WD 01/ 10932 PCr/USOON8484 METHOD OF CRYSTALLI ZI NG POLYCARBONATE PREPOLYMER,
BACKGROUND OF THE INVENTION In solid state polynerization, or "SSP", a high
nol elcul ar weivgnbinogmal yner i s produced by first preparing apepbUsiohsssy | ow
rrpf{'é ul ar weight crystallized prepolynmer followed by its conversion to a

hi gher nol ecul ar weight material in the solid state. A solid phase

pol ymeri zation process is nmadMBRGPEIECRYSTABLEING ty of 5 both the

starting nol ecul ar wei ght mapeLYehRBONATEPREPCUCMER gh pol yner to sustain
tenperatures above the glass transition tenperature w thout fusion of the

pol ymer. The tenperature at which the process is conducted nust be
sufficient toBACKEROWMNRIOF THENVENTIGNt he attendant increase in M Solid
state pol ynmerization (SSF) of polycarbonates is disclosed, for 10 exanple,

in US Patents 4,948, 87 04,377, and 214, 043, Typi call SSP .i nvol ves
three steps: a first s%%ﬁg%‘f Spg R?Iﬁ’ﬂc’éugf"ép?ﬁy r? %Mﬂ?lwaMw 4

pol ymeri zat i ogolgrherés protiicet b¢ Firg prdpafiayt 4 faltivelly l&vdﬁdhbdra@wghm?&ﬂnzdaoﬁpound
such as bisphené)* A\é\aﬁ% dj aryl car bonigf;, such as d[ﬂghen car bo_nat_e; a
second step RO dpilawed by its,conversian &9 g igher mglgculan wet %ﬁt‘%ﬁléﬁ%w | di ng
the nol ecul arsoli@is@®t! Lkolid)ghass P?%%E:ﬁiaﬁ@@px%@es@ﬁ@ﬂﬁbé’%ﬁbﬂg)byhﬁ@%' 4o a

tenperature between its glass ansi tion tenperature an its nmelting
t enper at urle. bpethe staging Beleesrsveight imatariab ands the productihigh pelwaer tpsustpiase

patents | S bheRfHeRl abd R Rks BhoshRRlekb@RuPRhoul ARIG &'he #@z@;ﬂegg for

an inproved nmethod for crystdllizing the " polycarbonate prepo
There exi st s Eheftempansnrerat adichdhe propase fsotopdunted must b ulificiantite leffeci whije

readily proceé{;%ﬂab‘ﬁmg% figgéaggﬂxrrgo.nat e having inproved properties.
urther nee

There exists of a process in which the in which the rate
of solid state polynerization may be effectively increased. WO 01/ 10932
PGTNSOOL18484 Ther e f elichetate pefyanesization(SEPY of palyscimnpies isedisclofaicformay be

conduct ecyy ate, SROL G USPRHESEH4AKT1 | §56%,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 dipheny! carbonate; a second step of crystallizing the
prepolymer; and a third step of building the molecular weight of the crystallized
15 prepolymer by heating to a teraperature between its glass transition temperature and
its melting 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 nead for a process in which the in which the rate

of solid state polymerization may be effectively increased.
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There further exists a need for a SSP process in which the process may be
conducted in fewer stages. 5 BRIEF SUMVARY OF THE | NVENTION In a first
aspect, the igyention relates to a method of crystallizing peussyngi®t i c
pol ycar bonat e prepol'ymer having a nol ecul ar wei ght of from about 1,000 to
about 20,000 and having fromabout 5 to about 95 nole % aryl carbonate

ternminal end groups, baﬁ@;&:aahg,%&g{saq@g?g#gsssﬁgx&cpgmémgys@émmédﬁgi 10

a) contacting the prepolymer with a cry i zat'l on agent conprising an
al cohol or al cetrdprerprgessingdimtist i ons effective to crystallize the
prepol yner. Optionally, the crystallization agent nmay conprise an

addi t1ve. The crysta |l 2alaed 8k REL PR SEP GRERG P8R ine! KASLs . by

wei ght of the al cohol or n-one e nment o 'S aspect of
t he invention, bt tamdigtedsintféwan siagdsat es to a nethod of crystallizing an
aromati c pol ycarbonate prepol yner having a nol ecul ar weight of from about

1,000 to abgut %%#)Q@Dﬁp @h&gﬁﬁ@yt 5 to about 95 nole % aryl
car bonat e tgrmBna en g‘}é({)g?g ased on total end groups, the nethod

conprising: 20 a) contacting the prepolymer with an agent conprising a
secondary al cohol, wheil®adirstrrepesst cnitacntionlrdathoto 4 methpdlof egstabizingen

prepolynmer in the vapgr a . further ,emodi npnt.. thi,s t of the
Pivent]on rel apsgalRicatBal frepdifnd fatlk S Sfor M bpdh Vol uaPEROCE g

fst ate pol yrrelri it mmh Land ?gixag%ﬁomammpai iho_lla_thgﬂmﬁsiﬁ%a@t gﬁogatacdrmRmarldmngt e
roma prepol yner e, ne onpri si ng: i s_Shee s Been Repl ace
111111 11111 gﬁom&%@%&I}%@@@f%@m@@@?ﬂi@ggwp@&%om acting the prepol ymer
with a crystallizing agent conprising an al cohol and an additive, the
additive c®mprising a sabsntmgeg thé pepolymer with 2 crgstaliztios hgent caeising agol i d

state pol yreri gab ofid R ulHe LNetio s RGP LryehlthS w2 3RS Shr@l Lhe | nvention

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:
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5 method of controlling the thermal crystallization of a prepolyner having
a nol ecul ar weight of fromabout 1,000 to about 20,000 and having from
about 5 to WOdE09E nple %aryl carbonate termnal end gfeupP¥WII¥BEed on
total end groups, the nethod conprising the step of: a) applying a
crystallizing agent coqpr|5| n al cohol or alcohols to 10 the

prepol ymer. Optional | y» PR@e ¢ BrepRlymer Wih aqeystallizive agspbeomprising anddi ti ve.
The crystal hicalivl iagd aﬂﬂ@diﬁvd@ﬂﬁfﬁambé YoBpridiig §a§>sahce' ftelivedB Qtkireaie LY

wei ght of the alcohg or_alcohols. In a second aspect, the I vent -on

rel ates to araRefifghd sitepolymerization. 15 cel | ul ar pellets froma prepol ymer
conprising a blow ng agent, the method conprising the steps of: a)
extruding the prepol yrmra trhyeHeE @hbaditHeRr, thidCas| c?di‘f’:h@tx leRsh ?élatcﬁ?cpq't'ons
such that _the blowing agent remains in the con ensed ase in

prepol yne? phededohc ingrthe theanal crystallizatiommefca mpcﬂymtrdmmne manqjewia' of the
| t |
or epol yier QE%HQ&HM?&%M h preB&PyR’e%PbXBQ%AVm ?gﬂ%i[o&%o{édﬁﬁﬁ’t Ccutting

pr epol yner by ontactlng agen

the prepol yn#r aryl tvarbopateli teimingl @it groups, thaseddios tbtal regd rmouvsanhtedletlwach t hat
t he bl ow ng Elﬁgrt'z in the prepol ynmer to form pores. In one

enbodi nent , 5 #spect of the invention relates to a 25 nethod of

preparing cell ul ar pell ets conprising an aromati c pol ycarbonate prepol ynmer
havi ng a nol ecul ar weia)lapplying farcoystadlizing agenO@BnprisingandicoR6] a0dcohold thavi ng
from abfﬁyt é‘?h g@ﬁ}é} 95 nole % aryl carbonate term nal end groups, based
on total "end 2 €ét Has Been Replaced 1111 WO 01/10932 PCTi USOCQJ1s4s4
groups, the aromati c pol ycarbonate prepol yner further conprising a bl ow ng
agent, the nmethod cor@ptiosallygtheagrystallizatidn ragent imayacomprise an pdditiear Mhaat e
prepol yner t | ' ' ' di ti ons. such that the
bl owi ng agen s?&elﬁ%uﬁg Q,;eglt P{?ge‘la‘%bﬁép?ﬁ;g:gg&%ﬂpgoﬁtt 95% By welgg{l OF the alcohol

or aicohols.

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
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5 phase prior to emerging fromthe die, and b) upon energence of the
aromati ¢ pol ycarbonate prepolyner through the die, substantially
si mul t aneous!| weaabispg the aromati ¢ pol ycar bonat e prepol ymaieralkyo@eaat act i ng
the aromatic pol ycarbonate prepolynmer with a cooling agent and cutting the
aromati c pol ycarbonate prepolyner; the conditions outside the die being 10
mai nt ai ned suclgraupgithd hembliopolirgiRERB prépoRRk! AfSer éblﬁﬂ?ﬁi#graoﬁmn agent
pol ycar bonat e #r etﬁgldlymar t.0 formpores. I'n a further enbodi nen 8? this
second aspect PREYGTPEHEMSN, the cellular pellets are crystallized by
effecting contact with an agent conprising an alcohol and further
subjected to a process af esldiry t5é %ﬁlaﬁ@?d&f@ﬂfﬂoﬁﬁ&?ggoi réﬂﬂgﬁhgﬁa\b\)ﬁ

h escri ption which

advant ages of the i.nvention will be set forth in ]
foll ows. The afiFJR¥igEed g% conditions\erch tha sha plpwing egens atinzing inathd comdensdned by

means of ths ebgprepis ad | ' et forth in the appended cl ai ns.
It is to be ungers ood thz@%%{oﬁﬁ{x%%@%g?egoi ng general description and the .
following detailed description are exenplary only, and not restrictive of

the invention, as 20 clbarpRseEmEEREroDESaRIRTt Py@ECRMHE PRRAMNTRCSIdighur e 1

is a graph of ; f?rasrixﬂ j i . re henol and
pure di phenyl fglggﬁ%eégzg{;[séaﬂgaé S usﬁltaglrar%glly a‘%gfr?geg. ﬂéﬁ%?{#ggﬁié'cagﬁ%ﬁg%po ¥ bonat es
are by- producbscosfacinghnaonaiopolrarbuorieaprepalynervesi scoolby d¥eRvdnd g

DESCRI PTI ON OF E -4 WO 01/ 10932 PGINSO0/ 18484 = The present

i nvention may %‘g%@g?és{gg%%lﬁ%nratg ngg% b gr%ﬁ?‘@ﬁ%&“fsﬁfgtm? plﬁl 8 ng
detai | ed d¥&cringiaied chclt bet ghecblewingdagenb osfioriesst i GF drbifaticny@thitepaand the
exanpl es i ncl u]%g@é)weég} n. Before the present nethod and apparatus are

di scl osed and I DEGCOTPPO™E s to be understood that this invention is
not limted to specific systemc nethods or to particular fornulations, as
such may, of course, vahya firther smbddimentmflrhis waded skgatlof Btinvdnbien, the

term nol 09y usggRepaie 4rd cfantAf of ERO%S AlmalP IS & IohaP AL Eb oMy

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 following

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



only and is not intended to be limting. In this specification and in'the
clainms which follow, reference will be 10 nade to a nunber of terns which
shal | be defWQBHI00H have the fol |l owi ng neani ng. The si ngulP&A/USB/I§EB4" o"
"an" and "the" include plural referents unless the context clearly
dictates otherwise. "Optional"™ or "optionally" nean that the subsequently
descri bed event or ci Tbepeesentinyention maybnau}ndntstoodmc;eadﬂudbxnﬁrcmhm

description i nt o rcums .ance, occurs
and i nstancestﬂmzogl?gﬁ?ngt&?#’%a% f’p&&l\%nso ﬁgfeg{s 0? h og, and,

subst ance hauheiexampjes irhaley therein.sol ubi | | ty of | ess than 10 % "Solvent" is
herein defined as substance that penet rates the prepol ymer. 20 "Cellular

pellet"” is herein defige a ai_ni erna VO

"Essentially pure" is H@gﬁa‘ﬁ"%’? @8@@%‘% Ab‘?ded[ffcé}beﬁf‘tthe

][ef ergn?eG e &fmlzjeainder'éue&gthafmtsahﬁduaeislnet htgitﬁ:l tbe f f:ﬂnft&ﬂctﬁ(ﬁis%r]?ﬂ | et
orne rom er particulate as been densifie In a first
aspect, the éﬁ&"@lﬁf fqrmylatiense as %’t‘ﬂ\i\h c&“ﬁ&t‘ﬁ%d’bfs ?ﬁ?&‘é?ﬁ?‘?f’?fb‘hé‘

pol ycar bonat ghdfepRnbloBR hsddVheddin Bfok g freptis@of dRREMBE PartiBRalérsttRlinidRy -5 WO
01/ 10932 PGTI USOQ 18484 and an agent conprising an al cohol. Optionally,
the cryst al | iohltandsis zayinendadito bellimitiag. conpri se an additive. The

pol ycarbonate prepolymer may be further polynerized by SSP. In a second
aspect, the invention ﬁpﬂﬁﬁesén&‘iﬁéa%nﬁﬁ&ﬁﬂh@klaﬁﬂs Which §bllo¥, ¥fererced@ill B S from
a prepol ymer by a pelletizafion process. Ln one enbodi nent, the prepol yner
may be pollycdridees aumbesef waps whlah shatljbe SeBnaddy h@\f&tthmapwgngwam&at ed by
effecting contact of the cellular pellets with an agent conprising an

al cohol . The prepol yngfe éhguldtFoimy lahSfanPahd/ TRE" iaeﬂdé)ym&?efem %mess

particularly, the second aspect of _ the invention includes a nethod
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 prspolymer

solubility of less than 10 %.

“Solvent” is herein defined as substance that penetrates the

prepolymer.
20 “Cellular 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 polycarbonate prepolymer by effecting contact between the prepolymer



10 in which a polyner feedstock conprising a blow ng agent is processed
under conditions such that a cellular pellet is forned. I n one enbodi nent,
the blowing a ;5 present in the polyner feedstock as -hyRiPEMEt Of

t he preparatigﬁ%olflﬁ%s%e pol ymer feedstock. In another enbodinent, the

bl ow ng agent may be introduced into the feedstock. 15 Although the nethod

of making the I ' |4, 16 . repol yner,
the mothod 15 o eanra Fareaiad shacfhl, orifohdf. b2rnyHRligRh YA RERE, L
prepol yner, whicomprispyaniaddisive.s Thé polymubonatd pepblymet may bofuthet frdymerized Beul ar
wei ght increasqdyy SSP. Optionally, the crystallization of the cellular
pellets may be €effected by treatment with the crystallization agent
conprising an 20 al cohol as described in the first aspect of the

i nvention. |. PolycarboniataeseBdamsbsctethe Gvpstioal dohceatsi the prépararsi sforeticlar i N a
first aspect, thg invention concerns a,nmethod of crystallization of a

pol ycar bonat’e EF@%%I%’WEF g ??W@ﬁygaeﬁeﬂléﬁap%l’@ﬁ?ﬁac gpe Fﬂéo‘glﬁ’ﬁ?’yé% bonat e
prepol yner wi t lprapolyR@emay 66 pelydzasionste AITha lcElaiMa pelleldinSy SS@IMaNY Se bBodia By 25
referred to as "crystallizing agent” or a "crystallization agent".” The
agent may opt CHRRINE FoRBFHAL the Calhila Rellets veithhan ageat comprisingra alspha).cEithonat e
prepol yner tha?,r' §IymE[ﬁ§§m&Eol&Hﬁriféd>b§tS§H i zation agent may be in any
formsuitable for processing, This Sheet "Has Been Repl aced - 6-
1111112111211121111111111111 WO 01/.10932 PGI/ USO0/ 18484 i ncl udi ng, but not
limited to, a powder, a Nerpeaticulaty. figserennd espeedf pslipwentiominclydesa) mathagy

pel I et. |njgnexeradi Felynel &&ﬁ,megec%ﬁ%}isihgvaeefom b eg g mdr%sgeﬂm& a

met hod of crystallizing an aronmatic ycar bonat € p aving a
b

nol ecul ar wei gRenditipns such that & ealiglar pelleaisdonmed, bome embodimant, e bedng agant havi ng
in the range ofs ahut; Pgll;ég Y t | nd
groups based orf t ot allngéﬁlrougé?&%ggng? Oﬁfu}ﬁg%fﬁg%g@ﬁ?&l r?cﬁ[ggeg%g step
of effecting cHedsesk. o anbtheperobnsimenss thaibldwisg egept tay |be Zinmeducedy b the
conprising an @Jf&%&l to forma crystallized prepolyner. Optionally, the

I rst

pr epol yner may " be obtained by contacting a di hydroxy diaryl conpound
wth a

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 ao

20  alcohol as described in the first aspect of the invention.

L. Polycarbonate Prepolymer Crystallization

As mentioned, in a first aspect, the invention concems 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 additive or additives. The polycarbonate prepolymer that is

treated with the crystallization agent may be in any form suitable for processing,
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10 di aryl carbonate to form a pol ycarbonate prepol yner having a nol ecul ar
weight in the range of about 1,000 to about 20,000 and having in the range
of about 5 woomMsa® 95 nole %aryl carbonate term nal enRFIWWIHEBHased on
total end groups. The pol ycarbonate prepol yner typically conprises
structural units of the fornula Il 0 -0-R-0-C 15 11l wherein at |east
about 60% of incldinge byt nof limited tayfa prwgero a pslietr an 2ggiomerated prllghor 8 celiwdadi cal s
and t he bal ag&_ﬁ_t hereof are aliphatic, alicyclic or aromatic radical s-
Preferably, ach R is an aromatic organic radical and nore preferably a
radical of the formula 20 Al Y A2 |V wherein each A, and A2 is a
nmonocyclic dival ent arlplone gmbediment of the present inyention there is prowvisad amethodi ch one

{1 om i nycr ody SYSAUPTR 4 SAAEk GofiouBlihe Propaliol EARer bl vl o

At - Y- A2- OB, de radgeiof abayt rlélﬂpmd)ongzmmo, aad hamg inAhe mngeé of2abont S tbdbmhut are

not 25 limt t nsuhstituted . Iene he
substi t ut ed ggmo&a# gg;"’?’#@ % u""' g‘B’PP%%ﬂ%ﬁ‘g gfgq?&%qqu % ten a
hydr ocar bon géxﬁtﬂlyaﬁtﬂhdaﬁ ﬂfe@t@hiﬁeffacmg&bmtcﬁ'dhgpﬂpmymmm ﬁ&ryﬁ(ﬂlhh gene,
cycl ohexyl i dene or isq yl -7 This _sheet Bee tftlt
IT1t tI\1 | 12§°p} comp fﬁ Elnml 3 fystallized pre Dy Y-l the more
preferred. Tgﬂgolgfn fifst Bé efaﬁihé@s{ BeHracting laqmtdﬁﬁzfaiﬁyl coRipsEndCRiiRGI Si NY

I'S

resi dues of (4 ydroxypheny propane, also known as  "bi sphenol A".

In one et®odAiehearbense tafermi polarhonate PrpRlYEST having molsrulasivsight inthe | ¢ | s

preferable tpgake bfihodl 96@6 tocabeedzmtma%ﬁn w&.elryﬁgsrofaﬁaﬁesaolbo&fgsfrom
about 5 100 to about” 150 C, nore preferably about 110 C
mole % aryl carbonate terminal end groups based on total end groups.

The polycarbonate prepolymer typically comprises structural units of
the formula III

o]

0] R o—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 Ay——Y—A, v

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-
A;-Y-A;-OH, or their comresponding 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.

-7- eet Has Been Replaced

T




A prepolymer of a (co)polyestercarbonates may also be prepared by the

nmet hod of this invention. The pol yestercarbonate may conprise residues of
aliphatic or QfyiRbdzs di acids. The correspondi ng derivati vegrRigakisghatic
or aromatic diacids, such as the correspondi ng dichlorides, may al so be
utilized in the 10 polymerization. Polyfunctional conpounds may al so be

i ntroduced int %obxkéﬁ?dkﬁﬁ&ls' 08 nlde Pﬂ?egﬁﬁcefhug Qhe ﬁ?&?e”@leﬁenolrp f}gﬁ@ﬂlﬁte

pol ycar bonat e epol ynmer. Suitab | sphencl' s or

used in the pr Eﬁ?&? FOMprising f residiees pefe Pi- lylﬁfé*hydmsjrphckwl)pmpbnear dsondhown nast ed to,
15 resour Ci nol [ on

4, 4' - di hydr oxyb|zs %Emlgw&%?gg %ﬂ;}cﬁ%,xgkthgégp ﬁ’gﬁgg E%OPOIWM of bisphenol A.

bi s( 4- hydr oxypkdspieforaitld tmaethe aﬁnﬂ(txépbwdﬁmwmmhwa{ Irpref hamabout

bi s 4-hydro ph | znet hane, bi s(4- hydr oxyphenyl ) et hane,
1, 2E bi s( 4- h 6&?%@&% é%f#femomﬂf&m@yﬁ?% hmh;(:dr oxypheny! ) phenyl et hane,
2, 2-bi s(4- hydroxyphenyl ) pr opane ("bi sphenol A"),

2- (4- hydroxyphenyl ) - 2-) 3 1 m.&e'axl:a) 1938R@rbonates may also be pre

2, 2- bi s(4- hydr oxyphen lzng%égﬂgas 1, Eé% hydroxyph’ény? golgut ang

01/ 10932 PCr/ L}éeo'p gt this inveptipng. W@W@mny@ymmmm residues of
trans-2, 3-bi s(4; ?ﬁhglaﬁgcxdg L @%spongmé dﬁn}{lanares of aliphatic o s matic

2, 2- bIS(4 hydr o yp eny mant ane, roxyphenyl uene,
diacids, such as the corrcspondmg dzchlondes may alsoc 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,



bi s(4- hydr oxyphenyl )acetonitrile,
, 2- bi s(3- net hyl - 4- hydr oxyphenyl ) pr opane,
,2-bi5(3-eﬂﬁyﬂﬂmﬂhydroxyphenyl)propane, PCT/US00/18484
, 2- bi s(3-n-propyl - hydroxyphenyl)propane

, 2-bi s(3-sec-butyl - 0
, 2-bi s(3-t-butyl -4- hy Foxy %/d '?;b%ﬂagﬁe’m]é

5

2

2

2

2

2

2, 2- bi s(3-cycl ohexyl - 4 thys?, Beb;@hby&d»byphmﬂ@butcne
2, 2-bi s(3-allyl-4-hydr l,) pr opane

2, 2- bi s( 3- met hoxy- 4- hygﬁﬁ%ﬁ’&i’@?&%&@&ﬂ@mmﬁ
2,2-bis(3,5-dinethyl-4 cHigpan @, 15
2,2-bis(2,3,5, 6- tetranedﬁ; | - 4- d%)%/ﬂg%%yl)propane
> :

2
2
a
a
2

. 2-bi s(355-di chl or o- 4bis hmwlm Dacpion

, b: :gg g g: B;ggg gégfgew&lﬁg{grg%%gnﬂ?%ropane

b
bi s ( 4- hydr oxy pheny R2this$(3ethy]-4-hpdroxyphenyl)propane,
a
b

4 gl oxy phony P7RISGITREREN SRRk prpall, <"

chl oro- 2, 2- bi s(4- hyGmcbis(%aﬂbd@ldt-ﬁy,dhﬁdyphen&l)prbpanc,

1101 ehi B 0- 2, 2 bi o 52 pRNAR U B FBPrOPstay | cne, 25

4, 4" - di hydroxybenzophegqqgs(z,z cloHekfl{4dhydyskyplenpi)grapank; 2- but anone,
1, 6-bi s(4- hydroxypheny%é bxs(3 ¥1 a ed| one, et h?laene gl ycol
r

bi s(4- hydr oxyphenyl ) et 'Bplél(“ﬂfh E‘P’f'et her, 30
bi s(4- hydr oxyphenyl )suhszﬁlg}memoﬁﬁ_A_b? Sahs Ul f oxi de, -9 W
01110932 PCT/ USQO 18484 bi sg4 hydr oxy henyl sul'f one,
2,2-bis(3, dJmethyl-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,

2

2
, a

a

2-

iC

|

Q.D."

o, t-bis(4-hydroxyphenyl)toluene,

20 o,0,00, 0 -tetramethyl-o, 00’ -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(5-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-hydroxyphenylether,
bis(4-hydroxyphenyl)ether,

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



bi s( 3, 5-di net hyl - 4- hydr oxyphenyl ) sul f one,

9, 9- bi s(4- hydroxyphenyl ) fl uorene, 2,7-di hydroxypyrene, 5

6, 6' - di hydr oxX¥odi/fe - 3 -tetranet hyl spiro(bis)indane ("spi pofruscodsse
bi sphenol ' "), 3, 3-bis(4 -hydroxyphenyl ) pht hal i de,

2, 6-di hydr oxydi benzo- p-di oxin, 2, 6-di hydroxyt hi ant hrene, 10

2, 7- di hydr oxyphenoxat hi bis{4-hy@irexyplienylhulfege, 9, 10- met hyl phenazi ne,

2. 7-di hydr oxyoar bazol o, CRE-SEIRERLEARERERORIRNE) PEOCON, 4
-bis(4-hydroxypheny|)he&ﬁﬁﬁﬂ@&mﬁv@ﬁh&mﬂﬁh@ngenated or aikyl ated

derivatives. is al so p}agéy ible to use m xtures of nono- and/or
bi schl orofornates of thé AP ¥nhenol or nono- and/ or

bi schl or of oy mat e ol i gomger gg{,ppgggegnkw@spgﬁ(ﬁmdﬁﬂvsag&mmmnoI )
2,2- bis(4- 20 h droxyphenyl propane (or bisphenol A) is the preferable
b| sphenol . Suili gol oI yfunctional conpounds used in the polynerization of

branched pol ycarbonat e glqu Pl vBoReilgkl mted to, 1, 1, 1
-tr| s(4- hydroxyphenyl )eth léd ydr e

, | - bi s(4- hydr oxyphenyl ¥rﬁshhv§irqu bMPManyI ), 25 tritnellitic
SPE%‘?LBS& ¢ acids or drea BB L Ge whi ch may be used with
bi sphenol si@ n the pol yn@7idilatircapphehoxatiiipest er carbonates include, but are
not limted to, -10 WO 937/&,9 %%y_lgqolm%hegﬁmn

3,6-dihydroxydibenzofuran,
3,6-dihydroxydibenzothiophene,
2,7-dihydroxycarbazole,

15 4,4-bis(4-hydroxyphenylheptane,
2, 2 -bis{(4-hydroxyphenyljhexane,

and other halogenated or alkylated derivatives. It is also possible to use mixtures of
mono- andfor 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.

Suitsble polyfunctional compounds used in the polymerization of

branched polycarbonate include, but are not lirnited to,

1,1,1-tris(4-hydroxyphenyl)ethane,
4-[4-[1,1-bis(4-hydroxyphenyl)-ethyi]-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-



1, 10- decane dicarboxylic acid, 1,12- dodecane dicarboxylic acid,
terephthalic acid, isophthalic acid, 5 terephthal oyl dichloride, and

i sopht hal oywodi/tdes2ori de. It shoul d be understood that anyPGVISeet#dss net hod
of making the polycarbonate prepol yner, including catalytic and

noncatal ytic nethods may be wutilized in the present invention. Such

met hods i ncl ude, but drléﬂﬁeaneldmﬁhowwtaslda he interfacial process and the
melt process. It is prquzeg&{&%ctd&apbggﬁ%%idt he prelimnary 10 pol ynerization
in anolten state as it typically yields a mxture of capped and uncapped
ol i goners, and the netereghthaliessid.does not require the introduction of

chl ori nated sol vents. 'ﬁggﬁhﬁfcya%fdgl | i zati on agent conprises a prinmary

al cohol, nore preferab a tertiary al cohol, even nore preferably a
secondaryp al cohol . M xerephétmioyt diphlomde; ynd isdphttakyb dithlovidend terti ary al cohol s
and any conbi nation thereof may al so be used in the crystallization agent.

I n one enbodi nent of thg i t] rystallijzation.agent,.i s
essentially pure alco toﬁ?olumlgghdgﬁalstg&&;%%n%’gl Wé%tﬂ%f 8F8P$e°qpl8?“§}agatﬂbeonat e
prepol yner . polycarbendté prepalymer,hinchiding heatalyticf andh@ondayadytiel netheds ayalgent have
a prepolymer solubility of . 1ess than about 10%, preferably .| ess than about
So0 56017 "ol e s inyeBaoh- Sich ReROds elohe Bk el 8 keI bR 1 o
prinmary al GadeehcidllprédessOiil the ekl Roceky. Yt as %@fdﬂﬂl&gzmnaaaqﬁe pRERidaBaN about

250 C, npre referably | ess than abogut 200 C, even pore pref eragﬁ\; | ess
0

than abot®t mlymerizaugy; in, ) molien; $13te \2s A ¥ yisldy gdmixpure of cspppeg s

i ncludi ng, Ristagpe® oN@bmérs ThAcEthe! fielt prBEIRMBEs n6tl RRARE thdimRAGen St anol ,
pent anol, hexanol, isobutanol, neopentyl alcohol 25 and m xtures thereof.

Met hanol , bhlprspted gdYantnol and ni xtures thereof are the nore preferred.
I n one enbodi ment of the invention, branched primary al cohols are utilized.

I f secondary al cohol sTR¢ amﬁsﬁaha'gmt&ﬁprﬁwsbahuyMGmmw&ﬁembpﬂ
secondary al cohol or alcohols preffergtéjl y having, a hoiling point of |ess
than about 2piay alfhob eyen Mo, pleiprabl & seqongary glsholo Jixaures olprimuy.c

preferablsy |seshdirhaid &P@4s¥ alcoHols and 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 alcohols 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, - Cyp alcohpls including, but are not limited to,
methanol, ethanol, propanol, butanol, pentanol, hexanol, isobutanol, neopentyl aicohol

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-



WO 01/10932 PC /US00118484 180 C. Suitable secondary al cohols include G -
Cl O al cohols, including but not Ilimted to, 2-propanol (isopropanol),

3- pent anol , s&g-ﬂmt?yol , 2-octanol, 2-decanol and m Xt ur egctrisoasie

| sopropanol is preterred. If tertiary alcohols are present in the
crystallization agent, the tertiary 5 alcohol or alcohols preferably

having a boili mpemni Blitble leeomiabAfbhBRAHEMEDO, CC,o MRk ABMAhe BH ddian
about 200 C, even nore preferably | ess than about 180 C. Suitable tertiary

al cohol s i ncl udaited to. Zprepagpl Gspprapanglh G-pratare). 1str-busasol. | 3-pRtanely 3-éecanol
but anol . I n adgigtyhifrds theldd® 1! ; dary and tertiary alcohols, diols
and 10 triol smmay al so opti oﬁg%aéseﬁﬁfségﬂgi n the crystallization agent.

Suitable diols include, but are not limted to any aliphatic or
cycl oal i phatic diol havifrigrtieforeokpls dre presest in the poystellizaiop agedntha testiasy and

m xtures theregf . Preferred di inelu t hyl ene di ol 1, 3-td hyl ene
di ol , propylen co&l‘}gf’f a“??’fagsr B’ﬁﬁ%’??’ehﬁ“ﬁ% g%fﬁﬂlgb?ﬁl ncg(cjiile’%‘;l t,halb iag?urtiﬁsgn * diol,
neopentyl di ol praR@bR KésUhSS abdie 2607 C, dbenTRBreChrifelably ledPihh® RAbad CIBD° TRY
optionally cog&rl se'one or nore polyol conponents. A polyol is herein

defined as a p¥iitahip dertiery alcobmls inciugn Cai-rfrin plachelscingindingnbutenai Jigid 1o, tgr oups;

while a diol ig.hgfein defined as a dihydric alcohol. Representative

pol yol conponents that may be used in the crystallization agent include,

but are not limted to,_glycerol, trirnethylol propanate, pentaerythritol,

1,2,6- 20 hexanetriol, ﬁémoaéwhwmw ssprndpry end tergary lelcobels. diipend

crystallizgii (=3 | Lyad: a 2 I ght of
it qaoﬁ%agtaxslayosa@aapggas/?&gg@ﬁe%ggtﬁ.a§é&mgfggﬁf Sthb10 BNl

al cohol, nore preferably”at t ak % Db e alco The
crystal lizati ot ageret Limiipd e anphaliphetnen arloglinhatic diol havingy frath b 2 team

essential |y pUfgy nft{)%! Iﬂoﬂra!(angéf &@Mx Fth@z@of??ﬁr@fé{r%@hﬂo}é iglf'igcﬁ ftg}gﬁ}d&&y

al cohol. In one e ment I nvention e Crys on agent is
essential |y puh®trseatiyesardiolalpophiote divhl irprbpyiang Hiwl, Uésbutangdicis dicthlere

crystallizatio :)’M&t Qnt act e prepolymer may be in the liquid
phase or the v%%g%%g%? se.O?%i/dc"vap%”rt&p Jaltr'se" it is to be understood that the

-12

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 hydroxy! groups; while a diol is herein defined as a2 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
crystailization agent may be an essentially pure primary alcobol, 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



WO 01/ 10932 PGI/ US00/ 18484 crystallization agent is in a single phase, and
Is in the formof a vapor. Optionally, contact of the crystallization
agent conprwebn@eizhe al cohol may be effected under condiRGTHSVESEHML t hat
there is liquid in the systemas well. Contact of the crystallizing agent
conprising alcohol with the 5 prepolynmer may be effected in_a variety of

ways under acrysallization agensds isi o single phiasei aidsis i therform f aty3pory Qptiosafly.

crystallinit ; ' og;n?'ﬁg : RS1YRhR bk Ief ' t he

pr epol yner a%(({ngra %?gjae?ﬁ%{?h%@ﬁ net cr stglgltflgz-raa?ioon agygnt elﬁg&%dr ‘e@eerrabl y in

the range ofonditionesich thao theress liquid #0the systehoasawglly bet ween about 20 and 40%

even nore preferably between about 22 and 30% of the prepolyner. 10

Al t hough a uni form cogt | o) e txﬁ-%ﬁl' | ?‘ﬁﬂgﬁlo face of

t he prepolyner is not %?dg%f rJedeAgi f&IES e ilrl‘%cbpgebot at éo%tc%ﬁé? ?gﬁe ected so
as to disiriprepeiymeérraycheyeffeatet irva vayietygfwaypundeh e variaty processifig eonslitions al |y al |

t he prepolyner, Th rystallizin ent wWwll preferably b es on the
pr epgl yﬁer yi chﬁhﬁw’}‘g ?I(Xﬁlﬁelgg O{?‘ egﬁ’éywe’f ﬁe(’%gaé%ﬁ%'r e'%‘ ccc?’g/s%?heﬂl&iqgr'li ty. The
ot T om aboLt e e et et BT ey 2bot 5
0 rom abou o to abou re prefera | unts_of abou
Wt %t 0 about Ofi between, améda@n%)%eprﬁféﬁag&tb et B?gécﬁnawev&ﬁ?%t of the
crystal i zi ngreﬁgﬁ,wbawéaabm_zarae@mmpmewomegffect ed in any manner to
achieve the desired crystallinity. As nentioned, the crystallization agent
may be in the vapor or |iquid phase, or hoth. 2Q.If the crystallization
aggnt i s1@ppl i edpi n | |‘q‘ﬁﬁ°gléh BPEF?°"E’(FH?‘§&° AR crpsiallizing é%‘f‘éﬁ“évsbﬁfﬁ?i g or
submer gi ng t g pRisBRRIeY 8ot tequifed it f-tiesirddds thatbniabids effectddablai i digribmgent , by
sprayi ng the Ctpystall_lzmg agent on the prepolyper, or by stirring,
tunbl i ng or thagtrystellinige sagent Ofr @eo?“’%aﬁ% ‘gr &%ﬁ?‘éﬂira‘hﬁﬁ‘ t%'e“iﬂ%t Q'I%Fi zi ng
agent. |f thswb,&mmhga énzafnmefe?ﬁwe présehtionitReprépilpher if bl km 6l eff6dtveBy be
effected 25 by an ans ich brings the vapor 1n contact with the
prepol yner . tﬂvéfep!r‘é@@s}'}tﬁz?ws‘ﬁlﬁyl%emeﬁfﬁﬁy%?wm‘Fgmfféa'?lbﬁpwwfb €i ng,
| ncl udi ngs bﬂgeg?l?ﬁeﬂ inMchRfest SF frdin RS & Wi to GBdut WOk R &hére tpreférably in

e

aggl onerated p t or a powder. For instance, contact may be effected by
placi ng the pPews gfrabputiSwtde tpabaus| 10w %y pased, op e weighiiof theiPFepolygi§T-agent is in
-13

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 vapor 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 agglomerated 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-



WD 01610932 PCTJUSOO: 18434 the vapor form, or by placing the prepol yner

I n open or pressurized vessel in which the crystallization agent is in

|'i quid form aweosaddsequent |y heating the vessel to vapori BET/U$DB/18484
crystallization agent. In one enbodiment, in which contact of the
crystallizing agent with the 5 prepolyner is effected in the vapor phase,
t he prepol yner thesvapen fomelus &t plasing the prepalpmerrin opdil @ presswrided apdelsnsyhishkded on
a screen. The A ept. rising.,an alcghaol is introduced into
the vessel and%%%%%%h%aéw%é&gdgﬁ ﬁ‘é‘q’%" agﬁd 5?‘??8"%@%%8?”“50‘?‘3 é"”ssgeﬁ od of
time sufficientvagosizpthedrystellizitndgaitr ed crystallinity of the prepolyner. In
an alternative enbodi nent, the vapor nmay al so be heated and subsequently

introduced 10 into a pressuri.zable vessel. In a.furt . enbodi nent, of the
i nvention, pellets are rg?%eeﬁn?(ﬁmé%t’ ”éf‘@?bé{?‘gﬁt 9%@5W%§ﬁg%§'ngg‘eheat ed.
The vessel fs bepbigget & effdcRapar kb Wapos phdle, 1B 3regolignenlic Qledduddaps at es

I mredi ately upon the introduction of the crystallizati agent into the

on .
evacuat ed vessBfessupifabieyvesiebandsuspendedion e seme. Sibe SHERIBWE AgHP FRTRISPSA t he

15 vapor phasegshot RiisrdaiRadhl B vesse! andheRbbHhithelRint bf @€ hicaRNiRG! Of
the crystallization agent conprising the alcohol at 'a tenperature of at

| east about 75patiodtof mesnibicicat tarpsodied 1ha desitgg cryrallinite phthe orepplyper. e as Tb -z
20 wherein TT | t t Th, i ] | t he
crystallizati o%&%agg%tgﬂ%%%m’l %%%‘?e&eﬁfﬁo genge%?tdr@dgméég l%tggg?ﬂ t{/%nose val ue
is 50 C | 10apjnd epredsnrizehle vessplor phase, contact of the crystallizing agent
conprising the alcohol is preferably effected at tenperatures between the

boiling point of the c t | el / r nt act
tenperatures are in 25 ti%g %Aﬁéﬁ%@ﬁ.%@g&g?}%‘@gﬁt %’4&”&% %23%%8{1 %15%8 C
nmor e pr ef er abl §vagusingt vessel wBich mipebebastedurThe ivasgeloe heatédhtoad eegpermturasugh

pressure, 25 | oy i BN T b0 B Salid) s S5k 7! O

agent into the evacuated vessel. It is preferable that the alcohol be completely in the

.
©

15 vapor phase in this embodiment.

It is 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:

Tc -.>.. Tb -

20  wherein T; is the contact temperature, T is the boiling point of the crystallization

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

¥ 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 maintained at any pressure as long as the prepolymer is in

contact with the crystallization agent.

-14-



Since the T. of the polycarbonate prepolyner is preferably in the range of
about 100 C to about 150 C, nore preferably about 1 10 C, it nay be
necessary wool/aysethe tenperature from bel ow the Tg of tHMS/WYREE4 ner up
to the preferred contact tenperatures, if, for instance, the T. of the
prepol ymer is below the preferable 5 contact tenperatures. This allows the
prepol yner to devel op Sin¢asthe [y of the polyeasbqnatsi prepolymes is nrpferablyrin therange

aggl oner ati on. gt oGONt I ' f. L ng.. vary

Bt fout [0 COR dbishe 1SS Al gﬁe@%&‘ﬁ Hi efie Aapbd pg.

dependi ng on e par ar polycar osition, edting
Eglt es fo/r _ttu'tsanmJTtrt]ﬂatsppa-mret md’dﬂi‘w thenT{ bfemteapt_g:tbrl];m:err]aipantth? plcbig-mate_s

sius /mnute. e tinme require r gontact w . crystalli i on
agent conpr i SPHRF* ‘%%W%F‘ggﬁwtﬂﬂﬁ-ﬁhﬁlﬁo#‘@%m% % %1?%ihem$8§ﬁt i on of
the cryst gl | tgmdck emprates. 2 THis lalléws &RPHepolyd 16 develup ARel STUEFtalinityne

quantity of crgstal I'i zati qn agent avail able and tenperature. Generally,

times in thethahwikprsyens ggglemaratiqnoat shegantaghtcmprraEs- ratg of fipating may; o

achi eve the ggsi | irbbdake cobfpBsiflsis stiele HRuEe files £

crystal lini ty%idéﬁe?ﬁigg?bgv% aé_?crdc/ar?)&/)gityal 1 nt co?l;g’gselssaysy to all ogw §§P°rt o take
pl ace wi t houthif pigpasa arsftypinally in thesange iof ahout & degreas lelsins/minwiee choi ce of
whether to use liquid or vapor phase contact of the crystallization agent
depends on a nunber Oy AGhOtSuirddTer LhacPlith thel ditaliion REcRPRIN{RIng
conprises | ow nol ecul ar wei ght” ol igomers, herein"referred to as "l ows".
Lows havdOa therdmeholawidlreageaasoiding e the opeipgsitionef the erystalijzationtseent and . (f t he

20 crystallizaty.o e i ' ' : I S : end to
| each out of C?Wénoraf)?gp{)*g/aﬁérs,ﬂ&{o#e?getbb%% a’? # rﬁgjﬁﬁlg!tzg%a?ge{l tgﬁdﬁg\gtsmge
recycl ed or resiperatge.f rGenetally, timesoiethe. range ofabayt \1§tta| dbputa6Q orinuteenre | s

applied in the.vapqr phas . I LA er .
However, it F‘?ﬁ&'ﬁ&% %VSSEC 4‘3?)5?&(31% O{ﬁggf%%?' oﬁ{;%g%t? E%’E ngr 5@?‘ r as the
mol ecul ar weisghé levél dffveystailirny atdessamydo pilew @SPrte takerplasa ivdtbquiciusio® 8Pthe2 5
increaseﬁ at a.f‘ister rate. The pol ycarbonate prepol yner treated with the
crystal | i'2at PEHCUYERIPONPEF e abl y conprising at | east about 95% by wei ght
of an al cohol as described herein are especially advantageous for use as a
prepol yner feedstock B ewidedofswhather tpoisy iguidzen vaper pbasgresatagieohthgher
mol ecul ar wel.gbuBAlNCRIRPENGRs CEORMARE! o rbldf, SOM! RBRP!is PHACERS MY be
especi al | y advantageous®as part of an overall process for

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 in 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

-15-



-15 WD 01/10932 PC. F/US(c)0118484 naking a hi gher nol ecul ar wei ght

pol ycarbonate, for exanple, by solid state polynerization. Addition of
Addi tives to 4§ 31,% pstal lization Agent Optionally, the crystiaidoisrassd on
agent conprising the alcohol may 5 conprise an additive. An additive is a
conponent in the crystallization agent, in addition to the al cohol.

Sui tabl e addi tmadsy ianhighete molegilan eigho tpolycirbbrate, tfor eRabple® by zslid Ostate
processing aids such as pl asticizers, nold rel ease agents, ketones or

m xtures t her RYMSEEROR- additi ves may include diluents or other m xing
agents, including for exanpl e water and di al kyl carbonates. 10 Suitable

pl astici zers which may hﬁdimﬁloﬂﬂadmﬁ@s todblé Civetllizafioh A@entCcrystal | i zati on
agent, include, but are not Timte tetraethy ene gl ycoI dt r net hyl

et her, dioctyl phthal at di h ate, n but ste ri et hyl ene
gl ycol di(caprylate- ca§P "@'? ﬁ’ﬁ 8@ &Ezwpo?gﬁﬁtt §° f}‘eh@

sebacate) and d@itr? isH &6 addithel eAh -addivipé 624 bamp&kacsml ﬂ?:b @s,rs@nrzamacgeﬁzh@; Ts of
the prepol ynmer 5 Suitable mold rel ease agents_wh may be included as

addi tives in t3gitiog tosihe) pleohali ofuisghlant ﬂ‘ﬁ&‘?ﬁjéi@iu%utb“hra@ ot limitadt & t o
gl ycer ol - MDNOSIRALALBion PRAIAR Mk U phRldAR! RRIRRaNEhe M MBS of her €Of

Sui t abl e ketones which rmay be 71 ncl uded fives in the crystal lization
agent i ncl ude,miztpresaiberepfot chqmdé@vmmum}mdeemhyms kast s, mixingt egeats, 4 20

nmet hyl pentan gg% QH% t hyl ketone. Acetone is the
nore prefer rgg"q?(elg% glg%ﬁia??\%n%p %Fﬁes preferably have boiling

poi nts such that they are in the vapor Ehase when the alcohol is in the
vapor phas’é? Typl cal | y, Suitebleaplasticizors which et evimsludgd apraddisives, incdpri se

from about f <o a%gﬂlxﬁn %Sé%mnéi\@de%ﬁ:g@; g%‘ﬁmﬁ?d 4, %é&zé#b&!eﬁ@tglﬁ& &Hx@t}?.ﬁz and

t he al cohol fo about jht™ o crystaltization
agent. -16 WOecgkt, 1602 Rpbmke0/ dibugh phthalate, n-butyl stearate, triethylene glycol

di{caprylate-caprate) glycoeryl trioleate, 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 ethy! ketone, acetone, 4
20  methyl pentanone, cyclohexanone 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 agent, and the alcohol from about 95 to about 99.5% by weight of the

crystallization agent.

-16-



The particular anmount of a given additive or additives is dependent on the
nature of the additive and its effect on the processing of the

pol ycar bonaww othbss2 pl asticizers and nol d rel ease agents SREVSH18434f er abl y
be applied in amount of from about 50 ppmto about 3% by wei ght of the

prepol yner, nore preferably from about 5 SOOP&gmto about 1% of the
prepol yner, and pr ef er AbePagisias Jaounkof #given additivegr additivesois depepdantpr of ¢ he

crystal | i zat i nQURNGF the BAGGVY dndSts effebt éh ﬁ'\@tp%essn% A SEpaifeattionaddiThe ve in
the crystallization agent conprising alcoh the ketone may conprise a

gr eat er per camsag@crswdmlg mleasmsepﬁeshovdﬁlmfmblvﬁatapmdagmouamf o or

i nst ance, i ;e}'tg}yge Egéytlm ng

del eteri ous :#19 ??)Sﬁérﬁ t%??)%égzolwgiﬂtketo %ﬂ&’ Wbr| se |6ry§tance

about 20%%y 308ippin tocdbouthk% of the peepblymat, |and|pa@ahlycmnprsepoaimdiahybmbout 10%

by weight of e cryst I|z a even nore preferably from about 1%
to about 5% %%%’Wé’%‘??@b&?ﬁ ?&ﬁ%ﬂgﬁ“d‘int Alternatively, a carbonyl

cont ai ni ng conpound, such as dinethyl carbonate, may be substituted for

all or a portion of th&nk@itmexfaketmkmmddsmnadnﬁtnvhiatbacrystgiﬁzqmbnhgmns. The

pol ycarbonate t hat, ha en treated and crystallized be used d t he
sane pl ant, (?? B‘glt g’t‘: kgtoge mgy B%‘Bﬂ?fy ge?t%ﬁ,peﬁ &ﬁ%&%“@ﬁ Otli tﬁe
commer ci al Cﬂi?di'ilhidn%ﬁ agdﬁ@ﬂﬁﬂ@bﬂﬂstﬁibel then ﬁﬁfnoﬁferstd%encﬂd yeddasd hgenewlithout
pol ycar bonat e and avail abl e equi mant EI | | ed worker, r¥a$/ det er m ne

t he nost Hbsi IPBZB‘F‘@“BO‘HHW"&“S Fﬁ%c‘s rE?%?E‘P%tI Iy SEone,may, SPprse fof ingtancen o) | o

powder or agglyaieb6dkesy Reighebf thedrysedllizaaby @aéreOmdiecprefeeddty Wbout 10%eby ed Wi th
Crystallization Agent "Optionally, the prep orémsr that has %een cr;r/sf‘%al lized

by ef f ecti ng weighttafdhe Gystajlizatian é%“}‘&teéi?q mote; preferablydmm abgpt 4% AR Rd to a
pol ymer of highgl ¢ E@ilﬁ&wn fexvt/.euq{a}naayeﬁq eﬁlb&;tyﬁ&&:mhy EBhpAME] Qich ad he

crystallized prepo yrrer mai ntained in the solid phase by maintai ning

t he processi r@ﬂtélub@rmﬂaieemb)ebwbﬁwc ﬁ@aﬂluqﬁgnomafahqﬁe@nanant&mént he

glass tra 'tt'hQ é\ag;g Abdir € of the prepolymer to vyield a high nolecular
wei ght po ngﬁ §(f unexpected and advant ageous effects were

di scovered | n poI ycarbonat e prepol ymer treated tal Li zat I,on agent
preferably conprising é[?‘epél&%b%ﬁ'ﬁﬁatW)Beﬁ?%?%@cwt ‘g‘gﬂ% ¢ psed.in 7

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 gf Polycarbonate Prepolvymer 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.
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WO 01/10432 PCr/USQCO 18484 In a preferred enbodi nent, aromatic

pol ycar bonate having a nunber average nol ecul ar weight in the range of
about 5,000 tgq 200, 000, preferably in the range of Afc 0018484 about
50,000, nore preferably in the range of about 15,000 to about 40,000 is
formed. 5 The reaction tenperature and tine vary with the type and shape of

the crystallized prepolyiBkefertedenitodBRAL Qrodatid PORBGBorle Bavitiyt Ahytsller O
processing aid in the, prepalynmer, the | evel of cr%Pt al | |q|;>gty of the
a

prepol yner, arfYeRge MRSFHAOVEEY 1 iberange of Abays F PR fo abpyt 300,000 GEefembly in
however, to ”%BE@FE‘ of ttﬁod@&%@&ﬁ'sﬂ@eé %@béﬁe&ﬁb‘f‘y z%tthc Qan@QPAb%utt o0@!gss
transi t| on tenperature of the crystal’lized prepol yner while naintaining
the crystalli z@éuﬁﬂéﬁ@llmﬂin a solid phase state throughout the solid
state pol ynerization process. is preferable to conduct the SSP reactl on

by maintaiquiing the te f&,w L t
close to thsg Tm as posng? %ﬁolfc?%\%s a‘%gﬁ’br???%‘}i%o‘ﬁ%%@mg%°m .
the nelting t emysailied rpe:pommh@pxemcwmmbsanm of agpatalyst @qiredessing dgini the t he

reaction tenperat ) .Gl U i

sui tabl e terrpéf’%ﬁoﬁixéer’f@? vgggfﬁ%#c%edi {yd? f‘@ E‘E}gﬁgﬁ gﬁﬂhte d?&g Wtj’tﬁlﬁeth
range of aboutprdfdPafert 0 about 260 C, preferabl y in 20 the range of about
220 C to about 245 C. The processi ng tenperature should be between the T.
and the Tmof the crys alllzed carbon fQr ar [ ar ponat es
this temperature is gengraff§® ﬁ'gverra%g%gg@naglgﬁo%ggg%%ﬁ’%r%gutap260 C,
nore pref erablapoeabahd FRO &‘axtsiﬂxoabmuipcra% df. 25 ciystalliasd Lprqaqtgemredhﬂefound
that the use of aII| ent. ri 119, 3 $ec ar alcohol in
the 11 qui d or esieBinbob® srsdiied Gabiants o ol sbeftcdte BEESRRA e S0 on
solid state potasTeblyretizaion Grodelie [t &P @raferable tb rcopduct ithellSSP, redtidn b8 VO

01710932 PCTNBn%:AAt%ngxg the temperature of the reaction system less than but as close to the Ty, as

possible as follows:

where Ty, is the melting temperature of the prepolymer in degrees Celcius, Tj, is the

reaction temperature in degrees Celcius.

As a non-limiting example, a suitable tcmpcrature" 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 processing temperature should be between the T, and the Ty, 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 upexpectedly 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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use of a crystallization agent conprising a secondary al cohol results in

| ess thermal crystallization in subsequent SSP than the use of primry or
tertiary al worehes3s2 Typically, a pol ycarbonate oligonmer w W’P?P@’l‘gﬂﬂ‘? |y
crystallize within a few mnutes if held above about 200 C. The SSP
reaction of this_ oligoper.therefore .5 results i conpet.i ti on between the
ate of pol yiHEh PG FSRLERP AEEDt HBriGRE AEFURY GIoPBPLITHG A8 168 eppal ho. ' af o
of thernal cikysiaBizhdohdhiseiteduent SSH tBhn the BSe JTPriMiABf driétitaldoRdle is |inmted
by the high crystalline fraction that inhibits chain nobility and the

di ffusion of phenol from the sqli artj.culates.. It is highly desirable,
therefore to control tﬁ?"fagf"eap&“‘%?g?tﬁﬁl‘g‘lﬂ‘?ﬂlgﬂmst.t Vit g, i g
state polyneidy aih/edlif hald/above 366Ut 2004€] FHE SIP rabhidiBTRAS oli et ifkrétbre! !
crystallization in addition to the crystallization needed at the start of

t he proce§s. rdsolts/inea compétision detweem thermate of r pokymasrization: andrthe rage ofuthesmalpet i ng
processes duri ng, 9SSk, | ] |.S.1: Nol I zation
Bnd the i PPl TBE B Bithercalcr i RGE et R BES et s 01 ¢

of thernal 1%ingtey by dielhighadrystalinbifraction GRHAnhibitcchain mobility and yiet diffbsion dfy above
AH final of apout_45 ,joules/gramresults in a.precipitqus fall in the
reacti on, anQE%ﬂS’ %mébgfﬁi’d@n%“gﬁseit/ﬁwypﬁf%?@%ﬁfﬁ?%go5?‘55{1 H?amcy st ops.
Therefore, i bf tienhdReystMiation Pafifg slidestat@ ipolyiesizatioh, oat inclecilar wéighk .
Crystallizatign of the pr&g%ayrrer ith g spﬁ%ondargl al cophol .was found 20 to
retard tH8 pPHEweEs ghdergos g Yon o addifion [p Qg osRllizationsrefed & ¢ o

pol yneri zat i e starfof¥preeredi ment , the agent conprising the al cohol is
essentially pure secondary al cohol in the vapor phase. In order to achieve

the desired effect of _reduced ther crystallj.zation, at |east about 3%
by wei ght of the prepdiQ¥fazagm ?@M gy R 8% $¥Be CAWBFEA to t he

prepol ymer. 2rckdled difing @SPH CHadi MobilifyCie Shpelied by ithetlal @ y<tillizatioh agd theheat i ng
may be enployed, with rapid ranpi f-rom one tenperature |evel to the next

n

between i nstiffecanse dlerwasn AR ninitiab a9f A efinal spresnnt; theg amaus el theprpal| evel .

Opt i onal Iy, s&ﬁgﬁionamrégtssy. Uﬂ@&n&roﬁ@fcrgﬁ%ﬂi %b(ﬂ)et&lfl’%ﬂ] of dbdiit Qg to

ensure rapid ranping frontone  tenperature to the next and to I npede

t her mal crys{jaildsigran i results Tippa cpredipitous falll ind thet agaetion, 14rd above about 60
joules/gram polymerization practically stops. Therefore, it is important to keep

thermal crystallization in check.

Crystallization of the prepolymer with a secondary alcohol was found

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

polymerization. In one embodiment, the agent comprising the alcohol is essentially

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

reduced thermal crystallization, at least about 3%, by weight of the prepolymer, of
secondary alcohol 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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WO 01/10932 PCTI U5001 18484 pol yneri zation reaction nust be conducted in at
| east four stages, as the ranping of tenperature is necessary to prevent
aggl oner at i on whHeirdveszpol ycarbonate. It was further unexpectpoiwysobosaggd t hat
pol ycarbonate prepolyner treated with a crystallization agent conpri sing
an al cohol yields a prepolyner which 5 may be processed at higher

t enper at ur es dup¢lyigerizgtioniresstionanyst by nendireted inoat Jeast foomstagys. dsahpranpigsoft 0 be
conducted in fe L.yl gl.ycar,bonat e, prepol ynmer treated
with a crystalliz t%&?\&ggeecﬁ%ﬂ?ﬁ%gﬁbg#% l%?‘ée)% a@l‘%fpa?ycflggﬁgabout 95% by
wei ght of an al cohol may be polynerized at starting tenperatures at |east

about 40 C higher than s fttthen atrexpretedlyl fowed thatepalpmrHopats ofryinsar such

Bo
as acetone. The, 10 e prepolyner. treated, with the )
crystallizati onu%aé‘gwk%%%%?%@nﬁeﬁégé?m%% c@@%‘ﬁls‘}s fergnbmet whish
al cohol may $e papbepmedsddna highesteaPOaurds Hufag bdliduad polihigizafiahBswing
pol ycar bonat e pllilegol nmer n% be treated in a two stage process, where the
first stage nmay™HEroCTHRibT etndugted;ip e siageh lngwarticklap molyearbanatesenclyz®e C to

about 220 C, ”D&ﬁwﬁrvﬁﬁﬁr@ﬁkﬂiﬁg&%geﬁ?q@gﬁgsi#é preferdBfSd: fe%ﬁlaSthQS?oﬁ)gr%t? the

first operating point as 'soon as poOsSi _in order to reduce
conconi tant t hefrapalcobolyraydelpolymetizad at statting darepeptimesent leabtaabhitgd® Cehigher at ur e.

After a period t t hi ef.at U ferabl y from about m nut e
to about 2 hour@%n r%’?gga%?&e eetyé%iofs 5 aEi bou u"{%ﬁogél?eut%hes%cgnﬁseraﬁ?tﬂ?ee igin? anped
to from abollt 2ZRlyc@bomteamepdlyReOtrddtednwitie theprrpstaiiatiby agdao vbmptibtheGat 186t

qui ckly as possjhl nd t eaction is conpleted at this 20 tenperature
for a period ofalb ?@%%a owggﬁga”t co&BQﬂ?yS?ecﬁf?ngf‘FS%fnst.w"lsfag‘?Ss pref erabl e t hat
the change to the second operating tenperature be nmade i mredi ately after
the first stage. By "i nimguitiztiat,yle frdated poipearhonatehmepolyner eiagbg erelted onduct ed

as quickly as ' depending. on_t he system.,capabilities, prefegably
i nst ant aneousl| 3& §I%{r?%§fﬁcﬁsbﬁ§% d}eﬂf %%n‘?@égesc%’gg%&fﬁeﬁ RSEae %P‘lm \Rtls
further 25 undwmessoart? o OwBRGodt2a0° Qﬂnﬁ&?ﬁ&f@z@ @bt 2P Cdifis asueRp! ymer

treated with an ﬁl%%ﬂft conpr.i sing a secon ar,g al cohol produced hi gher
nol ecul ar wei gHEash ¢ 1rsh APERaERR PRINISHS| SPRR &% RASHDIS & oiler foFgduce therqengpmitant

pol ycar bonat e xRl cysRillizefi APt RChc¥drdanict SHelt; %m'?ératgfei. rﬁifeya%LHMdm@”d
t hat pol ycarbonate prepared from prepol yner treated w th an agent
conprising a pré s iGmpsTetBIs opretsragly fea abawhd mipwe txabonl 2 hasiry mose praferably

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 from about one to about four hours. It is preferable that the
change to the second operating temperature be made immediately after the first stage.
By “immediately” it is meant that the change be conducted as quickly as possible,
depending on the system capabilities, preferably instantaneously.

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; and that polycarbonate prepared from prepolymer treated

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



-20 WD 01/10932 PCP/ USO0n8484 pol ycarbonate prepared from primary al coho
It was further found that anong primary al cohols, branched primary

al cohol s predeaebshi gher nol ecul ar wei ghts. The rate of tPET/US0/18484
crystallization in subsequent solid state polynerization of the
crystallized prepolymer nmay al so be controlled by accelerating 5 the rate

of solid st apayqatiopaterpreparedo fromAprimbry geahiob| ivmvas ifurther ofiousd thad amenper at ur es
t which the_s ' s ) i
cryotal | zadPiiy SERd BhuRhEtiither dboHiRSt U higlt ibiBEnBEEE. |

undergo addition crystallization, which inpedes the SSP reaction.
Therefore, it is desi kgl ate oof nbersmb ecrystallization @ SdFequers solit cssate t he

ef fect of addiii : ' ' .

crystal 1 zat POpPARRliof Yk Ritaf 3k PRaE Hay fsd HE phutRIER by addorying,

resi dual $§mi the mateof solig state pobymerieatichr Asthéprepolymerds bronghit eo emperatuyesat by
vacuumor a sjrea heat ed as. stream of .hqgt,.nitrogen i.s suitable for
this pur pose‘f";“f’gr[m? aﬁ@%‘fmsﬁﬁ%f“ﬁbl"@ Pﬁgee%ﬁ“%@[ g?ﬁsi’?e&r ‘Wﬁ@]ﬁé"tﬁfbﬂ state
process i ncl ¢ffiRtind tontakt vithQhe crybtallizdtiohedgeditowilll indefkodditionewistalizbGsh,

tunbl er, batch, continuous _or a conbi natl,o,néiegler of ., for any ofb%he st eps
i ncl udi ng prﬂWH‘ﬂ%ﬁdﬁs%ﬁémﬂ%&-iﬁ?{‘f@Fﬁts 2Pl oipFreast b8 pe obaYt ng t he
SSP process, tof RePbBE Cde bfectCoE|aBliGbRY BrysthlfiBRIGnNdadBd By B! thérmal
monohydr oxy compound or conpounds and/or diaryl carbonate forned as

by- produtQ s ¢rysallizaiensystem For this reason, an inert gas, such as
nitrogen, argon, 20 helium carbon dioxide or a |ow nolecul ar weight
hydrocarbon gas may OptibP RRinkesdiRBon iinth tRISSE Gedeflor SIRUE résidiaP hdfshirk C
nonohydr oxy congrgrund or diaryl carbonate conpound along with the gas when
it exits fromay brrempyedfrom ke Rplycarhanate Brepelymern by vacwip ot sfFamRideatedduced
pressure. W s&@ﬁﬂiofhé itrdRe RGitdbIY for ii\EpurnSRE tbORstieet em it is

pr ef er abl e t€£h§at t he gats to a terrpera{ure close to the reaction
tenperature before 25 introducing it o .the system Al though the shape of
the crystallized prepdPiFhls reaction 5?55"@‘{96%@“1‘ %amS@Peﬁsé‘éF&‘HegW‘P’?q%t
particul g5 yiishR&th] fle@®ed, thovirg bea] tablel Patch AdogEnuibRS 6CSconbiakios tiewoy - 21

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
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WO 01/10932 PC /USQO 18484 and are difficult to handle, and that pellets,
beads, granul es and powder are better suited shapes for SSP. Acceptable
forms for theypsepekyner, include, but are not limted to,pcTasodsiss
cellular pellets, as discussed in section Il of this specification, beads,
5 aggl onerated pellets, powder and granules. Further, the crystallized
prepol ymer mayandpﬁri: dffﬁhﬂytubmméiezadl thdt pelletsebdads, grivmies aintl hostiat fe better

pol yreri zat i on tb %’,ror exanple, extrusion and die face cutting. It
was further fo 8‘?5 f)%‘f’ ¢arbonat e produced by solid state

pol yneri zati on ut|I|Z|ng t he process of this invention contained |ess than
about 400 10 ppm in pactdptableaforrhefod thdpBpolanss] indlbe, (e fnol i@ed Ry, oduct

in the enbodinment in i ch_the pol ycarbqgnate, pr nmer is_prepared by the
mel t process. l‘ﬂﬁé 155 GElHAT | BHets o s discusipd 31| SpeHo §y %K@s (FRFGficsHeR: cheads,

preferred. f0|ég%$iﬂ&9£éatﬁ11&§ qﬂ%adan%énuﬁs Fﬁ&ﬂﬁf ftﬁ@é@mmrea???awphﬁ gl 1y has
a Fries content of |ess ppm "and nearly al ways I es tontent
of bel ow about opsaanéwp smi guetablb fordhessolid g@m@ebmyazam praskss bysfopexsapis
typically has highst SQmtent. As used herein the term"Fries" or
"fries" refersto a repea ng Fhit in pol ycar bonat e having the foll ow ng
formula (I1): g\NA OHCO where the X variable represents WO 01/10932
PCT/ USO0/ 18484 Rc C RH weay figtheRdounda that riolycRBongted pruiuessic hy i selié peatelent | y
represent a h forma
ep Béﬁ%ﬁ@%%ar a‘E’?’q@%ﬁ %c”&ﬂ&‘éé‘ bf s Y86 2bR0Re POl Baf B5bui B0

ring structur
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 meit
15 process typically has higher Fries content. As used berein the term “Fries” or “fries”

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

|

where the X variable represents



5 dival ent hydrocarbon group. It is very desirable to have a |ow Fries
content in the polycarbonate product, as Fries products reduce the
per for mncewgvhass eri stics of the pol ycarbonate, such apctrisoodsusaility.
Hi gher Fries contents results in |ower ductility. Preparing polycarbonate
by the nelt process results in the formation of Fries products. In the 10
enbodi ment where tRe prepolyner is prepared by the nelt process, it was
found that the SSP process did not add additional Fries products to the
product polycarbongte. Wile the formation of the prepolyner by the nelt
process was found fa produce Fries products in the anount of about 200 to
300 ppm the SSP pfocess according to the invention did not produce any
additional Fries pLoduct. 15 Effect of additives in crystallization agent
in rate of subsequent SSP of Polycarbonate It was further unexpectedly
found that certai Rdadditives to the crystallization agent conprising
al cohol prodete an increase in the rate of subsequent solid state
pol ynmeri zation of the crystallized pol ycarbonate oligonmer. These
additives, effectiveta increase the rate of subsequent solid state
pol yneri zati on of 23 WD 01/10932 PCTJUSOQ 18484 pol ycar bonate, include,
but are not limted|to, plasticizers, ketones and nold rel ease agents.
Sui tabl e plasticizdfs for increasing the rate of subsequent SSP, incl ude,
but are not limtedgd o, tetraethylene glycol dinethyl ether, dioctyl
pht hal ate, dibutyl 5 phthalate, n-butyl stearate, triethylene glycol
di (capryl ate-caprate) glycoeryl trioleate, di(2-ethylhexyl sebacate) and
m xtures. Suitable nol g ncr easi n rat e of
subsequent SSP i ncl udgamgiﬁﬁ& i|‘¥8“[’° 1P pf'é‘{? 'ﬁ%“g‘f‘ﬁ%‘g%‘t‘/&ﬁ?ﬁﬂb%‘t’@ﬁ&te
pentaerythri hﬂhoJalan Agdreadreincgrot! andrinidyufora 4 Fiag ettcurt) BualidbdRe ikat ones
for incregsi rate of subsequent SSP, include, but are not limted to
4- et hyl -p 3\3( yben GRLP- i sobutyl nethyl ketone, and cycl ohexanone.
If the crystal I i zati on agent conprises primary or tertiary alcohols it is
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



preferable to include an additive effective to increase the rate of solid
state 15 polynerization in the crystallization agent. Typically, the
additive or adgpbimessa effective to increase the rate of sulmmvisemts4@SP, | f
present, conprise fromabout .5 to about 5% by wei ght of the
crystallization agent, and the al cohol fromabout 95 to about 99.5% by

wei ght of the @®plysarhonates inclugn, tagestnot limited ks plestidiaers, ketorss\aad anald pelaason
agent as an adqgé'\_/e effective to increase 20 the rate of solid state

pol yneri zation, “the plasticizer and/or nold rel ease agent which increases
the. rate of subsequent SSP should preferably be included in the
crystallization agent i nStitablgplasticidersifonmrmtsing thSatgpirnbequebbdi?P, Sedude, wei ght

of the prepol .0 f fr 00 by
veiant of the SH i a8 fy BoRbalene AT OBy B BBt R pRBME, Y
conpri se nosnopithhiagnn-bityl steeratt, 128thyisnevetvaph di(@bryidrecapraye) tehicbérplativleae agent .
In contrast, if_g gle one i.s aljjéed as an additive effective to increase the
rate of solid Si&e Ybﬁf Aeerge apdmXeS he crystallizati on agent conprising
al cohol, the ketone nmay conprise a greater percentage, by weight, of the
crystallization agent t hguitable mdft /0292 ligdifiO fi? idETREILISHEITRE B4 sublseruentrBPance,

the plasticizers_or nold release agent w thout introdugcing del eteriaqus
effects in proé‘é?g’éif"r@’.taﬁ’l?éi‘ @W@?’CE‘E?WP%"% PFW’Q&%’B,‘“EW“Z% by
wei ght of thegeust alekdoZat i on agent, nore preferably about 10% by wei ght

of the crystallization agent, even nore preferably from about 1%to about
5% of the cgrystallization agent. 5.1t was., further_ found t ot .her carbonyl
cont ai ni ng '@onpounds, sutHA %Ee‘?ﬂeéf‘lfﬂcr‘?é’r“%ﬂﬁd?lég,fS”E’Eﬁ‘ﬂlf'fqtggh "‘HCIF‘fFeb me
manner as ket oBRSnétNlinited @R 4-Meh§NE-peironef acetnb, dobdtAl fe@9] KkB®Ad, Za{d on,
and may be used in the sane proportions as described in reference to the
ket ones. SuitaSYCé"hGi‘aé‘PR‘ifl carbonate for this purpose include, but are not
limted to, dinmethyl carbonate. 10 H Polyner Pelletization As nmentioned,

in a second aspect, the I iik@fsia0Ratiodl fescohPrises Peintatookriafyl @RMbIsYis
cel | ular pellels Li9Mm & RISROLY SlicSOTELEL"S Bl 09 AF%Y ik Gall™ "O°

IS5  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,



a) extruding the prepolyner through a die having an output, the die 15
mai nt ai ned at conditions such that the blowi ng agent remains in the
condensed plwaset1093 t he prepol yner prior to emerging fromPCRASHYIB484aNG D)
upon energence of the prepolyner through the die, substantially

si mul t aneously cooling the prepoly contact.i.ng the.prepolyner with a
cool i ng ageFR‘ ‘aﬂﬂ‘cﬁug‘f‘!ﬂl?@“ ! Té'gﬁf é'ggﬁli ﬁ%‘?‘? agﬂﬁl"élﬂ’r‘i’gf fﬁ%@c'%é)gﬁllﬁén%ﬁt put of
the di e bei nggrafs imeirotesdinte IA Kefohie trlagicoinpAsedfop Msthficed @bt 2091y weight ofn t he
prepolymer to formpores. The invention further relates to cellular

pel I ets pr eptheeaystajlizatpn agenb s preserealy about (18% by wpightedf the enffteliieation| | ul ar
pell ets. " CogldnnNQvaBaite predérably Hom WBOR 1% tosabal 599 8£itha erystaliBation it Ch
functions as a material to renove the heat of the tréated prepolymer so
that the prepolymer may 25 be transformed fromthe nolten state to the
solid stafe at a fast df way fugercfound thatqthes carhenyl coptaining ompryundsy svth aay be
any fluid or xﬂﬁnéx Xaigse, the
cool i ng agen%&%@%ﬁ%’gﬁ&g@pnﬁﬁl ul _%%ﬁ#‘?%?%g;%?gﬁéiﬂ%_ -25 WO
01110932 PC. 30lidS084 pelasusrizationt dndumaysbecused in theisame tpeopaiicns bs desatibedrirough

convection. Qher coalin : Lk . 4 e die.
Ot her cool i nbefgmﬁg%%ﬁ%@%%‘é@%ﬂbﬁ%#%ﬁ fngghx%' gwgﬁg%lgﬁ ?’gﬁa on
agent s conpr 6t ligitedno,alimethylicadbogater i xt ure of water and an agent which
effects crystallization of the polycarbonate prepolyrner. 5 "Substantially
simultan ﬁus'll_{g' Es um tj n!.Eﬁaference to the cutting and cooling steps
nmeans th a L afes ng of the prepolyner typically occurs before
the cooling of the prepolyrner, the tinme interval between the cutting and
cooling is very short,hAs meationed,\n a s¢oond aspeet. the inventieromeintes e pmethodfi on i s

ti th : | | asti
i or ol s, pERPRTIEEL A is I ABHb el cllfihing SOURE AgG ol HEURRE FCLN e

for storage aodprdingopi ng. The pellets fornmed according to the nethod of
this invention are particularly suited for use in solid state
pol ymeri zation (SSP). L i SBE PrepRiPnti Fhrougl ¥ eabing 2hiARufnapRr phous
pol ycarbonate is requiﬁc’]%‘gﬁ%re g‘gﬁ ?zsaln beog%{nduc_t é’q. £ b

5  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

-25-



15 A partially crystalline shell insures that the prepolynmer can sustain a
tenperature higher than its Tg without fusing with other prepolyner. In
SSP, the prepgbymmbsznay be in a variety of forns, includiray/usoorsdsiot
limted to, powder, agglonerated pellets, and pellets. The use of pellet
forns is coomon in SSP as pellets are easily handled 20 and prepared for
processi ng. Pefandnepus gieilatipnitd absorbrhest thewgh convgetiond Qtheyronliigragentappyr at uses
and the size nel L e bg,.r " ont | ]

t ol erances. %erl. 1%?!,({11)1?%{&?{22‘%%0& e?'s§m§§ ielk%aég%wcglgg%ért %)r%éﬁ 0 eéirtf’rati on
of dust and t hergstailizatidy egéres tomptisimgLanealtahol edre imixturardf edter Gindian apdiey
provi de a highly. convenient.form. for.th ckagi.n storage and use of

t her mopl asti ¢ }%’Fﬁﬁ@?‘: .C’Egaﬁl*ﬁﬁ@ﬂr&f%di?iyéé‘%a‘g@%w%’éﬂgf}fn this aspect of the
invention may be applied to all prepolyners. It is particularly useful
when subsecdfient cryst al Fiubatahtally ahahlahepnsly’s iy fised én ffeencate theaytling @dd

Prepol yners are polyners or oligoners which are intended -26 WO 01/10932
PCT/ USDO/ 1848400088 FERs Bedis it ughy e RUOng 0 the PECRSIEISE TYMBHIE 5FUF

vei ght. The noleegulid ¥&ing s th@fprégbl?niéf,etﬁé)'tﬂéefmém Béfiekn dRPeMEhNAn@N the
particul ar polynmer being processed, Polycarbonate prepolynmer for™ exanple,
pref erabl y haveochngig e shork (ipicathes fratien of asecomd ght in the range of from
about 1,000 to about 20,000; and may 5 be processed further to produce
pol ycarbonate havi ng nupfRk;ANRNRE8 Jdpela86d cammbRi Bhths inGhShrt BRhagpOUL

20, 000. In contrast, polyester prepolyners typically have higher nunber
aver age mollecuivathetigeheymoglastiyaaterialsn %%F%?B?% mgy, be ysed 19 &dBePalyTagrs e
honopol yners, wepelkMeR%S sk Qhy and ot her conbi nations and forns of
polymeric materi als, Ei|€n(?:rl'r’u I'ng p%%p?eg? whi ch are el astoneric in nature. 10
Preferably, the prepolynmer is a_polymer which has properties suitable for
| ater SSP processing. PRy Reies fgnedpreordieg 1 diecmetiob of 1BiselBYING IR ch may
be processed p’iﬁfcﬁfaﬂy Bekelt Fort kbe3n S e 951y1§19:§‘zaﬁ&¥%§#).0'}\s'd&%§§9cﬁzpm are
not limted to polyesters, polyam des and pol ycarbonates. Particul ar

exanmpl es sui t grstellizgtion ¢framoszhophpplyreronsie itgrequwired hepraxioean hefcopdustednyent i on
i ncl ude, L ' LBA" 66).
I ncl ude, by q‘?’é‘%ﬁ{‘%g{’%ﬂﬁf éié% %&&Phﬁh%yﬁfﬁﬁo‘m‘a‘?% PR ffpkddbton 66)

pol yet hyl ene te
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 1o 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



pol y(butyl ene terephthal ate) and bi sphenol A pol ycarbonate. The crystalline
shell of pellets provides a region of higher porosity favorable for SSP,
however, thwoPI998% surface area typically increases fronPEHB¥18484 004 to
about 0.37 nR/grarn due to a network of cracks brought about by Iocal 20

densificatiop t f

obt ai ni ng po%cgmckggﬁ %B&?\%&J 'H'ﬂ’gvetrg gcgl;n%t) ecurvmu\/\g{%h%géahst X range of
about 15, 000oftthe plepolymerifiay) @y dépemding et tht pareizulart polymerdeilg processed. yrer  havi ng
nol ecul ar weights in the range of about 30,000 to about 80,000 I n one

en‘podi nment of the i nv :fg%?nab H‘é)é’{’g'm szopfexéiﬂégrgﬂ‘%bl %%V%%I ﬁpl zat ion is

utilized to prepare c which
processed byavefdge rddmteraw%tgm ine.hé Ahgzef frontalsouc 0,000 gboutsZﬁ;DQﬂehddeinayat I on

syst ens nd, a provi er of nuf acturers, such as GALA
haustri b obe plRgRC R AT RoSCEbRe RGNS TOBRS PeTECERNAes | n
an_under wat eﬁe@ﬁﬂslhﬁéhbz&fah(aﬂoxﬁmw mreéduaﬁt, bésfa?rpmpalymeHWﬁQ1>tmveugh die

orifices into housi ng which is fl ooded ?avvater provi ded froma water
circul ation blgbqr@mnm ayprage mgleparyqights. éﬂﬁé?f&t Eﬂh@n%mssﬂhe‘am ipglpdes g
means, such LQSEndP bfhét Notnbiraions" @ndli Brrhf @8, CuUt

of f the errergoﬁrrl] aﬁd pBEy?rLel- gﬁr{)&%ﬁ ymer to foorm pg,lsl ets which are
cooled in thpolywaexmmaﬁﬁmis Mﬂmgmmmﬂ%ﬂwqweﬂcsnpm renoved formthe
housing for further processing steps such as dewatering and drying. The
tenperatyke of the wat oY X M=Ts is"a béI§mEPRRRh Bhs propatits ftaklet 0 about
100 C, mll)l(?e preferabl)ﬁé llygl R Pa%lh*ﬂ ?h gﬁderwater tsl zation is a
pref erred rreﬁméaténﬁsmpmpﬁssmag Polymersesuitahle forJater 858 P&@E@F’Gl ‘ﬁ‘g‘ﬂl By fs aspect
of the inventl ol Ollekng tﬁgsas Uinbdritibf dncibdd, BROSKCRor Riftile8ls haVI Ng
the desired Pﬁgﬂi &c 8 t% ?%ggﬁtﬂml nventlolr’\c t he prepol yrrere f eedst ock
which is subpdyetseds pdyztnhléespehd epqlmhonﬂqur oeelslsulebmammnles suipblewfong agent

that has sufficient va he

hoat ed et BPresng A ERie (RIS RIER of the hveftion holbkBP Bl Aot TEURE 1E

di e the Vapopélgimiximethylbne haligamidi ngylage86),i polyebylene: distepbthalate (PET),
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
0.004 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 80,000.

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.

-27-



produces pores or "cells" in the prepolyner. Upon exiting the die-head, the
hot nmelt 1is imediately cut by a rotating cutter and cool ed by a cooling
agent, such asyW@imjesy Thi s sudden cooling i mediately soligifi

prepol yner and traps the bubbles inside the pellets, ther eg'l';;’%%%%g?ng
cellular pellets. 20 The cellular pellets produced by this nethod are

particularly suitable f@f ablSRdérFaeSBelR8R8S V\Ftrajte,p iyﬁ{g?‘
pol ycar bonat e pEeggqlémar wer. e subsegaently cf@s{g?"a |ze§",u t efléj%%qda%d

surface area a £ QEifices dnte a boysingt whish isifinoded withiwatetprpyidédfaumen waract i on
rates during thgcsuisedentwhaais e cks and, voi ds in
the cellular pellet allows “(,:rysltsg Te?-%ﬁttél}ﬁ 0 ocggéuqn-r%&t ﬁgl%égr 5481 sulcﬂé's 25

pel l et, as oppdddgs.tigtagng yo clnse proxintitytthehetlp fareo dutooff theamergite sthmbls of

structure tq i | ' by .Cel L ul.ar. pelle prepared from
pol ycar bona?e %@%g%g%;gﬂﬁe@éﬂb ee?%r“lr%ic:/‘i‘eaée ?08&%6{9&“5‘5%? hﬁ‘& Pglsﬁ?ﬁgcggatgy eas up
to about 60% hishimgr ist than pmbledt formf the- Bihisii® ﬁﬂ./faﬁ%vm@rﬁ%ﬁﬁ g@ﬁslwll as

pol ycar bonat e epol.yner, prepared by the process ich yields pellets

wi t hout cells, %2’8 ‘e‘“}s/ﬁ %‘H’d%?"&g' &g\el peramyg of 1y peien s pefefablydn sheompseaf
according to thg Tol | kncreased i nternal
surface area of ?Jdg%?‘geg%%?{g@?ﬁﬁ%é%?n@%%??@ﬁ%?e%sed 5 surface area

pronotes faster reaction during solid state polynerization. Wthout being
bound by any theory, it Alhogsh pedesvatergeiletiagtion iscy prafeergd seedsafoe peepetingal | ows

enhanced  dof f Yghep pBRbd ek Wb&ra@gée% f Aﬁ?{ gy for

i nstance, the i ncreased surra%ngcet ar e V\oﬁfl% “arl ow enrgﬁgé%cr%}%%&gf%ﬁ pat hs
for phenol evofuePdise peliets hawing teolgsiredmeorpholegyi ch cel | ul ar pellets are
formed, the prepolyner 10 nelt nust contain a "blow ng agent”. The bl owi ng
agent may be a by- produdh uef prbdat inbEHBR the Prepl RERWHIER' | owi ng
agent may be introduced int oprt he mpre’ggly r .f%ﬁel ste%%?,egor 01% ﬁ&g}qﬁ%ﬁé&one
enbodi nent, th® Hieeprdieysatien Peepysi erseprises artdoming mgens ohsickas baufitiant papmol ymer

having a nol eCpleanraabBita: ©lagdokiodd i i i 05,399 gind
havi ng from abg}tjt 51t0 a outagé’é%r%?% 00g?xﬁqgignaaélg%f%?gﬁ%gh%d%ea?eag85315
1 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 prepolymer 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 vielded 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  pellet, 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



groups. During the preparation of the prepol yner feedstock, phenol and

di phenyl carbonate are produced as by-products. The phenol is suitable as a
bl owi ng ag@iftess1de2 addi tion to using by-products present PCT/U$06/18484

pol ycarbonate 20 prepolyner as blow ng agents, a variety of blow ng agents
may be added to the nelt to create bubbles or voids. For exanple

i nt r oduct i onPYYCAEhOTRIE\PreRgmes SEpRred by shcsprocess which yields psllets witheut cells,

hydr ocar bonsg. Qfan@fraSpelielse 1 nert gases, such as nitrogen, into the nmelt.
during the pelletization process at w% | evel s conparable to those

descri bed for phenol would effect the same result. 25 The bl ow ng agent,

whet her present as a bihesellarellets prodyersipeeerding do thsamehadrofitbetyension, may be
present in tpgReNnHGRREYEE imfha mgyggggﬁ?a&@w ﬁgﬁmteksﬁaanges

i nclude fromabout 100 ppmto about ht % bése. Qn't e weight -29 WO
01/ 10932 C' surfagded prvdrtes ddster reactinnadsing selid statepalyperizatiom bWythowsdeing. 25 t o

about 1% by I ght , . based ap.t ' 0, T W ng
2gent or vo Byl e, fis ey=d 3t e erdeld BHERC A Boys Bfhalcc

di ssol ved i ndiffasiop psthofoy by prodicts 6fSSPoFdr polgeuasbonates, fier inktanceabelinpreased to 5
di scharge into_the areg,of, the seco ressure. If th ressure in the

di e- head decf‘é’fi’%%%’ebgf’%“[l?} °§$ﬂ6§d-ds&‘é%p SJ?rpfhﬁ'é(’IBY‘g\ﬁ??{‘g agent, the
vapors will escape the prepolynmer nelt before contacting the cooling
agent. In order to obtiathe etsbotinlent in widéH exllalar pelleisard foymed, ehetprémlymerp a

el | ul ar 10 ek vt Cprpes sHip e s8te. Sk DPuieaety apu e i drtifie BB Lre 10

phenol and pggr@akbind o€t Crepudyindre tihy dlgling tagentaman bel imtddatedofintb etiper at ur e

to illustrate a range of%%gﬁgtgpri ate extrusion conditions. It is inportant
|

to trap a sDEPolEmenfeedsior f the vapor bubbles inside the pellets to
obtain the desired cellular structure. Simlar diagrans for other blow ng
agents in the prepol yner ot | embodimest ntheatprepolynfer s vomprisee dn e acomtict | ons

for the production of cel|ular pellets. 15 The si.ze and i nal , nor phol ogy
of the pel | cPOvebopd afpelned heife « el e 36 4o it TioB0 g abow
enbodi mens, 261000 AN Bividy £60NdboutNS b @abqin| 95Cable G airyl 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



prepol yner functions as the blowng agent. In this enbodi nent, the
extrusion is preferably conducted at prepol yner feedstock tenperatures of
from about 19Q C about 225 C, nore preferably about 22Q C to about 225
C, even nore SY%P%‘?%"BW 20 about 223 C, and pressures of é’%@ﬁq{’é’ﬁ‘c to
about 100 psi. It is preferable to maintain a constant flow rate of the

prepol ymer in tdfehe prepalyrder m@i‘-&j?r@kraﬁ@n&bhﬂ 2550 IR IWE%WE ARG Yy

bl owi ng agent doe qu? occ&’ the conditions Int system ar e not
mai nt ai ned pr oﬁ’éﬁ’é&?" BPTBRYIeS:- | ets or foamed pellets insufficient for
handling may result. Hollow or foaned pellets are fragile due 25 to |ow

density. In one enbodi MeThe bibWR I@g&@@fyélﬁile'sﬁecfegghdtﬂﬁﬂnﬁﬁ 15%&?&&18%:13& the
form of a solid, such as a powder, cellul ar” pe gl onerate

pel l et. The extPhegesr figsolved 4p W%ﬂﬁé@mbm ébefmnétmmemq)d:ea igrhgadupdor to

at nospheri c gpr t Lok N ng the
i o hoad t o marrats i T bickof 1SS prdlout. | b€ pRERR mBRIAEELN 035
PCT/ USOQ' 18484 desspriseshbeldve ths| vapprpgesawre of thcei;kwmg agent ahpvqﬂrmaﬂtdaeapeehd ul ar

pellets. Upon | ond ress melt is
substantial ly g%?u%-‘g%g’% e;t;&g%o tQJémgqﬁ SR8~ roﬁ’u‘é’gﬂ ﬁ 8@ Cgﬁ‘é‘
pellets. Ater pamatsmh;y;mgohmtm&gﬁdgﬁk‘icﬂ@gfﬁzbﬁoﬂth&@ﬁﬁdr}&ubbﬂe@%ﬂﬁpED&s 1o
pelletizer in the, f f|r and second pressures my be

h
varied, howeveftH g?gﬁ‘gﬁﬂﬁmﬁrs@%?e-ﬁé (R° SREHRHOZ; VRQF ITERRRE of MRS ¢ he

first presgor Ephdnbl iafd Gaf Gphérglcadonmd rafeapnme@ Bl £ Fsieti6h &F ftérﬁﬁse%ﬁ:ba!o of at
| east about 1031'%) %between the first and secqond pressures n one

enbodi nent , % F0raPE% OF APRIOPHRIS SR ABIGN (epditions nilt dsnimpertantstier Bamad t he
first pressur esifficiemipoitidh € the 3k go’l\l&ﬁbﬂles]@.ﬁd%h ﬁelfé'tst 18 roﬂﬁfn' tﬂéatl.léézre& %ﬁllﬁﬁc on d
a

pressure may 10 be nalntalned pressures ot her than anbi ent; however, the
pressure diffefEifire Sipdasdisgrams Sof jother blowing cagents %rib%mpémh@élb'd

preferably be aderh@@sbn 3004k 80 chRfitiond RE 18 F&dvRfiod A}Q‘elﬂﬁx Jormed is

dependent on the processing condltlons |ncI udi ng the SW T rate of the

prepol yner .and t he cutt s ee@ Is desirable to obtain pellets of a
uni form si 28, having a I S’&Eﬁ% 'Em?réﬁll’%m??‘fl"%%f the peliats jsglepamientonn theng,

flowability nmayxtigioh EBRE@SHs. In one embodiment, the phenol present in the polycarbonate
prepolymer functions as the blowing agent. In this embodiment, the extrusion is

preferably conducted at prepolymer 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 system 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 2 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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In general, it is desirable to obtain cellular pellets having a generally
spheri cal form The length of the pellets is preferably in the range of

about 2 nmm wOo01aAMSEt 8 nm nore preferably about 2 nmto BEHYSA even
nore preferably about 3nmm The width of the pellets is preferably about 2

to about 3 nore 20 prefera 2 Th repol. r melt
flowrate agg}hicﬁég w!ﬁgaggrge@orgfs %é" “c?ﬁh"i“ﬁﬁaﬁg@'&“m eegég}ﬁ%nﬁ?oni zed
to produce peddecifseaindtpnssitesthe pebpolyiien miehis substantiallyadihehtanadusiyecodledodi nent ,
a pellet of Q&ecarbo ate_pr I [ be forned that doe pt have
cells. These %lqté‘f B’°g'r“'t§ ‘Pfg?‘gﬁﬁ?’ \égﬁé‘r rg@/’?%“’% {h‘?fegﬂ 3?35?@ The
standard pel kQts tRIdiIzecd kot of HfeRaMe MaNner as the 25 ceI | ul ar

pell ets, except that the extrusion is conducted at tenperatures in the
range of bel ow about 190 C. These standard ets, not contain
the cells? are suitapine Higtan E“’B’l“iﬁ?ﬁ%’?‘?s b#lvm%"&ru rs% ght
materials, SB&qu?éshBﬁlB b BfhirltiinedIBivEChhn Bk Fikst res%eél FR{R kMo hmmiainei ght
aver age m)l ecul ar wmrg‘gts in the range o 01110932 PCT/ USOCx 18484
from about 28prewire differsatial ofat l%DM@QﬂW@F@:% ndriesserchel | et s
are Prefer apl ¥nd Giboifithr ets&‘aF@ pesie ;dog,dmtﬂea%lakﬂsw g&%@m héhe
standard pellets or ce | ar gts used ane plant after
bei ng nade §itsb pressufeois mmtanemwboutrloﬁa@kagb@nwpln therseenmdpressyre maj

ggm{? may E% crysf‘éq ??Em%f%geogﬁ%ggﬂ{a%gé\gm@%%ﬂﬂp%tﬁ%s}“%escr| o%géalrn

section | anbetwsarthe first el sscond prdssures shbuld prefésably be atdest aboubIWpsi.or | at er
use, or packaged for transport, all in comercial quantities. -32 WO

01/ 10932 PCT/ US00/ 184% gem ra[')lf sagltvme NN F,ghepy og’eH Hs B ggp

Process As nenti oned, e to use the ce [ ar
processes. Emdxmmk.ymelmlhoglaheeﬂé\mrratpmftthhespom Mﬂ:ﬂemgsmfhc& iarea

transl ates di,rec I b ing the
rate of SSP. dﬁ' !télfxa? elp&ﬁ‘i{ BEBHg %@nglgﬁgeﬁ? oy euﬁgg ﬁsﬁé ngpl?or epare
mat er i al 45 haworlgng, ﬂmablhnylnwtbbanpﬂdedght , such as for

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
about 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 altenative 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

3]



optical disk applications. In one enbodiment, the cellular pellets froman

underwater pelletization process nmay be dewatered and introduced into a

reactor in vvhwgﬂbg,éﬁ may be effected. Prior to or after inihpdMakign into
1 .

the reactor, the cellular pellets are 10 crystallized to aEFevbebfl

sufficient to allow SSP to proceed effectively. If the prepolynmer is a

pol ycalr Ib_onatga ﬁomp@bymlﬁi,owwaﬁdnsBam, 'Img_eﬁmﬂfsﬁﬂ@Ldﬂmé s!lalﬁd?wlgbmshg,q to a
crystallization step..Iln a preferre 0 nt, the cellular pellets
prepared from ?ﬁ%‘%&%%&ﬁé‘%ﬂ%@gﬁﬁ%ﬁf}u ¥Pelidscribed in section 1, s
crystallized in accordance with the nethod described in Section | of this
15 specification. Alter Tt stedayd pdleRedr celiilirgjeliets HRPIR AINTuIhO SanfOpRNt S MAY
be used to cr st%l lize the p(gl ycar bonat e prepo:'fymar. Non-1imting exanples
of solvents uséFﬁl eing madpcstored &rater nsge Ak paskaged forwanspet. 1alln rgmmersial

anor phous pye a : i i t ch as
met hyl chl ori (@dﬁgshyrfg%%ggﬁgo%%gd %ﬁf%?’gggfﬁ{r}? %gﬁ%%g%%@gzgﬁﬁg” de,
ehl or oet hane, FeHnSE MtHthe method idederibedoint deeting, I andi uskd or && bythe plant after
tetrachioreth ' reof: ar ti e h epated hydrocar bons,
such as chl o?%? nggfrjléep %‘E\rg& 3?%?1%&% ’eﬁ%@ﬁg{g&& oérg%nggou'ghaﬁgén tcé?mﬁﬁifér of ur an
and di oxane epesitiessuch as nethyl acetate and ethyl acetate, ketones such
as acetone and nethyl ethyl 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 Wc) 01/10932 PGII USOO' 18484 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 |I. above. :




This invention has been described in detail with particular reference to
preferred enbodi nents thereof, but it will be understood that variations
and nodifi M@MHEB2can be effected within the spirit and FEHYSHBLe

i nvention. EXAMPLES 10 The foll owi ng exanples are put forth so as to
provi de those_of _grdi nar kill in the art wwth a conplete disclosure and
descripti on GREebRre eXbzspared byPelletizationBracess and net hods cl ai med herein
are made and eval uated, and not intended to limt the scope of what the
inventors regard as thAsmentiored] is desirablefto usesthb astiuldrepelletsr iSSP ProcésbdslIr €

accuracy with,respect to nunbers (e, g., anounts, tenperatures, efc.) but
some 15 erro °5H‘§9‘Ef@?ﬂn fEiforastance, ﬂ“%@%@éﬂ%ﬁé&a%ﬁaa ‘ﬁ‘@’é:gy *al‘}&‘f ed
ot herw se, paéhévaiio€ phdhol, WhérdbY incleBIRE it fdteCofl SSF. N Altem@tivelys tRe stamiard

tenperature. In the processes described, _un]ess stated otherw se, the
pressure Ps Pelless mapde usdtoeenars materiale having. jowsr oleqular weights gushrasdetiur es

used for the ggsibisg gﬁbn?'erei n are as follows: 20 Ml ecular weights are

reported as vc\igi ght a\z}gélgge Mnv), unl ess noted otherw se, and were

determ ned by gel perneation chromatography relative to polystyrene.

Nunber average mol ecul Br onei gmbedimeal) ther selipdare pelletedirem gB| undpswaiert i on

chr omat ogr aphyyed5idk " Rwiiehed! dhd ficoddkedintd £rERL P9
%llet&énc;aﬁ %r\@ésyﬁﬁg\fﬁ de fed d&uby (ﬂaﬁ X rnent :}%Fltol'% which'§§p"

calorimetry. = Ta, values were determ ned by scanni ng
cal ori met ry. mayde efferted./ Brig30 opdrr bsednatmgato theyeadier, thelcelwlarpelietslarees, t he

' hour i 0205 oRgBF ] SRk Sarpith ilon SSPigprtec B, © Ol e of

cellular pellets were gr oduced using a GALA underwater pelletizer. The
tenperature of the nell thaprepplymer @ aTpelyqachonate spropolyanesy fart iastanceedhe usi ng

al cohol vapor, gb et SIRRféed' 6 £ brydrailizbriotf k. P & frofRREPLBABOYimEAP Ye FOT ONE

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
halogenated hydrocarbons, such as methyl chloride, methylene chloride, chloroform,

20  carbon tetrachloride, chloroethane, dichloroethane, trichloroethane, trichlorethylene,
tetrachiorethane 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
methyl acetate and ethyl acetate; and ketones such as acetone and methyl ethyl ketone.
Acetone is the more preferred 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 were speqggidogsynchroni zed to produce pellets having ackesgiibsel 3
mllimeters (nm and a dianeter of 3 mm These pellets were designated as
Gal a #15 pellets. Gala #15 pellets were cellular pellets. The cooling
agent was water, and thﬁ'ﬁeexsmpﬁt:zsﬁan@f bd hﬁldﬂ%@runﬂgsa v&ﬁhtﬁm‘-ﬁh&?ﬁi
pressure was 100 si. The_ standar e odugc oW ng
conditions. ThE® dg‘?“&é i ?to”ng RSP "*‘Fegisgﬁ‘gﬁnﬁ’geﬁ é"é‘g te’ls‘qtb ﬁ aIgH\‘r'e f or
the Gala #15 pgleh@intier i€ ¥619@bInBER reatb RitR Mo cHABNlizBFDSEA dScRibIRE sedfdnC. The

followng chart sets forth the properties of cellular pellets and standard
pel | ets. Tabl el of thesperification, the areeesy alap beyonsustedin) twestages wth@e@mf@oo
MJIM 1 Oegluh%a&gﬁ é/g&ﬁ% 273 36 15 2.4 2 Standard MeOH 230/4 139
263 25 11 2 3 I"u 30/ 10 142 295 28 12 2.3 4 Standard MCOH
230/ 10 133 284 21 9 2.3 Cel lular 3- 210/1 +230/1 +240/6 142 282 41 17
2.4 pentanol 6 Standara'hg—mwgﬂqhaﬁm@Smé%d%kwﬂbmgﬂqrefzfﬁgcetpentanol
20 Exampl e 2 - G50 OLAAARARPGEILT SARLABHRS be BhrEATRLE AR 143!
effecting crystallization wth a crys | I'’zat1 on agent conprising an

al cohol and a mwiificatishecandeaifentd withimthe apidt sidseopenf thedseestiathe rate  of
solid state polynerization and provides nold rel easing properties in
downstream praeesfiiR@ S A) 5.6 granms of 3-pentanol and 1% by wei ght of
the polyner of pentaerythritol tetrastearate (PETS) were charged into a
pressuri zabl e vessel and 12 grans of GALA #15 pellets were suspended on a
screen. Thélvessel was Adafadlewing 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.

Tr, values were determined by differential scanning calorimenry.
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tenperature of 150 C for | hour, at the saturation pressure of 3-pentanol
of about 1.2 atnospheres, and then cooled to anbient tenperature. The
resul tant cwoamadlBz ne pellets 10 were subjected to sol i d BCEHUS00/18484

pol yneri zati on according to the protocol given in Table 2. Table 2 Stage
Templrinc T= () TB (O MVM (Cbr) 1 Initial sanple 116 212 15400 5400

2 200/ 03 + 220! 0. 5+2302 theifglowigg tabips 5he proagsse steps mOUEcelidTollavss5+23011+
149.5 256 60400 26100 24011 4 20010.5+220/ 0. 5+230/ 1+ 151 256 67900 27100
240/ 1.5 B) 5.6 grans - 9 kght ° | ynmer of

15 gl ycerol nonostear ;Q;zgﬁ( %lgggﬁé%%yi%gggab?%osg@lgg’g?%%(/essel. 12
grans of anbophat230DEl | et s were suspended on a screen. The vessel was
heated at 150 C for one hour, at the saturation pressure of 3-pentanol of
about 1.2 at %ﬁhﬁrles’ and then cooled to anbient tenperature. The

resul t ant cr@g PEithe pellets were subjected to solid state polynerization
according to the protocol given in Table 3. -36 WO 01/10932 PCTNS00/ 18484
Tabl e 3 Siage Tenp/ri rSamples (0celhflar(ge)letweld prothidet ivsing 25GALA ubhdbrwitkd 19600
6000 2 200/ 0§ + 220/ 0.5+230/ 1 149 255 49100 21300 3 200/05+220/0.5+230/ 1+
149 256 59508F!8lZEB0 The sesmperaturo of the. melb was 8228° 30 The pallsts werg caustalized 6500

240/1.5 Corrp@srn?gt &]&ﬂ\oﬁ?w bfa @nperature 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 pellets. Gala #15 pellets were
cellular pellets. The cooling agent was water, and the temperature 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 |
Run Pellet Agent Temp{*C)Time/(hr) Ty Ta My*1000 | M,*1000 | MJ/M,
I Cellular MeOH 230/4 141 273 36 15 24
2 Standard McOH 230/4 139 263 25 11 23
3 Cellular McOH 230/10 142 295 28 12 23
4 Standard MeOH 230/10 133 284 21 9 23
5 Cellular 3- 210/1 + 230/1 +240/6 142 282 4] 17 24
penatanol
6 Standard 3- 210/1 +230/1 +240/6 137 270 29 11 23
pentanol
20 Example2
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C) 8 granms of pure 3-pentanol were charged in a pressurizable vessel 5 and
12 grans of anorphous pellets were suspended on a screen. The vessel was
heat ed at 150“,8&@69321 hour, at the saturation pressure of Bepestasal of
about 1.2 atnospheres, and then cooled to roomtenperature. The resultant
crystalline pellets were subjected to solid state polynerization accordi ng
to the protocol given i rThiséamplebhodOthdndiieeting dystgizatienwith Aicn@uallizatidn) To
(O M M (cl brc) | Initial ?B:aﬁle 111,222 2 200/0.5 #.22010.5+230/1 143
256 40800 169088°ISCORRIFHE 23 504 2adp mpld reipase Agent 45 g pAdiyE AR reases Spe ralp
200103+22010. 52 gdlidstard pOlyrerdzau60 @il praviaes miOeRadixplbeticd ik otmaeanp| e
shows that the alcohol, i.e., primary, secondary or tertiary, in the
crystallizati off°888BE- has an effect on the final nolecular weight of the

15 polyner. The prepol yner used for this study was in the pellet form

appr oxi mat ey 31 x MM ThgSgelot SlyadiCux B wbalbf 18 EHma goho
vapors at -37 WO 01110932 PCT/ USQ( 18484 150 C, at the saturatlion pressure
of the cryst al pentzeryteriioh desrastearty (PHTS) svere ehprged dntp o pressrizable yesselmndnigr v
secondary and [ I far ' al l'ine
pell ets were stb) eé’? g@f@%@‘%%ﬁ?%ﬁ%ﬁ rogtaugrcgeg'a%%g%?d%gh%%é%ﬁé C
under a fl ow ofempetating)eil 5at Caomi hdun aathe setamtion pressyeet ci3kpeatatol ofialamed 1 3PP wer e

Crystal i zati oRTHOEIR(d g FOTEY Ao rD; eappRues e s vaselire il " °

anor phous pel | @ stiljder® ©)soli@ kte PeBRRALIRIIN @Bcokdiy to the protocol given in Table

2.
Table 2

Stage Temp/Time T 0°C Te °C) M. M.
{°C/hoy

i Titial sample 116 212 15400 S400

) Z00/0.5 + 220/0.5+230/1 | 148 254 45150 21450

3 200/0.5+220/0 5423001+ | 1495 256 60400 76100
24041

! 200/0.5+220/0.5+2300 1+ | 151 256 67900 27100
2401.5

B) 5.6 grams of 3-pentano] 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 saturation pressure of 3-pentanol of about 1.2 atmmospheres, 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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screen. The vessel was heated at 150 C for 1 hour, at the saturation.
pressure of the crystallization agent, and then cooled it to room

t enper at ur eWOPHEB2sul t ant crystalline 10 pellets were subfEEI0E8484H sol i d
state pol ynerization according to the protocol given in Table 1. Al cohol
used for this study: Prinmary al cohol Tllbggthanol i sobut anol, 1-pentanol
Secondary glsggtrot fprRpane—3TReptanet “Zﬁ@-r-t-l- £y —ad f‘nhal t-bhut anol
Fromthe results, in Table §,"i Fgﬁndtka PC crystallizgd from

S was

secondary a

hnhnl J’\‘
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g_ uce hi ghncf

mol ecul ar

wei ght

ereas
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gi ven be

#Hear pri
ow. Tabl

mary
e 5

Tentp/tinme
Mv Tg (O |

Ret hano
v Tg Mwv

Initial S

)

BSOS+ 2- PiBpanol

npl e 109

t 38ut anol

9540 109 9540 10

%50C] h)

4% C)
D 9540 1(

) Tg (O
9 9540

After cryst

Allizati

DY0OBERPOGEI0+ 114

1521200

2% 16200

b 1/27

26502 UUT U,

5 +

230/ 0.5 + 128 18473| 2ug 47700 148|53400 146 42400 |230/1 20p/ 0.5 + 230/0.5
+ 133 23446 149 59870 I51 63700 148 48450 2307 T ¥ 240/ I 20070 23010. 5
+ 137 25508 151 64576 151 69950 149 55950 230/1 + 240/2 -38 WO 01/ 10932

PCT/ USO0/ 18484 Tepp/time |sobutanol 1-Pentanol ('db) Tg ("C Mwv Tg (eC)
Mv Initial BeFaampe 63109 9540
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 TempiTime T, (*C) Ta(°C) M. M,
(*C/hr)
! Initial sample 111 22
2 200v0.5 + 220/0.5+230/1 143 256 40800 16900
3 200/0.5+220/0.5+230/1+ 137 259 47600 19600
240/1
4 200/0.5+220/0.5+230/1+ 149 263 55000 23700
2403
Example 3

This example shows that the alcohol, ie., 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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Aftercrystal 6zation 114 13713 9995 20010.5 + 23010.5 + 145 42882 135 27550
230/ 1 200/0.5 + 230/0.5 + 148 44050 139 32570 230/1 + 24011 200/0.5 +
230/ 0.5 + 148 #@ﬁ?ﬁ 93539 32350 23011 + 2402 Exanple 4 This gaieebssseons
that controlling e crystallinity of the prepolymer 5 is desirable in
order to ensure efficient SSP, and that secondary al cohols help to

minimze the pyaeEegs aPhnd o5 s&yﬁélok'tﬁ@tcaﬁmxmﬁén gt ok YP 8uO for

al cohols as well as additives inh alcohols can be used to control thermal
crystallinity wm&gat@sPangspmdarybydnmryﬂcmis viere 5gh fas Ugs stndy. The

particul ar, the | ng .addi tiv ;tlo
agents conpri s‘f’ﬁsggg Bﬁ% e’ﬁ%lgl FEQQP&%QI géﬁ F?Pﬁéﬁ?%s‘a{’%e %%&’rﬁg;ébﬁ
effects of theﬁx{miaﬂbwﬁaidogmna@m In 411 dabdss ﬁiﬂl&ﬁc@ﬁnmbﬁﬁxrﬁ;ﬁxeﬁra% of
the al cohol and 1% of . the _additives by weight of the prepol yner were

charged intd auskeeidanticabogpdionfessel with 11.5 grams of anorphous pell ets
suspended in a screen basket. Gl a #15 pellets were contacted with vapor

phase al cohol . The vesselicapas(ib g,&pmta dratlization ipparehs onsidung he
and hen

saturation pressure of the al co cool ed to ambi eng ten}l)lerature.
The resul t antofcs psassyrizable vpssel) ﬁldsw@@m ate (bl 18 veest Suppendsd on

pol yrer [ 2at T O AL60ME Dekadi Gras blfedP Q50CC!fors 'R, dtncftioR presifle Y 1110932
PCr/ US0O0/ 18484  Table 6 cépt em Reaction T™ Tenp/tirne

Initial Final ¢rystaliizatiop mat, agcthen cogled :@pgmx@ﬁegwmm%tMmﬁult@ﬁ@m@mnﬂS 291
39 68 2550¢, 94;9:%::’(5 2l Q:bﬁi‘ted to solid state polymerization according to the protocol given in

Table 1.
Alcohol used for this study:
Primary alcohol  : methanol, isobutanel, 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
Tempitime Methanot 3-Pentanol 2-Propanol t-Butans!
cm) T2 0 Mw Tg °C) Mw Tg €C) Mw T Mw
o

Initial Sample 109 9540 109 9540 109 9540 109 9540
After crystallization 105 6530 114 11200 12§ 16200 I4 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 55870 151 63700 143 48450
23071 + 24011

200/0.5 + 230005 + 137 15508 15§ 64576 51 69950 149 55950
230/1 + 24012
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23011+240/ 2
3lat r aaol

2 Hexanol 220134230/ 2+ 224 299

220/ 34230/ 2+ 222 284 25 44 56000 23100 24018 4 3-

22 61 48000 18800 241718 3
ent anol

200105+220/WQ@@GI0%2 55000 23750 0.5+23011+24 013 5 Met h&AGSUSWI884103+220/

225 280 34 62 31750 11700 TEGDME 0.5+23011+24 (1% 01/1.5 6 3- peat anol

+

200103+220/ 224 255 28 18 69700 24700 TEGDME 0-5+23011+24 (1S) 0/2 7

3- pcnt anel

+ 20701032201 212 256 32 1

67

0 0 27100 PETS (1% 03+ 23011

+24012 8 3
03+2307+1+2
crystalliza
solid state
grans of 3-
gl ycol dine
12 grams of
at 10 150 C
(appr oxi mat
resulting.cy
according tp

+ 20@b@nd+2207/ 1-F2ntabdol 26

017 Exanpl e 'S This exanpl e shq
|on; Ment g%oanTsiHB%Q pl M%t |

R MAERr i zat i@n Ofgsyg SUDS@qUENRLDLY

p € admpitig |

bent anol and 1 % by weight with 1

Midcrysalidtior ( TREDIVE)3\er e char ¢®8 |
o, peljets re aceg, an

ﬁ??ﬁbne our&at tﬁ% sa?%ratlo% [

nI at nospheres) and then c¢

;gg‘tﬁ I2 °’P1‘1t= p&B| et £050ner d¥9subPEVL ¢

he protocol set forth in
200/0.5 + 230/0.5 + 148 48500 139
230/1 + 24012

32350

25 22 64700 27300 GVB (1%

jws t hat application of the

ci zer increases the rate of

pol yneri zed prepolyner. A) 32
espect to the 3- pentanol of
nto a pressurizable vessel and
a screen. The vessel was heated
ressures of the al cohol

pol ed to room tenperature. The
bd to solid state polynerization

10

15

Example 4

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 add

ition 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 pressurizable 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 pressure 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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Table 7. -40 WD 01/10932 PCT/ US00/ 18484 Table 7 Run Tenp/ Tine T2 T. M M
("Gb) 1 Inltial 2 20010.5+22010.5 147 248 51300 19650 +23011 3

20010. 5+220/ 0. 60 66000 24100 +23011+240/1 4 200/0.5 g‘%&(f 9700
24700 +23011+€23%§£B) 8 grans of 3-pentanol and 1500 ppml:Flr W oﬁﬂ%{:}pect
to the 3- pentanol, of tetraethylene glycol dinethyl ether (TEGDVE) were

charged into a 5 crystallization apparatmssconsi sting of a pressurizable

vessel and 12 jeans |8fenGALA Refhbl pERI €1 S| Wl € |AHACEegAan { SCT ~The
vessel was hedted aff 150 C foehpile h$lﬂﬁdat rbihe |s@dsur @kdaon pressure of {the
al cohol and cqol ed §o room g@wperafure. [lge rasiht ahi, pel | et s jwere
subj ected to S§PaCTWERITU It HTsIe~ProtocokiuTve - FabterGrakg8—Run
Tenp/ Time Ts §. M M (Gh)} kaplsni tifal 122 21942 2004 0. 5+220/0. % 149 P55
45400 20800 +#23011§3 200/ 0. Shdedy 0.5 150 258 5?000 23?00 +230/ 1+24D/ 1 4
200VO. 5+22010.55+-S© %ﬁ%%;——%&&g +240L.2.10..C &W“‘ﬁ%‘“
3- pent anol anc{1000 ppm, w Fes Jgf:t tio the §2 st * '
3 3-pentanol 22003423072+ | 222 284 25 44 56000 23100
2408
a F-pentanol 20070 5+2300 63 31 55000 23750
8.5+230 1424
o3
s Methanol + | 20000.5+2200 | 225 230 34 62 31750 11700
TEGDME 05423001424
U s
6 3-pentanoi + 20000542207 | 224 255 28 18 69700 24700
TEGDME 0.5+230/1+24
(1%) 02
7 3-pentanci + 200/0.5+2200 | 212 256 32 1s 67900 27100
PETS (1%} 05+ 2304
+24002
8 3-pentanct + 200/0.5+220¢ | 224 260 25 22 54700 27300
GMS (1%) 05423041 +24
{174
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 giycol dimethyl 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 cooled to room temperature. The resuiting crystalline pellets
were subjected to solid state polymerization according to the protoco! set forth in
Table 7.
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pent anol ,
a

of tetraethylene glycol
cryst aI | i zati on apparatus consisting of a pressurizabl e vessel

THETHSAUIS84,

di met hyl

grains of QAR5 pel|ets were placed on the screen.
heated at 150 C for
cooled to room tenperature.

Q fJnn nr

1 hour at

according t

The resul tapt
: “.a_n g
&npl Tinmg T1 T.,

1

the saturation pressure of the al cohol

15 pellets were subjected to SSP
Wr\l Q110932

ether (TEGDME) were charged into

and 12
S
and

PCr/ UsoD 14484 Tab ec,,,@@i'ﬁan (an|™ intirhs 2
2(0103+220103_146 25875760 {20900 +'3o(1 3 2D0(05+220(0.5 149|260 53450
24670 +23(({ +24011| #*80010. 5+22(V\,0 % 150 262} 57280 26.230 +2B011+240(2
Conpar at i vesExanpte tves)si) 8ot = wer e charged
into a crydtallizat ng,,apparat us corlnsi sting pf a preﬁsuri zabl ¢ vessel and
12 grams of eeEs Jeed—en—Bihe—serepn—Thel vessel was
heat ed at 1§0 C for 323 %l dt"the safdration pressure|or the a}cohol and
cooled to rmm%%s_lhe_r_esm | bd to  SSP
accordi ng t{d t he pr pfocor gilven in Téble 10. 1380 e 10 (PN Tenpfrime TS Ts
M, ccth) [l initial*™ %934 > 2001015422010 15 143 25640800 15900 +23011

3 200(0.5+220105 147 259 47600 19600
B) 8 grams of 3-pentanol and 1500 ppm , with respect to the 3-

pentanol, of tetracthylene 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)

T

M.

M,

Inital

219

200/0.5+220/0.5
+230/1

143

255

45400

20800

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

150

258

54000

23800

200/0.5+220/0.5
+230/1+240/2

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 subjected to SSP according to the protocol given in Table 9.
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+230(1+24011 4 20010. 5+22010.5 149 263 55000 23700

+230/ 1+24(V3 10 EXAMPLE

6 This exanple shows that application of the crystallization agent

conprising a
subsequent |y

vessel
i nstance, 2%tk
PCT/ USOQ 1848
saturation pr
cooled to roagm terrper

S0Pz

charged into a crystallization apparatus
and 12 gram; of GALA #15 peI I etsnmeere pl aced on

ed prep

ol yrner.

A) 8 grans of 3-pentano

added

Ml Jo70 O

4

M - 42V
Cfor 1

at bUIIUT TU.
Tf{e result

UM U)\l IIﬂL

ant pel | ¢

Cly J..L

ts were

t-mospher
Subj ect ed

according to

M M MN rjob) 1 ini

wB@l 116

tzhe pr ot O@Q‘Pﬁéblﬂﬁemq n Tab

224 2 2

#3811, 1
D0/ 0. 5+22

apfe 11
010.5 14

Fi%¢ Tenp
/ 276 48(

2.27 +230/1 {3 20070.
200/ 03+220/ 0.5 150 26:

273 65600 24560257
6 +230/ 1+240146 5

LY 52 %733

P Bl OB 2

Ly Z06Y
6000 235

pesl00 243
+23011+

R AT

+230/1424072

464200

@5+22071

Sus0l. 46
24013 5

P00/ 0. 3+2

HABOLT+3

W

Comparative Example D) (no additives)

ncreases the rate of solid state pol y@g*@gﬁ*@n of
wer e

15 consisting of a pressurizable

the screen.

In this
01/ 10932
hour at the

es), and
to SSP
rime TS To
00 21 LQU
4012 4

20/ 05 153
32600 2.6

D) 8 grams of 3-pentano! 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 Ts Tm M. .
°C/h)
1 initial 1 2
7 30070.5+220/05 | 143 356 30800 16500
+230/1
3 Z0070-5+220005 | 147 359 47600 15600
+230/1 424001
3 300/0.5+220/0.5 | 149 263 55000 23700
+230/1424073
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
153 consisting of a pressurizable vessel and 12 grams of GALA #15 pellets were placed on

the screen. In this instance, 2% of 4 methy! 2-pentanone was added to 98% of 3-



B) Conparative Exanple In this exanple,

3- pent anol

wer e

pressuri zablV¥OdO%2| and 12 grans of GALA #15 pellets wef
1 hour and at the saturation

screen. The
pressure of

vessel
t he

p
room t enper atpﬁ?tg‘ml

t he prot ocol agﬂouar(app?oﬂﬁbde@ 11.’2a1mo€;§1 Qﬂdé&&a%i%@iﬁt%{% b

Run Te np/T

143 256 40808espam pe
+23011+24011 4 20010. 5+220/ OS 149 263 55000 23700 232

2.42

nc IT=T

was heated at 150 10 C for

no ketone was added. 8 grans of
charged into a crystallization apparatus _consisting of a

on the

¢ PG R TR oo d ous s Bertos o fiBor i ng 1 o
18the Table 12

1init

22013+230/ 2+2 154 284 56000 23700 232 1#046 C)

i al

In this further exanple,

accordi ng t ¢Rehe TNVETIRR, U, g1 ans QOfs GALA Mo pel | FMIMISET 1]
crystallizatfi on agent ('czuprrprl qi ng |sopr opyI aI cohol (I A) as sef fort h [
Tabl e 1. | nfgxperinemtmNoTbersE—tie Py StatHzat-on—Sragent—coppr+set—S
acetone, by|weight of the crystallization agent. Crystallizatioh was
effected fon2l hour pIOVBHROS (447 t he sabrati on 4essur ¢20®0 t he piwohol .
cellular pelfl ets werp+9dl yner|li zed at 20 C for{ 1 hour, |fol | owed| by
pol ynmeri zatifen at  2p0o3+«Res |449N0Ur S. | Beir | Ng 1|[sewoopr oce$3soan 1 N gas
sweep of 3 lliters/ m patses28f2 [ni trogen|was mairftai ned. 10 Table {13
4 200/0.5+220/0.5 | 150 282 61000 26000 235
+230/1+24073
5 200/0.54+220/0.5 | 153 273 65600 24500 257
+230/1+240/4
200/0.5+220/0.5 | 155 268 85000 32600 26
] +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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Expetincnt No. Solvent MM Ts TM To onset Ali (%9 (O (O (C . 0/9) 1 1PA
+ Acetone 14550 106 228 185 30 starting oligoner (95:5) Product 48500 147

277 240 44 2 00 103 232 181 29b stattin OH12 titer 0)  Product
42680 144 275 dé‘g@qj? bSl arting oligonmer This invention h gé%'gs@%f'ﬁé"scrl bed
in detail with particular reference to 15 preferred enbodi ments thereof,

but it will be understood that variationseand nodifications can be
ef fected wit hifRat N SpJ TerdTim@nNd | SCOPE 0T TaNe 1 NVERL T O T2 VWO O %6g32—
PCT/ USO0/ 18484 WHAT L (édmAI MED|IS: 11114111! 111311111111211111 1'}1 s 1. fA

(W I

net hod of Cry T aromgRETC }Jui Ve borat-e pfcpu: yer ey RG—a
nol ecul ar wei ght_of fr mabout 1,000 tg about 20,000 and havi ng from abqut
5 to about 95{Apl e % ar¥¥-SeAChoHat e t erffnal end+gp oups,| ¥¥eesed onzdiot al end
5 groups, thejnethod c i sing: a) efflecting contact off the prepolyrrer

with a crystalBizi ng ajgees+2089PF | S1 NQ ja al conpkeand ai) i@l 11 VEzez WETET N
the additive iis effectiwmb®ii pcrease tjhe ratejof solid state
pol ymeri zatiopn. 10 2. {The methpd of clgiml, vvharein the additive is a

ketone, a pl asticrzetsRiRsiphs—etredsg—eagent Fhe %%eﬁ—ﬁ?laa—m-
wherein the afcohol canpgpises At |east jabout 1b (805% by jwei ght of the

|

e

crystallization agent.; 4. A nmefhod of grystalliging an aromatic
pol ycarbonate| having g nol ecular weight in thefrange of from about 1,000
to about 20,0 and h3\eeongsezoMmss 754 56000 73700 233
406

C) In this further example, according to the invention, 50 grams of
GALA #15 pellets were exposed to a crystallization agent comprising isopropyl
alcohol (JPA) as set forth in Table 1. In experiment Number 1, the crystallization
5  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.

10 Table 13 .

Experiment No. Solvent Mwt Ty T Tmonset | AH
{%) —_ ) °C) 0 i

i IPA « Acctone | 14550 106 228 185 30°

starting oligomer {95:5)

Produgt 4RS00 147 77 240 44

z PA 12600 103 232 181 29°

starting oligomer {100}

Product 42680 144 275 260 53

bStarting oligomer

This invention has been described in detail with particular reference to
15 prefemed embodiments thereof, but it will be understood that variations and

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



about 5 to about 95 nole % aryl carbonate term nal end groups, based on
total end 20 groups, the method conprising: a) effecting contact of the
prepol ymer WQH183¢rystal lizing agent conprising a prinmaPGTUPA8¥4, ¢ ary
al cohol, wherein the primary alcohol is applied to the prepolymer in the
vapor phase wherein the crystallizing agent further conprises 25 an
additive effective to increase the rate of solid state ﬁl“ﬂﬂumu’“mllf
The met hod of WHASIIMCLAIMER B:n the additive effective t ate
of solid state polynerization is selected fromthe group consistf ng® of* a

pl asticizer, 30 a nold rel ease agent, a ketone and a m xture thereof. This

Sheet Has Been Repl ced -~5 1211121212 FLLELL BHRLTiidiili WO 01110932 111111
;Ir 1)r~rlat~| ; ;éll ka.lr bEnTngS(C:? f% taﬂxzﬁ:g@naém(ﬁ)@t:% SCQBODQ&M cr yst allizing
agent conpri ﬁﬁa‘ﬁ‘ﬁgé “H’&F?”ﬁi’ E’gfn‘f “'tﬁé&’ot &Oﬁ‘ﬁ%av’azéro& epol ymer

havi ng a nol aboitdrto aouy B mofe %lagﬂrca-bunatetémﬁﬁmmd)gmbmbase&enmeﬂmd havi ng
from abogt 5 bk tn 1B ryl carbonate term nal end groups, based
on total yend %@gg’pg‘u teﬁé? % ng a crystallized prepol yner, and b)
heating the crystallized prepol ynmer to a reaction tenperature above 10 the

prepol yner gl ass transg,tem&, m&@'&-u{eep ?W}ﬁ’afcﬂ‘itaﬂﬁiﬁg et enperature
of the prepol istallizi ent rther conpri ses an
ddi 1 ve et 1 epaine Sralrapel w38 i Hnerety he afdfiess et o HETBE 08, on

7. The net hodatebf silidisttetpolymesization. t he additive effect ive to increase the
rate of 18olid state polynerization is selected fromthe group consisting of
a plasticizer, a nold rel ease agent, a ketone and a m xture thereof. 20 8.

The method of clai m 282- Thaaetiiod of plainp 1| whersin the edditive iss ketone.ar |

plasticizer, or a mold release agent.

3. The method of claim 1, wherein the alcohol comprises at least about
15 95% by weight of the crystallization agent.

4. A method of crystallizing an aromatic polycarbonate 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

20 groups, the method comprising:

a) effecting contact of the prepolymer with a crystallizing agent
comprising a primary or a tertiary alcohol, wherein the primary alcohol is applied to
the prepolymer in the vapor phase; wherein the crystailizing agent further comprises

25 an additive effective to increase the rate of solid state polymerization.

5. The method of claim 4, wherein the additive effective to increase the
rate of solid state polymerization is selected from the group consisting of a plasticizer,
30 a mold release agent, a ketone and a mixture thereof.

This Sheet Has Bee
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9. The nethod of claim®6, wherein the primary al cohol is branched. 25 10.
A nethod of increasing the rate L | ymeri zation during the
preparation ofyfgisgdpmatic pol ycgr‘mﬂﬂamm lm]almm r epol yner PL‘E{F% @ﬁ%ﬂ()d

conprising a) appfyl ng to the prepolyner arscrystallizing age § r'i sing

an 30 al cohol and an additive, the additive conprising a substance
effective to increase the rate of solid state polynerization, thereby

formng a crystallized I te. . wherein the crystallization agent is
in the vapor phase. Thi 29 éﬁ%@%gfﬁ%@% aﬁ?eaﬁ?’ﬁ%‘&?"g'ﬁ%[’ nate compnising the
111111111111118teps106111111 WO 01/ 10932 1211222121 [LILIL ML MILL 1L LT
PCr1uUsOO 18484 CL Ms 11. The nethod of claim 10, further conprising the
step of solid state polr%mar i.zing the crystallized pol ycarbonate. 12. The
met hod of clai m 10, wherfefpplYinga emistallizivgagenfosaiprising & prinaryralcaka in thet he rat e
of solid s atevg® EVibSLBoRalR W mw Eﬁb&&%,ab%rml d

b yHERE 1023 répoRymtc?

rel ease agent a.mxtuge tE‘i& of .13. The nethod of clali'm 40, erein
the additive eff W?E‘Y’Bg P A Sto?q?ét?sa?‘%lc(%a’g]cﬂaﬂ%?“%mjtﬂn?neri zation
conpri ses a keptongs, based anitotalemigrbups, thérebyfomeing & ngsthllieed @i lwieranl i d state
pol ymeri zation during the preparation of an aromatic pol ycarbonate from an
aromati c pol ycarbonate prepolyner, the nethod conprising 15 a) applying to
t he prepol ymer cryst al | b}iheajing ghererystallized ppoigmer tpr rexetion temperitetetabavey

al cohol agd a iheb&@@zyma@aspﬁhﬁgms:&ﬁﬁ&ﬁéhﬂ%z&&&@%ﬁm@@&é&&é%ﬁ@e bei ng
applied in the vapor phase, the ketone being effective™ o 1ncrease the rate
of solid stat mri zation. 20 15. The nethod of claim 14, wherein the
ket one conprises froml to 20 %of the crystallization agent, and wherein

the al cohol compr i 5e5. 1 A% 5nleeh otk Yt el S50 921,

to increase the rate of solid state polymerization.

15
7. The method of claim 6, wherein the additive effective 1o increase
the rate of solid state polymerization is selected from the group consisting of a
2 plasticizer, a mold release agent, a ketone and a mixtare thereof.
8. The method of claim 28, wherein the primary alcohol is linear.
9. The method of claim 6, wherein the primary alcohol is branched.
25 10. A method of increasing the rate of solid state polymerization
during the preparation of an aromatic polycarbonate from a prepolymer, the method
comprising

a) applying to the prepolymer a crystallizing agent comprising an
30 alcohol and an additive, the additive comprising a substance effective to increase the
rate of solid state polymerization, thereby forming a crystailized polycarbonate,
wherein the crystallization agent is in the vapor phase.

This Sheet Has Been Replaced
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16. A method of increasing the rate of solid state polynerization 25

during the preparation of aromati n roma prepolyner, the
met hod conwoiosies® a) appl yi ng tﬁ!mlamﬁm B"mﬂlllan agent 1#484 ng a
primary or tertiary alcohol and a"plastici"zef, the primary or tertiary

al cohol and the plasticizer being 30 applied in the vapor phase, the
pl asticizer being effective to increase the rate of solid state

pol ymeri zation. This heRie nutodRf CRinRe0, fakieed corhprsiiglthd step of solid kehte! 11 1111
-4 polymerizing the crystallized polycarbonate.

12. The method of claim 10, wherein the additive effective to increase
5 the rate of solid state polymerization comprises a ketone, a plasticizer, a mold release
agent, or a mixture thereof

13. The method of claim 40, wherein the additive effective to increase

the rate of solid state polymerization comprises a ketone.
10

14. A method of increasing the rate of solid state polymerization
during the preparation of an aromatic polycarbonate from an aromatic polycarbonate
prepolymer, the method comprising

15 a) applying to the prepolymer crystallizing agent comprising a primary
or tertiary alcohol and a ketone, the primary or tertiary alcohol and the ketone being
applied in the vapor phase, the ketone being effective to increase the rate of solid state
polymerization.

20 15. The method of claim 14, wherein the ketone comprises from 1 to
20 % of the crystallization agent, and wherein the alcohol comprises from 80 to 99%
of the crystallization agent.

16. A method of increasing the rate of solid state polymerization
25 during the preparation of aromatic polycarbonate from a prepolymer, the method
comprising:

a) applying to the prepolymer an agent comprising a primary or tertiary
alcohol and a plasticizer, the primary or tertiary alcohol and the plasticizer being
30 applied in the vapor phase, the plasticizer being effective to increase the rate of solid
state polymerization.
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