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Polycarbonate, And Production Methods=

Technical Field
The present invention relates to a porous,

crystallized, aromatic polycarbonate prepolymer, a

, porous,:crystallized aromatic polycarbonate,band

production methods therefor. More particularly, the
present invention is concerned with a porous, crys-
tallized, aromatic polycarbonate prepolymer having
terminal hydroxyl and aryl carbonate croupe in a

specific molar ratio and having specific number

' average molecular weight, surface area and crystal—

linity, which can readily be converted by solid-

.state condensation polymerization to a porous, crys-

tallized aromatic polycarbonate having excellent
properties. The porous, crystallized aromatic

polycarbonate of:the”present'inventionlcan readily.
be molded to obtain a shaped, porous, crystallized
polycarbonate. The porous, crystallized aromatic
polycarbonate and the shaped, porous, crystallized

polycarbonate of the present invention have excel-
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state condensation polynerization to a porous, crys- <% = % . itallEzed

aromati c pol ycarbonate having excellent 20 properties.  The:" *
porous, crystallized aromatic golycarbonate of the present
i nvention can readily be nol ded to obtain a shaped, porous,

crystallized pol ycar bonate. The porous, crystallized aromatic

pol ycarbonate and the $ORpeHeaPOrsifstshde! #hd! §68ver® resistance and
pol ycarbonate of the present invention have excel -

2 lent SgribiesadvaneL£g@dds P! VOt wa e SaBB6LPREEn so that
exhi bit advant ageously | ow wat er absorption so that t hese are

suited for use as a fithése @&rs@ited £Or use as a filtéfsmaberiallee an
porous, crystallized aromatic poly-

article 5 caifsorbentnd THe sdeges) perpssalliyefabromatipoipply -
carbonate of the present invention can also readily
5 carbonate and the shaped porous, crystallized poly-
carbonate of the present invention can also readily
be molded by a melt process into an article useful
;s engineering plastics, such as an optical element
and an electronic component, which is appreciated
10 since it is free of impurities, such as chlorine-
containing compounds, and has excellent properties.
Background Art
In recent years, -aromatic polycarbonates have
been widely employed in various fields as engineer-
15 ing plastics which have excellent heat resistance,
impact resistance and transparency. Various
studies have been made with respect to processes for
producing aromatic polfcarbonates. Up to now pro-
cesses, such as one utilizing interfacial conden-
20 sation polymerization of an aromatic dihydroxy com-
pound, such as 2,2-bis(4-hydroxyphenyl)propane
(hereinafter frequently referred to as "bisphenol

A"), with phosgene (hereinafter frequently referred

to as the "phosgene process”), have been commercial-

25 ly practiced. 1In the phosgene process, a mixed
-_
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be nolded by a nelt process into an article useful -  ~"+ 7 :7:as-
engi neering plastics, such as an optical elenment =~ =~ " and an

el ectroni c conponent, which is appreciated3l0 since it is free of

i mpurities, such as chlorine- cont ai ni ng conpounds, and has
excel l ent properties. Background Art In
recent years, aronati sopgkptaciiowates laven aqueous alkqﬁ*nﬁqﬁg&ggn and a.
enpl oyed in various fields as engi neer- -15 _ing plastics, which
have excel | ent heat resteradmmiscible organiq gslventesisigprerahty used.
transparency. Vari ous studi es have been nade with res ect to

processes for CommerGigddvirng Miees: |S@1p’(ﬁ%a9%cﬁ%t%%“e°% §

pr o- cesses, such as _one utilizin terfaci ndgn-
sation pol yneri zat i onhyfraxideosslutign pad gk&ihene Snfor £l liound

R
brocess) . have been CRFAGHaRRings or a quatqshary Jnohl G Ebfipgund is
phosgene process, a n1x qoyed. By-produced hydrogen chloride is removed
as a salt with a base.
However, in the interfacial condensation poly-
10 merization process employing phosgene, (1) toxic
phosgene must be used, (2) due to the by-produced
chlorine-containing compounds, such as hydrogen
chloride and sodium chloride,'the apparatus used is
likely to be corroded, (3) it is difficult to remove
15 impurities which adversely influence the polymer
properties, such as sodium chloride, from the poly-
mer, and.(4) since methylene chloride (which is
generally used as a reaction solvent) is a good
L solvent for bolycarbonate and has a strong affinity
20 to polycarbonate, methylene chloride inevitably
remains in produced polycarbonate. Removal of the
remaining methylene chloride on a commercial scale
"is extremely costly, and complete removal of the

remaining methylene chloride from the obtained poly-

25 carbonate is almost impossible. Further, it is



3 o sol vent of water or ‘an aqueous al kali sol*uti
wat er-imm sci bl e organic solvent is generally used. =~
Commercially, a mxed solvent of an aqueousgsodi um hydr oxi de
sol ution and methylene chloride is 5 enpl oyed. As a catalyst for
pol ymeri zation, a tertiary am ne or a quaternary anmoni um
conpound is noed®! ¥nad . £ HY i hyilogitde chémaidtngs inettheed
as a salt with a base. wever, in the interfacial
condensation poly- 10polymer isTEXikeély Otb [eCcdecomppseding.ghesbynbeatlnt
toxic phosgene nust be used, (2) due to the by-produced

chl orine-containing COorl® Utilite of mibldimydrtigereby forming ggﬂrggeaecaﬁg-
- sodium chloride, the apparatus used is likely to be corroded,
(3) it is difficult toridepwhich not only causes corrosion of a molding
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5 machine but also lowers the quality of the polymer.
Furthermore, when it is intended to produce a poly-
carbonate having a high molecular weight (e.g.,
‘number average'ﬁolecular weight of 15,000 or more),
a methylene chloride solution of such a polycarbon-
10 ate has an ektremely high viscositx, thereby causing
agitation of the solution to be difficult. Addi-
| tionally, sticky:pdlymer solution is produced, and
hence it becomes extremely difficult to separate the
polymer from methylene chloride. Therefore, commer-
15 cial production of a high quality, high molecular
weight polycarbonate by the phosgene process is
extremely difficult.
As menﬁioned above, the phosgene process
involves too many problems to be practiced
20 commercially.
Meanwhile,'various methods are known in which
.an aromatic polycarbonate is.proddced from an aroma-
tic dihydroxy compound and a diaryl carbonate. For
example, a procéss, which is generally known as a

25 transesterification process or a melt process, -is
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properties; such as sodiumchtoride, fromthe poly- ‘ nEr afd
(4) since nmethylene chloride (which is 5 generally used as a
reaction solvent) is a good solvent for polycarbonate and has a
strong affinity 20 ol ycar bonat e, net hyl ene chl oride inevjtably
remai ns in produced po¢9%@¢b@h@£by peastared. t fa this Proces%mﬁﬁuﬁﬂ¥ﬁr

met hyl ene chloride on a commerci-al scale is extre costl

and conpl ete renpval ofarhenate is PIOdUFéﬁapﬁlﬁgr né¢ﬂ9 s ta

t he obtained poly- 25 carbonat e | no [
i s PoLY ester exchange reactio beiweggp%3§kg¥¥gy%IQthQﬁ Mt
nethylene chl oride rema

deconposed, e.g., by h@ gnlngyincarb°“ate PﬁetPanr%%gﬁb(m # Ik%ﬁé?%%vg?

formng h
g yd%ogen chl o- while effecting elimination of phenol. However, in

order to attain the desiréﬁ polymerization degree of
the final aromatic polyéérbonate according to this
process, phenol and, fiﬁally, diphenyl carbonate
need to be distilled off from a formed molten poly-
10 ' carbonate of high viscosity (e.g., 8,000 to 20,000
pqise'at 280 °C), and it is generallj necessary to
perform the reaction at &Itemperature as high as
280° to 310 °C in vacuo as high as 1 mmHg or less
for a period of fime_as long as, e.g., 4 to 5 hours.
15 : Therefore, this process has many disadvantages. For
example, (1) both special apparatus (suitable for
reaction at high.temperatures and under high vacuum)
and a special stirrer of great power (useful uhder
b the high Qiscosity conditions of the product to be
20 | formed) are needed,.(Z) due to the high viscosity of
the.product, when a reactor or stirring type reactor
(which is usuaLly'employed in the piastic industry)
is used, only a polymer having a weight average
molecular weight as low as about 30,000 is obtained,

25 ' (3) due to the high temperature at which the reac-
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ride, which not only causes corrosion of & folding 5 ' *° *fachirfé-but
al so lowers the quality of the polyner. Furthernore, ‘whén-it is
i ntended to produce a poly- - caréonate having a high nol ecul ar
wei ght (e.g., nunmber average nol ecul ar wei ght of 15,000 or

nor e), ' a. nmethyl ene chloride solution of such a polycarbon- 10
ate has an extrenely Hiigin Jiss gesifiogmederbtgnching ngnd crosslinkingi ot tbe
of the solution to be difficult. Addi- ‘tionally, sticky polynmner
solution is produced, polgmer are'likelmytn;¢¢cm@cohbgrQQYr§ﬁgdyrapgfp@u]t
to separate the pol ymer from net hyl ene chloride. Therefore,
comer- 15 ' cidil £ firadictiorobffain B gpekimert9f g09d @vprddfivar and
wei ght pol ycarbonate by t he phosgene process is . . extrenel¥
difficult. 4) duyss tﬁa?kqnme@%;eqetW%%g%ghstes%a ures,.

i nvol ves too many probl ems to be practiced 20 0 rcially.
Meanwhi | e, ®arious netHerolaratdanuPt thgirglymer is 1fkg£§ §9093¥P6 [see

pol ycarbonate is prOd%£f§£Jrﬁggéﬂkégé”§E al, Pu;asuchikku Zairyo Koza 5

"Porikaboneito Jushi” (Séminar on Plastic Materials
5, "Polycarbonate Resin'), Nikkan.Kogyo Shinbun
Publishing Co., p.62-67, Japan (1969)].

10 ' Moreover, with respect to the polycarbonate ob-
tained by the melt process, it is known that the
molecular weight distribution of the polymer is |
broad, and that the proportion of branched structure
is high. Therefore, it is recognized that the poly-

15 carbonate produced by the melt process is inferior
to that produced by the phosgene process in proper-
ties,'such as mechanical strength, and'that: parti-
cularly, the polycarbonate produced by the melt

he process is disadvantageous because of its brittle

20 ffacture properties, and it.is also poor in mold-
ability because of its non-Newtonian flow behavibr
[see Mikio Matsukane, "Kobunshi" (High Polymer),
Japan, Vol. 27, pP.521 (1978)].

Meanwhiie,-in the production of polyhexameth-

25 vlene adipamide (nylon 66) and polyethylene tere-
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tic dihydroxy conpound and a diaryl carbonate. For == .. **. ™ éXaane'ua
process, which is generally known as a 25 - transesterification °*
process or a nelt process, is 7 5
commercially practiced. In this process, a poly- - carbonate is
"produced by performng a nolten-state ester exchange reaction
bet ween bi sphenol A aphthalate (PET) ,diwhiedylareardamples of Heherrssbce of
a catal yst, 5 while effecting elimnation of phenol. However, in
order to attain the despuidrpcondensatiionn phdymes icfed polymers, PQlEmérnal
aromati c pol ycarbonate according to this process, phenol and,
finally, diphenyl carlzatioa is generally wenducteast hit &t imelll polymenhza-
formed nolten poly- 10 carbonate of high viscosity (e.g., 8,000
to 20, 000 tipn progeszsantdds tbe peiyner ihagenareleguirgessary

to
5 weight at which mechanical properties sufficient for

a plastic or a fiber are e#ﬁibited. With respect to
this production, it is known that the polymerizatibn
degree of the thus produced polymer can be further
incréased by solid-state condensation polymerization
10 in which the polymer is heated at a temperature (at
which the polymer can remain in solid-state) at a
reduced éressure or atmospheric pressure under a
stream of, e.g., dry nitrogen.' In this polymeriza-
“tion, it is believed that dehydration condenéation
15 _ is.advanced in the solid polymer by the reaction of
| terminal carboxyl groups with adjacent terminal
amino groups or terminal hydroxyl groups. Also, in
the case of polyethylene terephthalate, condensation
* reaction by the elimination of ethylene glycol from
20 the formed polymer occurs to some extent simultaneo-
usly with a condenéation reaction between functional
groups.
The reason why the polymerization degree of
nylon 66 and polyethylene terephthate can be in-

25 creased by solid-state condensation polymerization
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performthe reaction at a tenperature éé'ﬁidh as - é%ofio?éiéﬁ,

[err]Cin vacuo as high as 133.3 Pa (1 or less for*a °
period of time as long as, e.g., 4 to 5 houts. 15 Therefore, this
process has many di sadvant ages. For exanpl e, (1) both specia

apparatus (suitable fqg that thiﬁﬁjeﬁﬁgﬁﬁﬁéﬂgfg U4 SPDET aEYE €81 20 He

?nde; Pighdvacuun)- stirrer of great™ power

useful under a0 Hiwbhg/| ' )hé¥¥FH | oeenef (&g, progycect o
be 20 for m@olgrme neeﬁ(?e‘%, g_\(/ﬁsqﬁ'?eﬂto t e%i% Vi s‘cos?tg of ¢
the product, when a regy GfgPrecht 'aréfd,n%etdfi@, raffdd ' polymers can rémligh is
usual Iy enployed in the plastic industry) Is used, only a

pol ymer having a We'gmhfﬁﬁﬁgyﬁily in s%%%d-sﬁaiéﬁaééﬁ YEhgetaBire Odtas

about 30, 000 is obtained, due to the high tenperature at
whi ch the rgac- which solid-state polymerization fproceeds (e.g.,
230 °C to 250 °C). What is more important is that,
for the above—mentioned'polymers,.the compounds to .
be eliminated are substances, such as water and
ethylene glycol, tha§ have a low molecular weight
10 and relatively low boiling point and, therefore, can
readily moée within and through the solid polymer so
that they can be removed from the reaction system as
gases.
On the other hand, it has been proposed to
15 employ a method for producing an arométic polyestef
carbonate having a high molecular weight in which a
high melting temperature aromatic polyester carbon-
ate having both an aromatic ester bond and an aroma-
tic carbonate bond is subjected to melt polymeriza-
20 tion, and then subjected to solid-state condensation
polymerization. .According to this method,. an
aromatic dicarboleic acid or aromatic oxycarboxylic
acid, such as naphthalene dicarboxflic acid, p-
hydroxybenzoic acid or terephthalic acid, is reacted

25 with an aromatic dihydroxy compound and a diaryl
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tion is perfornmed, branching and crosslrnking of the ** :.- pélyner ;
are likely to occur, thereby rendering it . dlfflcult to obtain‘a
pol ymer of good quality, and (4 due to long residence tinme at
hi gh tenperatures, 5 di scoloration of the polyner is likely to
occur [see M ki o Mat sukane et al, Purasuchi kku Zairyo Koza 5

“Pori kaboneito Jushi" {epdde¢e Ofn PERE1t CmdBteni state to prepareSa pre-
"Pol ycar bonate Resin"), N kkan Kogyo Shi nbun Publ i shi ng Co.

p. 62-67, Japan (1969)]polyier. Then, theMrepstymeni Ls ceyptallizedhand
polycarbonate ob- tained by the nelt process, it is known that
t he nol ec ughj eetadt toli solidustabeotondiengatyonr podymeriza-
broad, and that the proportion of branched structure i s high.
Therefore, it is recogeigmed thfitthéeppbymerizstion degreer hsnincrgesedcds
by the nelt process is inferior to that produced by the
phosgene prBcess in prepme -extent by meltipelymerhza lﬁncﬁﬁnﬁéﬁlt§tﬂ§ﬂbﬁh

and that, parti- cularly, the polycarbonate _produced by the
nel t procemnemspems@naanbeg@g&g g@ééuéé usedly sthej resaltant

product is no longer in a molten state but becomes
solid. Since the resultant solid is a prepolymer
having high crystallinity and a high melting temper-
10 _ ature, it is nct neccssary to crystallize the solid
further (see Japanese Patent Applicacion Laid-Open
Specification No. 48-22593, Japanese Patent Applica-
tion Laid-Open Specification No. 49-31796, USP
4,107,143, Japanese Patent Application Laid-Open
15 Specification No. 55-98224). However, these methods
apply only to the production of an aromatic poly-
ester carbonate containing 30% or more, generally
.50% or more, of ester bonds, and it has been
reported that, although an aromatic polyester
20 carbonate containing less than 30 % of ester bonds'
was intended to bé produced, fusion of a prepolymer
occurred at the time of_solid-state polymerization
so that the solid-state condehsation polymerization
could not be conducted (Japanese Patent Application

25 . Laid-Open Specification No. 55-98224).
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ability because of its non-Newtonian flow behavi or "[sée M'kiOﬂ
Mat sukane, "Kobunshi" (H gh Polymner) 10 Japan, Vol. 27, p.521
(1978)] . Meanwhi l e, in the production of polyhexameth- 25

ylene e de o el eIl Baegeh ssoknen gt the pre-
General 1y conduct ed bySShF8I PEpBFERE, Ppads B3 hentioned gbaye, AcEighAY ¢he
ihe polyrer hes @ 1o gl Rinaed nona-sqrithd! elhetd IR At
Wih LeSPeot 10 potyeghflgRERAHEERCRs, bhpBRCHACHS. H Bt Fongensa.-
further 5 _ tion polymerization method (see Japanese Patent
Application Publication Speéification No. 52-36797).
According to the Japanese Patent Application Publi-
cation Specific&tion No 52-36797, when a high mole-~
cular weight aromatic polycarbonate having ester
10 bonds is produced by melt condensation polymeriza-
tion, the melt condensation polymeriiation rgaction
is markedly promoted by introducing ester bonds, in
advance, into the molecular chain of an aromatic
polycarbonate héving a low polymerizatiod degree.
15- Naturally, it is believed that the above-mentioned
effect of promoting the cOndensat;on polymerization
reaction by the ester bonds may also be exhibited at
the time of solid-state condensation polymerization.
a Therefore, it is relatively facile to increase the
20 " polymerization degree by solid-state condensation
polymerization with respect to an inherently crys-
falline aromatic polyester carbonate having a high
melting temperature, for example, a polymer having

40 mole $ of ester bonds obtained from p-hydroxyben-

25 zoic acid, hydroquinone and diphenyl carbonate, or



i ncreased by solid-state condensation pblynerization. 1 f' |n mhlch

the polyner is heated at a tenperature (at whi ch’ t he- polyner:
can remain in solid-state) at a 11 educed ‘pressure or atnospheric
pressure under a streamof, e.g., dry nitrogen. 1In this _
pol yneri za- tion, it is bel i eved t hat dehydrati on condensati on
15 i s advancean mromatic ipplyeshest d¢arhoratestueh a% a polymer
term nal carboxyl groups with adjacent term nal am no grou s or
termnal hydroxyl grohewing S5, mole % of ester thendsRbtaingd \E¥PH| én

t erepht hal ate, condensati on reaction by the elimnpation of

et hyl ene glycol from naphthalene dicarhoryd il ckkﬁﬁ@?ﬁ n%n%xtent
si mul t aneo- usly with a condensation reacti q%h

functi onal dyﬁhgﬂﬁ; carbonate) which qqﬂag gPTﬁ a Crys-

Can be i ne 525 ¢ tadddaespobymen HAGRE @ CRRERSRT IS COTORErT o4t Pon
by a simple crystallizing operation, for example, by
heating at a predeterminéé temperature lower than
the melting temperature.

However, no attempt has been made by any other
10 persons skilled in the grt than the group of the
present inventors to produce a high molecular weight
aromatic polycarbonate containing no ester bond by a
method in which a prepolymer having a low molecular
weight is first prepared by melt polymerization, and
15 then the polymerization degree of the prepolymer is
increased by solid-state condensation polymeriza—
tion, except for the case where a specific highly
crystalline polycarbonate héving a mélting tempera-
by ture as high as 280 °C or more has been produced by
20 solid-state condensation polymerization (see Exampie
3 of Japanese Patent Application Laid-open Specifi-
cation No. 52-109591). Japanese Patent.Application
Laid-open Specifiéation No. 52-109591 discloses a
method in which melt polymerization of an aromatic

25 dihydroxy compound comprising about 70 % of hydro-
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8 is that these polyners are inherently crystaltife ;* >°-.l.:
pol ymers having a high nelting point (e.g., 265 [err]C - -and- 260
C) and, hence, these polyners can remain 12 sufficiently in
solid-state at a tenperature at 5 whi ch solid-state

pol ynmeri zati on proceeds (e.g., 230 [err]Cto 250 [err] C): What
is nmore inportant is tduwinone and about f3) % hef dbbspherdd i Anedthodipbesyl
t he conpounds to be elimnated are substances, such as water
and et hyl esarhpnaks is eondusked abw2dd| LCwrrderecrghextremely
and relatively low boiling point and, therefore, can readily
move within and througfedured @uesgrAgmek.&o 0.5 mmHg toifpxmiac§odidibe
renoved fromthe reaction system as

ases. On
the other hand, it hastiRGPEARPoMmEF thaving a mé&ti?ﬁwﬁ?NP%F%%?ﬁ%d°$oW°re

roduci ng ap aromati c pol yester carbonate having a high
ﬁnlecula? msight in Vwﬁhﬁﬁggeo °C, and then the po ymerf%atfkn g%gree of
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.the prepolymer is ‘increased by solid-state condensa-
tion polymerization at 230 °C under 0.5 mmHg for 4
hours. _
However, with respect to a substantially amor-
10 phous aromatic polycarbonate comprised mainly of a
.dihydroxydiary1 alkane, such as bisphenol A, no
noteworthy attempt has been ﬁade by any other .
persons skilled in the art than the group of the
preéept inventors to produce a polymer having a high
15 molecular weight by first forming a prepolymer
having a relatively low molecular weight and then
subjecting the prepolymer to solid-state condensation
polymerization. For example, in the phosgene
process using an.acid acceptor, which is ;he most
20 representative method for producing an aromatic |
polycarbonate, since é cpmpound, such as sodium
chloride, to be removed from the reaction system to
advance the condensation reaction is genérally solid
in the absence of a solvent, the compound hardly

25 moves within and through the solid polymer. There-
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hi gh melting tenperature aromatic pol yester carbon- et Tl _"éte'haﬁjhé '

both an aromatic ester bond and an arona- : ti.c carbonate-bond is
subjected to nelt polyneriza- 20 thgn, and then subjected to
solid-state condensation pol ymeri zation. According to this

met hod, an aromatic dicarboxylic acid or aromatic oxycarboxylic
acid, such as naphthal eogedi tarbexgieeiaald, tp- remove the compiyund/lfyonpic
acid or terephthalic acid, is reacted 25 - wWith an aromatic

di hydroxy conpound andthedreagtion system. It is thus infeasible to carky-
carbonate in their nolten state to prepare a pre- pol ymer. :
Then, the prepol yner isutrybislhethddanding phosgene dmbjpesicddd state
solid-state condensati on pol yneri za- tion. If the _

pol ynmeri zati on degree ¢ondensatien systef. sone extent by nelt

pol ymeri zation at 260 to 280[err]C, _
: 5 With respect to a method for producing the most

. popular arométic polycarbonate i.e., a polycarbonate
derived from bisphenol A b} transesterification
between bisphenol A and diphenyl carbonate, all of
the studies have been directed toward a melt poly-
10 merization process at high temperature under highly
reduced pressure. Studies of any other persons
skilled in the art than the group of the present
inventors havé never been directed toward a method
in which a prepolymer having a relatively low poly-
15 merization degree is first prepared, and then the
polymerization degree of the.prepolymer is increased
by solid-state condensation polymerization to obtain
a polycarbonate having a high molecular weight.
Because polycarbonates derived from bisphenol A are
20 émorphous polymers having a glass transition tem-
perature (Tg) of from 149 to 150 °C; it has been
considered to be infeasible to subject polycarbon-
ates derived from bisphenol A to solid-state conden-
sation polymerization. In other words, in order for

25 a prepolymer to be susceptible to solid-state con-
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|l onger in a nolten state but becones 3ol td: -Since.the’resuktant
solid is a prepol yner havi ng hi Q crystallinity and a high
melting tenper- 10 ature, it is -not necessary to crystallize the
solid . further (see Japanese Patent Application Laid-Qpen

Speci fication No. 48- ; | §cas '
Lai d- Open Speci ficati ﬁtwwgﬁﬁ%‘&pp 1£%s gen?:(:)'%lll. 3re gggr?gse
Patent Application Laigh{pehe ]écepolyrv 3&?5 bé 408 PRe m2188324) its

However, these nethods e production of an

ar omat i c pol y- solid£§Eé¥e(%itE”EBﬁbéf&%&&é“ﬁEbﬁiE@Qﬁaﬁntﬁe glass
general ly 50% or nore, of ester bonds, and it has been

reported that, alt hougikéﬂl{bfﬁiﬁfﬁttéinﬁﬁa/@ﬁ@rof 2’éhe prepol$@éPo(aEethe

cont ai ni ng | ess than 30 % of ester bonds was i ntended to be
produced, fgsion of a yumjedatitfe is lower thLECthdé eglasstbeahsieioh tem-
solid-state pol ynerization so that the solid-state condensation
pol yneri zation perature of the prepolymer, molecular motion does

not occur, thus precluding solid-state condensation
éolymerization). Amorphous polycarbonate which
melts at a temperature of 150 °C or more is prac-
10 tically not susceptible to soiid-state condensation
polymerization. |
The only proposals hitherto made for producing
an aromatic polycarbonate comprised mainly of a
dihydroxydiaryl alkane, such as bisphenol A, which
15 is a substantially amorphous polymer, by solid-state
condensation polymerization, are those disclosed by
the group of the present inventors in Japanese
Patent Application Laid-Open Specification No. 63-
223035, No. 64-1725, No. 64-4617, No. 64-16826 and
.20 No. 64-16827. |
| Japanese Patent Application Laid-Open Specifi-
cation No. 63-223035 and No. 64-4617 disclose that
solid-state condensation|polymérization can be ef-
fected in the production of a polycarbonate of bis-
25 - phenol A by self condensation réaction of a bisalkyl

Sheet Has Been R¢ |
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coul d not be conducted (Japanese Patent Appllcatlon' 25’1,' o ’Lald Cpen

Speci fication No. 55-98224). - IR [0 SR
On the other hand, it is known that the prels sence of ester
bonds as nentioned above pronotes the car bonat e bond-form ng
reacti on when an aromatic polyester carbonate i s produced by a
melt condensa- 5  carbonats qfolamerrolatis GERYIEOYE EOHR! gﬁﬂ se®pdrent

Application Publication Specifjication No. 52- i ng
to the Japanese Patent #ﬁﬂﬁ#h%&lQﬁFhQRﬁﬁe of blsphgn°1c%tF%Hr%$%E£?$c§¥ion
No 52-36797, when a high nDIe- cul ar weight aromatic
polycarbonate havi ng erforppla: bonds is produced by melt
condensati on pol yneri za- tion, the nelt condensation

pol ynmeri zation reaction is markedly pronoted by introducing
ester bondss in advance, into the nolecular chain of an
aromatic : '

CH3°%C?°“@"E_3’©—°E°C“3 (I)

10 in which dimethyl carbonate groups are removed at an
_ elevated temperature. 1In particular, in the methods
of Japanese Patent Application Laid-Open Specifica-
tions No. 63-223035 and No. 64-4617, pre-polymeriza-
tion is performéd to obtain é prepolymer having
15 methyl carbonate grbups at both terminals thereof

which is represented by the formula:

. Q CH, o |
20 | | CH3°‘l!° / i _©_°g° s (1)
. Ha L

wherein t is an integer of from 2 to about 30,

the prepolymer is subjected to solvent or heating

25 treatment for effectuating crystallization of the
-
This Sheet Has Bee
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pol ycar bonat e having a | ow pol yneri zati on degree. 15 : Naturaily,f,t

Is believed that the above-nentioned effect of pronoting the:
condensati on pol yneri zation reatsi on by the ester bonds may

al so be exhibited at the time of solid-state condensation

pol yneri zati on. Therefore, it is relatively facile to increase
the 20 pol ymeprepelymexieard bhenosplidrstateosondeasadion poly-
pol ynmeri zation with respect to an inherently crys- talline
aromati ¢ pol yester carfembrationisg Eﬂhf@ﬁmed- mel ting tenperature,
for exanple, a polyner haV|ng nmol e % of ester bonds ,obtai ned
from p- hydr oxyben-~ 25 th@n?ﬁ%&?dhah9dr6ﬁaﬁﬂﬁﬁ8 Rﬁﬁe&Fpﬁﬁﬁ}Pcat on

carbonate, or

11
aromatic pol yester carlifr@rer 2peetficabignelo. 64-1725, Nﬁavﬁﬂg1§§2ﬁble
0,
% of ester bonds obtanﬁgl of"%ii16827 disclose that a polycarbonate of

bisphenol A can be produgéd by reacting for example,
bismethyl carbonate of bisphenol A represented by
formula (I) with diphenyl carbonate ﬁo produce a
prepoljmer having a methyl carbonate group and a

10 phenyl carbonate group as terminal groups [such as

- that represented by the formula:

REPLACED

(IIX)
15
2
wherein ¢ is as defined above],
and subjecting the prepolymer to solvent or heating
. treatment for crystallizing the prepolymer and then
20 to solid-state condensation polymerization. In the
methods of these patent appliéation laid-open
specifications, as different froﬁ the methods of
Japanese Patent Application Laid-Open Specification
‘No. 63~223035 and No. 64-4617, condensation poly-
.25 merization is advanced by elimination reaction of
cet Has Been Replaced : __
T | s e s
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napht hal ene di car boxylic acid, bisphenol® A"and o di'phenyt - =
carbonate) which can easily becone a crys- 5 tal line polymer. "¢
having a high nelting tenperature, 17 by a sinple crystallizing
operation, for exanple, by heati ng at a predeterm ned
tenperature | ower than the nelting tenperature.

However, no attenpt hasettheeh pheatey bycarhomaber £ra® the termppatomethiil | ed
in the art than the group of the present inventors to produce a
hi gh nol ecul ar wei ght carbonate an&rphenyl @atboesabengtreupsnt ai ni ng no
ester bond by a met hod i n which a prepolyner having a | ow

mol ecul ar wei giteneraikvi in cpolid-statel @Oml}%ﬁtgﬁat pehy-and
15 then the polynerization degree of the fre pol y

i ncreased by solld:ﬂeﬂ%?#ﬁ#ﬁﬁﬁﬁxﬂthﬁlEQ#&M%Fiéét on temperatugeoﬁanekgept

for the case where a specific highly gstalllne polfcarbonate
having a mePting tenpeyt as compared tQrghatk H‘g‘ﬁ° tengotatke rpelyperiza-

has been produced by -20 splid-state ¢ den ation neriz tlon
(see Exanple t"°'8' of& ﬁat%rﬂ‘agﬁﬁl? ko) a‘? .%pﬁﬂf

Speci fi - state polymerization method resides in that the
thermal degradation of a polymer during the poly-
merization step is suppressed, and that hence a high

10 quality polymer is obtained. However, the solid-
state condensation polymerization has a grave draw-
back in that the polymerization rate is low. 1In the
method of producing én aromatic polycarbonate
through solid-state condensation polymerization

15 which.is accompanied by the above-mentioned elimina-
tion reactioh of dimethyl carbonate or methyl phenyl
carbonate groués'as well, the polymerization rate is

. not sufficiently high and hence a prolonged poly-
s ﬁerization time haé been hecessary. A catalyst can

20 be used to increase the polymefization rate in
solid-state condensation poiymerization. However,
the catalyst is likely to remain in the final poly-
mer, and hence the use of a catalyst is likely to
cause a problem of quality degradation of final

25 polymers (e.g., occurrence of silver streaks on the
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cation No. 52-109591). Japanese Patent Application C - -'Laid- openn
Specification No. 52-109591 discl oses a ~ .nethod in mhlch mel t*

pol ymeri zation of an aromatic 25 CHdwdroxy conmpound conpri sin
about 70 % of hydro- w > )

qui none and about 30 % of bi sphenol A with di phenyl car bonat e
i s conducted at 280 Csurfarceamfes rehaped article of pelymeErs) pressure,
i.e., 66.7 PPa (0.5 mmhg) to forma solidi- - fied prepol yner
having a nelting tenp@isaloswsie @f &he Sinventionthan 280 [err] C, and then
t he pol ynerizati on degree of the prepolyner is increased
sol i d-state condensa- The Preaﬁnﬁ1#nﬂ%nﬁﬂﬂ%zﬂﬁQﬁiQMSkBOfQPﬂﬂdEFaE6 7

Pa (0.5 mmtHg) for 4 hour wever
respect to a substantﬁgqﬁpqﬁhgte condensatlon polymerlzatlon coulgnge

5 effectively performed to increase the molecular
wgight of formed éolycérboﬁate in the production of
an aromatic polycarbonate from, as starting mate-
rials, a dihydroxyaryl cémpound composed mainly of a
dihydroxydiaryl alkane, such as bisphenol A, and a

10 diaryl carbonate, such as diphenyl carbonate, and
filed patent applications (Japanese Patent Applica-
tion Nd.'63-240785, International - Patent Application

| No..PCT/JP88/00989 and Japanese Patent Application
No. 63-327678). These applications disclose methods

15 for producing a high quality aromatic polycarbonate
in whiqh a substantially amorphous prepolymer having
hydroxyl and aryl carbonate groﬁps as terminal
groups is crystallized and then subjected to solid-

s state condensation polymerization, and the inven-

20 . tions of the applications are based on an.unexpected
finding that the crystallinity of a prepolymer plays
an important role in the practice of solid-state
condensation polymerization.'

Ever since, the present 1nven£ors have

25 continued studies with respect to an improved method

This Sheet Has Been R ) Tms SHEET S —
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10 phous ‘aromati ¢ pol ycar bonat e conprlsed nalnly of a i,

*2Tued -

di hydroxydi aryl al kane, such as bi sphenol A no T notemnrthy :
attenpt has been made by any ot her 19 persons skilled in the art
than the group of the present inventors to produce a pol yner
having a high 15 nmol ecul ar weight by first formng a grepolyner
having a relatively |cﬁ@rnpnndnqwngwa@ﬂnrqmnm;¢mpplYcarbonate ¥uBpééding
the prepolymer to solid-state condensation yneri zati on.

For exanple, in the ph¥tafehecondensation polymexrizakion. anAﬁcildraéééﬁtror
which is the nost 20 representative nethod for producin

aromatic PHSREHARE, e RresWptRRAt hh%3955898ﬁ1that

chloride, to be renove fron1t%f reactéon system nce, the

condensatlon reaction ¥ rea °£ a ?FV?E%lﬁﬁéﬁacérBPaﬁlc

;g:;ﬁgﬁf T efg?pound h%rmé&bonate prepoim)er g&ér'é‘E”Egéﬁggugnfiggngglld

upon the practice ‘of solid-state condensation pély-
me}ization. Further, the-present inventors have
uﬁexpectedly found that a porous, crystallized
aromatic polycarbonate prepolymer having terminal
10 hydroxyl and aryl carbonate groups in a specific
molar ratio and having specific number average mole-
cular weight, specific surface area ahd crystallini-
ty can readily be converted by solid-state condensa-
tion polymerization to‘a porous, crystallized, |
15 aromatic polycarbonate having excellent properties.
Based on these unexpected findings, the present
invention has been completed.
Accordingly, it is an object of the present
s . invention to provide a porous, crystallized aromatic
20 polycarbonate prepolymer which can readily be
converted by solid-state condensation polymerization
to a porous, crystallized, aromatic polycarbonate
having excellent properties.

It is another object of the present invention

25 to provide an efficient method for producing the
is Sheet Has Been Replaced
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REPLACED




13 fore, it is difficult to FSnbyes the conpound‘frbm .Ty:;.
the reaction system It is thus infeasible to carry - - out. this™t
nmet hod usi ng phosgene in a solid state 20 condensat i on system 5
Wth respect to a method for producing the nost popul ar aromatic
pol ycarbonate i.e., a polycarbonate derived from bi sphenol A by
transesterification ,pove-menti@néEpriipgliad. A and diphenyl carbonate,
all of the“studi es have been dirécted toward a nelt poly- 10
merization process at highrieqpenpateyr@Hetdbjldclof the presentriwvwestion
pressure. Studies of any other persons skilled in the art than
the group of the preSQWIproVLde a porduNiciys HElld 2wl cratmmeat tie racoratic
toward a net hod whi ch a prepol yner having a relatively | ow
poly- 15 prydarb@@ameeanﬂialshagndﬂxpaxbusuubIYEkalkized

pol ymeri zation degree of the prepolymer is increased by

sol i d- st at es condensat ipa yeantwetaitea thaori ng e)tnaah]rent heat resistance and

solvent resistance, exhibiting advantageously low
wéter absorption and being;free of impurities.
It is still aifurther object of the present'
inventiqn to provide an efficient method for produ-
10 cing each of the above-mentioned porous, crystal-
'1lized, aromatic pblycarbonaﬁe and sh#ped, porous,
crystallized, aromatic polycarbonate.
The foregoing and other objects, features and
advantages of the present invention will be apparent
15 from the following detailed description and appended
claims taken in connection with the accompanying
drawings.
In one aspect of the present invention, there
is provided a porous, crystﬁllized, aromatic poly-
20 carbonate prepoLymer,comprising recurring aromatic
carbonate units.and ;erminal hydroxyl and aryl
carbonate groups, wherein the molar rétio of the
terminal hydroxfl groups to the terminal aryl
carbonate groups is from 5/95 to 95/5, and having a
25 ' number average molecular weight of from 1,000 to
O

/ / III /p aced
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a pol ycarbonate having a high nDIecuIar3méfght.

pol ycar bonat es derived from bi sphenol A are 20 anor phous pol-ymers’
having a glass transition tem zperature (Tg) of from 149 to 150
C, it has been considered to be infeasible to subject
pol ycar bon- ates derived from bi sphenol A to solid-state 4
conden- s46i 0A0poayaperificosurfasecemen wé &k kersh div2 myi/g
25 a prepolymer to be susceptible to soli.d-state con-
14 densanfoa psyghalliadtynofi atj degdteSad+y required
that the prepolynmer not be fused but maintain_its .solid-state
at a tenmperature higher th%hetpergugsscrystallized, aromatic Polumaklnate
of the prepolyner (if the 5 t enper at yre i%.lower th%p t he gl ass
transition tem prepolymer of the present invention comprises

5 recurring aromatic carbonate units represented by

formula (IV):
o
Il
$0CO-Ar} : (IV)
wherein Ar is a divalent aromatic group,

10 - and terminal hydroxyl and aryl carbonate groups. The
terminal hydroxyl group (-OH) is directly bonded to
the aromatic group. The terminal aryl carbonate
group is represented by formula (V):

o)
il
15 .-0coar3 (V)
wherein Ar3 is a monovalent aromatic group.
The molar ratio of these terminal groups of the
prepolymer is not specifically restricted and varied
s according to the number average molecular weight of

20 the prepolymer, the properties of an aromatic poly-
carbonate intended to be produced from the prepoly-
mer, and the like. Generally, the molar ratio of

-0

il
-OH/-0COAr3 is within the range of from 5/95 to

25 95/5, preferably from 10/90 to 90/10, more prefer-
This Sheet Has Been Replaced . :
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perature of the prepolyner; nolecul ar mdtibn does I

t hus precludi ng solid-state condensation pol ynerfzatien). 27
Anor phous pol ycar bonat e whi ch Jaelts at a tenperature of 150 C
or nore is prac- 10 tically not susceptible to solid-state
condensat i on _ " pol ymeri zati on. The only
proposal s hitherto nacblyr2@fsnium rgp/20. an aronmatic

pol ycarbonate conprised nmainly of a di hydr oxydi aryl al kane,
such as bi sphenol A, whichWith respect tic theumstamtratig afiotheoberminal
pol yner, by solid-state condensati on. pol yneri zation, are those
di scl osed by groupshefjrthep prfepdiymersan expbmmationnigagivene
Pat ent Application Lai d-Qpen Specification No. 63- 223035, " No.
64- 1725, No.0l1 4617, Melo, IBEEEring ta prepolymer kavimgoa number
Japanese Patent Application Laid-Open Specifi- cation_No.

63- 223035 ahd No. 01- fEragesddsculan weight of 4,000Qy | j¥heata ultra-

condensati on polynerization can be ef- .
_ high molecular weight aromatic polycarbonate having

? molecular weight of, for example, 15,000 or more
is intended to be produced from the prepolymer, it

10 is preferred that the molar ratio of -OH/-OgOAr3 of
the prepolxmer be within.the range of from 40/60 to
60/40, because a high polymerization rate can be
attained. Produption of the ultra-high molecular
weight aromatic polycarbonate by the conventional

15 phosgene process or melt process (transestefifica-
tion process) is extremely difficult or impossible
because thé viscosity of the polymerization reaction
mixture is rapidly increased before the intended

he ultra-high molecular weight aromatic polycarbonate

20 is produced. However, by the method of the present
invention, a prepolymer having the above-mentioned
value of nuﬁber average molecular weight and a molar
ratio of the terminal groups within the above-men-
tioned range can be polymerized withoﬁt being sub-.

25 jected to any influence of the viscosity of the
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fected in the producti on of a pol ycarbonate ‘of bis- 25 - 7 “phenol’; A,J

by self condensation reaction of a bisal kyl ' T I
15 carbonate of an aromatic di hyd2dxy conmpound, e.g.

bi snet hyl carbonate of bisphenol A represented by the forml a:
[err] 5 10 in which dinmeth

at an

_ of Japanese Patent Applic

10

15

20

25

car bonat e roups are renoved
Lhe Mt the

eIevateHeﬁéﬁb@Fa?h¥E“an psﬁereépaer oK

ation Lai i fica-
above prepofygg ?p e present invention, an ultra-
high molec¢ular weight aromatic polycarbonate can
advantageously be produced. When it is intended to

proauce an aromatic polycarbonate (number average

.molecular weight of 6,000 to 13,000) to be used for

injection molding or for extrusion molding, it is
pfeferred that the amount of the terminal hydroxyl
groups of the prepolymer be.small relative to the
amount of the terminal aryl carbonate groups. That
is, it is preferred that. the molar ratio of the
terminal groups of the prepolymer, namely the molar

o)

i
ratio of -OH/-OCOAr3, be within the range of from
5/95 to 49/51. On the other hand, when it is
intended to produce an aromatic polycarbonate having
a chemically reactive terminal hydroxyl group in a
relativeiy large amount, it is prefefred that the

o
ratio of -OH/-OgOAr3 of the prepqlYmer be within the
range of from 51/49 to 95/5.

The porous, crystalllzed, aromatic polycarbon-

ate produced by solid-state condensation polymeriza-

tion (hereinafter, frequently referred to simply as

"solid-state polymerization") of each of the above-
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tions No. 63-223035 and No.01-4617, pre-polyneriza- ':'Lron:isr_; .
perfornmed to obtain a prepolyner having 15 et hyl “car bonat € groyps:’
at both term nals thereof whi ch i24represented by the fornul a:
[err] 20 wherein [err] is an integer of from2 to
about 30, the prepolyner is subjected to solvent or heating 25
treatnent for effectuseintdoneds paiepodymens diaving molar ratios of the

16
terminal groups within the above-mentioned different

ranges, generally has, as terminal groups, both
hdeoxyl groups and aryl carbonate groups. However,

5 if desired, it is possible ;hat the molar ratio of
the terminal groués of the prepolymer is appropri-
ately changed so as to produce an aromatic poly-
carﬁonate having, as terminal groups, hydroxyl groups
oniy or aryl carbonate groups ohly.

10 Further, the prepolymer may also contain other
terminal groups, for example ethyl carbonate groups,
in addition to the terminal hydroxyl and aryl
carbonate groups, as described later. In such a
case, the above-mentioned ratio of the terminal

15. groups is represented by the molar ratio of the
total of the hydroxyl groups and other términal
groups (e.g., ethyl carbonate groups) to the aryl
carbonate groups.

b Aromatic group Ar of the recurring aromatic
.20 carbqnate units is preferably a divalent aromatic
group represented by, for example, formula (VI):
-arl-y-ar2- ~(vI),
wherein each of Ar! and Ar2 independently
represents a divalent carbocyclic or

25 heterocyclic aromatic group having 5 to 30



prepol yner, and then solid-state condensation poly- " er i zat i on,

is performed. On the ot her hand, Japanese Patent: Appl.ication
Lai d- Open Specification No. 64-1725, No. 01236826 01 5

and No. 01- 16827 di scl ose that a pol ycarbonate of bi sphenol A can
be produced by reacting for exanple, bi smet hyl carbonate of

bi sphenol A represented by carbon atomsgorand &¥ (reprssents phedyvatanbonat e
to produce a ' prepol yner having a nethyl carbonate group and a

10 phenyl carbonat e ajdane graup Mawingfagn 1 trmB@scarbon atoms.

that represented by the formula: [err] 15 1 _Wherepn
[err] is as defined above] Bach of divalgnt angmadicgEImPHrAhol RRAFG 1is

oo Then M€AINY o ther unsubstituted o dubstitited wlth PLEPLLLE’
5 . one substituent which does not adversely affect the
'solid-state polymerization reaction. Examples of
suitable subsiituents include a halogen atom, an
" alkyl group having from 1 to 10 carbon atoms, an
alkoxy group having froﬁ 1 to 10 carbon gtoms, a
10 phenyl group, a phenoxy group, a vinyl group, a
cyano group, an estef group, an amide group and a
nitro group. _
As the hetérocyc1ic aromatic group, as used
throughout this disclosure, aromatic groups having
15 one or more ring nitrogen atoms, oxygen atoms or-
sulfur atoms may be mentioned.
Representative examples of divﬁlent aromatic
groups include a phenylene group, a naphthylene
LI group, a biphenylene group and a pyridylene group,
20 each of which is unsubstituted or substituted with
at least one substituent, as‘mentioned above.
_Representative examples of divalent alkane
groups include organic groups represented by the
formulae:

25
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20 to solid-state condensation pol ymerizaf fofis: In thg” fw'reeit: ity

met hods of these patent application |aid-open - specifications, as
different fromthe nethods of Japanese Patent Application
Lai d- Open Speci fication 01 No.
63-223035 and No. 01-4617, condensation poly- 25 merization is
advanced by elim nation reaction of
17 met hyl phenyl carbonate fromthe terninal nmet hyl
carbonat e and phenyl carbonate groups; ‘Generally, in
solid-state condensati on poly- " R nerization,tix;pnﬁynerization
t enperat ure can be 5 | ow ab conpagsed to that irl nojten-state
pol yneri za- : tion. Accer@hngl>C acngbﬁra&dvamragp-of a solid-
state pol ynerization nethod resides iy thatNhe |2 kperwm
degradation of a polymer during the ®oly-

5

wherein each of R1, Rz, R3 and R4 independently
represents a hydrogen atom, an alkyl group
having from 1.to 10 carbon atoms, an alkoxy
group having from 1 to 10 carbon atoms, a
10 cycloalkyl group having from 5 to 10 ring
carbon atoms, a carﬁocYélic aromatic group
having from 5 to 10 ring carbon atoms or a
carbocyclic aralkyl group having from 6 to 10
carbon atoms, and k represents an integer_of
15 from 3 to 11, inclusive.
Preferred examples of divalent aromatic groups

include those of the formulae:

* - (R D (n ) | (®°) | @
\ ’ m n
2 ~O-ou—O— O—a-@
| |

cl

3
(") c,:u3 TS) (TS)"" e, ()
—& }—c-—O —O—C—‘{b—

CH :

25 3 o 0
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merization step i s suppressed, and that hence a hfgh"lo : ;' QUallty

pol ynmer i s obtained. However, the solid- - state condensat i*on
pol ynmeri zati on has a grave draw 27back in that the

pol yneri zation rate is low. In the met hod of producing an
aromati c pol ycarbonate t hrough solid-state condensation

pol yneri zation 15 whi ch is acconpani ed by the above-nenti oned

el i m na- tion reaction of dinethyl carbonate or- nethyl phenyl
carbonate groups as well, Qe polyrrerd zation rate is 5 ot

sufficiently high and henqa h prolongad pol y- (R7) _nerizéi)on tine

has been necessary. A cat I can be use f% incrﬁas@ t he
pol ymeri zation rate |n I|d state conden: %éxﬂ rization
However , the i kely to remain “poly-

mer, and hence the use of a c yst Is likely to ' cause a
pr obl em of ality degradationof final 25 poly (e.qg.,

occurrence of silver streaks on the

6
(R)n

e

OSE ~®-
10 Fy . é

5 6
R (R”)

— !) C!-:z"-'CH2

15
wherein each of RS and RS independently repre-
sents a hydrogen atom, a halogen atom, an alkyl
group having from 1 to 10 carbon atbms, an
s alkoxy group having from 1 to 10 carbon atoms,
20 a cycloalkyl group having froﬁ 5 to 10 ring

carbon atoms or a phenyl group; each of m and n
independently represents an integer of from 1
.to 4; when m is an integer of from 2 to 4, each
R° may be the same or different; anﬁ when n is

25 an integer of from 2 to 4, each RS may be the
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Di sclosure O The Invention The present |nvehtors

previ ously found that sol i d-stgj e condensati on pol yneri zation
coul d be 5 effectively perforne o0 i ncrease the nol ecul ar

wei ght of forned pol ycarbonate in the production of an
aromati c pol ycarbonate fro S o¥ il e- ) rials, a

di hydr oxyaryl conpound con%%ggh msun"‘éﬁg}'%él;ﬁi’t di hydr oxydi ar yl

al kane, such as bi sphenol #&;.a3¢nt &y$ﬂat dgeﬁﬁﬂﬁéynégﬁggfh guch as
e

di phenyl carbonate, and pd ent appl i1 cations

(Japanese. Pat ent  Appl ig33raient aromat:. (t? L#\kt FANMEP by EeFm@taonal
Pat ent Application WO A- 890290 Japanese Pat ent

Application (vrr)e. 63-327678). These applications disclose
met hods 15 for producing a high quality aromatic pol ycarbonate
I n mhlchzgsubstantlally anor phaas lprepaddurer  havi ng (VII)

wherein Ar! and Arz.are as defined above and 2
represents a bond, or a divalent group, such as
-0-, -CO-, -S-, -S0~, -SO,-, -COO-, and
-CON(R1)-; wherein R! is as defined above,
10 in an amount of 0 to 15 mole %, based on the total
number of moles of all of Ar's.
Examples of such divalent aromatic groups

include those of the formulae:

15 5 6
‘R )m ( )l‘l (Rs)m (]ls)n
—@ ) —{ -0_—@— R
5 6. 5 6
. (R) @y, ) (R%)
y N S i
5 6
trlir\)“‘ " n ) ®°,
\L_), SO, Q)— . - —CO

25
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hydroxyl and aryl carbonate groups as term®nal °* - LT gfodps IS

crystallized and then subjected to solid- - : : state condensatﬂon-
pol ymeri zation, and the inven- 20 %ons of the applications are
based on an unexpected finding that the crystallinity of a
pr epol yner pl ays an inportant role in the practice of
solid-state . condensati on pol yneri zati on.
Ever since, the present inventors have 25 continued studies with
respect to an inproved net hod 19
for produci ng an aromati c pol ycarbonate by solid- state
condensati on polynerlzgﬁ$pn As a ng §g|t . 5) . unexpqg 6?dly, t he
present inventors have fiouRd t hat the pecific s &ce area of
a crystallized arona oN”-{é@}ycarbpnat ty@&#%é§>++s a mar ked
I nfl uence :
5 6 . ) 5 6
R R
(.é:m ?H3 (fg\)n (j . ﬂo (R )m ?H3 ( )n
~(——C— 2—© O——O~
CH
(%) 3 (r%)  (r®) -

m m n

O w0

wherein RS, RG, m and n have the same meanings

10

as defined above.
The prepolymer of the present invention may
contain, as Ar, one type of a divalent aromatic
15 group mentioned above. Alternatively, the prepoly-
mer may contain two or more different types of di-
valent aromatic grbups.
The most preferred is a prepolymer containing
an unsubstituted or substituted bisphenol A group

20 represented by formula (VIII):

25

-
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upon the practice 'of solid-state condensation poly- Dot
merization. Further, the present inventors have ' unexpéct edl y-
found that a:porous, crystallized 30 aromatic pol ycarbonate
prepol yner having termnal 10 hydr oxyl and aryl carbonate groups
in a specific nol ar ratio and havi ng specific nunber average
nol e- particle dianeter

di stribution cular wei ght, speC|f|c surface areal/ and
crystallini- ty can readl ted by solid-state
condensa- tion pol yneri zzga onous crystalli é\iﬁ
aromati c pol ycarbonate having exce p 5§§E£%§' Eﬁ)

t hese unexpected findings, the present i nvention has been
conpl et ed. . Accordi ngly, |t3|s an object of the present
invention tg provide a porous, crystallized aromatic 20

pol ycar bonate prepol ynmer which can readily be converted by

S0l a2 CONOEnsal 6F SIBIHENE B o 100 gl [Fy BRI the tora
properties. ‘number of moles of all of Ar's.

The prepclymer may also contain a trivalent
aromatic group in an amount of about 0.01 to 3

10 mole %, based on the total number of moles of all of
Ar's.,

Ar3 of the terminal aryl carbonate group is
either unsubstituted or substituted with at least
one substituent which does not adversely affect the

15 reaction. Examples of suitable substituents include
a halogen atom, an alkyl group having from 1 to 10
carbon atoms, an alkoxy group having from 1 to 10
carbon atoms, a phenyl group, a phehoxy group, a
s vinyl group, g-gyéno group, an ester group, an amide
20 group and a nitro group.
| Representative examples of monovalent aromatic
groups ar3 include a phenyl group, a naphthyl group,
a biphenyl group and a pyridyl group, each of which
is unsubstituted or substituted with at least one

25 ' substituent, as mentioned above.
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It is another object of the present |nvent|oﬁ 95 ‘I .to.provide- ar -
efficient nmethod for producing the : ' ’ R
20 above- ment i oned prepol yner .31 It is a
further object of the present invention to provide a porous,
crystallized, aromatic aromatic pol ycar bonat ¢ and a shaped,
porous, crystallized 5 Represgmiattiarécweamplbes i off ExCelhehtudkeat

resi stance and sol vent resistance, exhibiting advantageously
| ow wat er absorption and being free of inpurities.

It is still a further object of the present i nvention to
provide an efficient nethod for produ- 10 . cing each of the
above-nmenti oned porous, crystal- zed aromat i ¢ pol ycarbonate

and shaped, porous, géystall ed, Iaronatlc pol ytar bonat e.
~<:> Eég ?“_<:> and

CH3

CH cH

|3 3
—@—$ —CHy— ¢ —oauy |

CH3 Cﬂé

10 The porous, crystallized, aromatic polycarbon-
ate prepolymer of the present invention has a number
average molecular weight of from 1,000 to 15,000.
When the number average molecular weight is less
than 1,000, solid-state polymerization of the pre-
15 polymer disadvantageously takes a long period of
time. Further, the prepolymer is disadvantageously
fusion-bonded during the solid-state polymerization.
On the other hand, it is unnecessary for the pre-
polymer to have a number average molecular weight of
20 larger than 15,000, because ﬁhe increase in number
average molecular weight of the prepolymer lafger
than 15,000 does not have any special effect on the
rate of the solid-state polymerization of thé pre-

polymer. More preferred number average molecular

25 weight is 1,500 to 13,000. The most preferred is a
althamRelmxd
nnumnnuum\ﬂn . S —
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The foregoing and ot her objects, features and ° ' '

......

present invention wll be apparent 15 " fromthe follomﬁng deta+|gd
description and appended cl ai mezpaken in connection with the
acconpanyi ng dr awi ngs. In one aspect of the
present invention, there ' I's provided a porous, crystallized,
aromatic poly- 20 number adbenage mpokeolyaer webghti e£ng,0080uktpi 83000,
aromatic carbonate units and term nal hydroxyl and aryl
carbonate groups, wherein The potous;atcrpsb&llihsed, aromatic peipcazbon-
hydr oxyl groups to the term nal aryl carbonate groups is from

5/95 to 95/5, and haviate spr@golymer Ofnbh%eprasenhgDnﬁenbégnahaﬁeﬁght of

from2,000 to 2
specific surface area of at least 0.2 m“/g. Such a

5 large specific surface area is important for produ-
cing an porous, crystallizeé, aromatic polycarbon-
afe. When the specific surface area is smaller than
0.2 mzlg, the rate of the solid-state polymerization
of the porous, crystallized, prepolymer is lowered,

10 which is disadvantageous for producing an aromatic
polycarbonate on a commercial scale. The larger the
specific surface area of the porous, crystallized,
aromatic polycarbonate prepolymer of the present
invention, the higher the rate of the solid-state

15 polymerization becomes, which is advantageous. From
this standpoint, the specific surface area of the
porous, crystallized, aromatic polycarbonate pre-
polymer of the present invention is at least

by 0.2 m?/g , preferably at least 0.5 m2/g, more

20 preferably at least 0.8 mzlg.

The specific surface area is measured by the
Brunauer-Emmett-Teller method (BET method) using a
krypton gas.

The desired specific surface area of the crys-

25 tallized prepolymer of the present invention, which

/

_ Replaced _ -
This She p\ THIS SHEET HAS BEEN
\\ | REPLACED




8,000, a specific
and a crystallinity

surface area of at 'leasf 0.5 n{err]/g S
‘of from5 to 55% and a particle dlaneter:_ Lo

-

LI - 1:’0 c e
so-oa. *eet Ll )
2, 6o e

e s e

di stribution such that the content of parti33es having a particle dlaneter

of 50 [err]mor
10

10

15

20

25

|l ess in the prepolymer is not greater than 10% by wei ght.

15 .
is as large as 0.2 m2/g or more, is attained by

solvent treatment for crystallizing and simultane-
ously rendering porous a prepolymer. The scanning
elept:on micrograbhs of Figs. 1, 2, 4, 5, 6, 7 and 8
clearly shqw that the prepolymer of the present
invention is porous. For cdﬁparison, a scanning
electron micrograph of an amorphous prepolymer which

has not been subjected to solvent treatment is shown

. in Fig. 3, which shows that the amorphous prepolymer

is non-porous..

The porous, aromatic polycarbon#te'prepolymer
of the present invention is crystalline. The crys-
tallinity of the prepolymer is at least 5 % as
measured by x-ray.diffractometry. When the crystal-
linity of the prepolymer is less than 5 %, it is
disadvantageous in that the prepolymer is likely to
be melted in the céurse of the solid-state polymeri-
éation for producing a final polycarbonate, causing
the solid-state polymerization to be difficult to
conduct. The upper limit of the crystallinity is
not specifically restricted. However, for subject-
ing the prepolYmer.to solid-state polymerization to
produce an aromatic polycarbonate, it is preferred
that the crystallinity be not greater than 55 % from
the standpoint of the rate of éo}id-state'polymeri-

-_
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25 The porous, crystallized,” aromati'c pofycar-bdnate .
prepol yner of the present invention conprises recurring'arbnétﬁC;carbohate
units represented by fornula (1V): [err] g5 (1V) wherein Ar is
a divalent aromatic group, and term nal hyéhoxyl and aryl carbonate
groups. The

zation. For facilitating the solid-state polymeri-
zation, the. crystallinity of the prepolymer is pre-
ferably 10 to 45 %, more preferably 15 to 40 %.
In the present invention, the crystallinity of
5 | the porous, crystallized prepolymer is determined by
using the powder X-ray diffraction patterns of a
completely amorphous prepoiymer and a porous, Crys-
tallized prepolymer (for éxample, see Fig. 10 and
Fig. 11). |
10 Generally, when a crystalline polymer is
irradiated with an X-ray, scattered i-rays are
observed. The total intensity of the scattered X-
rays is a sum of the X-ray intensity of the crystal-
line scattéring ascribed to the crystalline portion |
15 and that of the amorphous scattering ascribed to the
amorphous portion. When the weight of the crystal-
line poftion and that of the amorphous portion are
expressed aé M, and M, respectively, and when the
X-ray intensity of the crystalline scattering cor-
20 responding to the weight of the crystalline portion
and.that of the amorphous scattering corresponding
to the weight of the amorphous portion are expressed
as I, and I, respectively, and Ic‘and I, are as-
sumed to be able to be distinguished from each

25 other, the crystallinity X, (%) is calculated from



term nal hydroxyl group (-OH) is dlrectly bonded to. “th@ aroﬁhtfc gToua .
The term nal aryl carbonate group is represented by fornula (V) = [erry:

(V) wherein Ar[err] is a nonoval ent arggatic group. Thé” nol ar ratio
of these term nal groups of the prepolymer is not specifically restricted
and according to the nunber average nol ecul ar wei ght of the prepol yner,

the properties of an afeefeTieowing egadbdonse i ntended to be produced from

the prepoly- nmer, and the like. Cenerally, the nolar ratio of [err] is
within the range of froqh§/95 to M&/5, Qrpéﬁrgbly Xeom 10/ 9Q 49990/ 10,
nore prefer- Mc + Ma Ic22 KIa
K = _2100c
| I100a |
5 wherein Ij,o. represents the X-ray intensity of a

crystalline scattering per unit weight of the per-
fectly crystalline portion and Ijpg, represents the
X-ray intensity of an amorphous scattering per unit
weight of the perfectly amorphous portion.

10 However, iﬁ the present invention, assuming
that K = 1 with respect to all the porous, crystal-
lized prepolymers, the crystallinity Xc (%) was
calculated from the following equation:

15 Xc = —Tz—ésfz— x 100.

| The total X-ray diffraction intensity of a
sample obtained by X-ray diffractometry is obtainéd
as a sum of the crystalline scattering.intensity,

b the amorphous scattering intensity and the back-

20 ground intensity due to the scattering by air; the
scattering ascribed to the thermal motion of atoms,
the Compton scattéring and the like. Therefore, for
obtaining the crystallinity of the sample, it is
necessary to separate the total X-ray diffraction

25 intensity into the component intensities mentioned
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ably 20/80 to 80/ 20. VVth respect to the nDIar ratio of

the term nal groups of the prepolyner, an. explanatron i s _given
bel ow, referring to a prepol yner having a néfiber 5 aver age

nol ecul ar wei ght of 4,000. Wen a ultra- hi gh nol ecul ar wei ght
aromati ¢ pol ycarbonat e havi ng a nol ecul ar weight of, for
exanpl e, 15,000 or nor&Pove. is intended to be produced fronlthe
prepol yner, it 10 is preferred {hat the nolar ratrg err] of
the prepolymer be within tHey e?%ﬁs?PBn+Eﬁ?Bﬁl?Br the total Xgpayodif-
because a high polynerjzation rate can ed. Production
of the ultra-high noh§ﬁﬂ ion intenSLtYm%?gﬁ?péfﬁﬁﬁérihéﬂlghﬁrBBWBPéeﬁﬁ

th ti | - 15 h 1t

(transesterifica  intensitiefias solfovss “ho cxnlagatien; Lg sigen

I npossi bl e cause the SCOS 0 e polynerization reaction
Im'rrgt ure S rsapr dly i n(ﬁegé%r&f'%f%‘? eﬁq(%% img?%éd{p’ Pty zat |

On the powder X-ray diffraction pattern of a
porous, crystallized preéolymer (shown in_Fig. 11},
straight line P-Q (base line) is drawn between the
point (P) of 10°(20) and the point (Q) of 35°(29).
10 The point corresponding to 15°(20) on the diffrac-~
tion intensity curve and the point corresponding to
15°(26) on the base line, at each of which points
the crystalline scattering intensity 1s considered
to be zero, are designated R and S, respectively.
15 On the other hand, on the powder'x-ray diffrac-
. " tion pattern of a completely amorphéus prepolymer
(shown in Fig. 10) (obtained by melting the prepoly-
mer at a temperature of from 280 to 300 °C, shaping
- the molten prepolymer into a sheet form having a
20 thickness of about 1 mm, and rapidly cooling the
sheet to 0 °C), straight line K-L (base line) is
drawn. Further, the point corresponding to 15°(20)
on the diffraction intensity curve and the point
correeponding to 15°(26) on the base line are de-

25 signated M and N, respectively.



ul tra-hi gh mol ecul ar wei ght aromatic pol’ycarbonate 20 -~ 7.7 -preduced.
However, by the nethod of the present .. invention,: a:prepol yhet -
havi ng the above-nenti oned- val ud7of nunber averagé nol ecul’ar”
wei ght and a nol ar ratio of the termnal groups within the
above- nen- tioned range can be_pol ynerized w thout being sub-
25 jected to any irﬁh%eﬂ%ﬂiQﬂi¥%e1@?%Eb£§?§ aret géven:

23 reaction mxture. . Th ore,.b he use, of the
above prepol yner of the preé%ht=iFﬂﬁwé1 -a EiﬂgtiﬁtenSEtY ak poipfy
nmol ecul ar wei ght aromati c polycarhona an dvapt ageous be
pr oduced. VMeg it is inteng yti)éh%iéf%é%aCtB?%dﬁﬁﬁeﬁﬁigyoﬁgtPglng N
. mol ecul ar_wei ght of 6,00 0]
the FARTTERCEER cEhRrEbY, 25, PrRBr R

pol ycar bonat e ( nunber aver age
13,000) to be used for 2
nmolding, it is

-

B, = the diffraction intensity at point S
5 o Y = the area of the portion surrounded by
diffraction intensiﬁy curQe K-M-L and
straight line K-L, and
Z = the area.of the portion surrounded by
diffraction intensity curve P-R-Q and
10 straight liné P-Q. |

The crystallinity Xc (%) is calculated from the
following equation:

I, _B
Xe (8) = - (3 - —2 = 2

Z T, -5 ) *10

15 .
The porous, crystallized, aromatic polycarbon-

ate prepolymer of the present invgntion is, general-
ly, in powder form or in agglomerated powder form.
The powder form.of porous, crfstallized, aromatic

20 polycarbonate prepolymer has an avefage particle

: diameter of_not greater than 250 um. The agglomer-.
atéd powder form of porous, crystallized, aromatic
polycarbonate prepolymer has an average diameter of

not greater than 3 mm. In this connection, it

should be noted that when a powder or agglomerated
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preferred that the anobunt of the terninal hydroxyl LT e grodbé*hﬁ;

t he prepolynmer be snmall relative to the 10 - . anmount of the ternminal
aryl carbonate groups. That i's, it is preferred that.the nol ar
rati o of the term nal groups of38he prepol ymer, nanely the

nol ar ratio of [err], be within the range of from 15

5/95 to 49/51. On the other hand, when it is I ntended to

produce an aromatic pol ycarbopate h ctive

ternminal hydroxyl groRPYIRE °rm_°gvéng°¥%$%ui?%??t?ﬁ}ggg ngg%%¥a%§%is
The o ge BtLsarhana k' pregerpier 18 sinfeBlER°LYTREL 5 Bhale"
CrysLall ized. ar omell G RISA Pilion, 11, 4 arefdEr 8 CHFECSHY, BBpLHRELBES
tosimply as 25 o5 "POld dpsh @ £106' ¥A°EhE 318001 yREr °BENa0" ShBEL as
5 ppssible from the standpoint of ease in handling.
Fhrther, when the amount . of fine particles present
in the powder form or agglomerated powder form of
'fhe prepolymer is large, it is disadvantageous in
that the particles of both the prepolymer and the
10 - formed polymer are likely to be fused and bonded
with one another dr adhered to a reaction vessél in
the course of the soliﬁ-state polymerization. From
_these standpoints, it is preferred that the content
of particles having a particle diameter as small as
15 SO um or less in the prepolymer be not greater than
10 % by weight.
According to the present invention, from the
. viewpoint of ease in handling, it is preferred that
the porous, crystallized, aromatic polycarbonate
20 prepolymer be in granular form. It is more prefer-
red that the granﬁlar form of porous, crystallized, -
aromatic polycarbonate prepolymer have a coméressive
break strength of at least 5 kgf/cm?. When the
compressive break strength is lower than 5 kgf/cmz,

25 . it is disadvantageous in that too fine particles are

. [7HIS SHEET HAS BEEN
This Sheet Has Been Rzﬂlaced _ REPLAGED
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24 menti oned prepol yners HaV|ng mol ar - ratios of the
term nal groups within the above-nentioned different: - ° " ~ranges,’
generally has, as terminal groups, both 39 hydroxyl groups and
aryl carbonate groups. However, 5 if desired, it is possible
that the nolar ratio of the term nal groups of the prepol yner
IS appropri - ately changed so as to produce an aromatic poly-
carbonate having, as tfymiethbeforeand\dliming thoupslid-state polymelryzal
aryl carbonate groups only. 10 _ Further, the prepol yner may
al so contain other tion, causimy ritheslhadlingsy dOrpeepodymeret byl be dif-
car bonat e groups, in addition to the termnal hydroxyl and
aryl car il gr difps,s grefesmredarhd tatehe ¢compoessiave break
case, the above-nentioned ratio of the termnal 15 groups is
represented by the nolshrengtiho hef ashdarge as possible. However, in

-2
3.

5 general, it is sufficient for the granular form of
prepolymer to have a compressive break strength of
at least 5 kgf/cm2.

It is most preferred that the above-mentiongd
. granular form of prepolymer have a crystallinity of
10 at least 5 s, preferébly not greater than 55 & (X-
ray diffractometry). These granular form of the
porous, crystallized prepolymer is advantageous not
only in that the handling of the prepolymer before
and after ﬁhe solid-state polymerization is easy; |
15 the scattering of a powdery prepolymer is avoided
when the prepolymer is subjected to solid-state
polymerization; and the prepolymér is not fused
during the sdlid-state polymerization, but also in
that the rate of the solid-state polymerization can
20 be markedly increased. |
.The shape of the granular form of prepolymer is
not specifically restricted, and it may generally be
a pellet, sphere, cylinder, disc, polygonal pillar,

cube, rectangular parallelepiped, lens or the like.

__5_____*____~_~_~_‘~
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total of the hydroxyl groups and ot her t erm nal I groups (e g s

ethyl carbonate groups) to the aryl .¢arbonate graups.® .. ..” i
Aromatic group Ar of the recurring aromatic 400 carbonate units is
preferably a divalent aromatic ' group represented by, for
exanple, formula (VI): -Arferr]- Y-Ar[err]

(vi), wherei n each of ierr and Arferr dently
represents a dival ent car boéffﬁl%"?ﬁag?&ié ameter of grapy ?%c ﬁ €aromatic

group having 5 to 30 e
carbon-atons, and Y repﬁre’s@’r&ir £FW PE prepolymer may geneﬁ?‘ﬁla’ﬁebﬁrguﬁ to

having from1l to 30 carjon atons of diva éent

aromatic groups Arf[err] rﬂF#k?%ﬁ#ﬁr?ggy 0.8 to 10 %Wtrﬂﬁr%ﬁ%ﬁ% FrebtEdl oo

substituted with at le ubst | nt, wh e t
adversely affect the Q§rmn. When the a@%fhge péPF éle éfﬁmé%é? {9 ' smaller

5 than 0.5 mm, it is disadvantageous in that the fine

”pafticles of the prepolymér scatters and the pre-
polymer is likely to be fused. On the other hand,
‘the granular form of pfepolymer having an average
diameter of greater than 30 mm is not preferred from

10 the standpoint of ease in handling. |

In the present invention, the diameter of

granules of the grénular form of prepolymer is
defined as the volume average diameter defined in
"Zoryu-Binran (Granulatioﬁ Handbook)", edited by the

15 Society of Powder Industry in Japan, published in
1975, pp. 19-20. Illustratively stated, the wvolume
average diameter is.defihéd-by the following
formula:

Volume average diameter = 3Lwh/{Lw+wh+hL),

20 wherein w is the short axis diameter (which is
defined as the distance between a pair of parallel
.lines which is the smallest among the disiances
between any pair of parallel lines drawn so as to
hold therebetween the projected image of a granule

25 on a plane, which granule is stably put on the



solid-state polynerization reaction. Exanplés 6f° . " .*"7 stUitabl'é’ ;.
substituents include a hal ogen atom an _ al kyl- grbup -havi ng friom
1 to 10 carbon atons, an al koxy4group having from1l to 10
carbon atons, a 10 phenyl group, a phenoxy group, a vinyl group, a
cyano group, an ester group, an am de group and a nitro group.
As the heterocyclic aromatic group, as used throughout this

di scl osure, aromatic @larps)hdviigy the long axisndiameberelwhighnisr ogen

at ons, oxygen atons or sul fur atons may be nenti oned.

Represent ative exanpl elefinaf a8 dthe alistance between a pgibups PAZRddela
phenyl ene group, a naphthyl ene group,_a bi phenyl ene graqu ag& a
pyridyl ene group, 20 lines (Whiﬂh1QﬁeVP9€P9¢%1%%%%5SF¢tGFEdPBFrSGESEPF ed
Wi th at least one substituent, as nentjoned above. .
Representative exanpl eebilinamiugad 9% defining the shegphexif Aigpeter)

organi ¢ groups represented by the _
J J Sp P drawn 3& as to hold therebetween the projected image

of the granule], and h is. the height of the granular
form of prepolymer.
In another aspect of the present invention,
there is provided a method for producing a powder
10 form of porous, crystallized, aromatic polycarbonate
prepolymer, which comprisés treating an amorphous
aromatic polycarbonate prepolymer with solvent under
sufficient shearing force to cryStallize and render
porous-the amorphous aromatic éolycarbonate pre-
15 polymer,
the amorphous aromatic polycarbonate prepolymer
comprising recurring carbonate units and terminal
hydroxyl and aryl carbonate groups, wherein the
molar ratio of the termihal hydroxyi groups to the
20 terminal aryl carbonate groups is from 5/95 to 95/5,
and having a number average molecular weight of
1,000 to 15,000,
the shearing force being sufficient to cause
the resultant powdery, porous, crystallized,

25 aromatic polycarbonate prepolymer to have an average

This Sheet Has Been Re’ililced .
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fornmul ae: 25 26 [err] B
wherein each of Rlerr], Rerr], Rerr] and R err] |ndependently e a2
represents a hydrogen atom an al kyl group 42 having from1 to 10
- carbon atons, an al koxy group having from1l to 10 carbon
atonms, a 10 cycl oal kyl group having from5 to 10 ring

' carbon atons, a carbocyclic aromatic group having from5 to 10
ring carbon atonms or aparticle diametgrh@fy A% M A% yhegfoup having from6

to 10
The amorphous aromatic carbonate prepolymer

comprising recurring carbonate groups and having
terminal hydroxyl and aryl c#rbonate groups, and
5 having a number average molecular weight of 1,000 to

15,000, which is used as'a starting material, may
generally be prepared by pre-polymerization as will
be described later. Thgn, the amorphous prepolymer
is treated with solvent undér a high shearing force

10 sufficient to reduce the prepolymer to particles
having an average particle diameter of 250 um or
iess, to th;reby crystallize and simultaneously
render porous tﬂe amorphous prepolymer. In this
method, the amorphous prepolymer to be treated with

15 solvent may be either in the solid state or in the
molten state. The crystallization and pore forma-
tion of the amorphous prepolymer occur from its
surface. Therefore, for obtaining a porous, crys-
tallized prepolymér of the present invention having

20 a specific surface area of at least 0.2 mzlg, it is
necessary that the treatment of the prepolymer with
solvent be conducted while mechanically pulverizing
the prepolymer under high shearing force to the

prepolymer so as to reduce the prepolymer to

23 . particles having an average particle diameter of
This Sheet Has Been Re | __
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carbon atons, and k represents an integer of 15 " from 3. to 11, .::.:.

i ncl usi ve.

Preferred exanpl es of: divalent aromatic groups:-’

i ncl ude those of the fornulae: [err] 2043 25

27 [err]

10

15

20

25

250 ym or less. The average particle diameter used
herein means thét of tﬁe prepolymer in the solvent
which is determined by a method as wiil be described
later. The mechanical pulverization under high
shearing force may easily be conducted by a method
using an apparatus equipped with a high speed-rotat-
ing blade, such as a warning blender, or using a
centrifugal pump equiéped with a cutter. For
shortening the time required for the crystallization
and pore formatioh, it is preferred that the amor-
phous prepolymer to be treated.with solvent be in
the form of a fiber, a strand, a £ilm, beads or the
like, irrespective of the state of the amorphous

prepolymer, that is, the solid state or the molten

'state.

-

The time required for crystallizing and render-
iqg porous an amorphous prepolymer in solvent is

varied according to the type, molecular weight and

.shape of the amorphous prepolymer, the type of the

solvenf, the treating temperature and the like.
Generally, the crystallization and pore formation
may be accomplished within several seconds to
several hours; The temperature may generally be
chosen in the range of from -10 to 200 °C. From

the standpoints of the crystallization rate and
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n each of R{ér"r" -and " RE€r 1y,

n 3

5 10 15 “wher ej

I ndependently repre- . sents a hydrogen atom a hal ogen atont
an al kyl group having from 1,40 10 carbon atoms, an

al koxy group having from1l to 10 carbon atons, 20 a cycl oal kyl
group having from5 to 10 ring ' carbon atons or a phenyl
group; each of mand n I ndependently represents an integer
of from1l ease in obtaining a porous, crystallized, aromatic

polycarbonate prepolymer having a large specific
surface area, it is preferred that the crystalliza-
tion be conducted at a temperature as high as pos-
5 sible within the above-mentioned range.
Representative examples of solvents which can
be used for crystallizing and rendering porous the
amorphous prepolymer include halogenated aliphatic
hydrocarbons, such as methyi chloride, methylene
10 | chloride, chloroform, tetrachloromethane; ethyl
chloride, dichloroethanes (all position isomers),
trichloroethanes (all éosition isomers), trichloro-
ethylene and tetrachioroethanes (all position
isomers); halogenated aromatic hydrocarbons, such as
15- chlorobenzene and dichlorobenzene; ethers, such as
tetrahydrofuran and dioxane; ketones, such as |
.acetone and methylethylketone; aromatic hydro-
carbons, such as benzene, toluene and xylene; and
the like. These solvents may be used individually
20 or in combination. Of these, acetone is most.
preferred because it is effective for obtaining a
porous, crystallized, aromatic polycarbonate pre-
polymer having a relatively large specific surface
area.

25 The amount of the solvent to be used for crys-
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to 4 when mis an integer of from2 to 4, each - . Rlerr}- ngy.:

be the sane or different; and when nis 25 , - an integer-"of f.eom 2
to 4, each Rlerr] may be the 45 ' 28

same or different. Di val ent aromatic group Ar may contain a
di val ent aromatic group represented by formul a (Vi): 5
-Ar[err]-Z-Ar[err]- (Vi) wherein Ar[ferr] and
Ar[err] are as definedtadddzingh@md rendering porous cphesaReEPAOBSn@TSor a
di val ent group, such as -0, -CO, -S-, -SO, -Sgerr]-,
-C00-, and polymexcdiq asiigd -aceprding t9ckhe t¥ras 9&f thed
above, 10 in an ampunt of O to 15 nole %_ based on tHe Eotgl

nunber of noles of al |l2WEphous prepolymer and solvent, the desired crys-

tallinity and desired specific surface area of the
5 ultimate prepolymgr}.the crystallizing temperature,
| and the like. Generally, the solvent may be used in
an amount of 0.1 to 100-times, preferably 0.3 to 50
times the weight of the amorphous prepolymer.
By the above-mentioned method, a powder form of
10 ~ porous, gfystallized, aromatic.polycarbonate pre-
polymer having the desired ciystallinity and the
desired specific surface area.is obtained. Some-
times, the thus obtained powder form of prepolymer
contains too fine particles. For reducing the
15 amount of too fine particles, it is preferred that
particles (primary particles) of the powder form of
_prepolymef be subjected to agglomeration to form
secondary particles. Thus, ghe porous, crystal-
lized, aromatic polycarbonate prepolymer is obtained
20 in agglomerated powder form (secondary particle
form).
Accordingly, in a further #spect of the present
invention, there is br;vided_a method for producing
an agglomerated powder form of porous, crystallized,

25 aromatic polycarbonate prepolymer, which comprises
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Exanpl es of such dival ent aromatic groués |nCIude lhose oﬁ thé:.
formul ae: [err] 15 20 - 25
29 46

applying sufficient pressure or heat to particles of
a powder form of porous, crystallized, aromatic
polycarbonate prepolymer mentioned above, to cause
the particles to be cohered.

5 ' The applicétion of sufficient pressure tb
particles of a powder form of porous, crystallized,
aromatic polfcarbonate prepolymer may advantageouslf
‘be conducted simultaneously with the removal of the
solvent used for crystallizing and rendering porous

10 the émorphous prepolymer after completion of the
crystallization and pore formation. TIllustratively
stated, the sdlvent is generally removed by éentri-
fugation, filtration under_pressure, filtration
under reduced pressure, or the like, by which a

15 pressure is applied to the prepolymer simultaneous-
ly. This pressure is sufficient for the agglomeration
qf a powder, i.e., secondary particle formation.
Therefore, agglomeration of a powder of prepolymer
can advantageously be performed simultaneously with

20 the removal of the solvent. The thus formed
secondary particle (agglomerated powder form) of the
prepolymer is stable, and hardly to be reduced to
too minute particles even after the solvent is com-
pletely removed from the prepolymer. The reason for

25 this has not yet been elucidated, but it is believed
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that a low molecular weight polycarbonate oligomer
present in the prepolymer acts as an adhesive for
bonding too minute particles. In view of the above,
when the amorphous prepolymer contains a low mole-
cular polycarbonate oligomer in an gxtremely.small
amount, it is preferred tﬁaﬁ-a low molecular weight
polycarbonate oligomer be added to the amorphous
prepolymer bhefore the crystéllization and pore
formation be conducted.

Agglomeration for forming secondary particles
may also be conducted utiiizing the fusion-bonding
property of the powder form of prepolymer. That is,
a powder form of prepolymer is sufficiently heated
to such a temperature that the surfaces of the
particles of the prepolymer are fused slightly, to
thereby agglomerate the powder.

In the above-mentioned method, a powder form of
porous, crystallized, aromatic polycarbonate pre-
polymer to be used as a starting material for
producing an aﬁglomerated form of prepolymer has a
specific surface area of at least 0.2 mzlg, prefer-
ably at least 0.5 m2/g. The crystallinity of the
powder form of prepolymer is at least 5 %, préferp
ably not greater than 55 %.

The thus obtained powder or agglomerated powder

This Sheet Has Been Rerlaced . THIS SHEET HAS BEEN
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form of porous, crystallized, aromatic polycarbonate

prepolymer may be granulated to produce a granular

form of porous, crystallized, 'aromatic polycarbonate

prepolymer mentioned above. Thus, in still a
further aspect of the present invention, there is
p;ovided a method for producing a granular form of
porous, crystallized, aromatic polycarbonate pre-
pélymer, which comprises-granulating a powder form
or an agglomerated powder form of porous, crystal-
lized, aromatic polycarbonate prepolymer.

The method for granhlating the powder or agglo-
merated powder form of prepolymer is not specifical-
ly restricted. Generally, granulation of the pre-
pblyme: can easily be performed by a coﬁventional
method, such as a rolling method, a vibration
method, a compression molding method and an extru-
sion molding method. Of these methods, extrusion-
granulation by an extrusion molding method and com-
pression-granulation by a compression molding method
are most preferréd, because a granular shaped
article of the present invention having a compres-
sive break strength of at least 5 kgf/cmz can easily
be préduced‘ The granulation can advantageously be
berformed, using a commercially available tablet

machine or granulator, at a temperature of not

THIS SHEET HAS BEEN

This Sheet Has Been Re
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above. The prepolynmer of the present invention rmay - contain,.as- AL, f"
one type of a divalent aromatic group nentiggned above. AIternatlver, t he

prepol y- nmer
aromati c groups.

may contain two or nore different types of di- wvalent

The nost preferred is a prepolynmer containing an

unsubstituted or substituted bi sphenol A group represented by fornula

(V1)

10

15
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25

greater than the crystalQine| meiking point of the
prepolymer, preferably 0 to 100 °C.

Production of a granular form of prepolymer may
be ‘conducted in dry state using a dry powder form or
a dry agglomerated powder form of porous, crystal-
lized prepolymer, or in wgt state using a powder form
or an agglomerated powder form of prepolymer wetted
with an appropriate liquid. Preferred is the wet
state method, because a powder form or an agglom-
erated powder form of prepolymer produced by the
crystallization and pore formation can be subjected
to granulation without completely removing the
solvent therefrom.

The ébove—mentioned porous, crjstallized,
aromatic polycarbonate prepolymers in powder form,
agglomerated powder form and graﬁular form can
advantageously be used as prepolymers to be
subjecﬁed to solid-state_condensation polymeriza-
tion, to thereby pfoduce porous, crystallized,
aromatic polycarbonates. From the powder form or an
agglomerate powder form of prepolyﬁer,.a powder f&rm
or an agglomerated powder form of porous, crystal-
lized, aromatic polycarbonate is produced. On the
other hand, from the granular fbrm of prepolymer, a

granular form of porous, crystallized, aromatic
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5 in an anount of 85 to 100 ol e ‘% ‘based ‘on theitotal ™ i7" i ¢

nunmber of noles of all of Ar's. The prepol yner may-alkso ¢
contain a trival ent aromatic grggp in an anmount of about 0.01
to 3 10 nole % based on the total nunber of noles of all of

Ar's. : Ar[err] of  the term nal aryl carbonate group is

ei ther unsubstituted or substituted with at | east one
substituent whi ch doespobycarbenatéyisfpeoduced. 15 reaction.
Exanpl es of suitable substituents include a hal ogen atom an

al kyl group having from 1 tBegz€inbelow, an explapatioonis giavenkesdfhgroup
having from1l to 10 carbon atonms, a phenyl group, a phenoxy
group, a vFespegt otp, thecpradugkdop, ofinacpowdeyr Sopm F &M de
20 group and a nitro gro%g. : Represent ati ve exanpl es
of nmonoval ent ar Orraticagg'lomerate powder form of porous, crystalllzed,

5 aromatic polycarbonate. That is, according to the
present invention, there is provided a method for
producing a powder form or an agglomerated powder
form of porous, crystallized, aromatic polycarbonate
having a number average molecular weight of from

10 6,000 to 200,000 and a crystallinity of at least
35 %, which comprises heating a powder form or an
agglomerated powder form of porous, crystallized,
aromatic polycarbonate prepolymer in a heating zone,
at a temperature whicﬁ is higher than the glass

15 transition temperature of the prepolymer and at
which the prepolymer is in a solid state, to effect
solid-state condensation polymerization of the pre-
polymer while removing condensation polymerization
by-products from the heating zone,

20 _ thereby increasing the number average molecular
weight and the Crystallinity_of the prepolymer to
from 6,000 to 200,000 and at least 35 %, respective-
ly, so that the resultant polycarbonate has a number

average molecular weight and a crystallinity which

25 are, respectively, greater than those of the pre-
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groups Ar3 include a phenyl group, a naphthyl group,_, B a blphen

group and a pyridyl group, each of which ' |s unsubstltuhed.or:
substituted with at | east one 25 sabstltuent as nentioned above.
31 Represent ati ve exanpl es of Ar[err] i nclude [err]
10 The porous, crystallized, aromatic polycarbon-

polymer.

In the above method, it is more preferred that
the porous, crystallized, aromatic carbonate prepoly-
mef to be subjected to solid-statg polymerization

5 have a specific surface area of at least 0.5 mzlg.
Further, it is preferred théi thé porous, crystal-
lized aromatic carbonate p;épolymer have a crystal-
linity of from 5 to 55 $. |
| The solid-state poiymerization in the method of

10 the present invention is ‘conducted by heating a
powder form or an agglomerated powder form of
porous, crystallized, aromatic polycarbonate pre-
polymer in a heating zone. The temperature (Tp, °C)
" and time rquired for the solid-state polymerization
15 vary depending upon the chemical structure, molec-
ular weight, crystallinity, melting point (Tm, °C)
and shape of the porous, crystallized, aromatic
polycarbonate prepolymer{ the presence or absence of
a catalyst remaining in the porous, crystallized,
20 aromatic polycarbonate prepolymer; the type and
| amount of a catalyst, if any, in the porous, crys-
tallized, aromatic polycarbonate pfepoiymer;-the
type and amount of a catalyst if added to the poly-
merization system; the specific surface area of the

25 | porous, crystallized, aromatic polycarbonate pre-

i
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ate prepolymer of the present inventions<hds a nunber AR dver&gén

nol ecul ar wei ght of from 2,000 to 8, 000. ' : Vhen t he.nurber < &
average nol ecul ar weight is |ess than, 2,000, solid-state

pol yneri zation of the pre- 15 : pol \Eéer disadvantageously t akes a
| ong period of time. Further, the prepolyner is

di sadvant ageously . fusi on-bonded during the solid-state

pol ymeri zati on. On the other hand, it is unnecessary for the
pre- pol yRELYRETHaFbes Podamer izadiase daana I the giesdred2o

erag

| arger than 8, 000, because the increase in num&ycarbonate qné;the flke
6 -

nol ecul ar wei ght of tREYSte &Pﬁﬁéw pEOg@tic po
t han 8,000 does not have a S ffect n t he rate of the
solid-state polyneringgongéﬁ gﬁi %F tate’ po Ymerlﬁﬁﬁﬁﬂﬁﬂm“sqﬁﬁ%apreferred

nunber average mol ecubaty 2ieq at a tiidlacitel il G5 S "BRL

5 _ glass transition temperature of the porous, crys-
tallized prepolymer and at which the porous, crys-
tallized, aromatic polycarbonate prepolymer is not
melted but in a solid state (namely, a temperature
of lower than the crystalline melting temperature of

10 the prepolymer). It is more preferred that the
solid-state polymerizatien be conducted at a tem-
perature (Tp, °C) satisfying the following relation-
ships:

Tm - 50< Tp< Tm (V)

15 wherein Tp and Tm are as defined above.
In this connection, it is to be noted that both the
glass transition temperature and the crystalline

b melting temperature of the prepolymer are elevated
with the progress of the polymerization of the pre-

20 polymer. Therefore, the suitable temperature for
solid-state polymerization also becomes high with the
progress of the polymerization. The reaction time
for solid-state’polymerization is generally in the
range of from one minute to 100 hours, preferably in

25 the range of from 0.1 to 50 hours. With respect to

THIS SHEET HAS BEEN
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The porous, crystallized, aromatic polycarbon-- . - - até-prepol.ymer
of the present invention has a 5§pe0|f|c surface area of at

| east 0.5 nferr]/g. Such a 5 | arge specific surface area is

| nportant for produ- cing an porous, crystallized, aromatic
pol ycar bon- ate. Wen the specific surface area is smaller
than 0.5 ﬁﬂeerﬁddgférat&iﬁ-é RS Oéoii'&‘-é@é té- géﬁ}ﬁeﬁi)h&ﬁﬁbh% atben
of the porous, crystallized, prepolyner is |owered whi ch

di sadvant ageous for p@%ﬂ#ﬁl&;iﬂhéﬁ“ﬂ“ﬁdl&carbonate is ﬂ@é?&ﬁé&oﬂﬁbﬁ Bﬂsa
commercial scale. The |arger the specific surtace area of the

porous, crystallized, phenol A, the Heipédatird VEs behet Sopi@pstyter polyt-he
pr esent i hvention, the higher the rate of the solid-state = 15

pol yneri zati on beconemend&zaﬁidrs iadvdanttdge atsnge FHnfrom about 150Phte
standpoint, the specific surface area of the por ous,
crystallized, ar omat i abputy 26Tt egefierably from about 180° to about
230 °c. |
In the solid—state condensation polymerization,
condensation polymerization by-products, such as an
aromatic monohydroxyl compound and a diaryl carbon-
10 ate, are formed in the hegting zone. The solid-
state condensation polymerization reaction may be
accelerated by removing the by-products from the
polymerization reaction system. The by-products may
be removed by a method in which the polymerization
15 . reaction is carried out under reduced pressure, or a
method in which an inert gas is flowed into the
heating zone and the inert gas containing the
. condensation polymerization by-products is dis-
charged from the heating zone. The term "inert gas"
20 used herein means not only those defined by the so-
called inert gas as an established term,Asuch as |
nitrogen gas; argon gas, helium gas and carbon
dioxide gas, but also a gas which is not reactive
during thé solid~-state polymerization, such as lower

25 hydrocarbon gas and acetone gas. These methods are
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pol ymer of the present invention is at Feadst: '»

3

at least 0.5 nferr}/g, nore 20 preferably at -|least 0.8.oferr}/g.
The specific surface area is nmeasured by thgy ' ' '
Brunauer - Emmett- Tel | er. net hod (BET nethod) using a krypt on
gas. The desired specific surface area of the crys- 25
tallized prepolynmer of the present invention, which

33 _ _ optionally 2onducted in icomtsiratigmn as In Sting emethgdor
nore, is attained by solvent treatnment for crystallizing and

si mul t ane- usihy ¥Mn' endeti gaspoiaud sa prefiEdnedrto Theakcthai gas
el ectron mcrographs of Figs. 1, 2, 4, 5, 6, 7 and 8 5 clearly

show that the prepol ypeieldininaeifyetenta temperature iadjaneénin the ppobys.
For conparison, a scanning
merization reaction temperature. The flow rate of
5 the inert gas flowing into the.heating zone may
generally be from 0.1 to 10 liters(N.T.P.)/hour,
preferably from 0.2 to 7 liters(N.T.P.)/hour, per
gram of the porous, crystallized, aromatic polycar-
bonate prepolymer. The flow rate of the inert gas
10 per unit weight of the prepolymer is important.
When the flow rate of the inert gas is less than 0.1
liter(N.T.P.)/hour per gram of_the prepolymer, it is
disadvantageous in that the rate of ﬁhe solid-state
polymerization becomes low. On the other hand, when
15 the flow rate of the inert gas is greater than 10
liters(N.T.P.)/hour per gram of the prepolymer,
although the rate of the solid-state polymerization
becomes high, the powder form or agglomerated powder
form of porous, c:ystallized, aromatic carbonate
20 _ prepolymer is, disadvantageously, likely to scatter
in the reaction vessel during the solid-state éog-
densation polymefization, leading to a fﬁsion—
adhesion of the prepolymer to the wall of the reac-
tion vessel and an escape of the prepolymer out of

25 the reaction vessel.
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el ectron m crograph of an anorphous prepolyner mhlch oL has'nof..,

been subjected to solvent treatnent is shown - : _in Fi.g...3- whi'ch
shows that the anorphous prepolyner 10 55 i S non- por ous.

The porous, aromatic polycarbonate prepol ymer of the present
!nvent:on Is crystalline. The crys- - taIIinity of the prepol yner
Is at least 5 % as neasured by X-ray ffracto try When the
crystal- 15 . |i ni t yWhen tghe [ﬁ‘@ﬂtﬂﬁﬁ’rt‘? Polymerization i g

n"the course of the somdncied ogs iquing ad tRert gag; spte PRs! BatE ng

fo be di [Tidult to ookng zons, i tischardsd vt 4af fal pi aiseakan -
ifficu 0. p [ or“tnhe

crystallinity i i f

CyStal Ity 1S o e SO CBMOLE AL SHhabOVEYSL, 1hbcger

produce an af omati c p}%carcf e @%éé%}@é{nfé&ré&&, the aischi@helNEnert

crystal linity be not
gas may be recovered and re-used. The discharged

inert gas contains condensation polymerization by-
products mentioned above, such as an aromatic mono-
hydroxy} compound and a diaryl carbonate. There-

10 | fore, it has been considered that when the dis-
charged inert gas is recovered and re-uéed, it is
necessary to remove the by-products contained in the
inert gas. However, it has unexpectedly been found
that even if the inert gas contains the by-products,

15. when the content of the condensation polymerization

by-products of the discharged inett gas is 5 mmHg or

less in terms of the partial pressure of the by-

‘products in the inert gas, such én inert gas

containing the by-products can be re-used for tﬁe

20 - solid-state condensation polymerization of the pre-
polymer, and the condensation polymerization can
advantageously be performed. Therefore, in the
method of the present invention, the discharged
inert gas having a by-products content of 5 mmHg or

25 less in terms of the parfial pressure of the by-

\ . s
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25 t he standp0|nt of the rate of Sol'id'stat® polynerl— - B S
34 zation. For facilitating the solid-state polyreri-- -«
zation, the crystallinity of the prepol yneséis pre- ferably 10
to 45 % nore preferably 15 to 40 % : In the present
invention, the crystallinity of - 5 t he porous, crystallized
prepolyner is determ ned by - usi ng the powder X-ray dlffractlon
patterns of a productspintthe itmerphgas prEpadyartageusliohRs

crys- tallized prepolynmer (for exanple, see Fig. 10 and

Fig. 11). 10 flowed Gk dthe, hmﬁhna EP9§t as| the éaﬁyﬁeﬁaﬁ% and
irradiated wwth an X-ray, scattered X-rays hserve The
total intensity of tHeesised cfex the sol d‘StaterH9§YP§r§z§Gﬁf¥ﬁ t & X-ray

intensity of the crystal -
course, from the standpoint of complete avoidance of

5 the adverse reaction during'thé solid-state poly-
merization, it is most preferred that the by-
products be completely removed from the discharged
inert gas. However, it is'extremely difficult to
remove the by-products from the discharged inert gas

10 to.an extent that the content of the by-products in
the discharged inért gas is less than 0.01 mmHg in
terms of the partiai pressure. The reduction of the
by-products contenﬁ in the inert gas may generally
be conducted by removing the by-products from the

15 discharged inert gas or by diluting.the discharged
inert gas with a fresh inert gas.

The solid-state polymerization according to the
method of the presént invention may be carried out
by using a batch-wise method or a continuous method,

20 or by using both methods in combination.: As a
reactor for the solid-state condensation polymeriza-
tion, various types of reactors, for example, a
tumbler tyée, a kiln'type, a paddle-dryer type, a
screw-conveyer type, a vibrator type, a fluidized-

25 bed type, a fixed-bed type, a moving bed type and
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line scattering ascribed to the crystallime portiton: 15", . % . i and:thats of

t he anorphous scattering ascribed to the ' Iﬁadb?thUS'pOrLToni .
When the weight of the crystal - ' 57 ine portion and that of the
anor phous portion are expressed as Merr] and Merr],
respectively, and when the X-ray intensity of the crystalline
scattering cor- 20 responding to the weight of the crystalline
portion - ahbet hikeotanhbeanseghous scattering correspondi ng

to the weight of the anorphous portion are expressed . qg,l err]
and I[err], respectively, Bhe sptidrshage copdpngptign polymeriza l?inﬁRF
to be able to be distinguished fromeach 25 _ot@gr, the .

crystal linity X err](D¥ofuctngcthat eRTPNgm crystallized, ‘aromatic poly-
380: | ¢ the Lgé£8%£2geeggg$Fgﬂz'porous,wfrysﬁalfized Pr$$?EW%§é

5 may'be performed at an economically satisfactory
| reaction rate without using a catalyst. This is the
most preferred mode of the present method. Alterna-
tively, a catalyst may be added in order to accel-
erate the polymerization reaction rate. Howeve;,

10 when a catalyst is used, such a catalyst is likely
to remain in the final aromatic polycarbonate as an
impuritg and such a impurity catalyst often has
adverse effects on the physical properties of the
aromatic polycarbonate (such as color, heat resis-

15 tance, boiled water :esistanéé,aﬁd weatherability).
Therefore, it is preferred that the amount of a -
catalyst to be used be as small as possible.

When the porous, crystallized, aromatic poly-
carbonate prepolymer of the present invention to be -

20 used as a starting material for producing a porous,
crystallized, aromatic polycarbonate is.proauced
using a catalyst, the.catalyst generally remains in
the prepolymer and,'thérefore,-a further catalyst

need not be added to the solid-state polymerization

25 system. However, in the case where the catalyst is



K= 1l[err] I[err] 5 * * 'mherE|n I[err] ?eprﬁsentg'the
X-ray intensity of a ' crystal line scattering per unit Weiight *of
t he per- fectly crystalline porggon and I[err] represents thé

X-ray intensity of an anorphous scattering per unit wei ght of

the perfectly anorphous portion. 10 However, in the present

I nvention, assum ng that K=1 with respect to all the porous,
crystal - | remsaived epo| ym@esivabedcigsthkl cbukgeXof( Yhavaxrystal -

- calculated fromthe foll ow ng equation: : Xc = 1Jerr]

- x100. I[err] + I[err] lization and podéecformatidnref dhéef paepolymert arrsd tit
. of a sanpl e obtained by X-ray diffractonetry i s obtained

- as a sumof the crystadsisktikkadesited totanselgrate the solid-sdademaious
. scattering intensity and.the back- 20 ground intensity due to the

| scattering by air, t hanerization, anRppeepniabecrabalyst mhy optdomally

. nmotion of atons, the Conpton scattering and the |iKke.
. Therefore, fSor be added to the solid-state polymerization reaction

.system. In this case, a catalyst may be added in a
liguid or gas form to a polymerization system of the
porous, crystailized prepolymer. As such a cata-
lyst, any condensation polymerization catalyst

10 conventionarily used in the art can be used. E*am-
ples of such catalysts include hydroxides of an
alkali or alkaline earth metal, such as lithium
hydroxide,.sodium hydroxide, potassium hydroxide and
calcium hydroxide; hydrides of an alkali or alkaline

15 eafth_metal, such as lithium hydride, sodium.hydride
and calcium hydride; alkali metal salts, alkaline
earth metal salts and quarternary ammonium salts of
boron hydride or aluminum hydride, such as lithium
aluminum hydride, sodium boron hydride and tetra-

20 " methyl ammonium boron hydride; alkoxides of an
alkali or alkaline earth metal, sﬁch as lithium
methoxide, sodium ethoxide and calcium methoxide;
aryloxides of.aﬁ_alkali or alkaline earth metal,
such as lithium phenoxide, sodium phenoxide, magne;

25 sium phenoxide, LiO-Ar-OLi wherein Ar is an aryl



obtaining the crystallinity of the sanp]e; it

11,

separate the total X-ray diffraction 256 ' |nten3|ty nio IhE
conponent intensities nentioned - £9 St 36
above. In the present invention, the total X-ray dif-
fraction intensity is separated into the conponent Intensities
as follows. An explanation is given 5 referring to Figs. 10 and

: gmoupe apgwiiap-krr-Qfad iwhtemén dx gt asy deffined above;
por ous, crystalllzed prepol yner (shown in Fig. st rai ght

line P-Q (base |ine)

| orgrang peidesaltseof an al ali opoipdkaldjnefearth

10[err](2[err]) and the £0|nt ( of 35Lerr](2[err ). 10 The point

- corresponding to 15[er ¢

2fer PRFRoASt hAthipmr geetate, calcium ‘#cstate and

?_|ntenS|ty curve and the point_ corresponding to

5

10

15

20

25

sodium benzoate, zin¢ compounds,. such as zinc oxide,

zinc acetate and zinc phenoxide; boron compounds,

such as boron oxide, boric acid, sodium borate,
trimethyl borate, fributyl borate and triphenyl
borate; silicon compounds, such as silicon oxide,
sodium silicate, tetraalkylsiiicon, tetraaryléilicon
and diphenyl-ethyl-ethoxysilicon; germanium com-
pounds, such as germanium.oxide,'germanium tetra-
chloride, germanium ethoxide and germanium phen-
oxide; tin'compdunds, such as tin oxide, dialkyltin
oxide, diaryltin oxide, dialkyltin carboxylate, tin

acetate, tin compounds having an alkoxy group or

~aryloxy group bonded to tin, such as ethyltin tri-

butoxide and.organotin compounds; lead compounds,
such as lead oxide, lead acetate, lead carbonate,
basic lead carbonate, and alkoxides and aryloxides
of lead or organolead; onium compounds, such as a
quaternary ammonium salt, a quaternary phosphonium
salt and a quaternary. arsonium salt; antimony com-
pounds, such as antimony oxide and antimony acetate;
manganese compounds, such as manganese acetate,

manganese carbonate and manganese borate; titanium
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15[err](2[err]) on the base line, at each of which points . .”". "".."" -""-the
crystalline scattering intensity is consideggd ' td.be zerg;'‘are
designated R and S, respectively. 15 On the other hand, on
the powder X-ray diffrac- tion pattern of a conpletely

anor phous prepol yner (shown in Fig. 10) (obtained by nelting

the prepol y- th%omr%ﬁinfé, %&&pré ¢ 1 £n Phim | 527588080 £ 38 nk G ]a%o-

shapi ng ten prepolynmer into a sheet formhaving a
thickness of about 1 nggaanthfPRHan COP!dPPLéREdes; and zircdAeEh BmQ

[err]C), straight line K-L (base line) is drawn. Further, the

poi nt correspondi N9 t Gkl | Idie’dd )zirconium ace€RtéezdkEbhaGh BRide,
intensity curve and the point corresponding to 15[err](2[err])

on the base line are dftrcomium alkoxideH AR 24 866num" £6pE6kid85Y and
37 The follow ng identities are given:

5 zirconium acetylacetone.

L L X X ] 20s caaee
L]

tyr @

These catalysts may be used individually or in
combinatioﬁ. The amount of c;talyst to be used is
as follows. When a catalyst containing a metal is
used, the amount of the catalyst is generally in the

'10 range of from 1 ppm to 500 ppm by weight,-in terms
of the amount of the metal contained in the cata-~
lyst, based on the weight of the porous, crystal-
lized, aromatic polycarbonate prepolymer used as the
starting material. Wﬁen a catalyst containing no

15 - metal 1is used, the amount of the catalyst is genér—
ally in the range of from 1 ﬁpm to SOO.ppm by
weight, in terms of the amount §f the atom as a
cation species contained in the catalyst, based on
the weight of the prepolymer.

20 As mentioned above, in the method of the
prasent inventibn, the intended prepolymer can
readily be prepared in the absence of ‘any catalyst,
and the aromatic polycarbonate produced without
using a catalyst has an extremely excellent proper-

25 ties. This is one of the main features of the
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I[err] = the diffraction intensity at péinf M ' . B[err] the

diffraction intensity at point N _ ‘ I[err] = the dlffragthon
intensity at point R Blerrdt = the diffraction intensity at -
point S 5 Y = the area of the portion surrounded by
diffraction intensity curve K-ML and straight |ine
K-L, and Z = the area of the portion surrounded by
diffraction |nten5|typcuﬁaatPiRVand@n-loIn the present invegti@nghtheine
P-Q The crystaII|n|t¥ % is calculated fromthe .
fol | owi ng equati on: terminology inc abspr{cze -of [éemqtale%rr'peav? X
100. rr] -Blerr] - The
porous, crystallized, t@ﬁ@n&bﬁcaﬂépyéaﬁﬁbﬁ-CatalYSt is %ﬂ%;%ﬁ%pﬁbiﬁeﬂ pPm
the present invention is, general- ly, in powder formor in

aggl omer at ed powder f&hat 1s the minimpge iso\tche 4Q9Yﬁtﬂeﬁﬁi?ﬁé§ amount-

crystallized, aromatic
5 range.

According to the above-mentioned method of the
present invention, a powder form or an agglomerated
powder form of porous, crystallized,'aromatic poly-
carbonate having a number average molecular weight

10 of from 6,000 to 200,000 and a crystallinity of at
least 35 %, wherein the number average molecular
.weight and crystallinity of the aromatic polycarbon-
ate are greater than those of the porous, crystal-
lized prepolymer used as a starting material, can

15 easily be produced.

Further, according to the method of the present
invention, a powder form or an agglomerated powder
form of porous, crystallized, aromatic polycarbonate
having a specific surface area of at least 0.1 mzlg
20 can advantageously be produced. .

Fufthermdre; according to the method of the
present-inveﬁtion, a powder form or an agglomerated
powder form of porous, crystallized, aromatic poly-
carbonate having a crystallinity of not greater than

25 70 %, which is greater than that of the prepolymer
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pol ycar bonat e prepol yner has an average particle 20 d4aﬁeteT of
not greater than 250 [err]m The aggl oner- - .. ated: poder fonnhof
porous, crystallized, aromatic : pDcharbonate prepolyner has an
aver age di aneter of not greater than 3 mm In this connection,
It shoul d be noted that when a powder or aggl onerated

38 powder form of a porous, crystallized, aronmatic

pol ycar bonat e prepol yrmesed s ubj staxting matexialatean easily be obtained.
pol ymerization, it is preferred that the content of too fine
particles in the prepol ymerNext aanexplagation is giv%s‘ﬁbherﬁﬁgﬁﬂihéio
st andpoi nt of ease in handllq? Furt her _ when_t he anount of
fine particles presentthe pro u°t1°¢rpfrﬁe?Eﬁ%ﬁ4a¥oﬁ%?%roﬁgBPﬁﬁBFatEHYS-

powder form of

.
L]
c
L1
-
-

tallized, aromatic polycarbonate. That is, accord-
5 ing to the present invention, there is provided a
method for producing a granular_form of porous,
crystallized, aromatic polycarbonate having a number
average molecular weight of from 6,000 to 200,000
and a crystallinity of at least 35 %, which
10 comprises heating a granular form of porous, crys;
tallized, aromatic polycarbonate prepolymer in a
heating zone, at a temperature which is higher than
the glass transition temperature of said prepolymer
and at which said prepolymer is in a solid state, to
15 effect solid-state condensation polymerization of
said prepolymer while removing condensation poly-
merization by-ﬁroducts from the heating zone,
thereﬁy increasing the number average molecular
wéight and the crystallinity of the prepolymer to
20 from'G,OOQ to 200,000 and at least 35 %, respective-
ly, so that the resultant polycarbonate has a number
average molecular weight and a crystallinity which
are, respectively, greater fhan those of said
granular prepolymer.

25 The heating of granular form of porous, crys-

THIS SHEET HAS BEEN
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the prepolyner is large, it is disadvantageous ih* = . .;”thaiu?hé%§.
particles of both the prepolyner and the 10 ~_ fornmed potyner are' -t
likely to be fused and bonded ' Wgish one anot her or  adhiered to a
reaction vessel in the course of the solid-state

pol yneri zation. From t hese standpoints, it is preferred that

t he content ‘of particles having a particle dianeter as small as
15 50 [err] m otal2tzed, bbomatépopyigicariwnaty prepsBaier ¢dmibe
10 % by wei ght. According-to the present invention, from
t he Vi ewpocohdattedsédni substdhnitiglliyt the wmamfecmazthéehads in the

- the porous, crystallized, aronmatic pol ycarbonate 20 pr epol yner be

in granular form |t psoductipnebfr the powder formedrt lthe tdgglkpmerated

form of porous, crystallized, : aromati ¢ pol ycarbonate prepol yner
have a conpressive powder fopmeaf polypgrbophte: meaddionesl Rhgveq gxdepts

kgf/cnferr]). Wen the conpressive break strength is | ower than
49. 0N cnf er B] (5kgf/cnfbek]3 gpgnular form oﬁspergaévamré{gfga}elrmdhat t 00

fine particles are aromatic polycarbonate prepolymer is used as a
starting materiai; In practicing the above-
mentioned method, it is preferred that the heating
of the granular form of prepolymer be cqnducted

10 while flowing én inert gas into the heating zone and
whiie discharging the inexrt gas containing the |
condensation polymerization by-products from the
heating zone. .The flow rate of the inert gas may
generally be in the range of from 0.1 to 50

15 liters(N.T.P.)/hour, per gram of the granular form
of prepolymer. In the case of the solid-state
polymerization of the granular form of prepolymer,
there is no problem of the scattering of the
prepolymer. Therefore, the flow rate of the inert

20 _ gas can be increased up to 50 liters(N.T.P.)/hour,
per gram of the'granular form of prepolymer. The
rate of the‘solid-stéte polymerization can be
increase@ by increasing the flow rate of the inert
gas; However, even when the flow rate of the inert

25 gas is increased to higher than 50 liters(N.T.P.)
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39 . formed before and durlng the®sotid- state porVnerle~‘
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tion, causing the handling of prepolyner to be dif- : flcu1t.-lr
is preferred that the conpressive break 64 strength be as Targe as
possi bl e. However, in 5 general, it 1s sufficient for the granul ar
f or m of prepol yner to have a conpre55|ve break strength of

at least 49.0 Ncnferr] (5 kgf/cnferr]). It is nost
preferred that the abovihomni iggredgram of the gEdmilanrféomnopf ppepplimar!
have a crystallinity of 10 at least 5 % and not greater than 55 %
( X- ray di ffheataretofy)thel eskidxsiratarpébymenfzabion is no
porous, crystallized prepolyner is advantageous not only in

that the handling of thHeongepdnomsasesfor eTherefore, it absl mbtenetéssary

solid-state polynerization is easy;
that the flow rate of the inert gas be increased to

5 higher than 50 litefs(N.T.P.)/hour, per gram of the
granular form of prepolymer. From the standpoint of
the improvement of the polymerization degree, the
flow rate of the inert gas:is preferably in the
range of from 0.2 to 30 liters (N.T.P.)/hour, per
10 gram of the granular form of prepolymer.

As in the case of the production of a powder
form or an agglomerated powder form of polycarbonf
ate, it is preferred that the condensation polymeri-
zation by-products be removed from the discharged

15 inert éas, or the discharged inert gas be diluted
with an inert gas,.sé that the resultant gas has a
condensation poly@erization by-products content of
5 mmHg or less ;n'terms of the pértial pressure of
the condensation polymerization by-products in the
20 inert gas, and the resultant gas be flowed into the

heating zone as the inert gas.

The granular form of porous, cryséallized,
.aromatic polycarbonate produced by the above-

mentioned method of the present invention comprises

25 terminal hydroxyl groups and/or terminal aryl

\

T
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15 the scattering of a powdery prepolyner i s avoi ded

Ld -

3300
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when the prepolyner is subjected to solid-state = polynerlzatlon
and the prepolymer is not f used 68uring the solid-state
polyner!zat!on, but also in that the rate of the solid-state
pol ymeri zation can 20 be narkedly increased. The
shape of the granular formof prepolyner is not ecifi
restricted, and it nmaycaghenate\grrups, and has g B@WP@F ay éﬁ@ Wé%?qﬁiﬁr

di sc, polygonal pillar, cube, rect

or thep|iig P weight of from 6, 000 Eg %88“ %Qoggéagl%fasé§¥iinf¥5
The average di aneter of granules of ranu

prepol ymer may gener al®% HeP® 39 %8 %, which gﬁeﬁw?eﬁng (l%f%%?%ﬁ)

nmore preferably 1
grgneter Ps snalle¥ éhan those of thé granv% %m?%%r%&%a%Tydéﬁff In

5 this connectxon, it is preferred that the crystal-
linity of the granular form of porous, crystallized,
aromatic polycarbonate be not greater than 70 %.
Further, it is also prefefred ﬁhat the specific
surface area of the granular polycarbonate be at

10 least 0.1 m2/g.

The granular form of'porous, qrystallized,
aromatic polycarbonate thus produ&ed from the
granular, prepolymer has a compressive break
strength of at least 10 kgf/cm2 which is greater

'15 than that of the granular form of prepolymer. This
fact is unexpected and surprising. It has been
considered that the compressive break-strength of
the granular form of polycarbonate is lower than
that of the graﬁular form of prepolymer. That is,
20 it has been considered that the polymerization by-
products, such as phenols and diaryl qarbonate, are
removed during the solid-state condensation poly-
merization, and by the removal of the by-products
_ contained in the prepolymer, voids would be likely
25 to be formed in the produced polycarbonate, which

his Sheet Has Been Re lace | Tms SHEr_T HAb BEEN
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particles of the prepolymer scatters and the.pre- . L polymér kS
likely to be fused. On the other hand, 66 the granul ar form of
prepol yner having an average di aneter of greater than 30 mMmis
not preferred from 10 t he standpoi nt of ease in handling.

In the pr

di anet er

esent invention,_ the diameter of ghaggles of the
granul ar form of prepo¥gWdd ¥esult in a decgepsgednaBefhanisedns thande of

defined in

edited by the 15

19-20. Illustratively stated, the volLune V,er age
di aneter is defined by the TB?I%ﬁ?ﬂﬁfar fotm' Of pPSPHﬁPaFrYStafiize '

Vol di = 3 [ ( Lyw+wh+hL 20 wh ' ' h
sﬁo??eaiygrg?gne{2PEE§%F8ﬂa#£Q g°fg°a;g°ké5§fPﬁﬁdsﬁgsFﬁg%gggggﬁ%%E%é¥§%%n a

pair of parglla

1975, pp.

di st ances

10

15

20

25

"Zoryu- Binran (G anul ati on Handbook)",
the regultynbrPlyARFPPRALSEry in Japan, published in

SheneAMTBERHRFSE: L3 HiBAREE, b BPRARIRE o ot
porous, crystallized, aromatic polycarbonate pre-
polymer which is used as a starting material.
Therefore, the granular polycarbonate, genérally,
has a shape of a pellet, sheet, disk, cylinder,
pélygonal pillar, cube, rectangular parallelepiped
or spﬁere, and has a diameter of 0.5 to 30 mm.

The powder form, the agglomerated powder form

or the granular form of porous, crystallized,

aromatic polycarbonate comprising recurring aromatic

carbonate units and terminal hydroxyl and/or aryl
carbonate groups and having a specific surface area
of at least 0.1 mzlg, a number average moleéular_
weight of from 6,000 to 2oo,o'oo and a crystallinity
of at least 35 %, may be subjected to molding at a
temperature lower than the glass transition tempera-
ture of the polycarbonate, to thereby obtaih a
shaped; porous, crystallized, aromatic polycarbon-
ate. The thus obtained shaped polycarbonate has a
bulk density of from 0.1 to 1.1 g/cm3 and a compres-

sive break strength of at least 10 kgf/cm?. There-

e R .
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hol d t her ebet ween the projected i mage of a graane 25

»
s b n
; Jae

on a ptanei

which granule is stably put on the S 41
plane), L is the long axis dianeter [which 6% ' deflned as the

di stance between a pair or parall el ' i nes (which are

perpendi cular to the pair of paral- l el Iines used for deflnlng -
the short axis dianeter) 5 drawn so as to hold therebetween the '
prOJefted i mage fore, agcaoxding k@l the EﬁﬂsﬁnFsipﬁénﬁéP@htt@ﬁrﬁhés

gr anul ar f orm of re 0l not her a

of the present inventiprpvide gho@h@?@ P§°9PG§P363 éh %UdPP puéipeCt

produci ng a powder 10 fornlof o[ ous, t
pol ycar bonat e CrYS?ﬁ%%ﬁﬁ%4m§r°W§#%ﬁ BOHE ?%EggnF# g?ﬁgaggaalc B hous

aromati ¢ pol ycar bonat e pr epol :
oty déﬁsf@y%&?rfroérbsplveni ”3?£m3 and a compressive

break strength of at least 10 kgf/cmz, which com-

5 prises subjecting a pbwder form, an agglomerated
powder form or a granular form of porous, crystal-
lized aromatic polycarbonate to molding at a temper-
ature which is lower-than the glasé transition
temperature of the pdlycarbonate,_

10 the powder form, the agglomerated form or the
granular form of porous, crystallized, aromatic
polycarbonate comprising recurring aromatic carbon-
ate unifs and terminal hydroxyi and/or aryl carbon-
ate groups and having a specific surface area of at -

15 : least 0.1 mzlg, a number average molecular weight of
from 6,000 to 200,000 and a crystallinity of at
least 35 %. | |

In the above-mentioned method of the present
invention, the molding of the porous, crgstallized

20 ' aromatic polycafbonate may geﬁerally be conducted by
compression molding or by extrusion molding at a
temperature lower than glass transition temperature
of the polycarbonate.

The powder form or agglomerated powder form of

This Sheet Has Been Re’ilaced
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sufficient shearing force to crystallize and render. 27 s "pd?buéfiﬁe
anor phous- aronati ¢ pol ycarbonate pre- 15 Ciipolyner, oo v Tt
the anmorphous aromatic pol ycarbonate prepolgarer o "~ conpri sing
recurring carbonate units and termnal hydroxyl and aryl
carbonat e groups, wherein the o nolar ration of the term na

hydr oxyl groups to the 20 termnal aryl carbonate groups is from
5/95 to 95/5, the porbUgVicrystalilized avaramathol polyaarhengite of
2,000 to 8, 000, the shearing force being sufficient to
cause theuhﬁngﬁesdnqxﬂnkaqniqnwtmsnotr&xdengze@,du£§n9 the

aromati c pol ycarbonate prepolyner to have a specific surface
‘area of at |east 0.5 mjeddingy, ewemwhemeche polycarbonate is subjected to
2 molding without drying the polycarbonate before
5 molding. This ie due to its extremely small equi-
librium moisture content which is ascribed to its
high crystallinity. Accordingly; the powder form or
the agglomerated powder form of porous, crystal-
lized, aromatic polycarbonate also can advantageous-

10 ly be subjected to conventional molding oethod, such

as rotational molding and sinter molding, to prepare-
a shaped article.

A shaped'polycarbonate can also be produced by
heating the porous, crystallized, aromatic poly-

15 | carbonate of the present invenoion. That is,
according to the present invention, there is
provided a method for producing a shaped, porous,
crystallized aromatic polycarbonate having a bulk
density of from 0.1 to 1.1 g/cm3 and a compressive
20 break strength of at least 10 kgf/cm?, which com-

prises heaoing particles of a powder for@'or of an
agglomerated powder form of porous, crystallized
aromatic polycarbonate, or heating granules of a
granular form of porous, crystallized aromatic poly-

25 carbonate, at a temperature which is higher than the

—_—
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particle dianeter of 250 [err]mor less, a crystalllnlty of Do X
from5 to 55% and a particle dianeter dlstrlbutlon such that : Lo L
the content of particles having a particle s9ameter of 50 [err]n1 '

or less in the crystallized prepolynmer is not greater than 10%
by weight. 5 10 15 20

.
(X .e o -
v . N

glass transition temperature of the polycarbonate
and which is lower than the crystalline melting
temperature of the polycarbonate, to fuse and bond
the surfaces of the particles or of the granules,

5 - the pdwder form, the agglomerated powder form
or the granular form of porous, crystallized
aromatic polycarbonate comprising recurring aromatic
carbonate units and terminal hydroxyl and/or aryl
carbonate groups and having a specific surface area

10 of at least 0.1 m2/g; a number average molecular
weight of from 6,000 to 200,000 and a crystallinity
of at least 35 %. In this method, the heating of the
particles of the powder form 6r the agglomerated
powder form of porous, crystallized aromatic poly-

15 carbonate or the heating of the granular- form of
porous, crystallized aromatic polycarbonate is
conducted at a temperature which is higher than the
glass transition temperature of the polycarbonate
and which is lower than the crystalline melting

20 point of the polycarbonate. Generally, the heating

| nay be_conducted at 160 to 250 °C under a compres-
sive load at 0.1 to 2 tf/cm?. -'
By the above mentioned method,. a shaped article

having excellent properties as will be described

25 later can be obtained. Therefore, according to the
i
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carbonate prepol ymer conprising recurring carbonat€ -grdups:and havi ng 3"
term nal hydroxyl and aryl carbonate groupsp and - haV|ng a nunber average
nol ecul ar weight of 2,000 to 8,000, which is used as a starting material,
may generally be prepared by pre-polynerization as will be described

| ater. Then, the anorphous prepolynmer is treated with solvent under a high
shearing force suffi giresentoineentdonhe theaeolismprdvidest ta chaped,

porous, crystallized aromatid polycarbonate compris-
iné recurring afomatic carbonate units and terminal
hydroxyl and/or aryl carbonate groups, and having a
5 number average molecular weight of from 6,000 to
.200,000, a bulk density of from 0.1 to 1.1 g/cm3, a
" crystallinity of at leaat 35 3 and a compressive
‘break strength of at least 10 kgf/cm?.
In this connection, it is preferred that the
10 shaped article have a specific surface area of at
least 0.1 mzlg. Fﬁfther, it is also preferred that
the crystalliniﬁy of the shaped polycarbonate be not
greater than 70 %.-
The shaped, poroas, crystalliied aromatic poly-
15 carbonate may be in-any form, e.g., a shape of a
granule, pellet, sheet, disc, cylinder, polygonal
pillar, cube, rectangular parallelepiped or sphere.
Each of the powder form or agglomerated powder
form of porous, crystallized, aromatic polycarbon-
26 : ate, the granular form of porous, crystallized,
aromatic polycarbonate and the shaped, porous, arys-
tallized, arématic polycarbonate of the present
invention has a high, sharp crystalline melting
point as well as a high crystallinity. These
25 _ properties clearly distingﬁish the aromatic poly-

\

il =




ae » * o L4 A d
P o eee F o . 3are

havi ng an average particle diameter of 250 [err]thof® I|%ss, “to thereby.: .
crystallize and sinultaneously render porous the anorphous .prepol yier:""{n
this nethod, the anorphous prepolyner to bgytreated with solvent may be
either in the solid state or in the nolten state. The crystallization and
pore forma- tion of the anorphous prepol ynmer occur fromits surface.

Therefore, for obtainigatbordUeOWE tHe/ predent | Zndenteonl ¥ARr tReé bhaped
present invention having a specific surface area of at least 0.5 nferr]/gqg,

it is necessary that ddtddlediHardoOffddie fliemtomatiai pblysarbonatae
conducted whil e mechanically pulverizing the prepolyner under high

shearing force to the prodizdd/ B tie aordveneibeel t btopgenel precess or
particles having an average particle dianmeter of
43 - melt process (transesterification process) mentioned
5 hereinbefore. Such a high crystélliﬁity of each of
the porous, crystallized aromatic polycarbonate and
the shaped article thereof'of'the present invention
is presumed to.be ascribed to the re-arrangement of
the mqlecuiar chains of the porous, crystallized
10 prepolymer, which is caused during the solid-state
condensation polymerization. The crystalline melt-
ing point of the aromatic polycarbonate of the
present invention is determined, using 5 to 10 mg of
a polycarbonate sample, by means of a differential
15 scanning calorimeter (hereinafter referred to as
"DSC") in an atomosphere of an inert gas at a heat-
ing rate of 10 °C/min. For example, in the case of
the aromatic polycarbonate produced using bisphenol
- A, the peak of the crystalline melting point is a£
"20 230 to 300 °C, and the half width of the peak of the
crystalline melting point is 3 to 8 °C..
The porous, crystallized, aromatic polycarbon-
ate of the present invention and the shaped article
produced therefrom; both of which havé'high crystal-

25 ’ linity, is excellent in resistance to chemicals énd



250 [err]mor less. The average particle dlaneter used herelﬂ
nmeans that of the prepolyner in the sol vent .. . whieh is deternrned
by a method as will be described 72 | ater. The mechani cal

pul veri zation under high 5 shearing force may easily be conducted
by a net hod _ using an apparatus equi pped with a high

speed-rot at - bl ade, such as a _warning bl endey, or using a
centrifugal punp equi pﬁ&y %t Iﬁsac@m@?é'led A& the conventi { FROFRR: ?Hg
time required for the crystallization an ore formati (IS
preferred that the am@romatic polycax ﬂmWﬂ§ﬂ%Fﬁ#L %ﬁtﬁp?r%%¥§ga%}fﬁed
solvent be in the formof .a fiber, a s a film, beads or

t he |i ke, gromadd&e POty Qﬂrqﬂﬂ§§ﬁeﬁ4?(ﬂ éﬁﬁﬁ% %% be ‘used ‘as

prepol yner, that is, the sqglid stat r t.he lten te,
The tinme required foracﬁﬁﬂ: ﬁi (ﬁgiter, £b5°rbenFﬁ%Ep%r§%§ qh

aror phous pgepplyner EP iqdfif wéil coyerlng material and heat insulating
material, and may have various shapes, for example,
a pellet, sheet, disk, cylinder, polygonal pillar
cube, rectangular pallalelepiped or sphere.
. Following is a chart showing the relationships
10 between aromatic polycarbonate prepolymers and

polycarbonates produced therefrom.
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be used for crystallizing and rendering: porous the "** = '“7‘anvfphous:
prepol yner include hal ogenated aliphatic L hydr ocar bohs,” sucht as

met hyl chl ori de,
t etrachl or onet hane,
position isoners),

trichl oro-

met hyl ene 10 chl grg de, chl orof orm
et hyl chl oride, dichl oroethanes (al

trichl oroethanes (all position isoners),

et hylesA nded oGt a3 ldxpieeidtiras iﬁ'énﬂ@ﬁl Hith

i somers); hal ogenated aromatic hydrocarbons such as

chl orobenzene and'di chle@pelenzenehetgiRiparatith FE an amorphous, aromatic
tetrahydrof uran and di oxane; ketones, such as acet one and

nmet hyl et hyl ket one;
t ol uene and xyl ene;
i ndividually 20

preferred because it
crystalli zesl,

ar gAkicarhoiiate prepolymer widrdipnis used as aestanting
and the like. These solvents may be used

ma te¥iadln foaniproducing adpdrimes, arystablisedpst

is effective for obtaining a por ous,
ar onat i @rpalatdzr polycanbonate prepolymemodf nthe hpreagnk

relatively |arge specific surface ar ea.

10

15

20

25

invention. The méthod.for preparing the amorphous

' prepolymer is not specifically restricted. General-

ly, the following methods may be used.

Method (1): a transesterification is performed
between.an #romatic dihydroxyl compound and a diaryl
carbonate.

Method (2): an aromatic dihydroxy compound and
a diaryl carbonate are reacted with each other in a
molar ratio of from 1:1.2 to 1:2 to prepare an
aromatic polycérbonate oligomer containing terminal
groups'cbmprised mainly of aryl carbonate groups and .
having a number average molecular weight of about
350 to 950 and, then, a transesterification is per-
formed between the oligomer and an aromatic dihy-
droxy compound. '

Me;hod (3): an aromatic dihydroxy compound and
a diaryl carbonate are reacted with each other in a
molar ratio of from 1.2:1 to 2:1 to prepare an
aromatic poiycarbonate oligomer containing terminal

groups comprised mainly of hydroxyl groups and having
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25 The anount of the solvent to be uéed for cryss. *xo = .
45 ' tallizing and rendering porous the anorphous- pre- T
polyner is varied according to the types of 4he anor phous
prepol yner and sol vent, the desired crys- tallinity and desired
specific surface area of the 5 ultimte prepolyner, the

crystallizing tenperatyr umber average ﬁBieE%ﬁaE’W%idﬁﬂ“ﬂfﬂdﬁbuﬂr§5§cﬁae§§o

may be used in an armount “of .0.1.to 100 ti'nmes, preferably 0.3 1

50 times t QgqyergBh,0h Ebﬁn%@%'tléﬂ‘iicﬁ'tqm W performed between
By the above-nentioned mef hod, a powder form of - por ous,

crystallized, aronatlctﬁglamggbﬁagtanara-dlaryl carbod@ﬂewﬁer havi ng the
desired crystallinity and the desired specific surface area is

obt ai ned. Sone- - Methed, (4he t Ans agbmatied gitiydizioxyordondound and
Prepolymer 5 phosgene are subjected to interfacial condensation
polymerization in the presence of a molecular weight
controller.
Method (5): an aromatic dihydroxy compound is
subjected to interfacial condensation polymerization
10 together with'phosgene and an aromatic monohydroxy
compound (molecular weight controller) in excess
amounts relative to the amount of the aromatic di-
hydroxy compound,.to prepare an aromatic carbonate
oligomer containing terminal groups comprised mainly
15 of afyl carbonate groups and having a number average
molecular weight of about 350 to 950 and, then, a
transesterification is performed between the |
oligomer and an aromatic dihydroxy compound.
By any of Method (1), (2) and (3{, an amorphous
20 aromatic pocharbonate prepolymer containing sub-
sfantially no chlorine compound can easily be
produced advaﬁtageously. _From such an amorphous
aromatic polycarbonate prepolymer, a porous, crys-
tallized, aromatic polycarbonate prepolymer and a

25 porous, crystallized aromatic polycarbonate, each
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contains too fine particles. For reducing'nhe:.15:§-

<
€

fine particles, it is preferred that * *  ‘parti‘cl & (prindry*
particles) of the powder form of prepol yner be subjected to
aggl oneration to form secondary p@rticles. Thus, the porous,
crystal - lized, aromatic pol ycarbonate prepol yner is obtained
20 I n aggl oner at ed powder form (secondary particle

form. céataifding! substaatiallpencashlorine dempeuwshntcan
i nvention, there is provided a nethod for producing : an

aggl oner at ed powder for&fioanpageoaslgrpet prbdaeced. 25 aromatic

pol ycar bonate prepol yner, which conprises

46 . appl yi ng subhi thenotheesband,oacroxding fer Methed f4) or

a powder form of porous, crystallized, aromatic
(5) in which phosgene is used, each of the obtained

5 aromatic polycarbonate prepalymer which is a final
product of eaéh of Methods (4) and (5) and the
aromatic polycarbonate oligomer which is an inter-
mediate produét, contaiﬂs a chlorine compound.
However, when each of the aromatic polycarbonate

10 | brepolymer and the oligomer has a relatively low
molecular weight, the:chlorine compound can easily
be removed from each of the prepolymer and the
oligomer. Therefore, even according to Method (4)
or (5), an_aromatic polycarbonate having a lower

15 molecular weight and containing substantially no

chlorine compound can easily be obtained.

The aromatic dihydroxy coﬁpound and the diﬁryl
compound which may be used as raw materiéls for
preparing an amorphous aromatic polycarbonate pre-
20 polymer is represented by formuiae-(IX) and (X):

HO-Ax-OH (IX),
wherein Ar has the same meaning as @efined
above; and

o

N .
25 ar3ocoar3 (x),



pol ycar bonat e prepol yner nentioned above, 1.0, °¢aysg ?"Ls . E,_' the ‘-;f:

particles to be cohered. 5 ' Thes appﬂ1cat|0ﬂ‘dﬁ'suff|c1ent
pressure to particles of a powdér *forfniof “pofous, crystalllzed
aromati ¢ pol ycarbonate prepol yner nay advant ageously be
conduct ed sinultaneously with the renoval ofs4he sol vent used for
crystallizing and rendering porous 10 t he. anor phous prepol yner
after conpletion of the crystallization and pore formation
Illustratively WidRhn 1S I0ly ke | SameNmsan 1y, ?rsgoaeﬂih&d
centri - fugation, filtration under pressure, tration

under reduced pressure, or tdupddke, by which a 15 pressure is

applied to the prepol yner- simultaneous- ly. This pressure is
sufficient for the aggl oner gidgfesentative exaiipkegpovfiadiaryk. casbonatesy

particle formation.

pr epol yner

20 t he renoval

Therefore, agglonerati-on of a powder of

inuluﬂhﬁnuhx#inuﬁgdtnrrnnéubsﬁituﬁeﬂndﬁmbeugly_mAth
of the solvent. The thus forned

secondary pamsticl e (agganhorates pepresdnted by the formula:

10

15

20

25

() (=)

P q
: -—Q0CO

o)

wherein each of R’ and Rr8 independently represents a _

~hydrogen atom, a halogen atom, an alkyl group having

1 to 10 carbon atoms, an alkoxy group having 1 to 10

carbon atoms, é cycloalkyl group having from 5 to 10

-ring carbon atdms or a phenyl group; and each of p

and q independently represents an integer of from 1
to 5; with the proviso that when p is an integer of
from 2 to 5, each R’ may be the same or different,
and when g is an integer of from 2 to 5, each R® may
be the same or different.

Of these diphenyl carbonates, preferred are
diaryl carbonates having a symmetrical configuraé
tion, such as diphenyl carbpnate, ditolyl carbonate
and diphenyl carbonate substituted with a lower
alkyl group, e.g. di-t-butylphenyl carbonate. of

these, diphenyl carbonate is most preferred because



prepol yner is stable, and hardly to be reh&%ed :o.,'-'é'"if i too n1hute -

particles even after the solvent is com . * pIeter renoved-from -
t he prepolynmer. The reason for 25 this has not yet been

el ucidated, but it is believed 78 47
that a IOM/nDIecuIar wei ght pol ycar bonat e -ol i goner- present in
the prepol yner acts as an adhesive for bondi ng too m nute
particles. In view of the above, when the anorphous prepol yner

contains a low nole- g the sim[tﬂ:’ééi geryeeabepate ol i gomer in an
extrenely smal | anoun Is preferred that a | ow nol ecul ar

wei ght pol ycar bofpd eabv@oni@ntbéneddadatglt barbonatesuare used
prepolyner before the crystallization and pore formati on be
conduct ed. individually or in combination. However, when two
or more different types of diéryl carbonates are
S used, the reactioQ system beéomes complicated with
little advantage. Therefore, it is preferred to.use
one type of diaryl carbonate having a symmetrical |
configuration, individuaily.
As the moleéular wéight controller to be
10 E employed in the interfacial condensation polymeriza-
tion methdd, there may be mentioned the aromatic
monohydroxy compound represented by formula (XI):
Ar3-oH | (XI)
wherein Ar3 has the same meaning as defined
15 above.
Preferable examples of aromatic monohydroxy
compounds include phenol, o-, m- or p-cresol, 2,6-
xylenol, p-t-butylphenol and p-octylphenols(inclu-
ding various position isomers). Of these, phenol
20° and p-t-butylphenol are particularly preferred.
Further; another type of molecular weight
controller may also advantageously be used in combi-
nation with the above-mentioned aromatic monohydroxy

compound. Examples of molecular weiéht controllers

25 of this type include monohydric alcohols, such as



10 Aggl oneration for formng: secondaﬁy partlchas

may al so be conducted utilizing the f usi on- ~pondipo: e ‘c'property oF
t he powder form of prepolyner. That is, a powder form of

prepol yner is sufficiently heated ' to such a tenperature that
the surfaces of the 15 particles of7f% he prepol ynmer are fused
slightly, to t hereby aggl onerate the powder.

In the above-nenti oned net hod, a powder form of por ous,
crystallized, aromatic polycarbonate pre- pol ymer to be used as
a starting material fome2hanol and pﬁh@m&lﬂgh@iQ§gﬁmﬁﬁ9ﬁi(ﬁPQQwﬁﬁcﬂe hyl
prepol yner has a specific surface area of at least 0.2
mMerr]/g, prefer- chlorofoxmafest ethyd: ahlongianmate, IHR?rOPYl
crystallinity of the powder form of prepqlyner_is from 5%

pref er abl ghlerofosmase ameh avslohrxyls c 1°r°f°rmate’HﬂPQQKEF

obt ai ned powder or agglonerated powder
lent thiols, such as methyl mercaptan and ethyl

5 mercaptan; monovalent halothioformates, such as
methyl.;hlorothioformate aﬁd ethyl chlorothiofor-
mate; monocarboxylic acid such as acetic acid,
propionic acid, benzoic acid, sodium acetate, acetic
anhydride and acetyl chloride, propionyl chloride

10 and derivatives thereof. '
In order to facilitate the_pre—polymerization,
a dibasic acid or a reactive derivative thereof may
optionally be used in an amount of 5 mole % or less
based on the number of moles of the aromatic dihy-
15 droxy compound. The above dibasic acid and reactive
deri?atives thereof may be aliphatic, aromatic or
alicyclic. Examples of dibasic.acids and reactive
derivatives thereof include dibasic acids, such as
; terephthalic acid, isophthalic acid, phthalic acid,
20 - naphthalene-1,5-dicafboxyli§ acid, diphenyl-2,2'-
dicarboxylic acid, cis-1,2~-cyclohexane dicarboxylic
acid, oxaiic acid, succinic acid, sebacic acid,
adipic acid, maleic acid and fumaric:acid; and
alkali metal salts, alkaline earth metal salts,

25 amine salts and halides thereof.



48 form of porous, crystallized,” arohatlc pQchafbonate
prepol ymer may be granul ated to produce a grandlah R Fgrnuefu
porous, crystallized, aromatic pol ycarbonate prepoLyner

menti oned above. Thus, in still a 5 further aspect of the present
I nvention, there is provi ded a rg@ hod for producing a granul ar
form of porous, crystallized, aromatic pol ycarbonate pre-

pol ymer, which conprises granulating a powder form or an

aggl oner at ed powder form of porous, crystal- 10 lized, aromatic
pol ycarbonat e prepol yner. An explanation iEhayimsrhdoeXow gibhutaﬁpﬂgtthe
powder or aggl o- mer at ed powder form of prepolyner is not

speci fi cal - priefercedr modes. ofertheningthagd ok the cpresenteipven-
pol ymer can easily be performed by a conventional 15 nmet hod, such
as a rolling method, atunmrépmomroduc1ng a pamraufod, crY Heabl bzed caramrbiag

met hod and an extru-
polycarbonate. Examples of preferred modes include

5 the following methods (A), .(B) and (C).

Method (A) for producing a porous, crystal-
lized, aromatic polycarbonate from an aromatic
dihydroxy compound and diaryl carbonate comprises
?he steps of:

10 h (1) reacting an aromatic dihydroxy compound
with an ar?matic carbonate unde: heating at a tem-
| perature sufficiént and for a period of time suffi-
cient to'prepare.an aﬁorphous prepolymer having a
number average molecular weight of from 1,000 to
_'15‘ 15,000 and having'terminal hydroxyl and aryl carbon-
ate groups (pre-polymerization);
(2) treating the amorphous prepolymer'with
solvent under sufficient shearing force to crystal-
' lize to a crystallinity of at least 5 % and simul-
20 taneously render porous the prepolymer, the shear-.
| ing force béing sufficient to cause the resultant
powder form of porous, crystallized, aromatic poly-.
carbonate prepolymer to have an average particle
diameter of 250 um or less, the resultant powder

25 form of porous, crystallized prepolymer having a

—_—
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) L o5 yFajidl ati ens,

si on nol di ng net hod. CT t hese met hods, ekfrusﬁén-s

annn

by an extrusion nolding nmethod and com - 2%t pressrbnzgtaatl atien by
a conpression nolding nmethod 20 are nost preferred, because a
granul ar shaped article of the present invention having a

conpr es- sive break strength of &t |east 49.0 Ncnferr] (5
kgf/cnferr]) can easily be produced. The granul ati on can

advant ageousl y be performed, using a comrercially avail able
tablet 25 machi ne or granulator, at a tenperature of fot

49 gr eat epecifict surfape angamohdt ilRpHoitn2 & fwe and
prepol yner, preferably 0 to 100 [err]C Production of a

granul ar form of prepol ymer (3dy heating the pawdesm&RER P PN FoVekity

a dry powder form or _
lized prepolymer, or heating an agglomerated powder

form or a granular fo:m of porous, crystallized

5 prepolymer derived from the ?owder form of prepoly-
mer, at a temperature which is higher than the glass
trahsition temperafure of the crystallized prepoly-
mer and at thch the crystallized prepolymer is in
a solid state, to effect solid-state condensation

| 10 polymerization of the crysfallized prépolymer,

| thereby increasing the number average molecular
weight and the crystallinity of the crystallized
prepoljmer to from 6,000 to 200,000 and at least
35 %, respectively, so that the resultant poly-

15 carbonate has a number average molecular weight and
a crystallinity which are, respectively, greater
than those of the crystallized prepolymer.

In method (A), an amorphous prepolymer is
preparéd in the pre-pblymerization step (1) and then

20: ' ' crystallizéd ahd rendered porous in step (2). Sub-
sequently, the porous, érystallized, prepolymer
obtained in Step (2) is subjected to solid-state
condensation polymerization in step (3). In pre-
polymerization step (1), a mixture of an aromatic

25 dihydroxy compound and a diaryl carbonate is heated,

-
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S a dry aggl omerat ed powder forn1of p@r@uef crystah-.¢ FraliT 3%,
|ized prepolyner, or in wet state using a pewder Torn1 : ST el o tant Y
aggl oner at ed powder form of prepol ymer wetted with an
appropriate liquid. Preferred is the wet . state nethod, because
a powder formor an agglom 10 er at&d powder form of prepolyner
produced by the crystallization and pore fornmation can be

subj ect ed . to granulation mﬁthout conpl etely removing the

sol vent therefrom

e, above d
fcryst allized, 15 whilgy SHEPVé-“EoPyPX 5 i“%eér One"&#g'rcoq?onn%%\uroxy
orm aggl oner at ed er for anu
advant ageousl y be usedCSBPEMBA OB?#ng %? St % éﬂ.é&%uexi&k?ﬁoxyl

solid-state condensati on

I
porous, crystallized, ngP’O ¥"msi’°"§reg‘rré"[° @"par)ycla tes Ith% om tcﬂg povvder

formor the oner r
form andétﬁgggngfi pO\KdV\g:(ra ftfg‘%rnl{g hg ;?g*%fj}‘gl yéc%?f%?w
5 The number average molecular weight of - the

amorphous prepolymer prepared in pre-polymerization
.step (1) is generally within the range of from 1,000
"to 15,000. The nﬁmber average molecular weight of
" the amorphous prepolymer can be controlled by appro-
10 priately selecting reaction conditions, such as |
temperature, reaction time, pressure and agitation
rate. In generél, the pre-polymerization is per-
formed at a temperatufe of from 100° to 320 °C,
preferably of from 160° to 280 °C, for a period of
15 from 0.5 to 20 hours under atmospheric pressure or
reduced presshre.
The pre-polymerization is preferably effected
in molten state without using a solvent. Alter-
natively, the pre-polymerization may be performed in
20 a solvent which is inert to the pre-polymerization
reaction, such as methylene chloride, chloroform,
1,2-dichloroethane, tetrachloroethane, dichloro-
benzene, tetrahydrofuran, diphenylmé;hane and di-
phenyl ether. | .

25 : The molar éétio of the diaryl carbonate to the

\
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li zed, aromatic polycarbonate is produced. Cn g eff Ty " other hand;s.

fromthe granular formof prepolynmer, a 25 .- ¢°* granulen {OTnlof .
porous, crystallized, aromatic 50

pol ycarbonate i s produced. Her ei nbel ow, an expl anation is
given wth respect to the product®Bon of a powder formor an
aggl oner ated powder form of porous, crystallized, 5 aromatic

pol ycarbonate. That is, according to the present invention,
there is provided a met hod f or produci ng a powder form or an
aggl oner at ed powder aromatic déhﬁﬂ6pxﬁoF@EPouéﬂyéﬁaWPFﬁéé denpenging on
pol ycar bonat e havi ng a _nunber averag0 gnlecular melqpt of  from
10 6,000 to Zootbeotxﬁﬁsa°§r§§PaPWPﬁP¥ figrylegarbonate and 35

r formor an
gmatEc dihydroxy compound, the reaction condi-

% which conprises heatlg
tions, such as reaction temperature. The diaryl
5 carbonate may be used in an amount of from 0.6 to
1.8 moles, preferably from 0.7 to.1.5 moles, more
preferably from 0.8 to 1.5 moles, per mole of the
aromatic dihydroxy compound.
The amorphoﬁs prepolymer prepared in the above-
10 | mentioned pre-poiymeriza%ion generally comprises

terminal aryl carbonate groups represented, for

example, by the formula:

Ar3-oco-
i
(o]
15
wherein Ar3 has the same meaning as defined
above, |
L
and terminal hydroxyl groups derived from the
dihydroxydiaryl compound, which is represented, for
20 example, by the formula:

HO-Ar-
vwherein Ar has the same meaning as defined above.
The crystallization and pore f&rmation in step

25 (2) and the solid-state condensation polymerization



aggl oner at ed powder form of porous, crystallrzed, v S axenatlce i

------

pol ycarbonate prepolyner in a heating zone,.. I.... . at- é tenpewaTUre§
which is higher than the glass 15 ttansifion tenperature *of**t he
prepol yner and at whi ch the prepolynmer is in a solid state, to
ef fect sol i'd-state condensati on %glynerization of the pre-

pol ymer whil e renoving condensation pol yneri I on by- product s
fromthe heating zone, 20 t her eby increasing t he nunber

aver age nol ecul ar Lght _and t r | f

prepol yner to in FFSRW@?S Gr?og?ﬁg?‘&%ﬁ\é; ch'% &as gfaa'}@er as
respective- I h |t qot l.ygar bonat e has a
nunber avergaécﬁgﬁgéuﬁéfgagpggggg ggad%$§§?alllnlty mhlch 25

gae’ respectively, greater tpaphLROg8)0kokNorBaticing a crystallized

aromatic polycarbonate from an aromatic dihydroxy
5 compound and phosgene comprises the steps of:
(1) reacting'an aromatic dihydroxy cémpound
with phosgene in the presence of a molecular weight
'cdntroller to prepare a prepolymer having a number
average molecular weight of from 1,000 to 15,000
10 (pre-polymerization); |
(2) treating said prepolymer with solvent under
sufficiént shearing force to crystallize to a crys-
tallinity of at least 5 % and simultaneously render
porous said prepolymer, the shearing force being
15 . sufficient to cause the resultant powder form pf
porous, crystallized, aromatic polycarbonate pfe-
polymer to have an average.particle diameter of
250 uym -or less, the resultant powder form of porous,
.crystallized'prepolymer having a specific surface
20 area being at least 0.2 m2/g; and
(3) heating the powder form of porous, crystal-
lized prepblymer, or heating an agglomerated powder
form or a granular form of porous, cFystallized
prepolymer derived from the powder fbrm of prepoly-

25 ‘mer, at a temperature which is higher than the glass
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pol ymer . In the above nethod; Jis ts nDré pré?éiré& Lhatu.
the porous, crystallized, aromatic car bonat e Brepol y-- " ner to be
subj ected to solid-state polynerization nust 5 have a specific
surface area of at least 0.5 nferr]/g and gs Further; it is
preferred that the porous, crystal- |i zed arondtic carbonate
prepol yner have a crystal - linity of from5 to 55 %

The solid-state pol ymerigafdiiidd ddifpemitiore Of te crystalligedrpsepoly-
invention is conducted by heating a powder form or an

aggl omer at ed powder forga®fand at which tld atsystalkizédiprepolymentis in
pol ycar bonate pre- polynmer in a heating zone. The tenperature
(Tp, [err]Q a solidisEatequic aftect t sl ixbstate acendensation
pol ymeri zation 15 vary dependi ng upon the chem cal structure,

mol ec- ul arpolymdtization of ithe yorystalbizedi prepakymers | C)
and shape of the porous, crystallized, aromatic pol ycar bonat e
prepol ymer; she presenctherelpsimereasding the number average mo ecular

weight and the crystallinity of the crystallized
' pfepolymer to from 6,000 to 200,000 and at least-
35 s, respectively, so that the resultant poly-
carbonate has a number average molecular weight and
10 a crystallinity which are, respectively, greater
than those of the crystallized prepolymer.
In method (B), the pre-polymerization in step
(1) may be conducted by a conventiogel method in
which an aromatic dihydroxy compoﬁnd is reacted with
15 phosgene in the presence of the above-mentioned
molecular weight controller, an acid acceptor and a
solvent. Preferred examples of acid acceptors
include an aqueous alkali solution containing 5 to
10 % by weight of an alkali, and a tertiary amine,
20 .such as pyridine. Examples of solvents include
methylene chloride, chioroform, carbon tetra-
chloride, tetrachloroethylene, chlorobenzene and
xylene.
It is preferred that phosgene be added to the

25 feaction system by blowing the phosgene in gaseous
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a catalyst remaining in the porous, crystalJf-qd; < 20 s aranatlc 5-;_
‘pol ycarbonate prepolynmer; .the type and =~ = e<* ¢ -°anDunt“bf a cataldst,: if

any, in the porous, crys- talllzed aromatic polycarbonate
prepol yner; the type and anount of a catalyst if added to the
pol y- merization system the sped6ic surface area of the 25
porous, crystallized, aromatic pol ycarbonate pre-
52 pol yner; the polynerization degree of the desired
crystallized, aromatic [fokycdntonat eyixhure haf |dakearomatic dihydBuwy com-
solid-state polynerization nust be - conducted at a tenperature
whi ch is higher than thpound, an acidlanceptomsia imolecmiar areighbfcontrol-
POTOHS, Ehys™ ler and a solvent (particularly preferred is
methylene chloride), or by dissolving phosgene in a
5 solvent and d:opping the solution into the hixture
of an aromatic dih&dfoxy cémpound and an acid accep-
tor. The molecular weight controller may be added
before, during or after the reaction of phosgene
with an aromatic dihydroxy compound, but it is pre-
10 ferred that the molecdiar weight controller be added
before or during the reaction. The reaction temper-
ature is generally in the range of from -30° to
100 °C and the.reaction time is generally in the
range of from 1 minute to 10 hours.
15 The prepolymer'prepared by the pre-polymeriza-
Eion in step (1) hgs a number average molecular
weight of 1,060 to 15,000. This molecular weight
can be attained by appropriately selecting reaction
conditions, such as the amount of a molecular weight
20 controller, the amount of agueous alkali solution,
the reaction temperature and the rate of the addi-
tion of phosgene. The prepolymer prepared by the
pre-polymerization generally comprises terminal

chloroformate groups (-ArOCOCl) and ‘terminal alkali

. 25 metal-containing phenolate groups (such as -ArONa),
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tallized prepol ymer and at which the porois;«ci'ys- - 1-3--' SVl Zed,
aromati c pol ycarbonate prepolyner is not ¢ ¢ ¢*: ‘el {led but i As avSQ|Id
state (nanmely, a tenperature - of | ower ‘than the crystalllne
melting tenperature of 10 the prepolyner). It is nore preferred
that the solid-state polynerizati®&h be conducted at a tem
perature (Tp, [err]C) satisfying the follow ng relation- . shi ps:
Tm - 50[err] Tp[err] Tm (V) 15 wherein T and
Tm are as defined abovein addition td mmyl sarhenahe @roups iand diytroxykd
that both the glass transition tenperature and the crystalline
mel ting tenperature of tgFOYRsedenived afrr@ﬂbltékﬁata&!)matic mOﬂOhYdﬁQ’Wt he .
progress of the polynerization of the pre- yner. Therefore,
the suitabl e tenperatur sompound used as asmqlef-%&létre V{Rﬂ%r‘?@!ﬂ%’i‘ﬂrﬂ-%ﬂ'so The

becones higher wth the ogress of the polynerization. The
reaction tine teﬂ'@ﬂ%l"i"‘é@&f?‘? maiey GHAURS (SRR ke m#%ﬂ i%P
the s 'ange Oftefrgn na n%y@r%% tg%o%:%os %u rcsorn e@ce%.ryamydfor}.yz ing

the terminal chloroformate groups into phenolate
gﬁoups by treatment with an aqueous alkaline
solution, and nutralizing the resultant alkali
metal-containing phenolate groups with an acid solu-
10 - tion, followed by washing with pure water. In the
case where a monohydric alcohol, such aé ethanol, or
a chlorofofmate of a monohydric alcohol, such as
ethyl chloroformate, is used as a molecular weighf
controller in combination with an aromatic monohy -
15 droxy compound, the termiﬁal groups of the prepoly-
mer are dgenerally comprised of aryl carbonate
' groups, alkyl cérbonate groups, and hydroxyl groups.
b Preferred is a porous, crystallized aromatic poly-
carbonate having its terminal Qroups comprised
20 substantially of hydroxyl groups and arfl carbonate
groups. |
The prepolymer obtained by the pre-polymeriza-
tion in step (1) is generally in the form of a solu-~
tion of the prepolymer in the organic solvent. The

25 method for obtaining a solid prepolymer from the
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25 the range of from0.1 to 50 haﬁnéf‘-vvt}bfgspgct (08 3§51 iis

53 . . the tenperature for solid-state pbl bri.zati.ohe-fos &
exanpl e, when a polycarbonate is prepared from bi s- phenol A,
the tenperature for the solid-state poly- nmerization is in the
range of from about 150 to 5 about 8860 [err]C, preferably from
about 180[err] to about 230 [err]C In the
solid-state condensation ynerization,

pol yneri zati on by-produgﬂgutsgﬁhlﬁsnﬁﬁ SPe°1fi°a11YéF dgn%%%hgﬂﬂ%ﬁﬁnaﬁam‘
o e Sor 4. Y CBL8"tne RravebmersiaR PR WoMEH MR S
my be : accekgaggggiz £eno Iggekhe(gx QﬁPQ¥ﬁ§ f&ﬂnfgnéoncen-
trated to dryness, followed by pulverization, or the
5 solution is concentrated to a wet mass, followed by
pulverization and drying, to obtain a solid;-or (ii)
'the solution is heated while vigorously stirring and
'blowing steam to distill off the solvent.
. The solid prepolymer obtained by the above

10 method may have already been partly crystallized.
However, the prepolymer has not yet be rendered
porous and, therefore, its specific surface area is
generally as small as 0.1 mzlg-or less. In order to
prepare the poroﬁs, crystallized, aromatic poly-

15 cérbonate prepolymer of the present invention from
the thus obtained solid prepolyme:,'the solid pre-
poljmer as such or in a molten state is introduced

* into a solvent and treated with the solvent under
sufficient shearing force to crystallize and render

20 porous the amorphous aromatic polycarbohate prepoly-
mer as described above. That is, the prepolyﬁér is
treated under shearing force which is sufficient to
cause the resultant powdery, porous, crystallized,
aromatic polycarbonate prepolymer to have an average

25 particle diameter of 250 um or less.



pol ymeri zation reaction system The by- products nay-.":- - .3 'bg reﬁuved

by a nmethod in which the polynerization 15°»° >+ edction’ h§ *ed’ ki'eek0ut
under reduced pressure, or a met hod in which an inert gas is
flowed into the heating zone and e inert gas containing the
condensati on polynerization by- products is dis- charged from
the heating zone. The term"inert gas" 20 . used herei n nmeans not

only those defined by the SOExamples of soﬁ.@e GE% 'tﬂ:erﬁ qfed s c?ﬁ i?reatiré%

established term such as i trogen gas, argon gas,

and car bon ('r)\rQ_» %p%}&me@tin@ ﬁ%ﬁtdﬂﬂ Zgnééxﬂ’teélﬁf‘ftléé’t?one,

during the solid-state p suc

D oca o S 1 AR o PR AIR, ot Yostate, acsto-
nitrile and toluene. Of these, acetone is
5 preferred. |
The solid-state polyherization in step (3) is
conducted as described hereinbefore in detail. With
respect to the solid-state polymerization, it is
believed that when the terminal groups of the pre-
10 polymer are comprised not only of terminal phenyl
carbonate groups and terminal hydrokyl groups, but
also alkyl carbonate groups, such as ethyl carbonate
groups, not only advances the condensation polymeri-
zation reaction of the prepolymer whilé'releasing
15 phenol and diphenyl carbonate, but also the poly-
condensation reaction advances while releasing
phenyl ethyl cafbonate.
. Method (C) for producing a crystallized
aromatic polycarﬁonate from an aromatic polycarbon-
20 ate oligomer and an aromatic dihydroxy compound
comprises the steps of:
(1) reacting an aromatic polycarbonate oligomer
having a number average molecular weight of from
about 350 to about 950 and having its terminal

25 groups cbmprised substantially of aryl carbonate

-
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using an inert gas, it is preferred to heat the gas . . -Viié: E{ ERPRS.
prelimnarily to a tenperature adjacent the " poly- . "' " 1ef tszats on
reaction tenperature. The flow rate of 5 the inert gas flowing into
t he heating zone may generally beghrom 0.1 to 10

liters(N. T.P.)/ hour, preferably ffromO0.2 to 7

liters(N. T.P.)/hour, per gram of the porous, crystallized,
aromitic polycar- - oroups @iEhah’ SPOMKREE aThgabody Cipotind hddier
gas 10 per uni t9 of Tt he prepol ymer 1S 1 nport

Wen the flow rate of tﬁ@atﬂﬁ t aé tém%@?éth?é”sﬁf%icient and for a period
liter(N.T.P.)/hour per gramo e pr epol yner

di sadvant ageous in thatofhﬁiﬁét§u9fi&b€nﬁohbdpﬁﬁghee an amorphous prepoly-
pol ynmeri zati on becones |low. On the other hand the flow
rate of the inert gas igeflRavEhgtAafudBer average mbEEEHSQH WeRghth@f fim

gram of the prepol yner, al though the rate of the solid-state
pol ynmeri zati o  becones,boghtot h®, po0dandf having &egghdnalahgdrosydeand
form of porous, crystallized, aromatic carbonate. 20 prepol yner is,

di sadvant ageousl y, | i keayyl ocachonate groups;

" (2) treating the amorphous prepolymer with
solvent under.sufficient shearing force to crystal-
lize to a crystallinity of at least 5 % and simul-

10 taneously render porous the prepolymer, the shear-
ing force being sufficient to cause the resultant
powder form of porous, crystallized, aromatic poly-
carbonate prepolymer to have an averége particle
diameter of 250 um or less, the resultant powder

15 form of porous, crystallized prepolymer having a

.specific surface area being at least 0.2 mzlg; and
(3) heating'the powder form of porous, crystal-

2 lized prepolymer, or heating an agglomerated powder
form or a granular form of porous,'crystallized -

20 ' prepoiymer derived from the.powder form of prepoly-'
mer, at a temperature which is higher than the glass
transition temperature of the crystallized prepoly-
mer and at which the crystallized prepolymer is in
a solid state, to effect solid-state condensation

25 - polymerization of'the crystallized prepolymer,
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_in the reaction vessel during the solid- state con- ?"u d@nsatlon»“.“

3
L]

pol yneri zation, leading to a fusion- . adheston- of the°prepo|yner
to the wall of the reac- tion vessel and an escape of t he
prepol yner out of 25 the reaction veggel .

When the solid-state pol ynerization i's
Cﬁndgcteﬂ mhlge fl ow ng an I nert gas into the heat- I ng zone,
the discharged inert gas, fggg t se
t her eof . Alternatlvely, I'n 3b§dy fk&ithe ?%??%iuﬁi&fiﬁ?}?%gﬁﬁ?F%ﬁ

el iy Seharpei O | i, g0 she cepm TR e mecepitiiied,
by- pfoductp%éﬁmtyu@le@l:&m 6500 ao AP0@) GUR! a8d "REOLeast
35 %, respectively, so that the resultant polycarbo-
5 nate has a number average molecular weight and a
crysiallinity which are,jrespectively, greater than
those of the crystaliized prepolymer,

In method (C), an aromatic polycarbonate
oligomer having its terminal groups comprised sub-

10 : stantially of aryl carbonate groups is used for the
pre-polymerization in step (1). As described above,
such an oligomer can easily be prepared by the
transesterification method or the interfacial poly-
condensaéion method.

15 An agglomerated powder férm_or a granular form
of porous, crysfallized prepolymer, which may be
used in step (3) of each of Methods (A), (B) and

a (C), can easily be obtained individually from the
powder form of porous, crystallized prepolymer in

20 the manner as described befdre in detail.

The crystallization in step (2) and the solid-
state polymerization in_step:(3) are conducted in
the same manner as described hereinbefore in detail.

In all the steps of each of the above methods,

25 i.e., the pre-polymerization, the crystallization of



hydroxyl conmpound and a diaryl carbonate. Thér'e- : 10 _ 1'132?thé; it hEs:.

been considered that when the dis- - e i eharged inert gas. is- s
recovered and re-used, it is necessary to renove the

by- products contained in the i nert gas. However, it has
unexpect edly been found ' that eveé2if the inert gas contains the
by-products, 15 when the content of the condensation

pol ymeri zati on by- products of the discharged inert gas is_ 666.5
Pa (5mmHg) or the | msapolynasn r&nd)fthmes%#@'i'%ga‘iﬁ Relyneptzakiopy-
products in the inert gas, such an inert gas . contaj nj ng,the

by- products can be re- uthal feactinn may be carr%@ﬁi?ﬂ%t‘a’iéckﬁnﬁ&%&%?ﬁn

pol ymeri zati on of the pre- pol ymer, and the copdensati on

pol yneri zation can manner opdmrh é@ﬂ,‘%ﬁgﬂ‘-}P% PRARRY ne PO FhetRE OPRONPRS
t he ' nmet hod of the present_invention, the discharged '
inert gas having a by- fRaii ke erR¥ad R %@gﬂﬁf?%mn-g) or 25

less in ter mss of the parti al'l‘l'i)er epsosu er o:.inp,e B}/e_ agglomerated powdér form

or the granular form of porous, crystalliied,
aromatic polycarbonate prepolymer of the present
invention can advantageously be used as a prepolymer
é& be subjected to solid-state polymerization to
10 produce a polycarbonate. Further, the prepolymer
itself can also be used as a raw-material for
producing a sintered product, a filter, an adsorbent
and a coating'cdmposition, or can be mixed with
other resins to prepare polymer alloys._
15 The powder form, the agglomerated form, or.the
. | " granular form of porous, crystallized, aromatic
polycarbonate of ﬁhe present invention having a
e | desired molecular weight, which is formed by the
~ solid-state polymerization of the above-mentioned
20 prepolymer, may be directly introduced into an
extruder without cooling to pelletize it by melt-
extrﬁsion, thereby obtéiniﬁg colorless, transparent
?ellets of a pplycarbonate. Alternatively, the
powder agglomerated powder form or éranular form of

25 porous, crystallized, aromatic polycarbonate may be
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56 products in the inért'gégﬁnayiédygntageously‘béﬁf;{

flowed into the heating zone as the inerts gas-and : ‘e .. w{ﬁeqhseh.ﬁbﬁ'f
the solid-state polynerization. O course, fromthe standpoint
of conpl ete avoi dance of 5 t he advsése reaction during the
solid-state poly- merization, it”fs host preferred that the by-

products ‘be conpletely renoved fromthe di scharged | nert gas.

Foom the di schar ged. | nevpohed’ B4Ebeb Otntrogucing 1£CIRYS hRCeRERARELC S
t he by- ducts i dj j [ t

(000 migy in " IntrodyctlonCoRCbREDEELLEEbMEES| InkBoan BREchadED
the by'prpdwfgﬁgﬁgnésai%ﬁgti?ead@&ﬁ%z@éﬁugaerﬁnEhé|b!ewpoints

be conducted by renoving y-pro s fromt
of energy saving in extrusion and increase of the
5 extrusion rate of the extruder. Further, the
| granular form of polycarbonate has satisfactorily
high bulk density. Therefore, the granular form of
polycarbonate can be directly subjected to injection
molding or extruéion molding without being pelleti-
10 zed by melt-éxtrusion.:-Pellgtization of a poly-
carbonate by mélt-extrusion not only needs much
energy but also leads to a lowering of the guality
of the aromatic polycarbonate due to heat deteriora-
tion. 1In the case of the granular form of poly-
15 carbonate, pelietization can advantageously be
omitted.
According to the present invention, a wide
. variety of aromatic polycarbonates, inCluding not
only aromatic polycarbonate having a broad molecu-
20 lar weight distribution, but also arohatic poly-_
carbonate having a narrow molecular weight distri-
bution, can be provided. When a prepolymer having a
narrow molecular weight distribution is used, an
aromatic polycarbonate having a narrow molecular

25 weight distribution can be obtained. On the other



15 dlscharged I nert gas or by dllutlﬁg Lhé‘dlscharged*». ‘.,wl?i.
inert gas with a fresh inert gas. s e ..: The* sol.i d:snate Y
pol ymeri zati on according t.o the " "méthod® of "the predent |nveni|on
may be carried out by using a batch-w se nmethod or a continuous
met hod, 20 ~or by using both nethods9#n conbination. As a

reactor for the solid-state condensation polyneriza- tion,
various types of reactors, for exanple, tunbl er type, a kiln
type, a paddl e-dryer tybenda when a prepotymgﬁfbéﬁiggea byp@d 2O

type, a fluidized- 25 bed tg , a-fixed-bed type, a noving bed '
type and weight distribution is uged, an aromatic ycagbdon -

can be used. - The solid-state condensati on polégprlzatlon
f or prodUC|héethévbbgo%sbr€¢§s@ﬁlﬁpﬁéér wedght; digsrjbution can

be obtained. This is one of the remarkable features
5 of the present invention. Aas a criterion of the
molecular weight distribution, a ratio of a weight
avérage molecular weight (Mw) to a number average
molecular weight (Mn), i.e., Mw/Mn, is generally
used. With respect to a polymer prepared by a
10 copdensation_polymerization reaction, there has been
established a theory that, when the Mw/Mn is 2, the
polymer has thg narrowest molecular weight distribu-
~tion. From the viewpoint of the properties of the
polymer, such as flowability in molding, mechanical
15 strength and elongation, it is preferred that a-
polymer have a narrow molecular weight distribution.
However, it is practically difficult to prepare a
polyher having an Mw[Mn of 2.5 or less, particularly
not 2.4 or less. In the conventional polymerization
20 methods, such as the transesterification method
which is known as a melt process, a polymerization
reaction system becomes very viscous.before comple-
tion of the polymerization reaction, so that the
polymerization ¥eaction does not advance uniformly.

25 According to this conventional method, it is



carbonate fromthe porous, crystallized prepdtypmer 5. ;T Ey: ber i

-------

performed at an econom cally satisfactory o e e ?ééetlon-%aie ‘W Fhout
using a catalyst. This is the most preferred mode oOf the
present nmethod. Alterna- tively, a catalyst may be added in
order to accel - erate the pol ynepbzati on reaction rate.
However, 10 when a catalyst is used, such a catalyst is likely

to remain in the final aromatic polycarbonate as an i mpurity
and such a inpurity cathhfeasiblentbasbtain an aromaﬁmerpelgbacbpaaﬁn the
physi cal properties of the aromatic pol ycarbonate (such as

col or, heat resis- having atnaceewbooledulareweightsdisteibpngion. The
meatherablllty) ‘Therefore, it is preferred that the anount of
a cat al yst aromabic aebﬂcaebesatnaobtaénpdswbtbe conventional
When the porous, crystallized, aromatic ar bonate

prepol yner of the preseﬁfaFﬁQEH?Feﬁi?%t%@n @ch°d 9enea§Laya§a§ §PaMV/N§ of
mat eri al foregrodu0|ng a porous, crystallized

pol ycar bonat & i s prodyBege than 2.6. I HjecEBvanbipnaing PaPaResprocess.

enerally remains in
g Y which is frequently carried out on a commercial

scale, the obtained aromatic polycarbonate has an
Mw/Mn of from 2.4 td 3.5, generally from 2.5 to 3.2.
In contrast, an a¥oﬁatic polycarbonate having an

10 Mw/Mn as low as from 2.2-to 2.5 can easily be
prepared by the method of the present invention.
The reason for this is beiieved.to be that in the
stage of producing a prepolymer which has a rela-
tively low molecular weight, a prepblymer having a

15 narrow molecular weight distribution can easily be

obtained and such a prepolymef having a narrow

molecular weight Histributicn is used for producing

the polycarbonate.

The porous, crystallized, aromatic polycarbon-

20 ate of.the present invention, for exaﬁple, a porous,
crystallized, polycarbonate prepafed using bisphenol
A, which is one 6f the most preferred polycarbonates
of the present invention, is white and opaque.
However, when this porous, crystalli%ed, aromatic

25 polycarbonate is heated to a temperature higher than



t he prepdlyner and, therefore, a further_éhthfyst ::‘Eeed not “be.”

added to the solid-state polynerization -25°* ¢ . system?® ‘kbmnver#,_lnff
the case where the catalyst is N 58
removed or inactivated in the course of the crystal- I'ization
and pore formation of the prepolyner and it 2 Is still desired to
accel erate the solid-state poly- meri zation, an appropriate
catal yst may optionally ed to the solid-state

pol ymeri zati on reactlonlts °rYSta111§§SHéit1QQ1HQﬁQ$cQEﬁ§u eched (Lo melt
be added in a qui d or gas forn1to a merj zation system of
t he por ous, m@#?é?&hl?ﬂeé Wéi%ﬁ&ﬂ? lyqagbpnate having

lyst, any condensation polénerlzatlon catalys

used in the art can be 98 trEpgpérency can‘be;éﬁﬁ?*ﬁeQnm

i nclude hydroxides of a?mportant feature of the aromatic polycarbonate of

nyent naxllgh

5 the present invention. When an aromatic polycarbon-
ate is prepared from bisphenol A and diphenyl
carbonate by the conventional melt process, it is
necessary to react highly viscous raw materials with
each other under severe ccndltions, that is, at a -

10 high temperature, i.e., about 300 °C, under highly
reduced pressure, i.e., 1 mmHg or less, for a pro-
longed period of time. Consequently, the obtained
polycarbonate inevitably assumes a light yellow

.color due to the thermal decomposition of the poly-

15 mer or due to the oxidation of the polymer by the
action of a small amount of oxygen present in the
reaction system. 1In contrest, according to the

. present invention, not only can the pre-polymeriza-
tion be perfcrmed at a relatively low'temperature,

20 i.e., 250 °C or less, preferably 240 °C or less, in
a short period of time even when the transesterifi-
cation method is employed, but also both the treat-
ment for crystallization and pore formation and the
solid-state polymerization can be performed at.a

25 relatively low temperature, i.e., 230 °C or less.
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al kali or alkaline earth netal, such as |tthIUWV :::.u : hydroxrde

sodi um hydr oxi de, potassi um hydr oxi de and: AR .£aIC|un1hdeox1dé, T
hydri des of an alkali or alkaline 15 . earth metal, such as lithium
hydri de, sodi um hydride : and cal ci um hydri de; al kal i neta

salts, alkaline earth nmetal salt®7and quarternary anmmoni um
salts of _ _ boron hydri de or aluninun1hydride such as |ithium

al um num hydri de, sodi um boron hydri de and tetra- met hyl

ammoni um bor on hydri de; chﬁgszueaglm 4n the method °§| khe psesgnkainyen-
earth netal, such as lithium met hoxi de, _sodi um et hoxi de and

cal ci um et hoxi de; tion, thgrg| 48 Besd3pIgR QﬁkéFt36ﬂ°EPﬁéPPn9fe§PFh

nmet al , such as lithium henOX|% Eglunlphen%X|g %ne-

si um phenoxi de, LiC}Aw-EEiYﬁﬁEveﬁhf rigg,fromy case of the con entional-
59

melt process, such as the conventional transesteri-
5 fication process;

The porous, crystallized, aromatic polycarbo-
nate of the present invention may optionally be
mixed with various additives such as heat stabili-
zere, antioxidants, mold release agents, fire retar-

10 dants and various inorganic fillers such as glass
fibers, and the resultant composition used in a wide
variety of fields, such as a engineering plastics
field. Moreover, the perous, crystallized, aromatic
polycarbonate of the present invention can advan-

15 tageously be kneaded with another polymer in order
to form a polymer alloy. Therefore, the porous,
crystallized; aromatic polycarbonate is particularly

b useful as a raw material for the production of a
polyner alioy-on a commercial scale. |

- 20 An aromatic polycarbonate containing no
chlorine atom can be obtained in the pfesent inven-
tion. The aromatic polycarbonate containing no
chlorine atom is extremely useful as a material for
an optical instrument and a material for electronic

25 equipment.
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group and NaO-Ar-ONa wherein Ar is as deffped above; & 0! t:i erganic,

acid salts of an alkali or alkaline earths *.~ ¢ . metdl ‘.Such ast ot
l'ithium acetate, cal cium acetate and sodi um benzoate; zinc
conpounds, . such as zi nc oxide, 5 zinc acetate and zinc

phenoxi de; boron conpounds, ' sucfA8as boron oxide, boric acid,
sodi um bor at e, trimethyl borate, tributyl borate and tri phenyl
borate; silicon conmpounds, such as silicon_oxide, sodi um
silicate, tetraal kylsilicon Fegthesyyaerprdéng £9 the presgpt invention, it
di phenyl - et hyl - et hoxysi | i con; germani umcom nds, .such as
ger mani um oxi de, gernan%%n??%?gale to produce neﬁ|ep#ae§ng§& 8498t hoxi de

d \ on. de: ti , h . de.
) D T UM PReN™ o ealan s bORE noBLY SO BARALR, PBF Y Aga Ry BFPREe 1 1
15 tate, ti ds. havj .

aryl oxy groﬁgébgnged Lgaggﬂ,8%3@§13§¥£$ﬁy$€?§LF?$¥ ¥55080°0c moge: by FOLifr

organotin conpounds; |e onmpounds_ . u axide. | ead
acetate, |ea carbonateggagengbi&merlzation’ which ﬁg %ifk§391g or im

possible ﬁo produce by the conventional phosgene
method or the conventional transesterification
.method (melt method), but élso a polycarbonate
having reactive hydroxyl groups at its terminals.

10 As aforedescribed, in the conventional phosgene
process for producing an aromatic polycarbonate on a
commercial scale, by-éroducts including chlorine and
-electrolytes; such as sodium chloride, are formed as
impurities. These impurities are disadvantageously:

15 and inevitably contained in the final polycarbonate.
Further, a chlorine-containing compound, such as
methylene chloride, which is used as a solvent in a

he - large amount, is also likely to be contained as an
impurity in the polyéarbonate. Such impurities ad-

20 versely affect the properties of the final poly-
carbonate. Conventionally, in ofder to decrease the
amount of impurities contained in the final poly-
carbonate, washing and other operations have been

conducted. However, thse operations' are troublesome

25 and expensive, and it is infeasible to remove im-

— BEEN |
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basi ¢ | ead carbonat e,

< . K -€

and al koxi des and aryloxldg$~-20 L «GT fead pr.'

or ganol ead; oni um conpounds, such as a 2. ’i=quaternary‘ann0nrunm
salt, a quaternary phosphoni um . "~ salt and a quaternary’ arsoni um

salt; antinmony com

acet at e;

manganese conpounds, sug

pounds,. such ﬁs anti nony oxi de and anti nony
as manganese acetate, 25

manganese carbonate and nanganese borate; titanium

60

as zirconium acet ate,
zi rconi um aryl oxi des and
These catal ysts may be
anount of catalyst to b
containing a netal i

5

10

15

20

25

h -
X des and titani um ary B HELEE CrRREHEBEY BERRTLHE BRELhLTAT IR 0
zi ”"Ow N3t St . accordingy?br £A8! gredbkexidtenand

Zlrconi um ace acet one.

gfﬁ Q@éﬁ'ﬂ&aéﬁ¥ ﬁodénin wPig&BFhﬁwgﬁggbgthﬁegfﬁhﬁ_
is involved, the product which is obtained directly
from phosgene is a prepolymer having a relatively
low molecular weight, and such a prepolymer can
eosily be treated for removing impu;ities (such as
chlorine;oontainihg compound) therefrom. Therefore,
the aromatic polycarbonate of the present invention
is compleﬁely free from such impurities and hence
excellent in quality. Moreover, naturally, any
troublesoﬁe process for removing impurities from the
final polycarbonate is not required. Accordingly,
the method of fhe preseht invention is commercially
advantageous.

Further, in the conventional transesterifica-
tion melt prooess, an expensive reactor is disadvan-
tageously required for attaining a reaction under
high viscosity, high temperature and high vacuum
conditions. Therefore, due to the high_temperatﬁre,
the polymer is likely to be deteriorated. By
contrast, accofding to the method of the present
invention, such a special reaotor is not required,
and the aromatic polycarbonate produced by the

method of the present invention has excellent



used, the anount of the catalyst is generally inthe 10- - : .:¥ange of .
from1l ppmto 500 ppm by weight, in terns “ ;% coof the-girouat oef ttHe -
netal contained in the cata- | yst, based on the wei ght of the
porous, crystal- | ized, aromatic pol ycarbonate prepol yner used
as the starting material. Wen atoatal yst containing no

metal is used, the anount of the catalyst is gener- — ally in the
range of from1 ppmto 500 ppm by weight, in ternms of the

amount of the atom as aproperties ascdesonibgdcaboveentained in the

catal yst, based on t he wei ght of the pregolyner. 20

As nentioned above, in the n¥héogowferhform, the agglpmerated ppwdsTofonme

i nt ended prepol ynmer can readily be prepared in the_absence of
any catal yst, or the granularafprempefyparpusat 6ryssaddd@edi t hout

using a catal yst has an extrenely excel|ent proper-_ 25 ti?F. Thi s
is one of the main feataresabictpelycarbonate prepolymer can be polymerized

5 at ektremely high reaction ;até by solid-state poly-
merization, without the danéer of adheéion 6f the
prepolymer to the inner wall of the reactor and
adhesion betweéﬁ pfepolymer particles. Thus, the
present invention is extremely useful for providing

10 an aromatic polyéarbonate, which can easily, effi-
ciently be produced by solid-state pdlymerization on

a commercial sgale.
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t er m nol ogy

present invention. tn th?fpreséhﬁ:fQVentlon ﬂhe"k..;i
"in the absence of a catalyst™ mganS™~ s "o i Ipddl: the_i“

veoss
.

anount of a catalyst is snmaller than 1 ppm ‘ that is the mnimm
i h the above-nenti oned anount 5 rangs. Accordi ng

. to the above-nentioned nethod of the. present invention, a
powder form or an aggl onerated . powder form of porous

crystallized, aromatic
nol ecul ar wei ght 10

east 35 ihoWizhghie! HAvaIEISh 9174 WRGYAA 1n more

of at

wei ght and crystallinity of t

SRt g, £, RPN A bR,

romati c po ycar bon- ate are

greater than those of th@tﬂ&iouithcmséhnce to the followi%y RLRRRIIEES
used as a starting material, can easi ly. be produced.

10

15

20

25

which should not be construed as limiting the scope
of the present invention.

In the préseht invenﬁion, the molecular weight
is expressed in terms of a number average molecular
weight (hereinafter referred to simply as "Mn") and
a weight average molecular weight (héreinafter
referred to simply as "Mw") as measured by gel
pérmeation chromatography (GPC). For reference, the
molecular weight of TOUGHLOﬁR‘A 2500 (registered

trademark of a polycarbonate manufactured and sold

- by Idemitsu Sekiyukagaku K.K., Japan) is measured

and found to have an Mn of 10,700 and an Mw of
28,000,

The molar ratios with respect to terminal
groups in a prepolymer and a polycarbonate after
solid-state condensation polymerization are déter-
mined by high-performance liquid chromatography or
by nucleaﬁ magnetic resonance (NMR) spectroscopy.

The specific surface area is determined by
measuring the surface aréa of a sample by means of
Accusore®-2100-02 (manufactured and ‘sold by Shimadzu

Corp., Japan) using krypton gas, and dividing the.

This Sheet Has Been Rep laced
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Further, according to the method of the presént “::°;"'3 ;-|nVénilqn,.a
powder form or an aggl onerated powder - ffor m of porUUsq coE
crystallized, aromatic pol ycarbonate ° having a specific surface
area of at least 0.1 n2/g 20 can adyg3 ageously be produced.

Furt hernore, according to the nethod of the present invention,
a powder form or an aggl onerated powder form of porous,

crystallized, aromatic peh¥ured surface ageab®Rathehaididhtd of WHedldanpiley,
of not greater than 25 70 % which is greater than that of the

prepol yner The average particle diafidter of a prepdlS@fbAsS
a starting material, can easily be obtained. Next, an
explanation is given w ih aespeeentofor crystalli&btlbhOdMQHeﬁ&ﬁﬁiﬁéd by
granul ar form of porous, crys- tallized, aromatic
pol ycarbonate. That is, takdagdan aligquot from a uniformly mixed slurry of
5 the prepolymer, diluting the aliquot with the
solvent, applying a ultrasonic wave to the diluted
aliquot to disperse the prepolymer in the solvent,
| . casting the résultant dispersion on a glass plate,
- drying the dispersion to deposit the prepolymer on

10 the glass plate and measuring the particle diameter

of the deposited érepolymer using a microscope.

- The particle size distribution of dry particles
is determined by classifying particles into frac-
tions respecﬁively remaining on 1,070 um screen,

15 850 um screen, 600 um screen, 250 um screen, 150 um
screen, 75 um screen and 50 um screen and a fraction
passin§ through 50 um screen by means of a micro-
type magnetic vibration screen classifier model M-2
(manufactured and sold by Tsutsui Rikagaku Kiki,

20 Japan), and measuring the weight of each of the
fractions. .
The crystallinity is measured by the X ray
diffractometry as described hereinbefore.

In Examples 18 to 24, the compressive break

25 strength of a granular prepolymer and a granular



5 ing to the present invention, there,ﬁa,prpv1ded-a “"“kég-”

L I 3 4 Py 0y
e se¢ ¢ <

met hod for producing a granular formof porotisy = * . - 7 cﬁysvallizeﬁ'“
aromati ¢ pol ycarbonate having a nunber " average molecul ar wei ght
of from6,000 to 200, 000 and a crysfallinity of at” least 35 %
which 10 conprises heating a granular Torm of porous, crys-
tallized, aromatic polycarbonate prepolyner in a heating zone,

at a tenperature which i
tenperature of the prep

1%e..':izat:l.cmEf fse@etﬂﬂiq{eﬁ AL LAMRSAL ifhht is,

in a solid state,

pol yneri zati on of

pol y-

| east 35 % respective-

has a nunber 5

t he

10

15

20

25

to

%ﬁi%nfafw after solid V%%&'%%é%%%* Q‘?”r%‘ _

sal d prepolynmer while renoving condensati on

er i ZidioMy Pyro @dkanipid,” (MK NAld Har®iEss meter, a
thereby increasing the nurmber’ aver age ol ecul ar wei ght and t he

crystallinity of the prepaiprEysive fZ:G:ce is applivd bdiifedm APELHNO ad at

|y, so that the resultant polycarbonate
farey afc ansamplle;r witdicihteatd av \eat addaniosy abi ch

least about 1 mm? and are apart from each other

" substantially in parallel relationship at a distance
‘of about 1 mm. The load for application of a

- compressive force is increased until the sample

breaks. The load (kgf/cm?) at which the sample -
breaks is referred to simply as the load at break.
The measurement of the load at break is conducted 10
times. When a samplé prepolymer or polycarbonaté
does not have two surfaces which are apart from each
other substantially in.parallel relationship, a |
sample having such opposite surfaces is cut out from
the original-sample, followed by measurement of
compressive break strength in the manner described
above. From thel10 values.of load at break thus
obtained, the maximum and minimum values are
omitted, and the average of the remaining 8 values
is calculated. The compressivé break strength is
represented by the calculated average value.

In Examples 33 and 34, the compressive break

strength (kgf/cmz).is measured using an Instron type

ThlS Sheet Has Been R

il
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are, respectively, greater than those of the <, i¢' _granu&éﬁ?“ 3
prepolynmer. 25 The heating of granular f.orm of. por6us, ciy

(33
REPLACEMENT SHEET 2
AUG 1999 ' 104 63
tallized, aromatic pol ycarbonate prepol yner can be ' conduct ed
I n substantially the sanme manner as in the production of the
powder form or the agglgggé%&%gl tester powder form of pol ycarbonate
menti oned above, except . that" a granul ar form of porous,
crystallized, ak IaG-+1G AoTolat- oS s o S a
starting material. In practi ﬁ%ﬁa&ﬁ%&g% ' df%denigrﬁx% (?n net hod,

it is preferred that theg R23%itad nitrogen gas used in solid-state condensa-
tion polymerization is determined from the vapor
5 pressure bf phenollcalculated according to the fol-
lowing formula shown on page 128 of Kagaku Binran II
(Handbook of Chemistry) (published in 1984 by
Maruzen Co.,_Japan).

1516.072

log P = 7.13457 -
10 174.569 + t

[{wherein P represents a vapor pressure of phénol
(mmHg) and t represeﬁts a temperature (°C)].
In the following Examples, porous, crystal-
lized, aromatic polycarbonate prepolymer is often
15 referred to simply as "porous, crystallized pre-
polymer"; amorphous, aromatic, polycarbonate pre-
polymer is often referred to simply as "amorphous
. prepolymer”; porous, crystallized, aromatic poly-
carbonate is often referred to simply as "porous,
20 crystallized polycarbonate"; shaped, porous, Crys-
tallized, arométic polycarbonate is often referred
to simply as "shaped, porous, crystallized poly-
.carbonate"; and granular, porous, crystallized,
aromatic polycarbbnate is often referred to simply

25 as "granular, porous, crystallized polycarbonate".

-

i g
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of the granular form of prepolyner be conducted 10 _ ﬁhhl@'inWlng

an inert gas into the heating zone and =~ . -° "3 Wwhi | e di'schardi-ag-the ©
i nert gas containing the condensati on pol yneri zation

by- products fromthe heating zone._ The flow rate of the inert
gas may generally be in the rand@ﬁﬁ fromO0.1 to 50 15
liters(N.T.P.)/hour, per gramof the granular form of

prepol yner. In the case of the,solid-state pol ymeri zati on of

the granular formof p A there is no problem of the

Tert o 200 © ' gas can b33 P?E?%S'eé‘m{;& G ey fadpdhe' ¢

per gram of the granul orm %B:e?:r %@é‘:‘@d t-Eheas “bisphenol 'Rt &gt he

solid-state polynerlzat | NCr eased by I ncreasing the

flowrate of the inert % rhg@eéhg d! pyedage of
the inert 25 155|sqncrea tiiohlg an 50 |t€€es(NTP)
5 40 2 glass-lined reactor provlded with a stirrer, a

gas inlet and a gas outleﬁl The resultant mixture
is melted by heating to 180 °é and degassing is con-
- ducted under reduced pressure, followed by heating
to 230 °C over a period of 3 hours. During the the
10 temperature elevation, nitrogen gas is flowed
through the reactor so that evaporated phenol is
 discharged from the reactor. Simultaneously with
the termination of the temperature elevation, intro—
duction of nitrogen gas is terminated. Then, the
15 pressure in the reactor is stepwise reduced to
| 1 mmHg over a périod of 2 hours. During the period
of the pressure reduction, by-produced phenol and
Y diphenyl carbonate are-continuously discharged from
the reactor. The reaction is further continued for
20 2 hours under reduced pressure of'1 mmHg to obtain
about 10 kg of an amorphous prepoiymer having a
number avérage molecular weight of 4,000 and a molar
ratio of terminal hydroxyl groups to terminal phenyl

carbonate groups of 33/67 [hereinafter referred to

25 as "amorphous prepolymer (I)"]. About 10 kg of
-_— | THIS SHEET HAS BEEN
This Sheet Has Been R REPLAGED

T



64 | | [ hour, per gram of the é}énulawfﬁbrn1of preﬁéﬁ&he(,'“jag{

the rate of the solid-state polynerizatidn’ds. n&*s . . ltoeger. -0
increased. Therefore, it is not necessary that the flowrate
of the inert gas be increased to 5 hi gher than 50

liters(N. T.P.)/ hour, per gram of the 106 granul ar form of

prepol yner. From the standpoi nt of the i nprovenent of the

pol ymeri zati on degree, the flowrate of the inert gas is
preferably in the molten ameyphowsfpraPolymes £5)| iscextrmdedripy mour,
per 10 gram of the granular form of Eregolyner. As
in the case of the prodakrand ferm abyabeut 240 °C over,a,pgrigd of 1 hour

aggl oner at ed powder form of pol ycarbon- : .ate, it. is preferred
that the condensation pbhjfdgh-a die having QQtPﬁﬁfbﬁgﬁrBHUEtEmbénrgﬁﬁﬁéﬁer

fromthe discharged 15, . .y lfery985ae2" eihe SbeEDALIBLh 8111835 28n
5 15 kg of acetone having a temperature of from 40 to
50 °C. Simultaneéusly with the extrusion, the
blender in the acetone bath is revolved at a rate as
high as 1,000 fpm so that the extruded strand is
drawn and stretched into a thin fiber. The thin
io fiber is dipped in the acetone bath, and exposed to
strong shearing force by agitation, thereby being
crystallized, rendered porous and reduced to
. particles. As.a result, particlés of a porous,
crystallized prepolymer are formed. The thus formed
15 particles in acetone have an average particle
diameter of 150 um. Then, acetone is distilled off
under reduced pressure while héating the acetone
* bath to dry the porous, crystallized prepolymer.
The thus obtained porous, crystallized prepolymer is
20 white and opaque.' When the surface of the porous,
crystallized prepolymer is observed by means of a
scanning electron micrograph, it is confirmed that a
large number of pores are present on the surface of
the crystallized prepolymer [see Pié. 1 (3060 x

25 " magnification)]. On the other hand, when a rela-
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with an inert gas, so that the resultant .gas has.azi;“g_:v‘j {éoﬁdehsﬁghoh

es

pol yneri zati on by-products content of = - 66675.Pa ( 5:*rmig)or °t €ss
in terns of the partial pressure of t he -condensati on

pol ymeri zati on by-products in the 20 1g7ert gas, and the resultant
gas be flowed into the heating zone as the inert gas.

The granul ar form of porous, crystallized, aromatic

pol ycar bonat e produced QXV%&§2§Q9§g_parﬁ£§¥% (abd@Ntg00 g T hatd P of

present invention conprises nal hydroxyl groups and/or

term nal aryl - tallized prepolymer is broken with
Substitute sheet - 17/8F88 porous, crys prepoty 65

fcar bonat e groups, and h%g,r%eew‘aﬁa AR 2@ uIRMliction of partieigidf ofhe
rom 6,000 to 200,000 and a crystallinity of from35 to 70 %
whi ch are, respectivelypottbddl, €erystallized prepolymer is observed by means
5 of a scanning electron micrograph, it is confirmed
that a large numbér of pores are also present on the
section [see Fig. 2 (1020 x magnification)]. For
the purpose of comparison, melted amorphous prepoly-
mer (I) is cooled to room temperature and the sur-
10 face of the'coqled amorghous prepolymer (I) is
observed by means of a scanniné electron micrograph.
As a result, it is confirmed that the surface of the
amorphous prepolymer (I) is smooth and has no pore
[see Fig. 3 (4400 x magnification)].
15 | The above-obtained porous, crystallized prepoly-
mer has a specific surface area of 1.5 mzlg and a
crystallinity of 28 %.
10 kg of the porous, crystallized prepolymer is
charged into a cylindrical, gas flow type reactor
20 made of stainless steel (internal diameter: 60 cm,
height: 1 m) which is provided, at its bottom por-
tion, with a sintered filter having pores of from
about 40 to about 50 ﬁm in diameter and having a
thickness of about 5 mm, and heated.to 180 °C, fol-

25 lowed by solid-state condensation polfmerization,



e LY Y

than those of the granular formof prepolyner. tne 5

connection, it is preferred that the crystal.- ¢ **"

zzzz

granul ar form of porous, crystallized, aromati ¢ pol ycarbonat e
be not greater than 70 % ‘Further, it is also preferred that
the specific surface area of tmakﬂ%nular pol ycar bonat e be at
10 least 0.1 nferr]/g. The granul ar form of porous,

crystallized,. aromatic | ycarbgnat e thus produced, fromt he.

?r an;JI Sg OprN/epﬁ{yma]r ?isn‘-g'wr@%gqaéﬁ-r d .e con etnsaoti(.l)%q ] -1 e:g%:]%flon.
eas : cnjerr rr ichjs ar er n_

that of the granular fo %red}?r}b&ﬁ%ﬁ?é} .gasnﬁ%-xﬂ-xief’"o‘rmly .J.nq::'i%Qucf%d €'
unexpect ed and surpri si gﬁqa}f-eml‘éf has mbﬁﬁp"'-ﬁﬁe/’b‘i a%?@?ﬂf%%eé%ﬁo& hggr{fgn of

conpressive break stren

DOLYCR DAL L | 0T senctas sproiefd AR Stg bl ase-

prepol yner. That is, -2 !
Carbonat o ars . charged BT ik FOMURIP L e ffidher;  The
poly- temperature of thé polymerization is regulated by
c;ntrolling the temperature of the heated nitrogen
gas. The temperature is elevated from 180 °C to
220 °C at a temﬁerature elevation rate of 10 °C/hr
10 and then kept at 220 °C for 5 hours, thereby obtain-
ing a porous,_crystallizgd polycarbonate having an
Mn of 13,000 and an Mw of 31,200. _The porous, Crys-
tallized polycarbonate has a specific surface area
of 0.8 m?/g and a crystallinity of 45 s. A DSC
15 chart [obtained using a DSC analyzer (model DSC7
manufactured and sold by Perkin Elmer Co., U.S.A.);_
the ordinate of the chart indicates heat flow (mW)
s while the abscissa indicates temperature (°C)] of
the-ﬁorous, crystallized polycarbonate is shown in
20 Fig. 9, in which the peak exhibiting the melting
point of the pblycarbonate appéars at 271 °C. From
the charat, it is found that the half-width is
4.3 °C. To the obtained porous, crystallized poly-
carbonate is added 250 ppm of tris(nonylphenyl)

25 phosphite as a heat stabilizer, and melt-extrusion



merization, and by the removal of the by-producpse:, - * = ?f?@ﬁfaﬁhe&-p1;
the prepolyner, voids would be likely 25 - :*<*to:be formedern<the .-+

prooduced pol ycarbonate, which 66
woul d result in-a decrease in nmechanical strength. of © the

resul tant pol ycarbonate. TA®3gr anul ar form of porous,
crystallized, aromati ¢ pol ycarbonate has substantially the
same 5 shape and di aneter as those of the granul ar. faorm of
porous, crystallized, aisnaondugbedcakbdBt 8Cpte- obtain a colord@sfyetrans-
which is used as a starting materi al . Therefore, the granul ar
pol ycar bonate, general | parent, amorphougapodySpapengtea plihes the,amorphous
di sk, cylinder, 10 pol ygonal pill ar

par al | el epi-ped polycarbonate is lanCfiggEgbl%%%t%%g%d%.°C, no
silver streak occurs. With respect to the color of
5 . the resultant'shaped article, the Lfvalue and b*- |
value measured using a colpf and color-difference
meter Model CR-200b (Minolta.Camera Co., Ltd.,
Japan) are 91.7 and 3.5, respectively, i.e., the
shaped article is colorless and transparent.
10 ﬁxample 2 o i
10 kg of amorphous prepolymer (I) prepared in
substantially the same manner as in Example 1 is
melted and extruded at about 240 °C and then cooled
with water. After the cooling, pelletization is
15 conducted. The resultant amorphous pellets are
pulverized using a plastics pulverizer (manufactured
by Fritsch Co., West Germany) to obtain a powder
b having a diameter of 1 mm or less.
An acetone bath as used in Example 1 is filled
Zb with 15 kg of acetone and acetone is kept at 40 °C.
Into the acetone bath is gradually charged the above
obtained powder over a period of 1 hour while stir-
ring at the same rate as in Example 1, i.e.,
1,000 rpm to effect crystallization;and pore forma-

25 tion. The resultant porous, crystallized prepoly-

-



or sphere, and has a dianeter of 0.5 to 3g-mm s i:. - "f§§¥Théipb§§§r
form the aggl onerated powder form - s ot atithe granular “formoke

porous, crystallized, aromati c pol ycarbonate conpri sing
recurring aromatic 15 car bonat e unifﬁ?eand term nal hydroxyl
and/ or aryl carbonat'e groups and having a specific surface

ar ea of at least 0.1 nferr]/g, a nunber average nol ecul ar

wei ght of from 6,000 to 200,000 tal | . : .
| east 35 % nmay be subj 5% oa%dod'?eng{%ﬁg %l %&fayge partjf%lrr%e?%ﬁ?eééf o?/\gr

than the glass transitiofgd %'era%*hé“p'ec?ceatr‘%“e id gﬁqug}f POt VLRI DOHSE £ -

to thereby obtain a a I cle porous, crystallized,

aromatic polycarbon-  gj.11y the Adne Wifddua oM BathEPECaIdis!| Ene!

pol ycar bonate has a T . density fromO.1 to 1.1 g/cnferr]
and a conpres- 25 _Poroégy%ﬂf@@hﬁi&i‘ﬁiﬁﬁlﬁefﬁasﬁh@&&ﬂﬂf&eéléc-'

(10 kgf/cnferr]). There .

5 : tron micrographs with magnifications of 1020, 3060
and 6020, respectively, of Ehe surface of the thus
obtained porous, crystal;ized prepolymer are respec-

. tively shown in Figs. 4.to 6. It is confirmed from.
Figs. 4 to 6 that the porous, crystallized prepoly-

.10 mer has porés having sibstantially uniform dia-
meters. The porbus, cfystallized prepolymer has a
specific surface areé_of 1.2 mzlg and a crystallini-
ty of 26 8. |

The above-obtained porous, crystallized pre-

15 polymer is subjected to solid-state condensation
polymerization in substantially the same manner as
in Example 1 to obtain a porous, crystallized poly-

S carbonate having an Mn of 12,500 and an Mw of
29,600. When.the porous, crystailized pblycarbonate

23 is injection-molded in substantially tﬁe same manner
as in Example 1, the same colorless and transparent
shaped article having no silﬁer streak as obtained
in Example 1_is obtained.

Example 3 |

25 10 kg of amorphous prepolymer pellets (about
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67 - fore, according to the presenrlﬁhVéntiOD; therieiis, .iti:,

-
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provi ded a method for producing a shaped,. arti:xcl 8 6f poreus, .¢ ‘o€ < <7 72
crystallized aromati c pol ycarbonate having a bul k density of
fromO0.1 to 1.1 g/cnferr] and a conpressive 1 break strength of
at least 98.0 Ncnferr] (10 kgf/cnferr]), mhiaﬂ com 5 prises
subj ecting a powder form an aggl onerated powder form or

a
granul ar form of porous, crystals; li- zed .ar .G \P rbho e
to nmolding at a terrper-2 mm- 11 d:.gmetg{:m 8bﬁﬁitcl§ ?ngl Ilgtv\g'r@{gjr?glr? %%ecpga[zgegafn
transition o] h I nat.e .

the powder form the agaﬁggggéﬁégii%réyérg?ﬁg XQQBQQ e in'é%?ﬁﬁ%ﬁ'%%ﬂﬁ%%)-

porous, crystallized, apgmaL)¢verization, argobﬁgégﬁgnihﬁopg Eﬁ%%ﬁ%?e bath

recurring aromatic carbon- Ate unit term nal. Xyl

areaof ar 15 o Tiiled witf P50kS BE BCBAY BT APERR N Rpus
of 5 while stirring to effect crystallization. The
resultant porous,'crystallized prepolymer in acetone
has an average particle éiameter of 230 um. Then,
acetone is distilled off in substahtially the same
manner as in Example 1 to dry the porous, crystal-
10 lized prepolymer. The thus obtained porous, crys-
| tallized prepolYmer has a particle diameter larger
than that of the porous, crystallized prepolymer
obtained in Example 2 (whilst some portion of the
porous, crystallized prepolymer maintainﬁ_substanti-
15 " ally the same size as that of the starting pellet).
The porous, crystallized prepolymer is less white
aﬁd assumes slight transparency, as compared to the
L} ‘porous, crystallized prepolymer obtained iﬁ ﬁxample
| 2. The porous, crystallized prepolymer has a speci-
20 fic surface area of 0.4 mzlg and a crystallinity of
23 3. |
The porous; crystallized prepolymer is subject-
ed to solid-state condensation polymerization in
substantiallf the same manner as in ‘Example 2 exceét

25 that the period of time for which the temperature is



from 6,000 to 200,000 and a crystallinity. of ats, ite-l 7. i'edst: 35 %,

L 4

ca 4.

In the above-nentioned method of the present « i nvention;” {Re:

nol di ng of the porous, crystallized 20 aromati ¢ pol ycarbonate may
general ly be conducted by conpr j on nol di ng or by extrusion

mol ding at a tenperature | ower thah glass transition

t enperat ure of the pol ycarbonate. The powder

form or aggl onerated po r. f f _
65 t he p‘&@% S ,a%g ?yzg’t gﬁ ij'zs e(fhaeﬁgf r‘riathoc 1p40 Ihf cu efr orF é’feer%l?y

L1 Pt et on, LN 8 KBl st ize selyransTAbes
drying the polycarbonat . R8HQ @n Mn of 13,000 and an Mw of 31,400. 1In this
Example, a longer polymerizatibn time is required
5 than in Exémples 1 and 2.
Comparative Exampie 1
10 kg of amorphous prepolymer powder prepared
in substantially the same manner as in'Example 2 is
dissolved in 100 £ of methylene chloride and theh,
10 . methylene chloride is distilled off at room tempera-
ture under reduced pressure. Then, the resultant
powder is placed in a vacuum drier, and dried at
40 °C overnighf to obtain a powder having a crystal-
linity of 25 % and a specific surface area of
15 0.07 mzlg. The crystallized prepolymer powder is
subjected to solid-state condensation polymerization
in substantially the same manner as in Example 1
L) except that polymers being formed are sampled 8
hours, 13 hours and 24 hours after the initiation of
20 | the polymerization at 220 °C. From the measurement
of the molecular weight of each of the samples, it
' is_fohnd that the number average molecular weight of
the polycarbonate'reaches 8,100, 8,900 and 9,200 at
respective polymerization times of.8, 13 and 24

25 hours. No significant further increase is observed



s
.. -8
o Bl LG ‘e

.

5 molding. This is due to its extremely sl equi- ..
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li bri um noi sture content which is ascribed toits “high * .-
crystallinity. Accordingly, the powder form i3 : t he

aggl oner at ed powder form of porous, crystal- _ i zed, aromatic
pol ycar bonat e al so can advant ageous- 10 |y be subjected to

conventional nol di ng mefnogh o SGhher aveggg%a%%gégﬁgéft%Qﬂahtnakdhﬂg 2389y

sinter nolding, to prepare I cle.

A shaped article of pO'g%g*%#@@ge.éﬁﬁléﬂéOdQE%PéédﬁgﬁﬂePyaverage molecular

heating the porous, crys ;edf aromati1 c poly _ Car bonate of
the present invention. wélﬁﬁtlsi.e., Mn=12,50036£RhEt "Bel QtEREnBASSEPDly -

invention, there is provided a nethod for producing a shaped,

article of porous, carbonate %wi@cyllaﬁ%aé@nm 5000tyeRebpoals Bavang
a bul k density of from0O.1 to 1.1 g/cnjerr] and a conpressive
20 bgeak strengtdmmdreial BRpsdvaBlabe catonstié 1?bmiréaﬁ‘benatb, resiah
com prises heating particles of a powder formor of an

aggl omer at ed powder foref ofh@ofsade clysspfiédess high viscosityogrmade.
pol ycar bonate, or ‘heating granules of a
The process which cannot provide a polycarbonate
ﬁaving an Mn of 12,500, is commercially disadvan-
tageous.
10 Comparative Example 2
10 kg of amorphous prepolymer powder prepared
in substantially the same manner as in Example 2 is
placed in an atmosphere of tetrahydrofuran vapor-
saturated nitrogen gas at about 40 .°C for 24 hours
15 to effect crystallization. The resultant crystal-
lized prepolymer has a specific surface area of
0.05 mzlg and a crystallinity of 20 %.
The crystallized prepolymer is subjected to
solid-state condensation polymerization in substan-
20 tially the same mannei as in Example 1 except that
the period of time for which the temperature is kebt
at 220 °C is changed to 24 hours. As in Comparative
Example 1, the number average molecular weight of
the polycarbonate cannot be increased to a desired

25 . level. The obtained polycarbonate has an Mn of



granular formof porous, crystallized argpdtic pol-y=;7-25- T
carbonate, at a tenperature which is hlghef--han theé_ - N N

e se e

69 gl ass transition tenperature of the polycarbonate
and which is lower than the crystalline nelting t enper at ure of
t he pol ycarbonate, to fuse and bond 114 the surfaces of the
particles or of the granules, 5 the powder form the
aggl oner at ed powder form or the granular form of porous,
crystallized 8,800nuti c_pol ycarbonate conprising recurring
aromatic carbonate units and term nal hydroxyl and/or aryl
carbonate groups and hacomparatjse Examplef dce area 10 of at | east
0.1 nR/g; a nunber average nol ecul ar ht of from6,000 to
200,000 and a crystallinity 10 kg of 2,2-bis [(4-met yl carbonate)phenyl]
propane is charged into the same reactor as used in
5 Example 1, and stirred while introducing dry argon
gas heated to 280 °C at efflow rate of 30 2(N.T.P.)
/hr to effect reaction at 280 °C for 7 hours, there-
by obtaining an amorphous prepolymer having an Mn of
1,700 and 'an Mw of 3,300. The prepolymer is treated
10 with methylene chloride to effect crystallization,
and then dried in substantially the same manner as
in Comparative Exaﬁple 1. Thereafter, the resultant
crystallized prepolymer is subjected to solid-state
condensation polymerization in substantially the
15 same manner as in Example 1 except that polymers
being formed are sampled 24 hours and 50 hours after
the initiation of the polymerization at 220 °C.
From the measurement of the molecular weight of each
of the samples, it is found that the number average
200 molecular weight reaches 6,500 (Mw=16,800) and 7,100
(Mw=18,000) at respective polymerization times of 24
and 50 hours. The molecular weight of the poly-
carbonate cannot be increased to a desired level.

Comparative Example 4

25 : Polymerization for obtaining an amorphous pre-



LY

of at least 35 % In this nmethod, the heating of the - C Trparticlies.
of the powder formor the agglonerated . °." <" ."i powder foreh’ef™ por Qus; i
crystallized aromatic poly- 15 carbonate or the heating of the
granul ar form of porous, crystahkhigzed aromatic pol ycarbonate
S - conducted at a tenperature which is higher than the

glass transition tenperature of the pol ycarbonate and which is:
| ower than the crystallj ti - izat@ont 18 dom@ueded b Hil-£.
General ly, the heating beyHE£ (Poe ﬁgiyggréondgctgd at 160‘f%i250 [err]C

under a conpres- : stantiaﬂy%hteagaﬁ& f8Anke 48 G900 mparatilvel (Exhxdple-'-

2 tf/cnferr]). he above nentioned nethod, a shaped

article . hayi ngyexgel tRat Brgpet’t debukylvin A dedy il adba

| ater can be obtained. ~Therefore, accor ing to the

70 catalyst and that the polymerization temperature and
5 polymerization time are changed to 250 °C and 6

hours, to obtain an amorphous prepolymer having an
Mn'of 3,100 and an Mw of 6,400. The amorphous pre-
polymer is crystallizé& with methylene chloride, and
then dried in substantially the same manner as in
10 Comparative Example 1. Then, the resultant crystal-
lized.prepolymer is subjected to solid-state conden-
sation polymerizatioq in substantially the same
manner as in Example 1 except that polymers
being formed are sampled 24 hours and 40 hours after
15 the initiation of the polymerization at 220 °C.
| from the measurement of the molecular weight of each
of the samples, it is found that the number average
molecular weight of the polycarbonate reaches 8,500
and 10,300 at respective polymerizaﬁion times of 24
20 and 40 hours. When the polycarbonates having Mn's
of 8 500 and 10,300 are individually injection-
‘'molded at 300 °C to prepare shaped articles, silver
streaks markedly occur on each of the shaped arti-
cles, and the surface of each of the shaped articles

25 has hazy, opaque portions.



present invention, there is provided a ghégéq,article of /.

porous, crystallized aromatic pol ycarborate conpris- TR gt Y

recurring aronmatic carbonate units and term nal ' hydr oxy

and/ or aryl carbonate groups, and having a 1?6 nunber average

nmol ecul ar wei ght of from 6,000 to . 200, 000, a bulk density of

from0.1to 1.1 g/cn[err],ba crystallinity of at |east 35 % and

a conpressive reak, strength of at least 98.0 Ncnmjerr] (10
Examplé 4n this connection, it is prefg¥red]§hat t he

kgf/cmferr])
10 shaped article L speci fi 1
|l east 0.1 nR/g. Further, i Pﬂlygc Iésfg ép:)xlrle e?%é?ﬁ:?@if@afﬁoﬁﬁte pfﬁgo ymer

crystallinity of the shaped rgim&r £PeYEGE DROBéCuDLr NRéight of 3,900

greater than 70 % he shaped, article of porous,
crystallized aromatic paly-a molar ratio &£'EeFRiRalBNy@fokPlagyohpsnto

e.g., a shape of a granul e, pellet, sheet, disc, cylinder,
polygonal ¢ Pithfial Pshy] C64FPERABE Gooabs cOEPBHLESpr whpbhr ks
prepared in substéntially the same manner as in '
Example 1 except that, in the polymerization step,
the temperature is elevated to 250 °C and kept at
235 °C is melted by_heating at about 240 °C and ﬂ
io extruded ih a thin strand form, over a period of
1 hour, into a Waring blender acetone bath filled
with 12 kg of acetone-having a ﬁemperature of 40 to
50 °C throuéh a die having 40 orifices of 1 mm in
diameter. Simultaneously with the extrusion, the
15 acetone and the prepolymer are agitated with a stir-
rer provided with blades at a rate as high as
500 rpm to effect crystallization and pore formation
. while effecting reduction of the prepolymer to fine
powder. The resultant acetone slurry of a porous,
20 crystallized prepolymer is opaque, and it is found
that a great number of fine particles are present in
the acetone slurry. The thus formed particles in
acetone have an average particle diameter of 180 um.
When the acetone slurry is allowed to stand, a

25 porous, crystallized prepolymer precipitates so that



t %

Each of the powder form or aggl oner at ed ;iowdera.‘ R forgn pF poroUs

crystallized, aromatic polycarbon- 20 ¢ .° .°‘ate, the granu1&h *f or m-of-:
porous, crystallized, aromati c pol ycarbonate and the shapéed, *
article of porous, crys- talliz aromati c pol ycarbonat e of
t he present i nvention has a high, sharp crystalline nelting
point as well as a high crystallinity. These 25 properties

clearly distinguish the 3fOMRiddr RYkion of the acetone sol$Fion becomes
71 carbonate of "the present invention and the shaped

article thereof fromt h‘i:r%h%’ﬁi&‘e‘hbom mﬂrpqlaécﬁ'tion of the Brakiseeelly the
conventi onal phosgene process or melt process

(transesterificati on prepped) portion'es tdken out adPréidiidotsne Sovstafned
high crystallinity of each of t he porous, crystallized aronmatic
pol ycar bonat e and therein is distilled off, a polycarbonate oligomer
5 having a number average mblecular weiéht of 710 is
obtained. From the amount of the portion taken out
" and the amount of-the oligomer obtained, it is found
thaf the oligomer is present in the acetone solution
in an amount‘of 390 g.per 12 kg of acetone. |
10 The acetone slurry of. the porous, crystallized
prepolymer is heated while stirring to distill off
the acetone, so that the porous, crystallized pre-
polymer is dried. The particle diameter distribu-
tion of the thus obtained porous, crystallized pre-
15 polymer is measured. A fraction of the porous,
crystallized'prepolymer which passes through 50 um
screen is 2.8 % by weight, based on the weight of
2 the porous, crystallized prepolymer, and fractions
of the porous, crystallized prepolymer which remain
29 on 50 ym screen, 75 um screen, 150 um screen, 250 um
screen, 600 um screen, 850 um screen and 1070 um
sCreen are respectively 3.4 % by weight, 12.6 % by
weight, 11.7 % by weight, 20.7 % by weight, 26.8 &
by weight, 15.4 % by weight and 6.5:% by weight,

25 . based on the weight of the porous, crystallized
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the shaped article thereof of the present invention - ~?~'Ef - reSUned
to be ascribed to the re-arrangenent of s -+ the nnlecular fhaitns:of
the porous, crystallized 10 ~prepol.ymer, which is caused during the
solid-state condensation pol yneri1%8tion. The crystalline nelt-
ing point of the aromatic polycarbonate of the present

I nvention is determned, using 5 to 10 ng of car bonat e
sanpl e, by means of a dpfépotymexn) gsnce the PQ&HHHFP@“E&FOPF ger serves

(hereinafter referred to as i n_an, atonosphere o
inert gas ‘at a heat- as an adhe$hger63€169 gbe[QF¥}E$n1H9828Pe§§§ﬁﬁpe°ﬁ n

t he case of the aromati ¢ pol ycarbonat e g 8 Eii SI%% heno
A, the peak of the crysthﬁl?ﬂ@dﬁﬁl?fng h8oPRFONS, oFTYSH2
[err]C, and the half w dth of the 8eak

melting point is 3. to 8CFEFE]E2 sgcongary Parfichsss, Q%%?§9§t§§||zed
SO0 POLRCATEON e oaet BT r B bRRFSSC el BERRE" Y e
crystal- 23 iDLy 1 SeS AL §NkpkB1EEY 8L2REGE" areleqicdl. S % g
| " and a crystallinity of 29 %.
9 5 kg of the pordﬁs, crystallized prepolymer .
(which has preliminarily been heated to 140 °C) is
10 | subjected to solid-state condensaﬁion polymerization
using a 70 £ tumbler type, solid-state condensation
polymerization reactor made of a stainless steel.
The solid-state condensation polymerization is
conducted under conditions such that nitrogen gas is
15 introduced little by iittle into the reactor while
"keeping the pressure at 1 to 2 mmHg using a vacuum
pump and that the temperaturé is elevated from
140 °C to 180 °C over 30 minutes and further
elevated ffem 180 °C to 220 °C at a rate of
20 ' 10 °C/hr, and then kept at 220 °C for 7 hours,
thereby pbtaining a porous, crystallized polycarbon-
ate having an Mn of 11,500. There is observed no
adhesion of the polycarbonate to the inner wall df

tumbler, and observed almost no adhesion of the

25 polycarbonate to a bag filter disposed between the
—_— - THIS SHEET HAS BEEN |
"l I



72 ; - Sorvent~as corpared to 't he conventlonal‘anDrph0U§‘“-“ f"“—*‘“

aromati c pol ycarbonate. Therefore, the crystattized. S ..vxonatrc.
pol ycar bonat e can advant ageously be used asg. ...:;';‘- a.si ntegi ngec: :
material, filter, absorbent of agas or 5° ° *‘a 1|qU|d Wal 1* cﬁVerlng
materi al and heat i nsul ati ng material, and may have vari ous
shapes, for exanple, - a pellet, shag, disk, cylinder, polygonal
pillar cube, rectangul ar pall al el epi ped or sphere.

Followng is a chart show ng the relationships 10 bet ween aromatic

pglyc?rbonate prepol ynekamdlér and the vacuimy GunianatPife Perbiesed crystal-
pheretrom lized polycarbonate obtained by the solid-state
condensation polymerization is melted, extruded and
pelletized at 280 °C to obtain colorless, trans-
5 parent peliets of an amorphous aromatic polycarbon-
ate. The thus obtained pellets is injection-molded
at 300 °C to obtain a plate. The plate exhibits a
transmittance (according to ASTM D1003) qf 90.4 %
and a haze (according to ASTM 91603) of 0.3 s.
10 Example 5
An.acetone slurry éf a porous, crystalli;ed
prepolymer obtained in substantially the same manner
as in Example 4 is separated into the porous, crys-
tallized prgpélymer and an acetone solution by means
15 | of a batch type centrifugal separator. 9 kg of the
thus obtained porous, crystallized prepolymer and a
- separately prepared 650 g of an acetone solution of
a polycarbonate oiigomer having an Mn of 850 (oli-
~ gomer concentration:'30 % by weight) are mixed well,
ZQ_ and acetone is distilled off while heating and stir-
ring, to obtain a dried, porous, crystallized pre
polymer. The particle diameter distribution of the
thus obtained porous, crystallized prepolymér is
determined by classifying the particies into frac-

25 tions by means of screens The major fraction is
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Her ei nbel ow, an explanation is given with: . <. . "respecT‘lp~the ““3
preparation of an amorphous, aromatic t e . pqucarbonabe-prepplyner
which is used as a starting matertal for *broduci iy a porfous,
crystallized, 5 aromati c polycarbonate prepol yner of the present

I nvention. The nethod for preparing the annrﬂﬁ@us _ prepolyner is-
not specifically restricted. Ceneral- |y, the follow ng nethods
may be used. Met hod % a transesterification is

performed 10 berqeeantainingathe BREGUFLRSI ofokhsuRgenndymesi hayr

ing passed through the 600 um screen. The amount of
the prepoljmer contained in the fraction having
passed through the 50 um screen is only 3 5 % by
5 weight, based on the total weight of the prepolymer
The porous, crystallized prepolymer has a specific
surface area of 1.5 mzlg'and a crystailinity of
28 %.
The poréus, crystéllized prepoiymer is subject;
10 ed to solid-state condensation polymerization in
substantially the same manner aé in Example 4 to
obtain a porous, crystallized polycarbonate having
Mn of 10,800; a specific surface area of 0.8 m2/g
_ and a molar ratio of terminal hydroxyl groups to
15 terminal phenyl carbonate groups of 4/96.

Neither adhesion of the polycafbonate to the
inner wall of Eumbler nor clogging of the bag filter
with the polycarbonate is observed. |
Example 6 |
20 An amorphous prepolyﬁer having a number average

molecular weight of 5,100 and a molar ratio of |
terminal hydroxyl groups to terminal phenyl carbon-
ate groups of 30/70 is prepared in substantially the

same manner as in Example 1 except that the period

25 of time for keeping the pressure at 1 mmHg is
- THIS sHEEf HAS BEEN
eet Has Beenli\eﬁii:ed ' REPLAF}ED



car bonat e. : Method (2): an.arédmatic dLhydroxy«cgﬁpQund and

a diaryl carbonate are reacted with each -Otfef «in a2, L : nb[ar‘Tatlo'
of froml1l:1.2 to 1.2 to prepare an 15 aronat’i ¢ polycarbonate

ol i gomer containing term nal groagi conprised mainty of aryl
carbonat e groups and having a nu r ‘aver age nol ecul ar wei ght

of about 350 to 950 and, then, a transesterification is per-

formed between the oligo d, an_ajomatic y-
conpound. HEnﬂEahBB g3 °“5ﬁ'ar&h§ °HPHQHFOF§388&%ﬁéﬁdlénd
a diaryl carbonate are reacte

of from1.2:1 to 2:1 toSHPEPS gﬁﬁnﬁo soild—sgaEeapsﬂngéaﬁépgcgp&gﬁgF&za%&on'

ol Lgortercont i ni ng {er gl 22ntsatty tHo"URie"AlRREE L I Bkatipre 4 to

obtain a porous, crystallized prepolymer having a

(5, ]

specific surface area of 1.3 mzlg. The particle

diameter distribution of tﬁé thus obtained porous,

crystallized prepolymer, which is determined by
classifying of the partiéles into fractions-by means
of screens, is such that the major fraction is one

10 containing tﬁe particles of the prepolymer having
passed through the 850 um screen. The amount of the

 particles contained in the fraction having passed
through the 50 um screen is 1.3 % by weight, based
on the total weight of the prepolymer.

15 The porous, crystallized prepolymer is subject-
ed to solid-state condensation polymerization in- |
substantially the same manner as in Example 4 except

h ' that the period of time for keeping the prepolymer
at 220 °C is changed to 6 hours, thereby obtaining a

20 porous, ¢rystallized polycarbonate having Mn of
10,200, a crystallinity of 41 %, a crystalline melt-
ing point of 262 °C and a specific surface area of
0.6 mzlg. Neither adhesion of the polycarbonate to
the inner wall of tumbler nor clogging of the bag

25 filter Qith the polycarbonate is observed.
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a number average nol ecul ar wei ght of about 850 to 950‘ it “-ahd":

then, a transesterification is perforned betiheen - & <. t1ﬂ§ﬁvlhgdner
and a diaryl carbonate. Met hod {(4): an ar ongti ¢ di hydr oxXy
conmpound and 5 phosgene are subjecﬁs%eto i nterfacial condensation
pol ymeri zation in the presence of a nol ecul a I ght

controller. Met hod (5): an aronmatic di hydroxy conpound is
subj ected to interfaciag congeggation pol ymeri zation 10 t oget her
wi th phosgene and an ar nohydr oxy conmpound (nol ecul ar
wei ght controller) in excess S l atl { of
the aromatic di- Aﬁyaﬁgﬁﬁufoﬁﬁggﬁgghtg %P@%gﬁgquéggééyqié

car bonat e Okiyg r @O0 n | sQr S rJ inly
15 of aryl carbgné?gsgrgu%éagﬁh g§ Nng 8@ i%bgpaa§F%&pdé%a¥Jnié1

(ransesteri1ication ?Sc’p-‘ér?é?‘r%%ﬁhﬁi’?a,iéﬁ°€héggph@“°l A 490 BL.SF Defbyene
aromatic di hgdroxy compglfdride and 1.7 g of phenol to prepare an emulsion.

Into the emulsion 'is gradually blown 58.5 g of phos-
gene over a period of 1 hour while stirring ande
while maintaining the teﬁperature at from 10 to
20 °C, to advance a-reectioﬁ. To the resultant

10 reaction mixture is added 0.12 g of triethylamine,
followed by stirring for 1 hour, thereby separate -
the mixture into a methylede chloride layer (a pre-
polymer solution in methylene chloride) and an aque-
ous layer. The methylene chloride layer is collect-

15 ed, and to the methylene chloride layer is added an
aqueous sodium hydroxide solution to convert the
remaining chloroformate groups into phenolate

s groups, followed by neutralization with phosphoric
acid and by sufficient washing with water. From the

20 _ resultant solution of the prepolymer in methylene
chlbride, the methylene chloride is distilled off, -
followed by drying'overeight using a vacuum dryer.
The resultaﬁt dried prepolymer is pulverized in
substantially the same manner as in‘Example 2 and

25 then charged in a smell size Waring blender contain-



By any of Method (1), (2) and (3), an anorphols” 20.-. fugnmﬁfg P
pol ycar bonat e prepol ymer contai ning sub- " ¢ % stantldhry-no=chlor|ne
conpound can easily be produced advant ageously. From such an
anor phous aromati ¢ pol ycarbonate epol yner, a porous, crys-

- tallized, aromatic pol ycarbonate prepolyner 523 a 25 por ous,

- crystallized aromatic polycarbonate, each

vt ageousty 50 oA, 00 §"SE LA BRCARE BERERAT A 10000,
MO0 L0 00 o hebEbp o RhELRICBEPIE 36 et Borf Bornation
_product of each of thh895tﬁé)pfggoi§$e39d &ﬂ@h,-acetone is distilled off
to dryness to obtain a dried, porous, crystallized
5 _ prepolymer. The thus obtained porous, crystallized
prepolymer has an 'Mn of 2,3b0, an Mw of 4,600, a
c;ystallinity of 23 %, a specific surface area of
1.3 mzlg and a molar ratio of terminal hydroxyl
groups to terminal pheﬁyl carbonate groups of 45/55.
10 The analysis of chlorine by potentiometric titration
and atomic absorption shows that any chlorine-
containing compound is not contained in this
polymer. _
Then, the porous, crystﬁllized prepolymer
15 (which has preliminarily been heated to 140 °C) is
subjected to solid-state condensation polymerization
using a rotary evaporator under conditions such that
. the pressure is in the range of from 2 to 3 mmHg and
that the temperature is elevated_from 140 °C to
20 180 °C over 10 minuﬁes and further elevated from
180 °C to 220 °C at a temperature elevation rate of
10 °c/hr, and then kept at 220 °C for 4 hours,
thereby obtaining a porous, crystallized polycarbon-

ate having number average molecular .weight of 9,500

25 and a specific surface area of 0.5 m2/g.
— . . .
' THIS SHEET HAS BEEN
This Sheot Has | REPLACED

U



aromatic polycarbonate ol i gomer which is & inter- " e, . . heﬁ ate. T
product, contains a chlorine conpound. ¢ e L *bheVeF when'sach’ of~the
aromati c pol ycarbonate 10 : prepol ymer and ‘t he ollgoner has a
relatively | ow nol ecul ar wei ght, the chlorine conpound can
easily be removed from each of thé r epol ymer and t he

oligonmer. Therefore, even according to Method (4) or (5), an
aromati ¢ pol ycarbonat e aV|n9 a Iomer 15 nol ecul ar wei ght and

cont ai ni ng substanti all chl ori ne conmpound can easily be

ggtrgl)lrjﬁcdi whi ch may be useghzﬁ g\%%tﬁlﬁcég: gﬁgtﬁ‘@(‘ %%@%%%‘& %r}gr‘%ai%fr ﬁh"g“é} 62 g
anor prous aromt| ¢ Pol earigadh Rifiroxdde in 800PY VFPlated, e RN Witn

formulae (1 X) and (X):
(1%, Wh?% '3 ok %iﬁphgﬁoiaﬁ? Q%%“higoﬁﬁmﬂﬁhywﬁ$e chloride

above; and [err] 25
5 and 1.7 g of phenol to prepare an emulsion. Into

the emulsion is gradually blown 55 g of phosgene
over a period of 1 hour while stirring and maintain-
ing the temperature at from 10 to 20 °C. Into the
resultant reaction mixture is blown 6 g of.éhosgene
10 over a period of 5 minutes. To the mixture, 0.13 g
of triethylamine is added, followed ﬁy stirring for
1.5 hours. Then, the mixture is subjected to sepa-
ration of the-methylene chloride layer from the
agueous layer and, then, to pu;ification, and sub-
15 sequently subjected-to crystallization and pore
formation in substantially the same manner as in
Example 7, thereby obtaining a porous, crystallized
s prepolymer. The thus obtained porous, crystallized
prepolymer has_an Mn of 3,300, an Mw of 6,500, a
20 ' crystallinity of 28 é, a.specific surface area of
1.0 mzlg and a molar ratio of terminal hydroxyl
groups to términal phenyl carbonate groups of 40/60.
The porous, crystallized prepolymer is subject-
ed to solid-state condensation polymerization in

25 substantially the same manner as in Example 7,



77 wherein Ar[err] has thg-sane neanhng ‘as - deflned RS
above. -Representati ve exatpt.es of - dlaryltparbqnates ;j -3
i ncl ude substituted or unsubstituted di phenyl 5 . carbonates"' T
represented by the fornula: [err] 10 wherei n each of R[erﬂ
and Rlerr] independently represents a 125 hydrogen atom a hal ogen

atom an al kyl group having _ 1 to 10 carbon atons, an al koxy

group having 1 to 10

10

15

20

25

thereby obtaining a porous, crystallized polycarbon-~
ate having a weight average molecular weight of
25,600 (Mw/Mn=2.3) and a specific surface area of
0.5 m?/g.
Example 9

Pre-polymerization is -conducted in substantial-
1§ the same manner as in Example 1 except that 13 kg
of bisphenol A and 13 kg:of diphenyl carbonate are
used, thereby obtaining 12 kg of an amorphous pre-
polymer having an Mn of 3,200 and a molar ratio of
terminal hydroxyl groups to terminal.phenyl carbon-
ate groups of 50/50. From the bottom portion of the
pre~polymerization.reactor, 10 kg of the molten
amorphous prepolymer at about 240 °C is extruded
into an acetone bath filled with 15 kg of acetone
from the upper portion of the acetone bath through a
die having 40 orifices of 1 mm in diameter over a
period of 1 hour. The bottoﬁ portion of the acetone
bath is connectéd with a suction port of a centri-
fugal pump provided with cutter blades (tradename:
Santoku Cutter Pump, Model Sb-K, manufactured and
.sold by Sanwa Tokushu Seiko Co., Japan) through a
pipe, and a delivery port of the pump is connected
with a side portion of the acetone bath through a

pipé. By operating the centrifugal pump provided



carbon atons, a cycloal kyl group having ﬁron15 to 10 7.-5“; rhngnéa}bon

atons or a phenyl group; and each of p i5-" - -and- q rndepEndanrry?? &
represents an integer of froml to 5, with the proviso that when
p is an integer of from2 to 5, eaelg Rlerr] may be the same or
different, and when g is an integer of from2 to 5, each R err]
may be the sane or different. 20 O these di phenyl
carbonates, preferred ag@th cutter blddesyl ther konteatshaf rthen anehwie iketh
confi gur a- tion, such as di phenyl carbonate, ditolyl carbonate
and di phenyl carbonate guBStiikubedtedt khaohghethe acetone baithylangt die

e.g. di-t-butyl phenyl carbonate. O 25 t hese, di phenyl carbonate is

nost preferred because pump. When passed through the pump, the7®repolymer
is reduced to fine powder by the action of the cutf
5 ter blades rotating at a h;gh ;ate. An acetone
slurry containing-a porous; crystallized prepolymer
is obtained by extruding:the prepolymer into acetone
while oper#ting_the pumé. The porous, crystallized
_ prepolymer in the acetone slurry has an average
10 particle diameter of 190 um. Acetone is distilled
off from the acetone slurry in substantially the
same manner as in Example 1 to dry the porous, crys-
tallized pfepolymer. The thus obfained porous,
crystailized prepolymer has a specific surface area
15 of 1.9 m2/g and a crystallinity of 31 %. Scanning
electroﬁ micrographs of the porous prepolymer with
magnifications of 3,060 and 6,020 are respectively
shown in Figs. 7 and 8.
The porous, crystallized prepolymer is subject-
20 ed to solid-state condensation polymerization in
substantially the same manner as in Example 1 except
that the temperature is elevated to 230 °C and kept
at 230 °C for 10 hours, thereby obtaining a porous
polycarbonate having an ultra-high molecular weight,

25 i.e., an Mn of 26,000 and an Mw of 65,000. After



of the sinplest structure. Thé ébove mentd. oned dl ary1 *
carbonates are used i ndi vi dual | y ‘or '« n conbi nati on." «Fowever:’
when two or nore different types of diaryl carbonates are 5
used, the reaction system becones conplicated with “little
advant age. Therefore, it is preferred to usd 27 one type of diaryl.

carbonate having a symetri cal conf I guration, individually.

As the nol ecul ar wei ght control er to be enpl o t he
interfacial condensati &%°B&Pg tempera ure at 33 né %b'ﬁi u]tfé‘?‘br%

nenti oned the arormtlctemperature 15A20h¥groxa_llev Lgm{o ezo‘{oesoe@t qé/ept

formula (XI):

wh in A h th defi

Pref orabl o exahpl 65 of S5 GALT| Eoondnparesy hereby obty nadi?e‘)%ome
h I -, A% d

B g(r:]'?yl pﬁenolms(|O:1cloucr%IYStaihzeddPﬁéycg‘ﬁb u?gpos | sfg%erésﬁqug&f ﬁgse,_

phenol 20 4 andp@ybeehy RREERL,214E Lar ténc%{”éﬁ’ 4 G "hl mw of

100,000.

» »
. ..
- -
L]

Example 10
Pre-polymerization, crystallization and solid-
state condénsation'polymeriza_tion are conducted in
10 substantially the same manner as in Example 1 except
that 6.5 kg of bisphenol A and 13.3 kg of 2,2~

bis[( 4-pheny1 carbonate )phenyl ]propane
(@—oco—@—tf —@—Oﬁo —@) are used

15 in place of 13.0 kg of blsphenol A and 13.4 kg of
diphenyl carbonate. By the pre-polymerization and
the crystallization, a porous, crystallized

> ' prepolymer having an Mn of 2,500, a specific surface
area of 0.8 mzlg, a crystallinity of 31 % and a

20 molar ratio of terminal.hydroxyl groups to terminal
phenyl carbonate groups of 42/58 is.obtained. By
the solid-state condensation polymerization, a
porous, crystallized polycarbonate having an Mn of

13,000 is obtained.



Furt her, another type of nol ecul ar melght.e'.‘ . @Qntrolleg ﬁay aISO'

advantageously be used in conbi- - . . --natlon ﬂnﬁh the. iy §35% 70 od et
above-nentioned aromatic nonohydroxy conpound Exanpfes of
mol ecul ar wei ght controllers 25 of this type include nonohydric
al'cohol s, such as ' 128
nmet hanol and et hanol; hal of ormates, such as net hyl

~chloroformate, ethyl chlorofornate, isopropyl chl or of ormat e and
cycl ohexyl chl or of or mnat E&xampleva | ent thiols, such as nethyl
mer capt an and et hyl 5 mer capt an; nonoval ent hal ot hi of or mat es,
such as . met hyl theP@bﬂwmbminaﬁiqnuhndtqﬂysﬂdkﬂizétbémrare

~ mate; nonocarboxylic acid such as acetic acid, propi oni ¢ aci d,

benzoi ¢ acid, sod.un]ac@paﬂ@ctgdeﬂncsubstantially the same manner as in
Example 1 except that the amqunt of diphenyl carbon-
5 ate is changed to 12.1 kg to obtain a porous, crys-
tallized prepolymér havinb Mn of 4,300, a specific
surface area of 1.5 mzlg, a crystallinity of 30 s
and a molar ratio.of terminal hydréxyl groups to.
terminal phenyl carbonate groups of 65/35. The
10 porous, crystallized prepolymer is subjected to
solid-state condensation polymerization in substan-
tially the same manner as in Example 1.to obtaia a
porous, crystallized polycarbonate having an Mn of
12,300 and a molar ratio of terminai hydroxyl groups
15 to terminal phenyl carbonate groﬁps of 98/2. That
is, the terminals of the obtained porous, crystal-
lized poly¢arbon;te are substantially hydroxyl
groups.. Inéidentally; when the porous, crystallized
polycarbonate is reacted , while heating, w.ith glycidyl
20 -polyethef, which is prepared from bisphenol A and
epichlorohydrin, in'éhe presence of triethylene- .
tetramine as a curing agent, a cured product which
is insoluble in tetrahydrofuran is obtained.
Example 12 | .

25 ' An aqueous solution prepared by dissolving



Y

anhydri de and acetyl chloride, propionyl: Chlofhdé .10 o an& .q;; ‘

derivatives thereof. | ns or-der” f«0 facilitate- the ov - EdL Tl
pre-pol ynmeri zati on, a dibasic acid or a reactive derivative

t her eof may optionally be used i gh anmount of 5 nole %or less
based on the nunber of noles of the aromatic alhy- 15 - dr oxy
conpound. The above dibasic acid and reactive derlvatlves
thereof may be aliphatig, 64, §”§”§¥'§béﬁumdh droxide §ﬁ'§d§| Q Ees

di basic acids and reactiVv Frvatives thereo |nc aS|c

acids, such as hal i C h
acid, 20 napht“hzﬁ ene- J?ag maébox ?f% gg#gi %I pﬂégyiugj OE fng%hyiene

di carboxylic acid, C'9ﬁhf%f$ﬁécﬁﬁﬁaﬁe7dgcéfbﬂﬁéﬁ6£ to prepare aﬁcéﬁuISLOn.
oxal ic acid, succinic acid, sebacic acid adipic acid, nmaleic

acid and funeric aci d; B{kbh the emulsiodl k& g:é‘@ﬁélilfalbléwnasbabl geogaghas-
metal salts, 25 am ne salts and hal 1 des thereof
5 gene over a period of 1 hour while stirring and
maintaining the temperature at 10 to 20 °C to ad-
~vance a reaction. To Fhe resultant reaction mixture
is added a solution prepared by dissolving 0.8 g of
ethyl chloroformate in 40 ml of methylene chloride.
10 To the mixture, 6 g of phosgene is blown over a
period of 5 minutes and 0.15.g of triethylamine is
added, followed by stirring for 2 hours. Then, the
resultant mixture is subjected to separation of a
_ methylene chloride layer from an aqueous layer and,
15 . then, to purification, and subﬁequently subjected to
crystallization and pore formation:in substantially
the same manner as in Examplé 7. Thus, a porous,
. crystallized prepolymer is obtained. The obtained
porous, crystallized prepolymef has an Mn of 3,000,
20 _ an Mw of 6,300, a specific surface area of 1.3 m2/g,
a crystallinity of 25 % and a molar ratio of the |
total of terminal hydroxyl groups and terminal ethyl
carbonate groups (molar ratio of terminal hydroxyl
groups to terminal ethyl carbonate groups is 26/23)
25 to terminal phenyl carbonate groups of 49/51.
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80 An expl anation is given Qeuvamth respec§ to 5 it
preferred nmodes of the method of the predemt ifvert . . =% .S &ion fTef &
produci ng a porous, crystallized aromatic . pol ycar bonat e.
Exanpl es of preferred mbdes include 5 the foll owi ng methods (A),
(B) and (O. - Method (A for18Podu0|ng a porous, crystal-
|ized, aromatic pol ycarbonate froman aromatic di hydr oxy

conmpound and di aryl carbonat. rises t :
(1) reacting an aromatic di h?&?o? r88ﬁ]50&ﬁas":anizedt Q&e&% ae(r%f airs()%alrcged

CarboaLe under neat n0,g a%obelly myppopator, SEGRUNR U o ksl hed
having a NUEReY g3 SE3IEnER o4kl 2o o o 4B BRVE %t
temperature elevation rate of 5 °C/hr, ahd kept at
5 220 °C for 4 hours while rotating the evaporator
under reduced pressure of from 2 to 3 mmHg while -
introducing dry nitrogen little by little to advance
a reaction, théreby,obtaining a porous, crystallized
polycarboncte having a weight average molecular
10 weight of 24,000 (Mw/Mn=2.2) and a specific surface
area of 0.6 mzlg.
Example 13
An aqueouc solution prepared by dissolving 58 ¢ |
of sodium hydroxide in 800 g of water, is mixed with
15 124 g bisphenol A, 400 ml of methylene chloride and
1.2 g of phenol to prepare an emulsion. Into the
emulsion is'gradually blown 53 g of phosgene over a
- | period of 1 hour while stirring and maintaining the
temperature at 10 to 20 °C to advance a reaction.
20 - Into the resultant reaction solution is further
blown 6_g of phosgene over a period of 5 minutes.
To the mixture, 0.15 g of triethylamine is added,
followed by stirring for 2 hours. Then, the resul-
tant mixture is subjected to separation of an

25 ethylene chloride layer from an agueous layer and,

_//,,
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15 8,000 and having terninal hydepxyl anéféﬁyfiéérbdn-g:’53.:Q;3:

ate groups (pre-polynerization); Tt TSUY2) treating the noowe b
anor phous prepolyner with _ sol vent under -sufficient shearing
force to crystal - lize to a crysgnginity of from5 to 55% and
simul- 20 t aneously render porous the& prepol yner, the shear-

I ng force being sufficient to cause the resultant powder form

of porous, crystallizedy,ghomgli gupPbycation, and sublelRddtdy'st3letda '

have an average particl €

O et ehecon o LFETREAPI L} BETen Sano e FELRRUBIRLE Srbeaguiuiny
or less in the crystal |{ggd; QREPRANAEF 48 in Example 7. Thus, a porous,
crystallized prepolymer is obtained. The porous,
5 . cryétallized prepolymer has an Mn of 9,100,'a.crys-
tallinity of 21 %, a specific surface area of
0.8 mzlg and a molar ratio of terminal hydroxyl
groups to terminal phenyl carbonate groups of 40/60.
The porous, crystallized prepolymer is subject-
10 ' ed to solid-state condensation polymerization in
substantially the same manner as in Example 7 except
that the period of time for keeping the prepolymer
at 220 °C is changed to 5 hours, to thereby obtain a
porous, crystgllized polycarboﬂate having an Mn of
15 11,200 and a specific surface area of 0.3 m2/g.
Example 14 .
148 g of bisphenol, 1.4 g of p-tert-butyl
. _ phenol, 0.8 g of phenol, 0.50 g of methanol, 162 g
of dry pyridine and 600 ml of methylene chloridé are
20 charged in a flask and 65 g of phosgene is blown
into the flask over a period of 90_minu£es while
Stirring éﬁd-maintaining the temperéture at 10 to
20 °C. Then, 400 ml.of methylene chloride is addi-
tionally charged in;the flask and 50 ml of methylene

25 chlqride containing 5 g of phosgene is dropwise
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rmtgﬁemerthanIO%byVW|mn the resulst ant pmmbv{qrmofﬂmrmm git

crystalllzed prepol yner having a ;-:. R L I & I e
81 . . o e e 0 5 6 se & SpeCT f | e
surface area of at least 0.5 nferr]/g; and (3) heating

t he powder form of porous, crystal- 132 |ized prepol yner, or
heati ng an aggl onerat ed powder formor a granul ar form of
porous, crystallized 5 prepol yner derived fromthe powder form of
prepol y- neddedtwhilenpeirting ahdch reabitdber ishadvaneed faoxr
transition tenperature of the crystallized prepoly- mer and at
whi ch the crystallizedoprmpwhye®s iThem, the resultamtsovkadtipat aixtare is
effect solid-state condensation 10 pol yneri zati on of the

crystallized prepol yneadded to 900 ml ofiet@by bycwedghhghylzochdbaicareidge
ol ecul ar followed by sufficiently stirring. Thereaftef, the
5 resultant mixtufe is subjected to sepération of a .
" methylene chloride layer from an agueous layer and,
then,.to purification, and subsequently subjected to
crystallization and pore formation in substantially
the same manner ;s in Example 7. Thus, a porous,

10 crystallized prepolymer is obtained. The porous,
crystallized prepolymer has an Mn of 3,600, a crys-
tallinity of 23 %, a specific surface area of
1.8 m2/g and a molar ratio of thé total of terminal
hydroxyl groups and terminal methyl carbonate groups

15 (molar ratio of terminal hydroxyl groups to terminal

methyl carbonate groups'is 16/36) to terminal aryl

carbonate groups (terminal p-tert-butylphenyl
carbonate groups and terminal phenyl carbonate

groups) of 52/48.

20 - : Then, the porous, crystallized prepolymer is
subjected to solid-state condensation polymerization
in substantially,the.same manner as in Examﬁle 12
except that the pefiéd of time for keeping the pre-
polymer at 220 °C is changed to 10 ﬂ;urs, thereby

25  obtaining a porous, crystallized polycarbonate hav-



wei ght and the crystallinity of the crystalllzed o “l ' grepolynﬁr.to

from®6,000 to 200,000 and at | east SR 1 %, respectyvely -Sor that
the resultant poly- 15 carbonate has a nunber average nol ecul ar

wei ght and a crystallinity which are, respectively, greater
than those of the crystallized prepolynmer. 133 : In method (A,
an anor phous prepol yner is prepared in the pre-polynerization
step (1) and then 20 crystallized and rendered porous |n ste8 (2).
Sub- sequeriflgy @ RLPYr ARSTAFY AASFUERE YR EFRE yoE 24,00 :
obtained in Step (2) is sg&lected to solid-state condensati on
pol ynmeri zation in step pol yneri zation step (1), a

m xture of an aromatic _ 25 dlhydroxy conpound and a diaryl
carbonate is heated, Example 15 82

- An aqueous solution prepared by dissolving 60 g
5 of sodium hydroxide in 850 g of distilled water is
| mixed with 146 g of bisphenol A, 400 ml of methylene
chloride and 1.7 g of phénol to prepare an emulsion.
Into the emulsion is éradually blown 62 g of phos-
gene at a temperature of from 10 to 20 °C over a
10 period of 1 hour while stirring to effect reaction.
Then, a solution prepared by dissolving 1.3 g of
terephthalofl chloride in 160 ml of methylene
chloride is added to the reaction mixture. There-
after, 6.4 g of phosgene is blown into the reaction
15 mixture and, 10 minutes after completion of the
blowing, 0.16 g of triethylamine is added thereto.
The reaction mixture is stirred for 1 hour.
. _ From the reaction mixtures, a layér of
methylene chloride containing a prepolymer is
20 separated. The layer is washed with 0.1N hydro- 
chloric acid and then with water.
Added to the thus obtained methylene chloridé
solution of tﬁe prepolymef is 10 ppm of a disodium
salt of bisphenol A. The methylene:chloride solﬁ-

25 tion of the prepolymer is subjected to distilla-
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whil e renmoving a by-produced aromati c nonchydroxy: . . rreompound -t -
having a structure such that a hydroxyl .“:i. &J.%i" grolupri's:bpided=ta an:-
aryl group derived fromthe di aryl’ carbonate’” to Theteby obtaih
a prepol yner. 5 The nunber average nol ecul ar wei ght of the
anor phous prepol yner prepared in pre-pol yneri34tion step (1) is
generally within the range of from 2, 000 to 8,000. The nunber
aver age nol ecul ar wei ght of t he anor phous prepol yner can be
controll ed by appro- 1lipion-off ofthe cpethrlenei shlpride Shexafaom ans
such as tenperature, reaction tine, pressure and agitation
rate. In general, the prhepoiubisctedte ¢sypkallization in SPgFﬁé@ Y
tenperature of from 100[err] to 320 C, preferably_of from
160[err] to 280 C, for theecfamy manner as in Expppleq 2,i £02@bkadns aunder

at nospheric pressure or

r ce ressyure. The
pre-pol ymerization is Fﬂ%ﬁ?ﬂ%ﬁﬂﬁx¥ﬁ?%£xikﬁg prepolymer. The thus porous,

5 cfystallized prepolymer has a number average mole- .
cular weight of 3,200, a weight average molecular
weight of 6,500, a crystallinity of 25 %, and a
specific surface area of 1.0 mzlg. The porous, crys-
tallized prepolymer is subjectéd to solid-state
10 condensation polymerization in §ubstantially the
same manner as in Example 12, to obtain a porous,
crystallized polycarbonate having a weight average
molecular weight of 33,000 (Mw/Mn=2.4).
Example 16
15 An aqueous solution prepared by dissolving
64.8 g of.sodium hydroxide.in 800 g.of distilled
water is mixed with 137 g of bisphenol A, 400 ml of
methylene chloride ahd 1.7 g of phenol to prepare an
| emulsion. Into the emulsion.is gradually blown
20 58.5 g of phosgene at a temperature of from 10 to
20 °C over a period of 2 hours while stirring to
advance reactién.
Then, 6 g of phésgene is blown into the reac-
tion mixture over a period of 5 min&tes. 0.15 g of

25 triethylamine is added to the reaction mixture, and



in nolten state without using a solvent.. Altén-g:. et ’h&tuvely, fhe

pre-polynerization may be perfornmed in 20 .~-3£ a SOI%ent “&Hi gh 1. inért

to the pre-polynerization reactlon such as nethylene chl ori de,
chl orof orm 1, 2-di chl or oet hane, tetrachloroethane di chl oro-
benzene, tetrahydrofuran, di phenyl methane an®3li - phenyl et her.
25 The nol ar ratio of the di aryl carbonate to the

83 aronat r ox ound is varied de end on

the types of the enplo§ %PQ: UF Sy The reactidn re is

oThyorecy Corpaind 0 Lot o é"@%:mm a0t R e S O
from0.6 to crystallization in substantially the same manner as
in Example 7, to obtain a porous, crystallized
5 prepolymer. The porous, crystallized prepolymer has
a number average moleéular_weight of 3,300, a weight
ave?age molecular weight of 6,500, a crystallinity
of 28 % and a specific surface area of 1.0 mzlg, and
. a molar ratio of terminal hydroxyl groups to termi-

10 nal phenylcarbonate groups of 40:60. 100 g of
porous, crystallized prepolymer is charged into a
glass-made gas flow type reactor of SO0 mm in inner
diameter having a.glass filter (pore size: about 40-
50 um) attached to one end thereof. Nitrogen gas is

15 | fed into the reactor through the glass filter at a
gas flow rate of 120 liters (N.T.P.)/hour, and
solid~state condensation polymerization is performed

s at 210 °C under atmospheric pressure for a period of
threé hours. = Thus, there is obtained a porous,

20 . crystéllized polycarbonate having a weight average
molecular weight of 25,000 (Mw/Mn=2.3’ and a speci-
fic surface area of 0.5 mzlg.

Example 17
An agqueous solution prepared bf dissolving

25 64.8 g of sodium hydroxide in 800 g of water is
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1.8 noles, preferably from0.7 to 1.6 noles, mofe: ;;Lj:"- égeﬁerébl&?§q.
from0.8 to 1.5 noles, per nole of the ‘. v ¢ raromatic dihydroxy " *

conpound. The anor phous prepol yner prepared in the above-

10 menti oned pre-polynerization gener&l36/ conprises

termnal aryl carbonate groups represented, for exanpl e, by the
formula: [err] 15 wherein Ar[err] has the sane
meani ng as defined mixed with 13Bogepf bisphenol @and 408 mlhaf hyeltloxléne
groups derived fromthe ~di hydroxydi aryl conpound, which is
represented, for 20 chlorkdenphd, 18ygt bf phemdlato prepare an emulsion.
HO- Ar - wherein Ar has the sane neani ng as defi ned above.

The crystallizatian andIpboetheremulshonnist ggadually blown 58.5 g of phos-

gene at a temperature of from 10 to 20 °C over a
5 period of 1 hour while stirring to effect reaction.
Further, 6 g of phosgene is blown into the reaction
mixture over a period of 5 minutes, and 0.15 g of
triethylamine ‘is added thereto. The reaction mix-
ture is stirred for two hours. A layer of methylene
10 chloride is separated. The separated layer is neu-
tralized with phosphoric acid, and then suffiéiently
washed with water. After distilling off the methyl-
ene chloride, the remainder is vacuum-dried to ob-
tain an oligomer having a molar ratio of tefminal
15 hydroxyl groups to terminal phenyl carbonate groups
of 2:98. The oligomer has a number average molecu-
lar weight of 800. 28.4 g of bisphenol A is mixed
with 100 g of the oligomer. The resultant mixture
is subjected to melt polymerization at 230 °C, and
20 then subjected to crystallization in substantially
the same manner as in Example 2,.to obtain a porous,
crystallized prepolymer having a number average
molecular weight of 3,8oo,a specific surface area of
0.9 mzlg and .a molar ratio of terminal hydroxyl

25 groups to terminal phenyl carbonate groups of 58:42.
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25 (2) and the solid-state condeusqtlom,polynerlzat|0n : 5*-r;;:J.

84 in step (3) are conducted Fn-the sane nmanner=as- ™ *
descri bed herei nbefore in detail. - Method (B) for
producing a crystallized aromat{ 37 pol ycarbonate from an
aromati ¢ di hydr oxy 5 conpound and phosgene conprises the steps
of : (1) reacting an aromatic di hydroxy conmpound

wi th phosgene in the pm@m@ﬁsﬁ ot eghid sirpyepglymer shows thatcanyrchllec
to prepare a prepolyner having a nunber aver age nol ecul ar

wei ght of from 2,000 t@ihdd¥bntdining compodqﬂeisxﬂqtmmonaaineﬁ in the

(2) treating sald prepol ynmer with sol vent under sufficient

shearing force to crystpddpcdiyer.a (Thes-obtained porous, crystallized pre-
| B polymer is subjected to solid-state condensation
5 polymerization in substantially the same manner as
in Example 12, to thereby obtain a porous, crystal-
lized polycarbonate having a weight average molecu-
lar weight of 28,300 (Mw/Mn=2.4).
Example 18 |
10 An acetone slurry of porous, crystallized pre-
polymer obtained in substantially the same manner as
in Example 1 is dried to have an acetone content of
35 % by weight. The resultant moist powder is
subjected to granulation at about 40 °C by using a
15 small size extruder (Pelleter BXKF-1 manufactured
and sold by Fuji Powdal Co., Japan), to prepare a
granular, crystallized prepolymer having a diameter
a of about 2 mm and an average length of about 3 mm.
The thus prepared granular crystallized prepolymer
20 is dried at 120 °C for 2 hours. The thus obtained
granular prepolymer has a number average molecular
weight of 4,000, a molar ratio of terminal hydroxyl
groups to térmiﬁal phenylcarbonate groups 6f 33/67,
a specific surface area of 2.2 mzlgf a compressive

25 break strength of 7 kgf/cm?, and a cr&stallinity of

THIS, SHEET HAS BEEN
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tallinity of from5 to 55% and simul tanedliely Tender [« ¢ 1 "ii*in poroug

said prepol'ymer, the shearing force being *}5:- ~: ° eSQiflCléhI to cauge
the resul tant powder form of por ous, crystalllzed aromatic
pol ycar bonat e pre- pol ymer to have an average particle

di anet er of 250 [err]mor less,13d a particle dianeter

di stribution such that the content O particles having a
particle dianmeter of 50 [err]mor less in the 20 crystallized

prepol yner is not great2® %.han 10% by wei ght, the resultant
powder form of porous, crystallized prepolynmer having a specific surface
area being at least 0.5 nferfd0 @ afhdhe grmnular crystal ized prepolymer
B4a is placed in a glass-made gas flow type reactor of
50 mm in inner diaﬁeter having a élass filter (pore
5 size: about 40-50 um) attached to one end thereof.
Nitrogen gas is introduced into the réactor through
the glass filter at a gas flow rate of 150
2{N.T.P.)/hr, and solid-state condensation polymeri-
zation is performed under atmospheric préssure at
10 210 °C for 3 hours. As a result, there is obtained
a granular, crystallized polycarbonate having a
‘number averagelmolecular weight of 12,100 and a
crystallinity of 45 %. The shape of the granular
polycarbonate after the polymerization is nearly the
15 same as that of-the prepolymer before the polymeri-
zation. This means that the pulverization of the
granules does not occur during the polymerization.
The granular, porous crystallized polycarbonate
has a compressive break strength of 43 kgf/cmz-and
20 an equilibrium moisture content of 0.04 %. This
equilibrium moisture content is as low as about one-
tenth of tpét of a cqmmercially available amorphous
polycarbonate pellet. |
Example 19

25 An amorphous prepolymer having a number average

_
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(3) heating the powder form of porous, crystal-w Flzedcprepolynur; or ﬁ?&i _

heating an aggl onerated powder formor g granulgr:fori gf porédss. ..05&
crystallized prepolyner derived fromthe powder for m of prepoly- mer, at
a tenperature which is higher than the gl ass

85 transition tenperature of thé3@rystalllzed prepol y-

molecular weight of 3,800 and a molar ratio of
terminal hydroxyl groups to términal phenyl carbon- .
ate groups of 50/50, and containing no -chlorine-
containing compound therein, which is prepared in

5 substantially the same manner as in Example 1 excepﬁ
that the amount of diphenyl carbonate is changed to
13 kg, is subjected to crystallization and granula-
tion in substantially the same manner as in.Example
18, to obtain a granular, porous, crystallized pre-

io polymer of a cylindfical shape having a diameter of
about 1 mm and a length of about 3 mm. The thus
obtained granular, porous, crystallized prepolymer
has a number average molecular weight of 3,800, a
molar ratio of terminal hydroxyl groups to terminal

15 phenyl carbonate groups of 50/50, a specific surface
of 1.9 m2/g, a compressive break strength of
11 kgf/cmz, and a crystallinity of 25 .

* _ 100 g of the granular, porous, crystallized

prepolymer is subjected to solid-state condensation

20 polymerization in substantially the same manner as
in Example 18, except that the polymerization is
conducted at 210 °C ?or 3 hours and then at 220 °C
for 3 hours, thereby obtaining a granular, porous,

crystallized polycarbonate.

25 The thus obtained granular, porous, crystal-
This Sheet Has Been R THIS SHEET HAS BEEN
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mer and at which the crystallized prepol ymar €5 im = <.+ - =1h.50H ¢ ol

state, to effect solid-state condensation & ¢° . ..ebdﬁynehbzasﬁon.of7?he
crystallized prepolynmer, 5 t hereby i ncreasing the nunber average
nmol ecul ar wei ght and t he crystaliggity of the crystallized

" prepolynmer to fromé6,000 to 200,000 and at | t 35 %
respectively, so that the resultant poly- carbonate has a

mb | | ar, wej gh d i ni i ,
espect i vel y-greater Ti26d B1v/¥nnoate hag e nkHEL S p Pl HO180uTa
| _ | h i i ati :
(1) pﬁ?inﬁé conduct ed by'eaigé‘wﬁ-’nﬁ?’td?% i G rPbEaPRLATEY | 88 bP e, | THEP
aromatic di roxy co i ST, . - n
presence of %lhe' a%ove?%en %or?e%d%&jadﬁi&ﬁo 2oulaf e gﬁ%gggﬁ?{io %2?,‘ an

acid acceptor and a _carbgyate’§¥ﬁ€¥“théW€%J éi&é%fﬁ%ﬁeﬁsoﬁeﬂfig the

acceptors i.ncl ude an aqueous al solution containing 5to

10 % by wei gnt of an aldggld a2tk (¥ H1E YpréhdByme£Opefore théUpHlgferi-
pyridine. Exanples of solvents include

zation. This means that the pulverization of the.

granules does not occur. The granular, crystallized
polycarbonaﬁe has a compressive break'strength of
55 kgf/cm2 and an-equilibrium moisture content of
10 0.04 s,
Comparative Exampie 5
The crystaliized.prepolymer as prepared in
Comparative Example 1 is subjected to éranulation in
substantially the same manner as in Example 18, to
15 obtain a granular, crystallized prepolymer of a
cylindrical shape having a diameter of about 2 mm
and a length of about 3 mm. The obtained granular,
. crystallized'prepolymer has a Specific.surface area
of 0.04 m?/g.
20 The granular, crystallized prepo}&mer is
subjected td solid-state condensationonlymerization
in substanfially the same manner as i& Example 18,
to obtain a polycarbonate having a number average
molecular weight of 8,100. Duriﬁg the polymeriza-

25 tion, any pulverization of the granules does not
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met hyl ene chloride, chloroform carbon tet%d- LT chl-otisde

.2 LR R
.-
)

tetrachl oroet hyl ene, chlorobenzene and :°%.:. ..:Xylene - 7 83 % ° 173
It is preferred that phosgene be added to the 25 reacti on system -

by bl ow ng the phosgene in gaseous

. 86

forminto a mxture of an ardddtic di hydroxy com

~pound, an acid acceptor, a nolecul ar wei ght control - - ler and a

solvent (particularly preferred is

met hyl ene chloride), or by

di ssol vi ng phosgene in @ccBr. _ sol vent and dropping the solution into

the m xture
accep-

of an aromatic di hydroxy conpound and an acid

t or . ExpmpAsl @0ul ar wei ght controll er may be added

before, during or after the reaction of phosgene

10

15

20 .

25

Substantially the same moist powder as used in
Example 18 is granulated using a compressiqn molding
machine under pressure of 1 tf/cm? to obtain a
granular, porous, crystallized prepolymer of a
cylindrical shape having a diameter of about 10'mh
and a length of ébout S mm. The obtained granular,
porous, crystallized prepolymer is dried at 120 °C
for 2 hours. Then, the granular, porous, crystal-
lized prepolymer has a number average molecular
weight of 3,900, a molar ratio of terminal hydroxyl
groups to terminal phenylcarbonate groups of 35/65,
a specific surface area_of 2.1 mzlg, a compressive
break strength of 26 kgf/cmz, and a crystallinity of
22 s, |

100 g of the granular, porous, crystallized
prepolymer is subjected to solid-state condensation
polymerization in substantially the same manner as
in Example 18 except that the polymerization is

conducted at 220 °C for 2 hours, to obtain a granu-

-lar, porous, crystallized polycarbonate having a

number avefage molecular weighﬁ of 12,900 and a
crystallinity of 40 $. The shape of the granular,

porous, crystallized polycarbonate after the poly-
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with an aronatlc dlhydroxy conpound, but §i t.i & pré—'iﬂ '.
t he nol ecul ar wei ght controller be added ' before or” dUrxng the
reaction. The reaction tenper- ature is generally in the range
of from-30 to 100 [err]C and tht42eaction tinme is generally in
t he range of from1 mnute to 10 hours. 15 The

prepol yner prepared by the pre-polyneriza- step (1) has
a nunber average nol ecl¥eyization is nemi‘jh?h%fsﬁmﬁoést 5g8t09§ henipre-

nol ecul ar wei ght n attain riate sel ectin
reaction - cxﬁﬂﬁxm%ﬁgb éhﬁﬁr t?é&¥ﬁéﬁ£¥ g£°3 nn#géﬁlgﬁaﬁéigﬁﬁt
20 controller, the a unt of ueous, .al kal i Iutlon

the reaction tenperatur’g1 qf Eﬁ%h ﬁ t%%dgranu es does npt,pogur.
phosgene. The prepoly ar by. t he p nerizati
general |y conpri ses tgﬁﬂ%aﬁ aq&ﬂar, poronsy o%\f%?%%gz%ﬁoﬁﬁyfa ﬁ&@%ﬁ) has

and erm g alkall 2§ compred il "SANME LA GER"SE 2] So0kgEPEnEIICh 25

eyt llnﬁn

Examples 21 to 24
Amorphous prepolyﬁers are individually prepared
from bisphenol A, diﬁhenyl carbonate and each of
dihydroxyaryl compounds indicated in Table 1. Each
10 of the amorphous prepolymers is subjected to crys-
tallization and pore formation, granulation, and
solid-state condensation polymerization, in substan-
tialiy the same manner as in Example 18, to thereby
obtain a granular, porous, crystallized; aromatic
15 polycarbonate. The properties of the porous, crys-
tallized prepolymers and the polycarbonatés are
| shown in Table 1. The crystallinity of gach of the
porous, érystallized prepolymers is in the range of
from 20 to 38 %. Any pulverization of the granules
20 doeé noé occur during the solid-state condensation
polymefiéation. The crystallinity of each of the
grahular, porous, crxstallized polycarbonates ob-
tained by the solid-state condensation polymeriza-
tion is in the range of from 40 to S8 5.
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in addition to aryl

groups derived fromthe aromatic nonohydrpxys & -

a nol ecul ar wei ght controller.

groups can be converted to

conmpl etely hydrol yzi ng

phenol at e
solution, and nutrali zi
met al - cont'ai ni ng pheno

foll owed by washi ng w
nonohydri ¢ al cohol , su
nonohydri ¢ al cohol ,

nmol ecul ar wei ght
nonohy- 15 dr
mer are generally conp

Table 1
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groups, alkyl carbonate groups, and hydroxyt-aroups, :¢&..- i s itRreférred

)

is a porous, crystallized aromatic poly- ¢ ** ¢ 3 .éaﬁbonétélhévﬁnngﬁé,
term nal groups conprised 20 ~substantially of hydroxyl groups and
aryl carbonate gr oups. The prepol yner
obt ai ned by the pre-polyneriza- "%4%n in step (1) is generally
in the formof a sol u- tion of the prepolyner in the organic
solvent. The 25 met hod for obtaining a solid prepolyner fromthe
88 sol ut i B¥aPPLRoR5specifically restricted. For exam

ple, the prepolyner solution_is well washed .and neutralized,
and then, (i) the solution | 8¥€oRedymerization and qrystallizatipr using

followed b ul verization, or the 5 sol utiqn i ncentrated to a
wet nass ¥oPIomed by acetone are conducted in s&ﬁs anéiéi y the same

manner as in Example 1 except that 13.0 kg of bis-

5 phenol A and 13.2 kg of diphenyl carbonate are
employed, to obtain a porous, crystallized prepoly-
mer having a number avérage'molecular weighﬁ of
4,100, a molar ratio of terminal hydroxyl groups to
terminal phenyl carbonate groups of 37/63, a cfys—

10 tallinity of 25 &, and a specific surface area of
1.1 mz/g. The thus obtained porous, crystallized
prepolymer is charged into a glass-made gas flow
type reactor having an inner diaméter'of 15 mm and
provided at its bottom with a glass filter having

15 . pores of about 40 to 50 um in diameter. Then,
solid-state condensation polymerization is conducted
at 210 °C for 2 hours under atmospheric pressure

“ while_intioducing nitrogen gas into thé reactor

through the glass filter at a flow rate of

20 - 2.5 2(N.T.P.)/hxr relative to 2 g of the poroﬁs,
crystallized prepolymer, thereby obtaining a porous,
crystallized polycarponate having a number average
molecular wéight'of 10,800.
Examples 26 to 28 and Comparative Eﬁamples 6 and 7

25 In each of these Examples and Comparative
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pul verization and drying, to-obtain a solid; orc(gt). ~.r- U iw sthe.iie
solution is heated while vigorously stirring and*® ° bl Bwi'figesSt eam
to distill off the solvent. The solid prepol yner obtai ned
by the above 10 met hod may have aquggy been partly-crystallized.
However, the prepolyner has not yet be rendere por ous and,
therefore, its specific surface area is generally as small as

0.1 nferr]/g or less. |Rxan#lles,0solid-state pdlyARH 24t 0P PUSonducted in
crystallized, aromatic poly- 15 car bonate prepol ynmer of the -

present invention from gubstantialliy¢hehdamebimdiniRsd: < iih a0 deess, t he
solid pre- pol ymer as Such or in a nolten state is 1 ntroduced

into a solvent and treaegdepit! Rhakke thel Faolk #adQ of nitrogen g#8/f ftife eFdac-
shearing force to crystallize and render 20 - porous the anorphous
aromati c pol ycarbonate giepokime and the readtions tdaprradtatrealmes. indid¢idu-
is, the prepolyner is treated under shearing force which is
sufficient 40 allyczhanagede tbethbsantinddodted imwrtalle 2, to
crystallized, aromati c pol ycarbonate prepol yner to have an
average 25 . pacbtalia gozouser coiystillieed podydaxdnates. The

15

results are shown in Table 2.
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t he prepol yner include acetone, methyl efhyd ketone, ee® e wet TweyBt hiyd Tt .
propyl ketone, xylene, ethyl acetate, aceto- nitrile and _
toluene. O these, acetone is 5 paef erred. The
solid-state polynerization in step (3) is conducted as
descri bed hereinbefore in detail. Wth respect to the
solid-state polynerization, it is bel i eved that when the
term nal groups of the pre-_ 1 ——Rpolynmer are conprised not enly of
term nal phenyl » cajbonaffe grqups gdnd term nal hydroxyl groups,
but al so plJg4 carbponate grogps, duch asjethyl garbonate
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zation reaction of the prepolynmer while r§¢§?sing 15‘ ' 'ﬁ'E pheﬁol ané--.

di phenyl carbonate, but also the poly- e = - conﬁensatlon redct i 6n *
advances whil e rel easing _ phenyl ethyl carbonate.

Met hod (C) for producing a crystallized . aromatic pol ycarbonate
froman aromatic pol ycarbon- 20 ate éilgoner and an aromatic

di hydr oxy conpound conpri ses the steps of: ' (D)
reacting an aromatic po ngke ol i gomer havi ng a nunber

aver age nol ecul ar melgh%%%ﬁﬁago%P about 350 to about 950 and
having its term nal Pre-%Bﬁ?ﬂérﬁQ@Eﬁb&?qéﬁﬂﬁﬁdﬁﬁﬂéﬁ|ihC§uE§ﬁﬂnt1a1-

carbonate
groups with an aromatic g @ﬁ@rgéﬁecﬂgﬁﬂﬁQdaﬁn@%'Example 1 except that

13.0 kg of bisphenol A and 13.3 kg of diphenyl
5 carbonate are employed. The thus obtained amorphous
prepolymer is subjected to crystallizétion and pore
formation using acetone, followed by drying, in
substantiaily the same mannér as in Example 1,
thereby obtaining a porous, crystallized prepolymer
10 ' having a number average molecular wéight of‘4,100, a
| molar ratio of terminal hydroxyl groups to terminal
phenylcarbonate groups of 35/65, a crystallinity of
25 %, and a specific surface area of 1.0 mzlg.
The porous, crystallized pre?olymer (which has
15 preiimiharily been heated to 180 °C) is subjegted to
solid-state condensation polymerization by using a
glass-made gas flow type reactor having an inner
. diameter of 15 mm under conditions such that the
pressure is maintained at atmospheric pressure while
20 introducing, as an inért gas, nitrogen gas which is
saturated with phenol at 0 °C {a partial pressure of
phenol: 0.028 mmHg),.at a flow rate of 1.25 2
(N.T.P.)/hr, per g of the porous, crystallized pre-
pélymer, and the temperature is elevated from 180 °C

25 to 210 °C over a period of 30 minutes and then kept
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heating at a tenperature sufficient and fqre'a peri Q8= “....7c3 | ‘lfof - :Ihn.
sufficient to prepare an anorphous prepoly-.; . e e nérﬁhav1ng at,

nunber average nol ecul ar weight of from 5 2,000 to 8,000 and
havi ng term nal hydroxyl and ar¥l car bonat e groups;

(2) treating the anorphous prepolyner with sol vent under
sufficient shearing force to crystal lize to a crystallinity
of at least 5 % and sinul - 10, t aneousl reng ggrgui t he

prepol yner, the shear- at 210 °C f°r|?mﬁf¥9%€5be Rgrebyr PEFRARLRE RaROEoMSe

resul t ant omder for oro S |zed Rar matic poly-
car bonat e prepol yner th Eﬁi& L%¢%?€Z hiv ng a Fﬁnéyggagﬁ

250 [err]mor |ess, and artlcle di € é&élbutlon. 15 such
that the content. of pamMQXEBEaAR N t] t&’draneter of 50 [err]m or

N R b RRTE L e
surface ar%a being at leaStéhégﬂgﬁﬂfgif§ EK@ same porous, crystallized
' prepolymer as used in Example 29 is subjected to
solid-state condensation polymerization in substan-
tially the same manner as in Example 29 except that
nitrogen gases saturated with phenol respectively at
10 S0 °C (Example 30) and at 63 °C (Comparative Example
N 8) are individually employed as ah inert gas, to
obtain porous, crystallized polycarbonates. The
partial pressuie'of phenol in the phenol-saturated

nitrogen gas and the number average molecular weight

15 of the resultant polycarbonate are shown in Table 3.
Table 3
L 3
Partial pressure of Number average
| phenol in p@enol- molecular weight
20 : saturated nitrogen of polycarbonate
(mmHg)
Example 30 ' 2.3 6,800
Compara- _
- Jtive 5.7
Efample 8 ' 1,300

/
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t he powder form of porous, crystal- - Iized:ﬁrépQIyner}:Ei‘heatﬁngian'=“;;_
aggl onerated powder formor a granular form &f ‘porous’ eryst-alli-zed e.*
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As is apparent from Table 3, when the partial
pressure of phenol in the phenol-saturated ﬂitrogen
gas is 2.3 mmHg, the number average molecular weight
is promptly increased to 6,800, whereas when the
partial pressure of phenol'ié 5.7 mmHg, the number
average molecular weight is only slowly increased to
4,300 from 4,100 of the prepolymer.

Example 31 '

Solid-state condensation polymerization is
conducted in substantially the same manner as in
Example 29 except that a granular, porous crystal-
lized prepolymer having a diameter pf about 1 mm and
a length of from about 0.5 to about 2.0 cm, a number
average molecular weight of 3,980, a molar ratio of
terminal hydroxyl groups to terminal phenyl carbon-
ate groups of 36/64, a crystallinity of 25 % and a
specific surface area of 0.9 mzlg is employed,
thereby obtaining a porous, crystallized polycarbon-
ate having a number average molecular weight of
10,500.

Example 32

The same granular, poroué, crystallized poly-
carbonate as used in Example 31 iélgubjected to
solid-state condensation polYmeriiaéion using a

moving bed, gas flow type reactor made of SUS 304
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prepolyner derived fromthe pomder forn1of prepoly;‘ nef at: a Lenperaiuﬁe“
whi ch is higher than the gl ass tranS|t|qm=tenperaLnIe of the n:ystat1|zed
prepoly-. mer and at which the crystalliizzed prepbl yhet -8 ins" &-sofs d-

state, to effect solid-
crystallized prepol yner,
t hereby increasing the
crystallinity of the cr
200, 000 and at | east

state condensation polynerization of the

91
nunber average nol ecullaQ wei ght and the
ystal lized prepol yner to from 6,000 to

35 % respectively, so that the resultant

pol ycarbo- 5 nateehahauingneer1aneragéamste§up£r1ﬁeﬂgh@ndh@na
crystallinity which are, respectively, greater tha those of
the crystallized prepol gffective length of 1 Wnaﬁétﬁ69V@éFd i thr eamanile

pol ycar bonat e

10

punp and a gas-cooling device. The granular, porous
crystallized polycarbonate is introduced into the
reactor from its upper portion at a rate of

1.2 kg/hr at a temperature of 210 °C for 20 hours
while introducing nitrogen gas from the bottom
portion of the reactor at a flow rate of 6.m3
(N.T.P.)/hour. Nitrogen gas containing phenol is
discharged from the reactor, cooled to 0 °C for

liquefying and removing excess phenol, and then

heated to 210 °C. The heated gas is then reintro-

-duced in the reactor. From 7 to 20 hours after the

15
20

25

-

i

initiation of the operation, a granular, porous
crystallized polycarbonate having a number average
molecular weight in the range of from 10,800 to
11,000 is recovered from the bottom portion of the
reactor at a rate of 1.2 kg/hour. 1In this meﬁhod,
nitrogen gas is.advantageously recycled.

The partia; pressure of phenol of the recycled
gas at a temperature of 0 °C is 0.028 mmHg, which is
calculated by the fogmula described hereinbefore.
Example 33

The same porous, crystallized aromatic poly-

carbonate as obtained in Example 1 is subjected to

THIS SHEET HAS BEEN |
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oli gomer having 1ts tern nal “groups conprlsed Sub- 10 - T stantla@ﬁgl"
i A

of aryl carbonate groups is used for the! . . pr.e- polynetlzatlon
step (1). As described above, such an ollgoner ‘ean edgsil v, bé.”
prepared by the transesterification method or the interfacia

pol y- condensati on nethod. 15 An aggl oner at ed
powder formor a granular form ’ ofsporous, crystallized

prepol yner, which nay be used in step (3) of each of Methods
(A, (B) and (C©, can easily be-.obtained individually fromthe -
powder form of porous, puess ald:udaﬁﬂ; 30 yrnerunder 2Pressure bffe 17900ekg®y
descri bed before in detail. The crystallization in step
(2) and the solid- cmz, to tliexteby dbhtrein zatpoessed sskeet3)18rem x
conducted in . the same manner as described hereinbefore in

detail . 15 lom « I3 timd St P Fhesichhas amcappaventedendity 3%

I.e., the pre-polynerization, t crystallization of
1.03 g/cm® and a specific surface area of 0.3 mZ/g.

5 Accordingly, the sheet, even after the press mold-
ing, is-poroué. |
In a DSC chart of the thus obtained shaped
article of porous, crystallized polycarbénate
(pressed sheet), a peak representing the crystalline
10 melting point of the polycarbonate is observed at
271 °C. The shaped article of porous, crystallized
polycarbonate has a crystallinity of 45 % and a
“compressive break'strength of 25 kgf/cm2 as measured
using an Instron type universal tester.
15 : Example 34
A porous, crystallized polycarbonatelhaving Mn
of 13,000 as obtained in Example 1 is subjected to
press molding at 200 °C under pressure of 500
kgf/cn?, to.obtain a pressed sheet (15 cm x 15 cm x
20 3 mm). The thus obtained shaped article of porous,
crystallized polycarbonate (a pressed sheet) has an
apparent density of 1.05 g/cm-3 and a specific sur- |
face area of 0.08 m?/g. The crystallized poly-
_ carbonate exhibits a peak of a_cfystalline melting
25 point at 273 °C in a DSC chart thereof and has a
- . .
Sheet Has BeenReﬂlaced THIS SHEET HAS BEEN |
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92 The prepol ynmer and t he” SO|Id state polynerlzatlon E-.L.L
the reaction may be carried out in a batch-wse: Zes o Jmargner: ar:kn a -
conti nuous manner. Both the manners ¢ - may be. enpioyed fem® o0
conmbi nation. 5 " The powder form the aggl oner at ed powder form
or the granular form of porous, crystallized, aromatic

pol ycar bonat e prepol yner of the present 152 i nvention can _

advant ageously be used as a prepol yner to be subjected to
solid-state polynerization to 10 produce a pol ycarbonate.

Further, the prepol ynercrystallinitytefl| 46ctnanisa bemprxedsiveabraak
material for produci ng a sintered,product, a filter, an

adsor bent sstrengtint ofigl 3@nkat/ cnbnasomeasnrad usiad ant Anstron
other resins to prepare polyner alloys. 15 The powder form

the aggl onerated form typeaniversal tesgempul-ar form of porous,
crystallized, aromatic

5 Brief Description of the Drawings

Fig. 1 is a scanning electron micrograph of the
surface of the particle of poroué, crystallized
prepolymer of the present invention obtained in
Example 1 (3060 x magnification).

10 | Fig. 2 is a scanning electron micrograph of the
cross—section'of the particle of pofous, crystal-
lized prepolymer of the present invention obtained
in Example 1, which has been brokén with forceps
(1020 x magnification).

15 Fig. 3 is a scanning electron micrograph of the
amorphous prepolymer (I) obtained by pre-polymeriza-
tion in Example 1 (4400 x magﬂification);

Fig. 4 is.a scanning electron micrograph of the
surface of the particle of porous, crystallized

20 prepolymer obtained in Exampie 2 (1020 x magnifica-
tion).

Fig. 5 is a scaqning electron micrograph of a
portion of the particle shown in Fig. 4, which is
taken with higher magnification (3060 x magnifica-

25 tion).

-
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pol ycarbonate of —tie present - 1nvenT|0ﬁ‘havrng a SRS deS]red ? ?;--_Q_.

nol ecul ar wei ght,

which is formed by the ¢~ LLeeSelid- state e

pol yneri zation of the above-nentioned 2&“?« prePOIyner ﬁéy-be

directly introduced into an
pelletize it by nelt-

t ranspar ent
powder aggl onerated powder form or granular formof 25 por ous,
crystallized, aromatic polycarbonate may be

93

ext r dder mnthout cooling to
. extrusion, thereby obtaining colorless,
pellets of a poncarhqnﬁte. Alternatively, the

cool ed bef or @3ignt 0g4Cangcainnil af?oaré&%wdﬁcrograph of a
I ntroduction of the polycarbonate into an extru _

w t hout

cooling is advantageous BEQEbhthVtﬁépga&ticle shown in FidgNes O\wistah NOsin

extrusi on and i ncrease of t he
Furt her,

t he

10

15

20

25

extrusion rate of the extruder.
taken with higher magnification (6020 x magnifica-

tion).

Fig. 7 is a scanning electron micrograph of the
particle of porous, crystallized prepolymer of the
present invention obtained in Example 9 (3060 x
magnification).

Fig. 8 is a scanning'electron micrograph of a
portion of the particle shown in Fig. 7, which is
taken with higher magnification (6020 x magnifica-
tion). |

Fig. 9 is a DSC chart of the porous, crystal-_
lized, polycarbonate of the present invention
obtained in Example 1.

Fig. 10 and Fig. 11 show examples of X-ray'
diffraction patterns of a prepolymer before being
subjected to crystéllization and after being
subjected to crystalliiation, respectively.

Industrial Applicability

The poroﬁs, crystallized, aromafic polycarbon-
ate prepolymer of thg present invention can readily
be converted by solid-state condensation polymeriza-~
tion to a porous, crystallized, aromatic polycarbon¥

ate. The porous, crystallized, aromatic polycarbon-
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granafar Torn1or*po|ycarbonate "has satlsfactorlly .. - “hlgh bulk
density. Therefore, the granul ar form of :Z-T T polyoa:bohéle can:. be .
directly subjected to injection -nDIdlng L.’ extrusi.on. nDIdlng :
wi t hout being pelleti- 10 zed by mel t - extrusion. Pelletization of a pol y-
carbonate by melt-extrusion not only needs much energy but al so
|l eads to a lowering of the quality : 154f the aromatic pol ycarbonate
due to heat deteriora- tion. In the case of the granular f or m of
pol y- 15 carbonate, pelletization can advantageously be tted.
According to the preserite mﬁerﬁhe)rpresemtieinvenmme@-aynoregdbhmbg molded
pol ycar bonat es, incl udi ng not only aromatic pol ycarbonat e havi ng
a broad nol ecu- 20 | artovsbdiaimiastshdpad orpoXaus al Ly S £ zed ppplycarbon-
carbonat e having a narrow nol ecul ar weight distri- bution , can
be provided. When a preypm.yndthenparaps, crystallized, ragpmatieupatlycRrhan-

distribution is used, an
ate and the shaped, porous, crystallized polycarbon-

3 ate of the present invention have excellent heat
reszstance and solvent resistance and exhibit advan-
tageocusly low water absorption so that these are
suited for use as a filter material, an adsorbent or
the like. The porous,'ciystallized, aromatic poly-

10 carbonate and the shaped, porous, crystallized poly-
carbonate of the present ;nvention can also readily
be molded by a melt process into aé article useful
as engineering plastics, such as an optical element
and an electronic component.

15 The conventional phosgene process has drawbacks
in that chlorine-containing compounds attributed to
phosgene as a faw material and methylene chloride as
a solvent inevitably remain in the final polycarbon-
ate product despite complicated, costly steps for

20 removing them; and in that it is difficult to obtain
a polycarbonate having an ultra-high molecular
weight. On the other hand, the convent}onal
transesterification process also has drawbacks in
that a highly expensive reactor usable under

25 extremely high temperature and vacuum conditions is

misllslliileltllias li Reﬂ
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aronatt c pol ycar bonat e having a narrOM/nDIecuIar 25, . ’ me{gu[~:'~-hi-
di stribution can be obtained. On the othgy-- : :;k‘eﬂ C e ¢ shanthy, *
when a prepol ynmer having a broad nol ecul ag -°.* x oS weitdht di*s€ri.butd-on .

i s used, an aromatic pol ycarbon- : ate haV|ng a broad nol ecul ar
wei ght di stribution can be obtained. This is one of the

remar kabl e features 5 of the presetdS nvention. As a criterion

of the nol ecul ar wei ght distribution, a ratio of a weight

aver age nol ecul ar wei ght (My) to a nunber average nmol ecul ar

wei ght (M), i.e., MV Mecessgeyer ahflythat it is diffdgeully the mesfonm tpoly-
pol yner prepared by a 10 condensation polynerization reaction,

t here has been merzggtéonuyﬁtboattﬁbsrwaﬂhéﬁgnm@athq%aﬂuﬂlmv|QP§ain

t he pol yner has the narrowest nol ecul ar wei ght distribu-
o a polycarbonate having an ultra-high molecular

weight.

5 _ By contrast; the prepolymer and the polycarbon-
ate of the present invention are free from the
above-mentioned drawbacks of the prior art proces-
ses. Moreover, in the present invention, 'a reactive
hydroxyl group can readily be introduced in an

10 aromatic polycﬁrbonate..

Accordingly, the porous, crystallized, aromatic
polycarbonate prepolymers and porous, crystallized
aromatic polycarbonates of the present invention as
well as the production methods of the present inven-

15 tion, can advantageously be utilized, especially in
the field of engineering plastics which have been

rising in importance.
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tion. “From the viewpoi nt of the propertles of the LR paTyfer L EBUER T
as flowability in nolding, nmechanical 15 =-- s strength and e!oﬁgarron'

it is preifﬂiiﬂlilﬁﬂ_jih__qu pol ymer, “have “a.nar r.ow abt ecut ant weight
dlstrlbutlon wever, it is practically difficult to prepare a
‘pol ymer memmjmmu l 2.5 or less, particularly not 2.4 or
l ess. In.t fiuolynerization 20 156 nmet hods, such as the

transesterificati‘on"mefhot which is known as a nelt process, a

pol ymeri zati on

conpl e-

reaction system beconmes very viscous before
tion of the polynerizatCloxIM®action, so that the

pol yneri zati on reacti on does not advance uniformy. 25 According to

thi s conventi onal

10

15

20

method, it is 95

1. A porous, crystallized, aromatic polycarbonate
prepolymer qomprising recurring aromatic carbonate units
and terminal hydroxyl and aryl carbonate groups, wherein
the molar ratio §f the terminal hydroxyl groups to the
terminal aryl carbonate groups is from 5/95 to 95/5, and
haviné a number average molecular weight of from 1,000 to
15,000, a specific surface area of at least 0.2 mZ/g and a

crystallinity of at least S5 %.

2. A prepolymer according to claim 1, wherein the
specific surface area of the prepolymef is at least

0.5 mzlg.

3. A prepolymer according to claim 1, wherein the

crystallinity of the prepolymer is not greater than 55 s%.

4, A prepolymer accoxding to claim 1, wherein the
ratio of the terminal hydroxyl groups to the terminal aryl

carbonate groups is from 10/90 to 90/10.

5. A prepolymer according to any one .of claims 1 to

4, which is in powder form.

THis SHEET HAS BEEN
REPLACED

This Sheet Has Been R

L

Iﬁll




e -4. .o g "- -l

|nfeas‘Tﬂ‘“TTT*ob%a+ﬂ—an_aLonat|c polycarbonahe. : hév;ng a-ﬁarraM/_

nDIecuI |but|on The - R -anonatlc polycarbonate""'
obtaine uﬂJ naI _ franhsesterification method

general | y has more than 2.6. In the conventional
phosgene process \/\hi ch is frequerk83% carried out on a

conmer ci al . scal e, the obtained aromatic pol ycarbonate has an
Mv Mh of from2.4 to 3.5, generally from2.5 to 3. 2. In
contrast, an aronati c 6pol Yc priepediymelravoopradindgl (ko any onéwfihchsimeowtl ago -
from2.2 to 2.5 can easily be prepared by the nethod of the
present. i nventi o4, which is in Egglosesatedpawder ifotml i eved to be that
in the stage of producing a prepolynmer which has a rel a-

tively | ow nol ecul ar wei ght, a prepolyner having a 15 narr ow

nmol ecul ar wei ght distribution can easily be obt ai ned. and such a
prepol yner having a ndrrof prepolymer aggaxding teiapy enretefbetabmsit to
used for producing t he paql ycarbonate. - The

por ous, f%tallﬁzeuhi&Po§&t#8 ﬁGPye&ﬁgb form.

8. A prepolymer accbrding to claim 7, which has a

compressive break strength of at least 5 kgf/cm2.

10 9. A prepolymer according to any one of claims 1 to
4, which is for use as a prepolymer to be subjected to

solid-state condensation polymérization.

10. A prepolymer according to claim 5, which is for
15 use as a prepolymer to be subjected to solid-state

condensation polymerization.

_" 11. A prepolymer according to claim 6, which is for
use as a prepolymer to be subjected to solid-state

20 condensation polymerization.

12. A prepolymer according to claim 7, which is fof
use as a prepolymer to be subjected to solid-state

condensation polymerization.

T [
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20 te of the present i nvention, ¥oie. exanple “a poreﬂe, Peizeeriad

cryster“~;eg“56rycafbenale pr epar ed u3|ng b*sphenol' ' Y. whuéh

is one éﬂ, erred pol ycarbonat es of the pr esent
ﬂ*ﬁh opaque. However, when this porous,

b nventi
crystalllzed Lar® polycarbomsae is heated to a tenperature

hi gher than 96 Its
crystalline nelting point or subjected to nelt nmol di ng, an

anor phous aromati c pof ygarQoppégolpnéngaccording to ghadm B3nsEINCSs Box
be obtained. This also is an | nportant feature of the aromatic

pol ycarbonat e ofuseSas a prepbhgmereténbei subjectad toheoplid-mtartm ic
pol ycar bon- ate 1s prepared from bi sphenol A and di phenyl

carbonat e by thecondensstibonl pokyhepioation.it is

5 14, A method for producing a powder form of porous,
'crystallized, aromatic polycarbonate prepolymer, which
comprises treating an amorphous aromatic polycarbonate
prepolymer with solveht under sufficient shearing force to
crystallize and render porous said amerphous aromatic poly-

10 carbonate prepolymer, .
said amorphous aromatic polycarbonate prepolymer
comprising recurring carbonate units and terminal hydroxyl
and aryl carbonate groups, wherein the molar ratio of the
terminal hydroxyl groups to the terminal'aEYI carbonate
15 groups ie from 5/95 to 95/5, and having a number average
molecular weight of 1,000 to 15,000,
said shearing force being sufficient to cause the
resuitant powdery, porous, crystallized,.aromatic poly-
carbonate prepolymer to have an average particle diameter

20 of 250 um or less.

15. A method for producing an agglomerated powder
form of porous, crystallized aromatic polycarbonate pre-'-
polymer, which comprises applying sufficieﬁt pressure or

25 heat to particles of a powder form of porous, crystallized

THIS SHEET HAB BEEN.

- This Sheet Has Been R | 1 :
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necessary toTea vi scous raM/naterlaIs_mhthuﬁ«..'_§=$'_'each other

under that is, at a 10 4'3--hrgh tqnﬁeﬁa;ure =9, el
about amﬂ'ﬁ"ﬂﬂ ,{"m@'hl ghly - reduced pressure, °1.é° 733.3 pa
ro-

= e

1 mrHg)* orc | essw | onged period of tine.
Cbnsequently, t he obtalned pol ycar onate I nevitably assunes a
I'i ght yel | ow ' col or due to the thédP deconposition of the
poly- 15 mer or due to the oxidation of the polyner by the

action of a snall anoupt of_ oxygen esent react,i.o :
system In contr%ﬁ?maE£€oPﬁ}ﬁ§X§B°nge prepoEymer EPeSBRES ﬁ@?hpﬁf iGlgs to

only can the pre- g nerléa- tion be perforned at a relatlvely
Iom/tenperature i.e., 250 [err]Cor less, preferably 240

[err1Cor 1895 10 ne o gpon faBHo0h  BE 1A efch, #orR B2, iBchYRer, petng
treat- y%%$$§giwégr 8é¥€%f%é ?8E%gglﬁnq pore formation and the

solid-state pol relatively | ow
tenperaturey i.e., 230 [err]C or |ess.

16. A method according to claim 15, wherein the
specific surface area of the powder form of prepolymer is

at least 0.5 mzlg.

10 17. A method according to claim 15, wherein the
crystallinity of the powder form of prepolymer is not grea-

ter than 55 %.

18. A method for producing a powder form or an aggloQ
15 ‘merated powder form of porous, crystallized, aromatic poly-
"carbonate having a number average molecular weight of from
6,000 to 200,000 and a crystallinity of at least 35 %,
which comprises heating a powder form or an agglomerated
powder form of porous, crystallized, aromatic polycarbonate
20 prepolymer in a heating zone, at a temperature whieh is
higher than the glass transition temperature of said pre-
polymer and at which said prepolymer is in a solid state,
to effect solid-state condensation polymerization of said
prepolymer while removing condensation polymerization by-

25 products from the heating zone,

“‘ﬁﬁ‘iifﬂi’ﬁfﬂiii“li‘ﬁﬂ S ™



97 : _Consequently_in the et hod -of-- the- preseﬁt— 1 mnew —-—-—--—-—

tion, there |§ﬁTE77EﬁEﬁﬁ‘“T*deter|oratlon of. theea.s jeo v po}ynrf.
differi ng“"!"mm t he convent [ ona4 4~°° e ma‘Tt Br-ocess, such
as the co ummmm,ﬁerl - 'fi cati orr process. ¢ e v ¢
The porous, cfystal®izeds aromatic polycarbo- nate of the
present invention may optionally be 160 m xed wth various
additives such as heat stabili- - zers, antioxidants, nold

rel ease agents, fire retar- dants and various inorganic fillers

such as gl ass { oo e
| vari 28 %éékﬁéﬁu(%a ok 1940 d POMAER! LEPHTOS! b OBale

w de as a engineering plastics

field. Mreover, ##£§present wid2! $d 4 bof PX¥Bé1fmer being prepolymer

pol ycar bonat e of I nvention can advan-
according to claim 1,

ﬁhereby increasing the number average molecular weight
5 -and the crystallinity of the prepolymer tb from 6,000 to
| 200,000 and at least 35 %, fespeétively, so that the
resultant polycarbonate has a number average molecular
weight and a crystallinity which are, respectively, greater

than those of said prepolymer.

10
19. A metﬁod according to claim 18, wherein the heat-
ing of said powder fotm or of said agglomerated powder form
of prepolymer is conducted while flowing an inert gas into
the heating zone at a flow rate of from 0.1 to 10 liters
15 (N.T.P.)/hour, per gram of said prepolymer and while dis-

charging the inert gas containing the condensation poly-

. merization by-products from the heating zone.

20. A metho& according to claim 19, wherein the con-
20 densation polymerization by-producté are removed from the
discharged inert gas, or the discharged inert gas is diluted
with an inert gas, so that the resultapt gas has a condensa-
tion polymerization by-products content of: 5 mmHg or less
in terms of the partial pressure of the condensation poly-

25 merization by products in the inert gas, and the resultant

cet Has Been & 1“°°d | THIS SHEET HAS BEEN
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15 _____LagenusLy_be_kneaded’mnth anot her polyner in ordér Tt

to forma polyner alloy. Therefore, the_pogeus - Des crystailriqg
ar omat i mﬂ rlm umul partlcul arly o 9+ ¢ usefuJ 1954 raw oatafial
for the polymer alloy on a commercial scale.

' " Al afonatic pol ycarbonat e contai ning no
chlorlne aton1can be obtained in the present‘ﬁﬁven- tion. The
aromati c. pol ycarbonate containing no chlorine atomis extrenely
useful as a material, for optical instru nd materi a
98 Furt her, accordlng to the present invention, it

i s possible to produce not onIy an ultra-high
21. A powder form or an agglomerated powder form of

porous, crystallized aromatic polycarbonate produced by a

5 method of claim 18, 19 or 20.

22. A powder form or an aggiomerated powder form of
porous, crystallized aromatic polycarbonate according to

claim 21, which has a specific surface area of at least

10 0.1 m2/g.

23. A powder form or an agglomerated powder form of
porous, crystallized aromatic polycarbonate according.to
claim 21, which has a crystéllinity of not greater than

15 70 %.

24, A method for producing a granular form of pbrous,
crystallized, aromatic polycarbonate prepolymer, which
comprises granulating a powder form or an agglomerated
20 powder form of porous,_crystallized, aromatic polycarbonate

prepolymer,'
the prepolymexr of said powder form or of said agglo-
merated powder form of prepolymer is prepolymer according

to claim 1.

This Sheet Has Boen Re li THIS SHEET HAS BEEN
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nmol ecul ar_wei ght rbonat e having a nunber SuTee :-averagbfi§-fag._
mol ecu al uﬁ 000 or nore by solid-" & '5¢ ceState ree et e
polyhe s difficult or im possi bl e to produce
by the conventlonal phosgene _ met Rgg or the conventiona
transesterification met hod (melt method), but also a

pol ycar bonat e havi ng reactive hydroxyl groups at its termnals."

10 As af gsedeachiebdd hBcbbaingneenciedal 24)0sg¢rARin the
process for producing an aromatic pol ycarbonate on a commerci a

scal e, by-produckpecheiedisherabboaiag 88dthe powder forhedir Afyife adilfoms
sodiumchl oride, are fornmed as i mpurities. These |npur|t|es are
di sadvant ageous| yrated powder ﬁBQmIBQVprbe!yﬁeﬂtdsna& Lealsite of.isnal? /9.

pol ycar bonat e. Further, a chlorine-containing conpound, such as
met hyl ene chloride, which is used as a solvent in a | ar ge
anmopunt, is also likely to be contained as an I mpurity in the

pol ycarbonaie. Such i2puri A eethdd a26ording toveladhmy 24f,f stherelin the crys-
properties of the final poly- carbonate. Conventionally, in
order to decreastalhénity of the powder form or of the agglomerated powder

L3

cane

enna-

form of prepolymer is not greatér than 55 %.

27. A method according to claim 24, 25 or 26, wherein
10 the granulation of the powder férm or of the agglomerated
powder form of prepblymer is performed by extrusion-granu-

lation or by compression-granulation.

28. A method fbr producing a granular form of porous,
15 crystallized, aromatic polycarbonate having a number
average molecular weight of from 6,000 to 200,000 and a
crystallinity of at least 35 %, which comprises heating a
- granular form of porous, crystallized, aromatic polycarbo- _
nate prepolymer in a heating zone, at a temperature which
20  is higher than the glass transition temperature of said
prepolymer and at which said prepolymer is in a solid
state, to effect solid-state condensation polymerization of
said prepolymer while removing condensation polymerization
by-products from the heafing zone,

25 the prepolymer of said granular form of prepolymer

This Sheet Has Been Re SHEET HAS BEEN
T ( R
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anount of ned in the final poly- t-' : ca[bonateau
washi ng anulmumrnﬂuﬂﬂtﬂmw have been ' '

t hese ¢ tcoMmduétetl. However, these aﬁératlons are troublesone 25
and expensive, and it is |nfeaS|bIe to remove im

ggntrast, accor urlglgaﬁﬁé h§%2h¥ Fh?gl Qe resin. tion, even inB¥he
Wi ch 15 obt ai ned di EEGHEPY 1§eHeasing FP&nf‘b‘ﬁ‘b?é'e%\élf%r\é%% SedssiRs edan
casi 1y be 11 cat 8% §he: SRSEATLAREGY, ProEn. graoalvide" £ BrEh?'e B0 °ta“
aromatic polyeaPSoasEs BAd %_B?Eé&fn?g%e%??g cli%ely, so that €nlf resul- -
5 . tant polycarbonate has a number average molecular weight

and a crystallinity which are, respectively, greater than

those of said granular prepolymer.

29. A method according to claim 28, wherein the heat-
10 ing of said granular form of prepolymer is conducted while
flowing an inert gas into the heating zone at a flow rate
of from 0.1 to 50 liters (N.T.P.)/hour, per gram of said
prepolymer and while discharging the inert gas containing
the condensation polymerization by-products from the heat-

15 ing zone.

30. A method according to claim 29, wherein the con-
densation polymerization by-products are removed from the
. dischargéd inert gas, or the discharged inert gas is diluted
20 with an inert gas, so that the resultant gas has a condensa-
tion polymerization_by-products content of 5 mmHg or less
in terms of the partial pressure of the condensation poly-
merization by-products in the inert gas, and the resultant

gas is flowed into the heating zone as the inert gas.

This Sheet Has Been R
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Lu"u" ter free fromsuch inpurities and hence SR TR P
exc m,""mm‘lg Moreover, naturally, arg4 t roubl esone ¢
procésstfor rensvi A |npur|t|es fromthe final polycarbonate is
not required. Accordingly, the nethod of the present invention
is comercially 15 31. A grdwllargeform of porous, cryst#liliized, aromébgc
conventional transesterifica- tion nelt process, an expensive

reactor is di sagpedycarbonate prodxﬁ:g;ﬁ)@ﬁrrmp.hackdof oclaima2®j ng9aor 30.
reaction under hi gh viscosity, high tenperature and hi gh vacuum
20 conditions. Therefore, due to the high tenperature,

the polyner is likely to be deteriorated. By : contrast,

according to the net 3@ oA gramlagerfiorm of porous; nexystahlizedazomatic
special reactor is not required, and the aromatic pol ycarbonate
produced by thePOcharbonatanQQGQIdﬁngfﬁ?;ﬁlﬁ*ﬂn31nv%#é¢¥whmﬁsae%ﬁﬁ$t@ht

100
linity of not greater ‘than 70 %.

33. A granular form of porous, crystallized aromatic
polycarbonate according to claim 31, which has a specific

10 surface area of at least 0.1 m%/g.

34. A granular form of porous, crystallized aromatic
polycarbonate according to claim 31, which has a compres-

sive break strength of at least 10 kgf/cmz.

15
35. A shaped, porous, crystallized aromatic poly;
carbonate comprising recurring aromatic carbonate units and
terminal hydroxyl and/or aryl carbonate groups, and having
. @ number average molecular weight of from 6,000 to 200,000,
20 a bulk density of from 0.1 to 1.1 g/cm3, a crystallinity of
at least 35 % and a compressive break strength of at least
10 kgf/cm2.
36. A shaped polycarbonate according to claim 35,
25 which has a specific surface area of at least 0.1 m2/g.

This Sheet Has Been RTiI' THIS SHEET HAS BEE'N.
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properti ' bove. The powder form ™ the-: :-
T o e s
crystal EZEQTE "5 s "% aromatic pol ycari@gt e prepol ynmer can be

pol ymeri zed 5 at extrenely high reaction rate by solid-state

pol y- merization, w thout the danger of adhesion of the
prepolynmer to the inner wall- of the reactor and adhesi on bet ween
prepol ymer particl eS7.Thus shaped polycarbonates @énconfiand | & ¢baént 38nel y
useful for providing 10 an aromatic pol ycarbonate, which can
easily, effi- which has a cnwstialliaihwaf awthyazeater sthar P9l yreri zation
on a commercial scale.

101 Best Mode for Carryi.ng Qut the Invention

L I 4 LA 4
PEC R BN B ]

38. A shaped polycarbonate according to claim 35, 36
5 or 37, which has a shape of a granﬁle, pellet, sheet, disc,
cylinder, polygonal pillar, cube, rectangular parallele-

piped or sphere.

39. A method for producing a shaped, porous, crystal-
10 lized aromatic polycarbonate having a bulk density of from
0.1 to 1.1 g_/cm3 and a compréssive break strength of at
least 10 kgf/cmz, which-comprises.heating particies of a
powder form or of an aggloﬁerated powder form of porous,
crystallized aromatic polycarbonate, or heating granules of
15 a granular form of porous, crystallized aromatic poly-
carbonate, at a temperature which is higher than the g;ass-
transition temperature of said polycarbonate and which is
lower than the crystalline melting temperature of said
polycarbonate, to fuse and bond the surfaces of said parti-
20 cles or of said granules,
| said powder form, said agglomerated powder form or
said granular form of porous, crystallized aromatic poly-
carbonate comprising recurring aromatic carbonate units and
terminal hydroxyl and/or aryl carbonate groups and having a

25 specific surface area of at least 0.1 m2/g, a number

\_
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The prese be described in nore o deball mjih
referenceﬂ“ﬂ mﬁ(“ ﬂ‘lmn Exanpl es _ 166 whi ch, shoul’d-not be *

construed @S ¢1 mtirmngst he scope of the present invention
In the present invention, the nDIecuIar wei ght is expressed in
terms of a nunber average nol ecul ar ht (hereinafter

referred to si rrpwyrage' melecad@ar weight of framé Oa%r%%rme%Maa
wei ght (hereinafter referred to sinply as "MvV') "as neasured by

gel CrﬁMAMchforﬁ 333X @C). For reference, the
nol ecul ar wei ght of TOUGHLON[err] A 2500 (registered trademar k
of a pol ycarbonate nanufactured and sold by Idemtsu

Seki yukagaku K. K. an) asured 15 nd found to have an Nh
of 10,700 and an NM/gP thod forg Rreftucing a shaped, poroyRy fefgstal-

oo e M A O
Anedeters 0.1 to 1.1 g/cm and a compressive break strength of at
least 10 kgf/cmz, which comprises subjecting'a powder form, .
an agglomerated powder form or a granular form of porous,
crystéllized aromatic'polycarbonate to molding at a tem-
10 perature which is lower than the glass transition tempera-
ture of said polycarbonate,
said powder form, said agglomerated form or said
granular form of porous, crystallized, aromatic polycarbo-.
nate comprising recurfing aromatic ca:bonate units and
15 terminal hydroxyl and/or aryl carbonate groups and having a
specific surface area of at least 0.1'm2/g, a number

average molecular weight of from 6,000 to 200,000 and a
crystallinity of at least 35 %.

20 41. A method for prbducing a porous, crystallized
_aromatic polycarbonate which comprises the steps of:
(1) reacting an aromatic dihydroxy compound with an
aromatic carbonate under heating at a temperature suffici-
ent and for a period of time sufficient to prepare an

25 amorphous prepolymer having a number average molecular

//
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_‘_—__h_—ﬁfﬁéa—ﬁy*ﬁ“gh per f or mance I|qU|d chronatography Of ? Tl
by nuﬁm sonance (NVR) spectroggany. ** TFhe*
speci , mmmmgmu s determ ned by ‘measuring the surface

area of a sdnpMe By teans of ACCUSORB[ err]-2100-02

(manuf actured and sol d by Shimadzu 25 Cor p., Japan) using krypton
gas, and dividi ggighe of from 1,000 to 15,000 and having terminad®hydroxyl
nmeasured surface area by the wei ght of the sanpl e. The
average particl-andi apglecapbonapecgebupsrs; in a solvent for
crystallization is determ ned by taking an aliquot froma
uniformy m xed slur(g)otreabing said ambephossoiprepol ythelrutwitth tswl wenijuot
with the sol vent, applying a ultrasonic wave to the diluted

al i quot to di spendert beffiepenynsheaningeforicectto, crystallize taasting the
resul tant dispersion on a glass plate,

5 crystallinity of at least 5 % and sxmultaneously render
porous said prepolymer, said shearing force being suffici-
ent to cause the resultant powder form of porous, crystal-
lized, aromatic polycarbonate prepolymer to have an average
particle diameter of 250 um or less, the resultant powder

10 form of porous, crystallized prepolymer having a specific
surface area of at least 0.2 mzfg; and
(3) heating the powder form of porous, crystallized
prepolymer, or heating an agglomerated powder form or a
granular form of porous, crystallized prepolymer derived
15 from said powder form of prepolymer, at a temperature which
is higher than the glass transition temperature of said
crystallized prepolymer and at which said crystallized
prepolymer is in a solid state, to effect solid-state
condensation polymerization of ‘'said crystallized prepoly-
20 mer, thereby increasing the number average molecular weight
and the crystallinity of the crystallized prepolymer to
from 6,000 to 200,000 and at least 35 %, respectively, so
that the resultant polycarbonate has a number average

molecular weight and a crystallinity which are, respective-

25 ly, greater than those of said crystallized prepolymer.

/
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drylng_lIELihﬁpﬁLSLQD_LQ deposit the prepolynbr on 10.. 1 . -the gtass

plate and neasuring the particle dianmeter - o of t he dep05|ted
prepoIM wnumm oscope. 168 The particle size
distri ticles is determ ned by classifying
particles T nt'o #rac- : tions respectively remaining on 1,070
[err] m screen, 850 [err] mscreen, 600 [err]m screen, 250

[err] mscreen, 150 [err]m screen, 75 [err]m screen and 50
[err]mscreen and a.fraction passi ng through 50 [err] m screen
by means of a micro-42. A method f9pepragicing @i Pozousn sevsbaldizedfier
nodel M 2 (manuf actured and sold by Tsutsui leagaku Kiki, 20

Japan), and nead3§PPa§iehpolirarboprteavhish cppprises the s tems,@fi‘ons.

The crystallinity is asured by the Xr |ffractonetry as
descri bed her ei nbef of& n? reacting an aroma%pﬁ E}H¥9F8§Y1§°NQQE¥ h

conpr essi ve brea strength of. a nuI r eno nd
grgﬁular gosgene in the presence of a ecu arpwegg cof%rofier

5 to prepare a prepolymer having a - number average molecular
weight of from 1,000 to 15,000;

(2) treating said prepolymer with solvent under suffi-
cient shearing force.to crystallize to a crystallinity of
at least 5 % and simultaneouély render porous said prepoly-

10 mer, said shéaring force being sufficient to cause the
resultant powder form of porous, crystallized, a;omatic
polycarbonate prepolymer to have an average particle diame-
ter of 250 um or less, the resultant powder form of porous,
érystallized prepolymer having a specific surface area

15 .being'at least 0.2 m2/g; and |

(3) heating the poner form of porous, crystallized

prepolymer, or heating an agglomerated powder form or a

granular form of porous, crystallized prepolymer derived
from said powder form of prepolymer, at a temperature which

20 - is higher than the glass transition temperature of said
crystallized prepolymer and at which said crystallized
prepolymer is in a solid state,'to effect solid-state con-
densation polymerization of said crystallized prepolymer,

thereby increasing the number average molecular.weight and

—
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103 _ _ ~__pol ycarbonate after’sofi&fsﬁéié ﬁdndeﬁshtfpn{pdlyéfi-
nerization is determned as follows. That is, - - o ““using; for

exanple, a \ﬂﬂl’ ﬂﬂ&lmm meter, a 169 conpressive force is
appl i ed bet l o SRNt H!EEM 5 - faces of a sanple, which each

‘have an area of at | east about 1 mm{err] and are apart from -

each ot her substantially in parallel relationship at a
di stance the crystaflllibhdty dfmtheTigrystad ¥iged merakyeer oo sfrom
conpressive force is increased until the sanple 10 breaks. = The

| oad [N cnierr B 008 tof @00], 0000and?2 akgfleasiter3s| 4, HesReH VLY sa8p| EBhat
breaks is referred to sinply as the | oad at break. The

nmeasur enent of theeresudtanthpedycerbesadecthas go number averagetmqﬂgguymgn_
a sanpl e prepol yner or pol ycarbonate does not, have two
surfaces whi chwadighfpard fr s¥ysieplinity which QﬁQEﬁr%ﬁﬂﬁﬁE&ﬁ?§¥fygFﬂater

paral | el relationshig, a
5 than those of said crystallized prepolymer.

43: A method according to claim 43, wherein an aroma-
tic monohydroxy compound is used as-thé molecular weight
controller to obtain a porous, crystallized aromatic poly-

10 carbonate having ité terminal‘groups comprised substantial-

ly of hydroxyl groups and aryl carbonate groups

44, A method for producing a porous, crystallized
aroﬁatic polycarbonate, which comprises the steps of:

15 | (1) reacting an aromatic polycarbonate oligomer having
a number average molecular weight.of from about 350 to
about 950 and having its terminal groups comprised substan-
tially of aryl carbonate groups with an aromatic dihydroxy
compound under heating at a temperature sufficient and for

20 a period of time sufficient to prepare an amorphous pre-
polymer having a number average molecular weight of from
1,000 to 15,000 and having terminal hydroxyl and aryl
carbonate groups;

(2) treating said amorphous prepolymer with solvent

25 under sufficient shearing force to cryétallize to a
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REPLACED
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sanpl e haV| mu Ilao posite surfaces is cut out from R 1 %8

ori gi nal ﬂﬂlﬂuur measur ement of170 AL conpressive bf eak
strength | i bed above. Fromthe 10 val ues of

| oad at break thus 2 obt ai ned, the maxi num and nininun1va|ues are
omtted, and the average of the remaining 8 val ues

cal oulated ThecCoupLepphyey PFoe S16800'8 A%ana pimattancodsly angﬁf}d th

the cal cul ated & rage v

conpr essi ve br.é&rgés sahdugf%%§%*ﬁ€9ths&kﬁcgﬁgéflﬁa %%EEEG5%hng(§&¥¥;ci-

kgf/cnferr])] neasur e n§tro
REPLACEMENT SHEE]t to cause the resul%ant powder form of p ?rggé crystal-
The paftia

uni versal tester. _ pressure of pherol
phenol - lized, aromatic polycarbonate prepolymer to have an average
5 particle diameter of 250 um or less, the resultant powder
form ofkporous, crysﬁalli;ed prepolymer having a specific
surface area being at.least 0.2 m2/g; and
(3) heating the powder form of porous, crystallized
prepolymer, or heating an agglomerated powder form or a
10 graﬂular form of porous, cr?stallized prepolymer derived
from said powder form of prepolymer, at a temperature which’
is higher.than the glass transition temperature of said
crystallizéd prepélymer and at which said crystallized
prepolymer is in a solid state, to effect solid-state con-
15 densation polymerization of said crystallized prepolymer,
| thereby increasing the number average molecular weight and
the crystallinity of the crystallized prepolymer to from
6,000 to 200,000 and at leaét 35 %, respectively, so that
the resultant'polycarbonaté has a number average molecular
20 weight and a crystallinity.which are, respeéﬁively, éreater

than those of said crystallized prepolymer.
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saturated nitrogen gas used in solid-staie condensa- . : ’l"'t‘tnf?‘.'
pol yneri zation is determ ned fromthe vapor 5 ‘pressure of phenvl
cal cul ated according to the fol- 171 owi ng fornula shown on page
128 of Kagaku Binran 11 (andbook of Chem stry) (published in
1984 by o Maruzen Co., Japan).

1516. 072 log P = 7.13457 ABSTRACT 10

174.569 + T [wherein P represents a vapor pressure of phenol
(mrHg) and T represents t enper In the

t Ol. ..
S B AL & .
Iopo?/ous cryst gq’?f ?‘% 'dis .ILosed wh"ﬁBI ﬁﬁEPrlsgﬁnfﬁﬁ&féflrgmtlc

pol ycar bonate pre

" amor phous® carbonate p?‘é’p%?y?ﬁ‘g‘?"gem?‘gﬁ% gﬁ??ﬂ Ierf‘i1 dat:& Ir(?"ggl °rt?csﬁ%/
carbonate is Oféxe%haégf hEdei éﬁé@éyté‘a‘f‘mlﬂgic’&?oup%oare in a Ypedidid zed

polycarbonate por ous,
mclar ratio, and has specific number average molecular

weight, §urface area and crystallinity. The prepolymer can
feadily be convertéd.by solid-state condensation ﬁolymeri—
10 zation to a porous, cryétallized, aromatic polycarbonate
| having excellent properties. The porous, crystallized,
aromatic polycarbonate of the present invention éan readily
be molded to obtain a shaped, porous, crystallized poly-
carbonate. The porous, crystallized, aromatic polycarbon-
15 ate and the shaped, porous, crystallized polycarbonate of
thé present invention have excellent heat resistance and
solvent resistance and-exhibit advantageously low water
absorption so that these are suited for use as a filter
material, an adsorbent of'the like. The porous, crystal-
20 ' lized, aromatic polycarbonate and the shaped porous, crys-
tallized polycarbonate of the present invention can aléo
readily be molded by a melt process into an article useful
as engineering plastics,.such as an optical element and an
eledtronic component, which is appreciated since it is free
25 of impurities, such as éhlorine-containing compounds, and

has excellent properties.
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tallized, aromatic polycarbonate is often referred =~ -~ " "“tos fpply:

as "shaped, porous, crystallized poly- : . carbonate"; "and ..- :
granul ar, porous, crystallized, aromati c pol ycarbonate is
often referred to sinply 25 as "granul ar; porous, crystallized
pol ycar bonat e". - 105

Exanple 1 13.0 kg of 21 - bi s(4- hydr oxyphenyl ) pr opane
(hereinafter referred to as "bi sphenol A4ﬁ(§nd 13.4 kg of

di phenyl carbonate are charged into a 5 40 [err] gl ass-1lined
reactor provided with a stirrer, a gas inlet and a gas outlet.
The resultant m xture Is nelted by heating to 180 [err]C and
degassing is con- duct ed under reduced pressure, followed by
heat i ng

FIG.1
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to 230 [err]C over a period of 3 hours. Dgifpg. thé ihe s Toi- i

”e L]

tenperature el evation, nitrogen gas is flowed Ehﬁbudh.tﬁe'r?
reactor so that evaporated phenol is _ di scharged fromthe *
reactor. Sinultaneously with the term nation of the
tenperature el evation, intro- duction of nitrogen gas is
termnated. Then, the 15 pressgze in the reactor is stepw se
reduced to 133.3 Pa (1 mHg) ‘ﬁ a period of 2 hours. During
t he period of the pressure re tion, by-produced phenol and
di phenyl carbonate are continuously discharged from t he
reactor. The reaction is further continued for 20 2 hours under
reduced pressure of 133.3 Pa (1 mmHg) to obtain about 10 kg of
- an anor phous prepol yner having a nunber average nol ecul ar
wei ght of 4,000 and a nol ar ' rati o of term-.nal hydroxyl groups
to term nal phenyl _ carbonate groups of 33/67 [hereinafter
referred to 25 as ""anor phous prepolyner (1)"]. About 10 kg of,

FIG.2
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106 mol t en anor phous prepoFyner (F) |s extruded i*p,a ..
strand form at -about 240 [err] C over a period of 1 hour

. o
e o
- L X X )
.

.
LX)
R -

.
Y T Y

through a die having 40 orifices of 1 mMmmin dianmeter into a
Waring bl ender type acetone bath filled with -5 15 kg of acetone
having a tenperature of from40 to 50 [err]C. Simultaneously
Wi th the extrusion, the - In the acetone bath is
revolved at a rate as hlgh J , 000 rpm so that the extruded
strand is drawn and stretche |nto athin fiber. The thin 10
fiber is dipped in the acetone bath, and exposed to strong
shearing force by agitation, thereby being crystallized,
rendered porous and reduced to particles. As a result,
particles of a porous, crystallized prepolymer are formed. The
thus forned 15 parti.cl es in acetone have an average particle
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di aneter of 150 [err]m Then, acetone is? ‘drstirred off" ot 'Lﬁﬁﬁ
reduced pressure while heating the acetone . - - bath to dry the :
porous, crystallized prepolyner. The thus obt ai ned por ous,
crystallized prepolynmer is 20 white and opaque. \Wen the surface
of the porous, crystallized prepolymer i's observed by means of
a scanning electron mcrogragph, it is confirnmed that a

| arge nunber of pores are present on theQ£@(jace of t he
crystallized prepolyner [see Fig. 1 (3060 x magni fication)].
On the other hand, when a rel a-

. . . e
.o . . . o e
L4 - ..

o

107 tively large partlcle (about 800 [err]min dianmeter) of
t he porous, crystallized prepolyner is broken with forceps and
the resultant section of particle of the porous, crystallized

prepol yner is observed by neans

o
v
& ™
)
2
®
' Q0
N

FIG. 4
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5i of a scanning el ectron nicrographs-it<i$:itontirmey: “ael a2
that a |arge nunber of pores are also present on the ** ** *
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[see Fig. 2 (1020 x nmagnification)]. For t he purpose of =+
conpari son, nelted anorphous prepoly- mer (lI) is cooled to
roomtenperature and the sur- 10 face of the cool ed anorphous
prepolynmer (1) is observed ?% nmeans of a scanning el ectron

m crogr aph. As a result, it /ﬁ onfirnmed that the surface of

t he anor phous prepol yner (1) snoot h and has no pore

[see Fig. 3 (4400 x magnification)]. 15 The above- obt ai ned
porous, crystallized prepoly-. mer has a specific surface area
of 1.5 nferr]/g and a crystallinity of 28 %

10 kg of the porous, crystallized prepolymer is charged into a
cylindrical, gas flow type reactor 20 made of stainless steel
(internal dianeter: 60 cm height: 1 m which is provided, at
its bottom por- tion, with~d sintéred fiTter” having pores' of
from :

FIG.5
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dbout 40 to about 50 [err]min dianeter ahu:bavipg:a:
of about 5 mm and heated to 180 [err]C, fol™- ~25 °

sol i d-stat e condensati on pol yneri zation. - B

108 During the solid-state condensation pol ynerization,
heated nitrogen gas is uniformy introduced at a rate of 10
NB(N. T.P.)/hr fromthe bottom portion of the reactor through
the sintered filter, and dis- 5 ES harged from the upper portion
of the reactor. The _tenpera{mﬁk of the polynerization is
regul at ed by controlling the tenperature of the heated
nitrogen gas. The tenperature is elevated from180 [err]Cto
220 [err]C at a tenperature elevation rate of 10 [err]C/ hr 10 and
then kept at 220 [err]C for 5 hours, thereby obtain- ing a

porous, crystallized pol ycarbonate having an

M
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Mh of 13,000 and an Mw of 31,200. The porodus, : GPY§:7’I eiol iDoralbi ed?'
pol ycar bonate has a specific surface area A of 0.8 n{err]/ “and
a crystallinity of 45 % A DSC 15 chart [obtained using a DSC
anal yzer (nodel DSC7 : manuf actured and sold by Perkin El ner
Co., US A); the ordinate of the chart indicates heat flow
(MmN whi |l e the absci ssa i ndigates tenperature ([err]CO] of

t he porous, crystallized polycarbonate i /ﬁﬁpmm in Fig. 9, in
whi ch the peak exhibiting the nelting p0|nt of the

pol ycarbonate appears at 271 [err]C. From the charat, it is
found that the half-width is 4.3 [err]C. To the obtained
porous, crystallized poly- carbonate i s added 250 ppm of
tris(nonyl phenyl) 25 phosphite as a heat stabilizer, and

mel t - extrusi on 109

FIG.7
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parent, anorphous pol ycarbonate. \Wen t he annrphous _ s Sles
pol ycarbonate is injection-nolded at 300 C, no - ' silver stredk
occurs. Wth respect to the col or of 5 ‘ the resul tant shaped
article, the L-value and. b*- ' val ue neasured using a color and
col or-difference met.er Model CR-200b (M nolta Canera Co.

Ltd., - Japan) are 91.7 and BEslciespectlvely, i.e., the

shaped article is colorless and transpareni ' Exanpl e 2

10 kg of anorphous prepolynmer (1) prepared in substantially
the sanme manner as in Exanple 1 is nel ted and extruded at
about 240 [err]C and then cool ed with water. After. the
cooling, pelletizationis 15 conducted. The resultant anorphous
pellets are pul veri zed using a plastics pulverizer

(manuf act ured by Fritsch Co., West Gernmany) to obtain a powder

havi ng a dianeter of 1 mm-e+ -+ess- - )

FIG.8
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An acetone bath as used in Exanple 1 is ikl ede-ZGv-:‘,:":":.-."WSrh :L';'S,g? GiOf s,
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acetone and acetone is kept at 40 [err]Cs °-=°;°'t e ted ot OF TR '.ac‘e’c°Une
bath is gradually charged the above ’ - tobt-ai ned powdér Over a
period of 1 hour while stir- : ring at the sane rate as in
Exanmple 1, i.e., : 1,000 rpmto effect crystallization and pore
- forma- 25 tion. The resultant porous, crystallized prepoly-
- 110 _ mer in acetone has an ?/erage particle dianeter of
180 [err]m Then, acetone is distilled o 01 subst an- : tially
the sane manner as in Exanple 1 to dry the por ous,
crystallized prepolyner. The scanning el ec- 5 tron m crographs
wi th magnifications of 1020, 3060 and 6020, respectivel g of
t he surface of the thus obt ai ned porous‘ crystallized _g
prepol yner are respec- ' 0
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tively shown in Figs. 4 to 6. It is conf trneaf.f,ham, :-1}-3.,5..°.'§'.§'§'.|¥=”’ §§ gzlit:q
6 that the porous, crystallized prepoly-s 10 :°°° “'whe” hfsypases havthg
substantial ly uniform di a- " nmeters. The por-ous, crysta]llzed
prepol yner has a specific surface area of 1.2 n2/g and a
crystallini- ty of 26 % The above- obt ai ned
porous, crystallized pre- 15 pol ymer is subjected to solid-state
condensati on polynerlzatlon i n substantially the same nmanner

as in Exanmple 1 to obtaln qus crystallized poly- :
carbonate having an M1 of 12,500 and an 29, 600. When the -
porous, crystallized polycarbonate 20 Is injection-nolded in
substantially the same nanner as in Exanple 1, the sane

colorl ess and transparent shaped article having no silver
streak as obtai ned in, Exanple 1 is obtained.

Example 3 25 10 ng'g_i gm)rphous pr epol yner pell eté.»@a;gout
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111 . o s2mmin di amet'er, about 3 mmin- | ength) prepared in

substantlal |y .the same manner as |n Exanple 2,, wi.th- _ out. .
pul veri zation, are charged into an acetone bat h filled W|th 15
kg of acetone over a period of 1 hour 5 subsﬂ@héghggtrggng bgspﬁ§ggt
crystallization. The resul tant porous, crystall |ze8

prepol yner in acetone has an average particle dianeter of 230
[err]m Then, acetone is distilled off in substantially the
sane manner as in Exanpl BETR&Hry the' porous, crystal- 10

| ized prepolynmer. The thus obtained porous, crys- - tallized
prepol yner has a particle dianmeter |arger than that of the

porous, crystalli zedPpRGeSOIGRYSTALLIZED, AROMATIC ONULSCAMGNATE BRERYER, Awhi | st
sone portion of thepcrous, cays'rALLIzaormmm yemmmprmpqimmecmn ALTHODS
substanti -

A porous, c¢rystallized, aromatic polycarbonatae pre-
polymer is disclosed, which comprises recurring aromatic
carhonate unilts and terminal hydroxyl and aryl carbonate
groups, whe:ein these terminal groups are in a specific
melar ratio, and has specific number average molecular
weight, surface area and crystallinity. The prepolymer can
readily be converted by solid-state condensation polymeri-
‘zation to a porous, crystallized, aromatic polycarbonate
having excallent progerties. The porous, crystallized,
aromatic pelycarbonate of the present invention can readily
be molded to obtain a shaped, porous, crystallized poly-
carbonate. The porous, crystallized, aromatic polycarbon-
ate and the shaped, porous, crystallized polycarbonate of
the present invent;on have excellent heat resistance and .
solvent resistance and exhibit advantaqeously low water
absorption so that these are suited for use as.a filter’
material, an adsorbent or the like. The porous, crystal-
lized, aromatic polycarbonate and the shaped porous, crys-
tallized polycarbonate of the present invention can also
readily be molded by a melt prodeSS'inEo an article useful
as engineering plastics, such as an_optical element and an
electronic component, which is appreciated since it is free

of impurities, such as chlorine-containing compounds, aad

has excellent progerties. REPLACEMENT SHEETS G
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15 aIIy the sane size as that of the starting peIIet)

The porous, crystallized prepolyner Is less white and assunes
sl i ght ‘t.ranspar ency, as conpared to the porous, crystallized prepol yner
obt ai ned i n Exanpl e : 2. The porous, cryguhﬁmmﬂsﬂﬂuﬁﬁﬁuﬂlﬁﬂﬂaf'
has "a speci- 20 ﬁlc surface arga of 0.4 nR/g and @ég@%ﬁ’ n|ty
of . 23% The porous, crystalli r'epal ymer
i s subject - ~ ed to sol i d-state condensation pohmggrlza 16nsi.n
substantially the same manner as in Exppg¢RIPTESNEpt 25 y wat™t he
period of time for which the tenperature is S

112 ' - kept at 220 [err]C is changed t-0 14 hours, thereby

obtaining a porous, crystall.i-zed pol ycarbonate - havi ng an M of

13, 000 and an Mw of BN.RmEbu$;1¢rystallized, Aromatic Polycarbonate
Prepolymer, A Porous, Crystallized Aromatic

5 Polycarbonate, And Production Methods

Technical Field
The present inventlon relates to a pordus,
crystallized, aromatic polycarbonate prepolymer, a
10 . '_ porous, crystallized'aromatic polycarbonate,-and |
production methods therefor. More particularly, the
present invention is coccerned with a oOrous, crys-
tallized{ aromatic polycarbonate prepolymer having

terminal hydroxyl and aryl carbonate groups +a—a—

15 4ﬁnﬂ&éic—mola:—:at&o—aad-having specific number

ifi particl % Flm ?!?‘Emmm
average molecular weight,ssur%ace area/ and crystal-

linity, which can readily ‘be converted by solid-
state condensation polymerizatlon_to a porous, Crys-
tallized aromatic polycarbonate having excellent
20 properties. The porous, crystallized aromatic.
polycarbonate of the present7invention can readily
be molded to obtain a shaped, porous, crystallized
polycarbonate; ~The porous, crystallized aromatic

polycarbodate and ‘the shaped, porous, crystallized

25 ;' polycarbonate of the present invention have excel-
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Exanpl e, a | onger polynerizatioh time Is. required 5 - than in

Exanples 1 and 2. - : Conparative Exanple 1 - 10
kg of anorphous prepolynmer powder prepared in substantially
the sanme manner as in Example 2 is : ' di ssQubstitute sheét [ 4rA/8/98 .
met hyl ene chl oride and then, 10 2 nethyl ene chloride is distilled
off at roomtenpera- _ ture under reduced pressure. Then, the
resul tant - powder is placed in a vacuumdrier, and dried at

40 [err]C over ni ght ke®toMedith T8 S3eka8Ceh afich Fod vqfsizgsistance and o
o2 A R RS e e el ST,
condensat | on P Y Yle susesd o i AR TG At S SO
?he polynerizatPgﬁrgpsééﬁﬂﬁgﬁf] .g %éS%@%LZ€%§§5ﬁ§£¥%%dﬂéééﬁéé¥hcg°1%$ t he
ey S ool ol LGB BRI Shadl/porous, ceysddt 6 g e
' carbonate of the present invention can also readily B
be molded_by a melt process'into_an article useful
;s engineering plastics, such as_an.optical element
and an electronic=caﬁponent, which is appreciated
10 | since it is free.of impurities, such as chlorine-
éontaining compounds, and has excellent properties.
Background Art | “
" In recent years,-aromatié polycarbonates have
been'widely employed in various fields as enginéer—
15 : . ing plastics'which have excellenﬁ heatfresistancé,
impact resistance and trénsparency.  Various
- studies have bheen made with respect to processes-fbr
producing aromatic polycarbonates. Up to now pro-
cesses, such as one utilizing interfacial condeﬁ-
20 | sation polymefization of an aromatic dihydroxy com-
pound, such as 2,2-bis(4-hydroxypheny1)propahe
(hereinafter frequently'refefred to as "bisphenol
a"), with-phosgéne (hereinafter frequently referred
to as the “éhdsgene process"), have been commercial-

25 o ly practiced. 1In the phosggﬁe-proéess, a mixed
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t he pdlycarbonate reaches 8, 100, 8;900 and 9,200 at - respective

polymerization times of 8, 13 and 24 25 ' hours No significant
further increase is observed , 113
in the nunber average nol ecul ar wei ght of the pon Substitute sheet ~h7/8iR% e,
and the desired nunber average mol ecul & - wei ght, i.e.,

~ WMh=12,500 cannot' be attained. Poly- carbonat e having an Mh of

12, 500 CorreSpondscc;m(?nea:cJ.aﬁ.ly pra?tlt(ﬁégmr d’gl éc%a% ?#—J;@%E ahogﬁigl SCOSi ty

polycarbonate resin e gra

gr ade. carBhfiL G S MH&&%&%}P S £fg %a D:QME@E:DQEQES

havi ng an Mh of 12,500, 1s conmercia van- tageous. 10
Conpar ati ve Exanp@%&ér exchange reactloﬂibé%héﬁna@P%ﬁﬁ@HélpﬁeEﬁHyner

powder prepared
dlghenyl carbonate in the presence of a catalyst,
5 : while'effecting elimination of phenol. However; in
~order to attain the'desiréa polyherizatioq degree of
the final aromatic polydéfbonate according to this
process, phehoi an&, finally; diphenyl carbonate
need Eb be distilled dff from a formed molten poly-
10 o carbonate of high viséosity (e.g}, 8,000 to 20,@00
poise at 280 °C), and it is generallf neceésary to
perform the reaction at a temperaturé'as high as.

280° to 310 °C in vacuo as high as——mmHg or %eéﬁ

for a period of time as long as, e.g., 4 to 5 hours.

1s ' - Therefore, this process has many disadvantages. For
example, (1) both special apparatus (suitable for
reaction at high teﬁperatures,and under high vacuuﬁ)
and-a specialesﬁirrer of great power (useful under
s the high viscoSity conﬁitions of the product to be
20 - 'formed) are needed,.(Z) due t§ the higﬁ viscosity of
the product, whenla feactor or stirring‘type reactor
(which is usually eﬁéioyed in the piastic.industry)
is used, only a polymer having a weight average
molecular_weight as l§w as about 30,000 is obtained,

25 (3) due to the high temperature .at which the reac-
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in substantially the sane manner as in Exanple 2 is ' pl aced in

an at nosphere of tetrahydrofuran vapor- saturated nitrogen gas
at about 40 [err]C for 24 hours 15 to effect crystallization.

The resultant crystal - | i zed prepol yneSubstitutessheati-] 17/8i88ace
area of 0. 05 n{err]/g and B2crystallinity of 20 %

The crystallized prepolyner is subjected to solid-state

condensati on polynerjzation jn substan- h manner
as in Exanple 1 ex@hiorsand about 30 3 ?%ébb%??%ﬂ°%fAtV¥§L 8F9§ﬁp¥ﬂ the

tenperature is kept 20 [err changed_to_24 _hours
in Conparative carbonate %&éﬁﬂ%@l%z ot $§ eaﬂnﬁégﬁﬁgﬁlxelght

of o o 25 .
Fevel. The obt a| ne o%@ rrbos(r;%% ee'cah’ggo:[ah Y, £SrA Q%bﬁ_gﬂl

114 fied prepolymer having a melting temperature of more

5 .than 280 °C, and then the polymerization degree of
| .the prepolymer is ‘increased by solid-state condensa-
tion polymerization at 280 °c underigfg%%gégmggi 4
hours. | |
However, with respect to a substantially amor-
1o phous aromatic polycerbonete comprised mainly of a
'dihydrokydiarYl-alkaﬁe, such as bisphenol A, no
noteworthy attempt has been made by any other
persons ekilled in the art than the group of the
preeent inventors to produce a polymer having a high
15 : molecular weight by first forming a prepolymer_
having a relatlvely low molecular weight and then
subjecting the prepolymer to solid-state condensatlen
polymerizatlon. For example, in the phosgene
process using an acid acceptor, which ie the most
20 representative method for producing an aromatic
pbcharbonate, since a compound, such as sodium
chloride, to be removed from the reaction system to
'adtance'the condensation reaction is generally solid
in the absence of-e solvent, the compoﬁdd hardly

25 moves within and through the solid polymer. There-
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8, 800. Conpar ati ve Exanple 3 . 10 kg of

2,2-bis [(4-methyl carbonate)phenyl] propane is charged into
the sane reactor as used in 5 Exanple 1, and stirred while

i ntroduci ng dry argon gas heated to 28@ubssitute sheat + Zv£8/90 30
[err] (N.T.P.) /hr to effget reaction at 280 [err]C for 7
hours, there- ' by obt ai ni ng an anor phous prepol yner havi ng an
Vh of 1,700 and an Mwv of 3,300. The prepolyner is treated 10

wi th met hyl ene chidens#titm gofllycerdzadign,i 44t iign generally requimedt hen
dried in substantially the same manner as - : i n, Conparative
Exanpl e 1. Ther eafthat, thee prepollymer not be fused dyLktmainbakR pkePol yner

is subjected to solid-state condensation _polynmerization in
substantial |y thesolgd-state atsgndemperatuse ihﬁ-%ﬁﬁwﬁﬁ'@‘{n@}%eﬁa?ﬁat

pol yners bei ng forned are sa I%g%24 hoq{s and 59 qurs after
the initiation of SR Sidiipteiempergtusie the mrepolymer (L ®romthe

measuregent of the molcoul . e 1L 3 the glass tradfidiSacamRLeS. It
perature of the pfepolymér, molec#lar.motion does
not occur, thus precluding solid-state condensation
éolymerization). Amorphous polyéarbonate which
melts at a temperature of 150 °C or more is prac-
10 | tically not suscepﬁible to soiid-state condensation
x polymerization. '
The only proposals hitherto‘méde for producing
an arométic polycarbonate comprised mainly df a
" dihydroxydiaryl alkane, such as bisphénol A, which
15 - is a substantially amorphous polymer, by solid-state
| coﬁdensation éolymerization,'are those discloéed bx
the group of the present inventors in Japanese
Patent'Appliqation Laid-dpen Specification No. 63-
oo 01,
223035, No. 64-1725, No.-64-4617, No.-64-16826 and
20 , No.%-wsn.
Japanese Patenﬁ Application Laid-Open Specifi-
cation No. 63-223035 and_No.:£%%4617.disclose that
solid-state condenéationipolymerization.can be.ef—

fected in the production of a polycarbonaté of bis- .

25 phenol A by self condensation reaction of a bisalkyl
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20

hours. The nol ecul ar wei ght of the poly-
increased to a desired | evel.

Pol ymeri zation for obtai'ning an annrphéus pre-
115 pol ymer (pre-pol ynerization)

_ nmol ecul ar wei ght reaches 6,500 (Mw16, 800) and 7,100
(Mn=18, 000) at respective polynerization tines of 24

 compar gar bgnat,te %325%9 be

and 50

i s conducted in sub-

stantially the saneP$aQ€§{a€s?énﬁégﬁggig;hyﬁygéggylgompgund’

that 3 g of di butF
t he pol yneri zati
changed to 250 |

pr epol yner haVithanormula:

ggﬁ%gggﬁgaégfgbggge of biﬁgaﬁnolfglﬁgﬁihééhEga 2

3, except
aral'yst %add t hat
are

S, ai n an anorphous
Mh of 3,100 and an Mwv of 6,400. The

anor phous pre-

10

15

20

25

§3‘3_‘©—£OCH3 B

. 3 : .

()

CH3°E° _@—

. in which dimethyl cafbonate groups are removed at an

elevated temperature. In particular, in the methods
of Japanese Patent Application Laid-Open Specifica-

tions No. 63-223035 and No.—84—4617, prefpolymeriza;
tion ig performed to obtain a prepolymer having

methyl carbonate groups at both terminals thereof

which is represented by the formula:

0
CH3CED (II)

wherein ¢ is an integer of from 2 to about 30,
the prepolymer is subjected to solvent or heating

treatment for effectuating crystallization of the

P ——p—— e+
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polymer is crystallized with nethylene chloride, and t hen

dried in substantially the sane manner as in 10 Cbnparatlve

Exanple 1. Then, the resultant crystal- 4

subj ected to solid-state conden- 16 H29 RS

substantially the sane manner as in Exanple 1 except t hat
polymers being formed are sanpled 24 hours and 40 hours after

15 - . the praipbilghie®) @hdl RRepp|oIHId-Zetd e ainddsd eiof Gpoly-

From t he neasurenent of the nol ecul ar weight of each of the
-sanples, it is mewicdatiah tike peurfioamedd.er age mol ecul ar wei ght
of the pol ycarbonate reaches 8, 500 and 10, 300 at respectlve
pol yneri zation tinesoOaf thé o2ber hand, IapﬁuﬁseuintﬁntVMQF@%%%thn

pol ycar bonat es- havi ng M's of 8 500 and 10:%2£bare

i ndi vi dual |y |nﬁeadﬂﬁpen SpecificatiamiMed &4-BIRE [ &¥9] 1682pare shaped
articles, silver streaks markedly occur on each, of the shaped
“arti-S and é‘loesﬂaﬁéatzﬂe dgakese dibadach RALYFAFRIRDPEY Afticles 25

has hazy, opaque ,porti ons.
y haq lgphenol A can be produced by reacting for example,

bismethyl carbonate of bisphenol A represented by

formula (I) with diphenyl carbonate to produce a

‘prepolymer having a methyi carbonate group and a
10 phenyl carbonate group as terminal groups (such as

" that represented by the formula'

- {III)
15

wherein ¢ is as defined above], |
and subjecting the prepolfmer to solvent or heating
s treatment for crystallizing the prepolymer and then

20 to solid-state condensation polymerization. 1In the

methods of these patent application 1aid-open

specifications, as different from the methods of

Japanese Patent Application Laid-Open Specification .

No. 63-223035 and No. :£%L4617, condensatlon poly-

25 .. merization is advanced by elimination reaction of
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116 : Exanple 4 S - 10 kg of an anorphous
pol ycar bonat e prepolyner o havi ng a nunber average nol ecul ar

wei ght of 3, 900 and a nolar ratio of -termnal dr oxyl 9r§

to 5 term nal phenyl carbonatg groups of éﬁﬂ&gr—ﬁgﬁéﬁéisl—LJ&Ei
prepared in substantially the same manner as in Exanple 1
except that, in the polynerization step, the tenperature is

el evated to 250 [ audfGanbkeptsitdiped article oﬁ&ﬁoijﬁﬁétﬁlhs mel ted by
heati ng at about 240 [err]C and 10 extruded in a thin strand form
over a period of Disclosure Gf IMthe ,InvemtionMri ng bl ender acetone bath
filled with 12 kg of acetone having-a tenperature of 40 to

50 [err]C through a di &heprepertt dinventxr ofpdenhously found that

di ameter. Sinultaneousl'y with the extrusion, the 15. acet one and
the prepol ymer ar 8oddid-atatariqandensation polymerization -could be

5 effectively performed to increase the molecular
waight of formed oolfcarbodate in the production of
an:aromatic polycarbonate from, as starting mate-
rials, a dihydroxyaryl-compound-composed mainiy of a
dihydroxydiaryl alkane, such as bisphenol A, and a

-10 o diaryl carbonate, such as diphenyl carbonate, and

filed patent applications (Japanese Patent Appllca-
tion No. 63 240785 —;ate5aa%*eaa;—Pa%eaé—Appééeaééeﬂ-

edma::§%§£%§%§¥99989-and Japanese. Patent Application

No. 63-327678). These applications disclose methods
15 for producing a high quality aromatic polycarbonate
in whlch a substantially amorphous prepolymer having
hydroxyl and aryl carbonate groups as terminal
‘groups is crystallized and then subjected to solid-
s’ - state condensation polymerization, and the inven-
20 tions of the apolioations are based on an.unexpectéd
| finding that ﬁha crystalliﬁity of a prepolymer plays
an important role in the practice of solid-sﬁata
condensation polymeriiation.. |
Ever since, the presenr inveators'have'

25 _ ~continued studies with respect to an improved method
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rer provided mrth bl ades at a rate as high as 500 rpmto

effect crystallization and pore formation whil e effecting
reduction of the prepolyner to fine powder . The resultant.
acetone slurry of a porous, 20 19 crystalli zeHRa3dd = padie,

and it is found that a great nunber of frne'partrcles are

present in t he acetone slurry. The thus forned particles in
acetone have an avésmgergducing anliagenatiofpabyciebepate by solid-  when
the acetone slurry is allowed to stand, a 25 Ag rous irystallized

prepolyner preci pi state condepgation polymerization.
117

t he upper _portion of the acetone sol tronfbec HEE
transparent VheriRe¥Retrefl bi thR BResRMG LRyentors have °H g BSrtion

I's taken out’ and thﬁeagggéq]iéxguéiacg area of a crystallized aromatic

5 polycarbonate prepolymer exerts a marked influence
upon the practice ‘of solid-state condensation poly-
merization. Further, the'present inventors have
uﬁexpectedly found that a ‘porous, crystallized
aromatic polycarbonate prepolymer having terminal

10 hydroiyl and aryl carbonate groups -in—a—speeifie—

-motar—ratio-and having specific number average mole-
_ rticle diameter distri

cular weight, specific surface area/and crystallini—

~ ty can readily be converted by solid-state condensa-
tion polymerization to a porous, crystallized,

15 aromatic polycarbonate having excellent properties.
Based on_theSe unexpected findings, the present
invention has been completedi

Accordingly, it is an object of the present
. ' invention to provide a porous, crystallized aromatic

20 E polycarbonate prepolymer which can readily be
converted by solid-state condensation polymerization
to a porous, cryétallized; aromatic.polycarbonate
having excellent properties.

It is another object of the present invention

25 ' to provide an efficient hethod for producing the
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therein is distilled off, a polycarbonate oligomer 5 - having a
nunber average nol ecul ar weight of 710 is obt ai ned. Fromthe

anount of the portion taken out and the anount of the oligoner
obtained, it is found . that,4 he oI|goneﬂﬂﬂﬁﬂﬁ!ﬁﬂﬂﬂﬁﬂunllﬁﬂggn
acetone sol ution - in an anount of 390 g per 12 kg of acetone.
10 The acetone slurry of the porous, crystallized

prepol yner is hea%¥$@@udéhg§ddédrgkéébryﬂgf|| of f the

acetone, so that the porous, crystallized pre- pol yner is

dried. The particle di anetiy digdFtiddr object of thetpﬂéséﬁttDEVEHUSon
obt ai ned porous, crystallized pre- 15 polynmer is neasured. A

fraction of the pa®yirovide a porous cromtstdlrited; eanbyaticwakomapisses
through 50 [err]m screen is 2.8 % by weight, based on the

wei ght of polycaddiwrnaieomd & ysitagdd 7 epbypoepp| gnestadhiizédact i ons

of the porous, crystallized prepolyner which remain 20 on 50 [err]m
screen,5 75 [err] mpakwsrbattd diavting ;e los heak) pesistance and

screen, 600 [err]mscreen, 850 [err]mscreen and 1070 [err]m

screen are respecﬁQAﬁ%P§3H?S%ﬁﬁFWEQQNEXhHHiQFRHb?dvan ageously low

water absorption and being free of impurities.
It is still a furthe: object of the present
invention to provide an efficient method for produ-
10 cing éach of the above-mentioned porous, crystal-
‘lized, aromatic polycarbonate and shéped, porous,
crystallized,_aromatic.polycérbonate.
The foregoing and other objects, features and
advantages of the present invention will be apparent
15 from the following detailed descripﬁion and appended
claims taken in connection with the accompanying
drawings. |
In one aspect of tﬁe present invention; there
is provided a porous, crystgllized, aromatic poly-
20 carbonate prepo;ymer comprlsing recurring aromatic
carbonate units and terminal hydroxyl and aryl
carbonate_groups,dwhe:eLn_the_molar—;atio—eé—%he
~terminal . hydeoxyl-—groups—to—theterminal—aryl—
éba;bonate—g:oups—is-#;cm—é#&é—té—&S#Sq-and having a

| 2,000
25 ‘number average molecular weight of from 3089 to
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wei ght, 11.7 %by wei ght, 20.7 %by weight, 26.8 % by wei ght,

15.4 % by weight and 6.5 % by wei ght, 25 based on the wei ght of the
porous, crystallized : o prepol yner. Si nce the

pol ycar bonate ol i gomer serves as an tdshiegg - (1/8/99
drying, agglomeration of fhe powder of the poroeus,

crystallized prep&i88er occurs to form secondaryggarticl es,

leading to a 5456049, alaﬁasi@%tgﬁkeaeeaa%sr of hhe 1RU[ 2. n2/g
crystallized prepol yner has %Epemf rface area of 1 7
n2/ g “aA@laaceyyEdBlinDty Vop S%Si r'tlc%e Hamtdd

the porous, crystallized prepol ymer s ] nart |
been heated to 14QlskE ) suchs that (khe content of pa

condensati on pol | zati JUSi q er N tu er t e,
solid-state andy in the lymer is reater tth d:%] . yp

5

10 -

15

20

25
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pol ynmeri zation reactor made of a stainless steel. The

-solid-state condensation polynerization is conduct ed under
conditions such that nitrogen gas is 15 introduced little by
little into the reactor while keepi ng_1Sgbgtitase sheeth to
266.6 Pa (1 to 2 mmHg) using a vacuum punp and that the
tenperature is elevated from 140 [err]C to 180 [err] C over 30

m nut es and furt her
arate of 20

hour s,

ate having an Wh of

el evat ed om 180 [err]C to 220 [err]C at
10 [err]C/ hr, and tThem kept at 220 [err]C for 7
t her eby obtaining a porous, crystallized pol ycarbon-
11,500. There i s observed no adhesi on of

the pol ycarbonate to theThengereasl cfystallized, anamafiicr PRHHFITRAIER

al nrost no adhesion of the 25 pol ycarbonate to a bag filter
di sposed between thgrepolymer of the present invention comprises

REPLACEMENT SHEET
AUG 1999

recurring aromatic carbonate units represented by
formula (IV):
o.
i o
£{0CO-Ars . (IV)
wherein Ar is a divalent aromatic group,
and terminal hydroxyl and aryl carbonate groups. The
terminal hydroxyl group (-OH) is directly bonded to
the aromatic group. The terminal aryl carbonate
group is represented by formula (V):
o
I 3
-OCOAX (V)
wherein Ar3 is a monovalent aromatic group.
The molar ratio of these terminal groups of the -

prepolymer is not specifically restricted and ¥55taa.

according to the number average molecular weight of

. the prepolymer, the properties of an aromatic poly-

carbonate intended to be produced from the prepoly-~

- mer, and the like. Generally, the molar ratio of

o .
I
-0H/-0COAr3 is within the range of from 5/95 to

95/5, oreferably from 10/90 to 90/10, more érefer—
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119 ' tunbl er and the vacuum punp. The por'ous, crystal -

| i zed pol ycarbonate obtai ned by the solid-state _, condensati on
pol ynerization is nelted, extruded and : " pelletized at 280
[err]C to obtain colorless, trans- 5 par enSubstitute shebt ai] 7/8/99
anor phous aromati c pol ycar bon- 29 ate. The thus obtained pellets
is injection-nolded at 300 [err]C to obtain a .plate. The plate
exhibits a transm ttance (according to ASTM D1003) of 90.4 %
and a haze (according to ASTM D1003) of 0.3 % 10 Exanpl e 5 '
An acetone slurry of a porous, crystallized pr epol yrer
obtained in substantially the sane manner L as in Exanple 4 is’
separated into the pargus, crys- taklized prepg ynmer and an
acet one sol ution by rfBahs “"6’“ : (R7) t )yn

'—é}— conil —@— , —f@——coo——@—

whereinR5 R6 m and n have the meani sasdéfinedabove. ey
yseful divalent aromatic s include:

10

15

20

25

REPLACEMENT SHEET
2 0 AUG 1899




15 of a batch type centrifugal separator. 9 kg of the
t hus obtai ned porous, crystallized prepolyner and a separately prepared

650 g of an acetone sol ution of a pol ycarbonate ol i goner
having an Mh of 850 (oli - gormer concent Safbistibute3Sh&étby 1 W8/99t )
are mxed well, 20 and acetone is distilled off while heating and
stir- ring, to obtain a drjied, porous, crystallized pre

pol ymer. The particle dianeter di stribd¥8-on of the - t hus
obt ai ned porous, crystallized prepolyner is . determ ned by
classifying the particles into frac- 25 ' tions by nmeans of screens
The major fraction is _ 120

one containing the particles of the prepol yner hav- i ng passed

t hrough the 600 [err]m screen. The anount of

6 . ) S 6
( )n

| S T | ®)y ca,
~E—i 2O b —® O

3 6 i
(R7) (R”)_ (R”)_ 3

O-S

wherein Rs, Rs, m and n have the same meanings

as defined above.

The prepolymer of the present invention may
contain, as Ar, one type of.a divalent aromatic
group mentioqed above. Alternatively, the prepoly-
.mer-may contain two or more different types of di-
valent aromatic gréups.

The most'preferfed is a.prepolymer containing
an unsubstituted or éubstitutéd bisphenol A group

represented by formula (VIII):
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t he prepolynmer contained in the fraction having passed t hrough

the 50 [err]mscreen is only 3.5% by 5 wei ght, based on the
total weight of the prepolyner The porous, crystallized
prepol ymer has a specific syrface arefubstilute sheatr] 14/&08 a
crystallinity of 28 % _ The porous,
crystallized prepolyner is subject- 10 ed to solid-state
condensati on. pol yneri zagé9feddhtative exampléQbéfaHEBahhﬁth% same nmanner
as in Exanple 4 to - - obtain a porous, crystallized pol ycarbonate
havi ng Wn of 10,800, a specific surface area of 0.8 nR/g
and a nolar ratio of terminal hydroxyl groups to- 15 term nal
phenyl carbonate groups of 4/96. . - Nei ther adhesion of the
pol ycarbonate to the i nner wall of tunbler nor clogglng of the
bag filter he polycarﬁﬁhate S obse\‘!j
Exanple 6 20 -@—a @Legrol yn;g@;ha ng @mnb r average
nol ecul ar wei ght of OO an | ar (Eo o? g

CH

i3 ?Ha

—@}—c’: —CH,— ¢ —CHy |
CH3 CH3
10 _ The porous, éfyétalli:ed, aromatic polycarbon-

ate prepolymer of the present invention has a number
—2.000 8,000
average molecular weight of from-4+666 to 150008«
When the number average molecular weight is less
—2.000 _ ) .

than=t7069, solid-state polymerization of the pre-
15 polymer disadvantageously takes a long period of
time. Further, the prepolymer is disadvantageously
fusion-bonded during the solid-state polymerizatioﬁ.
On the other hand, it is unnecessary for the pre-
polymer to have a number average molecular weight of
20 larger than—4+5-040, because the increase in number

average molecular weight of the prepolymer larger

8,000 :
than 35,086 does not have any special effect on the
ratée of the solid-state polymerization of the pre-

polymer.

25 4maégh§—és—475oo—€e—+37G997——@he—mes%—p%e%eeseé—és—a
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t er m nal

hydroxyl groups to term nal phenyl carbon- ' ate groups

.of 30/70 is prepared in substantially the ' same manner as in
Exanple 1 except that the period 25 - of time for keeping the
pressure at 133.3 Pa (1 mﬂ—lg) i's 32 Substitute sheet - 17/8/99

121

changed to 3 hours. The anorphous prepolyner is

subj ected to solid- state condensati on polynerlzatlon in

substantially t hewseseL , ma-ledadang. s o000 DOO-
crystallized prepolyner having a 5 speC|f|c surface area

por ous,

of 1.3 nerr]/g.

The Trer tdadamis, crystallizell arstamattictpélycanhont t he

t hus obt ai ned porous, . crystallized-prepolyner, which is

det erm ned by

neans

10

15

20

- 25

ate prepolymesssiff \ihey pfesent pletr‘teittﬁléyl iba® aractions by

of screens, is such that the ' fr tlon |s one
specific surface area of at 1ea£§45:2 ff a

large specific surface area is important for produ-
cing an porous, crystallized, aromatic polycarbon-

ate. When the specific surface area is smaller than

J.Q.5_ 2 Y - . .
0+2- m“/g, the rate of the solid-state polymerization:

of the'pordus, crystallizéd, prepolymer is lowered,
which is disadvantageous for producing an aromatic.
polycarbonate on a commercial scale. The larger the
specifié surface area of the porous, crystallized,
aromatic polycarbonate prepolymer of the present
invention, the higher the rate of the solid-state
polymerization becomes, which is advantageous. From
this standpoint, tﬁe specific surface area of the
porous, crystallized, aromatic polycarbonate pre-
polymer of the present invention is at least
o-2mifg——preferably—at—least 0.5 m2/g, more
preferably at least 0.8 mZ/g.

The specific surface area is measured by the
Brunauer-Emmett-feller.ﬁethod (BET method) using a
krypton gas.

The desired specific surface area of the crys-

tallized prepolymer of the present invention, which
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10 containing the particles of the prepol ynmer having
passed through the 850 [err] m screen. The anpunt of the

particles contained in the fraction having passed thro%%h t he
e

50 [err]mscreen is 1.3 %by weight, ba32d bst t
of the prepolyner. 15 The porous, crystallized prepolyner is
subj ect - ed to solidgéiatf condensati on polynerization in

substantial |y the XaiS kargs s 9 ERANP| T 4meReepts at%ained bY that the
period of time for keeping the pregg%gner stallizin at %%0 Lerr]Cis
changed to 6 hour SOY¥RRlepyEAEBEME nECR SBY BorBEs 87 zed
pol year bonate navi Gl Snaering pyrens o agselebers helsbsllinll 0 ¢
surf ace area Of  etectron meds SR ERISH: "TL AT B TS 4 (e
bag 25, . Td1dL1 P ot n L0 158" DOLBL £yhr OBE LN present
invention is'porods.' For comparison, a scanning
electron micrograph of an amorphous prepolymer which
has not been subjected to solvent treatment is shown
. in Fig. 3, which shows that the amorphous prepolymer
10 is non-porous. | |
" The porous, aromatic polycarbon#te prepolymer
of thé present invention is crystalline. The crys-
tallinity of the prepolymer is at least 5 % as
measured by X-ray-diffractometry. When the crystal-
15 linity of the prepolymer is less than 5 %, it is
disadvantageous in that the prepolymer is likely to
be melted in the céurse of the solid-state polymerif
éation for producing a final polycarbonate, causing
the solid-state polymerization to be difficult to
20 conduct. The upper limit of the crystallinity is
~=RoL—spegliicaliy-—rectricted—However, for subject-
ing the prepolymer to solid-state polymérization to

produce an aromatic polycarbonate, =it—is—preferred—
' i an 55 % from

- 25 the standpoint of the rate of solid-state polymeri-
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by diésolving

Exanple 7 An aqueous sol ution prepared
64.8 g of sodium hydroxide in 800 g of water, is

m xed with 137 g of bisphenol A, 400 m of nethyleg 5 chl ori de
and 1.7 g of phenol to prepare an enulsion. ubstity i on

I's gradually blown 58.5 g of phos-
hour while stirring and

from1l0 to-

10

fol Il owed by sti¥?Y

| ayer

t he

10

15

20

25

reactio

%5§1§$H% ﬂga?aggﬁg?gblgr ara e gahy Q%hg%icthe m xture
into a nEthernﬁ%f?é %Qﬁakéyﬁfeﬁalfﬁgr is subaectﬁd RQ WE &dﬂ¥q£ﬁ‘on in

met hyl ene chl or

chl oride |ayer b§1§ﬂé£§55tlo&5 it is pré€fer2BE tHathengeldontent %Elorlde

i's added a

gene over a period of 1
whil e maintaining the tenperature at

20 [err]C, to advance a reaction. To the resultant

ayer. The net

ene

aqueous sodi um hydr oxi de solution to convert
. toéef@hel parebtoesf onmehe gragBlyhBEobRh@ROlsHaal as

possible from the -standpoint of ease in handling.
Fﬁrther, when the amount.of fine particles present

in the powder form or agglomerated powder. form of

the prepolymer is large, it is disadvantageous in

that the particles of both the prepolymer and the
formed polymer are likely to be fused and bonded
with one another or adhered to a reaction vessel in

the course of the solid-state polymerization. From

these standpoints,wit—is—p@eéesaaé—éhat the.content

of particles having a particle diameter as small as
50 um or less in the prepolymefi%EEﬁoEf%féater than
10 % by weight.

Accordlng to the present invention, from the
viewpoint of ease in handling, it is preferred that
the porous, crystallized, aromatic polyca:bOnate
prepolymer be in granular form. It.is more prefer-
red that the granular form of porous, crystallized,
aromatic polycarbonate prepo%ygﬁfframf a compressive
break strength of at fé%gg%gEégii%égﬁ_LWhen-the
compressive break strength is lower than/ = %

it is disadvantageous in that too fine particles are
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~groups, followed by neutralization with phosphoric acid and by
sufficient washing wwth water. Fromthe 20 resul tant sol ution of
t he prepol ymer in methyl ene chloride, the nethylene chloride

is distilled off, - foll owedsby drying o\Gubstighte skeety- 4 7Yy&4Q81m

dryer. The resultant dried prepolyner is puIveriZéd I n
substantially the sane manner as in Exanple 2 and 25 t hen charged
in a small size Waring bl ender contain-

123 fongedObefouve andt duwingi thestsaldidie tatd , POlymeniza-
thereby effecting crystallization and pore formation of the
prepol yner. Then, &deneneausidgsthel bandling of prepolyman &R \prsdife
obtain a dried, porous, crystallized 5 prepol yner. The thus
obt ai ned porous, cfysudkl.i 288 is preferred that the compressive break
strength be as large as possible. However, in
5 general, it is sufficient for the granular forﬁ of
prepolymer to have a zﬁompressive break strength of
at leastz o
It is most preferred that the above-mentioned
. granular form of prepolymer have a crystailinity of
10 at least 5 %,~§sé§£%;b;¥-not greater than 55 % (X-
ray diffractometry). These granular form of the
porous, crystallized prepolymer is advantageous not
only in that the handling of the érepolymer before
and after the solid-state polymerization is easy:;
15 the scattering of a powdery prepolymer is avoided
when the prepolymer is subjected td solid—state-
polymerization; and the prepolymer is not fused
during the solid-state polymerization, but also in
that the rate of the solid-state polymerization can
20 _ be markedly increased.
| The shape of the granular fo;m of prepolymer is
not specifically restricted, and it may generally be
a pellet, sphere, cylinder, disc, polygonal pillar,

cube, rectangular parallelepiped, lens or the like.
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prepolynér has an Mh of 2,300, an Mwv of 4,600, a

crystallinity of 28 % a specific surface area of 1.3
nmMerr]/g and a nolar ratio of term nal hydroxyl ; ) rou t
term nal phenyl carbonate groups of 45/58. 10 Ly 8
chlorine by potentionetric titration and atom-c absorption
shows that any chlorine- cont ai ni ng conpound i s not contained

in this : pol yner. ‘ ‘. gggk i PR PYS,
crystal | i zed prepo®idge)r & is the 1?ﬂﬂﬂ§§%ﬁug§ﬁ§ge |niﬁ€$? y been heated

to 140 ferr]Q is defined asustlh%u%.ies a[%é %ﬂé&%%ﬁﬁ%@eﬁéﬁlmél

pol yneri zati on g a rotary evaporator under conditions such

that Y GIH Istd DddlRdanan ol {4 omne6s bxtor 3p8ralRa (2

to 3 mmtHg) erature 1s elevated om 140 Cto 20
180 [err]C over 10 ygnuties Andddirddierast ey deid Oshort axis diaméser)
[err]C to 220 [err]TCat a tenperature el evation rate of 10
[err] T h, and thengkapt & 2204 Hoaa 4eh@rsSetween the projebbedbymage
obt ai ning a porous, crystallized polycarbon- ' at e havi ng nunber

average nol ecul ar W dHe Qfrahii®) , and h is. the height of the granular
form of prepdlymer.
In another aépéct of the present invention,
there is provided a method fof producing a powder
ld form of porous, crystallized, aromatic polycarbonate
prepolymer, which comprises treating an amorphous
aromatic polycarbonate prepolymer with solvent under
sufficient shearing force to crystallize and render
porous‘the amorphous aromatic éolycarbonate pre-
15 polymerx, .
Ehe amorphous aromatic polycarbonate prepolymer

comprising recurring carbonate units and terminal

hydroxyl and aryl carbonate groups,awhe;eia—the—

20
- and having a number average molecular weight of
8,000 -
~4-+666-to -+5+606
the shearing force béing sufficient to cause
the resultant powdery, porous, crystallized,
25 aromatic polycarbonate prepolymer to have a specific

surface area of at least 0.5 r_rF/g,...__a.n average |
| REPLACEMENT SHEET
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25 and a specific surface area of 0.5 n2/g.

124 Exanpl e 8 An aqueous sol ution prepared
by dissolving 62 g of sodi um hydroxide in_800 of water, is
m xed with 137 g of bisphefidl A, 400 mﬂ&w@.i de
5 : and 1.7 g of phenol to prepare an enul sion. Into
the enmulsion is gradually bl own 55 g of phosgene over a period
of 1 hour while stirri LAy Wre at
from10 to 20 [err}’értgﬁll aﬁé‘“e «f' 3t 250 MR S tlaenét’?'eag'c}irmrr%&gm‘a f
blown 6 g of phosge 55%, and a tiglepel anprteofdistmibutties. suchothd
m xture, 0.13 g of trlethylanlne 'S added follomed by
stirring for e content of manticleshbavingna pardicke diameign; ofc SAm
sepa- of aitésgnupfthé &8l 51*1%@@%&%%&6@ %@rgrferaeém tthen
10% by weiqht.

5

10

15

s
20
25
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aqueous | ayer and, then, to purification, and sub- 15 . sequently

subjected to crystallization and pore formation in
substantially the same nanner as in Exanpl e 7, thereby
obtaining a porous, crystallized pr epabybstitute Sheet hus/8/99
obt ai ned porous, crystallized prepol yner has an Wh of 3, 300,
an Mv of 6,500, a 20 crystallingpiy of 28 % a specific surface
area of 1.0 mnMerr]/g and anotar ratio of term nal hydroxyl
groups to term nal phenyl carbonate groups of 40/60. ' The

porous, crystallized pr@QQIgﬁ@geéﬁhénggmgﬁic_cggﬁ?PgFpr?%gbggﬁggid-state

condensati on pol yneri zation subs manner as

in Exanple 7, comprising recurring carb te groups 4fAd havin
t hereby obtaining a p%rous,gcrystaJ%!%ed %d??%a?bgn-up géte
having a wei ght avesAgendD| BpatSkyVeifdta®fl carbonate groups, and

- 2,000
having a number average molecular weight of 5,969 to

~+5+689, which is used as a starting material, may

generally be prepared by pre-polymerization as will
be described latér. Then, the amorphous prepolymer
is treated with solvent under a high shearing force
sufficlient to reduce the prepolymer to particles
having an average particle diameter of 250 um or
iess, to thereby c?yétallize and simultaneously
render porous the amorphdus prepolymer. In this
method, the amorphous prepolymer to be treated with
solvent may be either in the solid state or in the
molten state. The crystallization and pore forma-
tion of the amorphous prepdlymer occur ffom its
surface. Therefore, for obtaining a porous, crys-
tallized prepolymer of the present invention having
a specific surface area of at leaSﬂng%-mzlg, it is
necessary that the treatment of the prepo;ymer with
solvent be conducted while mechanically pulvgrizing
the prepolymer under high shearing force to the
prepolymer so as to reduce the prepolymer.to

particles having an average particle'dfﬁmeter of
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25,000 (Mv Mnh=2.3) and a specific surface area of _ 0.5

nerr]/g. '5 Exanple 9 Pre-pol ymerization is
conducted in substanti al - ly the sane_nmanner as in Exanple 1
except that 13 kg of bisphenol A and ékﬂﬁﬁFuﬂlihQﬁhaﬂﬂig%ﬂl
carbonate are _ used, thereb¥ obtaining 12 kg of an anorphous
pre- 10 pol ymer having an M of. 3,200 and a nolar ratio of

term nal hydroxyl groups to terninal phenyl car bon- ate groups
of 50/50. Fromt ot t i on _of the nerization
reactor, 10 kg o %F%e N° ecular weig@ﬁnﬁ?&%ﬁﬁf?ﬁéﬁﬁﬁ ﬂL¥gﬁTeﬁbout 240
[err]C is extruded 15 .an_acet ne- bath fi t |5 kg of
acet one presePFbﬁPtﬁ@ehﬁﬁﬁpﬂiﬁqﬁﬁn??) % s%&% P?%rough a

di e having 40 Orb OE % mggd% ﬁﬁﬁﬂfglé%“” fh vi%V ?F the 5$ dof 1

hour. The botton1po acet’one i § connectéd with

a suction port Ofwh%nc%@xter 'am&%h°§ampﬁ<e$‘;&k% urrp rﬁ%ﬁfﬂotﬁrﬁ@l&““er

bl ades (tradenane:
manuf agt ured andgylar polycarbonate oligomer in an extremely small

amount, it is preferred that a low molecular weight
polycarbonate oligomer be added to the amorphous
prepolymer before the cryétallization and pore
formation be conducted. |

10 'Agglomeration for forming secondary'particles
may also be conduéted utilizing the fusion-bonding
property of the powder-form of prepolymer. That is,
a powder form of prepolymer is sufficiently heated
to such a temperaturé that the surfaces of the

15 particles of the prepolymer are fused slightly, to
thereby agglomérate the powder.

In the above-mentioned method, a powder form 6f

porous, crystallized, aromatic polycérbonate pre-
polymer to be used as a starting material for

20 producing an agglomerated form of prepolymer has a

specific surface area of at least-ﬁv%—m2¥g7—prefer=
¢abl¥—at—Laast~0.5_m2/gq The érystallinity of the

powder form of prepolymer iswaégggést S —%—prefer-
cahl¥=ne£—g;eaéeE—Eha@f%%‘%._

25 The thus obtained powder'or-agglomerated powder

REPLACEMENT SHEET
20 AUG 1999




~sold by Sanwa Tokushu Sei ko Co., Japan) through a pi pe, and a
delivery port of the punp is connected with a side portion of
the acetone bath through a 25 - pipe. By operating the centrifuga

punp provided
Wi th cutter

Substitgte sheet - 17/8/99

bl ades, the contents of theggacetone bath -are

circul ated through the acetone bath and the punp. Wen passed

t hrough t he punp,

t he prepol yner is reduced to fine powder by

the action of the cut- 5 ter blades rotating at a high rate. An

acet one

forsl wfr poromisai oryytalidzeds, amomsttdld inaldrgapetater

I s obtained by extruding the prepolyner into acet.one whi | e
operating the punprepedyperomay beygranulaéed to produce g GFRARMEITI n t he
acetone slurry has an average 10 - particle dianeter, of 190 [err]m
Acetone is distil fegm of porous, crystallized, aromatic polycarbonate

10

15-

20

25

prepolymer mentioned above. Thus, in still a
further aspect of the present invention, there is
ﬁfovided a method for producing a granular form of
porous, crystallized, aromatic poiycarbonate pre-
pélymer, which comprises.granulating a powder form
or an agglomerated powder form of porous, crystal-
lized; aromatic polycarbonate prepolymer.

The method for gfanﬁlating the powder or agglo-
merated powder form of prepolymer is not specifical-
ly restricted. Generally, granulation of the pre-
polymer can easily be performed'by a conventional
meﬁhod, such as a rolling method, a vibration
method, a compression molding method and an extru- -

sion molding method. Of these methods, extrusion-

.granulation by an exfrusion molding method and com-

pression-granulation by a compression molding method
are most preferred, because a granular shaped
article of the present invention having a Sompres—
sive break strength of at least can easily
be produced. The granulation can advantageously be
performed, using a commercially avﬁilable tablet

machine or granulator, at a temperature of not

REPLACEMENT SHEET
2 0 AUG 1993




off fromthe acetone slurry in sUbstantiaIIy'the sanme manner as

in Exanple 1 to dry the porous, crys- tallized prepolyner. The
t hus obt ai ned porous, crystallized prepgl yner has a_specid,i
surface area 15 of 1.9 nferr]/g and a cry ot

Scanni ng el ectron micrographs?df the porous prepol yner with
magni fi cations of 3,060 and 6,020 are respectively shown in
Figs. 7 and 8. : The porous, crystallized prepolyner is

subj ect- 20 ed to | i d-state_con sat i 0 bzat Lang|

substantially the saﬁ‘Feearﬁﬁﬁéﬁlaa‘é the %’fagf ;_;é?(cngé&&ﬁémﬁéiﬁé of tthgt t he
tenperature is elevated t0 230 [err p. ‘n o ~at 230 [err]C
for 10 hours, there@fﬁﬁﬁéﬁWﬁék;%#?éé%ﬁéi&k& to 100 c'polycarbonate havi ng

an ultra-high mol ecul ar Wal fifatidy of a grahufar ASrdoffpiEp8RPmardmap My
of 65,000. After :

be ‘conducted in dry state using a dry powder form or
5 a dry agglomerated powder form of porous, crystal-
lized prepolymer, or in wgt state using a powder form
of an agglomerated powder form of prepolymer wetted
with an appropriate liquid. Preferred is the wet
state method, because a powder form or an agglom-

10 erated powder form of prepolymer préduced by the
crystallization and pore formation can be subjected
to granulation without completely removing the
solvent therefrom.

The above-mentioned porous! crystallized,

15 aromatic polycarbonate prepolymers in powder form,
agglomerated powder form and granular form can
advantageousiy be used as prepolymers to be
subjeéted to solid-state condensation polymeriza-
tion, to thereby produce porous, crystallized,

the
20 aromatic polycarbonates. From the powder form or-aa-
| agglomerated powder form of prepolyﬁer, a powder form
or an agélomerated powder form of porous, crystal-
lizéd, aromatic polycarbonate is produced. On the
other hand, from the granular form of prepolymer, a

25 granular form of porous, crystallized, aromatic
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127 keepi ng t he tenberature at 230 [err]C for 10 hours, the

tenperature is further elevated to 240 [err] C and kept at 240
for 10 hours, thereby obtaining a porous, - crystallized

pol ycar bonat e having an ul tra-high 5 gbgtitutevehieslit-. 17/8¢9

Vh of 40,000 and Mw of 1067 000. Exanpl e 10
Pre-pol ynerization, crystallization and solid- state
condensation pol ynerization are conducted in 10 substantially the
same manner as in Exanple 1 except "that 6.5 kg of bisphenol A
and 13.3 kg of 2, polymer. bIS[(4 phenyl carbonate)phenyl]propane
[err] 15 I n_place of 13.0 of blsphenol 13. 4 f

di phenyl carbonate. yIQhEhﬁr%b%B?yﬁ%Fgﬁ

crystallization, or ous, sta
y ghg porous, ZrysLalfized, aromatic carbonate prepoly-

mer to be subjected to-solid-stato polymerizatlon_ﬂgg
5 . have a specific surface area of at least 0.5 mzlgyﬁﬂﬁ
%&%&S—W 7 o * L ane
_Lized_a:omatic_ca:bonate—p:epolymez—hane.a crystal-
linlty of from 5 to 55 %.
The solid-state polymerization in the method of
10 the present invention is conducted by heating a
powder form or an agglomerated powder form of
porous, cfystallized, aromatic polycarbonate pre-
polymer in a heating zone. The temperature (Tp, °C)
' and.time required for the solid-state.polymerizafion
15 _ vary depending upon the chemical structure, molec-
ular weight,'crystallinity, melting point (Tm, °C)
and shape of the porous, crystallized, aromatic
polycarbonate prepolymer; the presence or absence of
a catalyst remaining in the porous, crystallized,
20 aromatic polycarbonata prepolymer; the type and
| amount of a catalyst, if any,lin-the porous, cCrys-
tallized, aromatic polyca;bonate pfepolymer; the
type and amount of a catalyst if added to the poly-
merization system; the specific surface area of the

25 porous, crysEallized, aromatic polycarbonate pre-
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prepol yner having an Mh of 2,500, a specific surface area of
0.8 n2/g, a crystallinity of 31 %and a 20 nolar ratio of term na
hydr oxyl groups to term nal phenyl carbonate groups of 42/58
i s obtained. By t he solid-state conde/Sibstitutensieater § 28/08n, a
porous, crystallized pol ycarbonate haviﬁg an Wnh of 13,000 s
obt ai ned. 128
Exanmpl e 11 - Pre-pol yneri zation and crystallization are
conduct ed-in substantially the sane nmanner as in Example 1
except that the agayghef; HH@Mlyre¥iiAtion Vegree of dKe! deshpaged to
12.1 kg to obtain"a porous, crys-- tallized prepol yner having
Mh of 4,300, a spegwisitallized, aromatSé A A mitd; and®/ €healike.
crystallinity of 30 %" ,

But, the solid-state polymerization must be

conducted at a temperature which is higher than the

5 _ glass transition temperature of the pdréus, crys-
tallized prepolymer and at which the poroué, crys-
tallized, aromatic polycarbonate prepolymer is not
melted but in a solid state (namely, a temperature
of lower than the érystalline_melting temperature of

10 the prepolymer). It 1s more preferred that the
solid-state poiymerizati§n be conducted at a tem-~
perature (fp, °C) satisfying the following relation-
ships:

'Tm - 50< Tp< Tm (V)

15 ' wherein Tp and Tm are as defined above.
'In this connection, it is to be noted that both the
glass transition temperature and the crystalline

» melting temperature of the prepolymer are elevated

with the progress of the polymerization of the pre-

20 polymer. Thereforé, the suitable temperature for

higher

solid-state polymerization also becomes -high with the
progress of the polyﬁérizaﬁion. The reaction time
for solid-state Polymerization is generally in the
range of from one minute to 100 hours, preferably in

- 25 the range of from 0.1 to 50 hours. With respect to
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and a nol ar
phenyl
pr epol yner

havi ng an Mh of
groups 15 -

is, the termnals of the, obtajned gorou
pol ycarbonate are subst §RePaFR§ A9

cr
with glyci

when t he porous,

heat i ng,

bi sphenol A and

triethyl ene-.

whi ch

Exanmple 12 25
5

10

15

. 20 -

25

ratio of termna
carbonate groups of 65/35. The 10
is subjected to
pol ymeri zation i n substan-
Exanple 1 to obtain a

term nal
porous, crystallized
sol i d-state_condensati on
tially the sulElidaesaces .
poro@s, crystallized pol ycarbonate
12,300 and a nolar ratio of term nal hydroxyl
to term nal phenyl carbonate groups of 98/ 2. That
,.crystal- | , lized
Fékﬁiate Pgiymerlz%ﬁ%ﬁﬁnﬁslncidentalIy,
st.al Lized. ., ol,ycarbonate, i,s react.,ed whi | e
palcssd®inile £1gning,aP” thare 4h0 k. g iRt~
ing zone, t gﬁgggﬂ'ﬁ%g%g@ Dneldt | % mae?eﬂ]aced%car%% ¢

S mne as<a curing ent, “a cured pro

w’i%hbﬂ%o'tﬂg' el Hs&ekﬁéﬁré%?f Urzsﬁ%éﬁa@(}%ﬂﬁd-in order
n a e _

to reduce the production cost, the discharged inert

hydroxyl groups to

aueous solut’ion prepar by “dl ssol vi ng

gas ﬁay be recovered and re-used. The discharged
inert gas contains condensation polymerization by-.
products mentioned above, such as an afomatic mnono-
hydroxy} compound and a aiaryi carbonate. There-
fore, it has been cdnsidered that when the dis-
charged inert gas is recovered and re-used, it is
necessary to remove the by-products contained in the
inert gas. However, it has unexpectedly been found
that even if the inert gas contains the by-pfoducts,
when the content of the condensation polymerization
by-products of the discharged inert. gas iggggﬁﬁﬁgg%g‘
less in terms of the partial pressure of.the by~

products in the inert gas, such an inert gas

containing the by-products can be re-used for the

solid-state condensation polymerization of the pre-
polymer, and the condensatioh-polymerization can

advantageously be performed. Therefore, in the
method of the present invention, the discharged

666.5 Pa (5 mHg)
inert gas having a by-products content of-S—mmHg- or

less in terms of the partial pressufe.of the by-
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129 64.8 g of sodlun1hydrOX|de in 800 g of water, is

m xed wth 137 g of bisphenol A 400 m of nethyl ene chl ori de
and 1.7 g of phenol to prepare an enuIS|on . Into t he emul si on
is gradually blown 58.5 g of phos- gen&ubsiitute shaetd1 A8/89% 0y
while stirring and’ nalntéﬁnlng the tenperature at 10 to 20
[err]C to ad- ' vance a reaction. To the resultant reaction

- m xture : is added a solution prepared by dissolving 0.8 g of

ethy! chlorof o i@Lgs 4001 o0l FELIY! 08 Gl oLk98ntatlousty pe [TO. The

m xture, 6 g of phosgene TS 5 m nutes

and 0.15 g of tr$§3¢&&3ﬂﬁﬂ§'&ﬁe heat%n%nzoneaQQeGhefQhEQWe@£§/éﬂdrr'ng for

2 hours. Then, t mxture I's subjected t

;ﬁgaf ation of are_ysed for tHE!4Wiracsehter pdeyhayezatiom.angrueous |ayer

course, from the standpoint of complete av01dance of
5 the adﬁerse reaction during the solid-state poly-

merization, it is most preferred that the by-
products be completelf rémoved from the discharged
inert gas. Howevef, it is extremely difficult to
remove the by-products from the discharged inert gas

10 to.an extent that the content of the by-products in
the discharged inert gas is less thanggfgﬁgégggﬂ%n
terms of the partial pressure. The reduction of the
by-products content in the inert gas may generally
be conducted by removing the by-products from the

15 discharged inert gas or by diluting the discharged
inert gas with a fresh inert gas.

The solid-~state polymerization_according to the
method of the preéent invention méy be carried but
by using a batch-wise method or a continuous method,

20 or by using both methods in combination.: As a
reactor for the solid-state condensation polymeriza-
_tion, va:ious'typeé of reactors, for example, a
tumbler type, a ki;n type, a paddle-dryer type, a
screw-conveyer type, a vibrator type, a fluidized-

25 bed type, a fixed-bed type, a moving bed type and
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15 then, to purification, and subsequently subjected to

crystallization and pore formation in substantially _ t he sane
manner as in Exanple 7. Thus, a porous, _crystallized

prepol yner is obtained. The obtai ned 62 p ity i
prepol yner has an Wh of 3,000, 20 an Mv of 6,300, a specific
surface area of 1.3 nferr]/g, a crystallinity of 25 %and a
nolar ratio of the total of term nal hydroxyl groups and
term nal ethyl used as 835BQP8LAgGUMAHRE 16N dan’ akisd 19f HeeldBtined
hydr oxyl groups to termnal ethyl carbonate groups is 26/23)
25 to term nal pReryl &ArbéfpahAagionpisokié@nSkith respect to
130 . The porous, crystallized prepolyner is charged

in a rotary evapor at theppouvddetiiont bfaahgathndaosvéEorm of porous, crys-
tallized, aromatic polycarbonate. That is, accord-
5 iﬁg to the present invention, thefe is provided a
method for producing a granular form of poroﬁs,.
crystallized, aromatic polycarbonate having a number
average molecular weight of from 6,000 to 200,000
and a crystallinity of at least 35 %, which
10 comprises heating a granular form of porous, crys;
tallized, aromatic polycarbonate prepolymer in a
heating zone, at a temperature which is higher than
the Qlass transition temperature ofiégii—prepolymer
and at whiqh said prepolymer is iﬁ a solid staﬁe, to
15 effect solid-state condensation polymerization of
said prepolymer while removing condensation poly- .
merization by-ﬁroducts-from the heating zone,
thereﬁy increasing the number average molecular
weight and the crystallinity of the prepélymer to
20 from 6,009 to 200,000 and at least 35 %, respective-
ly, so that thg resultant polycarbonate has a number
average molecular weight aﬁd a'crystallinity which
are, respectively, greater Ehan those of :EEEF
granular prepolymer.

25 The heating of granular form of porous, crys-
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at 180 [err]C, then heated from 180 [érr]C to 220 [err]C at a
tenperature elevation rate of 5 [err]C/ hr, and kept at 5 220
[err]C for 4 hours while rotating the evaporator :

3 mHg) Wh$ titute sheet (_1e1r7 éféjélced

pressure of from266.6 to 399.9 Pa (2 to

I ntroducing dry nitrogen little by 1itt%% to advance a
reaction, thereby obtaining a porous, crystallized

pol ycar bonat e havi ng a wei ght average nol ecul ar . 10 wei ght of

24, 000 (MW M=2. 2)/%%%)&5%{%? SR Granular form &fegrepolyher,
anple

mMerr]/g.

13 (Conparative Exanpl e)

An aqueous sol uti ophPreped &k hdli STl yida 8 Solymerization @6 aedi um-

hydroxide in 800 g of water, is mxed with 15 124 ¢ bi sphenol A,
400 m of nethyl enpokddoOriglrediyed. Therefore/l. Ptgisfnpbenetessapyepare an
enul sion. Into the emul sion is gradually blown 53 g of

phosgene over a
mai nt ai ni ng t he
reacti og. 20

that the flgerdatk aff lthwutnewt | gastberingreaded to
tenperature at 10 to 20 [err]C to advance a
highdmttharh @ dsitaxmtN +BaRt ) Hrownl upedngramf gft kae

blowm 6 g of phosgene over a period of 5 m nutes.

10

15

20

25

granular form of prepolymer. From the standpoint of
the improvement of the polymerization degree, the
flow rate of the inert gas is preferably in the
range of from 0.2 to 30 liters (N.T.P.)/hour, per
gram of the granular form of prepolymer. _ |
As in the case of the production of a powder
form or an agglomerated powder form of polycarbon-
ate, it is preferred that the condensation polymeri-
zation by-products be removed from the discharged
inert éas, or the discharged inert gas be diluted
with an inert gas, so that the resultant gas has a.
condensation polymerization-by-products content of
;éﬁggégigfm%gés in terms of the partial pressure of
the condensation polymerization by-products in the
inert gas, and the resultant gas be flowed into the
heating zone as the inert gas.
The granular form of porous, crystallized,
aromatic polycarbonate produced by the above-

mentioned method of the present invention comprises

terminal hydroxyl groups and/or terminal aryl
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To the mxture, 0.15 g of triethylamne is added, foll owed by

stirring for 2 hours. Then, the resul- tant mxture is

subj ected to separation of an 25 - ethylene chloride |layer from an
aqueous | ayer and, Substitute shedBq 17/8/99
then, to purification, and subsequent|§3subjected to

crystallization and pore formation in substantially - t he sane
manner as in Exanple 7. Thus, a porous, . crystallized

prepol ymer i s Obtc?ixrbeodna r.po%f s am? Sﬁ.sm tnumﬁéﬁsgg)akhégdmgl%% Ter has

an vn of 9,100, a a“speci sdﬁface

area of - % (64 /9, 396! 20 m9har oAt hBaok beyERATL dMEPXY!

groups to termnal. B%en onate groups of

porous, crystallig@defueP WB7d Ss SUPhEER - ard) respectivey!,0g2@haitd:St at e
condensatlon pol ymeri zation in
than those of the granular form of prepolymer. In
5 this connection, it is preferred that the crystal-
linity of the granular form of porous, crystallized,
aromatic polycarbonate be not greater than 70 %.
Further, it is also prefeéred that the specific
surface area of the granular polycarbonate be at
10 - least 0.1 m2/g.
The granular form of porous,;qrystallized,
aromatic polycarbonate thus produced from the
granular, prepolymer has a compre551%e break

‘%f% ggf l%kgf‘/cm g
strength of at leastMid W is greater .

15 than that of the granular form of prepolymer. This

fact is ﬁnexpected and surprising. It has been
considered that the compressive break'strength of
.the granular form of polycarbonate is lower than
that of the granular form of prepolymer. That is,
20 it has been considered that the polymerization by-
products, such as phenols and diaryl qarbonate, are
removed during the solid-state condensation poly-
merization,-and by the removal of the by-products
contained in the prepolymer( voids would be likely

25 to be formed in the produced polycarbonate, which
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substantially the same nmanner as in Exanple 7 except
period of time for keeping the prepol yner

t hat the
at 220 [err]Cis

changed to 5 hours, to thereby obtain a _ porous, crystallized
pol ycar bonat e having an Mh of 15 11, 200 éﬂdxﬁﬂsbbéhﬁﬂg;éﬁuﬁﬁﬁb

area of 0.3 nferr]/g. Exd®l e 14 148 g of
bi sphenol, 1.4 g of p-tert-butyl phenol, 0.8 g of phenol, 0.50
g of nethanol, 162 g of dry pyridine and 600 m of nethylene

chloride are

' fl ask, ang . |
into the flask o?’é‘?ulad p'éﬁ"g{}: '%%aﬁ%ggmﬁ?ﬂgeééagleglpgei«ggg%},'rIS g g\r/]vg
mai ntai ning the t (kgé%ﬁgéhﬁg géﬁﬁéhrbonate - 20 [err] C Then, 400 m

of net hyl ene chIo

tionally charged in the flask.

and 50 mof nethylenep, @5 anglar £&H 05t d5oFOs i BLPPER1U12kaRNOSgeENE 'S

dr opw se

aromatic polycarbonate has substantially the same

5 shape and diameter as those of the granular form of

porous, crystallized; aromatic polycarbonate pre-

polymer which is used as a starting material.

Therefore, the granular polycarbonate, generally,

has a shape of a pellet, sheet, disk, cylinder,

10 pélygonal pillar, cube, rectangular parallelepiped

or sphere, and has a diameter of 0.5 to 30 mm.

The powder form, the agglomerated powder form

or the granular form of porous, crystallized,

aromatic polycarbonate comprising recurring aromatic

1s carbonate units and terminal hydroxyl and/or aryl

carbonate groups and having a specific surface area

of at least 0.1 m2/g, a number average molecular

welght of from 6,000 to 200,000 and a crystallinity

of at least 35 %, may be subjected to molding at a

20 temperature lower than the glass transition tempera-

ture of the polycarbonate, to thereby obtain a

article of

- shaped,/porous, crystallized, aromatic polycarbon-
article of
ate. The thus obtained shaped/polycarbonate has a

bulk density of from 0.1 to 1.1 g/cm and a compres-

10 kgf/cm

25 sive break strength of at leas LE!!U?§!!51§; There-
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132 added while stirring and a reaction is advanced for
90 m nutes. Then, the resultant reaction m xture is added to

900 m of 10 % by wei ght hydrochl oric acid, _ . followed b
sufficiently stirring. Thereafter, the 5 Sﬂﬂﬁﬁmuﬁuﬂﬁﬁﬂsiﬂﬂéﬁﬁi
subj ected to separation of a 67 nethylene chloride layer from an

aqueous | ayer and, then, to purification, and subsequently
subj ected to crystallization and pore formation in

b iall in . e 7. . 1
substantially | seresccrriiiniolp EBBrsdiny il dluse 4 porous
crystallized prepolggg&?gag ﬁgtkgggkoé’gggdu%iﬁby%?gﬁ%ﬂngQP°r°u§9|l'n'ty

of 23 % a specif?ﬁ Surrace area g and a nol ar

ratio of the tot a!:rg;t$ﬂ%gal aromatiz:ngloé.érc@r’.‘ﬂ:ro@é)ﬂe WalriRsy anthdBE M nal

met hyl carbonate groups rati o of term nal hydroxyl

groups to ternmn isity of f mgt hykocar.qo Uég@@up%ﬁ migt S659 1. ¢ ®
term nal aryl aﬁens‘ ¥ o cafgtgnate group%zﬁw (halk /ti?’ - but yl phenyl

break strength of at leasti{io—legffemd, which com-

5 prises subjecting a powder form, an agglomerated

powder form or a granular form of porous, crystal-
lized aromatic polycarbonate to molding at a temper-
ature which is lower than the glass transition
temperature of the polycarbonate,

10 the powder form, the agglomerated form or the
granular form of porous, crystallized, aromatic
polycarbonate comprising recurring aromatic carbon-
ate units and terminal hydroxyl and/or aryl carbon-
ate groups and having a;specific surface area of at -

15 Least-0.1 m?/é, a number average molecular welght .of
from 6,000 to 200,000_and a.crystallinity of at
least 35 %.

In the above-mentioned method of the present’
inveﬁtion, the molding of the porous, crgstallized

20 aromatic polycarbonate may generally be conducted by
compression molding or by-extrusion molding at a
temperature lower than glass transition.temperature
of the polycarbonate.

The powder form or agglomerated powdgr form of
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carbonate groups and term nal phenyl carbonate ' groups) of .
52/ 48. 20 - Then, the porous, crystallized prepolyner |s
subjected to solid-state condensat i on pol ymeri zati on '

substantially the same manner as in Exanple 12 Substitute sgag’eﬁﬂ?iw t he

period of tinme for keeping the pre- 68 - polyner at 220 [err]Cis
changed to 10 hours, thereby 25 obt ai ning a porous, crystallized
pol ycarbonat e hav- 133

ing a weight average nol ecul ar megggg of .24,000°
Lol

Exanpl e 15 e porous, @npy$§ §e§0I&F ?ﬁﬁﬂﬁﬁ%&fﬁﬁpéﬁmﬁ%IQEng 60
0 e i th 146 ERSLPERRERE Eh0enblofh2a0 i, ARl AL LS ene
molding, even when the polycarbonate is subjected to
moIding without drying the polycarbonate before
5 molding. This is due to its extremely small equi-
librium moisture.oontent which is ascribed to its
high crystallinity. Accordingly, the powder form or
the agglomerated powder form of porous, crystal-
lized, aromatic polycarbonate also can advantageocus-
10 ly be subjected to conventional molding nethod, such
as rotational molding and sinter molding, to prepare-
a shaped article.
A shapedf%%%%%%%bonate can also be produced by
heating the porous, crystallized, aromatic poly-
15 carbonate of the present invention. That is,
according to the present-invention, there is
provided a method for producing a shaped,/pgré;s,
crystallized aromatic polycarbonate having a bulk
density of from 0. 1 to 1. 1§?6 n a com §ressive'

kgf/cm
break strength of at leasqﬁ+e—kg£¢em4, which com-

20

prises heating particles of a powder forn or of an.
agglomerated powder form of porous, crystallized
aromatic polycarbonate, or neating granules of a.
granular form of porous, crystallized aromatic poly-

25 carbonate, at a température which -is higher than the
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chloride and 1.7 g of phenol to prepare an enul sion. Into the

emul sion is gradually blown 62 g of phos- gene at a
tenperature of from10 to 20 [err]C over a 10 : _period of 1 hour
while stirring to effect reaction. TheBubstitute sheetn b7 8/99% d
by di ssolving 1.3 g of ter &hthal oyl chloride in 160 m of
nmet hyl ene chloride is added to the reaction m xture. There-
after, 6.4 g.of phosgene is blown into the reaction 15 m xt ure

and, L0 m nutes aftg%ag?gg%g%gggag:égﬁieratﬁ:ﬁqof the?| WY Jarbbidey Of

triethylanine is afl e reaction 'mxture i1s

stirred for 1 hourypg which is lower tHAMNIHI dSARAINAY Hidlemga | ayer
of me Hylene chior i e containing a prepolymer is 20

- separated. The la ' hed sl QN HRrate, to fuse amdl®sng acid
and then with mate¥sﬁpb§a9ﬁ§ 8 Q’A?Hed to the thus obtained met hyl ene

chloride the Sak¢hicas of e HARAlAIEY dis Jf g afamubéspdi um
salt of bisphenol A The nethyl ene chloride sol u-
5 the powder form, the agglomerated powder form

or the granular form of porous, crystallized
aromatic polycarbonate comprising recurring aromatic
carbénate units and terminal hydroxyl and/or aryl
carbonate groups and having a specific surface area

10 of at least 0.1_m2/g} a number average molecular
weight of from 6,000 to 200,000 and a crystallinity
of at least 35 %. In this method,'the heating of the
particles of the powder form or the agglomerated
powder form of porous, crystallized aromatic poly-

15 carbonate or the heating of the granular- form of
porous, crystallized aromatic polycarbonate is
conducted at a temperature which is higher than the
glass transition temperature of the polycarbonate
and which is lower than the crystalline mélting

20 point of the polycarbonate. Generally, the heating

| may be conducted at 160 ;5 250 fC under é compres-

980 to 19,600 N/
sive load at i £.

By the above mentioned method, a shaped article
having excellent properties as will be described

25 : later can be obtained. 'Therefore, according to the
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25 _ tion of the prepolyner is subjected to distilla-

134 tion-of f of the met hyl ene chl oride therefrom and
then subjected to crystallization in substantially t he sane
manner as in Exanple 7, to obtain a p jtu t+ it 99

prepol yner. The thus porous, 5
nunber average nol e- °

nol ecul ar
specific surface

. 70

wei ght of 6,500, a crystallinity of 25 % and a

Yo it Ll dii%n Thﬁqé}% O prdveded a shaFed, anﬂﬂé_gf

prepol yner is subjected to solid- stat e condensa
pol ymeri zation i n ggthiigntdidtalieed aromatlc p&ByEa

I on

12, to obtain a porous, crystalllzed pol ycar bonat e havi ng

melght aver age

10

15

20

25

ing recurrify exdnitiei giibsta B8, @90t $ Mhdhedriinal

hydroxyl and/or aryl carbonate groups, and having a

number average molecular weight of from 6,000 to
.200,000, a bulk density of from 0.1 to 1.1 g/em3, a

" crystallinity of at le;ét 35 % apd a compressive

98.0N 10 _kaf/cm
break strength of at least/f .

In this connection, it is preferred that the
shaped article have’a specific surface area of at
least 0.1 m%?/g. Further, it is also preferred that

' article of
the crystallinity of the shaped(polycarbonate be not
greater than 70 %. -

The shaped, /porous, crystallized aromatic poly-

carbonate may be in any form, e.g., a shape 6f a

~g=aRule, pellet, sheet, disc, cylinder, polygonal

pillar, cube, rectangular paralleiepiped or sphere.
Each of the powder form or agglomerated powder
form of porous,. crys‘té.llized, aromatic polycarbon-
ate, the granular form of porous, crystallized,
article of
aromatic polycarbonate and. the shaped,/porous, crys-—
tallized, aromatic polycarbonate of the present
invention has a high, shérp crystalline melting

point as well as a high crystallinity. These

properties clearly distingﬁish the aromatic poly-

crystallized prepolynmer has a
cul ar wei ght of 3,200, a weight average

zed

ﬁﬁaﬂ&tea&omprﬁéaml e

a
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on

S

met hyl ene chl ori de
into the

1

wat er

itu

enul

wd

400 m of
58.5 g of’3phosgene at a tenperature of from

An aqueous solution prepared by dissol ving
A,

to prepare an
20 [err]C over a period of 2 hours while stirring to

64.8 g of sodium hydroxide in 800 g of distilled

Exanple 16 15

m xed with 137 g of bisphenol
and 1.7 g of phenol

I's gradual l'y bl own 20

10 to

20 AUG 1999
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crystallization I n substantially the sanme manner as - I n Exanpl e

7, to obtain a porous, crystallized 5 prepol yner. The porous,
crystallized prepol ymer has a nunber average nol ecul ar wei ght
of 3,300, a weight aver age nol ecul ar wBubbtitute shee®0,1%/8/99
crystallinity of 28 % and a specific surface area of 1.0 .
nerr]/g, and a nolar ratio d&Otermnal hydroxyl groups to
term- 10 nal phenyl carbonate groups of 40:60. 100 g of

porous, crystallized prepolyner is charged into a gl ass- nade
gas flow type.reactor of 50 mmi.n inner i anpter havin

glass filter (pore size: ggb@gg$§natlon is 9lveQxP?¥9W]%}t%1¥%EH%G t8°one
end thereof. N trogen e [ eactor tgrou h_the

glass filter at a bk¥era @ “&j’é’?sr 5w the é“eo"fﬁ]%iz)0°£ TRE PERETD Sﬁr‘

d li.d- I
at 210 [err]C under ;*ﬁ?%fs%ﬂ% FRSHRAR & R A Pl oL £ 88 ra%f“?gl%m ce
hours. Thus, there i oLy %(?x 30" Wmp 1l of prefé ecuzftrﬁ‘ééééeﬂ?cl?de

polycarbonate havi ng "a |gh average ar wel
25,000 (MsMh=2.3) andhed f190wing methods (A), (B) and (C).

Method (A). for produéing a porous, crystal-
lized, aromatic polycarbonate from an aromatic
diﬁfdroxy compound and diaryl carbonate cémprises
Ehe steps of:

10 ' (1) reactihg an aromatic dihydroxy compound
with an aromatic carbonate under heating at a tem-
perature sufficient and for a period of time suffi~

cient to prepare an amorphous prepolymer having a

_ 2,000
number average molecular weight of from-+7900 to
. 8,000
15 -:Egtﬁﬁﬁ;and having terminal hydroxyl and aryl carbon-

ate groups (pre-polymerization);

(2) treating the amorphous prepolymer with
solvent-under sufficient shearing force to crystal- .
lize to a crystallinity of—at—Laé%t i%%égﬁa simul-
20 taneously render porous the prepolymer, the shear-

'ing force being sufficient to cause the resultant

powder form of porous, crfstallized, aromatic poly-

carbonate.prepolymer to have an average particle

25
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fic surface area of 0.5 n2/g. - Exanpl e 17 An

aqueous solution prepared by dissolving 25 64.8 g of sodium
hydroxi de in 800 g of water is 136
m xed with 137 g of bisphenol A, 400 m of nethyl eBubstitute sheet - 1THBI99| de
and 18 g of phenol to prepare an enul sion. Into the emul sion
is gradually blown 58.5 g of -phos- 80a - gene at a tenperature of
from10 to 20 [err]C over a 5 period of 1 hour while stirring to
ef fect reaction. Further, 6 g of phosgene is blown into the

reaction giameter of 250 pMi oflédsCafy 8 rgaﬂic@rérﬁdeﬁﬁisﬁibﬂiimm,thatrttie Qoritnicpfof
triethylamne is added thereto. e reaction m x- ‘ture is
stirred f Oéaj‘#gs hgﬁﬁé a @#@% Sfantiter &40/ uANG ledin the crystallizel| grépaigmersis
separ at ed. T

not greater than 10% by weight, the resultant powder form of porous, crystallized

prepolymer having a
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tralized wth phosphoric acid, and then sufficiently : washed
wth water. After distilling off the nethyl- ene chlori de,
the remai nder is vacuumdried to ob- tain an oligonmer having
a nolar ratio of termnal 15 hydr oxyl gr oQubstitutecsimaatal 198799
carbonat e groups of 2:98. T;g ol i gomer has a nunber average
nol ecu- | ar wei ght of 800. .4 g of bisphenol Ais mxed
with 100 g of the oligonmer. The resultant m xture i s subjected
to nelt polynerization at 230 [err]C, and 20 @5ﬁwlsubjected to
crystallization in %g%%&?QE'@Jﬁface are {F% g aS; § Exanple
%Eﬁql zed p

2, to obtain a porou repol yner haV|ng a nunber

aver age mot qGYl §fay 'n%httl'fg aq%»ﬁi% af&ﬂ@%f | S & ACerf& £31 Of

0.9 nerr]/g and a nolar ratio of termn oxyl 25 groups to
term nal phenyl carhgnalge p&"e‘ﬁéﬁ%n@rﬁ%x‘l%eating an agglomerated powder

form or a granular form of porous, crystallized

5 prepolymer derived from the powder form of prepoly-
mer, at a temperature which is higher than the glass
trahsition temperature of the crystallized prepoly-
mer and at which the crystallized prepolymer is in
a solid state, to éffect solid-state condensation

10 polymerization of the crysfallized prépolymer,
thereby increasing the number average molecular
weight and the crystallinity of the crystallized
preéolymer to from 6,000 to 200,000 and at least
35 %, respectively, so that the resultant poly-

15 carbonate has a number average molecular weight and
a crystallinity which are, respectively, greater.-
than those of the crystallized prepolymer.

In method (A), an amorphous prepolymer is
prepared in the pre-polymerization step (1) and then
'20. crystallized and rendered porous in step (2). Sub-
sequently, the porous, crystallized, prepolymer
obtained in Step (2) is subjected to solid-state
condensation polymerizatioh in step (3).  In pre--
polymerization step (1); a mixture of an aromaﬁic

25 dihydroxy compound and a diaryl carbonate is heated,
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137 ' The anal ysis of this prepol yner shows that any chl o-

ri ne-containing conpound is not contained in the pr epol yner.
The obt ai ned porous, crystallized pre- pol ymer is subjected to
solid-state condensation 5 _ pol ymer i zat i cBubstitittéshest i- Al2/8/9%e
sanme manner as in Exanpl e to thereby obtain a porous, -
crystal - | i zed pol ycar bonat®* havi ng a wei ght average nol ecu-

| ar wei ght -of 28,300 (Mw~ Mh=2.4).. Exanple 18 10

An acetone slurry of porous, crystallized pre- - pol ynmer

P S0 et 2RI e S T Modieea azpnagss abdofyamRLe 1t

| t ant | st ' ' ' bout 40
[arr)C by using b Cfiecida naving s stUGH Hhor G Q Brdlofiy ™o
manuf act ur ed 1sa%%dﬁ@djé&ﬁéﬂ“drf%m%¥3uﬁjherﬂﬁﬂﬁ”ﬁroﬁOtHEEDare a

.grqu
granul ar, crystalli“zed prepol ynmer having a~di aneter
diaryl carbonate, to thereby obtain a prepolymer.

5 The number average mo%eculér weight of the
‘amorphous prepolymer prepared in pre-polymerization
-step (1) is genera;iy within the range of from%%%gﬁa
'tojféggac. The number average molecular weight of
" the amorphous preéolymer can be contrélled by appro-
10 . priately selecting reaction conditions, such as
| temperature, reaction time, pressure and agitation
rate. In general, the pre-éolymerization is per-~
formed'at_a temperature of from 100° to 320 °C,
preferably of from 160°.to 280 °C, for a period of
15 from 0.5 to 20 hours under atmospheric pressure or
reduced pressure.

The pre-polymerization is preferably effected
in moiteg state withbut using a solvent. Alfer-
natively, the pre-polymerization may be performed in

20 - a solvent which is inert to the pre-polymerization
reaction, such as methylene chloride, chloroform,
: 1,2-dichloroethane; tetrachlorcethane, dichloro-
benzene, tetrahydrofuran, diphenylméphane and di-
phenyl ether.‘ . |

25 ' The molar rati® of the diaryl carbonate to the
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of about 2 nn1and an average | ength of ‘about 3 nm The thus

~prepared granul ar crystallized prepolyner 20 Is dried at 120
[err]C for 2 hours. The thus obtained ‘granul ar prepol yner has
a nunmber average nol ecul ar wei ght of 4Suliditute sheat - NFYBODf
term nal hydroxyl groups to term nal phenyl carbonate groups of
33/ 67, a specific surface arg of 2.2 nferr]/g, a conpreSS|ve
25 -break strength of 68.6 Ncnferr] (7 kgf/cn{err]) and a
crystallinlty of 138
22 % in sd0f G3platdiccghanutan ¢hy Eha! lsamld mandRe! WEr
Is placed in a gl ass- nade gas flow type reactor -of. 50 mMmin
i nner di ameter havi NgegctiB&s ﬁéféﬁﬁbéﬁ@fg inbdetail. si ze: about 40-50
[err]m attached to one end thereof. Ni trogen gas is

introduced into the reactmstidd ol@)h for producing a crystallized
aromatic polycarbonate from an aromatic dihydroxy
S compound and phosgene comprises thg steps of:

(1) réacting.an aromatic dihydroxy cémp&und
with phosgene in the presence of a molecular weight
céntroller to prepare a prepolymer having a number
average molecular weight of froi_iég%bﬁto'f%ggﬁe

10 (pre-polymerization); |

(2) treating said prepolymer with solvent under
sufficient shearing force to crystalliée to a crys-
tallinity of aéZEE&E% 5?%”%53 simultaneously render
porous said prepolymer, the shearing force being

_15 . sufficient to cause the resultant ﬁowder form of
porous, crystallized, a;omatic polycarbonate pfé:'

polymer to have an average particle diameter of

250 um-or less, i i r distributi t

20 ' crystallized prepolymer is not greater than 10% by weight. the resultant
r form of porous 11ized r_havi .

area being at least 0.5 re/q; and

25
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t he gl ass filter at a gas flow rate of 150 - . l[err](N.T.P.)/hr,

and solid-state condensation polyneri- zation is performnmed
under atnospheric pressure at 10 210 [err]C for 3 hours. As a
result, there is obtained ' a granul ar_,_Subgtitwtel sheed - 17/8/99

pol ycar bonat e havi ng a nunber average nol ecul ar wei ght of -
12,100 and a crystallinity of 45 % The shape of the granul ar
pol ycarbonate after the polynerizatiog,is nearly the 15 same as
that of the prepol ynmer before the p@+§ﬁh$4- - zation. This neans
that the pul verization of the granul es does not occur during

t he pol yneri zati on. - The granul ar, porous crystallized

pol ycar bonat e has a conpressive break strength 421.4 Ncnierr]
(43 kgf/cnferr]) 20 an equilibriumnoisture content of 0.04 %
Thi s equi | i brium noi sture content is as | ow as about one-
tenth of that of a comercially avail abl e anor phous

pol ycar bonate pellet.- Exanpl e 19

(3) heating the powder form of pofous, crystal-
lized prepolymer, or heating an agglomeratéd powder
form or a granular form of porous, c;ystallized
prepolymer derived from the'powder fgrm of prepoly-

mer, at a temperature which is higher than the glass
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25 ' An'anDrphous prepol yner having a nunber average

139 nol ecul ar wei ght of 3,800 and a nolar ratio of

term nal hydroxyl groups to term nal phenyl carbon- ate groups
of 50/50, and containing no chlorine- -fﬁﬁgﬁﬁﬁﬂ%@&¥§ﬁgﬁzéﬂﬁék
therein, which is prepared in 5 ' substantiralTy e *as
i n Exanple 1 except that tlgg anmount of di phenyl carbonate is
changed to 13 kg, is subjected to crystallization and granul a-
tion in substantially the same manner as in Exanple ' 18, to
obtain a granul ar, fppmoifitocayairkthrzedfpan arthatic dihydmixpnecomt a
cylindrical shape having a dianeter of about 1 nmmand a |l ength

of about 3 mm Thepblind, an acid accepitbai,ned npleadlar povight eontrel+ized

Prepol ymer ler and a solvent (particularly preferred is
methylene chloride), or by dissolving phosgene in a

5 ; solvent and droppinglthe solution into the mixture

of an aromatic dihydroxy c6mpound and an acid accep-
tor. The molecular weight controller may be added
before, during or after the reaction of phosgene
with an aromatic dihydroxy compound, but it is pre-

10 ferred that the molecﬁiar weight controller be added
before or during the reaction. ' The reaction temper-
ature is generally in the range of from -30° to
106 °C and the reaction time is generally in the
range of from 1 minute to 10 hours.

15 The prepolymer.preparedlby the pre-polymeriza;

tién in step (1) has a number average molecular . .
weight oﬁ:ﬁggge-to-+éég£@7— This molecular weight
can be attained by appropriately selecting reactiog'
conditions, such as thé.amount of a molecular weight
20 controller, the amount of aqueous alkali solution,
the reaction temperature and the rate of the addi-
tion of phosgene. The prepolymer prepared by the
pre-polymerization generally comprises terminal

chloroformate groups. (~-ArOCOCl) and ‘terminal alkali

25 metal-containing phenolate groups (such as -ArQONa),
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has a nunber average nol ecul ar wei ght of 3,800, a nolar ratio
of term nal hydroxyl groups to termnal 15 phenyl carbonate
groups of 50/50, a specific surface of 1.9 nferr]/g a

conpr essi ve break strength of _ 107. 8 NSobgtitute sheet - 17/8/99
kgf/cnferr]), and a crystallinity of 25 gg 100 g of the granul ar, porous,
crystallized prepolynmer is subjected to solid-state
condensation 20 pol ymeri zation in substantially the sane manner

as in Exaﬁpbfaﬂgleexgﬁpéoiaeﬁtshe'opbby&eeazabirortrhating
conducted at 210 [err]C for hours and then at 220 [err]C for

3 hours, thereby obgrénprgpdl@hénuineluferavetone, methyl ethylskaltonzgd
pol ycarbonate. 25 The thus obtained granul ar, porous,
crystal - methyl propyl ketone, xylene, eth¥d0acetate, aceto-
nitrile and toluene. Of these, acetone is
5 preferred...

The solid-stéte-polyherization in step (3) is
conducted as described hereinbefore in detail. With
respect to the solid-state polymerization, it is
believed that when the terminal groups of the pre-

10 polymer are éomprised not only of terminal phenyl
carbonate groups and terminal hydroxyl groups, but
also alkyl carbonate groups, such as ethyl cérbonate
groups, not only.advances the condensation polymeri-
zation reaction of the prepolymer while releasing

15 phenol and diphenyl carbonate,-but also the poly-
condensation reaction advances while releasing_
phenyl ethyl carbonate.

. Method (C) for p:oducing'a crystallized
aromatic polycarbonate from an afomatic polycarbon-

20 ate oligomer and an aromatic dihydroxy compound
comprises the steps of: :

| (1) reactiné an aromatic polycarbonate ocligomer
having a number average molecular weight of f£rom

- —eabeout 350 to -abeud 950 and having its terminal

25 groups comprised substantially of aryl carbonate
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| i zed pol ycarbonate has a nunber .average nol ecul ar wei ght of

17,100 and a crystallinity of 51 % The shape of the

granul ar, porous, crystallized poly- : carbonate after the

pol ymeri zation is nearly the 5 sane as (Sublstiohtet steeqir-eppig/9er
before the polyneri - zat i og ‘This nmeans that the pulverization
of the granul es does not occur. The granular, crystallized

pol ycar bonate has a conpressive break strength of 539.0

Ncnferr] (55 kgf/ gug C%rs] Jri®Rd 28N 2l ltlllar 'di@y‘&é&?"c‘bn%&ﬁ&&‘tuﬂéerlo

0.04 % nparative Exanple

crystallized prepO'h\éEQrinQSaBr Qp%éﬁéeﬂture sufficied®rad afduvea. Eyerpba 1
i's subjected to granulation in . substantially the sanme nmanner
as in Exanple 18, bE tilme sufficiealtt &ion preparrallar anrysiads i gedpoly- )
prepol yner of a cylindrical shape having a dianeter of about 2
mm andex hemgnly af nambetr avemadehenalE@ilesd webght aof from
crystallized prepowem fic surface area of 0.04
nerr]/gs —3+696—+to ¥5,900 and having terminal hydroxyl and

aryl carbonate groups;
(2) treating the amorphous prepolymer with
solvent under sufficient shearing force to crystal-~
- 1lize to a crystallinity of at least 5 % and simul-
10 taneously render porous the prepolymer, the shear-
ing force being sufficient ﬁo cause the resultant
powder form of porous, crystallized, aromatic poly-
carbonate prepoll,ymer to have an average particle
diameter of 250 um or less, and a particle diameter-distribution,
15 _ such that the content of particles having a particle diameterlof 50 um or

less in the crystallized prepolymer is not greater than 10% by weight, the

resultant powder form of porous, crystallized prepolymer having a specific

. surface area being at least 0.5 mz/g; and
20
25
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20 The granular, crystallized prepolyner is

subjected to solid-state condensation polynerization I n
substantially the same nanner as in Exanple 18, - . ' to obtain a
pol ycar bonat e havi ng a nunber average Sutwstitatd sheekei 477899
8,100. During the polyneriza- 25 tion, any pulverization of the
granul es does not . 141

occur. : Exanpl e 20 %a Substantlally t he sane
moi st powder as used in —Exompl e 18 is granul ated using a
conpr essi on nol di ng 5 machi ne under pressure of 1 tf/cnferr] to

obtain a granul ar, porous, crystallized prepolyner of a
cylindrical shape having a dianeter of about 10 mm .

(3) he#tiﬁg the powder form of porous, crystal-
lized p:epélymer, or heating an agglomerated powder
form or a granular form of porous, crystallized
prepolymer derived from the powder form of prepoly-
mer, at a temperature which is higher than the glass
transition temperature of the crystallized prepoly-.
mer and at which the crystallized pfepolymer is in
a solid state, to effect solid-state condensation

polymerization of the crystallized prepolymer,
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and a length of about 5 mm The obtai ned gfanular; por ous,

crystallized prepolyner is dried at 120 [err]C 10 ' for 2 hours.
Then, the granul ar, porous, crystal- li-zed prepol ymer has a
nunber average nol ecul ar wei ght of _3, OBdbstituteisheet atliZg899
term nal hydroxyl groups toglerm nal phenyl carbonate groups
of 35/65, a specific surface area of 2.1 nferr]/g, a
conpressive 15 break strength of 254.8 N cnferr] (26

kgf/cnferr]) and a Ci¥§té£§§EEEXiHE meltiﬁg point 4% %ubjected to melt
100 g of the granular, porous, crystallize : : prepol yner 1s
subjected to solid-spdigisgNIEASAbLBhous aromatic d&ﬂﬁ&ﬂ%ﬂdﬁﬂﬂé”h&&ing
substanti.ally the same nanner as 20 in Exanpl'e 18 except that™the

pol ymerization i s good transpag@neyCicas de 2Htaieied.C fMUis? d1MY Sis tdh

obtain a granu- l ar, porous, crystallized pol ycarbonate
“having a impontant fgatage ol ehe aromitdlt pflycarX¥haty oF
crystallinity of 40 % The shape of the granular, 25 por ous,

crystalliz®d pol ycar thaapresénér inkenpdby. When an aromatic polycarbon-
ate is prepared from bisphenol A and diphenyl
carbonate by the conventional melt process, it is
nécessary to react highly viscous éaw materials with
each other.under.severe.cqnditions, that is, at a
10 high temperature, i.e., about 300 °C, under highly
' :educed'pressure,-i.e.;:§§§%E%9§¥ﬂ¥éss, for a pro-
longed period of  time. Consequently, the obtained
polfcarﬁonate inevitably assumes a light yellow
polor due to thé thermal decomposition of the poly-
15 mer or dué to thé.oxidatibn of the polymer by the
action of a small amount of oxygen present in the
reaction system. In contrast, according to the
present invention, not only can the pre-polymeriza-
tion be performed at a relatively low temperature,
20 - i.e., 250 °C or less, preferably 240 °C or less, in
a short period of time even when the transesterifi-
cation method is employed, but élso'both the treat-
ment for crystalliz#tion and pore formation and the
solid-state polymerization can be performed at a

25 relatively low temperature, i.e., 230 °C or less.

r__,_____'. —
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142 nerization is nearly the same as that of the pre-

pol ymer before the polynerization. This neans that t he

pul veri zation of the granul es does not occur. The granul ar,
porous, crystallized polycarbonate has 5 a_Sobgtiegeisheebr cldk/8/99
strength of 1176 N cnferr] (120 kgf/cnferr] Exanples 21 to 24
Anor phous prepolyners are individually pre %%red from bi spheno

A, diphenyl carbonate and each of ' di hydr oxyaryl conpounds
i ndicated in Table 1. Eac@migherﬁéﬁ corqfﬁ tpg gﬂgrgh?ggnergﬁggxggbﬁ 'it

subj ected to crys- I Za and por ormat i on

granul ation, and is oﬁlbﬁ }é&&t&&%@eaﬁﬂyl 2R egtfaeatgﬁtlon

subst an- manner as |1 n” Exanple 18 0 thereby
obtain a granul ar, p%&!@cufiﬂ/ﬁé%ﬂ@%l?é&f‘ﬁéh&té5havmg a number

polycarbonateh The properties of the porous, crys-
average molecular weight of 15,000 or more by solidf
é ' state'polyﬁerizetion, which is difficult or im-
possible to produce by the conventional phosgene
method or the conventional transesterification
method (melt method), but elso a polycarbonate
haviﬁg reactive hydfoxyl groups at its terminals.

10 As aforedescribed, in the conventional phbsgene
process for producing an aromatic polycarbonate on a
commercial scale, by-products including chlorine and
electrolytes} such as sodium chloride, are formed as
impurities. These'impurities are disadvantageously

15 and inevitably contained in the final polycarbonate.
Further, a chlorine-containing compound, sﬁch as
methylene chloride, which is used as a solvent in a

b large amount, is also likely to be contained as an
impurity in the polyearbonate. Such impurities ad-

20 versely affect the properties of the final poly-
carbonate. Conventionally, in order to decrease the
amount of impurities contained in the final poly-

carbonate, washing and other operations have been

se
conducted. However; Shee operations' are troublesome
25 " and expensive, and it is infeasible to remove im-
REPLACEMENT SHEFT{
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tallized prepolynmers and the pol ycarbonates are
Table 1. The crystallinity of each of the
crystallized prepolynmers is in the range of

Any pul verization of the granules 20- does
solid-state condensation

shown in

por ous,
from?20 to %
itute s 7/8/99 "

polgameri zation. The crystallinity of

each of the granul ar, porous, crystallized pol ycarbonates ob-

tained by the solid-state condensation pol yneri za-

tionis in

the range of from 4@est Mdd¥ for Carriihd @ul] the Invention

144 Exampl e 25

The present invention will be described in more

detail with reference to the following Examplegh_‘

hichchouldnokl , 1 Limibinak} ,

S —4H?4#kaﬁﬁﬁﬁﬁﬁkéﬁﬂﬁﬁﬁﬁkﬁ%a

In the present invention, the molecular weight

is expressed in terms of a number average molecular

weight (hereinafter referred to simply as "Mn") and

10

15

20

25

a weight average molecular weight (hereinafter

referred to simply as "Mw") as measured by gel

molecular weight of TOUGHLON® A 2500 (registered

trademark of a polycarbonate manufactured and sold

by Idemitsu Sekiyukagaku K.K., Japan) is measured

and found to have an Mn of 10,700 and an Mw of
28,000.

The molar ratios with respect to terminal
groups in a prepolymer and a polycarbonate after
solid-state condensation polymerization are deter-
mined by high-performance liquid chromatography or
by nuclear magnetic resonance (NMR) spectroscopy.

| The specific surface area is determined by

measuring the surface area of a sample by means of

'permeation chromatography (GPC). For reference, the

ACCcUSORB®-2100-02 (manufactured and ‘sold by Shimadzu

Corp., Japan) using krypton gas, and dividing the

4

—
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Pre-pol ynmeri zation and crystallization using acetone are
conducted in substantially the sane manner as in Exanple 1
except that 13.0 kg of bis- 5 phenol A and 13.2 kg of di hengl
carbonate are enpl oyed, to obtain a {1ty i /9
prepol y- mer having a nunberjosver age nol ecul ar wei ght of
4,100, a nolar ratio of termnal hydroxyl groups to term na
phenyl carbonate groups of 37/63, a crys- 10 . tallinity of 25 %
and a specific surfapelycaxbohate after solidkstatjergdndensiiicemupoly-
obt ai ned porous, crystallized repol ymer is charged into a
gl ass- made ‘gas fl ow merization is @Fﬁermé@@@gﬁSuﬁnl%PWﬂ)irﬁhﬂt(ﬁ%mmter of
15 mm and provided at its bottomw th a glass filter having
15 pores ofusdissut fo0 exag@leer @ Rive divpfethardnegfpmeter, a

sol i d-state condensation pol ynerization is cqnducted ) at 210
[err]C for 2 hours uRQBPrESR3YBhELPFES S apRdied between oppgiife sur-

i nt roduci ni trogen gas i nt.o the reactor t hr ough the gl ass
filter atgg fioM/?atégGFs of a sample, which each have an aréL oP ag
2 .

least about 1 mm“ and are apart from each other
" substantially in parallel'relationship at a distance
‘of about 1 mm. The load for'aéplication of a

" compressive force is increased until~§he sample

10 . breaks. The loa

~breaks is referred to simply as the load at break,
The measurement of the loéd'at break is conducted 10
times. When a sample prepolymer or polgcarbonaté
does not have two surfaces which are apart from each
15 : -other substantially in parallel relationship, a
sample having such opposite surfaces is cut out'f;om
the original sample, followed by measurement of
compressive break strength in the manner described
above. From thé 10 values of load at break thus
20 obtained, the maximum and minimum values are
omitted, and the average of the remaining 8 wvalues
ié éalculated. The cémpressive breaklstrength is

represented by the calculated average value.

_ In Examples 33 and 34, the compressive break
| [Nart (1 Magf= 0.102 kaf /o
25 strengthl{ is measured using an Instron type
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20 2.5 [err](N.T.P.)/hr relative to 2 g of the porous,
crystallized prepol yner, thereby obtaining a porous,
crystallized pol ycarbonate having a nunber average
wei ght of 10, 800. Exanpl es 26 to 28 amulss Ne&A

6 and 7 25 In each of thegg4Exanples and Cbnparatlve

145 Exanpl es, solid-state polynerization is conducted in substantially
the sane manner as in Exanple 25, except that the flow rate of nitrogen
gas, the reac- tiogniveesandteseercacti on tenperature are individu- ally
changed to those indicated in Table 2, to obtain porous, crystallized

pol ycarbonates. The resthespartéialopreissufablof phencl in a phenol-

saturated nitrogen gas used in solid-state condenéa—
tion polymerization is determined from the wvapor
5 pressure of phenol'calculated according to the fol-
lowing formula shown on page 128 of Kagaku Binran II
{Handbook of Chemistry) (published in 1984 by
Maruzen Co., Japan).
1516.072

log P = 7.13457 -~
10 ' 174.569 +-&T

{wherein P represents a vapor pressure of phenol
(mmHg) and:ériepresents a temperature (°C)].
In the following Exampies, pérous, crystal-

lized, aromatic polycarbonate prepolymér is often
15 : referred to simply as "porous, cfystallized pre-
polymer"; amorphous, aromatic, polycarbonate pre-
polymer is often referred to simply as "amorphous
prepolymer"”"; porous, cryétallized, aromatic poly-
carbonate is often referred to simply as "porous,
20 crystallized polycarbonate"; shaped, porous, crys-

tallized, aromatic polycarbonate is often referred

to.simply as "shaped, porous, crystallized poly-

carbonate"; and granular, porous, crystallized,

aromatic polycarbonate is often referred to simply

25 as "granular, porous, crystallized polycarbonate".
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Exanpl e 29 Pre-pol ynerization is conducted in

substanti al - |y the sane manner as in Exanple 1 except that
13.0 kg of bisphenol A and 13.3 kg of diphenyl 5 S!IbSIiI!IIF e Qe /8 /99
enpl oyed. The thus obtai ned anor phous , prepolynmer 1s -
subjected to crystallization and pore 1905 formation using
acetone, followed by drying, in substantially the same nanner
as in Example 1, t her eby obtaining-a porous, crystallized

pr epol ymer Example 1

13.0 kg of 2,2-bis(4-hydroxyphenyl)propane
(hereinafter referred to as "bisphenol A") and
13.4 kg of diphenyl carbonate are charged into a
5 40 2 glass-lined reactor p;gvided with a stirrer, a
gas inlet and a gas outleﬁ; The resultant mixture
-1s melted by heating to 180 °é and degassing is con-
-_duc;ed under reduced pressure, followed by heating
to 230 °C over a period of 3 hours.. During the the
10 temperature elevation, nitrogen gas is flowed
through the reactor so that evaporated phenol is
discharged from the reactor. Simultaneously with
the termination of the temperature elevation, intro-
duction of nitrogen-gas is terminated. Then, the
15 pressure in the reactor is stepwise reduced to
: EE&SP&!1m¢g) ) ' . _
over a period of 2 hours. During thg period
of the pressure reduction, by-produced phenpl and
s diphenyl carbonate are.continuously discha:ged from
_ the reactor. The reaction is further continued for
20 2 hours under reduced pressure ofﬁg%gégélggﬁ%btain
about 10 kg of an amorphéus prepolymer having a
number avérage molecular weight of 4,000 and a molar
ratio of terminal hydroxyl groups to terminal phenyl
carbonate groups of 33/67 {hereinafter referred to

25 as "amorphous prepolymer (I)"]. About 10 kg of
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10 havi ng a nunber average nol ecul ar wei ght of 4,100, a
nolar ratio of term nal hydroxyl groups to term nal
phenyl carbonat e groups of 35/65, a crystallinity of . 25 % and

a specific surface area of 1.0 rr[err]/g.118 —Substitute siieet pd748499
15 '

crystallized prepolymer (which has prelimnarily been heated
to 180 [err]C) is subjected to. solid-state condensation

pol yneri zation by YSiNd 13ner, Since %Jﬁﬁ?ynn oft ef$gf%éﬁgf ESQQE%Lat

havi ng an i nner diSamet er con Ions such

the LS AN 17 AR dle %fxﬁ%‘erécfg%xﬁéﬂ'ﬁfoﬂhbke 20

I ntroduci ng, as an i1 nert gas, n|trogen gas whi saturat ed

wi th phenol at 0 [qifd GdwdieRalds ét'he”&%’dﬁ@ Qrystallized pre g&r 3.7 Pa
(0.028 nmHg), at a flo&?éate of 1.25 T err oY & Tﬁtb [hr, per g

of the porous, cryydcdids@d Foim secondary par Pl Ve®] 1am1ﬁ@etbegperature
Is elevated from180 [err]C 25 to 210 [err]C over a period of 30
m nut es sand then keirge particle diameter. The porous, crystallized
'prepolymer has a specifiq surface area of 1.7 mzlg
" and a crystallinity of 29 %.
:Q%QJE? of the poroﬁs, crystallized ﬁrepolymer
(which has preliminarily been heated to 140 °C) is
10 subjected to solid-state condensation polymerization
using a 70 £ tumbler type, solid-state condensation
polymerization reactor made of a stainless steel.
The solid-state condensation polymerization is
_ conducted under conditions such that nitrcgén gas is
15 introduced little by little into the reactor while
: . 133.3 to 266.6 Pa (1 to 2mmHg)
keeping the pressure at “—te—2—mmifg- using a vacuum
pump and that the temperature is elevated from )
140 °C to 180 °C o§er 30 mihutes and further
elevated f#om 180 °C to 220 °C at a rate of
20 10 °C/hr, and then kept at 220 °C for 7 hours,
thereby obtéining a porous, crystallized polycarbon-
ate having an Mn of 11,500. There is observed no
adhesion of the polycarbonate to the inner wali df

tumbler, and observed almost no adhesion of the

25 polycarbonate to a bag filter disposed between the

r_-....\. e mnn e+
5
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148 | at 210 [err]C for 2.5 hours, thereby obtaining a porous,

crystallized pol ycarbonate having a nunber average nol ecul ar
wei ght of 11, 400. Exanpl e 30 and Conparative Exanple 8 5
Substantially the sane porous, crystallized _Sghgﬂnnygﬁgggmﬂgzﬁg§§%
used in Exanple 29 is subjected to . solid-state condensatio
pol yneri zati on i n substan- tjal ly the same manner as in
Exanpl e 29 except that nitrogen gases saturated wi th pheno
respectively at 10 50 [err]C (Exanple 30) and at 63 [err]C

(comparative BXA gne contatoing, the S eiled Gl SRS afeL e
o oot Freaimer S97 AR A e ot e horeen. | e sndlde per
pol ycarbonate are sh@en graplAmr3.contained in the fraction having
passed through the 50 um screen is ohlycﬁ%%f% by
5 weight, based on the total weight of the prepolymer
The porous, crystallized prepolymer has a specific
surface area of 1.5 mzlg'and-a crystallinity of
28 %,
The.poréus, érystﬁllized prepolymer is subject-
10 ed to solid-state condensation polymerization in
| substantially the same manner as in Example 4 to
obtain a porous, crystallized polycarbonate having
Mn of 10,800; a specific surface area of 0.8 m2/g
and a molér ratio of terminal hydroxyl groups to
15 tefminal phenyl carbonate groups of 4/96.

Neither adhesion of the polycafbonate to tﬁe.
inner wall of tumbler nor clogging of the bag filter
with the polycarbonate is observed.

~ Example 6 |
20 _ An amorphous prepolymer having a number average
molecular weight of 5,100 and a molar ratio of
terminal hydroxyl groups to terminal phenyl carbon-
ate qroups of 30/70 is prepared in substantially the
same manner as in Example 1 except that the perioa

133.3 Pa (1 mitlg)

25 of time for keeping the pressure at—i—mmHg is
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Table 3 . Partial pressure of Nunber average
phenol in phenol - nol ecul ar wei ght 20 .
saturated nitrogen of pol ycarbonat e Exanpl e 30

306.6 (2.3) _ 6, 800 Oorrpar a- Sybstitute sheef2%1 $/g/8997)

4, 300 tive n? g
149 As is apparent m Tabl e 3, when the parti al
pressure of phenol in the phenol -saturated nitrogen gas is

306.6 Pa (2.3 : ' '
a ( mrHg) nq g@%%@fra@ev@s@gwpiﬁcmgrwﬁw&& 1,000 rpm, s

pronptly.increase whereas when t

pressure of phenol¢hs-din?- & fetdihg EFPRa1if2al¥8RCind pore formation

of the prepolymer. Then, acetone is distilled off
to dryness to obtain'é dried, porous, crystallized
5 _ prepolymer; The thus obtained porous, crystallized
prepolymer has an Mn of 2,3b0, an Mw of 4,600, a
crystallinity of 28 %, a specific surface area of
1.3 mZ/g and é molar ratio of terminal hydroxyl
groups to_terminal_pheﬁyl carbonate groups of 45/55.
10 The analysis of chlorine by potentiometric titration
and atomic absorption shows that any chlorine-
containing compound is not contained in this
§olymer.
Then, the porous, crystéllized prepolymer
15 (which has preliminarily been heated to 140 °C) is
subjected to solid-state condensation polymerization

using a rotary evaporator under condltions such that

. the pressure is in the range of from—%—%e—a—ﬁmxg and
that the temperature is elevated from 140 °C to
20_ 180 °C over 10 minutes and further elevated from
180 °C to 220 °C at a temperature elevation rate of
10 °C/hr, and then kept. at 220 °C for 4 hours,
thereby obtainihg a porous, crystailized polycarbon-
ate having number average molecular :.weight of 9,500

25 and a specific surface area of 0.5 mZ/g.
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aver age nDIchIar weight is only slowy increased to 4, 300

from4,100 of the prepol yner. - Exanpl e 31

Sol i d-state condensation pol ynerization is 10 o conducted in
substantially the sane manner as in tbgtitate Sheetcep7/8 a
granul ar, porous crystal - - ldzed prepol ynmer having a di anmeter
of about 1 nm and a length of fromabout 0.5 to about 2.0 cm
a nunber - average nol ecul ar wei ght of 3,980, a nolar ratio of
15 term nal hy up r{rgi 'ggggad -

ate groups of 36/64, a c?@%??#f?ﬁ%fy%B £§%%2§ﬁéa. yﬁé¥tE§‘c%%€%??ic
surface area of 0.9 44 ar kbteriyS e¢aRloR4dr provided with tdeiehyLAPteraANg a
porous, crystallized pol ycarbon- ate having a nunber average
mol ecul ar wei ght of at2@80 °c, thenl®ea®ed from 180 °C tda®l ec3@t a

The sane granul ar, porous, crystallized poly- - carbonate as

used in Exanpl e 31 itempelrptaredellevation rate of $0/9Ciist atand dosietnsati on
pol ymeri zati on using a
5 220 °C for 4 hours while rotating the evaporator

Mmm%nﬂgl
under reduced pressure of from-2—te—is—mmig while
introducing dry nitrogen little by little to advance
a reaction, thereby,obtaining é porous, crystallized
polycarbdn;te having a weight average molecular
10 weight of 24,000 (Mw/Mn=2.2) and a specific surface
area of 0.6.m2/g. '
Example 13 (Comparative Example)
An aqueous solution prepared by dissolving 58 g
of sodium hydroxide in 800 g of water, is mixed with
15 124 g bisphenol A, 400 ml of methylene ch}oride and
- 1.2 g of phenol to prepare an emulsion. Into the
emulsion is gradually blown 53 g of phosgene over a
. period of 1 hour while stirring and.maintaining the
temperature at 10 to 20 ‘C:to advance a reaction.
20 Into the resultant reaction solution is further
blown 6 g of phosgene over a period of.S miﬁutes.
To'the mixture, 0.15 g of triethylaﬁine is added,
followed by stirring for 2 hours. Then, the resul-
tant mixturelis.subjected to separation of an

25 ethylene chloride layer from an aqueous layer and,



25 : novi ng bed, gas flow type reactor made of SUS 304

150 : steel having an inner dianmeter of 15 cm and an

effective length of 1 mand provided with an air punp and a
gas-cool i ng device. The granul ar, porous Substitutesshaddti-zE7/8/99

pol ycarbonate is introduced into the A37 reactor fromits upper
portion at a rate of 1.2 kg/hr at a tenperature of 210 [err]C
for 20 hours whil e introducing nitrogen gas fromthe bottom
portion of the readlw atalydiwi ditdofpepdkymgr shows that any chlo-
(N.T.P.)/ hour. N trogen gas containing phenol is 10 di schar ged
fromthe reactor, cdgieeccantadining |confpound is not containelfifnghend

renovi ng excess phenol, and then o
prepolymer. The obtained porous, crystallized pre-

polymer is subjected to solid-state c¢ndensation
5 polymerization in substantially the séme manner as

in Example 12, to thereby obtain a porous, crystal-
lized polyéarbonate having a Qeight average molecu-
lar weight of 28,300 (Mw/Mn=2.4).
Example 18

10 _ - An acetone slﬁrry of porous, crystallized pre-
poiymer obtained in substantizlly the same manner as
in Example 1 is dried to have an acetone content of
35 % by weight. The resultant moist powder is
subjected to granulation at aboﬁt 40 °C by using a

15 small size extruder (Pelletef BXKF-1 manufactured
and sold by Fuji Powdal Co., Japan), fo prepare a
granuiar, crystallized prepoljmer having a diameter -

a of about 2 mm and an average length of about 3 mm.

The thus prepared granular crystallized prepolymer

20 is dried at 120 °C for 2 hours. The thus obtained

| granular prepolymer has a number average molecular
wéight of 4,000, a molar ratio of terminal hydroxyl_
groups to términal phenylcarbonate groups of 33/67,

a specific surface area of 2.2 mzlg; a compressive

: _ 68.6 N 7 kgf /an~)
25 break strength.of:!:éﬁiéEﬁgziand a crystallinity of

REPLACEMENT SHEET
-2.0° AUG 1999




heated to 210 [err]C. The heated gas is then reintro- duced

in the reactor. From 7 to 20 hours after the initiation of

t he operation, a granular, porous 15 crystallized pol ycarbonate
having a nunber average : mol ecul ar wei ga%%‘#lié gﬁeggngqlgzgérom
10,800 to 11,000 is recovered fromthe bottom porirton or the
reactor at a rate of 1.2 kg/hour. In this38gmethod, ni trogen
gas i s advantageously recycled. 20 The partial pressure of
phenol of the recycled gas at a tenperature of O [err]Cis
3.7 Pa (0.028 nmmtHg)22 whi ch is cal cul ated by the formul a

descri bed herei nbefore. Exa '

le 33 . The
sanme porous, crystalIizé&QﬂgnnﬁithQKﬂ§ﬁnég;r crystallizedoREEROAYMEE: ai ned
in Exanple 1 is subjected to
REPLACEMENT SHEET is placed in a glass-made gas flow type reactor of , g

AUG 1999 50 mm in ipner diameger having a glass filter (pore
S ©  size: about 40-50 um) attached to one end thereof.
Nitrogen gas is introduced into the reéctor through
the glass filter at a gas flow rate of 150
2(N.T.P.)/hr, and solid-state condensation polymeri-
zation is performed under atmospheric pressure at
10 210 °C for 3 hours. As. a result, there is obtained
a granular, crystallized polycarbonate having a
number average molecular weight of 12,100 and a
crystallinity of 45 %. The shape of the granqlar
polycarboﬁate after the polymerization is nearly the
15 éame as that of'the prepolymer before the polymeri-
zation. :This means that the pulverization of the
granules does not.occur during the polymerization.
The granular, porous crystallized polycarbonate
has a compressive break strength ﬁ?ﬁhggﬁgggéﬁigiga
20- ~ an equilibrium moisture content of 0.04 %. This
equilibrium moisture content is as.low as aboﬁt one-
tenth of t@ét bf a cgmmercially available amorphous
polycarbonate pellet.
Example 19

25 An amorphous prepolymer having a number average
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151 press nolding at 30 [err] C under pressure of 9800.

Ncnferr] (1,000 kgf/cnferr]) , to thereby obtain a
pressed sheet (15 cm X : 15 cmx 3 nmm) .. The sheet has an
apparent density of 1.03 g/cnerr] ' i steeat -SUV S0
area of 0.3 nferr]/g. 5 Accorggngly, the sheet, even after the
press nol d- ing, is porou%. In a DSC
chart of the thus obtai ned shaped - article of porous,

cryotalll o6 oYL e wagane or 3,868l G5A RLER) sl

representing the cry

pol yoarbonat e | s 0BEEKERa R nyaroxyl groups eALhERLhEr FARASIaREd L I e

of porous, crystallrz _ carbona as-a Cc 'inity of
45 % and a ate %roﬁﬁérpéfs%}’?opféﬁﬁ sbhER%H Mngf nd4enosinlr 1 (25
kgf/cnferr]) as neasure - using an Instion type universal
tester. 15 cont&XARY Cccfipound therein, which is prepared in

S - substantially the same manner as in Example 1 except

that the amount of diphenyl carbonate is changed to
13 kg, is subjected to crystallization and granula-
tion in substantially the same manner as in ﬁxample
18, to obtain a granular, porous, crystallized pre-

io polymer of a cylindrical shape h#ving a diameter of
about.1 mm and a length of about 3 mm. The thus
obtained granular, porbus, crystallized prepolymer
has a number average molecular weight of}3,800, a
molar ratio of termihal hydroxyl groups to terminal

15 phenyl carbonate groups of 50/50, a sﬁecifié surface
?f 1ﬁ2ﬁ?2/%{ iﬁfompressive breag-?trength of_

. and a crystallinity of 25 %.
* 100 g of the granular, ﬁorous, crystallized

prepolymer is subjected to solid-state condensation

20 polymerization in substantially the same manner as
in Example 18, excépt that the polymgrization is
conducted at 210 °C for 3 hours and then at 220 °C
for 3 hours, thereby obtaining a granular,Eporous,
crystallized polycarbonate. |

25 The thus obtained granular, pbrous, crystal-

-
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A porous, crystallized pol ycarbonate having M of 13, 000 as

obtained in Exanple 1 is subjected to . press nol ding at 200
[err] C under pressure of 500 . 4900 Ncnjerr] (500
kgf/cnferr]), to obtain a pressed sheet (15 cm X itupd sheet -

my). The thus obtained shaped article of4porous, _
crystallized polycarbonate (a pressed sheet) has an appar ent
density of 1.05 g/cnferr] and a specific sur- face area of
0.08 nferr]/g. The riysd apdiyedrhonate has a number avarhgeamelechlars a
peak of a crystalline nelting 25 point at 273 [err]C in a DSC
chart thereof and hesight of 17,100 and a crystallinity of 51 %. Thel52
crystallinity of 46 % and a conpressive-break strength of

1471 N cnferr] (150skape coff erthd )grsnwiasur pdrossagcanstaiiioed poly-
type universal tester.
carbonate after the polymerization is nearly the
5 same as that of the prepolymer before the polymeri-
zation. This means that the pulverization of the.
granules does not occur. The Qranular, crystallized
polycarbonate has a compressive break'strength of
Jég%ﬂgggggégggg_i%-gguilibrium hoisture content of
10 0.04 s,
Comparative Example 5
The crystallized prepolymer as prepared in
Comparative Example 1 is subjected to §ranu1ation in
substantially the same manner as in Example 18, to
15 obtain a éranular, crystalliZed prepolymér of a
cylindrical shape having a diameter df about 2' mm
and a length of about 3 mm. The obtained granular,
. crystallized'prepolymer has a Spec;fic‘surface area
of 0.04 m2/g.
20 | The granular, crystallized prepo}&met is
| subjected té solid-state condensation .polymerization
in substanfially the same manner as i& Ekample 18,
to obtain a polycarbonate hawving a number average
molecular weight of 8,100. During the polymeriza-

25 tion, any pulverization of the granules does not
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5 Brief Description of the Draw ngs

Fig. 1 is a scanning electron mcrograph of the surface of
the particle of porous, crystallized éfrepolyner of the
present invention obtained in Exanpl Gt

magni fication). 10 Fig.4 44 1s a scanning electron

m cr ogr aph of the Cross- sectlon of the particle of porous,
crystal - ' lized prepolymer of the present invention obtained
in Exanple 1, whiclhdaas been broken with forceps (1020 x
nagnlflcatlon) 15 - Fig. 3 is a scanning electron

m crograph of the example 20 anor phous prepolyner (1) obtai ned by

pre-pol yneri za- tion in Exanple 1 (4400 x nagnification).
Fig. 4 is a scanning el gubstantialdy aphle shmeh@oist powder as wsedalw of
the particle of porous, crystallized 20 prepol yner. obtained in

Exanpl e 2 (1020 x Exgmpllecd8 is granulated usiag) a compression moldingFi g.
5 is a scanning electron mcrograph of a
machine under pressure of 1 tf/cm? to obtain a
granular, porous, crystallized prepolymer of a
cylindrical shape having a diameter of about 190 mm
and a length of about 5 mm. The obtained granular,
porous, crystallized prepolymer is dried at 120 °C
10 for 2 hours. Then, the granular, porous, crystal-
lized prepolymer has a number average molecular
weight of 3,900, a molar ratio of terminal hydroxyl
groups to terminal phenylcarbonate groups of 35/65,
a specific surface area of 2.1 m2 g, a compressive
(26 _kgf/cm®)
15 break strength of/{26—legifem&~and a crystallinity of

22 %.

100 g of the granular, porous, crystallized
prepolymer is subjected to solid-state condensation
polymerization in substantially the same manner as
20 . in Example 18 exoeot that the polymerization is

| conducted at 220 °C for 2 hours, to obtain a granu-
.lar, porous, crgstailized polycarbonate having a
number avefage molecolar weight of 12,900 and a
crystallinity of 40 %. The shape of the granular,

25 porous, crystallized polycarbonate after the poly-
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portion of the particle shown in Fig. 4, which is. taken with
hi gher magni fication (3060 x magni fica- 25 tion).

153 Fig. 6 is a scanning el ectron mcrograph of a
portion of the particle shown in Fig. 5, which is et - gwth
hi gher magnification (6020 x magni ficd42 , ~
Fig. 7 is a scanning electron mcrograph of the particle of
porous, crystallized prepol yner of i nvention

t he re egﬁ
obt ai ned i n ExanpesiFytisep s nearly the sa%@gﬁ?fFE%Eiﬁg). e pre-

Fig. [ nni n I ron m.crograph of . .
g- 81s asca pof%éiéagéé%re éﬁéx%é¥§mé§ifgtlon. This means that.

the pulverization of the granules does not occur.

The granular, porous, crystallized polycarbonate has
' 3% yéém kgf/cme)
5 , a compressive break strength off 3
Examples 21 to 24
Amorphous prepolyﬁers-are individually prepared
from bisphenol A, diphenyl carbonate and each of
dihydroxya:ylicompounds indicated in Table t. Each
10 of the amorphous prepolymers is subjected to crys-
tallization and pore formation, granulatiop, and
solid-state condensation polymerization, in substan-
tialiy the same manner as in Example 18, to thereby
obtain a granular, porous, crystallized, aromatic
15 - polycarbonate. The properties of the porous, crys-
tallized prepolymers and the polycarbonates are
| shown in Table 1. The crystallinity of gach of the
porous} érystallized prepolymers is in the range.of
from 20 to 38 %. Any pulverization of the granules
20 does not occur during the solid-state condensation
polymerization. The crystallinity of each of the
granular, porous, crxstallized polycarbonates ob-
tained by the solid-state condensation polymeriza-

tion is in the range of from 40 to 58 %.
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10 portlon of the particle shown in Fig. 7, which is

taken w th higher magnification (6020 x magnifica- tion).
Fig. 9 is a DSC chart of the porous, crystal- lized,
pol ycar bonate of the present invention 15, SuBSiiRite ahekt - PBRYS 1.
Fig. 10 and Fig. 11 show exanples of X-ray ITTraction :
patterns of a prepol yner before being subjected to
crystallization a Eﬁrbciug, _ subjgeted—to Trystattizathon,
respectively. 20 . g iidustri al pl i cabi
The porous, cryst& I zgd @ g at r epol yjmer
of the present iny tlcn§§ = - [bexjqonvert ¢dd
sol i d-state conde 2iqgn® g t to a pogbus,
crystallized, aro pol y atfe.”’{ The porous,
crystallized, aro ggczy)ly ar g 8 g
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154 ate of the present invention can readily be nol ded

to obtain a shaped, article of porous, crystallized pol ycarbon-

ate. The porous, crystallized, aromatic pol ycarbon- ate and
the shaped, article of porous, crystallized pol ycarBobstituté sheet - 17/8/99 ¢
of the present invention have excellent hegy . resi stance and
sol vent resistance and exhi bit advan- ' tageously | ow wat er
absorption so. that these are . suited for use as a filter
material, an adsorbegkagple 29 the like. The porous, crystallized,
aromatic poly- 10 carbonate and the shaped, article of porous,
crystallized poly- Pre-polymer boaieien of s t benduaebasdtin nswd taonk e~

al so readily be nolded by a nelt process into an article

usef ul 1gs thagsaee rmannet aas | L, Exanplas! #xeget dhatl enent
and an el ectroni c conponent. 15 . The conventional phosgene
process has drawback33.0 kg of bisphenpl nitard| b3 hekt R LR YoNpounds
attribut%d to

carbonate are employed. The thus obtained amorphous
prepolymer is subjected to crystallizétion and pore.
formation using acetone, followed by drying, in
sﬁbstantially the same mannér as in Example 1,
thefeby obtaining a poxous, crystallized érepolymer
10 having a number_éverage molecular weight of\4,100, a
molar ratio of terminal hydroxyl groups to terminal
phenylcarbonate groups of 35/65, a crystallinity of
25 %, and a specific surface area of 1.0 mzlg.
The porous, crystallized prepolymer (which has
15 prelimina;ily been heated to 180 °C) is subjected to
solid-state condensation polymerization by using_a
glass-made gas flow type reacﬁor having an innef
. diameter of 15 mm under conditions such that the
pressure is maintained at atmospheric pressure while
20 introducing, as an inért gas, nitrogen gas whiéh is
. saturated with phenol at 0 °C (a partial pressure of
phenol:ﬂcfoza-mmgg47.ét a flow rate of 1.25 2
(N.T.P.)/hr, per g of the porous, crystallized pre-
pélymer, and the temperature is elevated from 180 °C

25 to 210 °C over a period of 30 minutes and then kept
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phosgene as a raw material and nethyl ene chloride as a

solvent inevitably remain in the final polycarbon- ate
product despite conplicated, costly steps for 20 . renovi ng them
and in that it is difficult to obtain _Substitytesstestat £7/8{90ng
an ul tra-high nol ecul ar Jéght. On the other hand, the )
conventi onal : transesterification process al so has drawbacks
in e that a highly expensive reactor usable under 25

extrenmely high tenperajprecafsk VAR HB N didHdieby Sbtaining a porous

155 necessary, and that it is difficult to perform po'ly-
merization w thout ckpstablifis])rpaiaicaybanate hhaotiingl 2 number averagea

pol ycar bonat e havi ng an ul tra-hi gh nol ecul ar ~ wei ght. 5

By contrast, the pmepetyhar weidhtheHdllyctHt®bon-
Example 30 and Comparative Example 8
5 - : Substaﬁtially the same porous, crystallized

prepolymer a#_used in Example 29 is subjecﬁed to
solid-state condensation polymerization in substan-
tially the saﬁe mannér as in Example 29 except that
nitrogen gases saturated with phenol respectively at

10 : 50 °C (Exémﬁle 30) and at 63 °C (Comparative Exaﬁple

‘ 8) are individually employed as an inert gas, to
obtain porous, crystallized polycarbonates. The
partial pressure of phenol in the phenol-saturated

nitrogen gas and the number average molecular weight

1s .of the resultant polycarbonate are shown in Table 3.
Table 3
a*
Partial pressure of - | Number average
ph:nol 12 phenol- molecular weight
. saturated nitrogen of pol b
20 polycarbonate
<tmmig) Py (m Hg)]
Example 30 06623, 6,800
Compara- 750.8 (5.7)
tive _ -—évJTJ 4,300
xample 8 : ’
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ate of the preéent invention are free fromthe

above-nent i oned drawbacks of the prior art proces- . ' ses.
Moreover, I n the present invention, a reactive hydr oxyl group
can readily be introduced in.an 10 ar onat i Sulpstitutashesat 4.7/8/99
Accordi ngly, the porous, crystallized, aromatic o pol ycar bonat e
prepol yners and porous, crystallized 149 - aromati ¢ pol ycar bonat es
of the present invention as wel | as the production nethods of
t he present inven- 15 tion, can advantageously be utilized,
especially in As i.@ea{,f?ﬂénef £854l @ss&b.ng Plishl EheWRach 133Ve
been rising In I nportance

156 pressure of phenol in the phenol-saturated nitrogen

mmH
gas £§E£E§E£%§§—£¥he number average molecular weight

is promptly. increased to 6,800, whereas when the
5 . partlal pressure of phenol is-S—#—mmHg:W:he number
| average molecular weight is only slowly increased to
4,300 from 4,100 of the prepolymer.
Example 31 |
Solid-state condensation polymerization is
10 conducted in substantially the same manner as in
Example 29 except that a granular, porous crystal-
lized prepolymer having a diameter of about 1 mm and
a length of from about.O.S to about 2.0 cm, a number
average molecular weiéht of 3,980, a molar ratio of
15 terminal hYdroxyl groups to terminal phenyl carbon-
- ate groups of 36/64, a crystallinitf of 25 % and a
specific surface area of 0.9 mzlg is emplofed,
the:eby obtaining a porous, crystallized polycarbon-
ate having e.number average molecular weight of
20 10,500.
Example 32
The.seme granular, porous, crystallized poly-
carbonate as used in Example 31 is subjected to
solid-state condensation ?olymerizaéibn using a

25 ... moving bed, gas flow type reactor made of SUS 304.'
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CLAI M5 ' 1. A powder form or agglonerated powder form of porous,
crystallized, aromatic pol ycarbonate prepolyner conprising recurring
aromatic carbonate units and term nal hydroxyl and aryl carbonate groups,
and having a nunber average nol ecul ar. wei ght of f riibstit0€®€ sheet 81708/9%
specific surface area of at least 0.5 n{err]/g, a crystallinity of fromb5
to 55 % and a particle dianeter distrilutjon such that the content of
particles having a particle dianmeter of pn1or | ess in said prepol yner
Is not greater than 10 % by wei ght. . A prepolynmer according to

cTalm 17 wherein The 5oty el b el 1 WPy ke (8rmina

according to Clai”%%f% t§VeWH EGth'%f'q Rpw%ﬁ'a¥34§ded with an air

punp and a gas-cooling device. The granular, porous
crystallized polycarﬁonate is introduced into the

5 reactor from its upper portion at a rate of
1.2 kg/hr at a temperature of 210 °C for 20 hours
while introducing nitrogen gas from the bottom

portion of the reactor at a flow rate of 6 m3
(N.T.P.)/hour. 'Niﬁiogen gas containing phenol is

10 discharged from the reactor, cooléd to 0 °C for

- liquefying and removing excess phenol, aﬁd then
heated to 210 °C. The heated gas is then reintro-
-duced in the reactor. From 7 to 20 hours after the
initiation of the operation, a granular, porous

15 crystallized polycarbonate having é numbeﬁ average
molecuiar weight in the range of from 10,800 to B
11,000 is récovefed froﬁ'the bottom portion of the
reactor at a rate of 1.2 kg/hour. 1In this method,
nitrogen gas is advantageously regycled.

20 . . The partial pressure of phenol of the recycled
gas at a temperature of 0 °C igéighgkggéggnghich is
calculated by the fo?mula described hefeinbefore.
Example 33

The same po?ous, crystallized aromatic poly-

25 _ carbonate as obtained in Example 1 is subjected to
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4. A prepolynef\according toclaim1 or 2, which is in agglonerated powder

form 5. Use of a prepolyner according to any one of clains 1 to 4
as a prepolyner to be subjected to solid- .
157 state condensati on pol yneri zati on. 6 Substititeashderr- D7/8199i ng

a powder formof porous, crystallized, aromatic polycarbonate prepolym-
er, which conprises treating an anorphous aromatic
_ ’ 151

9800 NarP (1,000 kaf/arf’)

press molding at 30 ;c under pressure of-luL00-lkgt/
-cmz,.to thereby obtain a préssed sheet (15 cm x
15 cm x 3 mm). The sheet has an apparent density of
1.03 g/cm3'and a specific surface area of 0.3 m?/g.
5 ) Accordingly, the sheet, even after the press mold-
ing, is-poroﬁé.
In a DSC chart of the thus obtained shaped
article of porous, crystaliized polycarbonate
(pressed sheet), a péak representing the crystalline
10 melting point of the pglycarbonaﬁe is observéd at
271 °C. The shaped article of porous, crystallized
polycarbonate hés a crystallinit% of 45 % and a
compressive break strength o as measured
using an Instron type universal tester.
15 ) 3xample_34
A porous, crystallized polycarb&nate having-ME
of 13,000 as qbtained in Example 1 is subjected to
press %?lding at 200 °C under pressure of-5068—
Jﬁg%#%gg;ﬁg%hg§€§&n a pressed sheet (15 cm x 15 cm x
Eéo 3 mm). The thus obtained shaped article of porous,
crYstallized polycarbonate (a presseé sheet) has an
apparent density of 1.05 g/cm3 and a specific sur-
face area of 0.08 m2/g. - The crystallized poly-
carbonate exhibits a peak of a crystalline melfing

25 point at 273 °C in a DSC chart thereof and has a
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pol ycar bonate prepol ymer with sol vent under sufficient shearing force to
crystallize and render porous said anorphous aromatic pol ycarbonate,
prepol yner, said anorphous aromatic pol ycarbonate prepol yner
conprising recurring carbonate units and term nal hy U ot V1 7/8/99
carbonat e groups, and having a nunber average nol ecul ar weight of 2,000 fo
8, 000, said shearing force being sufficient to cause the resultant
powdery, porous, crystallized, aromatic %3 ycarbonate prepol yner to have a
specific surface area of at least 0.5 nferr]/g, an average particle

di aneter of 250 pmor less, and a crystallipnity of from5 to 55% and a

particle diameter dicswsitaddilodtyuof 46 @nd %§FHQSﬁe§ﬁi$ﬁU?¥%¢§s having a
particle dianmeter of 50 pmor_|I ] allized rag | S not
greater than 10 @6b§tﬁ€ﬁ@WP of $ideasires (ﬂékﬂ nStr°n

aggl oner at ed pomder forn1 por Qu stalllzed aronatlc polycarbonate
?.versa i:es%:ey

5 . Brief Description of the Drawings
Fig. 1 is a scanning electrbn micrograph oﬁ-the
- surface of the particle of porous, crystallized
prepolymer of the present invention obtained_in
Example 1 (3060 x ﬁéghification).

10 Fig. 2 is a scanning electron micrograph of the
cross-section of the particle of porous, crystal-
lized prepolymer of the present invention obtained
in Example 1, which has been broken with forceps
(1020 x magnification).

15 Fig. 3 is a scanning electron micrograph of the

amorphous prepolymer (I) obtained by pre-polymeriza—

tion in Example 1 (4400 x magnif;cation).
Fig. 4 is a scanning electron microgfaph of the
surface of'thezparticle of porous, crystallized

20 prepolymer obtained in Example 2 (1020 x magnifica-
tion).

Fig. 5 is a scaqning electron micrograph of a
portion of the particle'shown'in Fig. 4, which is
taken with higher magnification (3060 x magnifica-

25 ' tion). _ _ B
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prepol yner, which conprises applying sufficient pres-
158 sure or heat to particles of a powder form of porous, crystallized
aromati c pol ycarbonate prepolynmer of claim 3 to cause the particles to be

coher ed. 8. A nethod for produci ng a powder_Substitore shieget -l D/8708t ed
powder form of porous, crystallized, aromat- ic polycarbonate having a

nunber average nol ecul ar wei ght of fronhg Q00 to 200,000 and a -
crystallinity of at |east 35% which co Fﬁses.heating a powder form or
aggl oner at ed powder form of porous, crystallized, aromatic polycarbonate

prepolyner of Claln]%tgro% Eﬁeapresent invention can readily be molded

to obtain a shaped,7porous, crystallized polycarbon-
"ate. The porous, crystallized, aromatic polycarbon-
ate and the shaped,lporo&g, crystallized polycarbod-
5 _ ate of the preéent invention have excellent heat
resistance and solvent resistance and exhibiﬁ advan-
tageously low water absorétion so that these are
suited for use as a filter material, an adsorbent or
the like. The'pofoué,'cfystallized, aromatic poly-

10 carbonate and the shaped,f%%%%%%% crystallized poly-

| carbonate of the present ;nvention can also readily
be molded by a melt process into an article useful
as engineering plastics, such as an optical element
and an electronic component.

15 " The conventional phosgene process has drawbacks
in that chlorine-containing compounds attributed fo
phosgene as a raw material and methylene chloride as
a'solventlinevitably remain in the final polycarbon-
ate product despite.complicated, costly steps for

20 removing them, and in that it is difficult to obtain
a polydarbonate having an ultra-high molecular
weighﬁ. On the other hand, the conventional
transesterification process also has. drawbacks in
that a highly expensive reactor usable under

25 extremely high temperature and vacuum conditions is

e
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heating zone, at a tenperature which is higher than the glass transition
t enper ature— &t mer and at which said prepolyner is in a solid
state, t ol i d-state condensation pol ynerization of said prepo-
| ymer whmﬂm@m:'"’ HHMe'nsat i on pol ymerization by- Substitute shéetoni 718/99
heating zene; "L by increasing the nunber average nol ecul ar wei ght
and the crystallinity of the prepol ymer to from 6,000 to 200,000 and at

| east 35% respectively, so that the resultant polycarbonate has a nunber
average nol ecular weight and a crystalli ni! 9 whi ch are, respec- tively,
greater than those of said prepol yner. 9. A nethod according to
claim8, wherein the CLAIMS

1. A powder form or agglomerated powder form of
porous, crystallized, aromatic polycarbonate prepolymer
compriéing reéurring ardmatic carbonate units and
terminal hydroxyl and aryl carbonate groups, and having
a number average molecular weight of from 2,000 to
8,600, a specific surface area of at least 0.5 mz/g, a
crystallinity of from SIto 55 % and a pafticle diameter
.distribution such that.the content of particles having
a particle diameter of 50 um or less in said prepolymer

is not greater than 10 % by weight.

2. A prepolymer according to claim 1, wherein fhe
ratio of the terminal hydroxyl groups to the terminal

aryl carbonate groups is from 10/90 to 90/10.

3. A prepolymer according to claim 1 or Zlhwhich

is in powder form.

4. A prepolymer according to claim 1 or 2, which

is in agglomerated powder form.

5. Use of a prepolymer according to any one of

claims 1 to 4 as a prepolymer to be subjected to solid-
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159 heating of said powder form or aggl onerat ed powder form of
prepolynmer is conducted while flowng an inert gas into the heating zone

at a flowTateof+f+emO0-Lta 10 liters (N T.P.)/hour, per gram of said
pr epol ymer i schargi ng the inert gas COI’MM
sation pol yﬂmuﬂm”jl “ ducts fromthe heating ' zone. ' 10. A
nmet hod accor mhereln t he ondensati on pol yneri zation

by- products are renoved fron1the dlscharﬁﬁd i nert gas, or the discharged
inert gas is diluted with an inert gas, so that the resultant gas has a
condensati on polynerization by-products content of 666.5 Pa (5. mrHg) or
less in terns of the partial pressure of the condensation polynerization
'by- products shatbecendensgddonapdlymerigaiiicmt gas is

6. A method for producing a powder form of
porous, cfystallized, aromatic polycarbonate prepolym-
er, which comprises treating an amorphous aromatic
polycarbonate prepolymér with solvent under sufficient
shearing force to crystallize and render porous said
amorphous aromatic polycérbonate prepolymer,

said amorphous aromatic polycarbonate prepolymer
comprising recurring carbonate units and terminal
hydroxyl and aryl carbonate groups, and ha&ing a number
average molecular weight of 2,000 to 8,000,

| said shearing force being sufficient to cause the
resultant powdeéy, porous,.crystallized, aromatic
pocharbénate prepolymer to have a specific surface
area of at least 0.5 mz/g,.an avefage particle diameter
of 250 pm or less, and a crystallinity of from 5 to 55%
an@ a ﬁarticle diameter distribution such that the
content of particles having a particle diameter of
50 pm or less in said crystallized prepolymer is not

greater than 10 % by weight.

7. A method for producing an agglomerated powder
form of porous, crystallized aromatic polycarbonate

prepolymer, which comprises applying sufficient pres-
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flowed into | zone as the inert gas. 11. A method for
produci ng a iuanular formof porous, crystallized, aromatic pol ycarbonate

pr epol ym Jmtum .granul ating a powder formor ag- gl oner at ed
’w’ m I 1ized, aromat- ic pol ySM0stttecshaelsol 2/8(H9

powder form
of claiml or 2. 12 A nethod according to claim11l, wherein the
160 granulatlon of the pomder form or aggl onerated powder form of
prepol yner is perforned by extrusion- grat8g ati on or by

conpr essi on- granul ati on. -

sure or heat to particles of a powder form of porous,
crystallized aromatic polycarbonate prepolymer of claim

3 to cause the particles to be cohered.

8. A method for produc1ng a powder form or ag-
glomerated powder form of porous crystallized, aromat-
ic polycarbohate having a number average molecular
weight of from 6,990 t0.200,000 and a crystallinity of
at least 35%, which comprises heating a powder form or
aggiomerated powder form of porous, crystallized,
aromatic polycarbdnate prepolymer of claim 1 or 2 in a
heating zone, at a temperature which is higher than the
glass transition temperature of said prepolymer and at
which said prepolymer is in a solid state, to effect
solid-state condensotion polymorization of said prepoﬁ
‘lymer while removing condensation polymerization by-
products from the heating =zone,

fhéreby increasing the number average molecular
weight and the crystallinity of the prepolymer to from
6,000 to 200,000 and at least 35%, respectively,-so
fhat the resultant polycarbonate has a number average
molecular weight and a crystallinity-whichfare, respec-

tively, greater than those of said prepolymer.

9. A method according to claim 8, wherein the
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13. A granular form of porous, crystalllzed aromati c pol ycarbonate
prepolyﬂtw—Tﬁn7ﬂ7nﬂﬁ1yﬂnr7I' nmet hod of claim 11 or 12, and conprising
recurrln nate units and term nal hydroxyl and aryl

car bonat ng !“g ﬁﬂmﬁl ng a nunber average nol ecul ) f

2,000 to ) L r linity of from 5 to 55 % &arda >pof '
a conpressive break strength of at least 49.0 N cnferr] (5 kgf/cn[err])
14. Use of a prepolyner according to claim13 as a prepolynmer to be
subjected to solid-state condensa- tion 88l yneri zati on. - 15, A

met hod for producing a granular formof porous, crystallized, aromatic
pol ycarbonate having a nunber average nol ecul ar weight of from®6,000 to

200,000 and a ch¥gkahly Qiet ka9l YowdRdsteat R o iddiomerated powder form

of prepolymer is conducted while flowing an inert gas

into the heating zone at a flow rate of from 0.1 to 10

liters (N.T.P.)/hour, per gram of said prepolymer and
. while discharging the inert gas containing the conden-

satlon polymerlzatlon by- products from the heating

zone.

10. A method according to claim 9, wherein the
condensation polymerization by-products are removed
from the discharged inert gas, or the discharged inert
-gas is diluted with an inert gas, so that the resultant
gas has a condensation polymerizati&n by-products
content of 666.5 Pa (5 mmHg) or less in terms of the’

. partial pressure of the cbndensation.polymerization by-
prodqcts in the inert gas, and the resultant gas is

flowed into the heating zone as the inert gas.

11. A method for producing a granular form of
porous,.crystallized, aromatic polycarbonate prepolym—
er, which comprises granulating a powder form or ag-
glomerated powder form of porous, crystallized, aromat-

ic polycarbonate prepolymér of claim 1 or 2.

12. A method according to claim 11, wherein.the
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conprise ating a granular formof porous, crys- tallized, aromatic
poIycarbiﬁgfg\EFépo+ynEL‘gL\plain114 or 15 in a heating zone, at a
-tenperatur hi gher than the glass transition tenperature of said
161 pr r{mgﬂﬂ ich said prepolymer is i SuBsﬁﬁLtbdshe%ttatﬁfgégg
t|on pol ynmeriza- tion 0f said prepolymner e

ef fect sol i'd- §t
renmovi ng condensati on pdlynerlzatlon by-products fromthe heating zone,
t hereby increasing the nunber average noplecular weight and the

crystallinity of the prepolyner to from16 000 to 200,000 and at |east 35%
respectively, so that the resultant pol ycar bonat e has a nunber average

granulation of the powder form or agglomerated powder
form of prepolymer is perfbrmed by extrusion-

granulation or by compression-granulation.

13. A granular form of porous, crystallized,
aromatic polycarbonate prepolymer obtainable by a
ﬁethod of claim 11 or 12, and comprising recurring
aromatic carbonate units and terminal hydroxyl'aﬁd aryl
carbonate groups, and having a number average molecular
weight of from 2,000 to 8,000, a crystallinity of from
'5 to 55 %, said-prepolymer having a compressive'break

strength of at least 49-.0-N/cm2 (S kgf/cmz).

14. Use of a prepolymer according to claim 13 as
a prepolymer to be subjected to solid-state condensa-

tion polymerization.

157 A method for producing a grahular form of
porous, crystallized, aromatic polydarbonate having a
number averége molecular weight of from 6,000 to |
200,00(5 and a crystallinity of at least 35%, which
comprises heating a granular form of porous, crys-
tallized, aromatic polycarbonate prepolymer of claim 14
or 15 in a heating zone, at a temperature which is

higher than the glass transition temperature of séid
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nDIecula%—meLghL_QﬂQ_é_E%z§talIinity whi ch are, respec- tively, greater
than those of said granular prepolymer. 16. A nmethod according to
claim 15 muuwmmm ting of said granular form of prepolymer is '
conduct - m, an inert gas into the heatiSulpstitute sheeta 1748409
rate of from'0.% t® 50 I%ters (N.T.P.)/ hour, per gramof said prepolyner
and while discharging the inert gas containing the condensation

pol ymeri zati on by- products fromthe heatgng zone. 17. A met hod
according to claim 16, wherein the condensation polynerization by-products
are renoved fromthe discharged inert gas, or the discharged inert gas is
diluted with an inert gas, so that the resultant gas has a condensation

pol yneri zati on byrppedyticr atdntaenwhilchb&ain Rardfolydy i iress soliérns
of the

state, to effect solid-stéte condensation polymeriza-
tion of.said prepolymer'while removing condensation_
polymerization by-products from the heating zone,
thereby increasing the number average molecular
weight and the crysﬁallinity of the prepolymer to from
6,000 to 200,000 and at least 35%, respectively, so
that the resultant polycarbonate has a number average
molecular weight and a crystallinity which are, respec-

tively, greater than thoée of said granular prepolymer.

16. A method according to claim 15, wherein the
heating of said granular form of prepolymer is conduct-
ed while flowiné an inert'gas into fhe heating zone at
a flow rate of from 0.1 to 50 liters (N.T.P.)/hour, per
gram of said prepolymer and while discharging the inert
gas containing the condensation polymerization by-

products from the heating zone.

17. A method according to claim 16, wherein the
condensation polymerization by-products are removed
from the discharged inert gas, or the discharged inert
gas is dilufed with an inert gas, so that the resultant
éas has a condensation polymerization by—ﬁroducts

content of 666.5 Pa (5 mmHg) or less in terms of the
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162 partial pressure of the condensation polynerization by- products in

the inert gas, and the resultant gas is flowed into the heating zone as

ol NRAIDIN INB) i & 5y "ot hod of 1 ei mekbstiute shestz. 1 wiajon

has a spedific surface area of at least 0.1 nferr]/g, and a conpressive
break strength of at least 98.0 Ncnferr] (10 kgf/cnferr]). 19.
met hod for producing a shaped article of qgporous, crystallized aromatic

pol ycarbonate having a bulk density of fromO0.1 to 1.1 g/cnferr] and a

conpressi ve

partial pressure of the condensation polymerization by-
products in the inert gas, and the resultant gas is

flowed into the heating zone as the inert gas.

18. A granular form of pdrous, crYstailized aro-
matic pélycérbonate obtainable by a method of claim 15,
16 or 17, which has,a'specific surface area of at least
0.1 mZ/g,-and a compressive break strength of at least

98.0 N/cm? (10 kgf/cm?).

19. A method for producing a shaped article of
porous, crystallized aromatic polycarbonate having é
bulk density of from 0.1 to 1.1 g/cm3 and a compressive
‘bresk strength of at least 98.0 Nem? (10 kgf/cm?),
which comprises heating particles of a powder form or
agglp@gréted powder form of porous, crystallized aro-
matic polycarbonate as obtained by the process of
claims 8, 9 or 10, or heating granules of a granular
form of pdrpus, crystallized éromatiC'polycarbonate of
claim 18, at a temperature which is higher than the
glass transition temperature of said poiycarbonate and
which is lower than the crystalline melting temperature
of sgid polycarbonate, to fuse and bond the surfaces of
said pérticles or of said granules,

said powder form, said agglomerated form or said

A
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br eak strenth_gL_g%_ng;;dgg.0 Ncnferr] (10 kgf/cnferr]), which conprises
heating particles o formor aggl onerated powder form of porous,
crystalllze ﬂﬂ" ycar bonat e as obtained by the process of

clains 8, 9 ”"m”mgm granul es of a granul aw
crystallized ar‘omdti 8 pel rbonate of claim18, at a tenperature which is
hi gher than the glass transition tenperature of said pol ycarbonate and
which is lower than the crystalline neltingstenperature of said

pol ycarbonate, to fuse and bond the surfaces of said particles or of said

granul es, said powder form said agglonerated formor said
163 ' -

graﬁular form of porous, crystallized, aromatic poly-
carbonate having a number average molecular weight of
from 6,000 to 200,000 and a crystallinity of at least

35%.

20. A shaped article of porous, crystallized
aromatic polycarbonate, obtainable by a method of claim

19.

21. A shaped article of.polycarbonate according
to claim 20, which has a shape of.a granule, pellet,
sheet, disc, cylinder, polygonal pillar, cube, rectang-

. ular parallelepiped or sphere.

22. A method for prodﬁéing a shaped article of -
porous, crystallized arométic polycarbonate having a
bulk density of from 0.1 to 1.1 g/cm3-and a compressive
break.strength of at least 98.0 N/cm? (10 kgf/cm?),
which comprises subjecting a powder form or agglomerat-
.ed powder form of porous crystallized aromatic polycar-
bonate as obtained by the processIOf claims 8, 9 oxr 10,
or a granular form of porous, crystallized_aromatic
polycarbonate of claim 18 to moldihg'at a temperature
which is lower than the glass transition temperature of

said polycarbonate,
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granul ar for m of porous, crystallized, aromatic poly- carbonate having a
nunber average nol ecul ar wei ght of from 6,000 to 200,000 and a

crystalli nJ]Hlmfmlllm m 5% 20. A shaped_ article of porous,
crystalliz m Il arbonate, obtainabl e bw
21. A shaped ar‘ti &l e®of® pol ycarbonate according to claim20, which has a
shape of.a granule, pellet, sheet, disc, cylinder, polygonal pillar, cube,
rectang- ular parall el epi ped or sphere. 164 22. A nethod for

produci ng a shaped article of porous, crystallized aromatic-polycarbonate
having a bul k density of fromO 1to 1.1 g/cnferr] and a conpressive

break.stfength of alséfggéog er Egcnieégld(égg§g&ég errk%rm or said

- granular form of porous, crystallized, aromatic poly-

carbonate having a number average molecular weight of
from 6,000 to 200,000 and a crystallinity of at least
35%.

23. A shaped article of porous, crystallized
aromatic polycarbonate, obtainable by a method of claim

22.

24. A shaped article of polycarbonate according
to claim 23, 'which has a shape of a granule pellet,
sheet disc, cyllnder polygonal pillar, cube, rectang-

ular paralleleplped or sphere.

- 25. A method for producing.a porous, crystallized

aromatic polycarbonate which comprises the steps of:

(1) reacting an aromatic dihydroxy.compound with
an aromatic carbonate under heating at.a temperature
sufficient and for a period of time sufficient to
prepare an'amorphéus prepolymer having a number averdge
molecular weight of from 2,000 to 8,000 and having
terminal hydroxyl and aryl carbonate groups:

(2) tfeating said amorphous prepolymer with sol-

vent under sufficient shearing force to crystallize to
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whi ch conprises subjecting a powder formor aggl brrerat- ed powder form of

porous crys polycar- bonate as obtained by the process of
clainms 8, Jlmlllllmc"m"lm nular form of porous, crystallized aromatic

pol ycarbonat® o&f ¢latm 48 1o nolding at a tenperal@@_sm_ea;mmm@an
the glass transition tenperature of said polycarbonate, '
164 sai d powder form said agglonerated formor said granular form
of porous, crystallized, aromatic poly- garbonate havi ng a nunber average
nol ecul ar wei ght of from#6,000 to 200,0 and a crystallinity of at |east
35%

a crystallinity of from 5 to 55 % -and simultaneously
‘render porous said prepolymer, said shearing force
being sufficient to cause the resultant powder form of
porous, crystaliized, eromatic polycarbonate prepolymer
to have a specific surface-area-of at least 0.5 mz/g,
an average particle.diameter of 250 pym or less, and a
particle diameter distribution such that the content of
particles having a patticle diameter of 50 um or less
in said crystallized prepolymer is not greater than
10 % by weight; and
(3) heating the powdexr form of porous, crys-

tallized prepolymer, or heatiﬁg an agglomerated powder
form or a granular form of porous, crystallized prepo-
lymer derited ftom said pqwder form of prepolymer, at a
temperatufe which is higher than the glaes transition
tempereture of said crystallized prepolymer and at o
which said crystallized prepolymer is 1n a solid state,
to effect solid-state condensation polymerization of
said crystallized prepolymer, thereby increasing the
number average molecular weight and the crystallinity

_ of_the crystallized prepolymer to from 6,000 to ZOO,QOO
and at least 35%, respectively, so that the resultant
polycarbonate ﬁas a number average molecular weight and
a crystallinity which are, respectively, greater than

those of said crystallized prepolymer.
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23. A shéEEa“ETTTt+e~QL~QQL9ys crystallized aromatic polycarbonate,
_obtainable od of claim 22. 24. A shaped article of

pol ycar bon m ,, claim 23, which has a shape of a granule,

pel l et, sheets ﬂd pol ygonal pillar, cSiilsstituteshegt - 17/8/99
paralleleplped or sphere 25. A net hod for produci ng a porous,
crystallized aromatic polycarbonate whi ch conprises the steps of:
(1) reacting an aromatic di hydroxy ‘conp d with an aromatic carbonate
under heating at a tenperature sufficient and for a period of tine
sufficient to prepare an anorphous prepol yner having a nunber average
nmol ecul ar wei ght of from 2,000 to 8, 000 and having term nal hydroxyl and

aryl carbonate grougy  , nethda W dIhSAS ADIRYS MSPOIXBRW 1D

ratio of the terminal hydroxyl groups to the terminal
aryl carbonate groups of said crystallized prepolymer

is from 10/90 to 90/10.

27. A method for producing a pprous; crystallized
aromatic polycarbonate which éomprises the steps of:

(1) reacting an aiomatic dihydroxy compound with
phosgene in the presence of a molecular wéight con-
troller to prepare a prepolymer having a number average
molecular'weigﬁé of from 2,000 to. 8,000 and.having
terminal hydroxyl and aryl carbonate groups;

(2) treating said prepolymer with solvent under
sufficient shearing force to crystallize to a crystal;
linity of from 5 to 55 % and simulténeously render
porous said prepolymer, said shearing force being
sufficient to cause the resultant powder form of po-
rous, crystallized, aromatic -polycarbonate prepolymer

. to have a specific surface area of at least 0.5 mz/g,
and a particle diameter distribution such that the
content of particles having a particle diameter of
50 pym or ‘less in said crystallized prepolymer is not.
greater than 10 % by weight; and

(3) heating the powder form of porous, crys-

tallized prepolymer, or heating an agglomerated powder
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vent under suLLLQLgQL_EQE?LQEE5force to crystallize to

165 acrystallinity o to 55 % and sinultaneously render porous
sai d prepoly ”W? force being sufficient to cause the

resul tant po m" m(’wﬁ crystal lized, ardBultstituposheet bdT48499

pr epol yner to hévet a ©p C surface area of at least 0.5 nferr]/g, an
average particle diameter of 250 pmor less, and a particle dianeter
distribution such that the content of pagyicles having a particle dianeter

-of 50 pmor less in said crystallized prepolynmer is not greater than 10 %
by wei ght; and (3) heating the powder form of porous, crys-

form or a granular form of porous, crystallized prepo-
lymer derived from said powder form of prepolymer, at a
temperature which is higher than the glass transition
temperature of.said crystallized prepolymer and at
which said crystallized prepolymer is in a solid state,
to effect solid-state condensation polymerization of
said crystallized prepolymer, thereby increasing the
number average molecular weight and the crystallinity
of the crystallized prepolymer to from 6,000 to 200,000

"and at least 35%, respectlvely, so that the resultant
polycarbonate has a number average molecular weight and
a crystallinity which are, respectively, greater than

- those of said crystallized prepolymer.

28. A'methed according to claim 27, wherein the
ratio of the terminal hydroxyl groups to the terminal
aryl carbonate groups of said crystallized pfepolymer

is from 10/90 to 90/10.

29. A method according to claim 27 or 28, wherein
said molecular weight controller is an aromatic monohy-

droxy compound.

30. A method for producing a-porous, crystallized

aromatic polycarbonate, which comprises the steps of:
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tallized prepol

form of porous,.

prepol yner, at

ymer, or heating an aggl omerated powder formor a granul ar

a_ tenperature which is higher than the glass transition

t enperature of

sald crystallTized prepol yner and at Substitutsashbet-yb1/@/898zed

el 1 T e R

nunber -aver afje
prepol yner to f
that the result

hol'ecdl aF wei ght and thg grysta]linity of the crystallized
rom 6, 000 to 200, 000 ang at | east 35% respectively, so

ant polycarbonate has a nunber average nol ecul ar wei ght and

a crystallinity whiCh 13 GedcRSIRES tdrY U BomdH LRSS 1 §E@bohaBE ol gbre

crystallized pr

epol yner.
having a number average molecular weight of from about

350 to about 950 and havihg its terminal groups com-
prised subsfantiglly of'aryl carboﬁate groups with an
aromatic dihydroxy compound under heating at‘a tempera-
turg suffidient and for a period of time sufficient to
prepare an amorphous prepoiymer having a number average
molecular weight of £;6m 2,000 +to 8,000 and having
terminal'hydroxyl and aryl carbonate groups;

(2) treating said amorphous prepcolymer with sol-
vent unde; sufficient shearing force to crystallize to

& crystallinity of from S to 55 % and simultaneously

‘render porous said prepolymer, said shearing force

being sufficienf,to cause the reéultanf powder form_éf
porous,.crfstallized, aﬁomatic polycarbonate prepolymgr
to have a specific surface area of'at least 0.5 mzyé,
an average particle diameter of 250 pm or léss, and a
partidle diameterldistribution such that the content of
particles having a.partiéle diameter of 50 pm or less
in said crystallized prepolymer is not grééter than
10 % by weight; and

(3) heating the powder form of poroué, crys-
tallized'prepolymer, or heating an agglomerated powder
foim or a granular form of porous, crystallized prepo-

lymer derived from said powder form of prepolymer, at a

crystallized prepo- |yner derived fromsaid powder form of
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166 26. A nethod according to cIa|n125 wherein the ratio of the
t er mi nal mllmlﬂﬂww' IHE the termnal aryl carbonate groups of said
crystalli from 10/ 90 to 90/ 10. 27. A method for
producing a porous," cryst'allized aromatic polycarboggggu&ﬁé@m PP 7 /2959
t he steps of: (1) reacting an aromatic di hydroxy

phosgene in the presence of a nolecular weight con- troller to prepare a
- prepol ymer having a nunber average nol ectggar wei ght of from 2,000 to 8, 000

and having termnal hydroxyl and aryl carbonate groups; (2) treating
said prepolynmer with sol vent under sufficient shearing force to
crystallize to a crystal - inity of from5 to 55 % and sinul taneously

render porous %%WEPE@EBEFyWB%ChSaﬁdhéﬁéﬁFlﬁﬁaPoF€€ gdidR§ transition

temperature of said crystallized prepolymer and at
which said crystallized prepolymer is in a solid state,
to effeet selidestate condensation polymerization of
said crystallized prepolymer, thereby increasing the
number average molecular weight and the crystallinity
of the crystallized ﬁrepolymer'to”from 6,000 to 200,000
and at least 35%, respectively, so that the resultant
polycarbonate has a number average molecular weight and
a crystallinity which ere, respectively, greater than

those of said crystallized prepolymer.

31. A method according to c¢laim 30, wherein the
ratio of the terminal hydroxyl groups to the terminal
aryl carbonate groups of said crystallized prepolymer

is from 10/90 to 90/10.
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sufficient to .cause the resultant powder formof po- rous, crystallized,
aromati ¢ pol ycarbonate prepolyner to have a specific surface area of at

| east 0.5 nmferr]/g, and a particle dianmeter distribution such that the
content of particles having a particle diameter of 50 pmor less in said
crystallized prepolynmer is not greater than 10 % b\Subatitiie slivest - 17/8 )
heating the powder form of porous, crys- ,tallized prepolyner, or heating
an aggl oner at ed powder o I/O 167 formor a
granul ar form of porous, crystallized prepcl | yner derived from said
powder form of prepolyner, at a tenperature which is higher than the gl ass
transition L :

"y
- R
’

'.::. '.rv ’Jj‘;f'fﬁ - 5
. ;'g: J:zf R

FIG.1
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tenperature of said crystallized prepolyner and at which said crystallized
prepolyner is in a solid state, to effect solid-state condensation

pol ynmeri zation of said crystallized prepolyner, thereby increasing the
nunber average nol ecul ar weight and the crystallinity of the crystallized
prepolymer to from 6,000 to 200,000 and at |east 3Bdbstitatesheet/lV/8409
that the resultant polycarbonate has a nber average nol ecul ar wei ght and
a crystallinity which are, respectively,g§ﬁ ter than those of said
‘crystallized prepol yner. 28. A nethod according to claim 27,
wherein the ratio of the term nal hydroxyl groups to the termnal aryl
carbonate groups of said crystallized prepolyner - is from10/90 to 90/ 10.
29. A nmethod according to claim27 or 28, wherein said nolecular weight
controller is an aromati c nonohy- :

FIG.2
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dr oxy conpound. - 30. A nethod for producing a porous, crystallized
aromati c pol ycarbonate, which conprises the steps of: .

168 (1) reacting an aromatic pol ycarbonate ol igonmer having a nunber
average nol ecul ar wei ght "of fromabout 350 to about 950 and having its -

term nal groups com prised substantially of aryl_Guidstiaafecsisetups78/80 an
aromati c di hydroxy conpound under heating a tenpera- ture sufficlent

and for a period of time sufficient to preff@e an anmorphous prepol yner
havi ng a nunber average nolecular weight of from2,000 to 8,000 and havi ng
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term nal hydroxyl and aryl carbonate groups; (2) -treating said

anor phous prepolyner with sol- vent under sufficient shearing force to
crystallize to a crystallinity of fromb5 to 55 % and si nul taneously

render porous said prepolyner, said shearing force being sufficient to
cause the resultant powder- form of porous, crysteﬂISubsﬁiuﬁ!SﬁEEﬂiﬂJ!&%?i
pol ycarbonate prepolyner to have a specific surface area of at least 0.5
nMerr]/g, an average particle dianmeter | 50 [err]mor less, and a
particle dianmeter distribution such that t content of particles having a
particle dianmeter of 50 [err]mor less in said crystallized prepolyner is

not greater than 10 % by wei ght; and (3) heating the powder form of
porous, crys- tallized prepolyner, or heating an agglonerated powder form
or a granular formof porous, crystallized prepo- |yner derived from said

powder form of  prepolyner, at a

FIG. 4
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169 tenperature which is higher than the glass transition tenperature
of said crystallized prepolynmer and at which said crystallized prepol yner
isin asolid state, to effect solid-state condensation polynerization of
said crystallized prepolyner, thereby increasing the nunber average

nol ecul ar wei ght and the crystallinity of the crysSubdtitntalsheepoll V@22 o
from6,000 to 200,000 and at |east 35%.respectively, so that the
resultant pol ycarbonate has a nunber aJé/ e nol ecul ar weight and a
crystallinity which are, respectively, grég?er than those of said
crystallized prepol yner. 31. A nethod according to claim 30,
wherein the . '

FIG.5
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rati o -of the terrh’ nal hydroxyl groups to the term nal ar'yl car bonat e
groups of said crystallized prepolynmer is from 10/90 to 90/ 10.
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FIG.7
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FIG.8
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FIG.9
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