METHOD FOR PREPARI NG POLYCARBONATE BY SCLI D STATE PCLYNERIZQ?W%&éQa'§
Cross-Reference to Related Application This application is a 1905
continuation-in-part of copending application Serial No. 08/653, 166.
Background of the Invention 5 This invention relates to the
preparation of polycarbonates, and nore particularly to their preparation
by polynerization in the solid state. The nmethods w dely known for
preparation of polycarbonates are the i-idterfacial method and the nelt
method. In 10 interfacial polynerization, a dihydroxyaromatic conmpound is
contacted with phosgene i n METHADafk@RUPBEFARINGoOI ution, in the

presence of an acid accept ' S tg?}( . This nmethod is
falling out of favor becaugﬁec’gw"?%gl ioxirlg!l.?ﬁagy? ozgene and the .
envi ronment al hazards of net STARE MAPLYMERIZAIIBNt conmonly 15 enpl oyed

organic solvent. A simlar nmethod, in which oligoneric chloroformates are
prepared interfacially and are then converted to high nol ecul ar wei ght

pol ycar bonat e, CrRss-feferancai taoRglategde Applicatiennelt preparation nethod, a
bi sphenol is contacted with a diaryl carbonate in the nelt in the presence

of a suitable 20  cat al Yhis. apilicalio R BIdontingatiGRirPpaRtdt dopehtiingt produced
and it is converted..to hl‘&li] rag(ﬁgﬁjl %é wei ght pol ycarbonate by I ncreasi ng
t he pol yneri za%%f?%ﬂp’g?fﬁ %. 'é re al so di sadvantages in this
process, one of them being the high viscosity of the nelt polynerization

m xt ure, especBatkgroundngf tthe mleatidimr wei ght 25  buil ding step, which
causes difficulty of handling. A third option for polycarbonate formation,

solid state polyneri zat i ®f:. ; ' ears. The first
pol ymer i zafgi on step in tmﬁs‘g?ﬁ}@fag.eegﬁg\é@bsgpe!éﬁgﬁ%gmr formati on by
polycarbonates, and more particularly to their preparation by

polymerization in the solid state.

The methods widely known for preparation of
polycarbonates are the interfacial method and the melt method. In
10 interfacial polymerization, a dihydroxyaromatic compound is
contacted with phosgene in a mixed aqueous-organic solution, in the
presence of an acid acceptor and an amine as catalyst. This method
is falling out of favor because of the toxicity of phosgene and the
environmental hazards of methylene chioride, the most commonily
15 employed organic solvent. A similar method, in which oligomeric
chloroformates are prepared interfacially and are then converted to
high molecular weight polycarbonate, has similar disadvantages.

in the melt preparation method, a bisphenol is contacted

with a diaryl carbonate in the melt in the presence of a suitable

20 catalyst. An oligomeric polycarbonate is first produced and it is
converted to a high molecular weight polycarbonate by increasing the
polymerization temperature. There are also disadvantages in this
process, one of them being the high viscosity of the melt
polymerization mixture, especially during the molecular weight

25 bullding step, which causes difficulty of handling.

A third option for polycarbonate formation, solid state
polymerization, has become known in recent years. The first
polymerization step in the solid state process is oligomer formation by



2 - nelt polynerization. The oligoner is then subjected to treatnent to

I nduce crystallinity therein. The crystallinity-enhanced oligoner is
finally heated to a tenperature between its glass transition tenperature
(Tg) and its nmelting tenperature (Tm in the presence of 5 a catal yst,
wher eupon solid state pol ynerization occurs to produce a hi gh nol ecul ar
wei ght pol ycarbonate. US Patent 4,948,871, the disclosure of which is

i ncorporated by reference herein, disclodes a nethod for solid state

pol yneri zation in which cr stalllnlty i s enhanced by sol vent treatnent 10
or heat treat &Rl pglymesization.c Theeligomgasiie therysubjecledds treatmeanto sol vent s

used for interfaficd ¢ gianmgltﬁaféwntmd% Stalllpig- éuméarm@aﬁfw Heat

treatment requi rg&ﬂ eqsdr en ating tinmes ically about 15-36
hours and sonefil gat W W@Lp%tweggisglass transit K””A second pat ent
di fscl osing sol t@rnsbﬂétare)alfg)rwfdl xfsamﬂmg t%niéa‘"er&tu?@@Tﬁg%?] td praskeRg®opor at ed bé
ref erence rein i scl oses mred heatin an i nprove
heat treat nent an‘é‘%‘ﬁ@&%ﬁ’“%’?%?%l’ﬁﬂﬁf@ @ﬂ‘ﬁﬂ@gﬁ’gfﬁn OG%HE | opgﬁcg‘cﬁr%cedure
has some of thaighamoldeuladwaighdgeslyeerbohsier, oper ati ons whi ch incl ude heat
20 treatnent. Moreover, the solid state polymerization step requires an

Vi sSostty. In e of it 's‘?i%p ot 08,8780 fo dOibub of WRAS" ' 101 S 1
net al - cont ai ni H@cﬁ’ﬁﬁéﬁt%thVWfoﬁ"%\?eﬁ%ms@Sﬁlﬂéw anwetijod for selidistatei n t he

LI ST, e M IR S B <
pol yner i za{9 on ﬁ‘tﬂa\ﬁg' ab@eﬁﬁt é?ﬁ’gn@r?%ﬁ‘%ﬁ W@ﬁag@mﬂ&géﬁe S@denan
appl i cat : onk4 %&e?ﬁ@used feGhterfavialquilyrneri2fidivand@s thiisot her problemwith
revi ous no u ver
g ensiti veyt 0 t#is'%ﬂaé‘g?ﬁ%@ téga H%t?ﬁqrﬂ l‘rﬁgag%fybg%l&%@yie@q}ﬁygr oﬁps I n
general , the afh®atingdimendypicaliypabout 15-36 hours and sometimes as high as
200 hours.

15 A second patent disclosing solid state polymerization is
US 5,266,659, alsc incorporated by reference herein. it discloses the
use of programmed heating as an improved heat treatment method of
crystallinity enhancement. Thus, this procedure has some of the
same disadvantages as other operations which include heat

20 treatment. Moreover, the solid state polymerization step requires an
oligomer having a relatively high (at least about 0.3 di/g) intrinsic '
viscosity. In one of its aspects it further requires the use of an alkali
metal-containing catalyst which may cause problems if it remains in
the polycarbonate, particularly when used for data storage as in

25 optical disks.

Other references of possible interest regarding solid
state polymerization include US Patents 5,204,377 and 5,214,073,
German application 4,038,768 and PCT application 90/07,536.

Another problem with previously known solid state
30 procedures is that they are very sensitive to the molecular structure of
the polycarbonate end groups. In general, the aforementioned prior
art considers it necessary to employ an oligomeric intermediate which
contains on the order of 50% hydroxy and 50% aryl carbonate end



art considers it necessary to enploy an oligoneric internedi ate which
contains on the order of 50% hydroxy and 50% aryl carbonate end -3 -
groups or greater (5, 266,659) or greater than 50% aryl carbonate end groups
(4,948,871). Substantial deviation fromsuch conditions, e.g., an aryl
carbonate end group proportion significantly less than 50% 5 materially
inpairs the solid state polynerization Séocess. There appear, however, to

be no disclosed procedures for adjusting“6r nodi fying end groups to

optimze themfor solid statg ol rization. Branched polycarbonates are
frequently use@rUpSRI@reatsy ( %ﬁ* Qfsaatey than g,arY'rRﬁ’E‘a'i“'#Q qngk
production of Yadupew4leus,8vtj.cles of |arge volunes and | arge panels. Such
branched pol ycarbonates are required to have high nelt strength, high shear

propert o5, poycaruonat PRI SEVRHEEh e BB AB KA1 ol
15 cartoangitk sowrgrotppr (s} pOCym sdnas o,ch exhibit hig
pol yoondencht i RGAaly FipdfeS e RBlEF o et htol oot s eid®ns usi ng

smal | anmounts B8PPE&N. Jiopavies toHes bpdisglosed progasiireg foftadiusting oke of

pol yhydric phepag) eRd grOUREtOSPHIAIZe tRBAT Fsolid R ;pr[m@ﬁzati&ﬂ.ecm e
such as 1,1, 1-tridsi?mydrgxypﬁtnyl;))et hane (hereinafter "THPE"), as

branchi ng agent for high | t. Str th bl ow nol dabl e pol ycat bonat e resins
prepared by interfacial %59%8%@%?&&?#%%%% ﬁqﬂggﬁf P%%‘S"T AUES Pat ent
3, 799, 953. O happlieathodsak btown Madingh nghudipg the ipsodoudtidor ainlediizay
pol ycar bo es ' ' 0, d t hods i nclude the
use of cygﬁjri gh%t?%rg?@éa%Srgi‘%g%%%{‘aga@%lﬁ%ﬁ%? l?r%c%%ﬁcﬂ?%édri ¢ phenol s
(US Patent 4, 4p9lyggihonaties argreqyrqditonbaye highhaet stegngthdige sheas Pat ent
4,185,009) as gensitivity and a high complex viscosity ratio. In order to achieve such
properties, polycarbonate with a critical degree of branching is
required.

15 It is known that branched polycarbonates which exhibit
high melt strength properties can be prepared either by interfacial
polycondensation or by melt phase carbonate interchange reactions
using small amounts of polyhydric phenols as branching agents. The
use of polyhydric phenols having three or more hydroxy groups per

20 molecule such as 1,1,1-tris{4-hydroxyphenyl)ethane (hereinafter
“THPE"), as branching agent for high melt strength blow moldable
polycarbonate resins prepared by interfacial polycondensation has
been described in US Patent 3,799,853. Other methods known for
the preparation of branched polycarbonates through interfacial

25 polycondensation methods include the use of cyanuric chloride (US
Patent 3,541,049) branched dihydric phenols (US Patent 4,469,861)
and 3,3-bis-(4-hydroxyphenyljoxyindoles (US Patent 4,185,009} as
branching agents.

Methods for the preparation of melt branched
30 polycarbonates using THPE have been described in US Patent
4,888,400 and European application 400,478. Triphenyt trimellitate
(European application 140,341} and triglycidyl isocyanurate (US



branchi ng agents. Methods for the preparation of nelt branched 30

pol ycar bonat es usi ng THPE have been described in US Patent 4,888,400 and
Eur opean application 400,478. Triphenyl trimellitate (European application
140, 341) and triglycidyl isocyanurate (US -4- Patent 4,959,422) have

al so been used as nelt phase branchi ng agents. Linear high nol ecul ar wei ght
pol ycar bonates can be pol ycondensed in the nelt phase with THPE resulting
in the 5 production of branched polycafbbnates sui tabl e for bl ow nol di ng
applications (US Patent 5 021,521). However, this process requires high
tenperat ure (FAeBbaR58:448) have alsedean wpd asdrelt Phaws Brancking t is highly
desirable to d¢gdms. i nproved solid state polymerization methods which
permt crystallinity to be induced 10 in a relatively short time, which

enabl e the use of catalysts._nt.contain ng substanti.al proportions of
alkali netals and the usenSf’ tha'?’f’SPeq%/arl %WQE’EPB@&PER‘:’ ?ﬁﬁ?ngﬁ goners, and
whi ch perm t tpolyesrpdensedrin tbé mélt pbase withi iHBEmedultingsntlzeri ng a wi de range
of end grogp ) ' ' | ' solid state
15 pol yreP z;r??%ﬁ@%éf?hé9%”.9‘&*@&2%“@%%5?%@*4%5’ (6 BB 0
operations as apwicgtiepa (Ui Ratent SHIZdeAbd Howgver: bin drecessnigquires
repol yneri zat 'tﬂghQEn{ﬁM@r@?wpﬁﬁét@ecw"e'qﬁﬁirﬁﬁwﬂmt erial recovered
fromscrap opti€al disks and extruder wastes. The |atter typically conprise
a major proportion of polycarbonat.e.i.n . .conbination, 20 wth m nor.
proportions of fibrous rtﬁ?\%‘?r@eﬁéﬁﬂ‘&?m eéf"@g]&rfﬂ Cfﬁ‘@%?eﬁ‘?%r.w%ﬁﬁﬁ&?y of the
I nvenlt i gn The gtags polymerizativhanethiodsiwisish penmitiaey staﬁinhy@beﬁn&mﬁdévenenL sd
in soli ate. po r [ | ' e ove-descri be
goal 5. ThaCapaet ¥ reietvely sbRRRE FhED BR0IE M uaE Bt GBS nG

containing substantial proportions of alkali metals and the use of

relatively low molecular weight oligomers, and which permit the

employment of oligomeric intermediates having a wide range of end

group concentrations. 1t is further desirable to devise solid state

15 polymerization methods which may be varied to make possible such

operations as the preparation of branched polycarbonates and the

repolymerization of recycled polycarbonate, including material

recovered from scrap optical disks and extruder wastes. The latter

typically comprise a major proportion of polycarbonate in combination

20 with minor propottions of fibrous reinforcement, fillers and pigments.

Summary of the Invention

The present invention provides a number of process
improvements in solid state polycarbonate preparation which achieve
the above-described goals. The specific improvements include

25 convenient methods for modifying the end group concentration of the
solid state polymerization precursor whereby precursors initially
having any end group distribution may undergo solid state
polymerization, for employing oligomers of low molecular weight and
intrinsic viscosity in the solid state polymerization step, for chemically

30 promoting crystallization and for using a new genus of catalysts for
polymerization in the solid state. The various improvement options
may be employed singly or in various combinations.



25 convenient nmethods for nodifying the end group concentration of the
solid state polynerization precursor whereby precursors initially having
any end group distribution nay undergo solid state polynerization, for

enpl oying oligonmers of |ow nolecular weight and intrinsic viscosity in the
solid state polynerization step, for chemcally 30 pronoti ng
crystallization and for using a new genus of catalysts for polynerization
inthe solid state. The various inprovefent options may be enpl oyed singly
or in various conbinations. -5- The invention, therefore, is a method
for preparing a pol ycar bthtaireentionthewmipne, isa reethodieppraprripga converting a
precur sor pol w&meﬁ&etwn@n COMBHAERGNE YS! (elg'ddhv@h 4 SOr

pol ycar bonat e, and@% P ¥?ner| zing said en anc ﬁsta Inity 5
precursor pol JWEFHSRAPONCATRGRAE 4P| %’i‘hﬁ"@e s%WﬁtaH@E cRie?‘ﬂfrsPher conpri si ng
atl | easL one Cﬁolycﬁhﬂ’bbﬂhﬂ@mﬂqmRidl)ﬂ'ﬁéﬂZlﬁg sa@theananca sajisthifiigeur fs]9r

pol ycar bon 0 an effective
proporti ongof %{B%%O{ ﬁ!@a@é@% ﬁ&ﬁ g@f‘%ﬁt\%ﬁ girﬂ?cﬁ ﬁgeté\?%\‘%@%nm sting of

di hydr oxyar onetaropdsing atpeastdne ofithg dolowingigptiansc conpounds and di aryl
carbonates; I1. converting said precursor polycarbonate to said enhanced

crystallinity precursor poéd‘ﬁgé l‘q.ygé!agrgc&g&pp&ygym%ﬁggéaﬁmﬁo grtenperature

above about 11Q[err]Cwith a one conpound
sel ected from qtﬁw!fgne%slwwm §tepr@ \w#h aneffective pseportiom phadredibdng al kal |

met al al koxi deﬁaagbﬁt ééi%b{@d ﬁﬁmhblg’fbh @bﬂﬁisﬂﬁg ofwycﬁ@)k bﬁh&ﬂ@n' um
al koxi des, .tetraal k q}ﬂ)&é at es tra fhoi’
hydr oxi ded 9 te‘f‘”ﬁﬁ?éﬁ% %‘H‘? Eﬁﬁ honl um

carboxyl ates; and I11. polyner|2|ng sald enhanced crystalllnlty precur sor
20 pol ycarbonate in st epliBcopveningaaid precursampalycarbopatedovaaich its gl ass

transition tenpel i LodBtiiy sHBbirsBP pbHRRAIGHGE fr YebA By Chtiat ¢
a temperature above about 110°C with a catalytic amount of at least
one compound selected from the group consisting of alkali metal
15  hydroxides, alkali metal alkoxides, tetraalkylammonium hydroxides,
tetraatkylammonium alkoxides, tetraalkylammonium carboxylates,
tetraalkylphosphonium hydroxides, tetraalkylphosphonium alkoxides
and tetraalkylphosphonium carboxylates; and

ill. polymerizing said enhanced crystallinity precursor
20 polycarbonate in step B by contact at a temperature between its glass
transition temperature and the melting temperature with a catalytic
amount of at least one tetraalkylammonium or tetraalkylphosphonium
carboxylate.

Detailed Description; Preferred Embodiments

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

0O
I

o 0 R——0 ——C :

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



amount of at |east one tetraal kyl anmoni um or tetraal kyl phosphoni um
carboxyl ate. Detail ed Description; Preferred Enbodi nents 25

Pol ycar bonat es whi ch may be prepared by the nethod of this invention
typically conprise structural units of the forrmula: wherein at | east about
60% of the total nunber of R groups are aromatic organic radicals and the
bal ance thereof are aliphatic, -6 - alicyclic[err] or aromatic radicals.
Preferably, each Ris an aromatic organic radical and nore preferably a

radi cal of the,f ormul a: L) - ALerr] -o- wherein h A.err] and
Alerr] is a noﬂggﬁﬁ%{ioi %&M’gr{?&@?ﬁ é"&g\é%m}' §ﬁﬁﬁﬁ|ssa§%?%'"€{’? dgi ng radi cal
i n which one crrgane raglidedandtoose prenabtyea Ahdice] ofthe famulBuch radical s are
derived from di hydroxyaronmati c conpounds of the formulas HO R-OH and

HO Alerr]-Y-Alerr]-OH respecti ve(hy._._F,gL..e(x.aAml.e,, Alerr] and Alerr] _
general ly represent unsubstituted phenyl ene, especially p-phenyl ene which

Is preferred, oa substi%géﬁdﬂéi ri.vatives 10 ‘&hereof. The bridging radical
Y i s nost of t NNETEH §AG 8 &dﬁ& @Hﬂoﬁﬂapi valgpy gryh ragiegandced 1§r oup such
aﬁ met hyl eae% & yeidglmysddicts e which bﬁ@l@’fﬁmﬂdam _ awgimbeparalmé #flegried. Thus,
the nost prefegse rbonat es.ar 0 erived entirely or ip part
from 2. 2 bi o( Py SR BRI ik S orCgRisiodinal chRetiufdsel b5
The essenti al thedormuiastHORI@QH and HERARY WSObI reshestivety.eforon is a
precursor poly t 6. QH{Q{h Ok ] t he type
produced by th%ﬁér??is%ta} @t%’;l‘)éow%en%g?@ ,%%%%Etbona g“@%@@@“&@"ﬁy
bi schl or of or meéepesialjormhepyianer whichris pipfeowdd oppubsiitutad dedvativesor
endcappi n@l_oandtﬁe?@éﬁt‘rﬁé'bri@gﬁb rablicaPyes poR Jitedla h96io%ﬁ_r$ﬁ¥§r&iﬁ> Intrinsic
viscosity in the rarlgtg‘_gu of a outége.(?G-O. 30 ‘g_é% aI{‘ IntrinsiC viscosity
val ues herein ¢ Rariculagy aSatyrated group g metpylsgec
cyclohexylidene, or isopropylidene which is preferred. Thus, the most
preferred polycarbonates are those derived entirely or in part from
2,2-bis(4-hydroxyphenyl)propane, also known as “bispheno! A",

15 The essential starting material in the method of this
invention is a precursor polycarbonate. It may be a polycarbonate
cligomer of the type produced by the first step of a melt polycarbonate
process or by bischioroformate oligomer preparation followed by
hydrolysis and/or endcapping and isolation. Such oligomers most

20 often have an intrinsic viscosity in the range of about 0.06-0.30 di/g,
all intrinsic viscosity values herein being as determined in chloroform
at 25°C.

The precursor polycarbonate may be a branched

polycarbonate, formed by the reaction of a linear polycarbonate or its

25 precursor(s) with a branching agent such as THPE. It may also be a
copolycarbonate, particularly a copolycarbonate oligomer or high
molecular weight copolycarbonate containing units adapted to
maximize solvent resistance. Hydroquinone carbonate units are
particularly suitable for this purpose, as disclosed in US Patent

30 4,920,200. Such units will typically comprise about 25-50% of total
carbonate units in the polymer. Conversion to the branched
polycarbonate or copolycarbonate may precede or occur



The precursor polycarbonate nay be a branched pol ycarbonate, fornmed by the
reaction of a linear polycarbonate or its 25 precursor(s) wth a branching
agent such as THPE. It nay al so be a copol ycarbonate, particularly a

copol ycarbonate ol i goner or high nol ecul ar wei ght copol ycar bonat e
containing units adapted to maxi m ze sol vent resistance. Hydroqui none
carbonate units are particularly suita@bq for this purpose, as disclosed in
US Patent 30 4,920,200. Such units will® typically conprise about 25-50% of

total carbonat i i VATEL.. er si t ranched

pol ycar bonat e simﬂgaég?ﬁﬁ&ﬁtg‘nﬁgé Afr‘Trgx?"p@ggbéeééﬁ%&@ﬂr&%gpf?mg?%I t aneously
with step A ipaycardpnate tocar enhanced orystaltihity polymersor pol ycarbonate to an
enhanced crystallinity polyner. The precursor polycarbonate nay al so be a

recycl ed pol ycar bonat e. ?eéﬁ{;@é Y r ct disks 5
may be enpl oyed. Such re-ic:%f)e mt@?‘gfﬁpgh?%a?@y ﬂgébfae%%p ar wei ght
whi ch has beerPQl¥earbaBate: r bor exaioples recyslas palymeriiom somnpact disksnat eri al  as
Ehowgt by ag }nﬁayrb‘é émpi@@al .SiS%CH fbtdybgad:gxaﬁia?ftyﬁbﬁw héls aﬁﬂlé!eeulé/r?- dlt may
e obtained fromsecr ar bopat e I ssol ution’in.a chlorinate

organi ¢ sol verﬂ’e@g HV?Q‘EPB#%SMP%W&%&’H& ﬂ'ﬁt(?kéh% Rgna®Y or

1, ﬁ di chl or oetpuipmetiabt nstdrinlas thwatbyom drftrinsie \ﬁismitybr:\ therdrgyd of oOr

ot her art-recaog 8 r h..S j Q - at e
constituents. %‘éfdj?gﬁg@gg ggwggé)reb@(ﬁg[ngetd' @%Phgcégg %ﬁ%ﬁﬁﬁaﬁ pr epar ed
pol ycar bonat e disgolption daabdtiarinated argaric swvantsuches ahlotofbemenpl oyed as
precur sor 39 T3nethylene chioridelbroPRlABhbradth AR TOIRNGRS b Mitrdilt & (REUT 50T

pol ycarbonate is contacted with a nodifylng reagent stlecte romthe group
consi sting of iBFAldIe Matedaldn ethebafueragNiZad BrasedyesifphseParalionpounds and

di aryl car bonagfasen-pafcatirdndte eanbRahns Oftterugess vhpolyBaaRPaEd,Y to
I ncrease the pro ortl.ondof. :ﬁryl cart&onalte %nd
such as interfacially ‘prepared polycarbonate and polycarbonate

extruder wastes, may also be employed as precursors.

15 In option | of the invention, the precursor polycarbonate
is contacted with a modifying reagent selected from the group
consisting of dihydroxyaromatic compounds, dihydroxyaliphatic
compounds and diaryl carbonates. The diaryl carbonates are used
when necessary to increase the proportion of aryl carbonate end

20 groups in the precursor polycarbonate; the dihydroxy compounds
may decrease said proportion. Either reagent may be incorporated
into the polymer molecule before step A or during subsequent
processing. This option is particularly useful when the precursor
polymer is a recycled polycarbonate, in which the end groups may be

25 entirely aryl carbonate or nearly so, or when it is obtained by
interfacial polymerization or by direct carbonylation of a bisphenol as
disclosed, for example, in US Patent 4,096,169.

Any dihydroxyaromatic or dihydroxyaliphatic compound
may be used as a modifying reagent. Suitable compounds include
30 the aforementioned ones of the formulas HO-R-OH and
HO-A1-Y-A2-OH, illustrated by resorcinol, hydroquinone, catechol
and bisphenols; glycols such as ethylene glycol and propylene giycol;
and polyhydroxyaliphatic compounds such as pentaerythritol,
glycerol, glyceryl monopaimitate and glyceryl monostearate.



20 groups in the precursor polycarbonate; the di hydroxy conpounds nmay
decrease said proportion. Either reagent may be incorporated into the

pol ymer nol ecul e before step A or during subsequent processing. This option
is particularly useful when the precursor polyner is a recycled

pol ycarbonate, in which the end groups may be 25 entirely aryl carbonate
or nearly so, or when it is obtained by interfacial polynerization or by
direct carbonyl ation of a bisphenol as-&-sclosed, for exanple, in US Patent
4,096, 169. Any di hydroxyaromatic or dihydroxyaliphatic conpound may be used
as a nodi fyi ng reagent. Gif praiegedslisdragyaromaticdeonapoundsearsf thoeeent i oned

ones of the f%ﬁﬁh%rrﬁ'@bﬁti%j}y% h@cﬁ%ﬁ{)ﬁdteﬁe%sfﬂg?rb yagiel frétplthat ed by

t
resorci nol, hydroqui none, cafechol | SP col s such as ethyl ene
ol yool and’ pr SE9ANRLIGTNG 591 Stale pOlVErRARYPER SUCE CCOAMRAIRBINAY ch as
pent aeryt hri t de farmetbas by-rsodacts yparioakapis! fror aing raodinghy mgédnt .
nonost ear aj.e. .8 - r ro ic conmpounds are those
whi ch for rr#r e|"5*t“|°031‘9y §g?pa{€%$'£ﬁé ggggﬁé{;ﬁ@\e %‘ég{'ﬁ?{/@&'@ﬁlﬁﬁgge m t he
product duri ngcatethal andhetbylevieyglyeslzespeniallsthedormar fare afteoradsts may be
formed as by- F}:Fr‘éf’éi‘féé’ particularly fromany nodifying reagent 5 which may

be present in‘excesS of the anobunt which reacts. Thus, catechol and
et hyl ene glycol, especially the forpmger, are often nost preferred.

Sinilarly, any diaryl caphdleleaniyian carbenate mayrbayeed tedegieesey end
group proportiag. hydrBkeent dratp prepertios. Diphbhy cHoortefie Lsagy O her useful
car bonat eg .i ncl ude dit | carbonate ix.F |, C nate, bis(ch] orophenyl)
car bonat e,ﬁ Opi e %r§?d'cg$t§8‘f1‘al§ ,uP8?‘&?883?9%/%0@9@{@@&3%?@‘8i émw lyl)
carbonate, bi s¢arbbnais)digchlorapihend) earbodats, bdsdrepyiembondtesphenol A,
Reaction of thgnBLRHY 28FodiHy SHERIBRLR WY Cardiate, bis(nitrophenyl)

carbonate and dicarbophenoxy bisphenol A.

Reaction of the precursor polycarbonate with the
15 dihydroxyaromatic or dihydroxyaliphatic compound or diaryl
carbonate may occur simultaneously with or prior to conversion to the
enhanced crystallinity precursor polycarbonate in step A. Most often,
the two will occur simuitaneously although the modifying reagent may
be introduced before said conversion.

20 The modification reaction may be effected at
temperatures of about 10°C or higher, in the solid state or in solution.
The presence of a suitable catalyst is generally preferred; operative
catalysts include the transesterification catalysts known in the an,
such as tetraalkylammonium and tetraalkylphosphonium hydroxides

25 and alkali metal bases, as well as tetraalkylammonium and
tetraalkylphosphonium carboxylates of the type useful as crystallinity
enhancing catalysts as described hereinafter.

The propottion of modifying reagent is a proportion at
least theoretically effective to convert the precursor polycarbonate to a
30 material having about 20-80% (by number), preferably 40-60%,
hydroxy end groups. A suitable proportion may be determined by
simple experimentation. In the case of catechol, amounts up to about
5% and most often in the range of about 0.001-1.0% by weight, based



15 di hydroxyaromati c or di hydroxyaliphatic conpound or diaryl carbonate
may occur sinultaneously with or prior to conversion to the enhanced
crystallinity precursor polycarbonate in step A Mst often, the two will
occur sinultaneously although the nodifying reagent nmay be introduced
before said conversion. 20 The nodification reaction my be
effected at tenperatures of about 10[err]C or higher, in the solid state or
in solution. The presence of a suitable®atalyst is generally preferred;
operative catalysts include the transesterification catalysts known in the

art, such as tetrjuecussonpatysatanatel aretusualily sufficienthdirger psagostisrdes 25
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be achi eved by sé@?%ﬁg{é%@rﬂ%&@ar&g%at treatment. Solent ¥&4hént thil§ involve

af orenenti oned
a good solvent or a poor solvent for the precursor polycarbonate, with

such materials being suitable as aliphatic and aromatic hydrocarbons

15  such as benzene, toluene and xylene; ethers such as
tetrahydrofurane 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. The
proportion of solvent is usually about 1-100 and preferably about 2-50

20 parts by weight per part of precursor polycarbonate. Typical
temperatures for solvent treatment are in the range of about 120-190°
and preferably about 150-180°C.

Heat treatment to enhance crystallization may be at a
temperature higher than the glass transition temperature of the
25 precursor polycarbonate but lower than its melting temperature or the
melting temperature of the enhanced crystallinity polymer formed.
Altematively, the precursor polycarbonate may be melted and cooled
from the mett.

The aforementioned US Patent 5,266,659 describes
30 another suitable method for preparing the enhanced crystallinity
polymer. In this method, the precursor polymer is subjected to
programmed heating to predetermined temperatures in the presence
of a catalyst. Typical temperatures are in the range of 180-280°C at



descri bes preparation of a polycarbonate of high crystallinity by sol vent
treatnent or by heat treatnent. Solvent treatnent nmay involve a good

sol vent or a poor solvent for the precursor polycarbonate, with such
materials being suitable as aliphatic and aromatic hydrocarbons 15 such as
benzene, toluene and xyl ene; ethers such as tetrahydrofurane and di oxane;
esters such as nethyl acetate and ethyl acetate; ketones such as acetone
and net hyl ethyl ketone and aromatic hyapdcarbons such as benzene, tol uene
and xylene. The proportion of solvent is usually about 1-1Q0 and preferably

about  2-50 20 V eysukesgAtosh Of than beiig prlow AUBRSRISTGe AWRisRlt e.  Typi cal
tenperatures fedtakets/ard akak adNbisphenblsdifse alleianen bakshydritie@- 190 err ]
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tenperaturg or“tda% nmelting tenperature of the enhanced crystallinity

pol ymer forned: l)'ernat i vely, the precursor polycarbonate nay be nelted
and cooled fromthe nelt. The aforenmentioned US Patent 5, 266,659 descri bes

30 another suitabl e net Qptiondkoitheniesert inventiomisntifianothermethad t y
polymer. In thigy ﬂf&bé‘ﬁﬁb theeniRarfsad é@étdﬂﬁiiﬁy%cuﬁso?lp@y%ﬁ%ét@. By ogr anmed
heating to predeter.m ned {e{rgerﬁ\tures in thlg resepce of a cat alli%st.
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car boxyl atfgds at?ﬁp%i‘gﬂ%ﬁnﬁf‘;é@?ms@c@&?’%@éﬁ. b%?gg%ﬁdéﬁggﬁ'aeﬁr al ., J.
Chem Soc. Per kirtboRylate of aanikiure-ihea®is Thelalkg)grodps theteiniaref t he present
invention is syididaiof.0%ikyTBIERS such as methyl, n-butyl, n-hexyl or 2-

ethylthexyl, with methyl generally being preferred.

Suitable alkali metal hydroxides include sodium

15  hydroxide and potassium hydroxide, both of which cause extremely
rapid crystallization but the presence of which in the final
polycarbonate product may be detrimental for certain purposes,
particularly in applications related to data storage; therefore, the
proportion of alkali metal hydroxide if present should not exceed

20 about 5 ppm based on polycarbonate. For the same reason, the
tetraalkylammonium and tetraalkylphosphonium, especially the
tetraalkylammonium, hydroxides or carboxylates are generally
preferred and alkali metal hydroxides are preferably employed, if at
all, in combination therewith.

25 Suitable alkoxides include the C1-g alkoxides, with
methoxides being preferred. Alkoxides of polyhydroxy compounds
such as ethylene glycol are included.

Suitable carboxylates include the tetraalkylammonium
and -phosphonium hydrogen mono- and polycarboxylates, especially
30 dicarboxylates including succinates, maleates, giutarates and
adipates. Both bis(tetraalkylammonium-phosphonium)
dicarboxylates and tetraalkylammonium-phosphonium hydrogen
dicarboxylates are suitable and the two are generally



for preparing the enhanced crystallinity precursor polycarbonate. It

conpri ses contacting the precursor polycarbonate at a tenperature above
about 110[err]C with an al kali metal hydroxi de or al koxide, a 10

t etraal kyl ammoni um or tetraal kyl phosphoni um hydr oxi de, al koxi de or
carboxylate or a mxture thereof. The al kyl groups therein are typically
Cl. 8 al kyl groups such as nethyl, n- but%I, n- hexyl or 2- ethylhexyl, with
nmet hyl generally being preferred. Suita fe alkali netal hydr oxi des i ncl ude
sodi um 15 hydroxi de and_ potassi um hydroxi de, both of which cause extrenely
rapi d cryst al IMteghangeable;thargiews dne desianatien 1ot isych RcomRaMNdol ycar bonat e
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car boxyl atgs iggageoxe@rb&ﬁ ?36%® éﬁwelgg%énogBéﬁﬁé{ﬁ?ljsﬁgpg&c#{,ﬂgpggdes are
preferably enployed, if at all, in conbination therewth. 25
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resuited in a crystallization time of 8 hours, while a flow rate of 6 I/min

decreased it to 2 hours. When a tetraalkylammonium hydroxide is

15 present, it is sometimes possible to achieve almost instant crystallinity
enhancement.

It is further contemplated to incorporate branching
agents and/or solvent resistance-imparting dihydroxyaromatic
monomers into the reaction mixture prior to crystallinity enhancement.

20 The most preferred solvent res'istance-imparting monomers are
resorcinol and hydroquinone. Suitable branching agents include
polyhydroxy (i.e., trihydroxy or greater} compounds such as:

THPE (which is generally preferred),
1,3,5-tris(2-hydroxyethyl)cyanuric acid,

25 4,6-dimethyl-2,4,6-tris{(4-hydroxyphenyl)heptane,
2,2-bis[4-(4-hydroxyphenyl)-cyciohexyllpropane,
1,3,5-trihydroxybenzene,
1,2,3-trihydroxybenzene,
1,4-bis[bis(4-hydroxyphenyl)phenyllbenzene,

30 2,3, 4-trihydroxyacetophenone,
2,3,4-trihydroxybenzoic acid,
2,3,4-trihydroxybenzophenone,
2,4,4'-trihydroxybenzophenone,
2',4',6'-trihydroxy-3-(4-hydroxyphenyl)propiophenone,



carboxyl ates. The proportion of catalyst typically enployed is in the 5
range of about 10-200 ppm based on precursor polycarbonate. Option 11 may
enpl oy crystallization under solvent- induced or heat-induced conditions,
as described hereinabove. It is preferred to contact the catalyst with the
precursor pol ycarbonate at a tenperature in the range of about 120-150'C in
an inert atnosphere, 10 such as nitrogen or argon; nitrogen is preferred.
The rate of crystallinity enhancenent nﬁ%‘be altered by altering the flow

rate of the inert gas. Thus, in illustrative runs a nitrogen gas flow of 3
I/minresulted in a cryﬂ%tﬂh!@pﬁwﬂa\mﬂﬁe of 8 hours, while a flowrate of 6
1/mn decreased it to 2 @Qlﬁ-ﬁ'lh pyrinfiliin@al kyI amoni um hydroxi de is 15

present, it i s somnet i mes to ach nost instant crystallinity
enhancenent . i s furtt%aoiff Q%B’Fmrﬁﬂ"y ﬁ?‘bf B8rate branching agents
and/ or sol vent r esi st ancetrahpdroxyrt4djuiyshieokydrateyat i c nononers into the
reaction nixture prior tQ,cpys L 4 t. 20 The nost preferred
sol vent reSistance-i rrpar@?ﬁé’én%%hmaéfb}wggﬁsﬁ'ﬂ%Fn nd hydr oqui none.

Sui t abl e branchi ng agent 52im8tatrahpdioxpaothoaguinéne. , tri hydroxy or greater)
conpounds such as: THPE (which is generally preferred),
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polycarbonate.

For the purpose of solid state polymerization, an

enhanced crystallinity precursor polycarbonate having a crystallinity

15 in the range of about 10-30% and especially about 10-20% is
generally preferred. |f the precursor polycarbonate has an intrinsic
viscosity in the range of about 0.06-0.20 dl/g, as when it is an
oligomer, crystallinity values in the range of about 10-15% are
preferred. If it is a recycled polycarbonate, such as an optical disc

20 regrind or extruder waste material, typically having an intrinsic
viscosity on the order of 0.35-0.40 dl/g, a crystallinity value in the
range of about 20-30% is preferred. Crystallinity values higher than
about 30% are generally not preferred, since polymerization may then
be very slow. Crystallinity proportions may be determined by powder

25 X-ray diffraction, comparing a completely amorphous prepolymer and
a crystallized prepolymer as described, for example, in the
aforementioned US Patent 4,948,871 with reference to drawings not
forming part of the patent but present in its file.

Step B is the actual solid state polymerization step. Itis
30 effected at a temperature between the glass transition temperature
and the melting temperature of the enhanced crystallinity
polycarbonate precursor, most often about 10-50°C below its melting
temperature. in general, temperatures in the range of about 150-270°
and especially about 180-250°C are suitable.



- 12- pentahydroxyflavone, 3,4,5-trihydroxypyrimdine, 3,4

, 5-tri hydroxyphenyl net hyl am ne, tetrahydroxy-1, 4-qui none hydrate, 5
2,2',4,4 -tetrahydroxybenzophenone and 1 , 2,5, 8-tetrahydroxyant hraqui none.
The proportion of solvent resistance-inparting nononmer is an effective
proportion to confer solvent resistance on the polycarbonate, which is nost
often in the range of about 10-50 nole percent based on total

t heoretical carbonate unlts The proportfon of branching agent is generally

about 0.1-2.0% by wei gh t al ose of solid
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order of 0.35-0.40 dVg, Iue in the range of about 20-30%
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t enper at ur e be‘t‘%@é‘ﬂ Q‘W\Qabt ser%meﬁove@m PB?‘I%H&&% & QHHWT?@WQ'H ng
t enperat ure ofpideri 6 kmhRded Crydtallinity pketursor polycarbonate, It is most

often satisfactory to merely employ the catalyst already present as a
result of its employment in the crystallinity enhancement step.

15 Solid state polymerization may be conducted in a mixer
capable of producing intimate gas-solid contact, such as a fixed bed,
fluidized bed or paddie mixer, in contact with an inert gas such as
nitrogen or argon which serves as the fluidizing gas if a fluidized bed
is employed. Said inert gas may serve one or both of the purposes of

20 fluidizing the mixture and volatilizing and removing by-products,
including water, hydroxyaromatic compound (such as phenol)
corresponding to the carbonate empiloyed to produce the precursor
polycarbonate, and any volatile carbonate formed as a by-product.
Programmed heating may be advantageously employed. As an

25 alternative to conditions of intimate gas-solid contact, the
polymerization may be conducted at reduced pressure, typically less
than about 100 torr, preferably with efficient mixing.

It is also contemplated to introduce branching agent
and/or solvent resistance-imparting monomer prior to solid state
30 polymerization, particularly if it has not been introduced eatrlier.

The invention is illustrated by the following examples.
For each example, the illustrated options of the invention are
designated. Intrinsic viscosities were determined in methylene



pol ycar bonat e precursor, nost often about 10-50[err]C belowits nelting
tenperature. In general, tenperatures in the range of about 150-270 and
especially about 180-25[err]C are suitable. - 13- As disclosed in the
aforenenti oned US Patents 4,948,871 and 5, 266, 659, the solid state

pol yneri zation step may be achieved in the absence or presence of

catal ysts. \Wen present, catalysts may he the sane as those enployed in the
crystallinity 5 enhancenent step. Accor! ing to option 111 of the present

i nvention, a rti.cul ar referred catalyst fo | i, d t I i zati
e Cot ¢ ool b AdtehifeS oitarie s Sanae, Hywoxy] fymoBR VTNt Zaton
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intimte gas-sQking &eutbakfile & atsr. @ fixed bed, fluidized bed or paddle
m xer, in contact wth an inert gas such as nitrogen or argon which serves

as the fluidizi I f fluidized bed is enployed. Said inert gas may
serve one or bﬁ}%"gs‘set he( %i‘gs of 20 fluidizing the m xture and

vol atilizing and renovi ng by-products, including water, hydroxyaromatic
conpound (such as phenol )A 2601k Bemetikeg roundtbotiomedrbflask eguippedeasiith o
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by- product . Progr [ may be adva ously enp n 25
al ternative towWiniP G end bisphienol %&@Y%’Q%@ﬂei Qligoprdaaving i@ ipRingier i zat i on
may be conduct ¢gscakity of 00l dPg 528 MRy of Yattdhaéthyldn@®dnium hydroxide and
1 mg of tetramethylammonium maleate. The resulting mixture was
heated to 130-140°C in a nitrogen atmosphere, with stirring, and was
15 then cooled to room temperature and the product, which was the
desired enhanced crystallinity polycarbonate oligomer, was removed
and mechanically crushed. The patticles passing through a 25-mesh
screen were collected and shown by analysis to have an intrinsic
viscosity of 0.16 di/g, a Tg of 114°C, a Tm of 224°C and a crystallinity
20 of 12%.

The enhanced crystallinity polycarbonate oligomer was
fluidized in a nitrogen flow of 3 /min in a glass reactor at 180" for 1
hour, 210° for 1 hour and 230" for 8 hours. The mixture was then
cooled to room temperature and the resulting bisphenol A
25 polycarbonate recovered. It had an intrinsic viscosity of 0.58 dl/g, a
Tg of 147°C, a Tm of 265°C and a crystaliinity of 42%.

Example 2 {Option 1il)

Bisphenol A (200 g, 0.877 mole), dipheny! carbonate
(197.1 g, 0.821 mole) and tetrabutylammonium hydrogen
30 bis{o-nitrobenzoate) (1.0317 x 105 mole) were charged to a 2-1
stainless steel autoclave reactor in a nitrogen atmosphere. The
resulting mixture was heated at 230°C for 80 minutes in a nitrogen



t han about 100 torr, preferably with efficient mxing. It is also
contenplated to introduce branching agent and/or sol vent

resi stance-inparting nonomer prior to solid state 30 polynerization,
particularly if it has not been introduced earlier. The invention is

il lustrated by the foll ow ng exanpl es. For each exanple, the illustrated
options of the invention are designated., _Intrinsic viscosities were
determ ned i n nethyl ene - 14- chlorid® -at 20[ err] C unl ess ot herwi se

desi gnat ed. Hydroxyl nu rs were estimated b hosphor us- 31 nucl ear
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resulting mxture was heated 1o 130-140[err]C in a nitrogen atnosphere,

with stirring, and was 1 t ooled to ro t erature d the product,
whi ch was the desired enﬁéﬁc@lgﬁ?{&‘f’ﬁqwﬁ?mﬁgg@ﬁgggp@nﬁg°gﬁ?“gomsr, was
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was dried under vacuum at 60°C for 4 hours. it was then pulverized

and the particles passing through standard sieves (35-60 mesh) were

15  used for solid state polymerization.

A 3-g sample of enhanced crystallinity oligomer was
charged to a fluidized bed reactor and initiaily conditioned by
gradually heating from room temperature to 180°C and maintaining it
at that temperature for 1 hour in a stream of nitrogen. The

20 polymerization reaction was then carried out using nitrogen as the
fluidizing gas at 220°C for 4 hours. The product was dissolved in
chloroform and precipitated from methanol to remove the unreacted
THPE. The inherent viscosity of the polycarbonate product (in
chloroform at 30°C) was 0.29 di/g Analysis showed that 0.49% THPE

25 was incorporated. '

Example 3 (Option Hil)

The procedure of Example 2 was repeated, using 75 mg
of THPE. The inherent viscosity of the polycarbonate product (in
chloroform at 30°C) was 0.29 di/g Analysis showed that 0.7% THPE

30 was incorporated.



hour, 210[err] for 1 hour and 230[err] for 8 hours. The m xture was then
cooled to roomtenperature and the resulting bisphenol A 25 polycarbonate
recovered. It had an intrinsic viscosity of 0.58 d/g, a Tg of 147[err]C, a
Tm of 265[err]C and a crystallinity of 42% Exanple 2 (Option 111)

Bi sphenol A (200 g, 0.877 nole), diphenyl carbonate (197.1 g, 0.921 nvol e)
and tetrabutyl ammoni um hydrogen 30 big(g:nitrobenzoate) (1.0317 x 10-5
nole) were charged to a 2-1 stainless steel autoclave reactor in a nitrogen
at nosphere. The resulting m xture was heated at 230[err]C for 90 mnutes in

a nitrogen eypyThe tenperature was then gradually

I ncreased to 356%err?C£r3®§h6h ressure was decreased over 3 hours from 760
torr to 1 torr. These tenpperature-pressure conditions were naintained for
30 minutes. The product UB§ Rieepddrerd Exssnplechpapdeneatediusog 1 in 5
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about 10 g 5f wWaes imcbroratédcrystallinity ol i gomer was di ssolved in 50 M of
chloroform 10 to which a nmethanolic solution of 0.25 ng of

t et ranet hyl amrg%lﬁ(r@ga e@;ﬁioﬂnﬂl)w nmg of THPE had been added, and the
or

m xture was stirre our. ‘The chl orof orm was evaporated and the
pol ymer was dried under vacuumat 60[err]C for 4 hours. It was then
pul veri zed and the parti dhesprieasduieol Bxample 2 wasaepgatactewsing 880 60 nesh)
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Example 6 (Option i)

Bisphenol A (200 g, 0.877 mole), diphenyl carbonate

(197.1 g, 0.921 mole) and tetrabutylammonium hydrogen
bis{o-nitrobenzoate) (1.0317 x 10-5 mole) were charged to a 2-1

15 stainless steel autoclave reactor in a nitrogen atmosphere. The
resulting mixture was heated at 230°C for 80 minutes in a nitrogen
atmosphere. The temperature was then gradually increased to 300°C
and the pressure was decreased over 3 hours from 780 torr to 1 torr.
These temperature-pressure conditions were maintained for 2 hours.

20 The product was cooled to room temperature, dissolved in chioroform,
precipitated with methanol and dried in vacuo. The yield was 200 g of
an enhanced crystallinity oligomer having an inherent viscosity of
0.42 di/g and a hydroxy! number of 7.

In a 100-ml round-bottomed flask, about 10 g of the
25 enhanced crystallinity oligomer was dissolved in 50 mi of chloroform
to which a methanolic solution of 25 ppm of tetramethylammonium
maleate and 0.5% (based on oligomer) of THPE had been added,
and the mixture was stirred for 1 hour. The chloroform was
evaporated and the polymer was dried under vacuum at 60°C for 4
30 hours. It was then pulverized and the particles passing through



20 polynerization reaction was then carried out using nitrogen as the
fluidizing gas at 220[err]C for 4 hours. The product was dissolved in
chl orof orm and precipitated from methanol to renove the unreacted THPE. The
i nherent viscosity of the polycarbonate product (in chloroformat 30[err]C
was 0.29 d/g Analysis showed that 0.49% THPE 25 was incorporated. Exanple
3 (Option 111) The procedure of Exanpl was repeated, using 75 ng of
THPE. The inherent viscosity of the polYcarbonate product (in chl orof orm at

30[err] C) was / S 7% 30 was incorporated.
- 16- Exarrplesgarg%fgisg?ﬁ%i@é' qug‘ BX;@’%&%P&E&OQQHQ % was repeated, using
100 ny of THPPpolyherizatiter.ent vi scosity of the pol ycarbonate product (| n

chloroformat 30[err]C) was 0.27 dVg Anal ysis showed that 0.96% THPE 5 was

I ncor por at ed. Exarrpl e 5 ,¥ %E%ﬁ\pﬁéf) ?ﬂ%ﬁ%gﬂ'@‘?ﬁ”ﬁéﬁ@% was

repeated, usin he pol ycar bonat e

product (in cm?@(@%mrﬁd&w%?%bep@am apd3nitiglly CRHQ!WQEG Byhowed that 1.3%
THPE 10 wgs graeuaty ﬁéﬁ;\ﬁ? RO :%oﬁ% eﬁaq;:@&blmn@eén@hwm%g Fxanpl e 6

(Option 111) nol 877 , carbonate (197.1 g,
0.921 ol e) ar‘?ﬁﬁ%}tet 5%?{;59? BOHIHD & lﬂfﬂtgogﬁ r.QEFenzoat e) (1.0317 x
10-[err] nol e)pokanerizdtiorgeshction avdd- thehcarfibdiont eshgshire ematsqntzeg\éf re]atét ]g)r
|nan|trogen err or
90 minutes in fg}"ﬁ??‘ggées taﬁ;ggﬁzueﬁo#%eIﬁ%#é’ggwgg%of%@mgr adual |y
i ncreased to mm@r@fomad@remmmteésfmmenemendbmnm@ teaunréattedr s from 760
torr to 19HOr'THPE. The inherent viscosity of the polycarbonate product (in

chioroform at 30°C) was 0.58 dl/g Analysis showed that 0.39% THPE

was incorporated, and 1.5% ge! formation was observed.

Example 7 (Option i)

The procedure of Example 6 was repeated, using 0.75%
15 THPE. The inherent viscosity of the polycarbonate product (in
chloroform at 30°C) was 0.43 difg Analysis showed that 0.7% THPE
was incorporated, and 4.5% gel formation was observed.

Example 8 (Options I, 1li)

The reaction flask described in Example 1 was charged
20 with 10 g of bisphenol A polycarbonate oligomer, 105 mg of
hydroquinone, 203 mg of diphenyl carbonate, 1 mg of tetra-n-
butylammonium hydroxide and 1 mg of tetramethylammonium
maleate. The mixture was heated to 130-140°C in a nitrogen
atmosphere with stirring, and was then cooled to room temperature
25 and mechanically crushed. The particles of the polycarbonate
oligomer thus formed were passed through a 22 mesh screen.

A 5-g sample of the polycarbonate oligomer was heated
in a fluidized bed reactor in a nitrogen flow of 3 /min, at an initial
temperature of 120°C with the temperature being increased 10°C after

30 each 2-hour increment to a final temperature of 150°C. Upon cooling,
the resuiting enhanced crystallinity polycarbonate oligomer was



These tenperature-pressure conditions were maintained for 2 hours. 20 The
product was cooled to roomtenperature, dissolved in chloroform
precipitated with nethanol and dried in vacuo. The yield was 200 g of an
enhanced crystallinity oligomer having an inherent viscosity of 0.42 dl/g
and a hydroxyl nunber of 7. In a 100-m round-bottonmed fl ask, about 10 g of
the 25 enhanced crystallinity oligoner,was dissolved in 50 m of

chl oroformto which a methanolic squtf&ﬁ'of 25 ppm of tetramethyl ammoni um

mal eate and 0.5% (hased aon .oligoner) of T h been d the
Txture was siBPPEde Pave AhiBrSRRS ety 5p a8 T RDHE . T he
pol ymer was dr2/Quantke orgstatinitaiof 8% for 4 30 hours. It was then
pul veri zed and the particles passing through - 17 - standard sieves

(35-60 nesh) were used f | ' | P e of
enhanced crystallinit oﬁ%%ﬁt‘?ﬂﬁé%gﬁéggég%ky?wﬂ%?%@O_g’eezq’?&egaptor and
initially conddeatgddn thy flidizadhrdresciaciina piragesiiow ofidtlanbeshi&0e to
180[err] C gnd fRi{McUrNR D" for 1aioudritid 280PRr s ! Q‘!hegPrBBHét, uBoA Stream of
nitrogen. The gol%/rrerl zaftloa r actbl on was, then carried out using nitrogen
as the f1ui di Z#oRiingadeisiToung te be therdhsiied salventresistaitoduct was di ssol ved
IT& PE hl $ L of or rr? mlwmbnaqeatm?g aarntrivisiavistodity dif&lt%édl/gha(l}glbefﬁft edf 10

: e inhe Vi $C0 . g product (in chloroform at
30[err] C) was E)g@?’c?j@ @%@%@.%@ﬁé&%x@ﬁw%%&% THPE was i ncor por at ed,
and 1.5%gel formati on was observed. Exanple 7 (Option 111) The procedure

of Exanpl e 6 wExampled# aptiend hdl,dl)75% 15 THPE. The inherent viscosity of
t he pol ycarbonate product (in chloroformat 30[err]C) was 0.43 dl/g

QB?L?’?LZ sftowed that 0. 730 B aRsle! STGBHARE HohrbarBdtthtd rede@sikdliRat i on was

' optical disks was dissolved in 100 ml of chloroform, with stirring, and
the solution was filtered. To the filtrate was added 500 mg of
bisphenol A, 1 mg of tetramethylammonium maleate and 1 mg of
tetra-n-butylammonium hydroxide. The chloroform was removed by

15  vacuum stripping and the resulting enhanced crystallinity

polycarbonate was vacuum dried at 70-80°C. It had an intrinsic
viscosity of 0.30 dl/g, a Tg of 113°C, a Tm of 220°C and a crystallinity
of 22%.

The enhanced crystallinity polycarbonate was
20 mechanically crushed and the portion passing through a 25 mesh
screen was collected. A 5-gram sample thereof was subjected to
solid state polymerization in a fluidized bed under a nitrogen flow of
3 I/min, at 180°C for 1 hour, 210°C for 1 hour, 230°C for 4 hours and
245°C for 4 hours. Upon cooling, the product was found to be the
25 desired polycarbonate having an intrinsic viscosity of 0.62 dl/g, a Tg
of 147°C, a Tm of 264°C and a crystallinity of 32%.

Example 10 (Options |, Iif)

A 100-g sample of bisphenol A polycarbonate extruder
wastes was dissolved in 700 ml of 1,2-dichloroethane at 80°C, with
30 stirring. The solution was centrifuged to yield a solution of enhanced
crystallinity precursor polycarbonate from which the polycarbonate
was precipitated by addition of ethyl acetate. It was washed with ethyl



Exanple 8 (Options 11, 111) The reaction flask described in Exanple 1 was
charged 20 with 10 g of bisphenol A polycarbonate oligoner, 105 ng of

hydr oqui none, 203 ng of di phenyl carbonate, 1 ng of tetra-n- butylamoni um
hydroxi de and | ng of tetranethyl ammoni um nal eate. The m xture was heat ed
to 130-140[err]Cin a nitrogen atnosphere with stirring, and was then
cooled to roomtenperature 25 and nmechanically crushed. The particles of

t he pol ycarbonate ol i goner thus formed W& e passed through a 22 nesh

screen. A 5-g sanple of the polycarbonate oligoner was heated in a
f1ui di zed bed a@%tétwnmrp%orﬁﬁa&@mnaﬁmmctrfectsatvmﬁW@t ithadian ti al

tenperature of mms{;@wsbssw b0 ub%x;gew Bf 448°( A Teh bNE3LTeMg 40[err] C

after 30 each 2-h ment to a final tenperature of 150[err] C. Upon
cooling, the rﬁg’cﬁ "'HQ &ré&ﬁced crystal linity pol ycarbonate oligomer was
- 18- found to have an intrinsic viscosity of 0.18 dl/g, a Tg of 104[err]C,

a ;I'm of b218[ err] C and a Thgsrdldncedtorystallivtyoprébersenpalycarbariaysiwals i nity
Y ogen 1 i BPWISE aHEhe'5R b@g plssing shicdgh £85 Mesh s6REhMag !, *2na 250
for 8 hours. Tnell@teduaf: gsamplecbereny, wamsfnmemaﬂ incethyl adetatecand ed

sol vent -resi st apt Weho t4e f 0.63
dl/g, a Tg of ?Q g(r&% '?'%H31 etrag égir@%;gt a'f‘?. thér 25%

;
Exanpl e 9 (Opt A8 ﬁg al qm! xtig yasch eated under reﬂwfp@ hatnpit @f‘dgichegrl nd
pol ycarbonat e s eifit adefat® Wakehtdlediby kacu@a sinpﬁﬁguﬁd the sbi@ m of

vas added 00 MPBHEbrEBERAn Anep. n%in'n?ﬂw“a%ﬁﬂbhﬁﬁ SRR car e and 1
mg of tetra-n- polynenzationimarfuidizeddeed Thdecalnitroden flowad 3i/minyvatd by 15
vacuum stri ppi 3803890f P hiolf 2 d-Cor P RENE HhF LT dr 4 hdiks. The

product was the desired polycarbonate having an intrinsic viscosity of

0.76 di/g, a Tg of 158°C, a Tm of 263°C and a crystallinity of 36%.

15 Example 11 (Options |, il, i)

The procedure of Example 10 was repeated, substituting
500 mg of ethylene glycol for the catechol. The final polycarbonate
product had an intrinsic viscosity of 0.51 di/g, a Tg of 147°C, a Tm of
243°C and a crystallinity of 29%.

20 Example 12 (Options 1, li, i)

A reaction vessel as described in Example 1 was
charged with 150 mi of chloroform and 15 g of hydroxy-terminated
bisphenol A polycarbonate oligomer having an intrinsic viscosity of
0.20 dl/g and a hydroxy number of 12. Diphenyl carbonate, 300 mg,

25 and 1.5 mg of tetramethylammonium maleate were added and the
chloroform was vacuum stripped at 40-45°C, after which the residue
was dried for 1 hour at 50-60°C. The enhanced crystallinity
polycarbonate oligomer thus obtained had an intrinsic viscosity of
0.20 dl/g, 2 Tg of 121°C, a Tm of 228°C and a crystallinity of 25%.

30 The enhanced crystallinity polycarbonate oligomer was
polymerized in a fluidized bed reactor in a nitrogen flow of 3 Vmin, at
180°C for 1 hour, 210°C for 1 hour, 230°C for 4 hours and 245°C for 4



pol ycar bonate was vacuumdried at 70-80[err]C. It had an intrinsic
viscosity of 0.30 dl/g, a Tg of 113[err]C, a Tmof 220[err]C and a
crystallinity of 22% The enhanced crystallinity pol ycarbonate was 20
mechani cal ly crushed and the portion passing through a 25 nesh screen was
coll ected. A 5-gram sanple thereof was subjected to solid state

polyneri zation in a fluidized bed under a nitrogen flow of 3 1/mn, at
180[err]C for 1 hour, 210[err]C for 1 h@®- 230[err]C for 4 hours and
245[err]C for 4 hours. Upon cooling, the product was found to be the 25
desi red pol ycah®disatéperepalindthe productiwas faunddpthe e dedieddl/ g, a Tg of
Larferr]C 2 ThoigbarRAbRS hhbingith Atkisie VRLLLRY b0.8B dig Ty amke .0
(Options 1, 11 A@é%%—q?,sagp e of Di.sphenol "A polycarbonate extruder
wast es was di s3dIM g 7609 cystaflinity. of 4d¥or oet hane at 80[err]C, with 30
stirring. The solution was centrifuged to yield a solution of enhanced

crystallinity gkgﬁ?@owq@ Yieas honpt e from which the pol ycarbonate was
precipitated by addition OP ethy1 acetate. It was washed with ethyl - 19

- t at til | orl dried 0- 80 ]t d

ntrinol o W scosi Ly of - ondoga) ol sgtiferiaskc e Rafder with 264 of 1) ¢ anc

a crystallinit bisphef8PA pilaehbaatecaktoudes tveddte mindy! 50 st of shiorgfoyicar bonat e
5 wd i« i :

Col | ect oo, A 5and e oSl hiRllre 33 S d WK imBofSiEEMLEC, °00 "S5 1y of

cat echol and 1Gaiediol: 200 me:tand tetamethyamnenivem majeatedd &L, Were ni xt ur e

was heat ed undggde8idndthbUhidro wa@frbﬁf(yvgﬂilfyhvédwnﬂ%ﬁfgg; :CARBE VS

renoved by, vacuum stri ppi ng and .the sq 10 ‘nateri a acuum dri ed.

Fi nal | y, i1°wa§a§%‘$]“e‘é‘§gw- Mlﬂaa‘s‘iﬁﬁewﬁ%lt%éﬁﬁlf%ﬂ eBhaneed f 1 ui di zed bed
under a nitrogenystaliimitppretlisorpolpéarbBRaR: it Kad an irltrindiorviscobify@fr] C for 2
hours and 230[%f§d &/&,%Téoqqlérssc, h|Em of 228°C and a crystallinity of about

20%.

The precursor polycarbonate was mechanically crushed
15  and the particles passing through a 25 mesh screen were coliected.
A 10-g portion thereof was heated at 50 torr, with mechanical
agitation, at 180°C for 1 hour, 210°C for 1 hour and 230°C for 4 hours,
and cooled to room temperature. The resulting polycarbonate had an
intrinsic viscosity of 0.45 di/g, a Tg of 146°C, a Tm of 244°C and a
20 crystallinity of 26%.



product was the desired pol ycarbonate having an intrinsic viscosity of 0.76
di/ a Tg of 158[err]C, a Tmof 263[err]C and a crystallinity of 36% 15
=

su

"“ I'uma(ﬂmll 11, 111) The procedure of Exanple 10 was repeat ed,
C L

4 of ethylene glycol for the catechol. The fi nal

pol ycarbonat e ptoduct had an intrinsic viscosity of 0.51 dvg, a Tg of
147[err]C, a Tmof 243[err]C and a crystallinity of 29% 20 Exanple 12
(Options 1,11, 111) A reaction vessel agldescribed in Exanple 1 was charged
with 150 m of chloroformand 15 g of hydroxy-term nated bi sphenol A

pol ycarbonate ol igonmer having an intrinsic viscosity of 0.20 dl/g and a
hydroxy number of 12. Di Ywatys cléémpdnsite, 300 ng, 25 and 1.5 ng of

t et ramet hyl anmoni um rmal eat e were added and t he chl orof orm was vacuum

stripped at 40-45[err]C, qafg ﬁ{etﬂw %}"S'Jésaﬁﬁ@h MBBofkkelnERT 1 hour at

50-60[err] C. The enhanced cryst I ni tg polycarbonate oligonmer thus

obt ai ned had aﬁomﬁf'ﬁﬁﬁﬂ?%m@%&gzm gogyering @ precyrsoi pplycsrbonatede @pc, a Tm
of 2t28|[ Ie_rr]tC aéﬁrllﬁﬁd’bﬁﬁy@tdﬂirmiy_tp’re@hrélﬁ%o!ﬂ&lrbonat_e, and (B) pﬁpﬁw&iﬁﬁ@_ i geg g
crystal lini ol ycar bonat e qanmer was polynerized in.a flui di zed be
Cenotor in o nSRERIRRRR sy taliny Breciizer BalfRibonate e sl seBier )

for 1 hour 5 238¢idrmpthdddurthehoomprising 248hstrorie dbthedfollowing2@ptiorisour s. Upon
cooling, the product was found to be the desired pol ycarbonate having an

Y o i v 1
r ound- bot t omedSimutanepysly with step Ai withan effestiveinspperion of avmodifingonat e

extruder wast erguifbrt 38latted froflMH gicvipecHdstin eofrcﬁﬁ%hk?agomgﬁcure vas

stirred with a _magneti,c stirrer. Catechol, 20 ,, and tetramnet hyl ammoni um

mal eate, 2 ng, © ”Qﬂaeé'E’XHH”WﬁBp iGFINBPHD gﬁ#éﬁﬂvéﬁaﬁp’\%%ﬁum

stripping. After
10 il. converting said precursor polycarbonate to said

enhanced crystallinity precursor polycarbonate in step A by contact at
a temperature above about 110°C with a catalytic amount of at least
one compound selected from the group consisting of alkali metal
hydroxides, alkali metal alkoxides, tetraalkylammonium hydroxides,

15 tetraalkylammonium alkoxides, tetraalkylammonium carboxylates,
tetraalkylphosphonium hydroxides, tetraalkylphosphonium alkoxides
and tetraalkylphosphonium carboxylates; and

. polymerizing said enhanced crystallinity precursor .
polycarbonate in step B by contact at a temperature between its glass
20 transition temperature and the melting temperature with a catalytic
amount of at least one tetraalkylammonium or tetraalkylphosphonium
carboxylate.

2. A method according to claim 1 wherein the
polycarbonate is a bisphenol A polycarbonate.

3. A method according to claim 1 comprising option |.

4. A method according to claim 3 wherein said contact
is in the presence of a transesterification catalyst.

5. A method according to claim 3 wherein the modifying
reagent is catechol.



10 vacuumdrying, the residual solid was the desired enhanced
crystallinity precursor polycarbonate; it had an intrinsic viscosity of

0. 38 err]C, a Tmof 228[err]C and a crystallinity of
about?ﬁlﬂ‘”@ﬂl&f@h H;ﬁér pol ycar bonat e was nechanically crushed 15 and the
particlsescp jough a 25 nesh screen were collected. A1 0-g portion
t hereof was heated at 50 torr, wth nmechanical agitation, at 1800C for 1
hour, 210[err]C for 1 hour and 230[err}§2f'or 4 hours, and cooled to room
tenperature. The resulting polycarbonate had an intrinsic viscosity of 0.45
dl/g, a Tg of 146[err]C _a Tmof 244[err]C and a 20 crystallinity of 26%
-21 - What is clainmed is6 B mgthed aeeordiig tordaim SrivherelibiRgmasiiitge whi ch

conprises the giagedt & ethierROgiyedt i ng a precursor pol ycarbonate to an
enhanced crystalinity precursor polycarbonate, and (B) polynerizing said

enhanced crystallinity precursor polycatbopate.in the sohiﬁd state, 5 said
net hod further conprisin '2}"182%% aB%@%mg %‘éa&’%?ﬂ‘sa?’ﬁa‘ ying,

cont acti ng sai tbageat is bisphpobly&ar bonate, prior to or sinultaneously wth
step A, with an effective proportion of a nodifying reagent selected from

the group consisting of 4gi Wq{&ﬁgqgggm,ﬁ foog;ggq?%g%%yg?ﬁ ﬁg}@!nyati C

conpounds and di aryl _car bonat es;
precursor pol yEaasehis dinhenybearbomaticed crystal linity precursor
pol ycarbonate in step A by contact at a tenperature above about 110[ere]C

with a catalytic anount gf ﬁ&tnétﬁ@éhc@@n@ﬁﬁc_ﬁf@_@luﬁﬁ Iwherdiethd pesbur§sr group
consi sting of al @all g‘ﬁ%&aL hydroxll ges, al kal i, metal al koxi des,

t et raal kyl ammoh? ﬁ?W % iHBJSCYC8 ptoésfcfa&%?wpammni um al koxi des,

t etraal kyl ammoni um car boxyl at es, tetraal kyl phosphoni um hydr oxi des,

t et r aal kyl phosphoni um al ROxiAlsethod acecding toy¢lpimo d ptosaprising aptionyl. at es; and

11. A method according to claim 10 wherein said
conversion is inducted in an inert atmosphere.

12. A method according to claim 11 wherein said
compound is a tetra{C1.g alkyljammonium hydroxide or carboxylate.

13. A method according to claim 12 wherein said
compound is a mixture of tetramethylammonium maleate and
tetramethylammonium hydroxide.

14. A method according to claim 12 wherein the
propottion of said compound is in the range of about 10-200 ppm
based on precursor polycarbonate.

15. A method according to claim 11 wherein a solvent
resistance-imparting monomer is present during step A.

16. A method according to claim 15 wherein said
solvent resistance-imparting monomer is resorcinol or hydroquinone.

17. A method according to claim 11 wherein a
polyhydroxy compound is present as a branching agent during step
A



11, po .zl ng said enhanced crystallinity precursor polycarbonate in
step B Fﬂmmmwmﬂlenperature between its glass 20 transition

t enper at ur e e vel ing tenperature with a catalytic amount of at | east
one tetraal kyl ammoni um or tetraal kyl phosphoni um car boxyl ate. 2. A met hod
according to claim1 wherein the polycarbonate is a bisphenol A

pol ycarbonate. 3. A nethod according tegclaim1l conprising option 1. 4. A
met hod according to claim3 wherein sald contact is in the presence of a
transesterification catalyst. 5. A nethod according to claim3 wherein the

modi fying reagent is caygCOmethod Sccdtdiftf ©06lams 49" Whe@id thet! ai m 3 wherein
the nodifying re nt is ethylepe, glycol.”.7.. A nmetho ccording to claim3
wherein the n%ygﬁrﬁéy r@g@gﬂnf&s i sﬁ‘li‘ﬁ{ﬁrhmm’éy% €ccording to
claim 3 wherein the nodifying reagent is diphenyl carbonate. 9. A nethod

according to claim3 whégeifndiisodaecondiny topsibine drdompdising option ¢i¢ycl ed
pol ycarbonate. 10. A nethod according to claim1 conprising option 11. 11.

A met hod according to chgi e i i S ed in an

i nert atnosphere. 12. Abgeﬁg)rgﬂé\@gg?}d&mg)@gwﬁnbﬁﬂ%ﬁg‘eﬁcgi%d conpound
i s a tetra(C]eonductad ity landnedatmespherexi de or carboxylate. 13. A net hod
according to claim 12 wherein said conpound is a m xture of

tetramet hyl ammoni um mal eat e asihd @ cadRiNY toRmAI2 WA SteeR id4. A net hod

according to claim.12 .wherein the proportjon of said conpound is in the
range of abouF°'1‘é‘4°ZBé srb&”{ixecp bed or fluf tzec} bed.

22. A method according to claim 19 wherein step B is
conducted under reduced pressure.

23. A method according to claim 19 wherein the
tetraalkylammonium carboxylate is tetramethylammonium maleate.

24. A method according to claim 19 wherein a solvent
resistance-imparting monomer is present during step A.

25. A method according to claim 24 wherein said
solvent resistance-imparting monomer is resorcinol or hydroquinone.



based- on precursor polycarbonate. 15. A nethod according to claim 11
wherein a sol vent resistance-inparting nononer is present during step A
16. A method according to claim 15 wherein said sol vent

resi stance-inparting nononer is resorcinol or hydroquinone. 17. A nethod
according to claim11l wherein a polyhydroxy conpound is present as a
branchi ng agent during step A 23 - . A nethod according to claim 17
wherein the pol yhydroxy conpound is 1 ? -tris(4-hydroxyphenyl)ethane. 19.

A met hod according to clai t | | 20. A nethod according

to claim19 wherein step B%ﬁ@%c?éﬁl ﬁ’%’g?\ﬁﬂﬂ%t nosphere. 21. A

][rFt hgd agcgrgi ngzgzt oAcI ai kr? ?Dwamgmmwgs QV SOUint eq i nt a fisxgad bed or
ui di zed bed. : met ho [ t erein step S

conducted under reduced pr esgﬁﬁgréIZ%'A%ﬁﬁw'ﬁ%wdl ng to claim 19

wherein the tetraal kyl ammoni um carboxyl ate i s tetranethyl ammoni um nal eat e.

24. A method according to claim 19 wherein a solvent resistance-inparting

monomer is present during step A 2AbsAraet hod according to claim24
wherein said sol vent resistance-inparting nononer is resorcinol or

hydroqui none. Solid state polycarbonate formation comprises an initial
step of converting a precursor polycarbonate to an enhanced
crystallinity precursor polycarbonate and a second step of
5 polymerizing said enhanced crystallinity precursor polycarbonate in
the solid state. Several options are employed. These include
modifying the precursor polycarbonate by contact with a dihydroxy
compound or diaryl carbonate, conversion of the precursor
polycarbonate to the enhanced crystallinity polymer by contact with at
10 least one compound selected from the group consisting of alkali metal
hydroxides, tetraalkylammonium hydroxides, tetraalkylammonium
carboxylates, tetraalkylphosphonium hydroxides and
tetraalkylphosphonium carboxylates, and conducting the solid state
polymerization in the presence of a catalytic amount of at least one
15 tetralkylammonium or tetraalkylphosphonium carboxylate. The
preferred tetralkylammonium compounds are tetramethylammonium
maleate and tetramethylammonium hydroxide. Polymerization may
be conducted in the presence of a solvent resistance-imparting
monomer such as hydroquinone or resorcinol or a branching agent
20 such as 1,1,1-tris(4-hydroxyphenyl)ethane.



