amounts of from .
about 50 3gemst o about 3% by wei ght of the prepolyner, nore preferably from
about 300 ppmto about 1% by wei ght of the prepolymer. The plasticizer or

nol d rel ease agent ' b . ght of
the crystallizati on%%glnetd?l%g%ﬁfgg?gfé ég%ggguﬁaﬁéné§%g§%§}@gﬂdi tive
ef fecti vebutard A6Y mited td)Qetricthylend glyobl dinfetinl etiver] divetyl phthatite,idibitple -

al cohol , the_ ketone may conprise a

crystallization agent co ris.in%p .
gr eat &r M@ﬁ?a'g'g‘,n)'bﬁew ey iiethylene glycel dieaprylate-capite) glyooeryt fagleate, 24 wo

01/10931 ' ce, the plasticizers or nold rel ease
agent w tﬁ%@%ﬁgﬁﬁtﬁjﬁq%;ﬁghs effects in processing. A ketone may
conprise for instance, about 20% by weight of the crystallization agent,
more preferably abduitablé%nbld releiagihiigents foh éncreagirigathe irate tof Gubseqaemo SSPeven
nore prefera I;&ufrom altiig'gt 1 %to eibout 5% of the crystallization agent. 5
It was fUREIHES. bubamnot jigptesk tRElyeEel JBORASEAEA RCAAS Istrasicarae jog o

di al kyl function in the same manner as ketones in increasing
the rat quﬁxmgﬁﬁggmgt ate polynerization, and may be used in the sane
proportions as described in reference to the ketones.. Suitable dialkyl
carbdfate for this $nitaplesketones fordacreasing thegate rodisubseqierd $SPo includenputhy |

The 1 nvedtt div -l EasT Bmech; FistBpont, Sutey Rl it RFGRL o o
prepol y cloBémbaé¢.Nng a bl owi ng agent, the nethod conprising: a) extruding

t he prepolymer through a die having an output, the die 15 maintained at

conditions such that the blowi ng agent remains.in the condense ase
‘ . I} the crystal 'zatign agent comprq?es primary or terupary cohols E)thls

preferable to include an additive effective to increase the rate of solid state

15 polymerization in the crystallization agent. Typically, the additive or additives
effective to increase the rate of subsequent SSP, if present, comprise from about .5 to
about 5% by weight of the crystallization agent, and the alcohol from about 95 to
about 99.5% by weight of the crystallization agent. '

If .present in the crystallization agent as an additive effective to increase

20 the rate of solid state polymerization, the plasticizer and/or mold release agent which
increases the rate of subsequent SSP should preferably be included in the
crystallization agent in .amounts of from about 50 ppm to about 3% by weight of the
prepolymer, more preferably from about 300 ppm to about 1% by weight of the
prepolymer. The plasticizer or mold release agent should comprise no more than

25  about 2% by weight of the crystallization agent.

In contrast, if a ketone is used as an additive effective to increase the
rate of solid state polymerization in the crystallization agent comprising alcohol, the

ketone may comprise a greater percentage, by weight, of the crystallization agent than,
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in the prepolynmer prior to emerging fromthe die; and b) upon enmergence of
t he prepol yner through the die, substantially sinmultaneously cooling the
pr epol ymer W01d98¥act i ng t he prepolymer with a cooling agenPCHHN§OM1$857 ng
t he prepolynmer; the conditions at the output of the die being 20 nmi ntained
such that the bl owi ng agent vaporizes in the prepolynmer to formpores. The

i nvention fotf insancd, ahatpiasticizesedr Hodd relehdechgenp viRwIE Gnthoducitgs deleRtbagl, and
articles prepared fromthe cellular pellets. "Cooling agent" "as used herein

i s def i nedCHECS nPEACESHRG i Arketons.may compsise forinstance; jabput 2Q%dweweight pfat  of

the treate : t 9%% a from
t he nol tenq‘se?%rﬁge{%%sﬁineééég% r}@&set é}tg {ae%al??gawgig{%ro rwégpgggp{ee@%t%ﬁ?tg?% The
cool i ng agagent,/even nsore pyeférablydrom aboltsI% e ebdut 3% 6fthe abystdllizationugestiCt

heat. For exanple, the cooling agent may be pure water or a fluid

conprising water in _-25 01/10931 PCT/ USQ0/ 18357 _ conti nuous circul ation
to abso$b heat throué%.ﬁ)mﬁf%d thgtiather cashonyhcontaining cempounds, si¢h aszed
upon exit aﬁ?ltc | i ' . tlJdmted
to cr ystaP{l at ?%r?qgtgsé’n@sl%n%?%igr%gwan a%odﬁ%kdgggu%?%ﬁgzﬁn%fm\% er and
an agent sdlidstatef jodymerizatipa) and magtbeousedfin tthe sqand propoRdeinat & deseribdd/ier . 5
"Substantially sinultaneously" sed.in reference to the cutting and
cooling st 5§ ﬂ?a??s“‘?ﬁ‘&fm&?tgm?g& aﬁﬁ‘yét‘}?@ﬁgecff’f e pprpose iRglede. bppareal | v
occurs befl&ﬂ?ﬂﬂt&?to?ﬁﬂﬁét@ﬂc‘ifbohgﬁ. prepolynmer, the tine interval between the
cutting and cooling Is very short, typically a fraction of a second.

Pell etization is an operation common to the manufacture of many 10

synt helQ ¢ 1laPolymerPelletizathoreri al s. Pel | eti zati on may be used to reduce
polymers to a formsuitable for storage and shipping. The pellets fornmed

according to the net f.this invention ar particularly suited f use
in solid state pol yrrg(rgﬂ'?%tqo R(1BSpyEco a‘megtcgl?s ?n%&efaé?ytocq, 19%zat i on
of anor phopreparingy callulvrpailetsifrorh aprepalfmeetahprishiya blowing dzefd iid fdthod> A
partially crrxst,al | ine shell insures that the prepol yner can sustain a

t enper at ur PTPRYMEr than its T. without fusing with other prepolyner. In
"SSP, the prepolynmer may

a) extruding the prepolymer through a die having an output, the die

15 maintained at conditions such that the blowing agent remains in the condensed phase

in the prepolymer prior to emerging from the die; and

b) upon emergence of the prepolymer through the die, substantially
simultaneously cooling the prepolymer by contacting the prepolymer with a cooling
agent and cutting the prepolymer; the conditions at the output of the die being

20  maintained such that the blowing agent vaporizes in the prepolymer to form pores.

The invention further relates to cellular. pellets prepared by this
method, and articles prepared from the cellular pellets.

“Cooling agent” as used herein is defined as a medium which functions

as a material to remove the heat of the treated prepolymer so that the prepolymer may

25  be transformed from the molten state to the solid state at a faster or more effective
rate. The cooling agent may be any fluid or substance that can absorb or conduct heat.

For example, the cooling agent may be pure water or a fluid comprising water in .
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be in a variety of fornms, including, but not limted to, powder,

aggl onerated pellets, and pellets. The use of pellet fornms is conmmon in
SSP as pwloleghisesar e easily handled 20 and prepared for preceasosssPel | ets
readily flow into neasuring and di spensing apparatuses and the size of
pell et charges can be readily controlled to snmall tolerances. Further,

unl i ke powders, pellets are |less prone.to formation, of dust and thus

i nadver t £ARURLOYS sirFalation tg,absork beat through copyectiops, (ther: ¢apling agems gayy :
conveni e . . - i . : o W S§J C :
pol ymer s%f&ﬂ%@eusﬁﬁ%%gﬁ%@ﬁéggi ?%le.‘%ls%o%h? glﬁééggbdgg?leﬁutta?%ﬁl nven "!8 n may be
appl i ed ctystallizatipn eggehtsnensprising as abcvhbl and ar mixwse bfilwatéreinds ab agentent
crystallization and high  surface area are required. Prepolyners are

pol yrrers‘é?cfb?ffwg ?W%é‘gepﬂﬁeﬁg%ﬁtepﬁg €51/ 10931 PCT/ USOO 18357

as feedstock for a polyner having a higher nol ecul ar wei ght. The nol ecul ar
wei gh of the pre s R ' Febyl thl le@idts mer

bei ngsprocessed. ngﬁ%ﬁt%ﬁggé‘;gﬁﬁ%r% P%r&)@x‘tg%f%% t%rtg%lgragugp%iﬁave a
nunber zuelingystepo Imeank dhatvalthylughi the tduetingn nfy ¢heo prépotymerbtypically Geurso about
20, 000; and m 5 be processed further fo produ ol ycar bonat e hgvi ng
nunber . o betoR, de ekt Bf hE R it Be e PUEHE DeBteebote PHLRS Mas,

pol yest ekofls Ivg@eghgnwicgg&lamggﬁofmagﬁa_ nunber average nol ecul ar

wei ghts. The term’poly s as used herein includes honopol yners,

copol yners terpolyners and ot her conbinations and forns of polyneric
materi als, includi Rgllpdsajienriswan operation eommaneo ithe jmanyfaqqure. of] many

ot o10 sonpiREnBrRaTadbndu, BRUERIOY a5 be Bpa SO BRBEL BRI R, Oy 1y
be procé¢srpeshiabldof stotage and bhippiagpect of the invention include, but are
not limted to polyesters, polyam des and pol ycarbonates. Parti cul ar

I itable f [ di to thi t of the i tio
“nelGoe, i are: naber el ot e el S amiensot i o )
pol yet hy baneuixfl SBREY fdralse ih RE1d sm@gél,lﬁigﬁwoan@sfg?f Qﬁ“{li@&is@éc@paﬁﬂﬂ

bi sphenol A pol ycarbonate. The cryst e shel ets provides a
r egi on oftrystaijiratiom of amiorphous polycarbonate is required before SSP can be conducted.

15 A partially crystalline shell insures that the prepolymer can sustain a temperature
higher than its T; without fusing with other prepolymer. In SSP, the prepolymer may
be in a variety of forms, including, but not limited to, powder, agglomerated pellets,

and pellets.

_ The use of pellet forms is common in SSP as pellets are easily handled

20 and prepared for processing. Pellets readily flow into measuring and dispensing
apparatuses and the size of pellet charges can be readily controlled to small tolerances.
Further, unlike powders, pellets are less prone to formation of dust and thus
inadvertant exposure to them is limited. Thus, they provide a highly convenient form

for the packaging, storage and use of thermoplastic polymers.

25 The method as described in this aspect of the invention may be applied
to all prepolymers. It is particularly useful when subsequent crystallization and high

surface area are required. Prepolymers are polymers or oligomers which are intended
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favorabl e for SSP, however, the pellet surface area typically increases
fromabout .0.004 to about 0.37 nR/gram due to a network of cracks brought
about by | ea®bi/93densification fromthe crystallization propesosodfasse
suitabl e for obtaining polynmer having weight average nol ecul ar weights in
the range of about 15,000 to about 30,000, there still exists a need for

| havj | ecul ights.in the r f ut, .30, 000 fo abqut
B0, 000, 1 n rEeBiEBdPT 8 Relanet hating b biseb AOWEHEr r8s T MOlFGRIR AR 25
pel | eti zat igfiihd Srepblyme? fifk tvaque%eﬁdiﬂg%':hggﬁﬁcaﬂ} Eﬁgﬁlgrﬁﬁhg%n segPtionall'y

be further processed by SSP.” Underwat er lletiz rec y used
pell etization systens and a provided by a nunber of manufacturers such as
GALA I ndustries of EdRplycarpenate pwpolymern for 2xample) prafosdly Rave 14 Sopibe8357

e or i 11 cASereRt gRiecufof bR i bG8 or S AR 100D abSi, SO0 aRd oy o "
wat er i r il pilocessed afEEP W pfdliuté poPRQkEInal haViRg rrﬂimue?_mmge%b&égllar

Cutting nmeans, such as™ knives, rotating in close proximty to the e

face, cut orsightskighepthanaboyt 20,080. dn contrast; polyestéryprepolymefsotypically lhaves

whi ch are | tern, The etwand water slurry,.is.thep renoved
formthe hgﬁ |e?1gu#’§‘rﬂl%%ﬁ&ﬁ?%ﬁre‘géghé‘ ?P@B%B@W? asd'@ﬁépﬁﬁefwcgﬂas

dryi ng. ThéokippBmers)r €o B8 tépélymiess indl 6theP! dorhbinktidhs’ ARG Cfddins 8POUt
80 Cto about 100 C, r_mrpez_ﬂ%?ef era I)s/’mabo.ut 90 C. A t_hgughsunderwat grap
pel | et i zat iRglymegicmafedials inelydingnedymery which g ¢lastomeric inndtuiear pel | et s

according to this aspect of the invention, other systens may be utilized

to prodgce pellets hagyj | t resent i. ntion,
t he pr(eigol ymer feeds%@ﬁwgﬂgﬁgpéﬁg?égg%gwl%&W‘e‘&geﬁeé%f)gedﬁf%ﬁm&% tess
conprises doblateni ISP pupeessirighaPolymersssififabls fortlateASSP processiay rvehichiglayteat it
vapori zes inside,the heated nelt after_exiting the die-head of the 15

ext ruder . BEYESSEY; acrorgme o this aspect I she iipvenpion ingluds,cbus) aseinoy limitadi ta n t he

f eedst ock Bryegtu&?spa?i@epraﬁkpgidéﬁafay&mw? PPERRLILELxantlE Gfthbre"Fof NE

di e-head, the hot nelt is inmedi cut by a rotating ‘cutter and cool ed
by a cool i BPcgEMng acoopding 4e thiataspect of the invention include, but are not limited to

15  polyhexymethylene adipamide (nylon 66), polyethylene terephthalate (PET),

n=

poly(butylene terephthalate) and bisphenol A polycarbonate.

The crystalline shell of pellets provides a region of higher porosity
favorable for SSP, however, the pellet surface area typically increases from about
10.004 to about 0.37 m?/gram due to a network of cracks brought about by local

20  densification from the crystallization process. While suitable for obtaining polymer
having weight average molecular weights in the range of about 15,000 to about
30,000, there still exists a need for polymer having molecular weights in the range of
about 30,000 to about 8.0,000.

In one embodiment of the invention, the process of underwater
25  pelletization is utilized to prepare cellular pellets, which may optionally be further
processed by SSP. Underwater pelletizers are commonly used pelletization systems

and a provided by a number of manufacturers such as GALA Industries of Eagle

Rock, Virginia.
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Thi s sudden cooling inmediately solidifies the prepolyner and traps the
bubbles inside the pellets, thereby producing cellular pellets. 20 The

cel | ul ar webi/en931 produced by this nethod are particul arly ReH/U918STt or use
in SSP processes. \Wen pellets of polycarbonate prepol yner were
subsequently crystallized, they yielded surface area and internal pore

structure that resunt gl unBefoiuidrepelleizfion® Bysidthndliehi pilynbe i eRfredeaent SSP

of the prepolyner. The cracks and voids in the cellular pellet allows
crystalli rtﬁ:o;agh diecrifices into athousing ewhith isflogied yeith water prov TQrd atwalemn| y t he

shel | thereh roduci ng.an interngl struct I ncr, e |

I ntegri ty.méé*aﬁﬁ’? ﬁs%gﬂ’frg?% ‘spﬁeé‘ﬁﬁflxa‘?%ﬁ“g%??)@g?”ﬁghg@iﬁ g%%*syg!éclh Rer e
det erm ne(kn‘i\%s,hﬁ(ﬁin?oﬁxcélbk& pioXimitg Qo ahe die fude! cutosfPthe ERMdih® S&indshem
pel lets of -28 WO 01/10931 PCT/ USOQ 18357 _pol ycar bonat e prepol ymer

pr ﬂoar &d @oltm?merégsfovmimﬂet;i which ase coeled inytherwarer. me pellet gpd waterndar d"
: . The . ' TE]
PEvent o Wi hed rePGuec B BF SRUGEC FGY Hufifhr frobSinBPLafe sbn

0. 72/ gr argewhitring i andrdigingd The SeniperatGrecdfothe pwarep iscpreferabilerin nheedrgerofdur i ng
solid state polynerization. Wthout being bound by any theory, it is
bel i eved tahauot 8034 torabouti1QQf G,umérepreferably aboub9@® ©nhanced diffusion paths

for by products of SSP. For pol ycarbonates, for instance, the increased

surface area woul d l,ow enhanced dif [,on t 0 Lon. In
t he enbodi nent in W%IE*P?“ Elqﬂfgya?feﬁlfgﬁg@ ei%]?aop%\g%?éd[%gg%r%%& rfag%’ 10
nelt most celilappellets acobrling'® thideaspect ofl the ifverition Jotheresystem)mdycbeutiljzegr oduct
of the formatjon of the prepolyner, the bl owi ng agent may be introduced
into the tPesyrypelletskaving tedesipd MerPROIogY. one embodi ment, the prepol yner
conprises an aromatic pol ycarbonate prepol ynmer having a nol ecul ar wei ght

of Tromabout 1000 thqndBrtdént inventidn e § RRAGBATWARAUS sabjefregDouUt 95

nol e % aryl carbonate m nal end groups. ring the preparation of the -
pr epol ymertofthe dilletidatiop hprootss acuinprises e blowing tageatt thatrhas psufficicntd vapor ‘
by- pr OdUCtpsréss;rrgesu hﬁnrzll(t? kt \}a%oﬁgésti%s%g the e%t ln?m Qfer exiting the die-head of the

15 extruder. Upon exiting the die the vaporization of the blowing agent in the feedstock

produces pores or “cells” in the prepolymer. Upon exiting the die-head, the hot melt
is immediately cut by a rotating cutter and cooled by a cooling agent, such as water.
This sudden cooling immediately solidifies the prepdlymer and traps the bubbles
inside the pellets, thereby producing cellular pellets.

20 The cellular pellets produced by this method are particularly suitable
for use in SSP processes. When pellets of polycarbonate prepolymer were
subsequently crystallized, they yielded surface area and internal pore structure that
resulted in faster reaction rates during the subsequent SSP of the prepolymer. The
cracks and voids in the cellular pellet allows crystallinity to occur in the core of the

25 peliet, as opposed to only the shell thereby producing an internal structure to increase

pellet integrity.

Cellular pellets prepared from - polycarbonate prepolymer were
determined to have specific surface areas up to about 60% higher than pellets of
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agent. In addition to . using by-products present in the polycarbonate 20
prepol yner as bl owing agents, a variety of blow ng agents be added to
the nelt twoouvI®ate bubbl es or voids. For exanple, int roducfﬁswsg?’“éa%i ly
conpressi bl e gases, such as flourinated hydrocarbons, or of sinple inert
gases, such as nitrogen, into the nelt during the pelletization process at

wt % | evel s conparabl e to those desgcrihed. for heno) uld effect the same
result 2 SPOTNEATPOTRG P@Pﬁ‘g&}?{ Prepaged By the Rroesss g‘h ﬁifivgﬁ?ebj‘dffc‘ﬁ' E%‘P Ctitted to
the pol yngru«g &ggﬁtv Heis/BY be present in the prepolymer feedstock in
varyi ng amounts. I tabl e ranges include from about 100 ppmto about 5

wei ght % based on the wei ght -29 WD 01/10931 PCT/ USOQ 18357 of the
prepol yner, nore preﬂ'hc atllylarypeilets produced awbondingl 9 the masharhof thszpeshtion t he

Fomai n i n BHE SRR eACwPe ark 6f T8 o Aot 0 Y (SR, L dcEpEd
condi tison SsdrﬂicE Qﬁa?}‘r@m&%‘? fastir r&ictibh duéng hﬁquﬁﬁﬁ giolfﬁéhiaBSn a%&ft béiﬂg

second pressure t he pressure i n the die-hea ecreases bel ow t he
vapor - pr esbaund byf anyhthebtyous isghedigeed ;hamhe wmqncased \mtlfaceemapaown@nhmgol yner

Tl ere, < GRSion pais Ak by Froticts of SSBIFR potuhrBiars, bt ibithfter b dnarkestl o
pel l ets, U e es
in the pel i&fa%eh&axﬂﬂﬂd ﬁlﬂkﬁvéﬂﬁ&é‘ddﬁﬁisidﬂﬂh%fﬁﬁéﬂ& evollfioki gure 1, the

saturation vapor pressure of pure 10 phenol and pure d| phenyl carbonate are

plotted as a function of tenperature to illustrate a gge of appropriate
ext rusi on condmonslnnhsen@ommmawbqu@ellu@ppaﬂetsmﬁoan ttheyprepplymest t he

vapor bb i

ST acd) o. e s eOfiab I HiGv o dechf. PRIV wh o B e be SChptillr o e

al ow det formatict isfndef peepolyridre e eblowifig tagenis thay Behdnwpodudedt inco thé
cellular pellets. 15 The size and internal norphology of the pellets is
dependent pePelpmer feedstock. SRbe®ndi ti ons. In one enbodi ment, the phenol
present in the polycarbonate prepolyner functions as the blow ng agent. In

Feedst ook t enper at ur he o 1 oaoodient (5" BRECIRRCHRfsEs RaCPRoHEEE
polycarbonate prepolymer having a molecular weight of from about 1,000 to about

15 20,000 and having from about 5 to about 95 mole % aryl carbonate terminal end
groups. During the preparation of the prepolymer feedstock, phenol and
diphenylcarbonate are produced as by-products. The phenol is suitable as a blowing

agent.

In addition to using by-products present in the polycarbonate

20  prepolymer as blowing agents, a variety of blowing agents may be added to the melt to
create bubbles or voids. For example, introduction of easily compressible gases, such

as flourinated hydrocarbons, or of simple inert gases, such as nitrogen, into the melt
during the pelletization process at wt% levels comparable to those described for

phenol would effect the same result.

25 The blowing agent, whether present as a by-product, or added to the
polymer feedstock, may be present in the prepolymer feedstock in varying amounts.
Suitable ranges include from about 100 ppm to about 5 weight %, based on the weight
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about 225 C, nore preferably about 2200 C to about 2250 C, even nore
preferably 20 about 223 C, and pressures of atnospheric to about 100 psi.
It is prwend8®y to maintain a constant flow rate of the Bpgﬁ{?f’%ﬁéﬁ"i n the,
extruder and at conditions such that foam ng of the bl ow ng agent does. not
occur . the conditions in the systemare not oll%i nt ai ned pr%[oerl , hol | ow

pel | et sI ];Rf the, prepelymen, mare preferably; 2houhi2X to abpiit i by weight, basadion thg | ow or

f oaned peld: ﬁufe ' due 25 to |low density. In one enbodiment, the :
prepolyné'#élgﬁsﬁ)ff’glli n?o an?'extruder in the form of a solid, such as a

powder, cellular pellet, or agglonerated pellet. The extruder is than
ranped from a firstThecbloming sgent ansolatileospeties ishoyld eerpaindntthe gondensad

pressure in the,die-head., Upon exiting,the die-head, th |t enters a zone
at a secdidsePEAsP Fga'tn thes P°lym-°!-a-t--9-"-°!‘8’-u°95\}b'5i/‘§63§?f5ﬂ?ﬁr 0/ 18357

whi ch st heg; &\gﬁenﬁt@@fmeﬁaepmez@écoha presivse Khfie Gitbdstite?in AR [dfd-feadUpon
entering the “zone of second pressure, the prepolyner nelt is substantially
si mul t analearshses deldve the vapbrpoessure qfrtbel blnwving @gens) thel vaporscwilkescape the :

Al ternati vel t he prepol yner na e dit.ect| fed to the pelletizer in the

f orm of é’r?@gr."e%m?ﬁebﬁﬂ%fmﬁ?ﬁmée&w %sﬁ?tes i‘hﬁf&ﬁemv ﬁtﬂ?d?el Hever the

second  RieA&SLit & itiportaft RardpPd SifALIEACIrANEbf Heaapbibubbldsih th gk ® It is
0

desirable to maintain a pressure differential _ at | east about 100 psi
bet ween tget tiei desired aellular stmtture o I Jiigure 1, ithe saturation yaporepressursef pateond

pressure in I n§ ai ned,. at Lent pres d,t st IS
i nd el aih S ltiooPEaleppiee irp e Yl ‘i of eftpBRR R0’ T
mai nt ai ndHustfated hCRBYE &F SPprepridtd) Artrasibh esvnditionseVEris inysorhe s ursp a '
differential between the first_ and secondpgressures, shoyl referably be

. k . S¢ d
at | east suffiiant popiop-of theryaposibubbles inside the peldats 1q,obtaig the Hﬁ%’ﬁgr?ﬁmaron t he
pr ocessi di 'h. Gids ‘ ?ﬁiﬂ%d r 0 Fg}ﬁh whd the -
cutting s%gge o téll S ddelkél ra |fe&??)‘h§‘ﬁtbg‘%"ﬁwﬁe g;[ssfpo?ﬁi;ﬁél for%(r{rgkz)e, havi ng
a | ow aspietsrmimtion of sitablecdip ebhditionssfor tie produdtion 9f céllwavpelletst y nay be '
i npeded. In general, it is desirable to obtain cellular pellets having a

generlgl ly The size and internal morphology of the pellets is dependent on the
extrusion conditions. In one embodiment, the phenol present in the polycarbonate
prepolymer functions as the blowing agent. In this embodiment, the extrusion is
preferably conducted at pr_epblymer feedstock temperatures of from about 190° C to
about 225° C, more preferably about 220° C to about 225° C, even more preferably

20 about 223° C, and pressures of atmospheric to about 100 psi.

It is preferable to maintain a constant flow rate of the prepolymer in the
extruder and at conditions such that foaming of the blowing agent does not occur. If
the conditions in the s.ystem are not maintained properly, hollow pellets or foamed
pellets insufficient for handling may result. Hollow or foamed pellets are fragile due

25  to low density.

In one embodiment, the prepolymer is fed into an extruder in the form
of a solid, such as a powder, cellular pellet, or agglomerated pellet. The extruder is
than ramped from a first temperature and atmospheric pressure to a first pressure in

the die-head. Upon exiting the die-head the melt enters a zone at a second pressure, at -
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spherical form The length of the pellets is preferably in the range of
about 2 nmto about 8 nm nore preferably about 2 mmto about 4 nm even
nore prefemabdiyioasiout 3nm The width of the pellets is prefetposymbsut 2
to about 3 nmm even nore 20 preferably about 2.5 .nmm The prepol ynmer nelt
flowrate and the cutting speed of the cutting neans may be synchroni zed

to produce . . ' d] i-ons.. | ternative enbadi nent,
2 pol et ot Sk e Sorofided o BN e sl E " Dot Fusrinadhe

cel I's. Thegen@ef k&ond Presshiry, theprepblirie? dndlP isAsubstagtialiyl sinthitaneduspf Sooldd e
standard pell ets are _produced in the same manner as the 25 cell ul ar

pel | ets, edbdgut torprpdugecdhe cellular pelletss Alamatively, the prepalynen may beidirectly
range of . ndard pellets, which do not contain
t he cells, ?%@Whggﬂk%%ﬁgﬂft&a fﬁgéﬁ?é%g'r ation of | ower nolecular weight
materials, such as for use in optical disks. Such materials have wei ght
aver ageSnol ecul ar weiTet first rant heecond) @eesdiires -midy YO vatied 0 Howevie Tthe/SR6dB 357
from about 25, 000 t(i bout, 35, 000. The di nensions of the standard pellets
are pref ePEssyreshenld Rtaineddewerthan thedirst pressuss-| lHiindesirblectonaimain
standard pgl : 1Al B | ' I fter
bei ng. made s PIesereqiEEghlid ot A dboh 150 pil el b et 303 3pFork, tloyred
commer ci al In Bnejembodimern, thefsedaisd predsurbdn shaifgiied Nelmhiskiem pressued bhd e
pell ets rraﬁﬁbe crystallized i n accordance wiith the nethod described in

section | XS PREesstre; iy maiptatngd.at aboyt; 100rpsi, Alismratiyelysthe sesord pressuse may er

use, O[ppPagkafs r I ey gl q tsbe - di RO
01/ 10931 PCT/ us%%h%g%% BRERAES o d%lr' eﬂﬁ‘lgf] yafneﬂ?jrm%r g%‘g%‘éeé ’ Wb’éﬁ[s i diftetentlal
Process As between thedirst and s¢ceind priessuresshoald preferably beihleag abowtt 190ipsi. SSP

processes. ~ For polycarbonate for instance, the increased surface area
translates directly into faster, re al_of .phenol her eby. i ncreasi ng the
rate of SSP. Alternatively. ?ﬁe‘hgtgqg"gr%’rg‘eﬂefsl L}ggé Ui the (Progessignar e
material s benditiehs| dnRidifiR 1B WoW ral€ichithe phapollymér AR the cutting speed. It is

desirable to obtain pellets of a uniform size, having a low aspect ratio. If the pellet is

15  too long, flowability may be impeded.

In general, it is desirable to obtain cellular pellets having a generally
spherical form. The length of the pellets is preferably in the range of about 2 mm to
gbout 8 mm, more preferably about 2 mm to about 4 mm, even more preferably about
3mm. The width of the pellets is preferably about 2 to about 3 mm, even more

20  preferably about 2.5 mm. The prepolymer melt flow rate and the cutting speed of the
cutting means may be synchronized to produce pellets of the desired dimensions.

In an alternative embodiment, a pellet of polycarbonate prepolymer
may be formed that does not have cells. These pellets are herein referred to as
“standard” pellets. The standard pellets are produced in the same manner as the

25 cellular pellets, except that the extrusion is conducted at temperatures in the range of
below about 190° C. These standard pellets, which do not contain the cells, are
suitable for the preparation of lower molecular weight materials, such as for use in

optical disks. Such materials have weight average molecular weights in the range of

-31-



optical disk applications. In one enbodinment, the cellular pellets froman
underwater pelletization process nmay be dewatered and introduced into a
reactor iwowre®s SSP may be effected. Prior to or after iwtr/UsbenBssyn into
the reactor, the cellular pellets are 10 crystallized to a |evel
sufficient to allow SSP to proceed effectively If the prepolyner is a

pol ycar bo p I nc t to a
Cryot al 11 2oy sBOEPE00 o dila 33087  Ine diffenlbiPBt M ushiard DR it . °
pr epar ed fprdmblyeh@sﬂnycasdhoseadescpbelﬁowcmﬂarwlettescr| bed in section 1 is
crystallized in accordance with the nethod described in Section | of this

15 specification. er nat ot her. bl e n sol vents or solvents may
be used to crystaAlﬁ’f %‘%&V&a@oﬁﬂ‘é‘? H??l ;us W r??ﬂeriaa%‘xanpl es
of sol Ve“taﬁexUSé-?ifxg' Imdde, stoh&l RIrSaRP usd, 'Bfe;ﬂ{?kﬁgbdf

anor phous prepol ymer i nclude al i phat’ic alogenat drocar ons such as
met hyl S chiqoanties. 1 e i‘&ehﬂledtandardjwllathlomceﬂuianpem mybbmctysﬂaﬂmdlmr i de,

hl th di chl, hI th ] t
C ot rachl OABTIAIES Hith thePAnGE defrbenn Seeital had heshipolhe, atperg Rt A bons,
such as  gbing’ ARG ZQBRINS &G bRl CB}eﬁZékB d %mfaa?owcm 38 ddphmereydr of uran

and di oxane —esters such as nethyl acetate and eth acetate, ketones such
as acet onquamiiiesret hyl et hyl ketone; and aromatic hydrocarbons such as
benzene, toluene and xylene. 25 Preferred solvents include ethers such as
tetrahydrof uran and di oxane, esters such as nethyl acetate and et hyl
acetate; and ketones such as acetone and nethyl ethyl ketone. Acetone is
the nore preferred solvent. Optionally, water may be added as a diluent to-
the solvent. -33 WO 01/10931 PCT/ US00/ 18357 'The SSP process nay be
conducted under a variety of processing conditions such that a pol yner of
the desired nol ecular weight is obtained. If the prepolyner is .
pol ycarbonate treated with the crystallization agent described in section

| of the specification, the process may be conducted in two stages with the
advantages 5 described in Section 1, above.
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This invention has been described in detail with particular reference to
preferred enbodi nents thereof, but it will be understood that variations
and nodi f weoediessa can be effected within the spirit and scomer/o§ooiisss?

i hvention. EXAMPLES 10 The foll owi ng exanples are put forth so as to
provi de those of ordinary skill in the art with a conplete disclosure and
descripti ONse} QNDOS| tbl of . mgiter and nethods clai ned herein
are made arft e T T e Z0CeSS i ¢ { he scope of what the
inventors regard as their invention. Efforts have been nade to insure
accuracy W th respectAs mentiohe, 4s §esimable oruse nhs celltammilletsih SSP Frocesses)ut

sone 15 errl__or aB'da&’evi at.i ons shoul d be accoupnted for. Unless indicated
ot her wi se, REPPYycarbanys for jastance, theingreasad sugface afes trapslates direetly ing faster

t enper at ur Pait ESEL t ! ' WS
pressure igmgtb %lr n 1E’;tgrngj:j’ttetﬁrr?)l‘ség%er| c&%e err%t ek’?ggg?a%@'ﬁlgg%l gmﬁrg%"é%fg&es
used fof t pelletssmay be niedvio prepare materials havihgllbwesmoletlaweight] auchvii faht S
are reported. .a i hﬁ{léaverage (Mv), unless noted otherw se, and were
det er m ned Wcééﬁ% 2908n chr onat ography relative to pol ystyrene.
Nunber average nol ecul ar weights (M) were determ ned by gel perneation
chromat ography. 25 T.[pV@peeemModfnéft ' | r ' SGRRN
calorinetry. T. values Wererrg?ter%ﬁh:%mb3€g?l?¥ep§;l{t§aﬁg§{cgéﬁni ng walér
cal ori net r pelletizion\Process 0By IbePdEwaiSed/ ahd3nfroducedting & edcoor ingwhieh!SSP  t he

process steps ;mv..be read as follows: 220/ 1 + 230/4 woyld be interpreted as
1 hour at g%?’ Be %/fgﬁcfe&n:%’%?"fr ahﬁiﬂ”?°&?°‘?§d§‘@ e rRactoR g’elceglugélri’ﬁu%‘é apy
cel | ul a0 pehyseillizedadQ 16Ved SulERiEnt i ABbwWASSPid\piee&d ¥ffdctivelyPe! | eti zer. The
tenperature of the nelt was 222.8 C. The pellets were CInyta| i zed using

al cohol vapor at a tepperature of 150 C with pure isopropanol vapor for one
If ‘the prepolymer is a polycarbonate prepolymer, for instance, the

prepolymer is subjected to a crystallization step. In a preferred embodiment, the
cellular pellets prepared from the polycarbonate prepolymer, as described in section 1,
is crystallized in accordance with the method described in Section I of this

15  specification.

Alternatively, other suitable nonsolvents or solvents may be used to
crystallize the polycarbonate prepolymer. Non-limiting examples of solvents useful in
the present invention for crystallizing the amorphous prepolymer include aliphatic
halogeqated hydrocarbons, such as methyl chloride, methylene chloride, chloroform,

20  carbon tetrachloride, chloroetha.ne,' dichloroethane, trichloroethane, trichlorethylene,
tetrachlorethane and mixtures thereof; aromatic halogenated hydrocarbons, such as
chlorobenzene and dichlorobenzene, ethers, such as tetrahydrofuran and dioxane
esters such as methyl acetate and ethyl acetate, ketones such as acetone and methyl
ethyl ketone; and aromatic hydrocarbons such as_. benzene, toluene and xylene.

25  Preferred solvents include ethers such as tetrahydrofuran and dioxane, esters such as
methy] acetate and ethyl acetate; and ketones such as acetone and methyl ethyl ketone.
Acetone is the more prefetred solvent. Optionally, water may be added as a diluent to

the solvent.
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hour. The cellular pellets were produced at the follow ng conditions. The
die and extruder tenperature were 223 C and the nelt feed rate and cutting
rate wer gygpe@3l0 synchroni zed to produce pellets havi ng rcT/asogusssaf 3
mllineters (m) and a dianeter of 3 nm These pellets were designated as’
Gal a #15 pellets. Gala #15 pellets were cellular pellets. The cooling

agent was water, and the tenperature of. the water was 90 C_ The die
pressure was 100 psThe §$P proesssamaypls (conduoinsh underoy Kaggtyaof (PRRESFHNE owi ng -

condi tions. ,lhe B h e for

Che al o prahisfe sho TR boioRgr BP U, hlliedTeAal MR I bl BIYC 1O

fol | ow ngq_regiﬂyﬁxeﬁﬁt@li@fﬁdhakh&alﬁdmﬁh thearysrhllizatéon ageat desetribed in seatorst andar d
abl e |

pel | ets. Run Pel |l et Agent Tenp(CX iegdéhr) To TMQFIA *1000 M 1000
MJM 1 Infithespacifigatipn.the prpcessimay be aopdpsted in two stagss, with th 12g8% 4 139 -

263 25 11 . r OH 230/ 10 142 295 28 12 2.3 4 Standard McOH
230/ 1 13?%5'3%‘13‘?%%%?}% 3| [ul ar 3- 210/ 1 +230/1 +240/6 142 282 41 17
2.4 pentanol 6 Standard 3- 210/1 +230/1 +240/6 137 270 29. 11 2.3 pentanol
20 Exanpl e 2 -35 WOThit/ideadion RGS bednOdbsaritdid/in detdikwith papiculas irefecence to

effecting crystallization with crystal]ization agent, conprising a

al cohol me%FGbP@F@&%‘M% !inwéi&d iwest@?‘Qégﬂsv gHans ¢ @“cpof
solid st i rd | i b 46Rit ARA Scdpllof At ifGerticaberties in
dovvnstre%ﬁdlg@é%éggs‘%aﬁgge%‘)@@&l@hgeﬁaggﬁlo?ﬁ&p ntanol and 1 % by wei ght of
t he polyner of pentaerythritol tetrastearate (PETS) were charged into a

pressuri zEKAMPEES el and 12 grans of GALA #15 pellets were suspended on a
screen. The vessel was heated at a :

10 The following examples are put forth so as to provide those of ordinary

skill in the art with a complete disclosure and description of how the compositions of
matter and methods claimed herein are made and evaluated, and not intended to limit
the scope of what the inventors regard as their invention. Efforts have been made to
insure accuracy with respect to numbers (e.g., amounts, temperatures, etc.) but some

15 error and deviations should be accounted for. Unless indicated otherwise, parts are by
weight, temperature is in ° C or is at room temperature. In the processes described,

unless stated otherwise, the pressure is at or near atmospheric.

The materials and testing procedures used for the results shown herein

are as follows:

20 Molecular weights are reported as weight average (M), unless noted

otherwise, and were -determined by gel permeation chromatography- relative to

polystyrene.

Number average molecular weights (M,) were determined by gel

permeation chromatography.
25 T, values were determined by differential scanning calorimetry.

Tx, values were determined by differential scanning calorimetry.
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tenperature of 1500 C for 1 hour, at the saturation pressure of 3-pentanol
of about 1.2 atnospheres, and then cooled to anbient tenperature. The
resul tant ewoetymb3t ne pellets 10 were subjected to solid staPer/so0/18357
pol yneri zation according to the protocol given in Table 2. Table 2 Stage
Temp/ Tme To (C) T. (O M M (Car) 1 Initial sanple 116 212 15400 5400 2

20010.5 + 220/ 0. 5+23 a0 : 0/ 1+ 149.5
750 60400 26100 240/ e Wity SR weictss ieBel 1 reatisiphdes

24011.5 B) 5.6 grans of 3-pentanol and 1% by wei ght of the prepol ymer of

15 gl ycerol nonost ear220¢1 ¢Q30)4 would behiategpretedras d loupae2207C folldwediystel . 12
grans of am)rphous ellets were suspended on a screen. The vessel was
heated at IBOIA23 E'@ne hour, at the saturation pressure of 3-pentanol of
about 1.2 at m)spher es, and then cooled to anbient tenperature. The

resul t ant c%’y A li ne pellets were subjected to solid state pol ynerization
according t otocol given in Table 3. -36 WO 01/10931 PCT/ USOQ 18357
Table 3 Stage Tenplrine T= (C) Tm(C M M (Cdhr) 1 Initial sanple 120
224 19660 6000 2 2008dmples of 2eMilatSpel sl wefedProduled!BsiAS aA3R0A usderwater
200/ 0. 5+22010. 5+23011+ 149 256 59500 24400 240/1. 4 20010.5+22010. 5+230/ 1+
152 260 64 metetizesoThetamperagire of the melt was 222.8° C. The pellets were crystallized

using alcohol vapor at a temperature of 150° C with pure isopropanol vapor for one

hour. The cellular pellets were produced at the following conditions. The die and
extruder temperature were 223° C and the melt feed rate and cutting rate were speed
10 synchronized to produce pellets having a length of 3 millimeters (mm) and a diameter
of 3 mm. These pellets were designated as Gala #15 peliets. Gala #15 pellets were
cellular pellets. The cooling agent was water, and the temf:erature of the water was

90° C. The die pressure was 100 psi.

The standard pellets were produced at the following conditions. The

15  conditions were the same as those set forth above for the Gala #15 pellets, except that

the extruder temperature was 190° C. The following chart sets forth the properties of
cellular pellets and standard pellets.

Table 1
Run Pellet Agent Temp(°C)Time/(hr) T, Tm M.*1000 | M,*1000 | Ms/M,
1 Cellular | MeOH 23004 131 273 36 15 24
) Standard | MeOH 2304 139 263 25 1 23
3 Cellular | MeOH 23010 142 295 28 12 23
4 Standard | MeOH 230/10 133 284 3] 5 23
5 Cellular 3 210/1 + 23071 +24006 142 282 41 17 24
pentano}
3 Standard 3 210/1 +230/1 +240/6 137 270 29 1 23
pentanol
20 Example 2
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Conmparative Exanple C) C) 8 granms of pure 3-pentanol were charged in a
pressuri zabl e vessel 5 and 12 grans of anorphous pellets were suspended on
a screenwgbgiogsssel was heated at 1500 C for 1 hour, at ROTAUS0B/183saAti on
pressure of 3-pentanol of about 1.2 atnospheres, and then cooled to room
tenperature. The resultant crystalline pellets were subj ected to solid

state polynerizatio Tabl e
4 Stage Tenp/ Tine To 2(5’&%% 1{1%&% ﬁ?}ﬁeﬁ{c@bﬁ%@s}ﬁl’rﬁéﬁ? %}gtall%ffg@Z
20010. 5 +agknbébmprisingan alobRoldnd alMOSRDreldabd enBaQQOidHtﬁthﬂﬁﬂ&s&-'tﬁB%é+ 147
259 47600 % qoo 240 1 4,20010. 5+220/0 5+2 0/ 1+,149 263, 55000 23700 240/3
Exanpl e 3°fr#Rlid $atepa @mnt% tProwd F&?ié? leasing. propestiegdp dowasEeamiar y or
tertiary, plloe ]}% crystal | ization agent has an effect on the final nolecul ar
wei ght of the 5 polynmer. The prepol ynmer used for this study was in the
pellet form approximately 3mm x 9nm These' pellets were exposed to

di ffer®ent al cohol vaA)ds.6 grams- &734@1@&«5115&831%(57/“&@ bB3he polyfierCof at t he

saturation pressuy of the cr Ilzat nt for .1 _hour for

oo et o PheeesrRHi, firabirale BRTS) ek, hargsd P p pavSLHAARLS Yissel Al 1 or
this stud I t :
t enperat ure r%&%ﬂgﬁ%ﬁzﬁ% sggpiﬁ%%{ﬁn §‘§Pde€§ ?ﬁe kﬁs;él?ggénﬂ%%ﬂg%tn% In all

cases, crtenatpatdture afi160° €rfdr Bﬁanmmthe[seminibﬁqﬂessﬁ'ewfdepexim& abdut 1.2

conditions Al cohol cit]ho % was charged in %_rh ystal li zati on appar at us
consi sti ng.mospheres and then cooled to ambient temperature e resultant crystalline pellets

10  were subjected to solid state polymerization according to the protocol given in Table

2.
Table2 |

Stage Temp/Time T, (°C) Ta(°C) M. M,
(°C/hr) '

1 Initial sample e 212 15400 5400

) 200/0.5 + 220/0.5+230/1 | 148 254 29150 21450

3 200/0.5+220/0.5+23071+ | 149.5 256 60400 26100
2o ) _

4 200/0.5+220/0.5+230/1+ | 151 256 67900 27100
240015 '

_ B) 5.6 grams of 3-pentanol and 1% by weight of the prepolymer of
15 glycerol monostearate (GMS) were charged into a pressurizable vessel. 12 grams of
amorphous pellets were suspended on a screen. The vessel was heated at 150° C for
one hour, at the saturat.ion pressure of 3-pentanol of about 1.2 atmospheres, and then
cooled to ambient temperature. The resultant crystalline pellets were subjected to

solid state polymerization according to the protocol given in Table 3.
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of a pressurizable vessel and anorphous pellets (11.5 g) were suspended on
the screen. The vessel was heated at 150 C for | hour, at the saturation
pressure oWothaesserystallization agent, and then cool ed it tRCT/O806/18357
tenperature. The resultant crystalline 10 pellets were subjected to solid
state polynerization according to the protocol given in Table 1. Al cohol
used for this study: Primary al cohol : tgRhanol, isobut anol, 1- pent anol

Secondary T Fomihi - J'q:l;gta-no-l—ﬂ-#—'fﬁu traryyatcototit—buteanol
Fromthe rlesults, shqun in Table 5 Tt was flolin at PC cryst AT i zed rom
secondary j ml ecul ar fwei ght whiereas prihmary al colhol s

produce | ddest nol elcti%#™ei ght . AGMPn anong #*he pri ne™P al cohbfhen t here
is a brarjé¢hing, bejt¥¥SH2O5+RY wef ¥90bt ai ngd*Sconpar dd®® | i nep?3%8r i mar
al cohol . The 20 exjperinental dataland resulfts are gijlven bel ow Table 5]

Tenp/ at ne [Bet hanol |Z0MemizeBE0E Pr ppanol 1 - paseanol  (|Gbsg 10 ( 9 {0
Mv Tg (C) |Mv Tg Mv | %), Initial Sapple 109 9540 109 9540 109 9540 109 9540
After crystattTzat i ommEtBrea s T B 200121346200 HidmAd 20— PR o5+

230/ 0.5 +{128 18473 ,}48 47700 148 p3400 146|42400 230/1 20010} 5% 230/ . 5
+ 133 23448-149-50870 15163700 148 48450 230/1 + 240/1 200/0Q 5 & 230/0.5

+ 137 25508 151 64576 151 69950 149 55950 230/1 + 240/2 -38 WD 01/10931
PCT/ US00/ 18357 Tenp/thne |sobutanol 1-Pentanol ('Oh) Tg (C© Mwv Tg (O Mw

Comparative Example C)

C) 8 grams of pure 3-pentanol were charged in a pressurizable vessel

5 and 12 grams of amorphous pellets were suspended on a screen. The vessel was
heated at 150° C for 1 hour, at the saturation pressure of 3-pentanol of about 1.2
atmospheres, and then cooled to room temperature. The resultant crystalline pellets

were subjected to solid state polymerization according to the protocol given in Table

4.
10 : Table 4

Stage Temp/Time T, (°C) Ta (°C) Mw Mn
(°Cthr)
Initial sample 111 222

2 200/0.5 + 220/0.5+230/1 143 256 40800 16900

3 ' 200/0.5+220/0.5+23071+ 147 259 47600 19600
240/1

3 200/0.5+220/0.5+230/1+ 149 263 55000 23700
240/3

Example 3

- This example shows that the alcohol, i.e., primary, secondary or
tertiary, in the crystallization agent has an effect on the final molecular weight of the
15 polymer.

The prepolymer used for this study was in the pellet form,

approximately 3mm x 9mm. These pellets were exposed to different alcohol vapors at
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Initial Sanple 109 9540 109 9540 After crystallization 114 13713 9995

200/ 0.5 + 230/0.5 + -145 42882 135 27550 230/1 200/0.5 + 230/0.5 + 148
44050 13w@@mads1 23011+240/ 1 200/ 0.5 + 23010.5 + 148 4850CcYAB082859 230/ 1
+ 240/ 2 Exanple 4 This exanple shows that controlling the crystallinity of’
the prepolymer 5 is desirable in order to ensure efficient SSP, and that
secondary al cohols help to mnimze the process of thermal

crystal | i158% i@nat Ehe fsetueationt pressuref ofa lthe leoystallization| ageas, farddi hourefori n

al cohol s can _pe useq to contrql therma] crystallinit uring. SSP,..as giveH
by A H ficRatallization,, Pgmary, sec 30, tegtiary H\E/g‘!i’gﬁwwdﬁzﬁgmrlﬁlsg“ﬁﬁh%i ng -
addi tives. d.n: ' | n 1S | i hafFYy :
21 conol o CPSFEe Bl Wefe oAt Se Y ledipihele Rk o 200 [ FRHOTEY | |
this ser ivagercd lowaifmitesgen ) agh. ol ald cases corgstaldiaatiorpand SPPosete pérformeddi ti ves
by weight of the, prepolynmer were charged into a pressurizable vessel with

11.5 éran@d@ﬁldﬁmﬁl%i | ets suspended in a screen basket. Gala #15
pellets were contacted with vapor phase al cohol. The vessel was heated at

cool 60 L0 anbi ent tSSARII0 B85 R Haied PR R pirdfudl Filng TG 11"

cooled to anbient tenperatu cryst
subj ect eafta pressuritable avessgl cdndnamorgphibus ipeHets 18i5ng) were shspepdat onothe shown i n
Table 6. -39 01/ 10031 PCT/ US 18(:%?7 Tabk 6 Run System Reactij n TM To
eH MH M Skreen-Tdhe Vessrlewps peated atr 305 C for § hoyr, at th satupdtion pressupgofithey, 1

Met hanol 20y ati6n 2geht 2kl theh SdlePir 89 roth? femperature. The resultant crystalline
10  pellets were subjected to solid state polymerization according to the protocol given in
Table 1.
Alcohol used for this study:
Primary alcohol : methanol, isobutanol, 1-pentanol

Secondary alcohol : 2-propanol, 3-pentanol
15  Tertiary alcohol : t-butanol

From the results, shown in Table 5, it was found that PC crystallized
from secondary alcohol produce highest molecular weight whereas primary alcohols
produce lowest molecular weight. Again among the primary alcohol when there is a
branching, better results were obtained compared to linear primary alcohol. The

20 experimental data and results are given below:

Table 5 _
Temp/time Methanol 3-Pentanol 2-Propanol t-Butano}
‘cm) Tg O Mw Tg °C) Mw Tg O Mw Tg Mw
‘o

Initial Sampie 109 9540 109 9540 109 9540 109 9540
After crystallization 105 6530 114 11200 12} 16200 114 17270
200/0.5 + 230/0.5 + 128 18473 148 47700 148 53400 146 42400
23071

200/0.5 + 230/0.5 + 133 23448 149 59870 151 63700 148 48450
230/) + 24071

200/0.5 + 230/0.5 + 137 25508 151 64576 151 69950 149 55950
230/1 + 24072
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220/ 0. 5+ 2
3 3-pentan

200/ 0. 5+22Wo @id9dl1 55000 23750 0.5+23011+24 0/3 5 Met hanopCHUS00/18357

30/ 1+24= 2 Hexanol 220/3+23012+ 224 299 22 61 48000 18800 240/8
ol 220/ 3+230/ 2+ 222 284 25 44 56000 23100 240/8 4 3-pentanol

200/ 0. 5+220/ 225 280 34 62 31750 11700 TEGDVE 0.5+23011+24 (1% 011.5 6
+ 200/ 0. 5+220/ 224 255 28 18 69700 24700 TEGDME 0. 5+230/ 1+24.

3- pent anol
(1% 012 7
0:5+ 230/
GV (1%
the cryst
solid stat
grans of
gl ycol di
12 grams ¢
at 10 150

(appr oxi mgt

resul ting

3-pentanol + 200/0.5+220/ 212 256 32 14 67900 27100 PETS (

19

23 nc\nf abhol +.20010.5+220/ 224 260 25 22 64700 27300

. 5+PegPfidlet 24 0/ Asobizs@npl € 5 1-Phbasiot exgnpl € shows that application of
II|z?t|on agen 5 conprising a plgsticizer increases the rate of

e pof§Meri zaf# @ of M*subT&uent™y dol ymeri zed prepol yner. A) 32
R and,.1% by, i ght Wit 4pect to the 3- pentanol of
t ther(TEéDl\/E)”%re C argreascf |rto a pressurizable vessel and

C for one hour at the saturation pressure of the al cohol
+P3005+at n¥EpherB®) ands t he?’s®ogl ed t o room t enper at ur e.
crystalline pellets

200/0.5 + 230/0.5 + 148 44050 139 32570
230/1 +240/1

200/0.5 + 230/0.5 + 148 48500 139 32350
230/1 + 24072

- Example 4

5

10

15

This example shows that controlling the crystallinity of the prepolymer
is desirable in order to ensure efficient SSP, and that secondary alcohols help to
minimize the process of thermal crystallization. Different types of alcohols as well as
additives in alcohols can be used to control thermal crystallinity during SSP, as given
by A H final in Table 6. In particular, the addition of rate enhancing additives in
crystallization agents comprising primary and tertiary alcohols helps to minimize the
effects of thermal crystallization.

In this series of examples, 10 grams of the alcohol and 1% of the
additives by weight of the prepolymer were charged into a préssurizable vessel with
11.5 grams of amorphous pellets suspended in a screen basket. Gala #15 pellets were
contacted with vapor phase alcohol. The vessel was heated at 150° C for 1 hour and
at the saturation pressui'e of the alcohol, and then cooled to ambient temperature. The
resultant crystalline pellets were subjected to solid state polymerization according to
the protocol shown in Table 6.
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were subjected to solid state polynerization according to the protocol
forth in
To M M

Tab

le 7.
4 Init

i al

3
20(/ 0. 5+220/0 5 152 260 66000 24100

set

-40 WO 01/10931 PCT/USQQO 18357 Table 7 Run Tenp/ Tinme TO
2 200/ 0.5+220/0.5 147 248 51300 E€H0S00/183530/ 1 3

+230/ 1++240/ 1 4 200/ 0.5+220/0.5 69700

24700 +230/1+240/1.5 B) 8 grans of 3-pentanol and 1500 ppm, wth respect
to the 3- pentanol, of tetraethylene 3L¥col di net hyl et her (TEGDIVE) wer e
charged nto a 5 (‘F\IQT allization apparatus consisting-qf —a—pr Fabl e
vessel aftn12 [Wifs of | AR 41 pel [dts wart pl 4¢8d o ¥he skfeen. [ The
vessel s heafed at 15Ftiseor | hisdoyy PeY | issls o[ Fpsht i qn presjsure of the
al cohol jand copl ed to [6@m t enp®r at uf & The ¥msul|t/amt |pel | etls were
Ssubj ect i TO S¥EhadaiC OT [2o0Ng/s+L O Lm pr oedcol |gP ven [ish Tal[2s508 Tldsge 38| Run
Tenp/me [T= TmMv M (Chlbssl 1 hitial {122 249 2 200/ 0. 54220/ 0.5 148 P55
45400 20800 +230/1 3 2394+Q4°,5+b20/0 5 150 258 54000 23§00 +230/ 1+204011 4.
200/ 0. 5+RR0LO 150 2017 o1 boLAan 12304442405 : .
“F O | Hexanol .| 2203423012+ [228 0 | 2B 2F 61 48000 | 18800
240/8
3 3-pentanol | 2203423002+ | 222 284 25 a S6000 | 23100
240/8
s Tpentanol | 200/0.5+220/ 263 3 55000 | 23750
0.5+230/1+24
o3
5 Methanol + | 200/0.5+220/ | 225 280 34 62 31750 11700
TEGDME 0.5+230/1424
%) /1.5
6 3-pentanci+ | 200/05+220/ | 224 255 28 18 69700 | 24700
TEGDME 0.5+230/1424 :
(%) L S
7 3-pentancl + | 200/0.5+220/ | 212 256 32 14 67900 | 27100
PETS(1%) |05+ 230
+24072
3 Tpentanol + | 200/0.5+220/ | 224 260 2 22 64700 | 27300
GMS (1%) | 0.5+230/1424
o2
Example 5
This example shows that application of the crystallization agent
5 comprising a plasticizer increases the rate of solid state polymerization of
subsequently polymerized prepolymer.
A) 32 grams of 3-pentanol and 1% by weight with respect to the 3-
pentanol of glycol dimethy! ether(TEGDME) were charged into a pressurizable vessel
and 12 grams of GALA #15 pellets were placed on a screen. The vessel was heated at
10 150° C for one hour at the saturation pressure of the alcohol (approximately 1.2

atmospheres) and then coaled to room temperature. The resulting crystalline pellets

were subjected to solid state polymerization according to the protocol set forth in
Table 7.
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B) 8 grams of 3-pentanol and 1500 ppm , with respect to the 3-

pentanol, of tetraethylene glycol dimethyl ether (TEGDME) were charged into a

crystallization apparatus consisting of a pressurizable vessel and 12 grams of GALA

#15 pellets were placed on the screen. The vessel was heated at 150° C for 1 hour at

the saturation pressure of the alcohol and cooled to room temperature. The resultant

pellets were subjected to SSP according to the protocol given in Table 8

Table 8

Run

Temp/Time
(°Ch)

Ta

M.

M.

Initial

122

219

200/0.5+220/0.5
+230/1

148

255

45400

20800

200/0.5+220/0.5
+230/1+240/1

150

258

23800

200/0.5+220/0.5
+230/14240/2

150

257

61300

28500

10

15

C) 8 grams of 3-pentanol and 1000 ppm , with respect to the 3-

pentanol, of tetraethylene glycol dimethyl ether (TEGDME) were charged into a

crystallization apparatus consisting of a pressurizable vessel and 12 grams of GALA

#15 pellets were placed on the screen. The vessel was heated at 150° C for 1 hour at

the saturation pressure of the alcohol and cooled to room temperature. The resultant

pellets were subejcted to SSP according to the protocol given in Table 9.
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3 200/ 0.5+220/0.5 147 259 47600 19600

263 55000 23700
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@8 oUL 1+

4016

' Comparative Example D) (no additives)

D) 8 grams of 3-pentanol were charged into a crystallization apparatus

consisting of a pressurizable vessel and 12 grams of GALA #15 pellets were placed on

5 the screen. The vessel was heated at 150° C for 1 hour at the saturation pressure of
the alcohol and cooled to room temperature. The resultant pellets were subjected to
SSP according to the protocol given in Table 10.
Table 10
Run Temp/Time T, Ta M. M,
(°C/h)
1 Initial i 222
2 200/0.5+220/0.5 | 143 256 40800 16900
+230/1
3 200/0.5+220/0.5 | 147 259 47600 19600
+230/14240/)
2 300/0.5+220/0.3 | 149 263 55000 23700
+230/14240/3
10 EXAMPLE6
This example shows that application of the crystallization agent comprising a ketone
increases the rate of solid state polymerization of subsequently polymerized
prepolymer.
A) 8 grams.of 3-pentanol were charged into a crystallization apparatus
15  consisting of a pressurizable vessel and 12 grams of GALA #15 pellets were placed on

the screen. In this instance, 2% of 4 methyl 2-pentanone was added to 98% of 3-
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5 B) Conparative Exanple In this exanple,

3- pent anol

pressuri zakWeomese!
The vessel

pressure of the 3-pentanol
room t enper at
t he prot ocoP®

SCreen.

wer e

was heated at 150 10 C for

Run Tenp/ Ti aRoHAl () r&mMielMlltho@ﬁl‘iEie\,
143 256 40900 1690

2.41 +23

0/1 3

200)

220/ 3+230/ 2+2 154 284 56000 23700 2.32 40/6 O

according to the invention,

“gp

ted to, SSP accqrdi
Picthe SxesPion Brsssure althe: 1

32399/Qh5+22010 5
9 47600 19600 2.42

no ketone was added. 8 grans of
charged into a crystallization apparatus consisting of a
and 12 grans of GALA #15 pellets were ptpuseh/13sst he
1 hour and at the saturation
(appr oxi mately 1.2 atnospheres) and cooled to

re. hji?‘ res ltageatepcﬁ %séfﬁ’ig subj e

| ald¢dolédl torddma
0.5+220/ 0.5 147

+23011+240/ tesultagpeliets werosubjstedno S8acesaliog Kethe pratodsl giveada/TebAll.3 5
In this further exanple,
50 granms ofp@\LA #15 pellets were exposed to a

ng to

crystalli Zﬁﬁ-@ﬁ—ﬁ@éﬁﬁ#’r’\ HeRe— scpfcp"' & c"hn' H-RA, t—forth in
Table 1. |h experi mgnt Nunber 1, the crystal l i zAtT on 5 agent conprlised 5%
acetone, bj_wei ght of e crystallizatlion agent| Crystallization [was
effected fpt 1 hour |¥PaI150 C|di® t he sdt®t ation pressure df the al dohol. Thd
cel lul ar ppit+ets—wete—pel kzed—at 2%—@—?—9‘— ;li-ngeﬂ by
pol yneri zg. | on at ?Zﬁ;%z?&o's 4 hour s. il ng t hi* process 4% i nert 2‘é"as
sweep of 3LLiters/m e of Initrogeniwas nmintpined.
3 200/0.5+220/0.5 | 149 269 60000 24350 246
+230/1+240/2
3 200/0.5+220/05 | 150 282 61000 26000 235
+230/1+24073
5 200/0.5+220/05 | 153 273 65600 24500 1257
+230/14240/4
200/0.5+220/0.5 | 155 268 85000 32600 26
6 +230/14240/6

10

B) Comparative Example

In this example, no ketone was added. 8 grams of 3-pentanol were

charged into a crystallization apparatus consisting of a pressurizable vessel and 12

grams of GALA #15 pellets were placed on the screen. The vessel was heated at 150°

C for 1 hour and at the saturation pressure of the 3-pentanol (approximately 1.2

atmospheres) and cooled to room temperature. The resultant pellets were subjected to

SSP according to the protocol given in Table 12.
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10 Table 13 Experinment No. Solvent MM Ts Tm Tmonset AH () (cc) (O (O

(3 ) !

EPA + Acetone 14550 106 228 195 3
Product webdAodsd7 277 240 44 2 0/ A 12600 103 232 181 2 pCardsoorgs3sy i

starting oligoner

(95: 5)
me

(100) Product 42680 144 275 260 53 Starting oligonmer This invention has

been described in detail
enbodi nents t hereof,

wi th particul ar
but it wll be mdsrstood that vari ations and 15

reference to

preferred

r

nodi fi catdions-—ca he dvwithin L SPi+ t—and-scope-of .t Lon:
-44 WO qP™0931 F&T’(ﬁ%ﬁs 57 VHAT™ S CLAI i/l‘:’o TS 1qPR11010 100 |
11111 1111 M ™A nethod of crystallizing an arofatic pol ylcarbonate
prepol yrdr  havi ngnéa nol eculthr wei gh#22of frois about 1000 to aqout 20, 00
and havijng-from about 5.t about 98 nple 094 1
groups, Based on [t8Y%r*¥hy “ﬁr oups, tfie netho conpri s,i'%g 5 a) Btecti g
contact {of the prieB®'vmer Mith a cristallizing agent |conprising at | easlt
about 95% by wei g D259 The mel W6® of cl| a%0f 1, whergin the -
al cohol Jis a prin secondary al cohol | a tertigry al cohdl,
‘or a mAfture ther of claim1l, whereln the al gohol is i|n
t he vapqi—phease: A ; ' Z s H—tHe
| i quid phase 15 aim1l, wherein the alcohol |is a
secondar]y al cohol].

5 220/3+230/2+2 | 154 284 56000 23700 232

40/6 : '

10

15

C) In this further example, according to the invention, 50 grams of

GALA #15 pellets were exposed to a crystallization agent comprising isopropyl
alcohol (IPA) as set forth in Table 1. In experiment Number 1, the crystallization
agent comprised 5% acetone, by weight of the crystallization agent. Crystallization

was effected for 1 hour at 150° C at the saturation pressure of the alcohol. The

cellular pellets were polymerized at 220° C for 1 hour, followed by polymerization at

240° C for 4 hours. During the process, an inert gas sweep of 3 liters/minute of

nitrogen was maintained.

_ Table 13

Experiment No. Solvent Mwt T, Tm Tmonset | AH
(%) (no o (5] og)

! IPA + Aceione 14550 106 228 185 3
starting oligomer (95:5)
Product 48500 147 277 240 a4
2 PA 12600 | 103 232 181 | 29°

| starting oligomer (100)
Product 42680 144 . 275 260 53

"Starting oligomer

This invention has been described in detail with particular reference to

preferred embodiments thereof, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.



6. The nethod of claimb5, wherein the secondary al cohol is in the vapor
phase. 20 7. The nethod of clainl wherein the crystallizing agent further
conpri ses AO@M®PIL ve. 8. A nethod of preparing an aromatic PelAEMW¥Hat e
conprising the 25 steps of a) effecting contact of a prepolyner with a

crystallizing agent conprising an al cohol, the pre&mh_hgli ng a
nol ecul ar wei ght of from about 1,000 to about 20,000 and having from-about

5'to about s cleatrt: bonate term nal 30 end ot al
end groups, t eré%y or m%ggfa crystallized prepolyner "*ﬂmﬁﬂmmgﬂmm Has
Been Replaced -45 [1T1ILITLTTTTI LITILELi 1l W 01/ 1093f PET/ S00/ 18357
1112111211222122 (11l 12112112 1111 CL Ms b) heating the crystallized
prepol yner to a reaction tenperature above the prepolynmer glass transition
tenperature and below the nelting tenperature of the prepolynmer. 5 9. The
met hod of claim8, whér & method of trystallizing ars atoguatie polycarbonate prepolymer

ot e ) : _ q
mxture o sy ARty Sl of RREGIAL 1080 £ bu 200D e patop ity P, T
agent consi ahout 5 ¢e skaont 95 male 34 aryhcarberate termingl end, growps.hasedon toitaliend s,
wher ei n t hegiyst Rk MefhdicagifiingsOnsi sts  essentially of a secondary

al cohog. 15

a) effecting contact of the prepolymer with a crystallizing agent
comprising at least about 95% by weight of an alcohol.

2. The method of claim 1, wherein the alcohol is a primary alcohol, a
10 secondary alcohol, a tertiary alcohol, or a mixture thereof.

3. The method of claim 1, wherein the alcohol is in the vapor phase.

4. The method of claim 1, wherein the alcohol is in the liquid phase

15
5. The method of claim 1, wherein the alcohol is a secondary alcohol.
6. The method of claim 5, wherein the secondary alcohol is in the
vapor phase.
20
7. The method of claim1 wherein the crystallizing agent further
comprises an additive.
8. A method of preparing an aromatic polycarbonate comprising the
25 steps of

a) effecting contact of a prepolymer with a crystallizing agent
comprising an alcohol, the prepolymer having a molecular weight of from about 1,000
to about 20,000 and having from about 5 to about 95 mole % aryl carbonate terminal
30 end groups, based on total end groups, thereby forming a crystallized prepolymer, and

I

This Sheet Has Been Replaced
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12. The method of claim 11, wherein the secondary alcohol is in the vapor
phase. 13. The nethod of cI aim1ll, wherein the secondary al cohol is

sel ect edw@@szam t he group _consisting of | isopropanol, PCTAIS00/ME3ST
sec-butanol, 2-octanol, 2- decanol and a m xture thereo f 14. The net hod of

claim 11, wherein the second UII u sopropanol . 25 15. A nethod of
crystallizing an aromatic po _ . | ymer, the nethod corrprlsmg
a) effecting contact of the prepolymer wth a crystallizing agent 30
conprising a secondary al cohol . 16. The nethod of claim 15, wherein the

secondary al cohol n Lhe ase.. This Sheet Has Been | aced T.
Dj LI ~TFITUTWITT | B Beatipg %“&%ﬁjﬂg@% TEPQIYIFT (0,2 Teagtjon teympprafure ﬁ’fﬁ‘fe NN
PCT/ USO0/ tig3prépdlymeglasstransition températiroind-belowntiomelting temperatuge sfthendar y
al cohol ipgﬁpé’l)h%‘?? vapor phase. 18. The nethod of claim15, wherein the

secondary Is selected 5 fromthe group consisting of 2-propanol
(i sogropanol), 3-pentanol, sec-but anol -- octanol, 2-decanol and a m xture

thereof. 19. The neth o] rein, t agent .furjiher orrprlses an
addi tive. 10 20. Th?‘ ﬁg’f"ﬁ%ﬁ%‘? g‘} '\ﬁ ToRdhe ﬁ°‘i‘ﬁés§féﬁﬁ‘? E@m € wat er

ket one, a groupl cbnsietirgpcfeprizgary alcohol] séconddry alvohel, feriary ialdohe) andAlmixtureet hod Of
crystalli {ﬂe@&,tan aromati c pol ycarbonate prepol yner

10 . 10. The method of claim 8, wherein the crystallizing agent consists
essentially of an alcohol.

11. The method of claim 8, wherein the crystallizing agent consists
essentially of a secondary alcohol.

15
| 12. The method of claim 11, wherein the secondary alcohol is in the
vapor phase. '
13. The method of claim 11, wherein the secondary alcohol is selected
20 from the group consisting of , isopropanol, 3-pentanol, sec-butanol, 2-octanol, 2-
decanol and a mixture thereof. '
14. The method of claim 11, wherein the secondary alcohol is
isopropanol.
25
15. A method of crystallizing an aromatic polycarbonate prepolymer,
the method comprising
a) effecting contact of the prepolymer with a crystallizing agent
30 comprising a secondary alcohol.

16. The method of claim 15, whereih the secondary alcohol is in the
liquid phase. '

This Sheet Has Been Replaced

i
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15 having a nol ecul ar wei ght of from about 1,000 to about 20,000 and havi ng
from about 5 to about 95 nol e9aryt——Tarbonate term nal end groups, based
on total efO0YMS¥bs, the netho \ B ffecti ng conPGEUSHYV183HE

pf. epolymer with a crystalli.zi ngmmml||m"mm|l“5|ng a secondary al cohol,
wherein the secondary al cohol is+*applied ®o %he¢ prepolyner in the vapor
phase. 22. A nethod of preparing an aromati c .pol ycarbonate conprising the
steps of 25 a) effect ijg thafibd Bf cilinfi 15 Wikl sbn3ASichBIRih #he0 2
secondary al cohol in the vapor phase to a prepolyner having a nol ecul ar
wei ght of fvepershess. 1,000 to about 20,000 and having from about 5 to
about 95 nole % aryl carbonate term nal end groups, based on total end

groups, thereby formng a crystallized 30 prepolymer and b) heating the
crystallized prepol yndS8. The methosloafictaim: Eypwhergin the ssbondary sloehqliegei¢opedr

gl ass ansigt | t : B : g r af L he

pr epol ymr. ﬁ@egﬁéﬁggiﬁéggg@%@eg%ﬁ@@b} ?IPF'F{EF&T F‘fﬁlﬁmﬁl’l il
WO 01/ 10931 ortanpl; 2 ggosncd 38¢ amixture thereofy (111 (1111 11ill 11 1111 MS 23. A
met hod of preparing an aromatic pol ycarbonate conprising the steps of 5 a)
applying a crystallizing agent conprising a prinmary alcohol in the vapor
phase to a prepol yner 19aThemethodoifetaimal7, whergim thefagéntdirtheneomprisedan t o
about 20, 0QQ4@pd having from about 5 to about 95 nole %aryl carbonate
term n@l en groups, based on total end groups, thereby formng a
crystallized prepol ynmer, and

20. The method of claim 19, wherein the additive is water, a ketone, a
mold release agent, a diluent, or a plasticizer.

. 21. A method of crystallizing an aromatic polycarbonate prepolymer
15 haviﬁg a molecular weight of from about 1,000 to about 20,000 and having from
about 5 to about 95 mole % aryl carbonate terminal end groups, based on total end
groups, the method comprising

a) effecting contact of the prepolymer with a crystallizing agent
20 comprising a secondary alcohol, wherein the secondary alcohol is applied to the
prepolymer in the vapor phase. '

22. A method of preparing an aromatic polycarbonate comprising the

steps of
25

a) effecting contact of a crystallization agent comprising a secondary
alcohol in the vapor phase to a prepolymer having a molecular weight of from about
1,000 to about 20,000 and having from about 5 to about 95 mole % aryl carbonate
terminal end groups, based on total end groups, thereby forming a crystallized
30 prepolymer and

b) heating the crystallized prepolymer to a reaction temperature above
the prepolymer glass transition temperature and below the melting temperature of the
prepolymer.

This Sheet Has Been Replaced
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10 b) heating the crystallized prepolynmer to a reaction tenperature above
the prepolyner glass transition tenperature and bel ow the nelting

t enper at W@ 001093he prepol yner. 15 24. The nethod of cl ai nP@Bussdrmsss n t he
primary alcohol is linear. 25. T | 3, wherein the primary’
al cohol is branched. 20 26. The f | , Wherein the
crystallizing agent further corrppﬁmﬂmngﬂjm,m 27. A nmethod of
crystallizing an aromati c pol ycar bonatee pre havi ng a nol ecul ar

wei ght in the range of from about 1,000 to about 20,000 and 25 having from
about 5 to about 95 nole % aryl carbonate term nal end groups, based on
total end groups conprising: a) effecting contact of the prepolyner with a
crystal lization agens, ACEIBRRbA B Piépai ﬁpﬁéafaﬁcgggyea%nazwe&hgﬁangme |
secondary al cohol is applied to the prepoly I n the vapor phase, and
wherein tﬁEW§SEondary al cohol is selected fromthe group consisting of

i sopropanol , 3-pentan6l, sec-butanol, 2-octanol, 2-decanol and a mxture
thereof. This Sheet Has Been Replaced | III1ill ~I11)2 0111 11~ 111 -48 WO
01/ 10931 PCT/ US00/ 1839pplyingajcrystallizing agenticomprising ja primaary algobol injthe-~ 28, A

2ppl yi ng. SupAIHaed SPteRdIPIE! hATRPY Kooy D et O L 00 LR O o a
pr epol ymﬁo ianéhaviggif@gu%utmaﬂmgﬁ male % %Le&rgqq%@m@%mﬂ 20, 000
and havi rggodpsObasad onltotd end gidups, therebydrenifig & tiwstallived prepobymerianinal end
grouggs, based on total end groups, thereby formng a crystallized

prepol ymer, and

b) heating the crystallized prepolymer to a reaction temperature above
the prepolymer glass transition temperature and below the melting temperature of the

prepolymer.
15
24. The method of claim 23, wherein the primary alcohol is linear.
25. The method of claim 23, wherein the primary alcohol is branched.

20 26. The method of claim 23, wherein the crystallizing agent further
comprises an additive. :

27. A method of crystallizing an aromatic polycarbonate prepolymer
having a molecular weight in the range of from about 1,000 to about 20,000 and
25 having from about 5 to about 95 mole % aryl carbonate terminal end groups, based on
total end groups comprising:

a) effecting contact of the prepolymer with a crystallization agent
comprising a secondary alcohol, wherein the secondary alcohol is applied to the
30 prepolymer in the vapor phase, and wherein the secondary alcohol is selected from the
group consisting of isopropanol, 3-pentanol, sec-butanol, 2-octanol, 2-decanol and a
mixture thereof.

This Sheet Has Been Réplaced

(AT

-48-



10 b) heating the crystallized prepolynmer to a reaction tenperature above
the prepolyner glass transition tenperature and bel ow the nelti ng
t enper at ur Wi/  prepol yn‘e{ wherein the secaondary al cohoPCTESWABY: ed

formthe group consisting of opr opanol ), 3-pentanol,
sec- but anol, 2-octanol, 2-deca l,lﬁ mﬂ'ﬂmmﬂ t hereof. 29. A
pol ycar bonate prepared by the nB - 20 30. A nethod of
crystallizing an aromati c pol ycarbonate prepol yner having a nol ecul ar

wei ght in the range of fromabout 1,000 to about 20,000 and having from
about 5 to about 95 ngg ey ?ﬁeﬁsadofge {4 dr6inbic' BolyEdifofHhd gnﬁﬁ%ﬁﬁ on
total end groups conprising: 25 appl’ying to a pfepolymer a

conpri sing ¥eRsft i ary al cohol, wherein the tertiary al cohol is appl ied to
the prepolynmer in the vapor phase 31. A nethod of preparing an aronmatic
pol ycarbonate conprising the 30 steps of a) applying a crystallizing agent
conpri§ing a terti aryakapplying an agent cpmprising asecdngd mﬁgc@oﬂ:m@cmamrm@sght of

H?’ﬂ‘ ﬁlboﬂ | 1%@@8“’%%7%%3%?&“@%‘&? I"?f‘%’?‘?%"‘mSDOB| /i |§ﬁ%q3? I1|£sg,)57
C ' S havi nghavingframabputss taabeyb?? mpde farl carbonate tepmisghendsgro

groups, basgghlend b@'th&@ﬁ‘y firRiMSa clySllRed phépolini, ald:rystal i zed
prepol yner, and b) heating the crystallized prepol ynmer to a reaction

- tenperature above 5 the prepolyrrer glass transition tenperature and bel ow
the mgpting tenperatup d)? h@in Qﬁﬁﬂ%wﬁ%polﬁﬁer 162 ré4ctioR tdhpd @ty advanat e

pr epared by the rret ho
the prepolymer gl ass transxtmn temperature and below the melting temperature of the

prepolymer.

wherein the secondary alcohol is selected form the group consisting of
15 2-propanol (isopropanol), 3-pentanol, sec-butanol, 2-octanol, 2-decanol and a mixture
thereof.

29. A polycarbonate prepared by the method of claim 28.
20

30. A method of crystallizing an aromatic polycarbonate prepolymer
having a molecular weight in the range of from about 1,000 to about 20,000 and
having from about 5 to about 95 mole % aryl carbonate terminal end groups, based on
total end groups comprising:

25

a) applying to a prepolymer an agent comprising a tertiary alcohol,

wherein the tertiary alcohol is applied to the prepolymer in the vapor phase.

31. A method of preparing an aromatic polycarbonate comprising the
30 steps of |

a) applying a crystallizing agent comprising a tertiary alcohol to a
prepolymer having a molecular weight of from about 1,000 to about 20,000 and
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33. A nethod of controlling the crystallinity of a polycarbonate during
solid state pol ynerizati om; 1sing the steps of a) applying
a crystalwoassiossn agent conMpfsi jmary al cohol, 15 REX/USMABSS7

al cohol, tertiary al cohol grﬂumrﬂm!amgwlﬂﬁ to a prepolynmer, the agent
applied in an anount effective at Wartially crystallize the

prepol yner, the agent selected in the anobunt and proportion necessary to
effect the desired crystallinity. 20 34. The nethod of claim49, wherein~
t he cryst d1avingfram aboy Srip apoytiIamole B mpylicarbonatp termanaliepd gronps, basedemod of
control I rtSt_aI&ﬂi%ﬁ@ﬁﬂﬂieréﬁyﬁ%hﬁinh'#éiy‘sﬁﬂiz‘éﬂbké}ﬂlﬁﬁ&r} dha 25 state _
pol yneri zation of a prepolyner, "the prepol yner "having a nol ecul ar wei ght of
from about 1,000 to about 20,000 and having from about 5 to about 95 nole %
aryl carbonate termg ; SotftetipetiRsre aboe et hod
conprising the stegg)o a%’@%‘%’%@ﬁ?’?@ﬁfﬁﬁ?ﬁ i onH{ gent conprising a
seconrtar y the;prepalymer glasszansitiggieipperaturg gnd bilawthe meliingstempeatira of theher ei n

t he secon(ﬁépbly:}h@rphol is in the vapor phase. This Sheet Has Been Repl aced
-50- | (I rr1f 1111112 D 11112111 WO 01/ 10931 PCT/ USOQ/ 18357 111111!
1111120212 1111 1111112 L Ms 37. A nethod of preparing an aromatic

pol ycarbonate, the nethod conprising the steps of 5 a)_effecting contact
of a crystallization agent conprising an alcohol in the vapor phase with a
prepol.ymer havi ng a 32olAscartomatiopblycarbohaté prepared byithe methediaf claamalt 20, 000
and taving fromabout 5 to about 95 nole % aryl carbonate term nal end
groups, based on total end groups, thereby formng a crystallized

pr epol ynmer and 33. A method of controlling the crystallinity of a polycarbonate during

- solid state polymerization, the method comprising the steps of

a) applying a crystallization agent comprising a primary alcohol,
15 secondary alcohol, tertiary alcohol or a mixture thereof to a prepolymer; the agent
applied in an amount effective to at least partially crystallize the prepolymer, the
agent selected in the amount and proportion necessary to effect the desired
crystallinity.

20

34. The method of claim 49, wherein the crystallization agent further
comprises an additive. '

35. A method of controlling the thermal crystallization during solid

25 state polymerization of a prepolymer, the prepolymer having a molecular weight of

from about 1,000 to about 20,000 and having from about 5 to about 95 mole % aryl
carbonate terminal end groups, based on total end groups, the method comprising the

step of
30 a) applying a crystallization agent comprising a secondary
alcohol to the prepolymer.
'36. The method of claim 35, wherein the secondary alcohol is in the
vapor phase.
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10 b) heati
met hod of c

about 5 to
total end

met hod of ¢

ng the crystallized prepolyner in a two stage process. 38. A
rystallizing an aromatic p-@l-=ycar-bonat e prepolyner having a
nol ecul ar wo gigoezaf from about—1I;000to—about—26, 000 and havPOryURE0RSBSTS

about 95 nole %ary nal end groups, based on
groups, the nethod Hmmmﬂmwmﬂiaﬂh ng contact of the
prepol yner with crystallization*agentt @onprising isopropanol. 20 39. A
rystallizing an aromatic pol ycarbonate prepol yner having a

nmol ecul ar wei ght of from about 1,000 to about 20,000 and having from about

5 to about
25 groups,
with a crys
The met hod

crystallized prepol ynmer to a reaction tenperature above the prepol yner

gl ass §his
01/ 10931 |
transition
thereby fo
nmet hod of c
isinthe v

95 nol e %%%yl car bonate term nal end groups, based on total

paspmpg@etamgat&mlmbwtq, the Beded| yner

t he net hod

end

Eé\rhbhiiﬁ mt@gewt con3| sting essentially of isopropanol. 30 40.

of claim39, further conprising the step of heating the

VRIS VF‘F@%W’?%*%F%%%L%%%@?&* g o ool

theryapprphase with prepolymenhaviag ampl ghtof §rom abous 100880 ynrer

amu:qoa)opahu ﬁaﬁhgmhﬁabdiﬁs tAaae&ogs%ae %hﬁﬂ Rar®BAAE ferindl RRd
e net htﬁst{ggf cl gi m 39, erein the I sopropanol

¥ formnng acryst érPE?R?IYIHE" andopr opanol

Ialm

%ds%n ma% end REOURS.

conpri ses at Ieast 10 95% by wei ght of the crystallization agent.

10

15

20

25

30

b) heating the crystallized prepolymer in a two stage process.

38. A method of crystallizing an aromatic polycarbonate prepolymer
having a molecular weight of from about 1,000 to about 20,000 and having from
about 5 to about 95 mole % aryl carbonate terminal end groups, based on total end
groups, the method comprising

effecting contact of the prepolymer with crystallization agent
comprising isopropanol.

39. A method of crystallizing an aromatic polycarbonate prepolymer
having a molecular weight of from about 1,000 to about 20,000 and having from
about 5 to about 95 mole % aryl carbonate terminal end groups, based on total end
groups, the method comprising:

a) effecting contact of the prepolymer with a crystallization agent

consisting essentially of isopropanol.

40. The method of claim 39, further comprising the step of heating the
crystallized prepolymer to a reaction temperature above the prepolymer glass
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44. A net hod of prepari ng—ﬁﬁ——&Fenat-l_c_pQJ_i_ar bonate froman aromatic

pol ycar bonat e pol ycar bonat aving a nol ecul ar wei ght of from
about. 1m®6ieezabout 20, 0&"} ﬂ@ m about 5 to alravUsSPB/183s7e% ary|
carbonate 15 term nal end groups,. tot al end groups, the nethod

conprising: a) effecting contact of the prepol ymer with a crystallizing
agent conprising an al cohol, at conditions effective to crystallize the

pr epol yrrer 20. b) heatin ol

t enper at urtEANSHo F%‘?fﬂ?erﬁtﬁﬁfnw‘&ﬁ% méfg@gttérggﬁaﬁl%(?tp %é&gﬁ%&;%&#ﬁieat i ng
t he prepolfgrmingiapolycarbonatd. st age to a second tenperature of 25 from about
230C to about 240C thereby form ng an aromatic pol ycarbonate having a
nunber average nol ecul ar wei ght greater than 20,000. 45. The nethod of

cl ai m 44, wherein st4y Abpolycarbomatuprepated by the method df cldiin 40. f r om about |

m nute up to about an hour. 46. The method of claim 45, wherein step c) is
conducted for a period of fromabout 1 hour to about 4 hours. This Sheet
Has Been Repl aced 143, 17He théthbd Y:iaibh 39 98Rertinthd isdprbpaddlid invthe vagior111 | |
[111 PCT/US00118357 C 47. A nethod of preparing an aromati c pol ycarbonate
froma cr ‘li1zed aromati c pol ycarbonate pol ycarbonate prepol ynmer having
a nol ecular weight of from about 1,000 to about. 20,000 and havi ng from
about 5 to about 95 m)l e% r.bo term nal _end rou

total end groups, tHB g#fég?‘}ﬁ’r%“ﬁﬁm% °H§%HI?W§'° gﬁ’%ﬁﬁ‘aéﬁsg in
a. fijggt stmgbﬁweagmgmr@mmaﬁbnfagmn about 210C to about 220C, and

thereafter; b) heating the prepolyner in a second stage at a tenperature of
from about 230C to about 240C

44. A method of preparing an aromatic polycarbonate from an aromatic
polycarbonate polycarbonate prepolymer having a molecular weight of from about
1,000 to about 20,000 and having from about 5 to about 95 mole% aryl carbonate
15 terminal end groups, based on total end groups, the method comprising:

a) effecting contact of the prepolymer with a crystallizing agent
comprising an alcohol, at conditions effective to crystallize the
prepolymer;

20 |
b) heating the prepolymer in a first stage to a first temperature of from

about 210° C to about 220°; and thereafter,

¢) heating the prepolymer in a second stage to a second temperature of

25 from about 230°C to about 240°C
thereby-forming an aromatic polycarbonate having a number average

molecular weight greater than 20,000.

45. The method of claim 44, wherein step b) is conducted for a period

30 of from about 1 minute up to about an hour.

46. The method of claim 45—, wherein step ¢) is conducted for a period

of from about 1 hour to about 4 hours.
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10 thereby form ng a pol ycarbonate having a nunber average nol ecul ar

wei ght greater than 20,000 48 A crystallization agent effective to
crystal | i agoanesonati c pol ymer having a PaTaISenas3stei ght
of from about 1,000 to abﬁ“lmmﬁmmnmd having from about 5 to about 95
nol e% aryl carbonate ternfalce @r oupsy based on total end groups, the
crystallization agent conprising at |east 95% by weight of an al cohol. 49.
A crystallization agent effective to crystallize an aromatic 20
pol ycar bonat e prepol yedr Armethad ofiprepacing am aromstigipolysarbonaie: feomaat 1, 000 to
about 20,0 Wale ¥ te

Uy theBA R fYeRbAtAe ol urblibi gf%ﬁ?lﬁmeﬁ{%ﬁﬁgh:ﬁ&wﬂ&a

term nal end” groups, n tota groups, e cryst | zatl on agent
conpri si ng aveight of frem aboyt & HABto abont 20,008 apd\having ffom byt S3gaheutdX ect i ve
to crystall iffle® hrcafbnhte temBhiiCehd Chivel RAlYAFEnd @YLpY] tife MRHRgU! ar
wei ght of fron?a&é%t 1, 000 %o about %2%58000 and havi rﬁig?f r%ér;n about 5 to
about 95 noICEMPHEIBE: car bonate terninal end groups, based on total end

groups, the crystalli zjthcating@@Rpre £t inl  irsfétagect Altepéfatiite oMrognt Of

I sopr opanol 'ab;)rgtizslo‘%?oe;bolﬁl%% ;rénd?l?erg eg; 1111111112222 IN 111 1111 -53
b) heating the prepolymer in a second stage at a temperature of from
about 230°C to about 240°C
10 thereby forming a polycarbonate having a number average molecular
weight greater than 20,000. '

48. A crystallization agent effective to crystallize an aromatic
polycarbonate prepolymer having a molecular weight of from about 1,000 to about
15 20,000 and having from about 5 to about 95 mole% aryl carbonate terminal end
groups, based on total end groups, the crystallization agent comprising at least 95% by
weight of an alcohol.

49. A crystallization agent effective to crystallize an aromatic
20 polycarbonate prepolymer having a molecular weight of from about 1,000 to about
20,000 and having from about 5 to about 95 mole% aryl carbonate terminal end
groups, based on total end groups, the crystallization agent comprising a secondary
alcohol.

25 50. A crystallization agent effective to crystallize an aromatic
polycarbonate prepolymer having a molecular weight of from about 1,000 to about
20,000 and having from about 5 to about 95 mole% aryl carbonate terminal end
groups, based on total end groups, the crystallization agent comprising at least 95% by
weight of isopropanol.
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