VETHOD OF PREPARI NG POLYCARBONATES BY SOLI D &tATE
.POLYMERI ZATI ON BACKGROUND OF THE I NVENTION 5 Thi s
invention relates to the preparation of pol ycar bonat es, and nore
particularly to a nethod for their preparation by solid state

pol ymeri zati on. Solid state polynerization is

di scl osed, for exanple, in US Patents -4 948, 871, 5, 204,377 and
5,214,073, the disclosures of 10 which are incorporated herein. It

i nvol ves three steps: a first steppdTHOD OF PREPARINGr epol ynmer, typically

by nelt polynerization (i.

di hydr oxyaromati ¢ conmpound sugﬁ)la\éC}\hgeﬁﬁ&t%%gﬁk@rgﬁEdl aryl carbonate
such as di phenyl carbonate; a s leOLYMERIZATAONr yst al | i zi ng t he
prepolyner; and a third step of building 15 the nolecular weight of the
crystallized prepol ymer by heating to a tenperature between its gl ass
transition tenperature and its nelting tenperature. Use of this nethod
is of increasing i BACKGROMND S THEINVENTION s ef fecti veness and

envi ronnment al benefits. The af orenmenti oned US Pat ent

5,204, 377 descrsi bes a 20 Ohjgg ﬁ\iélﬁ%n%i %@fdtﬁ@%r@@aﬁ%ﬁ%@' whi ch requires

the use of a crystalli ecific surface area of

at least 0.2 mimarppgateqshaad m,ora mmrlmt%"w o far thelg preparatien

difficult to achi WP solid Sﬁ]téﬁ driddtiohor exanpl e, high shear conditions.
It is of interest, erefore, to develop a solid state polynerization
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requi renments, requi T enen nter

In particular, pr eﬂwrnmg aprepolyvky, d;{plb@ﬂwb)é mq#quiyrgﬁnzation (i.e.,
transesterification) of a dihydroxyaromatic compound such as
bisphenol A with a diaryl carbonate such as diphenyl carbonate; a
second step of crystallizing the prepolymer; and a third step of building

15 the molecular weight of the crystallized prepolymer by heating to a '

temperature between its glass transition temperature and its melting
temperature. Use of this method is of increasing interest by reason of
its effectiveness and environmental benefits.

The aforementioned US Patent 5,204,377 describes a
20 solid state polymerization method which requires the use of a
crystallized prepolymer having a specific surface area of at least 0.2
m?/g. This is a rather high surface area and is difficult to achieve ,
requiring, for example, high shear conditions. {tis of interest,
therefore, to develop a solid state polymerization method which does
25  not require crystallized prepolymers having such a high surface area.

SUMMARY OF THE INVENTION .

The present invention provides a method for solid state
polymerization which is easily performed' and which does not impose
onerous requirements, such as surface area requirements, on the

30 intermediates. In particular, preparation of polycarbonates of high



-2 - nmol ecul ar wei ght can be achieved with the use of crystallized

prepolyners having relatively | ow surface areas. The
invention is a nethod for preparing an aronatic pol ycar bonat e whi ch
conprises: 5 (A) contacting a solid, anorphous aromatic
precur sor pol ycarbonate with at | east one organi c non-sol vent
therefor, said non- sol vent conprising2at | east one dial kyl carbonate,
to forma surface-crystallized pol ycarbonate; and

(B) pol ymeri zing ﬁ?dxscmaf\tva@@teaweaédmm Rith Y u 50 6Py stllizddy solid state
pol yneri zati on. ON, PREFERRED EMBCDI MENTS

Pol ycar bonat es mP&PQMFeb%h%‘f‘@%&a HVWI'Q%éuﬁﬁ%%ea& this invention

typically conprise structural units of the formula

The invention is g tnethod for preparing an aromatiq 1)
-OROC 15 wher at 6 of the total nunber of R groups
are aromat i c%f&gm%‘#gmﬁg&ﬁhaggﬁe bal ance thereof are aliphatic,
alicyclic, or aromatic radicals. Preferably, each Ris an aromatic
organi c radicab and nore préApcontagting aselidaamerphons arematic precursor

(1) -Alerr]-Y-A a\(k an%Wfﬁ'teaéaﬁLé &Eﬁhfdn&ﬂ%l%@ﬁhbréfér,%ai@ﬁ@@-yd ic

divalent aryl radic

C alca{g which one or two
carbonat e atons sé&ghieat eompEsing afleast one d‘ﬁ?@ ‘% RALHIYOINA) s are derived

from di hydr oxyar oggifage oy Qﬂlf@l@pag carbonatd;lmdf or mul as HO R- OH and
HJ err]-Y-Alerr]-0OH respectively exanpl e, A[err] and Alerr]

ohi ah i proferred, or substPl BOVREY S pufdoo SRRTHIZ BoReRIBRIELE,

radical Y is #0st byfdolid stateyphlyroerizationgr oup and
DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

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

O
I
C

0 O0—R—O0

15 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

(n Al—Y A2

20 wherein each A' and A? is a monocyclic divalent aryl radicaland Y is a
bridging radical in which one or two carbonate atoms separate A'and
AZ2. Such radicals are derived from dihydroxyaromatic compounds of
the formulas HO-R-OH and HO-A'-Y-A%-OH respectively. For-
example, A' and A? generally represent unsubstituted bhenylene,

25 especially p-phenylene which is preferred, or substituted derivatives
thereof. The bridging radical Y is most often a hydrocarbon group and
particularly a saturated group such as methylene, cyclohexylidene, or



particularly a saturated group such as nethyl ene, cycl ohexylidene, or

- 3 - i sopropylidene which is preferred. Thus, the nmpst preferred
polycarbonates are those derived entirely or in part from

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

The essential starting material in step A of the nethod of 5 this
invention is a precursor polycarbonate. It n8y be a pol ycarbonate

ol i goner of the type produced by the first step of a nelt pol ycarbonate
process or by bi scisopragylidené evtich apreferpsd: phing, itiee niost pestedely

nave an intrins o GOVEALRROR AR 8% Bbliehy enliey 8%‘*18%‘8@@”8?5 g all 10
intrinsic viscosit$2his(febydemxyphemd)prgpane. disekndwe asi“hisphenold™or m at
25[err] C The precursor polycarbonate nay be a branched

pol ycarbonate, formed by they h@%@éﬁfh!%iarﬁnb@éﬁaﬂﬁ'sﬁ@ﬁ%bﬂ@ﬁé?né}ﬁo&to?

precursor(s) wth a branching agent such

-tri s(4- hydr oxypheHys jnventip® Is & Pregursar B@Y%ban%f@pdf ey heom Relycarbonate
particularly a cop@izgfaﬁéb@m@ ¢ pesdiRedby thegtnstrsté;e@ﬂhaﬁem?ogbémonate

copol ycar bonate cont ai ni n adapted to maximze So
regl s%/ance Hy dr oqBf9f57E © gﬁ&%ﬁﬁﬁ?f@%ﬁ&fﬂ%@B%ﬂﬁ%ﬁ]ﬂWﬁg by are
Bfar9 t2 iocglogrl é Slﬁll t ahydrolysis and/er pndqm&mnl gaadahda:ﬁmssﬁuwfnol@rﬁbﬂsem?sﬂo

: : . Such un ¢
carbonate units m%@%wﬁ% hé&rﬁ‘gjon‘%‘/se(fc@ “J‘??e f’q?@%borfé%gﬁggodgobﬁ d?)g, all
pol ycar bonat e 1t cmmmwspoﬁat valey hpreie beingoas determined in obfarafaranatous| y

wi th the conversiopgeh the precursor polycarbonate to an enhanced
crystallinity polymer. 25 The precursor polycarbonate may

compact di ks, mmy bo enpBREPOLPAURHBANB 1BRY BREPEBCBRY ati on i 5
immaterial; i.e., polycatbonutd,domped by thid cezation of adineal bylypadpmatsiobits
Iblntsgmc g(r:IO?L)r mat espﬁt%ﬂg{?r@véﬁ)p?gp%wﬁ aBé’rl.tyéﬁ%h azsat on or SLI:(r)\mr ecycl ed
mat eri al typi cdl | y1Hab-tids(deiyeroxyphenyi)ghane. it may also be a copolycarbonate,
particularly a copolycarbonate oligomer or high molecular weight
copolycarbonate containing units adapted to maximize solvent
resistance. Hydroquinone and methylhydroquinone carbonate units
are particularly suitable for this purpose, as disclosed in US Patent
20 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
simultaneously with the conversion of the precursor polycarbonate to
an enhanced crystallinity polymer.

25 The precursor polycarbonate may also be a recycled
polycarbonate. For example, recycled polymer from compact disks
may be employed. Its method of original preparation is immaterial; i.e.,
recycled polycarbonate originally prepared by interfacial
polymerization, by melt polymerization or from blschloroformates may
30 be employed.

Such recycled material typically has a molecular weight
which has been degraded from that of the originally polymerized



whi ch has been degraded fromthat of the originally polynerized

- 4 - material as shown by an intrinsic viscosity in the range of
about 0.25-1.0 dl/g. It may be obtained from scrap pol ycarbonate by
di ssolution in a chlorinated organic solvent such as chl oroform

met hyl ene chloride or 1,2-dichloroethane followed by filtration of the 5
I nsoluble material or other art-recogni zed-procedures for separation of

non- pol ycar bonat e constituents. O her types of polycarbonate, such as
interfacially pr eRﬁé@?‘iaFQéléﬁ r?:rﬁéﬂ&%a@%%&ﬁfﬁmﬁé?aﬁgﬁé bHe66ut_
wastes, may al so be enp recur sor Prior to

oye
perform ng step A0-2%-1 |Qd&9{ I'ﬁfﬁaYﬁ‘é %%‘Bédé'fmﬁ gerappolysarbonateby
particularly when da&@:l@mcw@emoﬁﬁhue@acsrganﬁt@w@t@uwag@hmofonn material,

chlor  nat ed_hyar odPBIReLHIOfs ) fECHHi3aS FocHR by sagonphfe '
1, 2-di chl or oet Banansaibblermhmmaboeomd ant-redogtized pbsoedures for separatoansfe
1,270 chi br et nand BEPRA ATl i oo B el B 7,
t he precursor pol yasdn iallyi pfepa@@nlmrbonate andwglycseuhen@ﬂea@enmerany
tenperature. Typi %ésté?rmﬁflﬁgégﬁée a}é@{)ﬁg? ecursgpout 0C to the boiling

poi nt of the sol vent out 20- generally bei ng
preferred. So |long as an a | vent effectlve 20 diss tLve t he

nt of s
pol ycarbonate i s enpl oyed, mﬁ’@fﬁ?@s{yfopnﬂm $tep Myt *§W‘W’b@e scope of
Di ssol uti on ofigt hénvsretion; Famwtﬂm@vﬂm pregarsor polyarbonate isca vésycerhi nd

'he. precur sor - pol yBaEBBh I HissBhve b 3 5hhfiftes PO EmpR as solvegfor) €9
i nvention further itusttativelchlarinatedrbydiocafbansi ateimetblylebeehisideyat eri al s from
the pol ycar bonat e i1, I ichidiBHHRACRERRYRhzENe and o dHGoBEAYeNt i onal

oper at i ons as dec atl on

The precursor pol enehdha @'O@&‘lpbatféhwf?cé@@@élaé@ peeferred, with metbyleseed

inpurities, WibCh dRHdEPRGRA 2—&ch|b?oétﬁhﬁéﬁéb@cﬂb§t prefgttdd.or 30 in the
sol ution thereof in the chlorinated sol vent ari ous

Dissolution of the precursor polycarbonate in the solvent
may take place at any temperature. Typical temperatures are from
about 0°C to the boiling point of the solvent, with about 20-100 °C
generally being preferred. So long as an amount of solvent effective to

20 dissolve the polycarbonate is employed, its proportion is not critical.

Dissolution of the precursor polycarbonate generally
leaves behind various insoluble materials, as illustrated by metallic
coatings when the precursor polycarbonate is from optical disks, for
example. The invention further contemplates removal of said insoluble

25 materials from the polycarbonate solution. This may be achieved by
such conventional operations as decantation, filtration and
centrifugation.

The precursor polycarbonate is ffeqijently associated
with colored impurities, which may appear in the poty'lcarbonate itself or
30 in the solution thereof in the chlorinated solvent. Various
embodiments of the invention, therefore, include a step of removing
cotlor from the amorphous polycarbonate solution following other



enbodi nents of the invention, therefore, include a step of renoving
color fromthe anorphous pol ycarbonate solution foll ow ng other
renoval steps.

One nethod for color discharge is treatnment while in

solution with a mneral acid, preferably hydrochloric acid, said acid
typically being in solution in an al kanol such as nethanol. Another is
contact of said solution with a solid that -&bsorbs col or bodi es,
activated charcoal or a crosslinked resin, which nay be neutral or nmay

be an ion exchangerenfial step30iDRS nicthd@ fdr slordisdhargs @ wéamiertiwhile in

sodi um gl uconat e.
precipitation as

enpl oyed pol ycarb
conmpound such as

Sti Ll th h th fter. . .
AR B AR a0, PrafarRbl etk ot SHid i n
sufficient to di ssypicallybking ihadiution inEh alkanol such as rivethgnob mothicaid vy

Oﬂg&%ﬁﬁ &'said soluti%rf? %@y@gﬁgi %‘:ai Qgg%rﬁg %ngg%é'sa SRR ESC

capping agent,

p en an en

such as

when present, &an adtivatgd charcoal a5 crosslinites resing mhichymay hie naeal oronay i t
is frequently pref aain AR ht A ; at | east
58 Ao gy e, Aok RaSima St aabtge: |

one di hydr oxyar omat |

ound a nodi fyi ng

reagent to producesodium g!maéw%@!{@ngﬁwagw ing0 the cesipodfi@s i ncl ude
predipReition a8 Aesorbe h8rekiartet With aonRIRHI M aninsddignol s,

resorci nol ,
et hyl ene

gl yceryl

gl ycql. .. opyl ene qglycol .. pentaerythritol, glycerol,
rmrﬁ}g%é‘l”'ﬁﬁ{té‘t‘és%qrhﬁeg?%’&gpgﬁegrmnostear ate, with catechol
bi sphenol 20 A often being preferred.

and

The proportion

5

of nodifying r@agent is gendvtahygommercially erpioyad polycarboeatss areeoretical |y

i or 1 havi ES”XE%&%&&?S’?Q%"?%W°W‘;‘:2"§EE%¥§?& papalnd PuctiBs peHol O, 07, °

end groups. A sui tRisHeyiphenst.opbeh prendeappiagfgeat. whestpigpest, gandnhibit

experimentation. golid state polymerization. | Thérefdte/it is fi€quirfty\préired to add

pol ycar bonat e,

ich, be a. .. solid or a solution”as prepared by the
above- descri bed st‘@'ﬂg‘% (ﬁssoluth{bﬁ@g(ﬁt&aq%opﬁ qsé'?y‘ﬁ%’é)éacm%‘ﬁ@g(?rrgani c

wh

non-sol vent t Hér efdihydiBayaliphatic confpounadl ascamaiifying reagent tolpradticene di al kyl

car bonat e, which
Suita

non- sol vent .

20

25

30

hydroquinone, methythydroquinone, catechol, bisphenols, ethylene
glycol, propylene glycol, pentaerythritol, glycerol, glyceryl

monopalmitate and glyceryl monostearate, with catechol and bisphenol

A often being preferred.

The proportion of modifying reagent is generally a
proportion at least theoretically effective to convert the amorphous
polycarbonate in the solution to a material having about 20-80% (by
number), preferably 40-60%, hydroxy end groups. A suitable
proportion may be determined by simple experimentation.

In step A, the precursor polycarbonate, which may be a
solid or a solution as prepared by the above-described steps, is
contacted with at least one organic non-solvent therefor. Said,
non-solvent comprises at least one dialkyl carbonate, which may be
used alone or in combination with another non-solvent. Suitable
dialkyl carbonates include those in which the alkyl groups have 1-4
carbon atoms, as illustrated by dimethyl carbonate and diethyl

r‘ﬁ?ﬁégﬁl 894 gPSh. 25O LoPobREP lniRlde s Bididoianot her



di al kyl carbonates include those in which the alkyl groups have 1-4

carbon atons, as illustrated by di nethyl carbonate and di et hyl

- 6 - carbonate. Dinmethyl carbonate is usually preferred by reason
of its relative availability and | ow cost and particular suitability.
When the dial kyl carbonate is used in conbination with anot her

non-sol vent, said other non-solvent is typi-@&dly water or a 5 | ower
al kanol, the term "l ower" designating alkyl radicals having up to

seven car bon at onparJéieate! Eigictisd chiydriaté id@npllly préferneddstreason of @8Nt ai ni ng
1-4 carbon atons, eF,aExem al la/ .{]’Et h%gol ang ethanol and. ... preferably
net hanol . refative availabiliy;and Jow) Gt apd PRscHiar sUltabiliber a1 |y present in

maj or 10 proportion in any non-solvent m xture; that is, in a proportion
gr eat er t han 50% by vdNher thé diafled shibyonateis e ik Yontbinditioratvith

corprises at |t 40O, o85% ThE: AGESSRAHL K ekl Gedole gnd s
preferably &80 - 9 DYy VOl . ese

preferences ar8 bdewer atkandleths term ‘fower, deaignating Blkypragicaishavingrapoto t he
surface-crystal | i zgdeR®aWseH beﬂ?é.f]r'fg\é‘n??é’fe*rédtléw?r ?lﬁanolg%?élﬂfdseo‘c step A

particularly when it 1s, produced pellets o e type typically
generated by conm&oRtainingxk-#¢arken aloms, mspeciallymetaanol and gthaaol duction
of a surface-crystyrbidegisld nisthifel bonate which is itself in pellet
form with little or no powder formation, is preferable. It is also 20

preferable that the pellets.and.,.a ssoci at.ed r _be fr.ee f.low ng
rat her than adhered into ag&?@g@?@él %@l’?’g??@ﬁﬁaﬂgﬁ’g@a'ﬁﬁwfd@m%ﬂ’ t he
nmor e pr ef er r ed0angropeitioprie fivy ned-schvard snigfuredhatis| inem praporiors greater
powder fornmation, L glhbd Ul Ty :
Surface crystalli ztéé'll‘ g’?/nrrg @E@@%c%?%sﬂzh%ym@ é?ﬁ)oggte E%WP gﬁ?? ﬁtg t he
precursor pol ycar hersttabost B8 %; meoredretasablyabout 65-858p apd snestariefergbiycal | y

at tenperatures i mpoueesame, B valbaid 20-50 [err]C. The weight ratio
of the non-solvent to the precursor polycarbonate is not critical but

oy be adj usted for e sakenalotoRKent I UAbl%%: bllstin par, AH62"0° ©

15  physical form of the surface-crystallized polycarbonate which is the
product of step A, particularly when it is produced from pellets of the
type typically generated by commercial extrusion equipment and the
like. Production of a surface-crystallized polycarbonate which is itself
in pellet form, with little or no powder formation, is preferable. It is also

20 preferable that the pellets and any associated powder be free flowing
rather than adhered into aggregates by sticking and clumping. In the
more preferred and most preferred ranges of non-solvent composition,
powder formation, sticking and clumping are minimized.

Surface crystallization may be accomplished by merely
25 contacting the precursor polycarbonate with the non-solvent
composition, typically at temperatures in the range of about 20-50 °C.
The weight ratio of the non-solvent to the precursor polyéarbonate is
not critical but may be adjusted for the sake of convenience; ratios in
the range of about 4-6:1 are typical. '

30 : As disclosed in the aforementioned patents and in
copending, commonly owned application Serial No. 08/767,740, the



30 As disclosed in the aforenmentioned patents and in
copendi ng, commonly owned application Serial No. 08/ 767,740, the

-7- surface crystallization step may be achieved in the absence or
presence of catalysts. Suitable catal ysts (when enpl oyed) include

al kali metal and al kaline earth netal hydroxides, hydrides,

bor ohydrides, al um num hydrides and aryl oxidges; conpounds of such 5

el enents as zinc, boron, silicon, germanium tin and | ead; onium

d h mAi 2 honi
caltor imcl udi ng AR AT EACANER sP ARy b BufeRil i the gnschRPBPCT T

salts, including c J /, manganese,
titani um and zi r copfiesance spoatalists.abtitable catalyss fuhen empleyrd)yinclude and

phenoxi des. Catal yﬁkal?m&réﬂ&ﬂﬁa{iﬂ@éw%etﬁf@&dﬂees,%yﬁﬁd)ée,! cally in the
range of about 50-200 Bgm bas?d on . precursor pol ycarbonat e.

Contrary to the ab@meh ’éﬁ‘ﬁ%ﬁlgﬂ"ﬂm&’@rﬁ&e&ﬁ‘ a S cempounds ofsuich77 ¢
has been found g haglehieits ds ZirRs beros isticbh Zgsrmaniump th whdndéadiadriugr oduced i n
step Ain the nethod of this inventi ave, a garticul arly

l?)lg? ton does_15 . not a
hi gh surface area. CHBPRURLS Py RS Agiermany ammoniuy and QUAIRMANS general iy
not at |east 0.2 nplessphiogiuas spits\including carbexydates duch as maleatesary or

preferable. Nevert f.a - o) C onate is
readily pol ymeri za%ﬁéﬁ %@’s’é&ﬁ%&ﬁsaef gfaggﬁﬁ@?j%}ac%)ﬁg%! oompoﬂﬂhé(,‘ &H)
Al so, contrary to binsyanien eathaxylates aad phenexides. Gatalysiproportiops; when

4,948, 871 thatypgan @m@g@lﬁh, 5fev§fbfé3h%m {né rahgalof aBaat s&%obzalplfneaagé% for

solid state polyneri on, el ieved™t hat the over crystapl inity
of the surface- cryRESHISOs PRYSEMANASonate is inmmaterial to its utility.
Experience indicates that the only requirenent is a significant surface

crystallinity, typically at Centsary3®thdabsye-identifiey slistldsure liry US Patent '

appear to have a shERRTdald e an ognd d e RaEAHRRAd 0s 1Tt o)

state. polycarbonatet predBeed int ﬁep%ﬁi thegnethed b thimdnvergionaioes

iogglr 3;;02- It 1BBY not havef paRidtlikirlydigh BdRicSbied. AR b&REuLAY IS Ons. These
surface area is generally not at least 0.2 m?/g as previously considered
necessary or preferable. Nevertheless, the surface -ctystallized
polycarbonate is readily polymerizable by solid state polymerization.

Also, contrary to the statement in the aforementioned US

20 Patent 4,948,871 that an overall crystallinity of at least 5% is required
for solid state polymerization, it is believed that the overall crystallinity
of the surface-crystallized polycarbonate is immaterial to its utility.
Experience indicates that the only requirement is a significant surface
crystallinity, typically at least 5%. Thus, the crystallinity or

25 non-crystallinity of intermnal regions of the polycarbonate does not
appear to have a significant effect on its polymetizability in the solid
state.

Step B is the solid state polymerization operation. It may
be conducted under art-recognized conditions. These include a
30 temperature between the glass transition temperature and the meiting
temperature of the surface-crystallized polycarbonate, most often
about 10-50°C below its melting temperature. In general,
ternperatures in the range of about 150-270° and especially about 180-



30 tenperature between the glass transition tenperature and the nelting
tenperature of the surface-crystallized pol ycarbonate, nost often

about 10-50[err]C below its nelting tenperature. In general,

tenperatures in the range of about 150-270[err] and especially about 180-

- 8 - 250[err]C are suitable, especially for bisphenol A honopolycar
bonat es. Wil e catal ysts are not necegsary, any catal yst enployed in
step A wll nost often still be present and its presence is not

detrimental . 250°, are suitable, eggécﬁﬁgmﬁlﬁ{hénm Ad @U!g@c{} tohates.

illustrated by the rrnsic vi I'es wWere
determ ned in net M’héeu@atawm agenot neceaﬁarw@mma}aﬂ,yst employedtionsieprA will

A, 260, round- bolrhaefishe] St BHisRRP nis brafbrd bbPRetrimental unne!

reflux condenser and stirrer wasS charge I Sphenol A
pol ycar bonat e ol i gomer havi an I nt | C, Vi SCOS] t 0,16 dl /g,
100 m of dinmethyl carbonate H‘eiwﬁ%mﬁ%%@rbﬁ 1?(ustrate%b¥§aﬁr@lowwg

t et ranet hyl anmgni WiRalinisles.0 Bitringit eRicesitieh avate Xetérthined in mety/lsie aﬁl@ﬁdat
27[err]C for 10 magébgﬁ after which the dinethyl carbonate
u

renoved by distill nder reduced pressure and the residue 15 mas

dried at 80[err] Sé%w‘ﬁr%oﬂours. The solid material was sieved and

the particles pas gh a 25 nesh screen were collected. The
resulting surface-crystallized polycarbonate oligoner had an intrinsic
viscosity of 0.16 dl/g, a gllh2§0{mlamuhd+hmtonmq3&shaqtéppﬁdWftﬁa[rmdqiﬂbna

T8, TP oL, ol S SO iy 9ot

The surface-cr sta |zé omer was subj ect ed State
pol yneri zat i oAGcorkispheset A po mrbgn@mez@tﬂom heyina @t inlingie mcwtm:f of

ni trogen at 1807 e 16 gy 160 MK dirAahPédrbbnt ark 100 bom? 8a66d bhC f or
hour s and 2 err { Sl(j The rezgtljtl n&@? % %bonate had an
intrinsic yoéPré"ﬁgh pingnonium, hydtogen Refedten BUfture of
147 [err]C and a Zﬁas srln‘red ab27 e 1 minutes, dftsd[which the dimethyl cﬁmﬁm& 2
was removed by distillation under reduced pressure and the residue
15  was dried at 80°C for 2-3 hours. The solid material was sieved and
the patticles passing through a 25 mesh screen were collected. The
resulting surface-crystallized polycarbonate oligomer had an intrinsic
viscosity of 0.16 dl/g, a glass transition temperature of 115°C, a

melting temperature of 231°C and a crystallinity of 33%.

20 The surface-crystallized oligomer was subjected to solid
state polymerization conditions in a fluidized bed reactor under a flow
of nitrogen at 180°C for 1 hour, 210°C for 1 hour, 220°C for 2 hours
and 230°C for 2 hours. The resulting polycarbonate had an intrinsic
viscosity of 0.55 dl/g, a glass transition temperature of 147 °C and a

25 melting temperature of 250°C.

EXAMPLE 2

The procedure of Exampte 1 was rebeated, substituting
for the polycarbonate oligomer a commercially available bisphenol A
polycarbonate in pellet form, said polycarbonate having an intrinsic
30 viscosity of 0.36 dl/g, and (in Examples 3-5) for the dimethyl carbonate
various mixtures of dimethyl carbonate and methanol. The surface-



The procedure of Exanple 1 was repeated, substituting for the

pol ycarbonate oligomer a conmercially avail abl e bi sphenol A

pol ycarbonate in pellet form said polycarbonate having an intrinsic 30
viscosity of 0.36 dl/g, and (in Exanples 3-5) for the dinmethyl carbonate
various m xtures of dinethyl carbonate and nethanol. The surface-

- 9 - crystallized pol ycarbonate had-@n intrinsic viscosity of 0.36
dl/g, a glass transition tenperature of 134 [err]C, a nelting

tenperature of 23ﬁf§téfli§ed polycafsbriaté h4d ihtrialstdmﬁ_os%g% o,TéB?dvgg,'avCaf bonat e
obt ai ned by solid SLALEe o Pc;lggerre |22)&| [%30 ad an.| ngl n%ag Vi C%C%o of
0.55 di /g, a gl asd@FNRMtighte @g‘f’r’ﬁ detr' gmallieg lerpperatiure of ng

t eﬁpe&at ur ef OEX 261a|n[d&5 etyStallinity of Sﬁd%AWHEE{étsfcaﬁbonate obtained by soiig _stat;'éﬂel
procedure o an was. repeated., .substitutin var i ous, di y

car bonat e- net hano|P°?X’Q?ﬂ¥a§§’"fe*84§%‘M“HPﬂ&§’ . sty OPO.ggrdg{gnatgge}ssrﬁgn%ggw ts
are given in the ftempevatue obHI°C aul a meltipg tsropetaturetaf 263SC.= solid state

pol ymeri zed, Tm = nelting t enper at ur e.
Surface-crystal | i ZXAMELESSSS PC Met hanol ,
Crystallinity, Sticking/ Powder, % Exanpl e % by vol. Tm([err]C

% cl unpi ng 3 The pr?ﬁdur%oof Exa%oig Pyas repfeastgé, substittginﬁes

10 4 20
30 218 variggs dimethyl caggonate-methanol mixturestfanthva dingethy!

g\ 100-9 ngﬂ e of gﬁiﬁéﬂ%gPWhé rBQJilYé?gf Oét?mﬂ@?ﬁ!!&&iﬁﬁtt&@ef P@é%?x”fger i th
rips is dissglved in . 2- di chl or oet han .80[err]C, wi
vi gorous sti r%ngp%‘g%%i?i Q%Pi%se siate B@'E@eé’ﬁﬁ&t ﬂ@ s Hslting resi due
is renmoved and di sempdeaturdd met hyl carbonate is added to the

pol ycarbonate solution to precipitate the polycarbonate as a crystalline
solid, which is separated, washed with et hrylstaﬁggc}(%e unti | Scso‘; 8&' ess and

5

Surtace-c _
Methanol, Crystallinity, Sticking/  Powder, %
Example %byvol. Tm,°C % clumping
3 10 224 25 Yes 10
4 20 217 23 Yes 3
5 . 30 218 20 No 1
EXAMPLE 6

A 100-g sample of bisphenol A polycarbonate recovered

15 from extruder drips is dissolved in 700 mi of 1,2-dichloroethane at
80°C, with vigorous stirring. The solution is centrifuged and the solid
residue is removed and discarded. Dimethyl catbonate is added to the
polycarbonate solution to precipitate the polycarbonate as a crystalline
solid, which is separated, washed with ethyl acetate until colorfess and

20 dried in vacuum at 80°C. The resulting surface -crystallized
polycarbonate is capable of solid state polymerization by the method
of Example 2.



20 ~ dried in vacuum at 80[err] C. The resulting surface-
pol ycarbonate is capable of solid state polynerization bﬁlmg nﬂ III““I
of Exanple 2.

What is clained is: 1. A nethod for preparlng an aromatic
pol ycar bonat e whi ch conpri ses: (A) contacting a solid,
anor phous aromatic precursor 5 polycarbondafe with at |east one organic
non-sol vent therefor, said non- sol vent conprising at | east one dial kyl
carbonate, to forma surface-crystallized pol ycarbonate; and

(B) poI ynmeri zing said surfacwhat wsd@hhédzlgd pol ycar bonat e

by solid state pol ynerization. 2. A nethod according to
claiml1l wherein the dial kyl rbona

3. A nethod according to clal nﬁp%@?ﬁ%ﬁﬁ{%@ﬂﬂgﬁbjﬂﬁg@p @ﬁ‘éaégﬁ%?‘fﬁrl ses
structural units ofhicheomptisesa O || (1) -OROGC 15 wher ei n
at | east about 60% of the total nunmber of R groups are aronmatic organic

radi cal s and the bal ance t he(rAi(&Bnﬁ?ﬁagasd?ﬂd' Q%rrﬂgﬁoufét‘o?ﬁ%{c\mec&{so?r omatic

radi cal s. accord t he
pol ycarbonate Bs ddlyeashenate witthahiepst graptasmia léon-sgbrent therefor, said gona

nmet hod accordi ng tlvericomprishiRy & IBastéhe dialky! carbonate, to form a
sutface-crystallized polycarbonate; and

(B} polymerizing said surface-crystallized polycarbonate
by solid state polymetization.

10 2. A method according to claim 1 wherein the dialkyl
carbonate is dimethyl carbonate.

3. A method according to claim 2 wherein the
polycarbonate comprises structural units of the formula

|j

0] 0—R—0

15 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.

4. A method according to claim 3 wherein the
polycarbonate is a bisphenol A homopolycarbonate.

20 5. A method according to claim 2 wherein the
non-solvent consists of dimethyl carbonate.

6. A method according to claim 2 wherein the
non-solvent is a mixture of dimethyl carbonate and water or a lower
alkanol.



non- sol vent consists of dinethyl carbonate. ”"l"mlu"m“ﬂ l
according to claim2 wherein the non-solvent is a m - i
* c L M s %*

carbonate and water or a | ower al kanol .

- 11 - 7. A nethod according to claim®6 wherein the
non-sol vent- i s met hanol . 8. A nethod according to claim
7 wherein the dialkyl carbonate conpr+ $¢s about 65-85% by vol une of
the non-solvent 5 mxture. 9. A nethod according to

claim8 wherein the dial kyI 7 Am@@@@q&b@,ﬁ@{mawﬁs @ﬁg@n@,@- 75% by vol une
of the non-sol vent . A met hod according

to claim2 wherei N¥F §‘b("9[‘t| '§ ‘ﬁ?fhaﬁg‘nduct ed in the presence of a catal yst.
11. A method according to claim 10 wherein the catal yst is a
quat ernary amoni um or quat 6.nAnyethbdgtordingrtesealaim 7 wherein the diatkyl 12.

S S o R o S ke o e SRR L

anmoni um car boxyl
wherei n the cabal yseture. is tetranethyl anmoni um hydr ogen rral eate.

9. A method according to claim 8 wherein the dialkyl
carbonate comprises about 65-75% by volume of the non-solvent
mixture.

10. A method according to claim 2 wherein step A is
10  conducted in the presence of a catalyst.

11. A method according to claim 10 wherein the catalyst
is a quaternary ammonium or quaternary phosphonium salt.

12. A method according to claim 11 wherein the catalyst
is a quaternary ammonium carboxylate.

15 13. A method according to claim 12 wherein the catalyst
is tetramethylammonium hydrogen maleate.



