[ DESCRI PTION] [Invention Title]

POLYCARBONATE POADERS AND METHOD FOR PREPARI NG H GH MOLECULAR WEI GHT
5PCLYCARBONATE RESI N USI NG SAME [ Techni cal Fi el d] The present
relates to a method for preparing fine round powldery pol ycarbonate and a
met hod for preparing a high nol ecul ar wei ght pol ycarbonate resin using the
sane. More particularly, the present invention relates to a nethod for

preparing fi beesoure poddery pol ycar bonat e,
constant nol ecul ar wei ght

METHOD FOR PREPARI NG FI NE SPHERI CAL

i nvention

wherei n pol ycarbonate with a
is prepared through a non-phosgene pol ycarbonate

nelt pol yner {zatéon qpr adess)] fine round 15powdery pol ycarbonate particles are
realized through a continuous extrusion process to facilitate crystallization,
and pol ycar bonat edEWIQ@h &'QRar PeEVADENGD| B0 ars AvgiRghts aFel pra@edEt hr ough a

continuous solid state pol ynerization process,

and a nethod for preparing a

hi gh ol eculF&FDREF ghtipolyddrBonate rESIPARIEEngItHe S@MECULBACKGTIGAd Art ]

| nrecent years, pol ycarbonateresins play an inportant

pl asties andOREGRRB@EHIE RESIN USING SAME

10

15

20

[Technical Field]

The ©present invention relates to a method for
preparing fine round powdery polycarbonate and a method
for preparing a high molecular weight polycarbonate resin
using the same. More particularly, the present invention
relates to a method for preparing fine round powdery
polycarbonate, wherein polycarbonate with a constant
molecular weight is prepared through a non-phosgene
polycarbonate melt polymerization process, fine round
powdery polycarbonate particles are realized through a
continuous extrusion process to facilitate
crystallization, and polycarbonates with a variety of
molecular weights are provided through a continuous solid
state polymerization process, and a method for preparing a

high molecular weight polycarbonate resin using the same.

[Background Art]
In recent years, polycarbonate resins play an

important role 1in engineering plastics and have been

role in engineering



devel oped based on theirsuperior transparency and nechani cal properties, since
pol ycar bonat e pol yneri zati on nmet hods usi ng bi sphenol A were devel oped by Bayer
and GE in 1950. At present, worldw de sal es of polycarbonate are 5 about

3,400, 000 tones and pol ycarbonates are utilized in a variety of fields

i ncluding optical applications including optical discs such as CDs and DVDs,
extrusion sheets and filnms, electric and el ectronic products and autonotive
nol di ng par tdsyvebased omatskhei r superheir physicealopr opetanises rei 0y Annual

wor |l dwi de rate of growh in production of polycarbonates is 7% and is at |east
10% i n develephaginat i gnspienthadi ng iChienapolycarbor@amrepci ahd ziatd tanof

pol ycarbonate processes was initiated by Bayer in 1958 and was successively
conpl et ed byelboGE halld®E0LsOTadlniit ivalrecdametepad i lizatBare praockess vas a
"phosgene process” in which bispthenol A and a phosgene gas are used as
nmononers, anrdSfPhe ihterfraceak  poloymeliviidat | onl9er oeésPalsicagbphesgenesgas, is
currently used as a pol ycarbonate process in various nations. Howevr, the 70
phosgefe pr 66ess ?549@8%/9@C’E%@e%u@n@op@h%’?alliht%ﬁasta*fseta;ﬁeanﬂléﬁ\?ieﬁoﬁﬁeﬁt al

probl enms resulting fromuse of the toxic gas and ot her problens such as |arge
energy consURPEFGA &hd ineéﬁscdﬁ§th9éf19oﬁpg%%% deri ved ¥3om tisel W iiet hyl ene
chloride and water caused by selection of interfacial polynerization. 25As a
result, a greatcdéaltiofrsr 68édr AT had® beBf EdREr nFstsiy L ohmdéeghs and

non-i nt erfaci,ﬁl pol %{’reri zation as i substjtute for the interfacial,

pol yneri zat i'on™° " an devel opmeht 61 8- hoht phadgené tpr otBSs HAHEer S ni ti at ed,

since nelt %%Ilgr.rerl zatjcon usi ncg Obr{ s&henol A and di Rheng‘_!ll car bonacti%sv.vas

ing parts, base elr superior physi proper
10 Annual worldwide rate of growth in production of
polycarbonates is % and 1s at least 10% 1in developing

nations including China.
Commercialization of polycarbonate processes was
initiated by Bayer in 1958 and was successively completed by
15 GE in 1960. The initial commercialization process was a
“phosgene process” in which bisphenol A and a phosgene gas

are used as monomers, and the interfacial polymerization

process using phosgene (gas, is currently used as a
polycarbonate process 1in various nations. However, the
20 phosgene process 1s restricted due to facility safety and

environmental problems resulting from use of the toxic gas
and other problems such as large energy consumption and high
construction costs derived from use of methylene chloride
and water caused by selection of interfacial polymerization.

25 As a result, a great deal of research had been continuously



5 devel oped by Bayer in the early 1960s. In recent years, Asahi Kasei has
successfully comrercialized a process for preparing di phenyl carbonate using
carbon di oxi de and et hyl ene oxi de as nononers and a non-phosgene pol ycar bonat e
process using wire reactors in nelt polynerization of 10 bi sphenol A and

di phenyl carbonate and wi dens the non-phosgene pol ycarbonate process in the
wor | d. O her non- phosgenepol ycar bonat epr epar ati on

t echni quesateaptedbyvarinoasCampani esindtidetion as a substitute for

pol ycar bonat epr epar ati ont echni quesusi ngnelt 15 pol ynerization and solid state
pol yneri zat itba. intepdrptiell aplysekidatstate pol ynerekatnorn: i sfthe fhest process
to overcone preparation of polycarbonate with a high nol ecul ar wei ght, as one
dr awback of rhhegnoa- phosgeres prdeess drgna vanietytodf, t echinicques med treal i ze
this 20preparation are being introduced. solid state polynerization of
pol ycar bonatelvequl residmdicittidor ishenyst &l bhdatipheagl acprieliatienaily st ep.
This induction step is considered the primary step to be solved in

conven?i onaldereéhnfques iBnverdem tohg eahfze 36FPd- st de 2Bty nerdrzat i on of
pol ycar bonate. _ However, in conventional techniques, crystallization of
pol vcar bonat'é2f's ifrdGéed dsn B &EISvdnt LBy G esabel hgean2organtéSsdl¥ent to

di ssol ve poi vcarbonate, or by pelleting or grinding polynerized pol ycarbonate
and crystal FirZPA§ 4 tﬂ%P?ﬁQ%ﬁNﬂﬁ?ﬁﬁonﬁgﬁt Brlgaseots ¥ol verits,d%r 3By sprayi ng
pol ycar bonat e_di ssolved in a solvent. These crystallizatio rqocesses have

i sadvant age 8t S0SeC ot n bt dMISGUNE 01 SoPGARPECSRF VanbSL Kt CORSdmpt | on of
long tine, thus nakingwgractical co rcializatH%n foE solidlglate f

pOl yrrerl zat ngﬁciaFlTp% JS le é\i-lre reactors in me polymerization O

10 bisphenol A and diphenyl carbonate and widens the non-

phosgene polycarbonate process in the world.

Other non-phosgene polycarbonate preparation
techniques attempted by various companies include
polycarbonate preparation techniques using melt

15 polymerization and solid state polymerization. In

particular, solid state polymerization is the best process
to overcome preparation of polycarbonate with a high
molecular weight, as one drawback of the non-phosgene
process and a variety of techniques to <realize this
20 preparation are being introduced.

solid state polymerization of polycarbonate requires
induction of crystallization as a preliminary step. This
induction step is considered the primary step to be solved
in conventional techniques in order to realize solid state

25 polymerization of polycarbonate.



In accordance with nethods for crystalizing aromatic pol ycarbonate di scl osed
in U S Patent No. 4,948,871 and JP Patent 2,546,724, crystalline porous

pol voarbonate is obtained by treating anorphous pol ycarbonate pre-polyners 15
Wi th acetone or heating the same for a long period of time. Such a
crystallization nmethod requires an additional process which cannot be
continuously performed with nelt pol ynerization and additional equi pnent and
treatnment tinme suthwasmcetoneocnecovesyaandewashimegs, | nrasditiiomtiwinth 70 this
method, it is difficult to prepare porous polycarhonate particles with a

uni form si zefamdliysathousaterpossibiiecdd rread | zel poltyner i zaticamainiof emnity in
the solid state polynerization, the subsequent process. Another problem of

t hi s net hod cirgaptodactiront of c adgeeat vampaht caofbarerieunidroran 25pbliatcarcbonate, in
ot her words dust, due to friction and collision between particles caused by
solid flow duarigrgnsdahpd rstlarer potynepi yaa iloma tFhisdunevett gdliyéagbemat e ci i s
known to he a main factor degrading qualities of final products, such as

i nduct Pon ofthbl aclesspets dnd avon- abl PefesSnat 6PLERBTENn Phe Pr otesyiel pl astic
nmol di ng. In addition, U S. Patent No. 5,717,056 suggests a nethod for

i ncreasi ng polvearpomate Crifstarri arty bylteeat i Ageacp6F yeat boratte 9pr epol yner
with a di hydroxy aromati ¢ conpound and stirring the sane in the gresence of 10
an al kal i mBEAFCRYET okPde Cararysbtanes i Afr odGces reaPirzati R8P solfi d state
pol yneri zati on of poéﬁcarbonat usi ng the nmet hod. However, this t hod al so

di sadvant ag€odery“r 8qhrriess stie r rag’ Feacth off 5 oce¥ses 'YepdtHte% from
nmelt polynerization to prepare a pr.epolyner . .and further entails a

Post - reat e Cbr tbs S POF oot i Lt aPe o1 yHerISarrort PoCimety  Lidgor dance
with Ege poh%cgrgggfte crystallization nmethod introduced in U S. Patent No.
6,031,062, a Bofycar%bnate prepol yner and di aryl carbonate are coe-7truded

In accordance with methods for crystallizing aromatic
polycarbonate disclosed in U.S. Patent No. 4,948,871 and JP
Patent 2,546,724, crystalline porous polycarbonate is
obtained by treating amorphous polycarbonate pre-polymers

15 with acetone or heating the same for a long period of time.
Such a crystallization method requires an additional process
which cannot be continuously performed with melt
polymerization and additional equipment and treatment time
such as acetone recovery and washing. In addition, with

20 this method, it is difficult to prepare porous polycarbonate
particles with a uniform size and 1is thus impossible to
realize polymerization uniformity in the solid state
polymerization, the subsequent process. Another problem of
this method is production of a great amount of non-uniform

25 polycarbonate, in other words dust, due to friction and



20and then bl ended in an apparatus such as a mxer for a long tinme. Then,
solid state polynerization is carried out in the mxer. This nmethod has a

di sadvant age of inpossibility of mass-production due to such a nulti-step
process. U S. Patent No. 7,148,312 and NP. Patent No. 0536528

25di scl osespraycrystal li zation, conpri si ngdi ssol vi ng anor phous pol ycarbonate in
a solvent to prepare a polucarbonate solution and spraying the sol ution using
a nozzl e tocbiingithe salwathornpdrtic leent actsad t hyva dotidgasland duemeby prepare
crystalline polycarbonate. This 5 crystallization nmethod has an advant age of
crystal |l i zatsibéndof tpot ypat bomat = twictnhi nTaisebatiwel yoshortbdriate, dowtc furt her
requires a step for dissolving polycarbonate in a separate solvent after nelt
pol yneri zat iien kaswa proe-lor yestad 1 zad¢lone stepraddgeordianglity est hifs fetelod al so
has a di sadvantage of 10 inpossibility of efficient successive polynerization
of non- phosgendupbtycarbbt hat enduytaddi viforklasikt rerchiss aret hioeh —ritl e di fficul t
to control particles of sprayed poly arbothate and thus solve the problens
associ at ed WRtRTpol et i et ifencanrf of nP 135t soiliddrst at e pol yneri zati on and
production of 15uneven pol ycarbonate dust of final_ products.

Accordingly, in ofderdddtéerve H-hesePprobl en: ther®’ i ansiaéreasi ig need for
a conti nuous non-phosgene, pcl ycarbonate process, based on _efficient and sinple
crystal | i zaf'PoROPr odéss. PHISATNS LIPTR|CFEREARcalCPISdBlef+tY by
Therefore, the gresent invzntion has been made in view of t@g,above robl ens,
and it is oné“BbjiBet of PREYISpYeserit i%@é%ﬂ'yﬁrto%tgvi de Rt HET ¥ or

reparing fine . o
prep 9 aromatic compound and stirring the same in the presence of

10 an alkali metal hydroxide catalyst and introduces
realization of solid state polymerization of polycarbonate
using the method. However, this method also
disadvantageously requires stirring and reaction processes
separately from melt polymerization to prepare a prepolymer

15 and further entails a post-treatment process for solid state
polymerization.

In accordance with the polycarbonate crystallization
method introduced in U.s. Patent No. 6,031,002, a
polycarbonate prepolymer and diaryl carbonate are coextruded

20 and then blended in an apparatus such as a mixer for a long
time. Then, solid state polymerization is carried out in
the mixer. This method has a disadvantage of impossibility
of mass-production due to such a multi-step process.

U.S. Patent No. 7,148,312 and KR Patent No. 0536528

25 disclose spray crystallization, comprising dissolving



round powdery pbl ycarbonate wherein uniformround-shaped fine powdery

pol vcarbonate particles are prepared to i nprove a pol vcarbonate
crystallization step and t hereby provide remarkabl e advant ages H vi ew of
preparation tinme and costs. It is another object of the present
invention to prepare uniformround-shaped fine powlery polycarbonate particles
and thereby increase uniformty of polynerization in a solid state

pol yneri zat ironrsteps angol@carkemmitkabl ynr educest heeranound obrtherpol ycar bonat e
dust produced in the process of polynerization. It is another object of
t he present poAaveathomat®od sedlhfizen aacdntimuousgsollied statei ol yaengzati on
process using an efficient crystallization nethod in order to 15prepare

hi gh- nol eculnarzwei ghtbpoly edrcboratielpesimse windha ccanadh @eh@¢epar@@dby
conventi onal non-phosgene pclycarbonate preparati on processes. It is
anot her obj éberebvt heppreseat | nveéatibhino expelider thwagsl-y car bdidtse

prepbl ymer nelt-pol ynerized by a non-phosgene process, induce rapid

crysta I|zapﬁﬁﬁtﬁhl%ﬁ@H§WE§%Wﬁ9Qﬁh%§c@@caﬁé@@h@%ﬁl%%e?§Y@WﬂﬁﬂﬁQHﬁﬂﬁaC|Iltate
solid state polynerization via a continuous drying process, and thereby to

real i ze prepar BELBA*BIOHOT: phidsdena 6%1?%%Wﬁbhé@@rﬁe§ﬂﬁ%rv@%FeFQﬁﬁﬂﬁrnuous

single 25process w thout additional equipnent. It is yet another object
of the preséﬁﬂuﬁﬁ9%nﬁlSﬁePofﬁFOQFaéoévh%QhBﬂlYQﬁrﬁﬂﬂéﬁérﬂﬁb‘%xﬁ%P%ﬁ%tﬁonate
resins with a varjety of no eculﬁr wei ran gTechnlcaI Sol ut.i on]

solvent aTfter melt polymeri atlon crystallization

step. Accordingly, this method also has a disadvantage of
10 impossibility of efficient successive polymerization of non-
phosgene polycarbonate. In addition, with this method, it
is difficult to control particles of sprayed polycarbonate
and thus solve the problems associated with polymerization
uniformity in solid state polymerization and production of

15 uneven polycarbonate dust of final products.
Accordingly, in order to solve these problems, there
is an 1increasing need for a continuous non-phosgene
polycarbonate process, based on efficient and simple

crystallization process.

20
[Disclosure]
[Technical Problem]
Therefore, the present invention has been made in
view of the above problems, and it is one object of the
25 present invention to provide a method for preparing fine



5In accordance with an aspect of the present invention, the above and ot her
obj ects can be acconplished by the provision of a nethod for preparing fine
round powdery pol ycarbonate and a nmethod for preparing a high nol ecul ar wei ght
pol ycarborate resin using the sanme, conprising (A) polynerizing an aromatic
di hvdr oxv conpound and di aryl carbomate i nto anor phous pol vcarbonate or a
prepol yner thereof with a wei ght-average nol ecul ar wei ght of 20,000 g/ nol or

| ess; ( B) extnddipgrd<e apor photsonpoleycahboaat e vori farpr epol rgiverhatpker eof into
fine round 15 powdery anorphous pol gcarbonate or a prepol yner thereof; (C)
sur f ace- crystiakl i pomgethe Pbheca dumda powder vt ianrspheus painscanrtonatte or

prepol gner thereof in the presence of a solvent or dispersion nmedium and (D)
dryi ng the fimpeoreurd polwdexsbpolite carbomat el ort iprepat ymrerntherteafeb y70The
anor phous pol ycar honate or prepol yner thereof may be prepared by a

non- phosgenerpalyrerieratiohlpr odesstages in Step (@B) mrwpadye téanr itétdeout usi ng
a nulti-screw extruder or a banbury extruder. The extruder nmay be provided
with ap ext rasi 6As8Fe having nicro-holes with a size of 100 to 900 microns.

Step (C) may be carried out at a tenperature of 50 to . ~ The fine round
powdery pol ycar béhat€® or"@tpeépotlyifett 5othefedf Firsrace- erytal®t zé®@ in step
(© may have a crystallinity of 10 to 50% Step (E). may be carried out

by separ ati RgPRE=suUMFREer yorarrF2eaefi ne TouR@" penwderyP poi /& Bdfat m or
prepm yner thereof fromthe solvent or dispersion nmedium 10 using a

centrifugal P§éparator, and vacdutii'dii ng, *dERGAT I i cattomYry% ng & hot - ai r
dryi ng.

polymerization in a solid state polymerization step and
10 remarkably reduce the amount of the polycarbonate dust
produced in the process of polymerization.

It 1s another object of the present invention to
realize a continuous solid state polymerization process
using an efficient c¢crystallization method in order to

15 prepare high-molecular weight polycarbonate resins which
cannot be prepared by conventional non-phosgene
polycarbonate preparation processes.

It 1s another object of the present invention to
extrude the polycarbonate prepolymer melt-polymerized by a

20 non-phosgene process, induce rapid crystallization in the
presence of a circulating dispersion medium, facilitate
solid state polymerization wvia a continuous drying
process, and thereby to zrealize preparation of non-
phosgene polycarbonate resins via a continuous single

25 process without additional equipment.



The fine round powdery polycarbmate or prepolynmer thereof dried in step (E)
has a water content less than 0.1% 15In accordance wi th anot her aspect of the
present invention, provided are a nethod for preparing fine round powdery

pol ycaraanate and a nethod for preparing a high nol ecul ar wei ght pal ycarbonate
resin using the sane, conprising solid state polynerization to continuously 20
separate and di scharge the fine round powdery pol ycarbonate or a prepol yner

t her eof accordi ngItoit heepresetiiei nveiddton Usiing @rscirtd istvatne ipal yreri zat i on
apparatus, based on the nol ecul ar wei ght thereof. In the solid
st at e pol yneriozatieon, mphendl fmaypbep25bfemovedy fadmtadie fieye nsownd hpewder y

pol vcarbona, e, or a prepoliner thereof under an inert gas atnosphere or
vacuum at aveenpératbrecbfcublr tvri280C a0 dencr ease t he degree of

pol ymeri zati on. The solid state pol ynerizati on apparatus may be a
Svertical, horizont al ordi agonal sol i dst ate pol yneri zati on appar at us. The
solid state EolynErization apparatus nay be provided with one to three

pol ycar bonat €Te@siiradi Schatgenli nes. 10 [ Advant ageous Effects]

5 In accordance with an aspect of the present
invention, the above and other objects can be accomplished
by the provision of a method for preparing fine round
powdery polycarbonate and a method for preparing a high
molecular weight polycarbonate resin using the same,

10 comprising (A) polymerizing an aromatic dihydroxy compound
and diarylcarbonate into amorphous polycarbonate or a
prepolymer thereof with a weight-average molecular weight
of 20,000 g/mol or less; (B) extruding the amorphous
polycarbonate or a prepolymer thereof into fine round

15 powdery amorphous polycarbonate or a prepolymer thereof;
(C) surface-crystallizing the fine round powdery amorphous
polycarbonate or prepolymer thereof in the presence of a
solvent or dispersion medium; and (D) drying the fine
round powdery polycarbonate or prepolymer thereof.

20 The amorphous polycarbonate or prepolymer thereof
may be prepared by a non-phosgene polymerization process.
Step (B) may be carried out using a multi-screw
extruder or a banbury extruder.

The extruder may be provided with an extrusion die



The present invention provides a nethod for preparing fine round powdery

pol ycarbonate, a nethod for preparing a high nol ecul ar wei ght pol ycarbonate
resin using the saran, 15and a preparation apparatus thereof, wherein a non-
phosgene pol year banate processis used to provide environnental friendliness, and
pol ycar bonat eora prepolimer thereof is prepared in a fine round powdery shape
and surface-crystallization is perfornmed in the 70 presence of a dispersion
medi um t o cansiider abtyot+nprovericanta nioawspessoandoef fd chemoynsof t he
crystallization process. In addition, it is possible to directly
perform solid statecpolynerdyzatd orrwithoutitany bot¢heaectkur25Neamwhiol e, t he
pol ycarbonate or prepol ynmer thereof surface-crystallized in a fine round
powder stat&@O§t'il-l maintains its shape in the solid state pol ymerization step,
t hus considerabl Y i ncreasing surface area and enhanci ng phenol renoval
efficiency, and nblint&ins thend penddor neeburd shage, drthus oreadilyeeeont rol | i ng

an increase in nolecular weight based on retention tine.
5 thereof surface-crystallized 1in step (C) may have a

crystallinity of 10 to 50%.

Step (D) may be carried out by separating the
surface-crystallized fine round powdery polycarbonate or
prepolymer thereof from the solvent or dispersion medium

10 using a centrifugal separator, and vacuum-drying,
dehumidification-drying or hot-air drying.

The fine round powdery polycarbonate or prepolymer
thereof dried in step (D) has a water content less than
0.1%.

15 In accordance with another aspect of the present
invention, provided are a method for preparing fine round
powdery polycarbonate and a method for preparing a high
molecular weight polycarbonate resin using the same,
comprising solid state polymerization to continuously

20 separate and discharge the fine round powdery
polycarbonate or a prepolymer thereof according to the
present invention using a solid state polymerization
apparatus, based on the molecular weight thereof.

In the solid state polymerization, phenol may be

25 removed from the fine round powdery polycarbonate or a



For this reason, polycarbcmates with a variety of nol ecular weights in the
solid state polynerization process can be sinultaneously prepared, and

pol ycarbonate 10 resins with a considerably reduced anmount of uneven

pol ycar bonat e dust than are produced in conventional pellet transportation and
solid state polynerization processes owing to the advantages of round
particles can thus be prepared. 15[ Description of Draw ngs] The above
and ot her objreptbdymteatheesofindndt hesn atlvant ages ofmddrehapreesentvacwent i on wi | |
be nore clearly understood fromthe follow ng detailed description taken in
conj uncti onaw thtehecaetonmpanyi hgo drawk hgs; Tt Whichis20HE Gedlreies od em
configuration view illustrating a non-phosgene process to polynerize anorphous
pol ycar bonate lomeaipeepohyner thereof and extrude the sanme through a mcro
extrusion die; FIG 2 is a systemconfiguration view
illustrating a 25processifil owatel apedyror £7yistal | peatrohuandadr ybaigaof fine
round powdery anor phous pol ycar bonat e; ~FIG - is a schematic view
i|lust atinqeéthéﬁﬁzontabo%%ﬂqQF%kateCﬁblyné#ﬁzaﬂﬁbn appakit us; state

FIG 4 is a schematic viewillustrating a vertical 5solid state polynerization
appar atus; &mdymerizatypis amPqstgissyst em configuration viewillustrating a

conti nuous process flow associated with a nethod for preparing fine round
powdery pol ycar boht e it metHéd PorYpréparthg’a Mg Hiotecdi®ar Wsi ght

ol ycarbonate resin using 10t he sane.
poly prov?de fﬁtﬁJone to tg?ee polycarbonate resin discharge

lines.

10

[Advantageous Effects]
The present invention provides a method for preparing
fine round powdery polycarbonate, a method for preparing a
high molecular weight polycarbonate resin using the same,
15 and a preparation apparatus thereof, wherein a non-
prhosgene polycarbonate process is used to provide
environmental friendliness, and polycarbonate or a
prepolymer thereof 1s prepared in a fine round powdery
shape and surface-crystallization 1is performed in the
20 presence of a dispersion medium to considerably improve
continuousness and efficiency of the crystallization
process.
In addition, it is possible to directly perform solid
state polymerization without any bottleneck.

25 Meanwhile, the polycarbonate or prepolymer thereof

10



[ Best Mode] Hereinafter, preferred exanples of the present
described with reference to the annexed drawi ng i n det ai

invention wll be
so that they could

be easily carried out 15by a person having an ordi nary knowl edge in the art.

However

, the present

invention may be realized by a variety of equival ents and

nodi fi cations of exanples and is not |limted to the exanples described bel ow
tion, for better understanding, contents unrelated to the description
in the drawsngfwecklchesomitiiedd in a fi(d) Ronynmepdwzdary ametphous 1l

pol ycar bonate or prepol ynmer thereof and extruding the same using mcro
extrusi on dimeihokéss 25The sraprephous pod vearlionatéeaoe prepolemerattilver eof used
herein is obtained by nelt-polynerizing an aromati c di hydrofy conpound and
car bonare artdusas @nseidghebaver agerrpkecal asuwepght efed, 00@<t o 20, 000
preferably, 2,000 to 15,000 g/nol, nore preferably, 4,000 to 512,000

/ mol . Exanplkesefipahycariboralt essarivstyi agt hel aforementli onedncondi titdes i ncl ude
pol ycar bonat e honopol yngrs pol yneri zed from bi sphenol A and di phenyl

carbonat e, polijearbenare kWomepei yiers qreidider iczad dordmndi Rydrigxgrease

| n addi

di ar vl
g/ nol ,

10

15

20

25

in molecular weight based on retention time.

For

molecular

this reason, polycarbonates with a wvariety of

weights in the solid state polymerization

process can be simultaneously prepared, and polycarbonate

resins with a considerably reduced amount of uneven

polycarbonate dust than are produced 1in conventional

pellet transportation and solid state polymerization

processes owing to the advantages of round particles can

thus be prepared.

[Description of Drawings]

The

advantages

above and other objects, features and other

of the present invention will be more clearly

understood from the following detailed description taken

in conjunction with the accompanying drawings, in which:

FIG.

1 is a system configuration view illustrating a

non-phosgene process to polymerize amorphous polycarbonate

or a prepolymer thereof and extrude the same through a micro

extrusion die;

FIG.

2 1s a system configuration view illustrating a

process flow related to crystallization and drying of fine

11



10conpounds and di aryl

carbonate derivatives and pclycarbonate copol yners. The

pol ycarbonate may be used al one or in conbination thereof. As to the

preparation apparatus used herein,

t he pol ycarbonate or prepol yner thereof is

prepared in a 15 stirred-reactor After the weight-average nol ecul ar wei ght of

t he pol vcarbonate or prepol vner thereof

reaches a predeterm ned range,

a fine

round powdery anor phous pol ycarbonate or prepol ynmer thereof is continuously
prepared i nraungl peddstateanduphamsexbiyderbeguigped with a m cro 70extrusion

die holes and a cutter.

Exanpl es of preferred extruders that can be
used in the preseniGi nventi ensichehadec sivagh eidiutwiariser ew lext ramders,

multi-screw (including three or nore screws) extruders, and bal hurv type
25The miere extywsiomidicer equeppédsiith the extruder is realized
with a die having mcroscopic holes with a dianmeter of 900 microns or |ess,

extruders.

preferably 200 t oF5®0 Ai crsons. schematiThgifind llgghdapondery envriphdus

pol vcar bonate or prepol yner thereof extruded using the mcro extrusion die

Shas ah averagédparefel eoHieaetertioh POOaEet900 Midrons.

10

15

20

25

FIG. 5 is a system configuration view illustrating a
continuous process flow associated with a method for
preparing fine round powdery polycarbonate and a method for
preparing a high molecular weight polycarbonate resin using
the same.

[Best Mode]

Hereinafter, preferred exanples of the present
invention will be described with reference to the annexed
drawing in detail so that they could be easily carried out
by a person having an ordinary knowledge in the art.

However, the present invention may be realized by a
variety of equivalents and modifications of examples and is
not limited to the examples described below. In addition,
for better understanding, contents unrelated to the

description in the drawing will be omitted.

(1) Polymerizing amorphous polycarbonate or prepolymer

thereof and extruding the same using micro extrusion die

holes

The amorphous polycarbonate or prepolymer thereof used

12



Crystallizing and drying fine round powdery anorphous pol vcarbonate or

prepol vner thereof in the presence of circul ating solvent or dispersion nmedium
10 The anor phous pclycarbonate or prepol ynmer thereof is extruded through mcro
die holes in step (1) and, at the sane tinme, contacts the dispersion nediumin
an underwater manner, and is prepared into fine round powdery anorphous

pol vcarbonate or a prepolynmer thereof using a cutter 15provided with a rotary
bl ade. herAfny nadr- solverniihenmy e usett gsolvherdizsper siaon nedinaniso | ong as
the fine round powder shape of anorphous pol yearbonate or prepol yner thereof
can be mai ntahpeédoxPr ebepredd despedsihonl medirhonact udedwater a at<iohol-s, gl ycol s
70 and acetone. The di spersion nedium nmay be used al one or in conbination

t her eof . averaJhe fichecroaund powdery pél ydafbbnatte orZPpridpol yarerolt her eof
shoul d be subjected to surface-crystallization together with the dispersion
medi um at artefperlat ur e rigec256F 080 ¢ 0n2D0CCysr erefabiyleo 4.P0P80C for a
predeterm ned period. Aftercrystallization,thefineroundpowdery po]vcarbonate
or prepol ynBF PABredfohas a crystallinity of 10 to 502, preferably 20 to 40'2.

5The fine round powdery pol ycarbonate or Erepolyner . .
Examples of polycarbonates satisfying the

aforementioned conditions include polycarbonate homopolymers
polymerized from bisphenol A and diphenyl carbonate,
polycarbonate homopolymers polymerized from dihydroxzy

10 compounds and diaryl carbonate derivatives and polycarbonate
copolymers. The polycarbonate may be used alone or in
combination thereof.

As to the preparation apparatus used herein, the
polycarbonate or prepolymer thereof 1is prepared in a

15 stirred-reactor. After the weight-average molecular weight
of the polycarbonate or prepolymer thereof reaches a
predetermined range, a fine round powdery amorphous
polycarbonate or prepolymer thereof is continuously prepared
in a melted state 1in an extruder equipped with a micro

20 extrusion die holes and a cutter.

Examples of preferred extruders that can be used in
the present invention include single or twin screw
extruders, multi-screw (including three or more screws)
extruders, and banbury type extruders.

25 The micro extrusion die equipped with the extruder is

13



t hereof having the predeterm ned crystallinity is separated fromthe

di spersion nediunusing a centrifugal separator. The dispersion nmediumis
stored in a separate dispersion nediumstorage tank and then returned to a
mcro extrusion 10 die line by a tenperature controller and reused. The
separated fine round powdery crystalline polycarbonate or prepol yner thereof
is noved to a drier and is then continuously vacuum dehum dification or hot
air dried. Akbedlzddying; 4 heawateingontentsafpitthéoflenewtound dispoewder y

pol ycar bonate or prepolymer thereof reaches a level |less than 0.12.

(3) ContinuedsPyOswl¢dbrst atre-lpelsy neré zérgp lor w$tlaltbi 2éd himeorsound powdery

pol yca bmrmate or prepol ynmer thereof to 20prepare polyc rbonate resins having
vari ous nol ecul arTwei ghtne round prhelegyystabipired f ipnéyvreound: ponwdery

pol ycarbmat e or prepolymer thereof dried in step (2) is transferred to a
vertical orrieprpzontal ther¢df seateuped yneinzathen grocess t28systedivi a a
transportation line.The solid state polynerization process used herein enabl es
si mul t aneoudapr eduet$ o P Fdlivéar Bonat e orofpridoltymeP Ot hetests wi t h di f f er ent
nol ecul ar wei ghts. The horizontal or vertical solid state polynerization

(2) Crystallizing and drying fine round powdery

amorphous polycarbonate or prepolymer thereof in the

presence of circulating solvent or dispersion medium

10 The amorphous polycarbonate or prepolymer thereof 1is
extruded through micro die holes in step (1) and, at the
same time, contacts the dispersion medium in an underwater
manner, and 1is prepared into fine round powdery amorphous
polycarbonate or a prepolymer thereof using a cutter

15 provided with a rotary blade.

Any non-solvent may be used as the dispersion medium
so long as the fine round powder shape of amorphous
polycarbonate or prepolymer thereof can be maintained.
Preferred dispersion media include water, alcohols, glycols

20 and acetone. The dispersion medium may be used alone or in
combination thereof.

The fine round powdery polycarbonate or prepolymer
thereof should be subjected to surface-crystallization
together with the dispersion medium at a temperature range

25 of 50 to 200°C, preferably 80 to 180°C for a predetermined

14



5 process is carried out under a nitrogen atnosphere or vacuumto renove
phenol fromthe surface-crystalized fine round powdery pol vcarbonate or
prepayner thereof. In the solid state pol ynerization process, pheno
removal is uniformy controlled by maintaining wide surface 10 area due to the
fine round shape and uniformparticle size. Accordingly, the nolecul ar wei ght
increases in proportion to the retention tine in the solid state

pol ymeri zat ipemiptriocess. For this reason, nolecul ar weight can be estimated
based on retention tinme, polycarbonatmresins polynerized 15 for different
retention tinmes cantde dicsghargeédzdthroough ahwal vieirdur i mgutte howmideant al or
vertical solid state pol ynerization process and pol yenrb. onate resins havi ng
vari ous nol eculyasriweigit socanrdeokinmi tarmacus] yhar eparedstdlniaddivt icdn, the

pol ycarbonate resin can maintain its

70f i ner oundpgéwdier §Shapedifrcmgtivesel Fdstat e pol ybnri zati on process, thus

advant ageousl y remarkably reduci ng producti on of polycarbmate dust from

pel | etd and fl akeBhahiféhecarmivtd becsdt vied PriltA2 EbpvEt | ofal PXechnimgdes. As to
t he apparatus used for the solid state 25pol yneri zation process, in the case
of hori zont &hes6Pf dhastad et pol §FrAS ZatiieR dprogessl LS hiT afs t °RHe t6%k r uder,
the fine round powdery pol ycarbonate is noved by rotating the screw, or noving
an exteriorféﬁmiﬁ@€r‘%ﬁgﬁﬁséﬁntﬁ§d§ﬁﬁtﬂﬁﬁéfw‘%xF%?t¥+ﬁP rathas19%d st at e

pol ymeri zation 5 process is operated under a. hot nitrogen atposphere or
hi gh- vacuumT?‘S RS Ently Féole Phehb? Pt esBnt? i?leﬁfari‘%tﬁol sé’rGE‘osﬁﬁt“p resin.

medium storage tank and then returned to a micro extrusion

10 die 1line by a temperature controller and reused. The

separated fine round powdery crystalline polycarbonate or

prepolymer thereof is moved to a drier and 1is then
continuously vacuum, dehumidification or hot air dried.

After drying, the water content of the fine round

15 powdery polycarbonate or prepolymer thereof reaches a level

less than 0.1%.

(3) Continuously solid state-polymerizing crystallized

fine round powdery polycarbonate or prepolymer thereof to

20 prepare polycarbonate resins having various molecular

weights

The crystallized fine round powdery polycarbonate or
prepolymer thereof dried in step (2) 1s transferred to a
vertical or horizontal solid state polymerization process

25 system via a transportation line. The solid state

15



On the other hand, in the case of vertical solid state polynerization process,
the crystalline fine round powdery 10 pol ycarbonate or prepblyner thereof is
supplied to the vertical cylinder and fills the cylinder until a vertical
level is formed. While the crystalline fine round powdery pol ycarbonat e noves
in the cylinder fromtop to bottom phenol is renoved by the hot nitrogen
flow, to performsolid 15 state polynerization. O herwise, a spiral shelf is
desi gned t opbéyperovigeibi n famovesti cakedyligudem senbhatst heifiunearrcaursd powdery

pol ycarbcmate can naturally flow fromtop to bottom Her ei nafter,
preferred prepdnation exanpdycefrbbhetpr esentpiapwéntieon whe¢tede desdri bed with
reference to the 20annexed drawi ngs in detail. Preparation Exanple 1

Pr epar at i on dof fEiraet rroud \pewdeeyghaher phous pol ycar bonat e FI G
| is a process viewillustrating a step for 25pol yneri zi ng anor phous

pol ycar bonat e or Prepodyimmteiercaofveradécortdisngitosthke ppesemriintgmii on and
extruding the sanme through a micro extrusion die. First, bisphenol A
and di phenyPrearbaniat ecare ssupplti edded a stirassd polyaekezat o eppar at us 10,
10-8 nol of a 5 |Ilithiumhvdrozide catal yst, based on one nole of bisphenol A

i s added théret’&™tfe Fedctli off ¥enpet afuf €2 1% S1oWey LleFedatiéd st o abdut 23000
with stirring and the reaction pressure is slowy dropped to about 50 torr.
Wien t he wePGHESaVer age Tl BElFar T wef ghtl Fedc HésTaB6ut 5, 000, nelted 10

pol ycarbonate is supplied tg,gn extruder _12. The extruder 12 used hﬁrein may
be a singl e-screw &xtTTder T8 nce 4% dBESYHOE L 18U e PAPKFERG! ﬁﬁﬁ?%)ably, t he

trud 12 incl d tilizati i t.t i de, it
Vacuum at modRGY B | A° opF -t br VRN dBoRmolrE BT b e 11 U ieRE O

10 area due to the fine round shape and uniform particle size.
Accordingly, the molecular weight increases in proportion to
the retention time in the solid state polymerization
process. For this reason, molecular weight can be estimated
based on retention time, polycarbonate resins polymerized

15 for different retention times can be discharged through a
valve during the horizontal or vertical solid state
polymerization process and polycarbonate resins having
various molecular weights can be simultaneously prepared.

In addition, the polycarbonate resin can maintain its

20 fine round  powdery  shape during  the solid state
polymerization process, thus advantageously remarkably
reducing production of polycarbonate dust from pellets and
flakes which cannot be solved with conventional techniques.

As to the apparatus used for the solid state

25 polymerization process, in the case of horizontal solid

16



15 polycarbonate resin. Then, the polycarbonate resin nelted using the
extruder is supplied to a gear punp 14 and then conveyed at predeterm ned fl ow
rate and amount to a mcro extrusion die 16 provided with 300 m cron

m croscopi ¢ hol es using the gear punp 14. 70Wil e passing through the

m croscopi c holes of mcro extrusion die 16 at a predeterm ned pressure by the
gear punp, the polycarbonate resin is extruded into a fine particle dianeter,
contacts thetdisperdiyoarirediium suppldsed thmough tthe tdisspertsiwae rpedingm shi ft
line 22, and, at the 25sane tine,is prepared into afine round powdery

pol ycar bonatfé neesionnby reowdetrar yoduthebold8te A st liosetli g, tdtetpneparhed fi ne
round powdery pol ycarbonate has an average particle dianeter of 335 m crons.
Prepar at i on sExanpl ec2. @rystal | #zi ng=badidr yi qigl fridee r dursedpovder yrhe

pol ycarbonate FIG 2 is a process flc.*v chart illustrating a
di fferentiatédtepystal ixzdtsi-onthet hotked lpr epate & thitgh el @ewl iara singht
pol ycarbonate resin according to the 10present invention The di spersion

nedi un?® supplPiredef £ ohs t tiee 1agvist updrt of hehen Flotcary etfPerhaBe i foviéd to t he
crystallization shift |line 20 to?ether with fine round powdery pol ycarbonat e.
At this tim¥acthB t éfperdtiuré 8f 1y he r8Nsper sPEA fedi BFESABEI d115 ﬁg§

mai ntained to_facilitate crystallization of fine round powdery pol ycarbonat e.
The fine roBAdYpBWR?PY-HHSCarbonate i s conveyed together with the di spersion

iumat a crystallization-facilitati t enperature, ;subjected to a surface-
medi u y On the other %and, ?h {Eé cgg% J% verticaPJsoli state

polymerization process, the crystalline fine round powdery

10 polycarbonate or prepolymer thereof 1s supplied to the
vertical cylinder and fills the cylinder until a vertical

level 1is formed. While the crystalline fine round powdery
polycarbonate moves in the c¢ylinder from top to bottom,
phenol is removed by the hot nitrogen flow, to perform solid

15 state polymerization. Otherwise, a spiral shelf is designed
to be provided in a vertical cylinder so that the fine round
powdery polycarbonate can naturally flow from top to bottom.
Hereinafter, preferred preparation examples of the

present invention will be described with reference to the

20 annexed drawings in detail.

Preparation Example 1. Preparation of fine round

powdery amorphous polycarbonate

FIG. 1 1s a process view 1llustrating a step for

25 polymerizing amorphous polycarbonate or prepolymer thereof

17



70 crystallization process 24 and then supplied to a centrifugal

In the centrifugal separator the surface-crystallized fine round powdery

separ at or 26.

pol vcarbonate is separated fromthe di spersion nedium and the pclycarbonate
fine round powder separated fromthe dispersion nediumis 25supplied to a

dehumi dification drier 32, while naintaining

state.ln addition,the dispersion nediumseparated in the centrifugal
26 i s conveyedotodiag dispehsi grepedicumrstarage tank 28 rubdeatedhto same
predeterm ned tenperature via a heat exchanger 30 and 5 circulated to a fine
round powderthecutipkera mhersuyrdtaceicnydtal | ized fine round pol ycarbonate powder
dried in the dehumdification drier 32 is subjected to a continuous process

and solid state polyster itZathenopr cesd SGhdrarla cehibbtate ners84sinpltike sol i d

state polynerization process. 10 The fine round pplycarbonate powder
t hrough t he tdehunisdiitreat icon vieréraBiothasperystph | ilfit yl©f alsdutoB5% and t he

round surface thereof

the surface-crystallization

separ at or

passi ng

is entirely crystallized and is maintained in the

subseqdient protess ([sdTdd &t aréapobynerdzad ion Preoeesds) of i sidundadsi ng any

| unps,

and 15remar kabl

to collisioAshefReen pgh?¥%¢%6. the reaction temperature  is slowly

10

15

20

25

elevated to about 230°C with stirring and the reaction
pressure 1s slowly dropped to about 50 torr. When the
weight-average molecular weight reaches about 5,000, melted
polycarbonate 1is supplied to an extruder 12. The extruder
12 used herein may be a single-screw extruder, since it does
not require mixing. Preferably, the extruder 12 includes
devolatilization equipment to provide a nitrogen or vacuum
atmosphere in order to prevent decomposition of melt
polycarbonate resin. Then, the polycarbonate resin melted
using the extruder is supplied to a gear pump 14 and then
conveyed at predetermined flow rate and amount to a micro
extrusion die 16 provided with 300 micron microscopic holes
using the gear pump 14.

While passing through the microscopic holes of micro
extrusion die 16 at a predetermined pressure by the gear
pump, the polycarbonate resin 1s extruded into a fine
particle diameter, contacts the dispersion medium supplied
through the dispersion medium shift line 22, and, at the

same  time, is prepared into a fine round powdery

18
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Preparati on Exanple 3. Preparation of polycarbonate resins having various

nmol ecul ar weights 20FIG 3 is a schematic viewillustrating a horizontal
solid state polynerization apparatus for solid-polynerizing various nol ecul ar
wei ghts of polvcarbonate.FIG 4 is a schematicview illustratinga

vertical solidstate po]A/rnerization apparatus for solid-polynerizing various
25nmol ecul ar wei ght sof pol ycarbonate. Thesolid state polynerization process 36
of FIG 5 maplutklbzeate hossizontal asabitdrst atetpol yaeri zat iton spriocess of Fl G
3, a vertical solid state polynerization process of FIG 4, or a sloped

hori zont al sbki drspated polneareriuzdt pondpr poesls/caficsabe Prepar atiicomgEvan-ple i s
descri bed based on the horizontal solid state polynerization process.

The cryst al bezédct¢ nélanmired powdebympotycar bnate is slowy noved forward in
the horizontal solid state polynerization apparatus in a screw rotation nanner
and can

5 Preparation Example 2. Crystallizing and drying fine round

powdery polycarbonate

FIG. 2 is a process flow chart illustrating a
differentiated crystallization method to prepare a high
molecular weight ©polycarbonate resin according to the

10 present invention.

The dispersion medium supplied from the lower part of
the rotary cutter 18 is moved to the crystallization shift
line 20 together with fine round powdery polycarbonate. At
this time, the temperature of the dispersion medium should

15 be maintained to facilitate c¢rystallization of fine round
powdery polycarbonate.

The fine round powdery polycarbonate 1s conveyed

together with the dispersion medium at a crystallization-

facilitating temperature, subjected to a surface-
20 crystallization process 24 and then supplied to a
centrifugal separator 26. In the centrifugal separator 26,

the surface-crystallized fine round powdery polycarbonate is
separated from the dispersion medium, and the polycarbonate
fine round powder separated from the dispersion medium is

25 supplied to a dehumidification drier 32, while maintaining
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10be operated at a gradient within a tenperature range of about 180C to 22000.
In addition, in the solid state pol ynerization process, in order to renove
phenol in the fine round powder, the solid state polynerization apparatus is
oper at ed under vacuum or heated nitrogen gas should be 15noved opposite to the
novenent direction of the fine round powder. The phenol is renoved fromthe
fine round pol ycarbonate powder via internal screw rotation in the solid state
pol yneri zat itbr apparatasctoseffiiciearnthny inertease panynerdddatiioon degreee and a
separate valve is provided after 70 the center of the solid state

pol ymeri zat iddnpapparat msd tun prayduce epoliycahbonaterftdn b gasi regd muléecul ar

wei ght range. Accordingly, the solid state pol ynerizati on apparatus accordi ng
to the present converntidohoenabliepeps epariation oft polgcardydnatte rresitresl with

nmol ecul ar wei ghts which constantly 25i ncrease in proportion to retention and
process tings. aThatdeits rman¢dwt b eicul |re ieisght Ipolty cardonateeg Pésiand s

di scharged via the Iine having the shortest retention time in the solid state
pol ynefi zat iC6ACappat @t s 40, § nteprheditsteerol el wehghts'polagear bonate i s
di scharged in the center thereof 41, 5 and a high nol ecul ar wei ght

pol vcar bonat@vpési Al 1% df sehargeddi motHeashter osPOY @Yyt oArofdt A8 d615i d state
pol yneri zation process 42. As a result, it is possible to prepare a

pol ycar bonat&"PB&F At WGy admert fiowisndExPotC5d 10 A of Ot edso¥d a

wei ght - aver age nol ecul ar j ght of 103Q, 000, g/ npl or nore, whj ch cannot be

obt ai ned by PEGRGER (1Al Foh BhSabReRONyEaF bonat hoFFREFT Satifon” bt odesses.

shift line 34 in the solid state polymerization process.
10 The fine round polycarbonate powder passing through the

dehumidification drier 34 has crystallinity of about 35%,

and the round surface thereof 1is entirely crystallized and

is maintained in the subsequent process (solid state
polymerization process), without c¢ausing any lumps, and
15 remarkably reducing production of uneven polycarbonate dust

due to collision between particles.

Preparation Example 3. Preparation of polycarbonate resins

having various molecular weights

20 FIG. 3 is a schematic view illustrating a horizontal
solid state polymerization apparatus for solid-polymerizing
various molecular weights of polycarbonate. FIG. 4 is a
schematic view illustrating a vertical solid state
polymerization apparatus for solid-polymerizing various

25 molecular weights of polycarbonate. The solid state

20



FIG 5 is a process view illustrating the processes of Preparation Exanples 1,
2 and and nore specifically, a 15 continuous process viewillustrating a
nmet hod for preparing a fine round powdery pol ycarbonate using a non- phosgene
pol yneri zati on process according to the present invention and a method for
preparing a high nol ecul ar wei ght pol ycarbonate resin using the sane.
70Al t hough the preferred enbodi nents of the present invention have been
di scl osed fepliyhbustaative purpeses, of hose. skirdyvedtinithea atdrwdrdtadppr eci at e
that various nodifications, additions and substitutions are possible, wthout
departing f romithe tstcepe anthespizrict oof pirhee25i mienfi®n as di sedwosiedlin t he
acconpanying clainms. (cLAInsl [Caim 1/ A nmethod for preparing a fine
round powderylpdi peatbomategnecorpriwi ngro&{A) bl jheri 2i ngrar arlowet c
di hydroxv conpound and di aryl earbonate i nto anor phous pol ycarbonate or a
prtpol ymer theieofitadt hsalei ghtabver ageyvnet vl ian weigwesef 20, G0 sg/ nol  or
| ess; gBextruding t he anor phous pol ycarbonate or a
Preparation Example 1s described based on the horizontal
solid state polymerization process.
The crystallized fine zround powdery polycarbonate 1is
slowly moved forward 1in the horizontal solid state
polymerization apparatus in a screw rotation manner and can
10 be operated at a gradient within a temperature range of
about 180°C to 220°C. In addition, in the solid state
polymerization process, in order to remove phenol in the
fine round powder, the solid state polymerization apparatus
is operated under vacuum or heated nitrogen gas should be
15 moved opposite to the movement direction of the fine round
powder. The phencl 1is removed from the fine round
polycarbonate powder via internal screw rotation 1in the
solid state polymerization apparatus to efficiently increase
polymerization degree and a separate valve 1s provided after
20 the center of the solid state polymerization apparatus to
produce polycarbonate with a desired molecular weight range.
Accordingly, the solid state ©polymerization apparatus
according to the present invention enables preparation of

polycarbonate resins with molecular weights which constantly

25 increase in proportion to retention and process times. That
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10prepol yner thereof into a fine round powdery anorphous pol ycarbonate or a

pr epol yner thereof; (C surface-crystallizing the fine round powdery
anor phous pol ycarbonate or prepol yner thereof in the presence of a. solvent or
di spersion nmedium and 15(.0) drying the fine round powldery pol ycarbonate or
prepol yner thereof. [Claim?21 The net hod according to claiml,

wher ei n t he anor phous 20pol ycarbonate O prepol yner thereof is prepared by a
non phosgenespohyherimzaldrnpr oeesst p&latamB3hateareséd odutdusing oene sel ect ed
froma group consisting of a single-screw extruder, a tw n-screw extruder, a
mul ti-screwvext thdetimndcharitanbbeyshypee extraigertioblClmem4lthe solid

state polymerization apparatus 40, an intermediate molecular
weight polycarbonate is discharged in the center thereof 41,
5 and a high molecular weight polycarbonate resin 1is
discharged in the outermost region of the solid state
polymerization process 42. As a result, it 1is possible to
prepare a polycarbonate resin having a melt flow index of 5

g/10 min or less and a weilght-average molecular weight of

10 30,000 g/mol or more, which cannot be obtained by
conventional non-phosgene polycarbonate polymerization
processes.

FIG. 5 is a process view illustrating the processes of
Preparation Examples 1, 2 and 3, and more specifically, a

15 continuous process view illustrating a method for preparing
a fine round powdery polycarbonate using a non-phosgene
polymerization process according to the present invention
and a method for preparing a high molecular weight
polycarbonate resin using the same.

20 Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that wvarious
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the

25 invention as disclosed in the accompanying claims.
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The met hod according to claim3, wherein the extruder is provided with an
extrusion die having- mcroscopic holes with a size of 100 to 900 m crons.
10 aim 51 The net hod according to claim1l, wherein the step (C) is
carried out at a tenperature. of 50. to 200C, (ClaimO 15The net hod according
to claiml, whpfigitysghefine round powdery pol y-carbonate or a prepol yner
t hereof surface-crystallized in step (C has a crystallinity of 10 to .50%
20(claim7) The net hod according to claiml, wherein step (D) is
carried out by separating the surface-crystallized find round powdery
pol year benat e priapreedl ynmer thereof fromthe sol vent or dispersion nedium
using a centrifugal separator, and vacuumdrying, dehum dification-drying or
hot-air drying. [Cri m8&thod for prheamehbod aacchimk ngrbondl aipowdkrywher ein
the fine

polycarbonate, comprising:

5 (A) polymerizing an aromatic dihydroxy compound and
diarylcarbonate into amorphous polycarbonate or a
prepolymer thereof with a weight-average molecular weight
of 20,000 g/mol or less;

(B} extruding the amorphous polycarbonate or a

10 prepolymer thereof into a fine round powdery amorphous
polycarbonate or a prepcolymer thereof;

(C) surface-crystallizing the fine round powdery
amorphous polycarbonate or prepolymer thereof in the
presence of a solvent or dispersion medium; and

15 (D) drying the fine round powdery polycarbonate or

prepolymer thereof.

[Claim 2]
The method according to claim 1, wherein the amorphous
20 polycarbonate or prepolymer thereof is prepared by a non-

phosgene polymerization process.

[Claim 3]

The method according to claim 1, wherein step (B) is
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5round powdery pol yearbonate or prepolyner thereof dried in step (D) has a
wat er content less than 0.1. [CaimO A nethod for preparing a high nolecul ar
wei ght 10 pol ycarbonate resin using fine round powdery pol ycarbonat e,
conprising solid state polynerization to continuously separate and di scharge
the fine roundapewder yupoliyeagbeneatelectadprepn/ ynmeiolbereefsiaccagdigrg to
claim1, using a solid state polynerization apparatus, based on 15t he
mol ecul ar wei ghtsitrhereatrefCeaitmutit®@]l a twinJdherdvet&odrageny danguiia icl ai m 9,
wherein in the solid state polynerization, phenol is renoved fromthe fine 20
round powderyspebtyeaxbomndde 01d a prepokyreypthexeofidemnder an inert gas
at nosphere Or vacuum at a tenperature of 150 to 2300 to increase the degree
of polynmerization_[Claim1l] state polynerization apparatus is a vertical,
hori zontal or diagonal solid state polynerization apparatus.
5 [claim 4]
The method according to claim 3, wherein the extruder
is provided with an extrusion die having microscopic holes

with a size of 100 to 200 microns.

10 [Claim 5]
The method according to claim 1, wherein the step (C)

is carried out at a temperature of 50 to 200°C.

[Claim 6]

15 The method according to claim 1, wherein the fine
round powdery polycarbonate or a prepolymer thereof
surface-crystallized in step (C) has a crystallinity of 10

to 50%.

20 [claim 7]

The methed according to claim 1, wherein step (D) is
carried out by separating the surface-crystallized find
round powdery polycarbonate or prepolymer thereof from the
solvent or dispersion medium using a centrifugal

25 separator, and vacuum-drying, dehumidification~drying or

24



[Claim1l.21

The met hod. according to claim 11l wherein the Solid,

state

pol yneri zati on apparatus is provided with one to three polydarbonate resin
di scharge |ines

10

15

20

25

hot-air drying.

[Claim 8]
The method according to claim 1, wherein the fine
round powdery polycarbonate or prepolymer thereof dried in

step (D) has a water content less than 0.1%.

[claim 9]

A method for preparing a high molecular weight
polycarbonate resin using fine round powdery polycarbonate,
comprising solid state polymerization to continuously
separate and discharge the fine round powdery
polycarbonate or a prepolymer thereof according to claim
1, using a solid state polymerization apparatus, based on

the molecular weight thereof.

[Claim 10]

The method according to claim 9, wherein in the solid
state polymerization, phenol is removed from the fine
round powdery polycarbonate or a prepolymer thereof under
an inert gas atmosphere or vacuum at a temperature of 150

to 230°C to increase the degree of polymerization.

[claim 11]

The method according to claim 9, wherein the solid
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state polymerization apparatus is a vertical, horizontal

or diagonal solid state polymerization apparatus.

[claim 12]

The method according to claim 11, wherein the solid
state polymerization apparatus is provided with one to

three polycarbonate resin discharge lines.
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